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 Going on a humanitarian deployment in a disaster or confl ict zone can be life 
changing for both the clinician and the patient. It can be both positive and 
detrimental. 

 There are two important reasons why a different approach is demanded 
‘out there’.

    1.    Different circumstances: the lack of equipment and consumables,  defi cient 
post-operative care, non-reliable sterilisation and no guaranteed lab qual-
ity and other minimum requirements to deliver safe surgical treatment. It 
excludes certain procedures.   

   2.    Different pathology, presented with delay and complications, especially 
in an armed confl ict. It demands a different approach. The challenge of 
infection is considerable. The ever re-learned lesson of good wound 
debridement must be strictly applied.     

 Nowadays, ‘orthopaedic treatment’ is associated with the latest complex 
technology, mostly not applicable in the austere setting. 

 However, many modalities of valuable orthopaedic treatment have been 
forgotten or are considered obsolete for no good reason. You will be reminded 
of them in this practical guide. 

 In the past two decades we have learned to achieve better survival rates 
using Damage Control principles. These principles also apply in the austere 
setting. 

 We have the duty and responsibility to deliver quality care. We owe it to 
our patients to be well trained and well prepared and to adhere to established 
quality standards. 

 There is a minimum level of quality below which we cannot go. After the 
disaster in Haiti, the world realised that relief work can also be harmful. 
Serious attempts to show that humanitarian aid is benefi cial have not been 
very successful. Humility is good starting point here. 

 With the ‘Foreign Medical Team’ project, the WHO has now formulated 
standards for surgical emergency teams, with clarity about treatment protocols 
and necessary equipment. Training opportunities, such as the ‘Surgical 
Training in the Austere Environment’ at the London Royal College of 
Surgeons, can increase further the quality and effi ciency of the care as it is 
delivered ‘in the fi eld’. 

   Foreword I   
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 This book will contribute to preparedness, and it will enable you to at least 
avoid making the standard mistakes. It will be to the benefi t of the patients. 

 The needs are evident; there is a lot of work to be done. 
 I hope to meet you, well prepared, in the austere environment. 

 Harald Veen, FRCSEd 
 Chief Surgeon for the International Committee of the Red Cross

Geneva, Switzerland  

Foreword I
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 It is a great pleasure to write a foreword to this new book on trauma surgery 
in the austere environment. In the 30 years that I have been involved in 
international surgery, I have seen an increase in interest and also understanding 
of the issues that is refl ected in the chapters of this book. 

 Trauma on a global level is increasing. Wars and natural disasters will 
always be with us, and as motorised transport helps develop low-income 
regions of the world so road traffi c injuries increase, exponentially more so in 
low- and middle-income countries. Sven Young in his chapter on femoral 
injuries quotes the WHO estimate that road crashes will be the fi fth biggest 
cause of disability by 2030. 

 There is increased interest by surgeons globally in trauma and particularly 
in catastrophes. Many of us took up surgery because we wanted to make a 
difference to the lives of injured patients and naturally feel a calling to where 
this need is greatest. With the Internet bringing the need to our living rooms 
and easy air transport being available, there has been a massive increase in 
surgical volunteers from high-income countries who want to help both in 
wars and in natural disasters and also in the chronic disasters of day-to-day 
trauma in resource-poor settings. 

 There is also an improved understanding of how to manage trauma in 
disaster and low-resource settings. We are building up an evidence base in 
what techniques are effective in terms of rapid and cost-effective return to 
normal function. 

 Most gratifying to me however is that there is an increase in preparedness 
for surgical involvement in global trauma. In the analysis of disasters over the 
last decade, it is clear that much surgery has been inappropriately performed 
and organised. Enthusiasm and a sharp knife alone are not suffi cient. There 
needs to be training, preparedness, on-site organisation and integration with 
existing healthcare systems. This book refl ects many of the key initiatives 
that have been set up, such as the UK International Trauma Register, the 
Royal College of Surgeons’ Surgery in the Austere Environment Course and 
the WHO cluster system for organisation of healthcare groups in disaster 
situations. We are not there yet, but we are learning, and this book is a 
welcome step in that direction.  

    Chris     Lavy  ,   OBE, MD, FRCS    
  Orthopaedics and Tropical Surgery 
 University of Oxford ,   Oxford ,  UK      

   Foreword II   
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 Disasters, whether natural or human made, are part and parcel of our journey 
as inhabitants of this planet. There is nothing new about the carnage and 
misery that sectors of the Earth’s population periodically face. The world is 
increasingly interconnected, and news of a disaster travel rapidly, if not accu-
rately, across the Globe. This has led to an increase in interest among health 
service professionals in unaffected countries who then fl ock to help in areas 
affl icted by the disaster promoted in the media. This raise in interest, how-
ever, is not necessarily accompanied by enhanced preparation or training, and 
a naïve attitude accompanies many of these well-meaning volunteers. 

 The massive earthquake that struck Haiti in 2010 and the humanitarian 
effort that followed were the object of a post-mortem that no other disaster 
response has undergone previously. This examination revealed a lack of prep-
aration from the many volunteers that largely just “showed up” and expected 
to be of help. This approach has resulted in high levels of complications, 
neglected external fi xators, osteomyelitis from poorly judged internal fi xation 
and unnecessary or poorly performed amputations. 

 We must maintain a professional attitude in humanitarian work. We must 
aim to pursue the same levels of excellence that we would normally practise 
in our respective countries. Participating in a humanitarian mission is not a 
licence to practise lower standards of medicine. The environment may be 
austere, but our patient management must live up to the standards that would 
be expected from us at home. To achieve this, we must prepare to face 
challenges of a very different nature. We must also think ahead on the 
consequences of our actions. Who will follow up the patient when we are 
gone? What are we leaving behind? 

 Historically, humanitarian orthopaedic care has been reduced to an extra 
skill required of general surgeons who fi nd themselves working in disaster 
zones. I feel this is an outdated model, and fully trained orthopaedic surgeons 
should be actively recruited to serve the musculoskeletal needs of patients in 
austere environments, just as MSF and EMERGENCY have done. However, 
orthopaedic surgeons who engage in humanitarian work should be well 
prepared for that role. 

 The incentive to produce this book came from my observation of the need 
to increase the standards of practice and skill in orthopaedic traumatology in 
the austere environment, as well as the solutions been offered to patients. 
Despite an image characterised by large mechano-like sets of equipment, 

  Pref ace   
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orthopaedic surgeons have the advantage over several other specialties that 
we do not depend on high technology to make a difference to our patients. It 
is essential, however, that principles of management are based on the best 
available evidence, sound clinical skills and experience and patient values. 
These are the tenants of evidence-based practice. 

 This book is the culmination of four years of intense work. Its chapters 
embody the combined experience of over 50 authors. The breadth and depth 
of the experience contained in this book is summarised in Table  1 , which lists 
the contributors’ nationalities, professions, academic centres, organisations 
and charities. 

 The aim is to provide a comprehensive source for those who plan to work 
in the austere environment and those already on the ground, as well as all 
other staff involved in the care of orthopaedic trauma patients. The book is 

   Table 1    Nationalities, universities, orthopaedic and humanitarian organisations and range 
of professions of authors contributing to this book   

 Countries  Universities  Organisations  NGOs  Professions 

 Afghanistan  Stanford University  OTA  MSF  Vascular 
surgeons 

 Belgium  University of Oxford  AOUK  Broken Earth  Orthopaedic 
surgeons 

 Canada  University of 
California San 
Francisco 

 AOTrauma  SIGN Fracture 
Care 
International 

 Emergency 
medicine 
physicians 

 United 
Kingdom  

 McMaster University  United Kingdom 
International 
Emergency 
Trauma Registry 

 International 
Committee of 
the Red Cross 

 Physiotherapists 

 India  Swansea University  World 
Orthopaedic 
Concern 

 Save the 
Children 

 Anaesthetists 

 Italy  Karolinska Institutet  USA Army  CURE 
International 

 Plastic surgeons 

 Iraq  The University of 
Manchester 

 National Health 
Service UK 

 Emergency  Radiographers 

 Mexico  Basrah University  Royal Army 
Medical Corps 
UK 

 Interburns  Epidemiologists 

 Nepal  Imperial College of 
Science, Technology 
and Medicine 

 Orthopaedic 
Trauma Institute, 
San Francisco 

 World 
Orthopaedic 
Concern 

 Engineers 

 Sweden  University of 
Minnesota
University of Utah
University of 
Newfoundland
Univerity of 
Winsconsin 

 Institute for 
Global 
Orthopaedics and 
Traumatology 

 Hospital and 
Rehabilitation 
Centre for 
Disabled 
Children 
(HRDC) 

 USA  SICOT 

Preface
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divided into different sections, each one designed to provide guidance and 
information on a defi ned area;

    1.    Setting the scene: the austere environment 
 How best to prepare for a mission in a confl ict or disaster zone? What 

are the different types of scenario you may fi nd yourself in? What is the 
epidemiology of trauma in austere environments? Can you really practise 
evidence-based medicine in an austere environment? What are the cultural 
challenges and ethical dilemmas you may face?   

   2.    What are the causes of orthopaedic trauma in the austere environment? 
 What are the causes of casualties in the austere environment? How do 

they differ from those in the developed world? How should you manage a 
blast injury or a ballistics injury? How will you cope with the complica-
tions of bone setters?   

   3.    What are the specifi c challenges of caring for patients in the austere 
environment? 

 In the less developed world, there are serious challenges in the manage-
ment of orthopaedic injuries not faced as frequently in the developed 
world, such as malnutrition, AIDS, bone infections and serious complica-
tions of fracture mismanagement. How does this affect the management of 
your patients?   

   4.    Perioperative care in an austere environment 
 In this section, we provide a comprehensive guide to the perioperative 

management of the orthopaedic trauma patient for orthopaedic practitio-
ners. We provide thorough coverage of pre-, peri- and postoperative care.   

   5.    Principles of orthopaedic traumatology in the austere environment 
 This section covers information which will help you gain an 

understanding on the principles required for the management of 
orthopaedic trauma in the austere environment, including information 
relevant to paediatric patients.   

   6.    Practical guides to orthopaedic trauma management in the austere 
environment 

 This section covers the management of orthopaedic trauma for each 
anatomical region.   

   7.    Continuity of care, legacy and resilience 
 The last section is in many ways the most important of this book, as we 

highlight the importance of creating proper follow-up of patients, leaving 
a legacy when we return home and building local resilience to better face 
the next disaster. We invite the reader to think laterally and consider using 
technology and lessons from the military.     

 The result of these unique international collaborations has been a compre-
hensive guide that will help you better understand the nature of orthopaedic 
traumatology in the austere environment, how to practise safely at a high 
standard and how to ensure that the population you have been privileged to 
serve will continue to benefi t from your efforts. I am grateful to all the con-
tributors for their hard work and commitment towards this project and to 

Preface
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Springer for taking up the challenge. I am very proud of the result, but I 
would invite the reader to forward their thoughts and constructive criticisms. 
Any omissions or mistakes are my responsibility and would appreciate feed-
back to improve any future editions. I wish you success in your humanitarian 
missions. 

        London ,  UK      Juan de Dios     Robinson       

Preface
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      How to Prepare for a Mission 
in a Confl ict or Disaster Zone                     

     Anthony     Damien     Redmond     

1.1           Skills and Experience 

 There is an obvious urge to go and help when a 
large-scale disaster occurs, fortifi ed by pressure 
from the media and at times from those around 
you to respond. However, you must have some-
thing to offer to the victims of the confl ict and/or 
disaster over and above what can be offered 
locally. Otherwise your presence may be adding 
to, rather than relieving, the burden of the affected 
country [ 1 ,  2 ]. Incorporating outside help into the 
host country response will always consume time 
and resources and must therefore be worth it in 
terms of a clear added benefi t. If you only have 
generic medical skills and abilities, it is unlikely 
that you will add anything of great signifi cance 
over and above what is already available. 

 Any true benefi t you might bring is a function of 
the additional skills you have brought into play set 
against the cost to the local community of you being 
there. The balance tips in your favour when you are 
highly experienced in working in an austere environ-
ment and fully trained in confl ict and disaster medi-
cine and surgery and fully self-suffi cient in food, 
water, medicines and medical/surgical equipment. 

 It is often said that any help is better than no 
help. This may be true in some circumstances but 
it is not true when delivering specialist surgical 
help. The experience of recent earthquakes, for 
example, has revealed excessively high amputa-
tion rates and inadequately performed operations 
by inexperienced surgeons leading to avoidable 
disability (Fig.  1.1 ) [ 3 ].
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1.2        Invitation to Respond 

 Particularly in sudden-onset disasters, it is 
extremely important to understand and accept 
that it is the locals who are in charge and to 
behave accordingly [ 4 ]. They were there before 
you arrived and will be there when you have 
gone. Failure to acknowledge this can be a major 
contributor to prolonging the period of apparent 
chaos and disorganisation in the immediate after-
math of a sudden-onset disaster. (Some degree of 
“chaos” is almost inevitable as the concept of a 
disaster involves personnel and facilities being 
overwhelmed.) The most effective medical care 
to the community can only be given when a 
degree of organisation and coordination is 
restored and limited resources are focused on 
those most in need. Local authorities therefore 
need to know what assets they have and deploy 
them to where they will be of most benefi t. 
Incoming teams must therefore identify them-
selves to the local authorities and work within a 
local or national framework in order to be most 
effective. Setting up a parallel system whilst 
obviously treating some patients will fragment 
the national response and most importantly pre-
vent appropriate follow-up of patients when the 
incoming team has gone.  

1.3     Coordination 

 Lack of coordination in the immediate after-
math of a large-scale sudden-onset disaster is 
well recognised. Uninvited medical teams, no 
matter how good their intentions or even how 
skilled their members are, run a signifi cant 
risk of adding to the chaos. For a sudden-onset 
disaster, the safest way of avoiding contrib-
uting to the inevitable immediate chaos is 
to only go if you have been invited. You are 
more likely to be invited if you are already part 
of a recognised national team/response that 
disaster-prone countries are aware of, such as 
the UK Emergency Medical Team (EMT) and 
AUSMAT in Australia or part of an established 

international organisation that responds to sud-
den-onset disasters such as the Red Cross/Red 
Crescent  movement or NGOs such as MSF, 
IMC, Save The Children and Merlin. The clus-
ter system has been established to coordinate 
the humanitarian response in the fi eld and the 
lead for the health cluster is WHO [ 5 ].  

1.4     Standards 

 The Emergency Medical Teams Initiative at 
WHO has published classifi cation and standards 
for incoming emergency medical teams to assist 
host countries in identifying the medical assets 
available to them [ 6 ]. The term International 
Emergency Medical Team has been adopted to 
describe those international medical teams that 
have registered with the Global EMT Registry 
and agreed to comply with a set of standards and 
principles. It encompasses all, civilian/military/
governmental/nongovernmental, “groups of 
health professionals and supporting staff working 
outside their country of origin, aiming to provide 
health care specifi cally to disaster affected popu-
lations” [ 6 ]. An important recommendation of 
the group and one that reinforces the above is: 
“Any individuals or groups that do not fi t within 
the defi nition and cannot comply with the stan-
dard should either consider joining a recognised 
organisation that provides FMTs or not respond-
ing in the aftermath of a sudden onset disaster”. 

 The classifi cation of teams recommended by 
the EMT Initiative cumulative with each level 
adding additional capability.

•    FMT Type 1: Outpatient Emergency Care – 
initial emergency care of injuries and other 
signifi cant health-care needs  

•   FMT Type 2: Inpatient Surgical Emergency 
Care – inpatient acute care and may be fi xed 
and/or mobile general and obstetric surgery 
for trauma and other major conditions  

•   FMT Type 3: Inpatient Referral Care – 
complex inpatient referral surgical care 
including intensive care capacity    
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 It is recognised that there will be additional 
specialised care teams that can be incorporated 
within a type 2, 3, or local hospital. As yet 
classifi cation does not equate with accreditation. 
It is a self-declaration of capacity and a commit-
ment to comply with the standards.  

1.5     Authorisation to Practice 

 Doctors must be accountable to their patients. 
National authorities guarantee this by a medical 
registration system and license to practice. This 
still applies during a disaster. Of course the 
special circumstances of a disaster will mean that 
the usual lengthy process of registration of 
foreign medical practitioners is too long to allow 
them to be of any benefi t in the acute crisis. 
Governments overcome this by authorising 
individual practitioners or more commonly 
recognised agencies (e.g. Red Cross, MSF) to 

practice within that country either for the period 
of the declared emergency or as part of a longer 
term registration of that agency (Fig.  1.2 ). Clearly 
individuals or groups of medical practitioners 
who arrive uninvited do not have authorisation to 
practice and are therefore in breach of a basic 
medical tenet of good practice. They may also be 
practising illegally.

   It is also important to recognise that particu-
larly for surgery your patients need some form of 
medical indemnity should things not turn out as 
planned. Practising without authority and/or ille-
gally will nullify any medical insurance/indem-
nity you have, placing your patient at further risk. 

 By joining an established internationally rec-
ognised agency, you can be assured that your 
presence in country following a sudden-onset 
disaster will be at the invitation of a recognised 
local authority and that you will have authorisa-
tion to practice and appropriate medical insur-
ance/indemnity.  

  Fig. 1.2    A mission to China following a massive earthquake. A temporary facility was set up in the hospital grounds 
as aftershocks continued to rock the hospital’s buildings       
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1.6     The Exceptional 
Circumstances of Confl ict 

 When responding to confl ict in another country 
and not as part of medical support to the armed 
forces and particularly when working more on 
one side than another, then it’s clear you will 
have not been invited by everyone involved. 
However, authority to practice can come from 
those working for an agency that is recognised to 
have a legitimate place in the fi eld of confl ict 
such as the UN and in particular the ICRC. 

 Working in a civil war is unlikely to be the 
result of an invitation from the existing 
government. As such you will be working 
uninvited by at least one faction and without 
government authority. Your judgement may be 
that the needs of victims override such concerns 
but it is important to recognise the circumstances 
in which you are practising. Detailed preparation 
has certain key stages. 

1.6.1     Make Sure This Work Is for You 

 It is not without risk. It will place considerable 
physical, emotional and psychological strains 
upon you and your relationships. If the risk is to 
be worth the taking, it should produce tangible 
benefi ts. These can be secured by appropriate 
pre-deployment preparation and training.  

1.6.2     Join an Established 
Organisation 

 The appropriate skills and competencies, an 
authoritative request to respond and an authorisa-
tion to practice can all be gained most easily by 
joining a recognised large international agency.  

1.6.3     Mental and Physical Fitness 

 Working in an austere environment requires a 
certain basic level of mental and physical fi tness. 
Whilst this may not necessarily be an exceptional 
standard, it must be appreciated that whatever 

mental and physical health issues you have before 
deployment are unlikely to resolve whilst on 
deployment and may very well be worsened by 
the mental and physical hardships endured. 
Becoming ill on mission threatens the success of 
that mission when resources intended for the vic-
tims of the disaster are diverted to you.  

1.6.4     Garnering Core Skills 
and Competencies 

 Medical students and doctors in training are 
unlikely to be of benefi t in an austere environment, 
as their ability to work independently is limited. 
The diffi culties presented by disasters and 
confl icts render them places where people should 
not look to gain basic primary experience. The 
demands of working there are such that they are 
better viewed as places to where those with 
experience are deployed. However, there is 
obviously a certain “Catch-22” about this. This 
can be overcome again by deployment through 
an established agency where experience is gained 
in the fi eld with the full support around you from 
those with more experience. In addition to basic 
general medical and surgical skills, the following 
are required before deployment.  

1.6.5     Completion of Training 
in a Relevant Surgical 
Specialty 

 Orthopaedic, plastic and general surgery have a 
particular relevance in the response to earthquakes 
where crush injuries predominate. In addition 
vascular surgery has a special relevance to con-
fl ict (Fig.  1.3 ).

1.6.6        Surgical Training for the Austere 
Environment 

 Individual surgeons or small groupings respond-
ing on an ad hoc basis have raised considerable 
concerns in recent years due to their lack of mea-
surable impact, lack of accountability, lack of 
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follow-up and poor standards due to practising 
outside of their recognised training. Such are the 
concerns internationally; the foreign  medical 
teams’ concept paper produced by the Global 
Health Cluster and the World Health Organisation 
specifi cally emphasises that surgeons respond-
ing to sudden-onset disasters should only carry 
out procedures for which they are licensed to so 
do in their own country. However, with ever 
increasing surgical specialisation, it is inevitable 
that surgeons deployed to a sudden-onset disas-
ter might fi nd themselves faced with a surgical 
problem outside their area of recognised exper-
tise. It is imperative still that surgeons or indeed 
any medical practitioner strives to work only 
within the areas for which they are licensed to 
practice, whether in their own country or over-
seas, but faced with a large number of unsorted 
casualties presenting to limited resources; there 
may very well not be a realistic opportunity to 
refer a case onto a more appropriate specialist. 
Surgeons who respond to disasters need there-
fore to broaden their skills through further train-
ing prior to deployment. The ICRC and other 
established responders offer such training. In the 
UK the Royal College of Surgeons of England in 
collaboration with UK-Med offer the STAE (sur-
gical training for the austere environment) course 
under the direction of Mr David Nott. Before 

deployment, in addition to broadening their 
technical surgical skills, surgeons also need to 
have an understanding of humanitarian princi-
ples, the social economic and political context in 
which they may work and the benefi ts and dan-
gers of surgery in such a setting. In particular 
they need to understand the importance of fol-
low-up and integration with local health 
services. 

 It is in the nature of a large-scale disaster that 
a range of problems can present to what is osten-
sibly a specialist surgical facility (Fig.  1.4 ). 
Surgeons deployed to earthquakes from overseas, 
for example, will usually not arrive in time to 
treat acute life-threatening surgical problems and 
will be there primarily to carry out limb salvage 
surgery. They obviously need therefore to under-
stand the principles of wound management and 
establish skin cover with basic fl aps and split skin 
graft. However coincidental surgical emergencies 
do arise. An orthopaedic surgeon working in an 
austere environment needs to be able to do an 
emergency thoracotomy and other resuscitative 
surgical procedures as well as laparotomy and 
packing of the abdomen to reduce/control haem-
orrhage. Whilst neurosurgery is usually beyond 
the remit of an International Emergency Medical 
Team, there are times when limited techniques 

  Fig. 1.3    Orthopaedic surgeon with rare access to a C-arm 
applying an external fi xator       

  Fig. 1.4    Earthquake in Armenia       
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can be of benefi t and a surgeon needs to under-
stand the principles of when neurosurgical inter-
vention is indicated and when not.

   Perhaps the most diffi cult and at times conten-
tious issue is the management of obstetric emer-
gencies by the non-specialist. Obviously obstetric 
haemorrhage and obstructed labour are best 
managed by a specialist obstetrician. However, 
such expertise may not be readily available in 
time to save a woman’s life. Any surgeon work-
ing in an austere environment must therefore 
already have gained an understanding of when 
the woman’s life depends upon their intervention 
and be able to safely carry out certain life-saving 
procedures. These include clearing the os cervix 
of retained products, controlling haemorrhage 
using balloon tamponade and deconstructive cra-
niotomy following intrauterine death. In particu-
lar a surgeon must already understand the 
indications for, and be able to carry out, emer-
gency caesarean section.  

1.6.7     Experience Beyond Surgery 

 Public health and emergency medicine bring a 
knowledge of the effects of the disaster/confl ict 
beyond the purely surgical and experience in 
these specialties can be of great value to a surgeon 
wishing to deploy [ 7 ,  8 ]. Experiences in obstetrics 
and paediatrics are also extremely useful, 
particularly when general health services have 
been compromised. 

 It is important in particular to understand 
public health principles that apply in sudden- 
onset disasters. For example, it is well estab-
lished that the risk of epidemics following 
earthquakes is extremely low. The risk to the 
health of the living from the unburied dead fol-
lowing a sudden-onset disaster is minimal and so 
effort should be concentrated on survivors and 
not on the dead. Mass graves bring untold grief 
to relatives who are denied the opportunity to 
give a cultural/religious internment and in fact 
may not know if someone is dead or alive and 
ultimately have to identify their remains in 
extremely diffi cult circumstances. Governmental 
authorities may make a decision to remove dead 
bodies particularly when in large numbers but 

this should be viewed more as a civic than a 
medical issue. When the disaster itself is the 
consequence of an infectious disease, notably 
cholera or a viral haemorrhagic fever, the corpses 
themselves may be infectious for some time 
after death. In these special circumstances the 
unburied dead do pose a risk to the living and 
special measures by the public health authorities 
need to be employed. This is the exception to the 
rule.  

1.6.8     Understanding the Context 
in Which You Will Work 

 To be most effective in the fi eld, it is important to 
understand the nature of confl icts and disasters. 
There is a body of knowledge around the types of 
injuries and conditions that commonly occur and 
the safest approach to their management. There 
are a number of courses run by a range of agencies 
including the Red Cross/Red Crescent Movement, 
MSF, RedR and UK-Med. 

 It is essential also to understand the roles 
and responsibilities of key international agen-
cies. Familiarisation with important UN and 
other large agency websites is an extremely 
useful exercise as are downloading and reading 
important documents. The role of the UN is 
particularly important to understand. There is a 
United Nations Disaster Assessment and 
Coordination team that, at the invitation of a 
country, will send a small team in immediately 
after the disaster has occurred to do a rapid 
assessment of needs and publish this online. 
The UNDAC Field Handbook is an extremely 
useful guide to needs assessment and the work-
ings of the UN and can be downloaded from its 
website. 

 Much of the lack of coordination experienced 
by incoming teams may be due to lack of 
awareness of the established coordination 
mechanisms that will have been already put in 
place. The UN will have quickly established an 
On-Site Operations Coordination Centre 
(OSOCC) and it is to this incoming teams should 
report. The cluster system is now established and 
incoming medical team should report to the 
health cluster and report regularly their activities. 
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WHO are the lead for the health cluster and they 
will liaise closely with the National Department 
of Health to ensure health-care needs are met and 
health-care resources targeted appropriately. 

 When working in another country, it is impor-
tant that members of International Emergency 
Medical Teams are aware of, and sensitive to, 
cultural issues that may impact upon their inter-
action with patients and their relatives. Paramount 
however is the maintenance of the humanitarian 
imperative and a commitment to the ethics of 
good medical practice that accompanies one’s 
registration and licence to practice. 

 Principles of Conduct for the International 
Red Cross and Red Crescent Movement and 
NGOs in Disaster Response Programmes [ 9 ].

      1.    The humanitarian imperative comes fi rst.   
   2.    Aid is given regardless of the race, creed or 

nationality of the recipients and without 
adverse distinction of any kind. Aid priorities 
are calculated on the basis of need alone.   

   3.    Aid will not be used to further a particular 
political or religious standpoint.   

   4.    We shall endeavour not to act as instruments 
of government foreign policy.   

   5.    We shall respect culture and custom.   
   6.    We shall attempt to build disaster response 

on local capacities.   
   7.    Ways shall be found to involve programme 

benefi ciaries in the management of relief aid.   
   8.    Relief aid must strive to reduce future vul-

nerabilities to disaster as well as meeting 
basic needs.   

   9.    We hold ourselves accountable to both those 
we seek to assist and those from whom we 
accept resources.   

   10.     In our information, publicity and advertising 
activities, we shall recognize disaster victims as 
dignifi ed human beings, not hopeless objects.     

1.6.9        Field Training 

 Specialist certifi cation must be harnessed to an 
understanding of how these specialties are 
applied within the contingencies and context of a 
sudden-onset disaster or confl ict. It is applying 
these specialist skills within limited resources 

and in an austere environment that completes 
readiness for deployment. Field training in simu-
lated scenarios can be gained at home and over-
seas. It is essential to have experience of working 
in a low-resource setting before responding to a 
disaster and this is best gained by working with 
an established agency in one of their programmes. 
This will give you an understanding of the con-
text in which you might work, working with lim-
ited resources and most importantly working 
within another country’s health system.  

1.6.10     Field Craft 

 The need for a full fi eld hospital is usually 
limited; when outside surgical assistance is 
required, this can be usually accommodated 
within existing facilities. However it is essential 
that incoming International Emergency Medical 
Teams place a minimum burden on local 
resources and at times they may be required to 
live in tented accommodation, eat and drink from 
their own resources and on certain occasions 
work out of a tented hospital facility (Fig.  1.5 ). 
Part of the preparation for deployment is learning 
how to transport and erect tented living facilities 
and how to protect one’s health and hygiene 
whilst living in such basic tented facilities.

1.6.11        Communications 

 Anyone who responds to a large-scale emergency 
must be able to communicate effectively and 
safely with colleagues both within one’s team and 
also with other agencies. Everyone in the team 
needs to understand basic radio protocol and to be 
capable of using a handheld radio themselves, a 
GPS system and satellite technology so they can 
communicate with base and with others should 
they be separated from the team. The UNDAC 
Field Handbook, available to download from 
their website, is a very useful aid for this and 
other practical details of deployment and familia-
risation with the UN system in the fi eld [ 10 ]. 

 Knowledge of foreign languages is extremely 
helpful and those employed by the UN are 
required to be able to communicate in English 
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and French. These days, English is probably the 
commonest international language in use. 
However, if one deploys through an established 
agency and particularly the local authorities, then 
a translator/interpreter will usually be provided. 
It takes some experience to communicate effi -
ciently through an interpreter and one must get 
used to speaking slowly and in short sentences to 
allow the interpreter time to translate. It is also 
important to emphasise to the translator/inter-
preter and they must translate exactly what is 
said. There are sensitivities however; in some 
cultures a local translator will not translate inti-
mate questions or comments that might be per-
ceived as critical of someone in authority.  

1.6.12     Safety and Security 

 Before deploying with an established organisation 
you will have had to have completed an online 
security course and in addition usually attended a 

security training exercise. The two commonest 
online security courses that are recommended by 
large agencies are those run by the UN and the 
IFRC [ 11 ,  12 ]. 

 It was often said in the past that the biggest 
risk to humanitarian workers came from fatal 
road traffi c accidents. This was due largely to 
inexperienced drivers negotiating poor roads 
unaccustomed to driving large 4x4 vehicles and 
failing to wear seat belts. These risks remain but 
unfortunately personal violence either from 
opportunistic robbery and/or hostage taking or 
politically motivated direct targeting of 
humanitarian workers now ranks alongside road 
traffi c accidents as a leading cause of death 
amongst humanitarian workers [ 13 ]. Such risks 
cannot be avoided completely but can be 
mitigated by working with a large experienced 
organisation, heeding all security advice, not 
travelling alone and not travelling after dark. Nor 
are these risks limited to confl ict zones. The 
presence of relatively wealthy aid workers in a 

  Fig. 1.5    A fi eld hospital operating room in a tent       
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poor country suffering the deprivations of a 
disaster can always present a target to someone. 

 Other risks to be mitigated are related to 
 personal health. The commonest risks other 
than from road traffi c accidents come from 
 failure to take adequate malaria prophylaxis 
and gastrointestinal problems from consuming 
 contaminated food and water. Boil it, cook it, 
peel it or discard it [ 14 ]. 

 The drive to help those clearly in need must 
not override the need for adequate rest and nour-
ishment. Diffi cult decisions are not made easier 
by lack of sleep and hunger. They are made even 
worse by over indulgence in alcohol.  

1.6.13     Departure 

 One of the most important elements of prepara-
tion prior to departure from one’s own country 
is preparation for departure from the other coun-
try. Each surgeon is responsible for the long-
term follow-up of each of their patients. If they 
are not staying in country long enough to man-
age this for all their patients, they must establish 
a care plan and refer the patient onto colleagues 
or another facility and usually into the local 
health system.      
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      What Can I Do Here? 
Understanding Your Working 
Environment                     

     David     Nott     

       For the past 20 years, I have worked voluntarily 
in areas of confl ict and catastrophe throughout 
the world. My experience has taught me that it is 
essential to understand what sort of environment 
you are working in. Even though you may have 
the skill set to perform a certain procedure, it is 
essential that all factors are taken into account. 
You must ask yourself, what sort of terrain are 
you in? What is the hospital like? What is the 
state of the operating theatre? Do you have the 
right equipment? Do you have enough fl uids 
available? Is the anaesthetist experienced 
enough? Is there suffi cient staff in the recovery 
area? What are other wards like? Is there enough 
nursing staff during the day and night? Do they 
have enough knowledge to inform you when 
things may not be going well? What are the 
 language barriers? Who will follow up your 
patient? The list can go on. So how do we decide 
what sort of environment we are in? It is easy 
when we are comparing extremes, such as an 
operating room in Camp Bastion in Afghanistan 
to a dressing station in Central Africa, but what 
about the wide range of settings in between? 

 Over the past 20 years, I have been fortunate 
to have worked in a variety of situations. The 

classifi cations below are based on my own 
 personal experience, and to my knowledge there 
are no other similar references in the literature. 
These classifi cations are of necessity, arbitrarily. 
But they will help us understand the different 
 scenarios you may fi nd yourself in. 

 In general, the situations faced in humanitar-
ian work can be broadly divided into fi ve 
categories:

    1.    High public fi nancing (Fig.  2.1 )
       2.    Developed country   
   3.    Lesser developed country   
   4.    Non-state actors, guerrilla groups   
   5.    Natural disaster, earthquake and tsunami     

 In all the scenarios above, the humanitarian 
surgeon is limited by the infrastructure, person-
nel and equipment available, as well as your 
experience and training. 

 The fi rst category is exemplifi ed by the 
defence medical services during the recent wars 
in Iraq and Afghanistan (Table  2.1 ). The last 10 
years have produced signifi cant advances in the 
way trauma is managed in war and civilian prac-
tice [ 1 ]. Since the inception of damage control 
surgery, a term fi rst coined by Rotondo in 1993 
[ 2 ] and whose main emphasis was treating the 
physiology of the trauma patient rather than the 
injury per se, a signifi cant amount of research has 
provided more insight into the management of 
severe trauma. Damage control resuscitation, 
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which includes permissive hypotension and 
 haemostatic resuscitation when combined with 
damage control surgery, has produced some of 
the best major trauma patient survival results in 
the world [ 3 ].

   From point of wounding on the battlefi eld to 
the operating room, it takes on average less than 
1 h. During that time, fully trained battlefi eld 
medics provide the initial life-saving procedures 
such as application of combat tourniquets, initia-
tion of intravenous fl uids and painkilling drugs. 
The medical emergency response team (MERT) 
helicopter fl ies to the scene of the injury, and the 
patient is transported back to the Role 3 Field 
Hospital at Camp Bastion. En route, the patient is 

given the best possible care by senior nurses and 
consultant emergency physicians. In cases of sig-
nifi cant haemorrhage, blood may be given as well 
as all operative adjuncts available to support the 
patient. Upon arriving at Camp Bastion, the 
patient is transferred to the operating room within 
minutes. The hospital is supported by state-of-
the-art digital x-ray machines and two CT scan-
ners. The operating suite has all the latest 
equipment and can also run fi ve operating tables 
simultaneously. 

 Damage control resuscitation, which began 
in the helicopter, continues as soon as the patient 
arrives in hospital. Minimal crystalloid is given 
followed by blood and blood components nota-
bly packed cells, fresh frozen plasma and plate-
lets given in a 1:1:1 ratio (haemostatic 
resuscitation). A laboratory next to the operat-
ing theatre continues to provide more blood and 
also up-to- date haematological and biochemical 
investigations. The anaesthetist and the surgeon 
can decide, depending on the physiology of the 
patient, to continue to defi nitive surgery or to 
perform damage control surgery by stopping 
any bleeding, preventing sepsis, external fi xa-
tion of fractures and maintaining arterial fl ow 
by shunts. An intensive care unit with full venti-
latory support can provide continued support 
whether the patient goes back to the country of 
origin.   Fig. 2.1    High public fi nancing - Camp Bastion       

   Table 2.1    Category 1: High public fi nancing   

 Example  Environment  General resources  Medical resources 

 Camp Bastion, 
Afghanistan 

 War zone  Protected access and 
exit 

 Early prehospital transfer available 

 Safe infrastructure  Emergency department led by a senior physician 

 Adequate supply of 
power and water 

 Full scope for IV access 
 Digital imaging 
 CT scanner 

 Full scope of trained 
staff 

 Full anaesthetic backup 
 Level 1 infuser 
 Damage control resuscitation 

 Full access to 
communications and 
transport 

 Senior surgeon led surgical team 
 Damage control/defi nitive surgery possible 

 Reliable supply chain  Full laboratory backup 
 Including well-stocked blood bank 

 Good logistical support  Modern intensive care unit 

 Rapid evacuation  Transfer back to Role 4 guaranteed 
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 There is really no difference between what 
can be done in this environment and what can be 
done in a major trauma centre in the developed 
world. However, there are no so-called “primary 
amputations” performed in this environment. 
Patients that have traumatic amputations from 
blast injuries have debridement to remove all the 
nonviable tissue. The decision whether to perform 
an amputation is performed back in the Role 4 
hospital. 

 All clinical staffs are senior clinicians and 
therefore fully trained in their specialty. 
Nevertheless, further military medical and 
surgical training is compulsory. For example, in 
the UK, all outbound medical staff have to pass a 
course in battlefi eld advanced trauma life support 
(BATLS), followed by a week of military 
operational surgical training (MOST) at the 
Royal College of Surgeons of England. So it can 
be seen that high public fi nancing provides for a 
huge amount of infrastructure, resources and 
training that provide the best possible care. 

2.1     Category 2: Developing 
Country with Higher Level 
of Resources 

 As an example of Category 2, I shall give Misrata, 
Libya, April 2011 (Table  2.2  and Fig.  2.2 ). At 
this time, Misrata was surrounded by troops loyal 

to Colonel Gaddafi . The only way in and out of 
the country was by boat via the port of Misrata 
sailing from and to Malta. The team comprising 
of two surgeons, two anaesthetists, an emergency 
physician, a scrub nurse and two ward nurses left 
Malta under cover of darkness and was escorted 
by US and French Navy until 20 nautical miles 
outside the port.

    Most of the university hospitals had been 
overrun and were not working. There were only 
two functioning hospitals, Al Hikma and Al 
Abbad. Most of the nurses had left as had most of 
the senior and specialty surgeons. There were 
two other nongovernment organisations (NGOs) 
there, providing approximately six surgeons and 
six anaesthetists. 

 It soon became apparent that the medical staff 
was under intense stress from the number of 
casualties and also the inherent nature of the situ-
ation with tank shells pounding the city every 
day. The hospitals had adequate number of beds, 
a functioning intensive care unit with working 
ventilators and large number of medical students 
acting as orderlies and nurses. 

 War surgery is completely different from 
elective general and orthopaedic surgery and 
requires different thought processes, because 
the mechanisms of injury require different oper-
ative treatments. Surgeons often default to the 
operative technique they are comfortable with. 
For example, the default orthopaedic operation 

   Table 2.2    Category 2: Developing country with higher level of resources   

 Example  Environment  General resources  Medical resources 

 Libya/Syria  War zone  Diffi cult access and exit  Early prehospital transfer 

 Unsafe infrastructure  Junior doctor/medical student led 
emergency department 

 Electricity and water not continuous  Peripheral IV access 
 X-ray machine with standard x-rays 

 Signifi cant reduction in senior medical 
staff 

 Anaesthetic technician backup 

 Mobile phone communication possible. 
Infrequent internet 

 Surgical team probably not very 
experienced 

 Disrupted chain of supplies  Blood bank laboratory 
 Poorly stocked blood bank 

 Logistical support variable  Intensive care unit 

 Evacuation lines compromised  Patient transfer ability limited or 
dangerous 
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for a proximal femur fracture is internal fi xa-
tion. In war surgery, most wounds, caused by 
fragmentation and gunshots are, by defi nition, 
contaminated. There is no place for immediate 
internal fi xation due to the high risk of wound 
infection. The common treatments for fractures 
in an austere environment include skeletal 
 traction, plaster of Paris and external fi xation 
for fractures with large soft tissue wounds. 
Unfortunately, many patients underwent inter-
nal fi xation, simply because radiology was pres-
ent in the operating theatre and the surgeon was 
more used to internal fi xation than any other 
method. 

 It is very important to develop an awareness of 
priorities. When the patient has had a period of 
ischaemia secondary to a gunshot wound to the 
leg, transecting the popliteal artery and vein, the 
correct treatment is to fi rst perform a fasciotomy 
to decompress the muscles in the lower leg 
followed by immediate shunting of the vessel to 
reduce the time of warm ischaemia. Time can 
then be spent stabilising the fracture by external 
fi xation whilst the vein can be harvested from the 
other leg. If these procedures are not done fi rst, 
performing a reverse vein graft may be possible, 
but the patient will develop compartment syn-
drome. On one occasion, when the surgeon was 
asked why he did not perform a fasciotomy, his 
response was that in his practice at home he had 
never had to perform a fasciotomy, and he wasn’t 
going to start now. 

 In a mass casualty event, the wounded are 
categorised into the degree of life-threatening 
injuries. T1 casualties requires immediate 
surgery, if not they will die from blood loss; T2 
casualties need surgery within the next two hours; 
T3, the walking wounded; and T4, the expectant 
to die. For example, without a general 
understanding of triage, a wounded patient with a 
massive injury will probably die whatever is 
done; if that casualty is triaged into group T1 
rather than T4, then all the available resources 
can be used up in trying to save life including 
blood and manpower, whilst other patients will 
not be attended to. 

 There were many examples that made it very 
obvious that there was a lack of training on how 
to deal with the war wounded. Complications 
that arose due to inappropriate management had 
to be dealt with in-house, increasing the work-
load signifi cantly. An introduction to the correct 
management of war surgery and trauma was 
required, and our team provided as much war 
surgical training as possible including triage 
 during this time. 

 Damage control is relevant to all environ-
ments. Although it may not be possible to 
 perform damage control resuscitation to the 
sophistication of Camp Bastion, damage control 
is applicable to all levels of austerity. In fact, the 
lower the level of resources, the more important 
it is to think along the lines of damage control 
(see Chapter 26 on damage control orthopae-
dics). Adaptation strategies may be necessary. 
In the early days of damage control, for exam-
ple, patients often developed abdominal com-
partment syndrome because of the large amount 
of crystalloid given [ 2 ]. Laparostomy was nec-
essary because of the high incidence of abdomi-
nal compartment syndrome (ACS) owing to 
crystalloid extravasation. Modern damage con-
trol resuscitation using blood and components 
has signifi cantly reduced this requirement. 
However, apart from high resource areas, access 
to signifi cant amounts of blood and blood prod-
ucts may not be possible, and therefore large 
amounts of crystalloid may have to be given as 
part of the resuscitation process which increases 
the risk of ACS. It is important that the surgeon 

  Fig. 2.2    In Libya, medical students are serving as 
ventilators       
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anticipates this risk as there is no provision for 
laparostomy. Cues for ACS include noticeable 
oedema of the small or large bowel, tightness in 
closure or a doughy feel of the abdominal wall. 
A technique called component separation 
whereby the myoaponeurosis of the external 
oblique muscle is transected longitudinally 
along its whole length can give on average 
14 cm of laxity to the anterior abdominal wall 
for further expansion and subsequent reduction 
of intra-abdominal pressure. This technique has 
been used in Syria treating 61 patients who fell 
into the category requiring damage control. This 
is the fi rst time that this technique has ever been 
used primarily in an attempt to stop the disas-
trous effect of ACS [ 4 ].  

2.2     Category 3: Less-developed 
Country 

 Northern Yemen, a very beautiful but poor area 
of the world, is a very dangerous country with 
many foreigners kidnapped for ransom 
(Table  2.3 ). There are constant disagreements 
between the North and the South, and very often 
the South will attack the North with heavy 
weapons, fi ghter jets and artillery. The presence 
of snipers in the hills makes safe access to 
medical care very diffi cult. Everybody carries a 
weapon notably a Kalashnikov. There are 
disputes constantly and lots of gunshot wounds to 
deal with. There are few doctors present and 
hardly any surgeons. A lot of the country relies 

on help given to them by various NGOs. The 
team usually comprises of a surgeon, an 
anaesthetist who may be a nurse anaesthetist and 
a scrub nurse in charge of the theatre and can also 
double up as the runner. This means you proba-
bly have to operate without a scrub nurse, so you 
have to deal with your own instruments as well as 
perform the surgery without any help. Often, 
there may be a local surgeon who in real terms 
has not been to medical school but has had some 
experience in operating room and wants to gain 
more experience. You must be aware though of 
his skills and always take ultimate responsibility.

   The hospital may have an adequate operating 
room light and anaesthetic equipment allowing 
ventilation using an oxygen concentrator. 
However, the electricity may fail at any stage and 
the generator may not provide backup, so have 
this in the back of your mind. There may be ward 
nurses, but assume little knowledge until you 
have had an opportunity to assess them. They may 
not be able to take relevant observations and may 
not be there at night. The patients remain your 
responsibility throughout the mission, and day-to-
day ward rounds and provision of intravenous fl u-
ids and nutrition are also part of your routine. 

 There may be signifi cant delays from point of 
wounding to transfer to the hospital. In very rural 
areas, there may be no roads or patients may be 
prevented from getting to the hospital because of 
roadblocks. When they do eventually make it to 
you, patients may be in a serious condition hav-
ing lost signifi cant amounts of blood. It is your 
responsibility to make sure that the blood bank 

   Table 2.3    Category 3: Less-developed country   

 Example  Environment  General resources  Medical resources 

 Yemen  War zone  Diffi cult access and exit  Long prehospital transfer 

 Unsafe infrastructure  Poorly equipped emergency department 

 Electricity and water not continuous  No imaging available 

 Signifi cant reduction in senior medical 
staff 

 Nurse anaesthetist 

 Mobile phone communication possible. 
Infrequent internet 

 Local surgeons 

 Disrupted chain of supplies  Haemoglobinometer 
 Poorly stocked blood bank 

 Logistical support variable  Primitive recovery area 

 Evacuation lines compromised  No prospect of transfer 
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has suffi cient amount of blood available. If 
possible, have two units of blood of each type 
with another two units of O negative. There is 
usually no equipment for measuring electrolytes 
only a haemoglobinometer for measuring 
haemoglobin. The most important factor in 
maintaining adequate fl uids is the maintenance of 
a good urine output.  

2.3     Category 4: Non-state Actors, 
Guerrilla Groups 

 In Darfur, the mission hospital was on the bor-
der between Chad and Sudan (Table  2.4 ). Five 
expats with around 40 local healthcare workers 
looked after a population of around eight mil-
lion people. At the time there was a scorched 
earth policy and displaced people were in refu-
gee camps along the border. The workload is 
intense as is the heat. Electricity will most prob-
ably be provided by generator which will more 
than often or not break down. You need to be 
self-suffi cient and use a headlight that can pro-
vide enough light to operate with. There may 
not be a working ventilator, and maintenance of 
volatile anaesthesia may rely solely by manual 
means. The anaesthesia may be limited to nerve 
blocks and spinal anaesthesia. There will be no 
suction apart from a foot pump, and there may 
be no oxygen because the oxygen concentrator 
requires electricity. More likely than not, there 
may be no blood. There may be a monitor to 
measure haemoglobin but that is probably all. 

Patients will be transported to you via horse and 
cart and may take several days. Most patients 
are anaemic due to malaria, worms, chronic 
infections or nutritional defi ciencies. Your start-
ing haemoglobin is usually around 5 g/dl, so it 
does not take much loss of blood for patients to 
become severely compromised.

   You will be limited in what you can do in this 
environment and to consider the surgical aspects 
of the hospital as dressing station may be the best 
option (Fig.  2.3 ). The environment is dangerous 
and at any time you may be confronted with 
armed militia. Always explain the diagnosis to 
the patient and his family and also the worst case 
scenario. Do not be too optimistic about the 
results of the surgery. There may not be facilities 
for external fi xation, as most likely the equip-
ment will have gone missing or taken by the 
patient on discharge. Stick to basic plaster of 
Paris, splints and traction.

   In severe orthopaedic injuries, primary 
amputation may be the correct procedure. 
However, the patient may refuse on religious 
grounds. In that case, do not force the issue and 
understand the fact that patients would rather 
die with all their limbs than have an amputation. 
Always respect the wishes of the patient, but 
make sure they have full information and under-
stand the risks. 

 Safety is a major concern, and in this environ-
ment the team may feel very vulnerable. In 2004 
I was working in a small village in Darfur when 
the Janjaweed arrived and started shooting indis-
criminately. The situation was extremely tense 

   Table 2.4    Category 4: Non-state actors, guerrilla groups   

 Example  Environment  General resources  Medical resources 

 Darfur  War zone 
 Guerrilla groups 

 Dangerous access and exit  Very long prehospital 
transfer 

 Unsafe infrastructure  No emergency department 

 Electricity and water not 
continuous 

 No imaging available 

 No surgical support  Nurse anaesthetist 

 Communication via head of 
mission 

 Local surgeons 

 Disrupted chain of supply  No laboratory investigations 

 Logistical support variable  Poor ward care 

 Evacuation lines dangerous  No facility for transfer 
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and was one of the most dangerous episodes of 
my career in humanitarian surgery. Always be 
aware of your escape route. Make sure that you 
listen to the daily briefi ngs by the project 
 manager. There is usually a vehicle full of petrol 
ready to leave. Never be alone especially at night.  

2.4     Category 5: Non-man-made 
Disaster, Earthquake, 
Tsunami 

 Consider Haiti in 2010 following the earthquake 
measuring 7.0 on the Richter scale. The epicen-
tre, close to the capital Port-au-Prince, caused 
tens of thousands of deaths and countless casual-
ties. The difference between a confl ict, as in the 
previous four categories, and a natural disaster is 
that a disaster usually strikes once. Its effects 
may be devastating, but the aftermath may be 
more predictable. A confl ict zone can go on for 
weeks, months or even years and has a constant 
supply of wounded victims sometimes in large 
numbers (Table  2.5 ). There are always security 
issues with the team working in a war zone, less 
so in a disaster. However, one must not forget that 
due to lack of housing, food and water, the situa-

tion can get rapidly out of hand as did in Haiti, 
where violence and confl ict began to produce lots 
of wounded due to gunfi re.

   Most patients who died did so because of 
asphyxia and crush injuries that caused massive 
tissue loss followed by renal failure. Most of the 
deaths occurred within the fi rst 24 h. It is known 
that the most good can be done within the fi rst 
12 h, but it is almost impossible in any part of the 
world to get teams organised so rapidly. Usually 
it takes 3–4 days before help arrives. In January 
2010 there was a massive infl ux of NGOs and 
do-gooders who came during the latter part of the 
fi rst week. Surgery for catastrophes, such as 
tsunami and earthquakes, requires skilled 
osteoplastic management. Many of the wounds 
seen are soft tissue injuries with fractures which 
require fi xation and debridement. 

 In this environment there is no place for 
microvascular free tissue transfer; however, a 
working knowledge of rotational muscle and skin 
fl aps to cover bone, blood vessel and defects is 
necessary followed by split skin grafts if required. 
This sort of surgery can only be performed by 
well-experienced surgeons; it is not necessary to 
be a specialist orthopaedic surgeon or a specialist 
plastic surgeon; it is important to be careful, 

  Fig. 2.3    What sort of environment will you be working in?       
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meticulous and have experience in the techniques 
of rotational myocutaneous fl aps. 

 The hospital had around 250 beds and three 
operating theatres which were already well staffed 
and equipped with the best in anaesthetic equip-
ment and stability. I visited two of her three other 
fi eld hospitals during my stay and was dismayed 
at fi nding fi eld hospitals not fi t for purpose. 
Sterility was a huge issue, and a lot of surgery was 
performed by surgeons either too junior to under-
stand that a table with a curtain swinging in the 
wind does not constitute an operating theatre or 
experienced surgeons who were performing sur-
gery as if they were operating with laminar fl ow. 
As has been discussed before, it is really impor-
tant that the surgeon appreciates the environment 
where he is working. He or she must have the 
experience and knowledge to be able to switch 
from elective work in his own hospital to confl ict 
and catastrophe work in an environment which is 
completely alien to his normal working pattern. 

 Many papers have been written alluding to the 
fact that the response in Haiti could have been 
better [ 5 ,  6 ]. I worry that the lessons learned from 
Haiti will soon be forgotten, in the same manner 
that the lessons learned from other disasters 
before Haiti were. Surgeons and teams that 
respond to the next massive earthquake must be 
aware of clinical governance issues and be prop-
erly trained. In the UK, the fi rst course to train 
civilian surgeons to work in the fi eld was run at 

the Royal College of Surgeons of England in 
August 2013. 30 participants were taught by 
members of a faculty all experienced in work 
abroad, which included general surgeons, paedi-
atric surgeons, cardiovascular surgeons, plastic 
surgeons, orthopaedic surgeons, neurosurgeons, 
fascio-maxillary surgeons and obstetricians and 
gynaecologists. The participants came from a 
wide variety of organisations, the UK 
International Emergency Trauma Register 
(UKIETR), Medecins Sans Frontieres (MSF) and 
the International Committee of the Red Cross 
(ICRC). It is envisaged that this course will run 
three times a year and hopefully provide the 
 necessary clinical skills to provide the best 
 possible care in the austere environment. There 
are other courses in Australia and the USA, such 
as the Disaster Response Course for Orthopaedic 
Surgeons, and the Arbeitsgemeinschaft für 
Osteosynthesefragen (AO) Foundation is running 
Disaster Surgery Workshops now.  

    Conclusion 

 There are many possible scenarios and 
 limiting factors in austere environments. 
Understand where you are and the limitations 
and opportunities of your environment. Make 
sure you are as prepared, informed and trained 
as possible before you set off on your mission. 
Your patients’, colleagues’ and your own 
safety depend on this.     

   Table 2.5    Category 5: Non-man-made disaster, earthquake, tsunami   

 Non-man-made disaster  Environment  General resources  Medical resources 

 Haiti/Philippines/
Pakistan 
 China 

 Earthquake 
Tsunami 

 Entry may be by helicopter or boat, 
rarely by road 

 Infrastructure completely destroyed 
 Tented fi eld hospital 

 Aftershocks probable  No emergency department 

 No electricity or water in the initial 
phase 

 No imaging 

 Many different NGOs  Local anaesthetists available 

 Communication via satellite  Local surgeons available 

 Supply chain begins usually 1 
week after catastrophe 

 Few investigations 

 Logistical support usually good  Ward care good after a few days 

 Evacuation usually available  No facility for transfer 
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      Epidemiology of Fatalities 
and Orthopaedic Trauma in Armed 
Confl icts and Natural Disasters                     

     S.  E.     Roberts      ,     K.     Thorne     , and     A.     Akbari    

       During the last 25 years, more than two million 
lives have been lost through wars or armed con-
fl icts and more than 1.4 million through natural 
disasters. Countries affected by the heaviest fatali-
ties are often less developed such as Afghanistan 
(armed confl ict), Bangladesh (cyclone), China 
(earthquakes), the Congo Republic (confl ict), 
Ethiopia (confl ict), Indonesia (confl ict and earth-
quakes), Iraq (confl ict), Iran (earthquakes), Liberia 
(confl ict), Myanmar (cyclone), Pakistan (confl ict, 
earthquakes and fl oods) and Sudan (confl ict). 

 Explosive devices, including improvised explo-
sive devices (IEDs), have become increasingly the 
leading cause of fatalities and non-fatal injuries in 
many recent wars and armed confl icts. Major sin-
gle explosive incidents with the highest fatality 
rates often refer to buildings hit by devices from 
nearby motor vehicles. Injuries to the head, neck 
and abdomen are the leading cause of fatalities 
with the worst prognosis, while lower limbs often 
account for most non-fatal injuries. Post-operative 
mortality has fallen over time, but is often strongly 
dependent on facilities and other external factors. 

 During the last 25 years, earthquakes and tsu-
namis have been the leading cause of mortality 
from natural disasters accounting for more than 
900,000 fatalities or 65 % of all deaths, followed 
by typhoons/hurricanes/cyclones (>300,000) and 
heatwaves (>130,000). 

 Snakes account for more than 420,000 ven-
omous bites and 20,000 fatalities worldwide each 
year, with highest mortality in Oceania, sub- 
Saharan West Africa, South and Southeast Asia 
and the Caribbean. Accidents at work and road 
traffi c accidents cause approximately 350,000 
and 1.25 million fatalities worldwide each year, 
with highest mortality mostly in lesser developed 
regions of Africa, Asia, the Middle East and Latin 
America. 

 In almost all of the wars and armed confl icts, 
the majority of casualties have been civilians 
rather than military personnel, and the longer term 
public health effects of the confl icts are often even 
greater than the direct effects of the confl ict 
trauma. Many of the wars, armed confl icts and 
natural disasters occur in poor, low- resource 
countries medical school, with medical and health 
systems that struggle or fail to cope with the 
impact and require humanitarian aid. The public 
health effects variously include the impact of ref-
ugee camps and population displacements, inade-
quate production and provision of food, inadequate 
supplies of clean water, breakdowns in sanitation 
and the spread of infectious diseases. 
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3.1     Methods 

 This review focuses, fi rstly, on wars and armed 
confl icts; secondly, on natural disasters; and 
thirdly on other major causes of fatalities and 
trauma, animal attacks, occupational injuries and 
road traffi c accidents, particularly those that 
occur in low-resource, developing countries. 

 The review concentrates on the years from 
1990 to April 2014, although for purposes of 
historical comparisons, it also covers wars, armed 
confl icts and natural disasters that date back to 
World War I and II. The information sources used 
in this review include Medline, Embase, the 
World Health Organisation (WHO), the Red 
Cross, grey literature, government reports, 
Internet searches and hand searching of reference 
lists from papers and reports. 

3.1.1     Wars and Armed Confl icts 

 This review focuses on major wars and armed 
confl icts that resulted in at least 1000 lives lost, 
including both civilians and non-civilians. It 
excluded fatalities that occurred through causes 
which did not result directly from or involve 
armed confl ict, for example, genocides, regime 
repressions and executions, policy and cultural 
revolutions, famines, starvation, drug gang wars, 
mass suicides and disease epidemics. The review 
similarly excluded fatalities and injuries that arose 
through mass population transfers following the 
end of World War II and elsewhere subsequently. 
Where information sources quoted fatality fi gures 
as a range, typically lowest and highest estima-
tions, we took the midpoint of that range. Where 
multiple information sources quoted different 
 fi gures for the same confl ict or incident, the data 
was cross-referenced to assess the accuracy of the 
fi gures, and an average fi gure was taken. 

 When investigating the causes of casualties 
according to the type of device used, the follow-
ing classifi cation of major devices was adopted: 
(i) gunshot wounds; (ii) explosive devices and 
fragments, including explosive ordnance 
bombs and IEDs; (iii) anti-tank mines; (iv) 
 anti- personnel mines; and (v) other devices 
including stab wounds and burns. Similarly, the 
review of casualties according to the anatomical 

and tissue type distribution adopted the following 
classifi cation: (i) head and neck injuries, (ii) tho-
racic injuries, (iii) abdominal injuries, (iv) inju-
ries to the (upper and lower) limbs and (v) 
multiple and other injuries.  

3.1.2     Natural Disasters 

 This part of the worldwide review focused on the 
time period since 1990 and major natural disas-
ters that resulted in at least 25 fatalities. The clas-
sifi cation of natural disasters used was as follows: 
(i) geophysical natural disasters, comprising 
mainly of earthquakes, tsunamis, volcanic activ-
ity and landslides; (ii) meteorological disasters, 
including typhoons/hurricanes/tropical cyclones, 
tornadoes, storms, blizzards and monsoons; (iii) 
climatological disasters, including heatwaves, 
droughts and wildfi res; and (iv) hydrological 
disasters, including fl oods and mudslides.  

3.1.3     Other Causes of Fatalities 
and Trauma 

 This section of the review addressed the follow-
ing major causes of fatalities and trauma world-
wide: fi rstly, animal attacks including snakes, 
crocodiles and alligators and other animals such 
as sharks, lions, tigers, leopards and other large 
cats and also domesticated dogs; secondly, 
occupational injuries; and thirdly, road traffi c 
accidents.  

3.1.4     Strengths and Limitations 
of the Information Sources 

 Many studies and information sources do not 
 distinguish fatalities and injuries among different 
population types such as military forces, police, 
insurgents, aid workers, contractors and all other 
personnel. Many of the available information 
sources were also imprecise when specifying 
information such as the exact numbers of fatali-
ties, non-fatal injuries and casualties (fatalities and 
non-fatal injuries combined), the year and country 
in which the fatalities and casualties occurred, the 
forces affected (often troops from other countries) 
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and the precise causes, circumstances and 
 anatomical distribution of the dead and injured. 
Some of the information sources were affected by 
under-reporting and were incomplete in some 
cases, although it is expected that this would 
amount only to a minority of cases. There was also 
wide variation and a lack of clarity across studies 
as to the severity of the injuries included, which is 
naturally a very strong determinant of the subse-
quent case of fatality and post-operative mortality. 
There was also a lack of reporting or other evi-
dence for some of the forms of fatalities and 
trauma, such as animal attacks and occupational 
injuries, across lesser developed countries.   

3.2     Wars and Armed Confl icts 

3.2.1     Type of Confl ict, Geography 
and Fatalities 

 Figure  3.1  shows the worldwide geographical 
dispersion of fatalities through major wars and 
armed confl icts that led to at least 1000 
 fatalities since 1990, while Fig.  3.2  shows this 

geographical pattern over the longer period since 
1945. Details of the individual wars and armed 
confl icts with (estimated) numbers of lives lost 
are provided in Table  3.1 , for brevity restricted to 
10,000+ fatalities. In the recent period since 
1990, most of the major wars and armed confl icts 
with heavy loss of life have occurred in low-
resource regions across Africa, South Asia and 
the Middle East, with others in parts of the south-
west American continent and parts of Eastern 
Europe. In 1990 alone, there were more than half 
a million deaths worldwide that were attributable 
to wars and armed confl icts [ 1 ].

     Since 1945, major wars and armed confl icts 
with heaviest loss of life have involved a large 
number of countries that are mostly low-resource 
countries. These include the Far East (such as 
Cambodia, China, North Korea, South Korea and 
Vietnam), South Asia (Afghanistan, Bangladesh, 
India, Indonesia and Pakistan), Africa (Algeria, 
Angola, the Congo Republic, Ethiopia, Liberia, 
Mozambique, Nigeria and Sudan), South America 
(Bolivia, Colombia and Guatemala) and the 
Middle East (Iraq and Iran). In the most recent 
years since the 1990s, countries affected by the 

  Fig. 3.1    Fatalities through wars and armed confl icts worldwide since 1990. Notes: Includes wars and armed confl icts 
that have led to at least 1000 fatalities       
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heaviest fatalities include Iraq, Lebanon, Palestine 
and Syria (in the Middle East); Angola, the Congo 
Republic, Ethiopia, Libya, Mozambique, Somalia 
and Sudan (in Africa); Afghanistan, Indonesia 
and Pakistan (in Asia); and Eastern European 
regions such as the Balkans and Chechnya.  

3.2.2     Causes of Casualties: Type 
of Device 

3.2.2.1     Explosive Devices 
and Fragments 

 Explosive devices are the primary cause of injury 
or death in confl icts, with casualties usually 
acquiring multiple injuries to different parts of 
the body. Explosive weapons can be subdivided 
by their method of manufacture into explosive 
ordnance (commonly used by military) and IEDs 
such as roadside bombs of home-made origins 
used more commonly by insurgents. In the 
Second Iraq War since 2003, IEDs were used 
extensively against US-led Coalition force vehi-

cles, and by the end of 2007, they had become 
responsible for approximately 64 % of Coalition 
deaths in Iraq [ 2 ]. Common locations for placing 
these devices on the ground include animal car-
casses, soft drink cans, road signs and trees. 
According to a report by Homeland Security in 
the USA, the number of IEDs used in Afghanistan 
had increased fourfold from 2007 to 2010, and 
the number of troops killed by them had also 
increased fourfold and those wounded by seven-
fold, making them the leading cause of death 
among NATO troops in Afghanistan during this 
period [ 3 ]. 

 Survival depends on the nature of the explo-
sion, with more powerful explosions in close prox-
imity resulting in higher fatality rates. For example, 
Table  3.2  provides details of major explosive inci-
dents with particularly heavy loss of life that have 
occurred worldwide since 1980. Table  3.2  includes 
the numbers of fatalities and corresponding fatal-
ity rates which are measured conventionally as the 
percentage of fatalities relative to the total injured. 
Fatality rates and instant death are often highest in 

  Fig. 3.2    Fatalities through wars and armed confl icts worldwide since 1945. Notes: Includes wars and armed confl icts 
that have led to at least 1000 fatalities       
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buildings hit by large explosive devices, particu-
larly when they are located adjacently or nearby in 
large motor vehicles. For example, this includes 
the bombing of US and French forces’ barracks in 
Beirut in 1983 (69 % fatality rate) and the Bali 
bombing in 2002 (49 % fatality rate).

   Death usually follows from multiple major 
injuries following blast impact, trauma following 
destruction of the surrounding environment (e.g. 
building collapse, fi re) or carbonisation of the 
body following an intense blast. Non-fatal inju-
ries sustained within the primary (or secondary) 
blast radius due to shrapnel fragments reportedly 
lead to up to 85 % of in-hospital injuries of a 
musculoskeletal nature [ 4 ]. Most major explo-
sions also result in a large number of victims with 
minor superfi cial wounds which do not require 
hospitalisation and are consequently not recorded 
in casualty records. Fragments are often pre-
formed, for example, nails embedded within the 
device, and, on detonation, are propelled at high 
velocity to cause maximum lethality and injury, 
relative to the impact of the explosion alone. 
Explosive devices and fragments are typically the 
main cause of fatalities and non- fatal injuries in 
recent confl icts (Table  3.3 ).

3.2.2.2        Anti-tank Mines 
 Anti-tank mines are activated by the weight of a 
heavy vehicle. Compared with anti-personnel 
mines, the greater explosive power and larger num-
bers of personnel in the tanks or armoured vehicles 
account for the larger numbers of people often killed 
and injured by a single anti-tank mine incident. 

 Few studies of wars and armed confl icts dif-
ferentiate between casualties caused by  anti- tank 
and anti-personal mines when referring to 
‘injured by mines’. One study of Angola which 
made this distinction reported that although anti- 
personnel mines accounted for the vast majority 
of incidents, injuring more people in total, the 
relatively few anti-tank mine incidents accounted 
for higher levels of fatalities [ 5 ].  

3.2.2.3     Anti-personnel Mines 
 Anti-personnel mines (also referred to as land-
mines) are activated by the weight of a human 
rather than a vehicle, with the vast majority of 

subsequent injuries affecting the lower limbs. A 
study by the International Committee of the Red 
Cross (ICRC) reported an in-hospital mortality 
rate for anti-personnel mine victims of 3.7 % 
which increased to over 6 % for those who under-
went traumatic amputation [ 4 ]. 

 As well as causing signifi cant wartime casual-
ties and deaths, post-war injuries caused by land 
mines are extremely common, with fatality rates 
reaching 50 % in some areas (Table  3.4 ) as civil-
ians and their families return to pre-war activities 
including farming and as children play with or 
near undetonated remnant devices. Bilukha et al. 
reported that of 5471 injuries caused by land-
mines in Afghanistan between 2002 and 2006, 
92 % of the victims were civilians, of which 47 % 
were children [ 6 ]. The case fatality rate in this 
study was 17 %. The same author also investi-
gated the impact of land mines in Chechnya 
between 1994 and 2005 and reported 3021 civil-
ian injuries (approximately 25 % were children) 
with case fatality of 23 % [ 7 ].

   Around the world, it is estimated that 88 coun-
tries still have landmines undetected, with South 
Korea considered the single country most affected 
[ 8 ]. It is also estimated that 35 % of the land in 
Cambodia and Afghanistan is unusable because of 
landmines [ 9 ]. Worldwide, mines kill or injure more 
than 2000 people a month, almost all of them civil-
ians [ 10 ,  11 ]. Demining also often results in heavy 
injury or loss of life. In Croatia, efforts to demine 
the south of the country by 160 specialist personnel 
resulted in 53 injuries and two fatalities [ 12 ].  

3.2.2.4     Gunshot Wounds 
 Gunshot wounds are typically the fi rst or second 
leading cause of death in wars and armed con-
fl icts, historically the leading cause of death 
(Table  3.3 ). Until recently, bullets have often 
been the main cause of penetrating injury to the 
limbs, but in recent confl icts, this has been 
replaced by explosive devices and fragments. 
Globally, fi rearm-related violence has been 
increasing [ 13 ], with arms becoming more acces-
sible to civilians and insurgents in low- resource 
areas. Arms that have been  provided to civilians 
during post-war periods sometimes become used 
during subsequent confl icts [ 13 ].  

S.E. Roberts et al.
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3.2.2.5     Other Devices: Stab Wounds, 
Burns and Infections 

 Stab wounds are often fatal if a major organ is 
punctured or if excessive blood loss occurs, with 
prognosis strongly linked to the anatomical 
location, depth of the stab wound and multiple 
versus single wounds. Stab wounds account for a 
high proportion of fatalities in civilian disputes in 
various settings [ 14 – 16 ], but a very low propor-
tion of fatalities in most recent wars and armed 
confl icts (Table  3.3 ). 

 Burns are also seen less commonly during 
recent confl icts. In recent years, burns have instead 
been reported more often among military during 
non-combat operations, including waste burning, 
handling ammunitions and handling fuel [ 17 ]. One 
study reported that the surface body areas most 
affected by burn injuries include the limbs (54 %), 
thorax (18 %), abdomen (18 %) and head and neck 
(10 %) [ 18 ]. Mortality rates tend to be signifi cantly 
higher for combat burns compared with non-com-
bat burns [ 17 ] and in civilian (7.1 %) compared 
with military (3.8 %) casualties [ 19 ]. 

 Infections are often a major cause of mortality 
and morbidity in wars and armed confl icts. Blast 

injuries are generally ‘dirtier’ than gunshot 
wounds and carry a higher potential for infection 
[ 20 ]. Factors infl uencing the development of 
wound infections include wound type and sever-
ity, the presence of embedded foreign material or 
fragments (such as dirt, debris from an explosion 
or clothing), evacuation time from point of injury 
to medical care, initiation of antimicrobial agents, 
adequacy of initial wound debridement, immedi-
ate wound care, defi nitive surgical care, rehabili-
tative care, prior antimicrobial pressure and the 
presence of nosocomial pathogens (especially 
multidrug resistant pathogens) at treatment facili-
ties [ 21 ]. During the Vietnam War, sepsis was the 
third leading cause of death for combat casualties 
in the theatre [ 22 ].   

3.2.3     Anatomical and Tissue Type 
Distribution 

 Injuries to the body can include open and closed 
injuries, with or without fractures. Table  3.5  
shows the anatomic distribution of injuries 
reported for various wars or armed confl icts. 

   Table 3.4    Fatality rates in wars and armed confl icts as a consequence of land mines: as reported from various studies, 
ordered in reverse chronological order   

 War or armed confl ict  Years  Population type  No. of fatalities  Fatality rate (%)  Reference 

 Nepal  2006–2010  Civilian  42  14  [ 101 ] 

 Afghanistan  2002–2006  Civilian  939  17.2  [ 6 ] 

 Afghanistan  2001–2002  Civilian  154  9.6  [ 102 ] 

 Turkey, SE  2000–2006  Military  71  19.5  [ 103 ] 

 Erbil, Iraq  1998–2007  Civilian  6  2.1  [ 104 ] 

 Afghanistan  1996–1998  Civilian  94  16.4  [ 105 ] 

 Sri Lanka  1996–1997  Civilian  45  13.7  [ 106 ] 

 Chechnya  1994–2005  Civilian  687  22.7  [ 7 ] 

 Angola  1995  Civilian  1  1.7  [ 107 ] 

 Bosnia-Herzegovina a   1992–1994  Civilian  79  41  [ 108 ] 

 Croatia  1991–1995  Military  2  1.3  [ 12 ] 

 Greece  1988–2003  Civilian  21  53.5  [ 109 ] 

 Afghanistan a   1980–1994  Civilian  699  55  [ 108 ] 

 Mozambique a   1980–1994  Civilian  83  42  [ 108 ] 

 Mozambique a   1980–1993  Civilian  120  48  [ 110 ] 

 Cambodia a   1978–1994  Civilian  136  31  [ 108 ] 

 Rhodesian War  1972–1980  Civilian  544  3.3  [ 111 ] 

 Guantanamo Bay, Cuba  1967–1968  Civilian  15  51.9  [ 112 ] 

   a Based on a cluster survey of households performed in 1994  
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Lower limbs are most commonly injured. The 
extent and severity of the injury is dependent 
strongly on the type of the injury-causing device 
and whether the casualty was wearing protective 
armour or clothing. Most non-fatal types of injury 
reported recently from military or fi eld hospitals 
and trauma registries are located in the soft tis-
sues of the limbs and tend to be caused by gun-
shot wounds, fragments and anti-personnel mines 
(Table  3.3 ; [ 23 ]). However, autopsy studies of US 
deceased in World War II and Vietnam and of 
Israeli deceased in the Lebanon have shown that 
most fatalities arose from injuries to the head and 
chest [ 24 – 26 ]. Nonetheless, many deaths occur 
as a result of multiple injuries, while many casu-
alties ultimately die from infection or as a result 
of prolonged periods of time in transit to hospital 
rather than as a direct consequence of the injury 
suffered in combat.

3.2.3.1       Head and Neck Injuries 
 Injuries to the head or neck can sometimes 
account for up to 40 or 50 % of fatalities in wars 
or armed confl icts (Table  3.5 ). However, a minor-
ity of those with injuries to the head or neck have 
penetrating injuries that can sometimes be sur-
vived if airways can be maintained and infectious 
complications avoided. Historically, the case 
fatality of penetrating head wounds is about 
80 %, while between 50 and 75 % of these deaths 
occur within the fi rst 24 h of trauma [ 4 ].  

3.2.3.2     Thoracic Injuries 
 Thoracic injuries are often the second leading 
cause of death after head injuries in wars or 
armed confl icts, often accounting for about 
25 % of fatalities (Table  3.5 ). The case fatality 
for a thoracic wound is often about 70 % 
although it varies according to factors such as 
penetration, bullet velocity and proximity to a 
blast involving small fragments [ 4 ]. Body 
armour can improve survival prospects for tho-
racic injuries by preventing projectile penetra-
tion but provides little added protection against 
major blasts. Thoracic injuries also account 

typically for about 10 % of non-fatal injuries in 
wars and armed confl icts (Table  3.5 ).  

3.2.3.3     Abdominal Injuries 
 Abdominal injuries typically account for up to 
20 % of casualties in wars and armed confl icts 
(Table  3.5 ). About 10 % of casualties brought to 
hospital alive have wounds to the abdomen, 
with prognosis often  linked to the projectile 
velocity and device [ 4 ]. Post-operative mortality 
was about 67 % in the late stages of World War 
I, 25 % in World War II, 12 % for US medical 
services in Korea, 8.5 % in Vietnam and about 
10–15 % in recent confl icts [ 4 ]. Prognosis ulti-
mately depends strongly on the severity of 
haemorrhage, which is the leading cause of 
immediate death. 

 Among less severe cases, Fig.  3.3  shows the 
anatomical distribution of abdominal injuries 
identifi ed through large-scale studies of laparoto-
mies in wars and armed confl icts in Vietnam, the 
Lebanon, Eritrea, the former Yugoslavia, Gaza 
and Iraq. Injuries to the small intestine, colon and 
duodenum have accounted typically for approxi-
mately half of all signifi cant organ injuries, fol-
lowed variously by injuries to other organs 
including the liver, stomach and spleen.

3.2.3.4        Injuries to the Limbs 
 Isolated injuries to the limbs account typically 
for the majority of all less critical war wounds 
(Table  3.5 ) usually involving single bullets or 
lower velocity fragments from longer proxim-
ity blasts. Although they are usually associated 
with a very low mortality rate when isolated, 
they are a major cause of long-term signifi cant 
morbidity [ 27 ], particularly when treated sur-
gically with amputations. Lower limb injuries 
are usually more common than upper limb 
injuries. Studies of US troops in Afghanistan 
and Iraq have reported that fractures occur in 
about one-quarter to one-third of all limb 
wounds [ 28 ,  29 ]. 

 There have been few studies that have reported 
on injuries to joints. However, one study of major 
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joint injuries in a large military hospital during 
the Bosnian wars in the former Yugoslavia 
reported a prevalence of 18 % joint injuries out of 
a total of 1860 casualties with limb wounds 
treated [ 30 ]. These most frequently affected the 
knee and elbow joints.   

3.2.4     Case Fatality 

 Mortality rates for military forces killed in battle 
vary strongly across major wars and armed con-
fl icts (Table  3.6 ) and also according to factors 
such as the main types of devices deployed, geo-

  Fig. 3.3    Signifi cant organ injuries found at laparotomy; 
percentage of total positive fi ndings: as reported from 
various studies, ordered chronologically. ( a ). Vietnam 
War – USA, 1966–1967. ( b ). Lebanon, 1975–1986. ( c ). 
Eritrea, 1980–1982. ( d ). Former Yugoslavia, 1991–1995. 

( e ). Gaza, 2000–2003. Notes: The study sizes (numbers of 
laparotomies) for the six studies are, respectively, 1350, 
1314, 692, 93, 230 and 130 (Data from references [ 98 , 
 116 – 120 ])       
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graphical world region and adherence to Geneva 
Conventions. Mortality rates among civilians 
typically vary even more strongly across wars 
and confl icts (Table  3.7 ).

    Figure  3.4  shows post-operative mortality in 
various hospitals during wars and armed confl icts. 
A study of International Red Cross  hospitals has 
similarly quoted post-operative mortality rates 
from the following locations: Quetta, Pakistan 

(2.2 %); Peshawar, Pakistan (3.3 %); Kao-I- Dang, 
Thailand (4.2 %); Kabul, Afghanistan (4.8 %); 
and Monrovia, Liberia (6.1 %) [ 29 ]. Although 
post-operative mortality has normally improved 
over time, it is often dependent strongly on exter-
nal factors such as the surgical facilities available 
and the often austere environment, mass through-
put of casualties and the volume of ‘dead on table’ 
and salvage cases with little prospect of survival.

   Table 3.6    Case fatality in wars and armed confl icts among armed forces: as reported from various studies, ordered in 
reverse chronological order   

 War or armed confl ict  Year 
 No. of 
fatalities 

 Case fatality (per 1000 
soldiers per year)  Reference 

 Operation Iraqi Freedom  –  –  8–10  [ 121 ] 

 Iraq and Afghanistan – coalition forces  2006  537  19  [ 122 ] 

 Iraq and Afghanistan – US forces  2006  280  5  [ 122 ] 

 Iraq and Afghanistan – coalition forces  2006–2007  18  6  [ 122 ] 

 Iraq and Afghanistan – US forces  2006–2007  416  7.5  [ 122 ] 

 Iraq – US Troops  2003–2004  1353  4.8  [ 24 ] 

 Iraq – US, other coalition troops  2003–2004  140  4.0  [ 24 ] 

 Iraq – Iraq security forces  2003–2004  2050  8.3  [ 24 ] 

 Second Gulf War – US troops  2003  171  11.9  [ 24 ] 

 First Gulf War – US troops  1991  293  3.6  [ 24 ] 

 US troops (multiple deployments)  1980–1992  –  0.6  [ 123 ] 

 Vietnam War – US troops  –  58,100  0.8  [ 24 ] 

 Korean War – US troops  –  33,650  1.9  [ 24 ] 

 World War II – US troops  –  407,300  6.8  [ 24 ] 

 World War I – US troops  –  106,700  14.2  [ 24 ] 

   Table 3.7    Case fatality in wars and armed confl icts among civilian populations: as reported from various studies, 
ordered in reverse chronological order   

 War or armed confl ict  Year 
 Case fatality (per 1000 
civilians)  Reference 

 Iraq  2005–2006  19.8 a   [ 124 ] 

 Iraq  2003–2004  13.2 a   [ 124 ] 

 Iraq  2003–2004  12.3  [ 125 ] 

 Democratic Republic of Congo, Katale  1990–  124 b   [ 126 ] 

 Somalia, Baidoa  1990  50.4 b   [ 126 ] 

 Somalia, Afgoi  1990  14.1 b   [ 126 ] 

 Sudan, Mapel  1990  23.1 b   [ 126 ] 

 Afghanistan, Kabul  1990  1.5 b   [ 126 ] 

 Afghanistan, Kabul  1990  1.8 b   [ 126 ] 

 Afghanistan, Kohistan  1990  7.8 b   [ 126 ] 

   a Based on household surveys 
  b Per 1000 midtime civilian population per month  
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3.3         Natural Disasters 

3.3.1     Type of Natural Disaster, 
Geography and Fatalities 

 Natural disasters account directly for approxi-
mately 50,000–100,000 lives lost worldwide each 
year on average, but have a far greater impact on 
civilian public health, subsequent mortality and 
morbidity. They often lead to a wide spectrum 
of health repercussions according to whether the 
disasters are largely predictable such as drought, 
famine and volcanic eruption or whether they 
are unpredictable disasters such as earthquakes, 
landslides or fl ash fl oods. Developing and low-
resource countries are much more vulnerable to 
the longer term public health effects of a major 
disaster, often through poorly developed medical 
and health systems [ 27 ]. In both scenarios, there 
is devastation caused by the event itself, followed 
by the fatalities and illnesses caused by the sec-
ondary impacts of disasters including lack of 
habitation, clean water and food and by spread of 
communicable diseases. 

 Figure  3.5  shows the worldwide geographical 
dispersion of fatalities through natural disasters 
that led to at least 25 fatalities since 1990, while 
Fig.  3.6  shows this geographical pattern according 
to the type of disaster. Details of the natural disas-
ters with at least 300 fatalities are provided in 
Table  3.8 . Countries that have been most affected 
by heavy loss of life through natural disasters are 
often lesser developed countries and include 
Bangladesh, China, Haiti, India, Indonesia, Iran, 
Japan, Myanmar, Pakistan, the Philippines, 
Russia, Sri Lanka, Thailand and Venezuela.

3.3.2          Causes of Natural Disasters 

 Natural disasters can be classifi ed into four cate-
gories: geophysical disasters which include earth-
quakes, tsunamis, volcanic activity and landslides; 
meteorological disasters which include typhoons/
hurricanes/tropical cyclones, tornadoes and 
storms; climatological disasters which include 
heatwaves, droughts and wildfi res; and hydro-
logical disasters, including fl oods and mudslides.  
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  Fig. 3.5    Fatalities through natural disasters, 1990 to 2013 according to the numbers of fatalities. Notes: Includes natu-
ral disasters with at least 25 fatalities       

  Fig. 3.6    Fatalities through natural disasters, 1990 to 2013; 
according to the type of disaster. Notes: Includes natural 
disasters with at least 25 fatalities. Geophysical disasters 
include earthquakes, tsunamis, volcanoes, landslides, etc. 

Hydrological disasters include fl oods, avalanches, etc. 
Climatological disasters include heatwaves, droughts, wild-
fi res, etc. Meteorological disasters include typhoons, hurri-
canes, storms, monsoons, wave surges, etc.       
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         Table 3.8    Fatalities and injuries through major natural disasters, 1990–2013: ordered chronologically   

 Year  Disaster type  Disaster name/details  Countries affected  No. of fatalities a   No. injured 

 1990  Earthquake  Iran  35,000 

 1991  Volcano  Mount Pinatubo  Philippines  887  – 

 1991  Cyclone  Bangladesh  138,866  – 

 1995  Heatwave  Chicago heatwave  USA  750  – 

 1995  Earthquake  Hanshin earthquake  Japan  >5500  36,896 

 1998  Hurricane  Hurricane Georges  Gulf of Mexico  10,000  – 

 1998  Earthquake  Afghanistan  17,000 

 1998  Floods  Yangtze river fl oods  China  3704 

 1998  Hurricane  Hurricane Mitch  USA  ~10,000 

 1999  Flooding and 
mudslides 

 Vargas tragedy  Venezuela  15,100  – 

 1999  Earthquake  Turkey  35,000 

 1999  Floods  Vietnam  >700 

 1999  Floods and 
mudslides 

 Venezuela  12,500 

 1999  Floods and 
mudslides 

 Mexico  >360 

 1999  Storms  Vargas tragedy (mudslides)  Venezuela  15,100 

 2000  Floods  Mozambique  800 

 2000  Floods  Mozambique, Zimbabwe  >700 

 2001  Earthquake  El Salvador  852 

 2001  Earthquake  India  20,023 

 2001  Earthquake  El Salvador  315 

 2002  Earthquake  Afghanistan  1000 

 2003  Earthquake  Iran  >26,000  300,000 

 2003  Earthquake  Algeria  2266 

 2003  Earthquake  Iran  31,000 

 2003  Heatwave  European heatwave  Europe wide  70,000 

 2003  Heatwave  Southern India heatwave  India  1500 

 2004  Earthquake  Tsunami (Indian Ocean)  Indonesia  204,862 

 2004  Earthquake  Tsunami (Indian Ocean)  Sri Lanka  35,322  21,411 

 2004  Earthquake  Tsunami (Indian Ocean)  India  23,685 

 2004  Earthquake  Tsunami (Indian Ocean)  Thailand  11,029  8457 

 2004  Earthquake  Tsunami (Indian Ocean)  Myanmar  700  45 

 2004  Earthquake  Morocco  628 

 2004  Floods  Dominican Republic, Haiti  >2000 

 2004  Monsoon  India, Nepal, Bangladesh  1800 

 2005  Earthquake  Pakistan  75,000 

 2005  Earthquake  Iran  612 

 2005  Earthquake  Indonesia  1313 

 2005  Earthquake  Pakistan  87,351 

 2005  Earthquake  Kashmir earthquake  Pakistan  100,000  138,000 

 2005  Floods  Maharashtra fl oods  India, Mumbai  5000 

 2005  Hurricane  Hurricane Katrina  USA  1833 

 2005  Monsoon  India  1000 

 2006  Earthquake  Indonesia  5749 

(continued)
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3.3.3     Geophysical Disasters 

3.3.3.1     Earthquakes and Tsunamis 
 Most earthquakes occur along faults or fractures in 
the Earth’s crust which vary in size from a few 
metres to hundreds of miles, when vast plates or 
rocks suddenly fracture or shift under stress. 
Earthquakes are also the main cause of tsunamis 
and account for most deaths from natural disasters. 

 Since 1990, earthquakes and tsunamis have 
caused more than 900,000 fatalities worldwide 
and major human aid catastrophes in countries 
including Indonesia, India, Sri Lanka, Thailand 
and Japan. Other earthquakes since 1990 that 
have caused heavy loss of life occurred in 
Afghanistan, China, Haiti, Iran, Pakistan and 
Turkey (Table  3.8 ; Figs.  3.5  and  3.6 ).  

3.3.3.2     Volcanoes 
 There are approximately 1900 volcanoes that are 
either active today or are known to have been 
active in historical times. Almost 90 % of volca-
noes are located in the ‘Ring of Fire’, a band of 
volcanoes circling the edges of the Pacifi c Ocean 
(Table  3.9 ; Fig.  3.6 ). There have been several vol-
canic eruptions with heavy loss of life since 1990, 
including Mount Pinatubo in the Philippines 
(with an estimated 847 fatalities), Mount Merapi 
in Indonesia (345) and Nyiragongo in the Congo 
Republic (245). Over the last few centuries, there 
have been many cataclysmic volcanic eruptions 
with devastating loss of life of more than 1000 
fatalities (Table  3.9 ). Some volcanic eruptions, 
such as Laki in Iceland in 1783 and Huaynaputina 
in Peru in 1600, have occasionally led to severe 

Table 3.8 (continued)

 Year  Disaster type  Disaster name/details  Countries affected  No. of fatalities a   No. injured 

 2006  Earthquake  Indonesia  730 

 2006  Earthquake  Java earthquake  Indonesia  733  9299 

 2006  Floods  Ethiopia  >800 

 2006  Monsoon  Philippines  1000 

 2007  Earthquake  Peru  519 

 2007  Monsoon  India  660 

 2008  Blizzard  Afghanistan  926  100 

 2008  Cyclone  Cyclone Nargis  Myanmar  135,500 

 2008  Earthquake  China  67,180 

 2008  Earthquake  Great Sichuan earthquake  China  87,417  374,176 

 2009  Earthquake  Indonesia  1100 

 2010  Earthquake  Chile  521 

 2010  Earthquake  China  2698 

 2010  Earthquake  Indonesia  435 

 2010  Earthquake  Chile  550 

 2010  Earthquake  Haiti  31,600 

 2010  Volcano  Mount Merapi  Indonesia  353 

 2010  Floods  Pakistan  1781  2966 

 2010  Heatwave  Russian heatwave  Russia  56,000 

 2010  Heatwave  Japanese heatwave  Japan  1718 

 2011  Earthquake  Turkey  604 

 2011  Earthquake and 
tsunami 

 Great East Japan Earthquake  Japan  15,884  6148 

 2011  Floods  Rio de Janeiro fl oods  Brazil  1000 

 2011  Floods  Tropical Storm Washi  Philippines  1268 

 2013  Typhoon  Typhoon Haiyan  Philippines  >10,000 

  Data from National Geographic [ 127 ], Wikipedia [ 128 ,  129 ],   http://creativecommons.org/licenses/by-sa/3.0/     
  a Includes natural disasters with at least 300 fatalities  
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longer term meteorological and humanitarian 
consequences including extreme weather, 
droughts and famines in countries as far away as 
other continents. These have often led to many 
more fatalities than those that resulted directly 
from the volcanic eruption alone. For example, it 
is considered that Laki and Huaynaputina led to 
more than six million and two million fatalities, 
respectively, in the longer term, largely through 
extreme weather and famine.

3.3.4         Meteorological Disasters 

3.3.4.1     Typhoons 
 A typhoon (also known as a hurricane or tropical 
cyclone depending on the region of the world) is 

a rotating tropical storm with winds of at least 74 
miles (119 km) per hour (Beaufort Wind 
Scale = 13+). There are seven typhoon/hurricane/
tropical cyclone basins in the world. The north- 
west Pacifi c basin, which also includes the South 
and East China Seas, is the region of the world 
which experiences the most frequent and the most 
severe typhoons [ 31 ,  32 ]. This was the location of 
typhoon Haiyan which devastated the Philippines 
in 2013, causing more than 10,000 fatalities and a 
major human aid disaster. Typhoons can lead to 
storm surge, an abnormal rise in sea levels, which 
can decimate buildings and cause major fl ooding. 
They often result in wave heights of 50 or 60 ft or 
more over prolonged periods of time and have 
caused many major shipping disasters, particu-
larly in the North West Pacifi c, the South and East 
China Seas and the north Atlantic. Since 1990, 
typhoons (or cyclones/hurricanes) have been 
responsible for more than 300,000 fatalities 
worldwide, principally affecting Bangladesh, the 
Philippines, the USA and the Gulf of Mexico 
region (Table  3.8 ; Figs.  3.5  and  3.6 ).   

3.3.5     Hydrological Disasters 

3.3.5.1     Floods 
 Major fl ooding can develop slowly, while fl ash 
fl oods often occur within a few minutes or hours 
of excessive rainfall, a dam or levee failure or a 
sudden release of water held by an ice jam. Flash 
fl oods occasionally have a dangerous wall of 
roaring water that carries rocks, mud and other 
debris. Since 1990, fl oods have been the cause of 
more than 30,000 fatalities worldwide (Table  3.8 ). 
Major fl ooding incidents that have caused 
heavy loss of life have affected regions of Brazil, 
China, the Dominican Republic, Haiti, India, 
Mozambique, the Philippines, Venezuela, 
Vietnam and Zimbabwe which are mostly low- 
resource countries (Table  3.8 ). Flooding can also 
be an important factor in even greater humanitar-
ian disasters. For example, major fl ooding in 
North Korea in 1995 decimated crop harvests and 
grain reserves, leading to the North Korea famine 
and up to 3.5 million fatalities during the follow-
ing 3 years.   

    Table 3.9    Major volcanic eruptions with >1000 fatali-
ties: ordered according to the number of fatalities   

 Volcano  Country  Year 
 No. of 
fatalities 

 Mount Tambora  Indonesia  1815  36,000 

 Krakatoa  Indonesia  1883  36,000 

 Mount Pelée  Martinique  1902  33,000 

 Nevado del Ruiz  Colombia  1985  23,000 

 Vesuvius  Italy  0079  18,000 

 Mount Unzen  Japan  1792  15,000 

 Mount Kelud  Indonesia  1586  10,000 

 Laki  Iceland  1783  9000 

 Santa Maria  Guatemala  1902  6000 

 Mount Kelud  Indonesia  1919  5115 

 Mount 
Galunggung 

 Indonesia  1822  4000 

 El Chichón  Mexico  1982  3500 

 Vesuvius  Italy  1631  3360 

 Mount 
Lamington 

 Papua New 
Guinea 

 1951  2942 

 Tseax Cone  Canada  1775  2000 

 Soufriere  St. Vincent  1902  1680 

 Mount Agung  Indonesia  1963  1584 

 Huaynaputina  Peru  1600  >1500 

 Mount Merapi  Indonesia  1930  1369 

 Mount Taal  Philippines  1911  1335 

 Mount Mayon  Philippines  1897  1335 

 Mount Asama  Japan  1783  1151 

 Cotopaxi  Ecuador  1877  1000 

  Data from Wikipedia [ 129 ].   http://creativecommons.org/
licenses/by-sa/3.0/      
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3.3.6     Climatological Disasters 

3.3.6.1     Heatwaves 
 A heatwave is an extended period of extreme or 
severe heat that is well above the norm for the 
local climate and is often accompanied by high 
humidity. As conditions that can induce heat- 
related illnesses include stagnant atmospheric 
conditions and poor air quality, people residing 
in urban locations inland are often at greater risk 
from the effects of prolonged heatwaves than 
those living in coastal or rural areas. In recent 
years since 1990, there have been several major 
heatwaves that have accounted for very heavy 
loss of life (Table  3.8 ), most notably across 
Russia in 2010 (>50,000 fatalities) and across 
Europe in 2003 (>70,000 fatalities). Globally, 
heatwaves have caused more than 130,000 fatali-
ties over the last 25 years.  

3.3.6.2     Wildfi res 
 Wildfi res occur mainly in forests and woodland 
settings during drought conditions and are usually 
triggered by lightning or human accidents. 
Typically, they spread very quickly and present 
major challenges to fi refi ghting attempts. 
Although disastrous environmentally, wild fi res 
seldom lead to high numbers of human fatalities 
or casualties (Table  3.8 ).    

3.4     Other Causes of Trauma 

 Other major causes of trauma and fatalities 
worldwide that are managed by orthopaedic 
surgeons and emergency medicine specialists 
include attacks or bites from wild animals and 
reptiles, mostly involving venomous snakes, 
crocodiles and alligators, sharks, large cats such 
as lions, tigers and leopards, bears and ‘domes-
ticated’ dogs. Other major causes of trauma that 
account for approximately 1.6 million fatalities 
worldwide each year are accidents at work and 
road traffi c accidents. Further important causes 
of trauma include falls particularly among older 
people; injuries through sports such as motor-
bike and car racing, horse riding, ice hockey 
and rugby; civilian violence; self-harm and sui-
cide attempts; and domestic burn and scald 
injuries. 

3.4.1     Animal Attacks 

 Injuries from animal attacks are increasing as 
humans encroach on wild territory to expand land 
and settlements while many wild animals forage 
close to human settlements. In some countries, 
wild animals are sources of food or illegal trade 
of body parts, while tourism also accounts for a 
small number of attacks on naïve travellers. Most 
wild animals do not usually attack people with-
out provocation but can become aggressive as a 
result of sickness or injury, defending territory or 
offspring or when mating. Although much less 
common, injuries and fatalities also arise through 
attacks by domesticated animals including dogs, 
along with horses and cattle. 

 Although the management of injuries result-
ing from domesticated animals tends to be facili-
tated by established emergency response systems, 
more unusual wild animal attacks in rural areas 
and the complex injuries arising often pose chal-
lenges to surgeons when practicing in resource-
limited settings. Fortunately, most small 
animal-related injuries are minor and do not 
require hospitalisation. Of those that require 
medical attention, people in developing countries 
are hindered by a lack of adequate facilities and 
ambulatory services. Consequently, only the 
most severe cases are often hospitalised. 
Table  3.10  shows the proportions of all emer-
gency hospital admissions reported from various 
settings that were attributable to animal attacks. 
The highest percentage reported was 12 % in 
Bangkok during 1995 and 1996, followed by 
10.5 % in Maharashtra and India from 2003 to 
2007. However, in most reports, animal attacks 
accounted for less than 3 % of all emergency 
hospitalisations.

   Injuries following many animal attacks are 
susceptible to infections, including numerous 
zoonotic infections via bites and scratches includ-
ing Staphylococcus aureus, Streptococci species, 
Pasteurella species, leptospirosis, brucellosis and 
tuberculosis. Animal bites are often prone to 
infection [ 33 ]. Most infections are polymicrobial 
with Pasteurella multocida being the most com-
mon isolate. Dendle and Looke provide a com-
prehensive list of organisms transmitted by 
different animals [ 34 ]. Early administration of 
antibiotics following animal-related injury is 
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always recommended. Viral infections can also 
be dangerous, for example, parvovirus, tetanus 
and rabies, which are sometimes fatal to the host. 
The World Health Organisation has reported that 
55,000 people in Asia and Africa die from rabies 
each year, which is 95 % of the total deaths 
worldwide from rabies [ 35 ]. Frey et al. have 
reported an incidence of 13 per 100,000 popula-
tion for attacks by rabid animals in N’Damena, 
Chad, in 2008 and 2009 which led to 0.7 rabies-
related deaths per 100,000 population [ 36 ].  

3.4.2     Snakes 

 Across the world, it has been estimated that there 
are at least 420,000 venomous snakebites each 
year and 20,000 fatalities each year [ 37 ]. Less 
than 10 % of the world’s snake species are 
venomous. The most venomous include the 
inland taipan or fi erce snake (found in Australia), 
the black mamba (across much of southern and 
eastern Africa), the eastern brown snake 
(Australia), the blue krait (Southeast Asia), the 
taipan (Australia), the Philippine cobra (the 
Philippines), the tiger snake (Australia), Russell’s 
viper (Indian subcontinent), pit vipers and rattle-
snakes (Central, South and North America) and 
the faint-banded sea snake (Indian Ocean). As 
well as venom toxicity, human fatalities and seri-
ous necrosis are dependent on factors including 
the aggression of the snake, its usual proximity to 

human habitation and the likelihood of envenom-
ation during a bite. The most venomous snake in 
the world, the Australian inland taipan, seldom 
causes human fatalities as it is especially timid in 
character and usually found in remote locations. 
The African black mamba, however, is notori-
ously volatile, sometimes comes into proximity 
and confl ict with humans when searching for 
rodent prey around habitations, envenomates 
with every bite and has the highest fatality rate of 
all snakes which is 100 % when untreated. 

 Table  3.11  shows population-based incidence 
and mortality from snakebites as reported from 
various studies across the world. The highest 
incidence has been reported from Nigeria (497 
per 100,000 population) and Sri Lanka (200) 
with highest regional rates reported from sub- 
Saharan central and western Africa and from 
Southeast Asia. Population mortality however is 
highest in Oceania, sub-Saharan West Africa, 
South and Southeast Asia and the Caribbean. The 
majority of snakebites occur during the warmer 
months of the year [ 38 – 40 ]. The puff adder and 
black mamba account for most snakebites and 
most fatalities across Africa, while on the Indian 
subcontinent, most fatalities are caused by the 
Indian cobra, Russell’s viper, the common krait 
and the saw-scaled viper. In Australia, although 
fatalities are fewer, most are caused by the east-
ern brown snake.

   When the snakebite is not rapidly fatal, most 
patients are conscious at the time of presentation to 

   Table 3.10    Proportion of emergency admissions caused by animal attacks: as reported from various studies, ordered 
in reverse chronological order   

 Country, region  Study period  Patient age group 
 % emergency 
admissions  Animal responsible  Reference 

 Tanzania, NW  2007–2012  All  2.2 a   –  [ 130 ] 

 Tanzania, NW  2007–2011  All  8.3  –  [ 131 ] 

 India, Maharashtra  2005–2010  Children  3.2 b   –  [ 132 ] 

 India, Kashmir  1990–1995, 
2005–2007 

 All  3.8  Black bear  [ 56 ] 

 Turkey, east  2005–2006  All  0.2  –  [ 133 ] 

 India, Maharashtra  2003–2007  All  10.5  –  [ 134 ] 

 Nigeria, Zaria  2000–2010  All  0.3  Dog  [ 135 ] 

 Kenyan, Nyanza  2002–2003  All  1.3  Dog  [ 136 ] 

 South Africa, Cape Town  1991–2004  Children  1.5  Dog  [ 137 ] 

 Thailand, Bangkok  1995–1996  Children  12  –  [ 138 ] 

 Australia, national  –  All  2  –  [ 34 ] 

   a Admissions with ear, nose or throat injuries only 
  b Admissions with maxillofacial fractures only  
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emergency facilities. Symptoms depend on the 
snake species and its type of venom but variously 
include tachycardia; fever; vomiting; blurring of 
vision; slurring of speech; abdominal pain; muscle 
cramp, spasms or paralysis; swelling or blisters; 
internal or external haemorrhaging; renal failure; 
necrosis; and respiratory failure [ 41 ,  42 ]. A review 
by Ranawaka et al. [ 43 ] comprehensively covered 
the neurotoxicity following snakebites. As many 
victims do not recognise the species of snake, 

often because of fear, anxiety, ignorance or poor 
visibility in darkness or in long grass, optimal 
treatment can be compromised. Intravenous snake 
antivenom is the most effective treatment for 
snakebites where it is possible to apply the appro-
priate antivenom from the identifi ed snake in time. 

 Table  3.12  illustrates the characteristics and 
case fatality for snakebites as reported from 
various studies across the world, but mostly 
across the Indian subcontinent, west and central 

   Table 3.11    Population-based incidence and mortality from snakebites: as reported from various studies, ordered in 
reverse chronological order   

 Country/continent  Study period 
 Annual incidence per 
100,000 population 

 Annual mortality per 
100,000 population  Reference 

 Nicaragua  2005–2009  56 (5 years)  0.6 (5 years)  [ 139 ] 

 Brazil, Paraiba  2006–2008  5.5  –  [ 140 ] 

 Iran, Kashan  2004–2010  2.5  –  [ 38 ] 

 Bolivia  1996–2000 and 
2001–2009 

 8  0.1–3.9  [ 141 ] 

 Ecuador  1998–2007  11  0.5  [ 142 ] 

 India  2001–2003  –  4.1  [ 143 ] 

 India, Maharashtra  2002  6.0  –  [ 144 ] 

 Venezuela, Cojedes  1996–2004  21.5  –  [ 145 ] 

 India, Maharashtra  1998  6.8  –  [ 144 ] 

 Argentina  1978–1998  1.8  –  [ 146 ] 

 Nigeria  –  497  –  [ 147 ] 

 Sri Lanka  –  200  –  [ 148 ] 

 Asia, Pacifi c – high income  1985–2006  0.4–1.7  0.01–0.10  [ 37 ] 

 Asia, Central  1985–2006  0.3–1.6  0.01–0.04  [ 37 ] 

 Asia, East  1985–2006  0.3–15.7  0.03–0.35  [ 37 ] 

 Asia, Southern  1985–2006  7.8–30.0  0.91–2.18  [ 37 ] 

 Asia, SE  1985–2006  18.8–84.7  0.13–3.25  [ 37 ] 

 Australasia  1985–2006  4.4–5.1  0.008–0.02  [ 37 ] 

 Caribbean  1985–2006  2.8–20.7  0.28–2.98  [ 37 ] 

 Europe, Central  1985–2006  0.1–2.1  0.005–0.01  [ 37 ] 

 Europe, East  1985–2006  0.4–0.4  0.02–0.03  [ 37 ] 

 Europe, West  1985–2006  0.7–1.6  0.001–0.01  [ 37 ] 

 Latin America, Andean  1985–2006  12.9–54.5  0.48–1.05  [ 37 ] 

 Latin America, Central  1985–2006  19.0–30.5  0.09–0.66  [ 37 ] 

 Latin America, South  1985–2006  3.5–3.6  0.007–0.01  [ 37 ] 

 Latin America, tropical  1985–2006  15.0–16.1  0.05–0.15  [ 37 ] 

 North Africa/Middle East  1985–2006  0.71–18.9  0.01–0.02  [ 37 ] 

 North America, high income  1985–2006  0.8–1.1  0.001–0.002  [ 37 ] 

 Oceania  1985–2006  3.9–49.7  2.43–5.53  [ 37 ] 

 Sub-Saharan Africa, central  1985–2006  20.3–53.4  0.29–3.44  [ 37 ] 

 Sub-Saharan Africa, east  1985–2006  12.9–22.6  0.42–3.03  [ 37 ] 

 Sub-Saharan Africa, south  1985–2006  2.3–3.3  0.41–0.53  [ 37 ] 

 Sub-Saharan Africa, west  1985–2006  8.9–93.3  0.50–5.91  [ 37 ] 
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sub-Saharan Africa, North Africa, South 
America, the Middle East and Eastern Europe. 
The case fatality reported in these studies is 
mostly quite low (8 % or less) although higher 
rates have been reported; 26 % from Maharashtra, 
India (involving kraits), 15 % from Niger and 
13 % from Nepal, which would refl ect some 
biases towards patients who survive long enough 
to attend medical facilities rather than fatalities 
that occur before presentation. Most of the 
snakebites from these studies occurred among 
males (ranging from 52 to 96 %) and involved the 
lower limbs (see Table  3.12 ) often as the snakes 
were accidentally trodden upon by humans 
farming in rural locations. Depending on the tox-
icity of the venom and how rapidly the snakebite 
can be treated, amputation is often required. 
Prognosis is often affected by remoteness to 
medical facilities as well as by local practices and 
culture, as native remedies and inappropriate fi rst 
aid are often used in many locations instead of or 
prior to specialist medical treatment [ 44 ].

3.4.3        Crocodiles and Alligators 

 Primary injuries arising from crocodile or alliga-
tor attacks involve mainly bites with secondary 
injuries arising from crushing injuries to the 
limbs, while many people disappear altogether. 
Bites can cause lacerations, puncture wounds, 
contusions, fractures and loss of limbs, often 
involving various wound types on multiple body 

areas. In Africa, it is thought that several hundred 
people are killed through crocodile attacks each 
year. However, the limited literature on fatalities 
from crocodile and alligator attacks is based 
largely from Australia (crocodiles) and the USA 
(alligators) rather than in lesser developed, low-
resource regions across Africa and Asia where 
fatalities are more common but are usually unre-
ported (Table  3.13 ). In Australia and the USA, the 
fatalities which are not common often arise 
through recreational water-based activities [ 45 ].

3.4.4        Other Animals 

 Shark attacks are also a frequent cause of fatalities 
and severe trauma among humans, with most 
non-fatal injuries affecting the limbs. Table  3.14  
illustrates case fatality from confi rmed shark 
attacks across the world as compiled from a US 
centre [ 46 ]. The reported fatality rates ranged 
mostly from 20 to 50 %, although with much 
lower case fatality of 3.4 % in the USA and 
Hawaii. The Durban classifi cation of shark- 
induced injuries can be used to predict the 
outcome of an attack [ 47 ]. Mortality following 
shark attacks worldwide was estimated at 12.3 % 
from 1990 to 1999 [ 48 ].

   Attacks on humans by large cats typically 
carry a worse prognosis, usually through severe 
musculoskeletal injuries and haemorrhaging and 
sometimes subsequent infection. A study of 815 
lion attacks in Tanzania from 1990 to 1994 

   Table 3.13    Case fatality for crocodile and alligator attacks: as reported from various studies, ordered in reverse chron-
ological order   

 Country, region  Study period  Crocodile/alligator 
 No. of 
cases 

 Case fatality 
(%)  Reference 

 Tanzania, NW  2007–2011  Crocodile  6  –  [ 131 ] 

 Malawi, south  4 years  Crocodile  60  1.7  [ 167 ] 

 Australia, north  1971–2004  Crocodile (saltwater)  62  27.4  [ 48 ] 

 USA, national  1928–2009  Alligator  567  4.2  [ 168 ] 

 USA, Florida  1928–2009  Alligator  481  4.6  [ 168 ] 

 Australia  –  Crocodile (saltwater)  –  50  [ 169 ] 

 Malaysia  –  Crocodile (saltwater)  –  50  [ 169 ] 

 Africa, NE  –  Nile crocodile  –  63  [ 169 ] 

 USA  –  American alligator  –  <6  [ 169 ] 
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reported that 69 % of attacks were on men and 
only 18 % were on children under 10 years old, 
with a case fatality of 69 % [ 49 ]. A smaller study 
of 35 attacks from leopards from the Kashmir 
region of India from 2004 to 2007 reported a case 
fatality of 54 %. 

 Injuries from domesticated dogs are the most 
common cause of injury by any animal in many 
regions of the world, with WHO reporting that 
dogs account for 76–94 % of all animal bite 
injuries [ 50 ]. Data from lesser developed 
countries however are sparse, although reported 
incidence is often high. For example, reported 
incidences in three regions of Bhutan (Gelephu, 
Phuentsholing and Thimphu) were 870, 294 and 
285 per 100,000 population, respectively [ 51 ]. 
Table  3.15  illustrates the characteristics of dog 
bite attacks in humans reported from various 
studies across the world, including the body areas 
affected by injury, the population socio- 
demographics and incidence rates (where 
available). The studies show that a high proportion 
of dog bite attacks affect children, with highest 
incidence often in mid- to late childhood. The 

risk of injury to the head and neck is greater in 
children than in adults, whereas attacks on adults 
usually affect the lower limbs. Bites to the hand 
and arm are common for all age groups. Single 
bite injuries tend to be more common than mul-
tiple bites [ 51 ].

   Although fatality rates directly resulting from 
dog bite injuries are very low, infection with 
rabies contributes to a substantial mortality risk, 
particularly in lower and middle-income coun-
tries, which often lack of appropriate access to 
effective health care and treatment [ 50 ]. For 
example, the reported mortality from rabies fol-
lowing dog bite attacks in Bhutan during 2009 
and 2010 was 3.1 per 100,000 population (95 % 
confi dence interval = 1.6–6.3) [ 51 ]. 

 A fatality rate of 29 % for wolf attacks was 
reported from India between 2005 and 2007 [ 52 ]. 
The injuries usually occurred from ‘pack’ attacks, 
with a predominance of injuries to the dorsal 
aspect of the body. 

 Injuries from bears usually involve mauling 
and bites. Most bear attacks are not fatal, with a 
highest fatality rate of 12.5 % in the very limited 
Medline literature (Table  3.16 ) identifi ed for 
grizzly bears in Yellowstone Park, USA [ 53 ]. 
Bears attack typically from an upright position 
and strike the person’s torso and head, resulting 
in lacerations and fractures to the cranium and 
upper limbs [ 54 ,  55 ]. Loss of fi ngers is also 
commonly reported, with many people requir-
ing amputation. Most bears will abandon their 
attacks once the perceived threat has been 
immobilised. Very few children are attacked by 
bears [ 56 ], with the majority of attacks on men 
[ 55 ,  56 ].

3.4.5        Occupational Injuries 

 Globally, it is estimated that approximately 
350,000 fatalities occur through accidents at 
work each year with a total of 300 million non- 
fatal accidents that cause absences from work of 
at least 4 days [ 57 ]. Occupational diseases are 
also thought to account for a further two million 
deaths worldwide each year. Although reliable 
data on occupational fatalities are reported in 

   Table 3.14    Case fatality for confi rmed shark attacks: 
ordered by case fatality   

 Country/region 
 Total 
attacks 

 Fatal 
attacks 

 Case 
fatality 
(%) 

 Most 
recent 
fatality 

 Europe  49  27  55  1974 

 Reunion Island  33  17  52  2013 

 USA, central  57  27  47  2011 

 Pacifi c/Oceania 
islands (e.g.. 
Hawaii) 

 126  49  39  2011 

 Asia  129  48  37  2000 

 Unspecifi ed/
open ocean 

 21  7  33  1995 

 Australia  520  146  28  2013 

 Africa  339  93  27  2013 

 Antilles and 
Bahamas 

 70  16  23  2013 

 South America  117  26  22  2013 

 New Zealand  49  9  18  2013 

 Hawaii  129  9  7.0  2013 

 USA  1055  36  3.4  2012 

  World    2666    493    18.5    2013  

  Data from International Shark Attack File [ 46 ]  
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most European, OECD and many other devel-
oped countries, the quality of reporting from low- 
resource countries is patchier and less reliable. 

 In many coastal countries, the maritime occu-
pations of commercial fi shing and (cargo) mer-
chant seafaring have for long been the most 
hazardous of all occupations with drowning 
accounting for a high proportion of fatalities, fol-
lowed by falls, fi res, explosions, crushing and 
mechanical injuries [ 58 ]. These are followed by 
other occupations including farming and agricul-
tural vehicle driving (with many deaths caused by 
mechanical injuries), mining (gas explosions, 
crushing injuries or asphyxiation through mine 
roof collapses and mine fl ooding), forestry work 
(crushing injuries), scaffolding, roofi ng, steel 
erection and certain construction trades (falls 
from heights and mechanical injuries), sewerage 
work (asphyxiation by fumes), oil or gas extrac-
tion and production (fi res, explosions, mechanical 
injuries and drowning offshore), textile industries 
(mechanical injuries) along with railway and road 
construction work (traffi c accidents). 

 The vast majority of fatal occupational inju-
ries affect men with highest fatality among 
younger workers, who are often employed in the 
most high-risk industries and who lack long peri-
ods of experience. Non-fatal occupational inju-
ries are usually far less reliably recorded than 
fatal occupational injuries as they are usually 
based either on (under-reporting in) accident sur-
veillance systems or (often inaccurate) accident 
insurance claims. 

 Table  3.17  provides estimates of both fatal and 
non-fatal rates of accidents at work during 1999 
from a study that covered most countries of the 
world, split into eight World Bank divisions 
(established market economies, former socialist 

economies, India, China, other Asia and islands, 
sub-Saharan Africa, Latin America and 
Caribbean and the Middle East Crescent). 
Regionally, both fatal and non-fatal accident rates 
are highest across low-resource regions of Asia 
and sub-Saharan Africa, followed by the Middle 
East Crescent and Latin America with intermedi-
ate fatal accident rates in India, China and former 
socialist (European) economies and lowest acci-
dent rates in the advanced market economies 
(Table  3.17 ).

   Both fatal and non-fatal accident rates are 
highest in low-resource Asian countries such as 
Papua New Guinea (29.0 per 100,000 workers), 
Cambodia (28.3 per 100,000), Vietnam (27.0) 
and Bangladesh (26.4; Table  3.17 ). Industries in 
these countries are dominated by hazardous sec-
tors such as mining, textile production and off-
shore oil/gas extraction. More recently, a study of 
Guinea during the single year 2007 reported a 
higher fatal accident rate of 62 per 100,000, with 
most fatalities caused by transportation accidents 
(37 %), fi res and burns (22 %), falls (12 %) and 
drowning (6 %) [ 59 ]. 

 Fatal accident rates are lowest in Europe and 
other developed or ‘post-industrial’ countries 
such as the UK (0.8 per 100,000), Sweden (1.9) 
and France (3.0). These fatality rates have 
reduced over many decades time with reductions 
in heavy industry such as mining, steel production 
and shipping and advances in safety practices at 
work. A lack of progress with improvements in 
safety contributes strongly to the very high fatal 
accident rates in many developing countries. 

 Of individual occupations, some of the high-
est fatal accident rates in the Medline literature in 
recent decades have been reported for trawler 
fi shing in Alaska (415 per 100,000 workers) [ 60 ], 

   Table 3.16    Characteristics of bear attacks: as reported from various studies, ordered in reverse chronological order   

 Country, region 

 Study period  Bear 
species 

 No. of 
cases 

 Body area wounded  Case 
fatality 
(%) 

 Reference 

 Lower 
limbs 
(%) 

 Upper 
limbs 
(%) 

 Head 
and neck 
(%) 

 USA, Yellowstone Park  1980–2011  Grizzly  32  –  –  –  13  [ 53 ] 

 India, Kashmir  2005–2007  Black  104  –  –  –  2  [ 52 ] 

 India, Kashmir  2005–2006  Black  32  –  –  –  –  [ 55 ] 

 India, Kashmir  1990–1995, 
2005–2007 

 Black  417  15  23  81  –  [ 56 ] 
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although following improvements in safety 
practices and legislation, this fatality rate has 
fallen to less than 100 per 100,000 in most recent 
years [ 61 ], Thailand (300 per 100,000) [ 62 ] and 
New Zealand (260) [ 63 ], forestry work in New 
Zealand (203) [ 64 ], merchant seafaring in Hong 
Kong [ 65 ], copper mining in Zambia (111) [ 66 ] 
and transportation occupations in China [ 67 ]. 

However, there is a distinct lack of reporting 
from most low-resource countries.  

3.4.6     Road Traffi c Accidents 

 Road traffi c accidents are one of the world’s lead-
ing causes of traumatic injury and mortality and 

     Table 3.17    Estimated fatal and non-fatal rates of occupational accidents at work worldwide, 1999   

 World Bank divisions 
and selected countries 

 Fatal accidents 
per 100,000 
population 

 Non-fatal 
accidents per 
1000 population 

 World Bank 
divisions and 
selected countries 

 Fatal accidents 
per 100,000 
population 

 Non-fatal 
accidents per 
1000 population 

  Established 
market economies  

  4.2    32    Sub - Saharan 
Africa  

  21.0    160  

 Australia  3.2  24  Angola  21.2  162 

 Canada  6.4  49  Cameroon  21.0  160 

 Japan  3.2  24  Ethiopia  21.5  164 

 USA  5.2  40  Ghana  20.6  157 

 France  3.0  23  Kenya  21.6  165 

 Germany  3.6  27  Mali  22.1  169 

 Italy  6.9  52  Nigeria  20.1  153 

 Sweden  1.9  15  Rwanda  22.2  169 

 UK  0.8  6  Somalia  21.4  163 

 Uganda  21.7  165 

  Former socialist 
economies  

  12.9    99   Zimbabwe  20.9  160 

 Bulgaria  11.4  87 

 Hungary  10.3  79   Latin America  
and  Caribbean  

  17.2    132  

 Poland  10.0  77  Argentina  14.6  112 

 Romania  14.4  110  Brazil  16.6  127 

 Russia  11.0  81  Colombia  18.2  139 

 Guatemala  22.4  171 

  India    11.5    88   Haiti  25.9  198 

  China    10.5    80   Mexico  15.9  122 

 Peru  19.0  145 

  Other Asia and 
Islands  

  21.5    164   Venezuela  14.3  109 

 Afghanistan  19.9  152 

 Bangladesh  26.4  201   Middle East 
Crescent  

  18.6    142  

 Cambodia  28.3  216  Egypt  24.0  183 

 Indonesia  20.9  160  Israel  14.6  111 

 Mongolia  19.9  152  Iran  16.8  128 

 Pakistan  20.7  158  Iraq  14.2  108 

 Papua New Guinea  29.0  221  Lebanon  15.9  121 

 Philippines  20.0  153  Syria  17.7  135 

 Viet Nam  27.0  206  Yemen  17.0  130 

  Data from Hamalainen et al. [ 180 ] 
 The table includes selected rather than all countries within each World Bank division  
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cause approximately 1.25 million deaths world-
wide each year [ 68 ]. They are the eighth leading 
cause of death globally and the leading cause of 
death among young people aged between 15 and 
29 years. More than three-quarters of all fatal 
road traffi c accidents involve young males, while 
almost 60 % of road traffi c deaths are among 
people aged from 15 to 44 years. 

 Road traffi c accidents broadly encompass col-
lisions between two motor vehicles or motor 
vehicles with pedestrians or stationary objects 
such as roadside trees, buildings or road debris. 
The main factors that contribute to the risks of 
collisions include the design or aspects of the 
road, vehicle speed, weather conditions, safety of 
the motor vehicle and the skill/behaviour/impair-
ment of the driver. Most fatal accidents are pre-
ventable, through the use of helmets and seat 
belts, avoidance of alcohol and drugs before driv-
ing, driving at suitable speeds and through being 
visible in traffi c. 

 Injuries sustained through motor vehicle 
accidents can be divided into two broad catego-
ries: collisions where occupants are ejected 
from their vehicles and acceleration or decelera-
tion forces which act upon internal organs. In 
frontal collisions, vehicle occupants unre-
strained by seatbelts continue to move forward 
as the vehicle comes to an abrupt stop. The ini-
tial impact point with the chassis is often the 
lower extremities, resulting in fractures and/or 
dislocations of the ankles, knees or hips along 
with femoral fractures. As the body continues to 
move forward, the head, cervical spine and torso 
often impact on the windscreen, driving wheel, 
steering column and dashboard or on the seats 
or the heads of the occupants in front, leading to 
more severe or fatal injuries to the head, chest, 
abdomen, spine and upper limbs. In lateral 
impact collisions, victims are accelerated away 
from the sides of the vehicle, while ejection 
from vehicles is linked with increased risks of 
severe or critical injuries [ 69 ]. 

 The risks of fatal road traffi c accidents has 
been reported as more than 30 times higher for 
motorcyclists than for car occupants [ 70 ] with 
most fatal injuries affecting the head. Lower 
limb fractures are also very common in motor-

cycle accidents and have been reported for 
approximately 40 % of motorcyclists who were 
hospitalised with  non- fatal injuries in one study 
from California [ 71 ]. The risks of road traffi c 
accidents for pedestrians are highest among 
older people, children and people who are ine-
briated. Injuries to the head and upper and lower 
limbs are more common among pedestrians 
involved in road traffi c accidents than among 
motor vehicle occupants, while chest and 
abdominal injuries are less common [ 72 ]. 

 Across the world, World Health Organisation 
data show that half of all fatal road traffi c acci-
dents affect motorcyclists (23 %), pedestrians 
(22 %) and cyclists (5 %), with 31 % of deaths 
among car occupants and the remaining 19 % 
among unspecifi ed road users [ 68 ]. 

 Regionally, the highest road traffi c fatality rate 
in the world is in Africa (24.1 per 100,000 popu-
lation), followed by the eastern Mediterranean 
region (21.3 per 100,000), the western Pacifi c 
and the southeast regions (both 18.5) and the 
Americas (16.1), while Europe has the lowest 
fatality rate (10.3; Fig.  3.7 ).

   Figure  3.8  shows the 40 countries in the world 
with the highest fatal accident rates in 2010 based 
on World Health Organisation fi gures [ 68 ]. The 
countries with the highest fatal accident rates are 
scattered mainly across Asia and the Middle East, 
Africa and Latin America. In particular, these 
include Niue (68 per 100,000 population), the 
Dominican Republic (42 per 100,000), Thailand 
(38), Venezuela (37) and Iran and Nigeria (both 34).        

 Key Messages 

•     During the last 25 years, more than two 
million lives have been lost through 
wars or armed confl icts and more than 
1.4 million through natural disasters.  

•   Countries affected by the heaviest fatali-
ties are often lesser developed. For 
armed confl icts, they include 
Afghanistan, the Congo Republic, 
Ethiopia, Indonesia, Iraq, Liberia, 
Pakistan and Sudan. For natural disas-
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  Fig. 3.7    Fatal road traffi c accident rates worldwide regionally, 2010 (Data from World Health Organization [ 68 ])       

ters, they include Bangladesh and Myanmar 
(cyclones); China, Indonesia and Iran 
(earthquakes); and Pakistan (earthquakes 
and fl oods).  

•   Explosive devices and fragments, includ-
ing improvised explosive devices (IEDs), 
have become increasingly the leading 
cause of fatalities and non-fatal injuries in 
wars and armed confl icts.  

•   Major single explosive incidents with the 
highest fatality rates are often caused by 
large explosive devices that attack build-
ings from nearby vehicles.  

•   Injuries to the head, neck and abdomen are 
the leading cause of fatalities with the 
poorest prognosis in many wars and armed 
confl icts. However, lower limbs often 
account for most non-fatal injuries.  

•   Post-operative mortality has fallen over 
time but is often strongly dependent on 
external factors such as the available surgi-
cal facilities and the often austere environ-
ment, mass throughput of casualties and 
the volume of ‘dead on table’ and salvage 
cases with little prospect of survival.  

•   During the last 25 years, the leading cause 
of mortality from natural disasters is earth-
quakes and tsunamis, which accounted for 
more than 900,000 fatalities or 65 % of all 
deaths from natural disasters. They are fol-
lowed by typhoons/hurricanes/cyclones 
(>300,000 fatalities) and heatwaves 
(>130,000).  

•   Animal attacks account for a low propor-
tion of emergency admissions across the 
world, but fatality rates vary greatly accord-
ing to the animal involved.  

•   Snakes account for more than 420,000 ven-
omous bites and 20,000 fatalities world-
wide each year, with highest mortality in 
Oceania, sub-Saharan West Africa, South 
and Southeast Asia and the Caribbean. 
Highest case fatality rates are often caused 
by the black mamba species.  

•   Accidents at work and road traffi c acci-
dents cause approximately 350,000 and 
1.25 million fatalities worldwide each year, 
with highest mortality mostly in lesser 
developed regions of Africa, Asia, the 
Middle East and Latin America.    
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       Historically, overseas involvement in developing 
countries has focused on short-term mission trips 
focused on clinical care and a large surgical case-
load. Over time this has evolved toward more 
long-term partnerships through organizations 
such as Health Volunteers Overseas (HVO), pro-
fessional societies, and academic departments. 
With this model, there is much greater opportu-
nity for both education and collaborative research 
with local partners. In this chapter, we describe a 
roadmap for conducting clinical research in low- 
resource environments that emphasizes partner-
ship and local capacity building. 

4.1     Why Conduct Research? 

 The role of clinical research in support of under- 
resourced partners is an important question. It 
could be argued that what limited resources are 
available should be devoted toward direct clini-
cal care of patients rather than research studies, 
which can be diffi cult and resource-intensive 
under the best circumstances. We sought to 
explore this question further through a qualita-
tive study conducted at four academic medical 
centers in sub-Saharan Africa [ 1 ]. Orthopedic 
surgeons (faculty and trainees) at each of the 
four sites were interviewed to explore their inter-
est in conducting clinical research and the per-
ceived barriers to successful projects. Ubiquitous 
among their responses was a strong interest in 
participating in research activities. The most 
commonly cited barriers were lack of funding, 
protected research time, research culture, data 
management systems, and research training. In 
contrast, drivers of research were the desire to 
affect change (cited by 100 % of respondents), 
interest in collaborative partnership, and research 
requirements for academic advancement [ 1 ]. 

 These results support the notion that research is 
valued, at least in an academic setting, and col-
laboration is important to help overcome barriers 
related to time and funding. These concepts form 
the foundation of our approach to supporting clini-
cal research initiatives in developing countries. 
The value of this research is multifactorial. First, it 
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builds capacity for research and creates a culture 
of self-evaluation that permeates beyond the 
actual questions directly being investigated. We 
have also found that academic centers in most 
developing countries have a similar model of 
advancement as centers in high-income countries, 
creating further incentive to participate. Assisting 
residents in completing thesis projects and faculty 
in achieving a publication is highly valuable. 
Above all else, however, is that these studies 
address locally relevant clinical questions in a way 
that can directly impact patient care. Furthermore, 
the dissemination of results creates ammunition to 
affect policy change both locally and globally, 
which is crucial to generating greater fi nancial and 
infrastructural support for clinical care.  

4.2     Identifying Partners 

 The fi rst and perhaps most important step in con-
ducting clinical research in austere environments 
is establishing a good relationship with local 
partners. Successful completion of research 
requires sustained effort, trust, and communica-
tion by all investigators. Developing a good 
working relationship before embarking on a 
study that may span months to years is crucial. 
These relationships may begin through short- 
term mission trips, international meetings, or as 
part of a larger institutional partnership. Meetings 
such as the SIGN Conference, the Orthopaedic 
Trauma Association, or the American Academy 
of Orthopaedic Surgeons, to name a few, are 
increasingly attended by surgeons from develop-
ing countries. A key concept is that the interest in 
research and the questions under investigation 
should originate with local partners rather than 
being forced by the supporting partner.  

4.3     The Research Question 

 Whether it arises from a dilemma in clinical 
practice, literature review, or in a discussion with 
colleagues, all studies begin with an unanswered 
question. The process of refi ning an initial 
question into a testable research hypothesis is at 
the foundation of every investigation. The “PICO 

Method” ( P opulation,  I ntervention,  C omparison, 
 O utcome) is a framework for designing a 
comprehensive research question that forms the 
basis of a testable hypothesis:

•     Population: What Is the Population Under 
Study?  

•  Defi ning the specifi c population under investi-
gation is important to determine who will be 
eligible to participate in the study and the gen-
eralizability of the results at the conclusion of 
the study. Population characteristics such as 
age, gender, setting (e.g., country, trauma cen-
ter versus outpatient practice, etc.), and dis-
ease (e.g., fracture classifi cation) should all be 
explicitly stated at a minimum. It is important 
that the population chosen be available in suf-
fi cient numbers to be feasible at a particular 
site. Generally, the goal is to choose as spe-
cifi c a population as possible while retaining 
the ability to achieve suffi cient numbers to 
successfully complete the study.  

•    Intervention or Exposures: What Is the 
Planned Intervention?  

•  The intervention is the proposed treatment 
that will be evaluated by the study. In some 
cases, rather than a treatment, this may be an 
exposure or risk factor that is hypothesized to 
alter the outcome. Examples would be the 
timeliness of treatment, severity of injury, or 
age of the patient.  

•    Comparison: What Is the Baseline Intervention 
for Comparison?  

•  Any study that evaluates a treatment should 
ideally have a comparison group. Typically, 
this is the currently accepted local standard for 
treatment.  

•    Outcome: What Are the Primary and 
Secondary Outcomes that Will Be Measured?  

•  Selecting an appropriate outcome measure is 
one of the most important tasks in designing a 
study. Outcomes should be selected that are 
not only relevant to surgeons, but rather are 
valued by the patient population under study. 
Outcome instruments can span a spectrum 
from the pathophysiology of the underlying 
disease (e.g., fracture healing) to functional 
outcomes (e.g., strength or walking capacity) 
to clinical endpoints (e.g., reoperation) to 
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patient quality of life. Ultimately, the latter is 
the ultimate aim of any intervention, and a 
variety of survey instruments exist that help to 
quantify quality of life. Ideally, studies should 
seek to measure one primary outcome and 2–3 
secondary outcomes from across the spectrum 
of outcome measures.    

 By systematically addressing each of these 
component parts, one can reliably develop a 
refi ned question that facilitates later study design. 
However, before embarking on an investigation 
that will demand extensive time and resources 
from all parties involved, the question should be 
vetted with a thorough review of the literature. 
One systematic approach to evaluating a research 
question is the FINER method (Feasible, 
Interesting, Novel, Ethical, Relevant). 

4.3.1     Feasible 

 Particularly in a setting where resources are lim-
ited, the feasibility of a study is an important 
question to address at the outset. Is there ade-
quate funding? Are there enough subjects to 
achieve adequate sample size? In many develop-
ing settings, the clinical volume is large, which 
diminishes the sample size issue, but the infra-
structure and resources to conduct the study 
may be correspondingly less. This may lead to 
the selection of a less rigorous study design in 
order to make completion of the study more fea-
sible. A multicenter randomized controlled trial, 
while desirable, is not realistic in many settings. 
At the same time, it is important that the princi-
ples of quality design are not compromised 
because the study is being conducted in a low- 
resource setting.  

4.3.2     Interesting 

 The answer to the question being proposed 
should be intriguing to the investigators. This 
will make the ultimate result valuable and help 
motivate and maintain commitment to the study 
over its duration.  

4.3.3     Novel 

 Addressing this aspect of study design requires a 
thorough review of the existing literature on the 
topic to determine whether the question has been 
previously addressed. If multiple randomized 
controlled trials have already addressed the 
question, conducting a retrospective chart review 
may not add substantially to the literature. At the 
same time, although some questions may have 
been previously studied, it is important to 
consider whether results are generalizable to the 
setting where the study is being proposed. For 
example, while a study from the United States 
may indicate that a new locking plate for distal 
femur fractures inserted under fl uoroscopy is the 
best treatment, these results may not apply in 
settings where neither locking plates nor 
fl uoroscopy is available. A study of locally 
available plates and nails may therefore be highly 
relevant.  

4.3.4     Ethical 

 At the core of any clinical study is the requirement 
to follow established ethical principles. The 
National Institutes of Health in the United States 
has created guidelines for the conduct of ethical 
research [ 2 ]. Particularly for research in 
developing settings, it is imperative that the 
research benefi ts the local population and not 
only the population in the supporting country. A 
particularly troublesome scenario occurs if a 
“supporting” institution utilizes the large numbers 
and low cost of conducting research on 
impoverished populations in developing countries 
to their advantage. Ensuring that research is 
driven by local partners and aimed to benefi t the 
local population avoids this dilemma.  

4.3.5     Relevant 

 The results of the proposed research should be 
relevant to the target audience. Ideally, the results 
should directly impact clinical decision-making 
or form the foundation of a new guideline or 
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policy. Investigators should ask the simple 
question – will this study impact clinical practice? 
If not, will it form the foundation of future 
research?   

4.4     Choosing a Study Design 

 Concurrent with the process of refi ning a study 
question is the selection of an appropriate study 
design. The choice of study design is dictated by 
the clinical question, ethical constraints, and 
available resources. The classical hierarchy of 
study design for studies evaluating an intervention 
divides the different studies into levels of 
evidence (Fig.  4.1 ) [ 3 ]. At the top of the pyramid 
are randomized controlled trials, which randomly 
assign study subjects to each intervention. This 
creates two identical groups for comparison and 
reduces the risk of bias due to confounding. 
Although randomization is ideal, it may not 
always be feasible due to available resources or 
for ethical reasons. A key principle is that sub-
jects cannot ethically be randomized to a treat-
ment that is likely to be inferior. An example 
would be a study evaluation of early debridement 
for open fractures. It would not be feasible to ran-
domize a patient to a delay in treatment if early 
treatment is available.

   When randomized trials are not possible, the 
next best alternative is a prospective cohort study. 
In this design, the patients are enrolled in the 
study before their treatment has been adminis-
tered or their outcome has occurred. Patients are 

followed over time until the outcome occurs. In 
contrast, a retrospective study chooses patients 
for the study after the outcome has occurred. 
Because the patients are often no longer available 
for evaluation, this leads to a review of medical 
records. This approach is fraught with diffi culty 
in fi nding accurate data because it may not have 
been recorded in the desired manner, if at all. 
This study design is particularly diffi cult in many 
developing settings where record keeping is 
typically in a paper charting system with variable 
amounts of detail recorded. 

 As a general principle, the highest quality 
study that can be feasibly and ethically performed 
should be the ultimate goal. In some cases, begin-
ning with a small pilot study may provide the 
preliminary results necessary to compete for the 
funding to implement the desired study design. In 
addition, a pilot study will expose many issues in 
the study protocol before the defi nitive study is 
performed. 

 It is important to recognize that there are a 
number of broader categories for study design 
that exist aside from studies evaluating specifi c 
clinical interventions. Rather than a hierarchy, 
these can be considered a logical stepwise pro-
gression (Fig.  4.2 ).

   Qualitative studies can serve as an important 
starting point before embarking on the more 
hypothesis-driven interventional studies. These 
studies commonly involve a series of structured 
interviews or surveys. They commonly explore 
attitudes and opinions of the subject population. 
The results are, not surprisingly, less quantitative 

Randomized trials Less bias

More bias

Level 1

Level 2

Level 3

Level 4

Level 5 Opinion

Retrospective case series

Case control studies

Prospective cohort studies

  Fig. 4.1    The hierarchy of evidence       
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than other study designs, but the results can 
 nonetheless be invaluable in forming a founda-
tion for subsequent studies. 

 Unlike clinical trials, epidemiologic studies 
do not typically evaluate a specifi c clinical out-
come. Rather, they are designed to estimate the 
incidence of a specifi c disease or condition in a 
population. This may be important in establish-
ing the scope of a particular problem and help to 
advocate for resources from governments and 
other stakeholders. These studies may also 
inspire more specifi c clinical questions and 
form a foundation for understanding sample 
size and other issues that arise in future 
studies. 

 Clinical trials are those studies that fall under 
the classical hierarchy as shown in Fig.  4.1 . In 
observational studies, the treatment is not altered 
based on whether or not a patient is participating 
in a study. Interventional studies alter the treat-
ment for patients that elect to participate in a 
study, such as in a randomized controlled trial.  

4.5     Implementing a Study 
Protocol 

 Once the study question and design have been 
determined, a detailed study protocol should be 
developed. This protocol will not only guide the 
investigation; it can be used in applications for 
funding and ethical review board approval. A 
detailed summation of every aspect of a study 
protocol is beyond the scope of this chapter. 
However, there are several important issues that 
are particularly relevant when research occurs in 
the context of a long-distance partnership 
(Table  4.1 ).

   Assembling a research team and assigning the 
role of each member is a necessary initial step in 
implementing a study. From the perspective of the 
supporting institution, there is often the desire to 
have a constant presence available in the form of 
an expatriate research coordinator. While this 
may have advantages in terms of ease of commu-
nication and familiarity with research methodol-
ogy, this can be a large expense to a frequently 
limited study budget due to salary expectations, 
travel, housing, and visas among other issues. 
Perhaps more importantly, an expatriate coordi-
nator may not have the language skills or under-
standing of local systems and culture to adequately 
interface with study subjects. Spending a shorter 
period of time in-country training local coordina-
tors takes advantage of local expertise and is 
much more cost-effective. In addition, when the 
study ends, the research skillset remains at the 
local institution for future investigations that 
occur without foreign support. 

 Communication between team members who 
may be thousands of miles apart can be facili-

Qualitative
research

Epidemiologic
studies

Observational
trials

Interventional
trials

  Fig. 4.2    The hierarchy of 
evidence as a stepwise 
progression       

   Table 4.1    Challenges encountered in collaborative 
research in austere environments and possible solutions   

 Challenges  Solutions 

 Expensive expatriate 
coordinator 

 Train locals 

 Paper case report forms 
slow and expensive 

 Electronic data capture 

 Study impedes busy 
clinic fl ow 

 Establish research clinic 

 Communication diffi cult  Regular web 
conferencing with all 
investigators 

 No addresses or 
conventional mail for 
reminders 

 Record cell phone 
numbers, provide regular 
reminder 
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tated by Internet-based teleconferencing. As 
Internet connections have improved in most 
developing nations, particularly in urban areas, 
regularly schedule conference serves as a good 
method to help track study progress and trouble-
shoot issues as they arise. 

 The dramatic increase in access to the 
Internet has other advantages in conducting col-
laborative studies. Paper-based case report 
forms (CRFs) can be cumbersome and time con-
suming to record study data. Printers and printer 
paper may be intermittently available in many 
settings. Furthermore, there is an additional step 
of data entry, which is time consuming and error 
prone. Web-based electronic data capture is an 
attractive alternative. This allows real-time data 
entry, which can be monitored remotely by part-
ners at supporting institutions. Most US univer-
sity now have access to REDCap, a web-based 
data capture system that is free and fully cus-
tomizable [ 4 ]. 

 Another important barrier in any longitudinal 
study is the ability to achieve an adequate rate of 
follow-up. Returning to clinic may be diffi cult 
for patients due to cost of clinic appointments, 
transportation, long wait times, and lack of access 
to conventional mail for reminders. Each of these 
issues can be systematically addressed. Where 
possible, cost of clinic appointments and x-rays 
may be supplemented with modest study fund-
ing. Similarly, transportation may be provided to 
participants, or in-fi eld data collection can be 
performed. Long wait times can be avoided by 
creating dedicated study clinics. Clinics per-
formed outside the regular work week may be 
easier for subjects to attend because family mem-
bers do not have to miss work to provide trans-
portation. Perhaps the single most important 
factor is maintaining communication with study 
participants through the use of cell phones. Even 

in many of the world’s most impoverished 
 countries, cell phones have become ubiquitous, 
making the cell phone number a key data point to 
collect at the time patients are enrolled in a study.  

4.6     Summary 

 As we evolve toward more long-term partner-
ships with our orthopedic colleagues in austere 
environments, it is important that we include sup-
port for clinical research in our armamentarium. 
The need for locally relevant studies to guide 
evidence-based clinical practice in low-resource 
environments is tremendous, and there is an ear-
nest desire among surgeons in these settings to 
participate in such studies. By taking a thoughtful 
approach to study design and respecting ethical 
principles, high-quality collaborative clinical 
studies are not only feasible to successfully com-
plete, but may indirectly benefi t the institutional 
culture and build local capacity for similar stud-
ies to be conducted in an independent manner.     
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      Cultural, Legal, and Ethical 
Considerations                     

     Mike     Krosin     

       International medical work can be a  tremendously 
gratifying experience and bring considerable 
help to individuals in need of medical care. 
Typically, the setting of this work will be with a 
range of different resources from your home 
country and in unfamiliar medical and cultural 
environment. The combination of these factors 
present a number of ethical considerations and 
challenges one should be aware of prior to 
embarking. These ethical considerations can be 
divided into several categories: visiting surgeon 
issues, patient-centered issues of both safety and 
culture, host country physician issues, host coun-
try system issues, and special considerations in 
regard to disaster relief, areas of confl ict, and 
research [ 1 – 8 ]. 

5.1     Are You Prepared? 

 Prior to embarking on international work, you 
must seriously ask yourself whether you are up to 
the challenge. Knowledge of the host site’s living 
and work situation is imperative. It may be that 
12 h in 100 °  heat and a night’s sleep on a worn 
mattress may present a level of discomfort and 
stress you are not prepared for and may  ultimately 

result in a scenario where you are unable to per-
form at the level the task demands. Make sure 
you get a sense of the equipment you will have 
access to. If possible, communicate with past and 
current volunteers. The lack of resources 
demands fl exibility and improvisation at times. 
Without these traits, you may fi nd yourself 
unhappy and stressed out which can create issues 
both in patient care and in visitor/host relation-
ships. Make sure your own medical conditions 
are cared for and that your level of fi tness is 
appropriate. You do no good if you yourself 
become a health-care burden. Get a sense as to 
whether your role will be that of primary pro-
vider versus a teaching or training role for host 
country physicians and tailor your actions as 
such.  

5.2     Safety First 

 The foremost priority for any physician is patient 
safety. In a resource-deprived situation, surgical 
interventions, which might otherwise be stan-
dard, may ultimately create more harm than 
good. Lack of certain technologies, implants, and 
a proper sterile environment may create too much 
risk. For example, percutaneous sacroiliac screws 
without an adequate c-arm, radiolucent table, or 
cannulated screws may not be possible. A lengthy 
spine procedure on an individual highly suscep-
tible to infection in an environment of lesser 
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 sterility should be reconsidered as to whether the 
risk outweighs the benefi t. Poor quality or ques-
tionable implants should not be considered. 
Despite an inherent desire to want to intervene, 
overly aggressive treatments which result in poor 
outcomes can create lasting mistrust and erode 
relationships between the host country and the 
visiting surgeon. “Heroic” high-risk surgeries 
should be avoided. There are certainly situations 
where proper implants and environments exist; 
however the aftercare, particularly in the face of 
complications, may be absent. An important 
principle to adhere to is do no surgery that cannot 
be undone. For example, while it may be feasible 
to perform a high volume of hip arthroplasties or 
fi x fl exor tendons, without the capacity to treat 
prosthetic infections and perform revision work 
or provide occupational therapy for fl exor tendon 
protocols, the risks and outcomes of these proce-
dures may ultimately create more harm. The need 
to assess aftercare both by host country surgeons 
and other postoperative team members should 
play a major consideration as to whether a proce-
dure should be performed. Diligent record keep-
ing and transfer of information should be 
prioritized and investigated by the visiting sur-
geon. It is necessary, in the face of an eventual 
reoperation, for the host surgeon to have access 
to these records. While in most countries, records 
are still paper, it may be a good idea for the visit-
ing surgeon to keep an electronic fi le of implants, 
procedures, etc., in the event that the paper chart 
is unrecoverable. Every effort should be made by 
the visiting surgeon to establish and assist in an 
accurate and comprehensible medical record. 
Improvements in host country record keeping 
and systems issues, ultimately, make a more 
lasting contribution than handful of surgical 
interventions.  

5.3     Patient Autonomy 

 Patient autonomy and cross-cultural issues can 
present unforeseen challenges to the visiting sur-
geon. Of primary importance is the consistent 
practice and standard of informed consent [ 9 –
 15 ]. While the practice of informed consent may 

be considerably diminished or absent in certain 
cultures, it is the obligation of the visiting sur-
geon to adhere to a standard of informed consent. 
The challenge for the visiting surgeon may not 
only be language. Issues of patient education, 
comprehension, and the expectation of physician 
paternalism may make it diffi cult for a patient to 
truly make an informed decision. The only way to 
circumvent this is with time, patience, and alter-
native methods of communication. It may be nec-
essary to explain patient autonomy, and it may be 
helpful to bring pictures or other educational 
resources to explain procedures to patients. More 
time will be needed to explain procedures and 
risks to patients with a translator. It is very impor-
tant to set realistic expectations and clearly defi ne 
the risks of a procedure and may be helpful to 
have the patient verbalize their understanding. 
Patient expectations of physician paternalism my 
lead them to minimize the risks and overestimate 
the benefi ts. Cultural expectations may lead the 
patient not to ask questions or understand their 
degree of autonomy. The host country physician 
may also adhere to their accepted standard of 
informed consent and discourage dissemination 
of information or the asking of questions. 
Moreover, in certain cultures, other family mem-
bers may decide on intervention on behalf of a 
patient. It is up to the visiting physician to make 
sure that a standard of informed consent and dia-
logue commensurate with her own standard is 
maintained while respecting local culture 
(Fig.  5.1 ).

   Autonomy of individuals as it pertains to sex, 
age, and role within family as well as society may 
be compromised. Particular attention and 
sensitivity must be paid to these scenarios in 
advance, and as a visiting surgeon, you should 
enlist the help of a local physician. However, 
keep in mind that a local physician may be subject 
to local cultural biases which may erode patient 
autonomy as well. It is best to preemptively 
broach this subject by clearly stating your 
concern for the patient’s autonomy specifi cally 
because of gender, status, etc., and how you feel 
it is important to uphold your standard of consent 
to all patients. Gender roles may be particularly 
challenging for both the female patient and the 
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female volunteer. One technique to help with 
female patients is to enlist the help of a female 
translator. This can help legitimize different cul-
tural norms in a culture where female autonomy 
falls short of our accepted gender roles. Recognize 
that there may be a substantial gender gap both in 
education and work roles and take this into 
account both in the informed consent process and 
the types of procedures you perform. 

 Other cultural and societal considerations 
must be accounted for prior to therapeutic inter-
ventions. For example, certain cultures do a con-
siderable amount of squatting and kneeling for 
basic hygiene. This may preclude certain elective 
procedures. Certain societies and beliefs may 
ostracize amputees in the workplace and, further-
more, may not have the amenities to provide for 
someone with limited mobility. Depending on the 
scenario, an amputee may never have the oppor-
tunity to work, marry, etc. Despite the fact that 
limb salvage may result in a functionally inferior 
limb even in the case of prosthetic availability, it 
may be the desired surgical path even in the 
absence of modern limb salvage techniques. Get 
a sense of the cultural issues before performing 
any procedures of this nature.  

5.4     Relationships 
with Colleagues 

 In many instances, the visiting surgeon will be 
partnered with a host country physician. While 
this is often an extremely rewarding experience 
with the potential for lifelong friendships, the 
visiting surgeon should be sensitive to several 
scenarios. It is likely that conversations compar-
ing the different medical systems and standards 
of care will come up. The visiting surgeon should 
be extremely cognizant that sentiments of inferi-
ority could arise if the visiting surgeon criticizes 
the local standard or talks about the “better” stan-
dard in their home country. This can be very 
counterproductive in the long run. The same goes 
when discussing specifi c procedures. Instead of 
describing “The way this is done,” always talk 
about “one way this is done.” By describing cer-
tain methods as superior, the visiting surgeon can 
undermine not only the local physician confi -
dence but may risk shaming or insulting certain 
members of the medical hierarchy. Always pres-
ent any method or system as one of many good 
options. Remember, with the Internet, the host 
country surgeon has access to many of the same 

  Fig. 5.1    You must be aware of potential issues arising from cultural differences       
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educational resources that you have. This may 
result, fi rst, in a frustration that certain “modern 
techniques” are not available in the host country 
and lead to feelings of inferiority if these tech-
niques are supported by you as the “best” treat-
ment method. A second sequela of this knowledge 
may result in host surgeons wanting to “experi-
ment” with procedures that you may be familiar 
with but, ultimately, may not be in the patient’s 
best interests due to issues of safety or aftercare. 

 The visiting surgeon should have an 
appreciation of seniority and understand that by 
spotlighting certain junior members, he may, 
ultimately, be creating problems for them in 
dealing with their superiors at a later date. 
Deference to the local medical leaders should be 
cultivated by encouraging and including host 
country doctors, particularly the senior members, 
in discussions and education. The visiting 
surgeon may encounter host country physicians 
genuinely criticizing their medical system and 
standard of care. Voicing agreement may create 
resentment in the same way that someone may 
criticize their life partner but may react strongly 
to outside criticism. Moreover, agreement may 
perpetuate feelings of inadequacy, which are 
counterproductive. The visiting surgeon should 
remain neutral or complementary in regard to the 
host country’s medical care.  

5.5     Training 

 A large role played by visiting surgeons may be 
that of education. It is extremely important to 
foster education by participation as well as 
observation. It is much more effective to verbally 
walk a local physician through a procedure than 
have them watch you. Relevant educational 
topics should be presented to the local physicians. 
Topics which are too specialized or relevant only 
to a level of technology not present in the host 
country are of little use. Any educational 
materials should be presented in a workable 
format appropriate to the level of technology 
present. Not everyone may be able to benefi t 
from pdf fi les, so preprinting articles and syllabi 

can be very helpful to disseminate information. 
One important and effective educational avenue 
to address is that of patient safety and systems 
development. Encouraging preoperative 
checklists, “sign-your-site” policies, and patterns 
of frequent hand washing and fl oor dressing 
management may ultimately be the most lasting 
contribution of your visit. Creating expectations 
of peer review in an informal and nonjudgmental 
environment where surgeons “air their dirty 
laundry” may be at cultural odds in certain 
societies but can ultimately model a path for 
honest discussion and improved patient care. 
Though it may not seem apparent, your behavior 
as a physician will be modeled and should be 
forefront in your actions and words in terms of 
behavior and professionalism. For example, 
while at home you may conduct yourself in a 
more informal and jocular manner, this may not 
be appropriate in the host setting. In the event 
that you are bringing a resident with you to a host 
site, apply the same level of supervision as you 
would in your home institution.  

5.6     Equal Rights 

 As a visiting surgeon, one should be aware of 
potential system issues in general of the host 
country. The distribution of resources should be 
considered and conducted in a fair and ethical 
manner. Issues of favoritism for members of 
certain religions, political parties, and ethnicities 
may arise. Every effort should be made by the 
visiting surgeon to encourage a fair and equitable 
distribution of resources and to maintain 
impartiality based on religion, gender, and 
ethnicity, as well as political neutrality. It is a 
good idea, prior to arrival, to get a sense of the 
ethnic composition of a host site and the potential 
confl icts that may arise. For example, in certain 
West African countries, members of different 
tribes or linguistic groups may routinely receive 
lesser care. This may be something perpetuated 
by the host surgeons. Politely assert your 
impartiality from the beginning of your trip if this 
appears to be an issue.  
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5.7     Fostering Resilience 

 There are certain scenarios in which the host 
country has become reliant on visiting medical 
personnel and equipment. While this is certainly 
understandable in the setting of few resources, it 
may also stifl e the development of a sustainable 
local health system. The visiting surgeon can 
play a role in helping host country physicians 
advocate for greater resources by encouraging or 
establishing data collection which can later be 
used to justify more resources. The potential 
contribution by the visiting physician does not 
end with a return fl ight. Opportunities for 
continued Internet-based mentorship and 
education as well as joint projects can continue 
without the physical presence of the visiting 
surgeon.  

5.8     Research 

 The specifi c scenarios of international research 
and disaster relief introduce a complex set of 
ethical considerations. While beyond the scope 
of this chapter, international research subjects are 
characterized as a vulnerable population and 
certain considerations must be applied in research 
endeavors. The basic principles of respect, 
justice, and benefi cence are outlined in the 
Belmont report on human subject research along 
with comments on how these principles apply in 
particular to vulnerable population principles  

5.9     Your Own Safety 

 In scenarios of disaster relief, resource 
distribution and patient triage as well the 
appropriateness of certain procedures should be 
considered in the context. More importantly, 
surgeon coordination and personal safety are a 
must. The so-called spontaneous volunteer may 
be well intentioned but without coordinated 
teams, may present, at best, a burden and, at 
worst, a liability. Recognize your limitations and 
the limitations of infrastructure before embarking 

on any disaster relief endeavors. Much has been 
written about this in the wake of the Haiti 
earthquake. Volunteering in political confl ict and 
war scenarios introduce additional concerns of 
safety. Work in this capacity should be undertaken 
with a coordinated and experienced team.  

5.10     Case 1 

 You have recently arrived to the Philippines to 
assist local surgeons following a large hurricane. 
The city to which you have been assigned has a 
somewhat modern hospital (by developing world 
standards) and several local orthopedic surgeons 
with varying years of experience. Having worked 
tirelessly over the past few days treating injured 
civilians, you have come to establish a good 
relationship with your local host surgeons. 
Toward the end of the trip, you are assisting the 
junior-most surgeon with a closed distal femoral 
fracture on a 26-year-old using a retrograde 
intramedullary implant. You notice on the 
approach that there is a small intercondylar split 
and recommend placing fi xation across the 
fracture before proceeding with the implant. The 
local surgeon disregards this advice, and during 
insertion of the nail, the articular surface splits 
apart. The nail is removed and fi xation is placed, 
but upon further reintroduction of the nail, the 
articular surface again splits apart. Though you 
advice removing the nail and attempting fi xation 
with another implant, the junior surgeon 
comments that “there is too much work to be 
done and we do not have the time, the patient will 
be fi ne. Also, we do not have the new plates that 
you use and all our other plates we have are not 
sterile.” The surgeon fi nishes the case and the 
patient is taken to the recovery room. 

5.10.1     Discussion 

 While this type of situation can transpire in any 
environment, there are certain factors at play 
specifi c to this being both a foreign environment 
and a disaster environment. Though the 
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environment of “damage control” may need to be 
applied to a disaster area, this should not 
compromise care given appropriate tools. What 
may be more at play are cultural issues and issues 
of continuity of care. It may be that the host 
country surgeon is ashamed or embarrassed to 
admit their mistake or that there is not an 
appropriate forum to discuss medical error. 
Moreover, there may be relationships and 
consequences with this surgeon as it relates to his 
senior partners that you are not aware of. 
Nevertheless, both safety and outcomes need to 
be prioritized. First, you should question the 
surgeon how he will discuss this with the patient 
to ensure that the patient is aware of a medical 
mistake, and autonomy is respected. You may ask 
the surgeon if he would be interested in assisting 
you with a revision if this is of interest to the 
patient. Second, you should get a sense of how 
mistakes are handled within the department. This 
is a potential opportunity to help encourage peer 
review by using some of your own examples as 
well as other examples from the course of the 
week. If this is something new to the surgical 
staff, you can help by setting the tone of a peer 
review system. The last recourse may be speaking 
in private with one of the other surgeons and, 
perhaps, shifting some of the blame to yourself to 
help the host surgeon (who ultimately will 
assume long-term care of the patient) in creating 
a situation to perform a revision surgery. Short of 
making the decision to take the patient back 
yourself, all efforts should be made to try and 
revise the patient. Taking the patient back 
yourself has the potential to create both mistrust 
and potential eroding host country/visiting 
surgeon relationships in the long run as it is 
impossible to guess what the local culture is in 
dealing with error and how this might be 
interpreted not only by the operating surgeon but 
also by his senior partners.   

5.11     Case 2 

 You are on a 2-week volunteer trip organized 
through a national organization. Your duties have 
included being both the primary surgeon on 

several cases that have been “saved up” for you 
as well as assisting and teaching the local 
surgeons in the operating room. There is also a 
large component of didactic teaching as part of 
your trip. Before embarking on your trip, you had 
communicated via e-mail with the lead local 
surgeon. This surgeon works both at her own 
private clinic as well as at the public hospital. She 
had informed you prior to coming that she had 
been saving up several anterior cruciate ligament 
reconstructions for you at her private clinic which 
has just purchased arthroscopy equipment. She 
seems very excited to watch you perform this 
case and you are bringing appropriate implants. 

 Your trip goes very well. You are able, over 
the course of 2 weeks, to perform four ACL 
reconstructions in the private setting in addition 
to many other cases at the public hospital. On all 
of the ACLs, the surgeon with whom you had 
communicated was present and you had her assist 
you. You were able to go through many of the 
arthroscopic basics with her. Up until this point, 
she has had very little arthroscopic training and 
no practical experience. You were also able to 
give several lectures on arthroscopic surgery and 
have educational meetings with the therapy 
department to guide treatment protocols. 

 On the fi nal day of the trip, at your farewell 
dinner, this surgeon who had taken a keen interest 
approaches you. She asks you to write her an 
“offi cial letter” of support stating her ability to 
perform arthroscopic ACL reconstructions. She 
tells you her hospital boss would like some 
verifi cation of this training. What ethical issues 
are at play and how do you proceed? 

5.11.1     Discussion 

 The ethical issues in this situation include host 
surgeon issues and, indirectly, patient protection 
issues. The resolution of this ultimately depends 
on, fi rst, your comfort with the surgeon and, 
second, what the host surgeon’s motivation may 
be. There may be a clear fi nancial gain for the 
surgeon to start performing these procedures, but 
there may also be altruistic reasons as well as a 
sincere desire to broaden her skill set. Moreover, 
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unbeknownst to you, there may be an expectation 
from the hospital that the surgeon was “training” 
with you. It would be good to clarify expectations 
and experience from the outset. It may not be an 
easy subject to broach, but before you arrive or 
begin, ascertain whether or not the surgeon has 
done this procedure and is this something she has 
interest in doing in the future. Explain that, while 
you are happy to do several of these cases, you do 
not feel that this should substitute for formal 
training. 

 While you may not feel that it is in the best 
interest of a patient to have this surgery performed 
by an inexperienced surgeon, this is something 
that routinely happens in all scenarios and is 
something which we, as surgeons, have little 
control over – even at home. The prudent decision 
in this scenario would be to write a factual letter 
regarding the extent of her observership with 
you, but it should not be sanctioned as to imply 
competency. Also, a forthright discussion with 
the surgeon regarding courses, both online and 
live would be reasonable; however, this may not 
be something available to the surgeon. Providing 
the most comprehensive educational resources 
should be a priority. The most important aspect 
of this is to be truthful but at the same time, not 
create an obstacle for the surgeon’s further 
education and further surgical development to 
eventually perform these procedures.   

5.12     Case 3 

 Following a magnitude 7.8 earthquake in 
Pakistan, you are dispatched as part of a forward 
surgical team. One of the patients is a late 30s 
female who is brought in with her husband 
following a crush injury and tibia fracture. It is 
open from an initial fasciotomy and grossly 
contaminated with massive bone loss. It has been 
placed in a rudimentary external fi xator. It is 
clearly infected. You explain the options, which 
include serial debridement vs amputation, but 
that the ultimate likelihood of amputation is high. 
Throughout the interview, the translator speaks 
only to the husband and the husband answers all 
questions. Ultimately, the husband decides 

against any surgical treatment as, per him, he will 
refuse an amputation and anything that will lead 
to one no matter what. Throughout the interview, 
the patient does not speak even when the 
translator speaks to her directly. What issues are 
identifi ed and how do you proceed? 

5.12.1     Discussion 

 The ethical issues at play here are cultural, patient 
autonomy, and benefi cence/patient protection. 
While there is a high likelihood of amputation, 
there is also a high likelihood of sepsis and death. 
The fi rst step in this would be to discuss with the 
translator and the local surgeon/team members if 
the consent process could take place without the 
husband. This may not be possible, but every 
effort must be made to allow the patient to speak 
for themselves as well as allow the patient to 
verbalize understanding of likely outcomes. A 
discussion of the mortality needs to be clearly 
had with the patient and the husband with 
culturally competent locals present. If there is a 
discrepancy between the patient and the patient’s 
husband in terms of treatment desires, all efforts 
should be made to resolve this within the cultural 
context which may include the use of village 
elders, local leaders, or women of standing if 
possible. However, if none of this is an option, a 
discussion should be had regarding other 
treatments and options including washouts with 
closed treatment as well as trying to keep the 
patient monitored in the event of life-threatening 
complications.      
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      Motor Vehicle Accidents: 
The Scourge of the Developing 
World                     

     Iain     Elliott      and     Richard     A.     Gosselin     

       Road traffi c injuries (RTIs) are one of the leading 
causes of death and disability worldwide, are the 
leading cause of death in persons aged 15–29 [ 1 ], 
and are seeing increasing incidence in low- and 
middle-income countries (LMICs). According to 
the World Bank, countries are classifi ed as low- 
income countries which have upon a gross national 
income (GNI) per capita of less than $1036 and as 
middle-income countries which have a GNI less 
than $12,615 [ 2 ]. Major increases in motorization 
without concomitant increases in infrastructure 
improvement and investment are driving the 
increase in road traffi c injuries (RTIs) (Fig.  6.1 ). In 
many places roads are choked with cars, motorcy-
cles, minibuses, trucks, pedestrians, bicyclists, live-
stock, and potholes. Traffi c laws are typically all 
but nonexistent, and in many places where they do 
exist are rarely enforced [ 3 ]. The bedlam on the 
streets of a typical low- income (LIC) or 
 middle-income country (MIC) is often 
 indecipherable and intimidating to visitors from 

high-income  countries (HICs), and for good reason, 
as these congested and raucous streets are the cause 
of much of the world’s  burden of road traffi c injury.

   By unanimous vote, United Nations member 
states designated the decade 2011–2020 “A 
Decade of Action for Road Traffi c Safety” with 
the intention to focus international attention on 
the issue of road traffi c safety. The World Health 
Organization (WHO) has been involved in gath-
ering the existing evidence on road safety with 
the goals of focusing attention on the magnitude 
of the problem of road safety and to help identify 
solutions to the problems of road traffi c injuries. 
The fi rst  World report on road traffi c injury pre-
vention  was published by the WHO in 2004 [ 4 ] 
and reviewed the evidence for the burden of injury 
due to RTCs and recommended specifi c preven-
tion measures be adopted by countries to reduce 
the burden of these injuries. A second report was 
published in 2009  Global status report on road 
safety :  A time for action  and outlined the progress 
to date on the recommendations made in 2004 
[ 5 ]. There were improvements in many countries, 
yet most LICs had seen increases in death rates 
that seemed unchanged despite some enactment 
of preventive measures. To date, in many LICs, 
there are few laws designed to govern traffi c 
safety, and those laws that do exist are hardly 
enforced. The WHO and UN initiative is pushing 
this agenda forward, and progress can be observed 
in the Global Status Report documents [ 3 – 5 ]. 
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 The  Global Status Report on Road Safety 2013  
provides an update on progress from the 2004 and 
2009 reports [ 3 ]. The data included in the 2013 
report were collected via a survey tool adminis-
tered to select persons within the  governments of 
184 participating countries. LICs had 12 % of 
RTC-related deaths but only 1 % of the world’s 
registered vehicles. Most deaths in LICs were 
among pedestrians, followed by car occupants. 
MICs were found to have the highest burden of 
fatality due to road traffi c injury, accounting for 
80 % of all road traffi c deaths worldwide but only 
52 % of the world’s registered vehicles. In mid-
dle-income countries, the proportion of deaths 
due to motorcycles or other two-wheeled motor 
vehicles was higher than in either LICs or HICs 
but still was not as high as the proportion of 
deaths among car occupants. Most of these are 
diffi cult to categorize into mechanism of death or 
diagnoses, so drawing conclusions on the type of 
injuries seen among RTC victims remain diffi -
cult. The makeup of road users, types of prevalent 
vehicles, and road speed will all infl uence the 
types of injuries seen. It may be useful to concep-
tualize RTIs in the same way as for many other 
human diseases: the interaction between host-
vector-environment, as illustrated in Fig.  6.2a  and 
shown in matrix form in Fig.  6.2b .

6.1       Road Traffi c Injuries 

 In many LMICs, transport around cities can be 
challenging. Many people purchase motorcycles 
rather than cars, as they are inexpensive both in 
initial purchase price and operation costs. 

Countless entrepreneurial new owners have 
improvised themselves as moto-taxi drivers. 
Oftentimes a single motorcycle is the only trans-
port available for a family, so it is not unusual to 
see a family of four or more on a motorbike 
(Fig.  6.3 ). Unfortunately it is also not unusual to 
see members of these families in the accident and 
emergency departments of hospitals serving cit-
ies in LICs and MICs.

   Pedestrians, two-wheeled motor vehicle driv-
ers, and cyclists are all termed non-enclosed 
road users and are at higher risk for more devas-
tating injury in road traffi c crashes [ 6 ]. A typical 
motorcycle accident in Kumasi, Ghana, for 
example, involves a Gustilo grade IIIa–b open 
tibia fracture, a closed midshaft femur fracture, 
and multiple abrasions and lacerations. These 
patients often get transported to the hospital in a 
private car or taxi, and if they are lucky enough 
to make it to a trauma center in a reasonable 
time, they will receive some treatment. 
Unfortunately patients that have blunt abdomi-
nal trauma or severe head injuries resulting in 
life-threatening injuries typically do not make it 
to the hospital [ 7 ]. 

 The types of injuries seen by surgeons treating 
road traffi c victims vary by location, predomi-
nant type of vehicular transport, and the 
 infrastructure of the location and country in 
which they are practicing. In high-resource 
 settings, teams of surgeons and physicians 
respond to traumatic injury with highly coordi-
nated trauma response systems. Prehospital care 
is highly effective at reducing mortality;  surgeons, 
emergency physicians, and teams of highly 
trained responders all focus on quick assessment 
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  Fig. 6.3    A common sight on the roads of low- and middle-income countries       
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and treatment of major trauma, which results in 
good outcomes for patients. In most low-resource 
settings, these response systems are nonexistent, 
with trauma centers few and far between. Komfo 
Anokye Teaching Hospital (KATH) in Kumasi, 
Ghana, for example, has a catchment area that 
includes almost all of Northern Ghana and 
extends into neighboring countries of Benin, 
Togo, and Cote d’Ivoire. Patients will come in 
with minimal bandaging and occasionally splints 
to help stabilize their fractures, but they may have 
traveled days to get to KATH (Direct Observation 
at KATH). 

 In addition to acute fractures of all types, 
neglected trauma is a huge problem in these 
countries. Patients that sustain a closed or even 
an open fracture may go to traditional healers 
before presenting to a physician (very few actu-
ally make it to a trained orthopedic or trauma sur-
geon), as these healers are available, accessible, 
and signifi cantly more affordable [ 8 ]. Especially 
in West Africa, traditional bonesetters are well 
known, so many people feel comfortable going to 
them for care before going to a hospital. The per-
ception of many patients is that hospitals are 
“places to go to die,” and therefore should be 
avoided at all costs. This is a self-fulfi lling proph-
ecy as many patients are brought in only when 
agonal. Many times patients treated by these tra-
ditional bonesetters end up with malunions, non-
unions, limb length discrepancies, gangrene, 
osteomyelitis, and contractures [ 8 ,  9 ]. There are 
examples of orthopedic surgeons reaching out 
and teaching these bonesetters how to properly 
treat certain pathologies, when to refer a patient, 
and have been met with some success [ 9 ]. 
Nonetheless often signifi cant complications due 
to delays and poor initial management must be 
dealt with by an orthopedic surgeon dealing with 
road traffi c injury in LMICs.  

6.2     Epidemiology 

 The fi rst Global Burden of Disease (GBD) study 
was performed in 1990, and the latest iteration, 
the GBD 2010 study, was published at the end of 
2012. The GBD study attempts to offer a baseline 

of what etiologies are responsible for what pro-
portion of disease worldwide with an aim to 
inform policy decisions and resource allocation 
regarding health globally. The study attempts to 
quantify the burden of disease of each selected 
etiology and then compare that burden between 
diseases. It also aims at assessing the impact of 
selected risk factors. Comparison is achieved 
through the use of a composite unit of 
measurement made up of components of 
mortality and morbidity combined into one 
metric referred to as the disability-adjusted life 
year (DALY). All injuries account for 11 % 
(278,665,000 DALYs) of DALYs worldwide, 
more than HIV, malaria, and tuberculosis 
combined which together account for 8.5 % of 
total DALYs (213,628,000 DALYs). RTIs 
account for 27 % of the total DALYs attributable 
to injury [ 10 ], were the eighth highest overall 
cause (all ages) of death in 2010 [ 1 ], and were the 
leading cause of death in the age group 15–29 
years old [ 1 ]. In countries that have limited access 
to orthopedic trauma care, musculoskeletal 
injuries due to RTCs cause lifelong disability and 
typically affect young people in their prime 
income earning years [ 3 ,  11 ,  12 ]. 

 Despite the GBD and other studies, the total 
burden of injury due to RTCs remains poorly 
elucidated. Much of the data in the GBD study 
are ultimately based on extrapolations from 
“similar” locations or hospital bases studies. 
There have been many epidemiological studies 
examining the burden of road traffi c injury in 
developing countries, yet most have been hospital 
based and therefore not capture patients that do 
not present to a hospital for treatment. 

 Bayan et al. profi led the injuries that presented 
to a hospital in Primpri, Pune, India [ 13 ]. Patients 
having multiple injuries were the most common 
admissions, followed by injuries to the lower 
limbs (38 %). Fractures (71 %) were by far the 
most common type of injury seen in patients 
presenting due to RTIs. Whiteside et al. profi led 
pediatric injuries presenting to the accident and 
emergency department (ED) at KATH in Kumasi, 
Ghana [ 14 ]. Most ED admissions were due to 
injury (66 %), and 43 % of these were due to 
RTIs. Fifty-eight percent of these RTIs occurred 
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while the child was a passenger in a car, 26 % 
were pedestrian injuries, and 14 % were from 
motorcycle injuries. Musharrafi eh et al. surveyed 
every 12th patient that presented to the ED after a 
traumatic event over the course of 1 year [ 15 ]. 
RTIs were responsible for only 11.8 % of all 
admissions, with the upper extremity (38 %) 
followed by the lower extremity (31.9 %) 
representing the most commonly injured body 
parts. Herbert et al. used national injury registry 
data to evaluate injury in children in South Africa 
[ 16 ]. Falls (39.8 %) were the most common cause 
of injury, followed by road traffi c (15.7 %). The 
upper extremity (30 %) was the most commonly 
injured body part, and the child was most often a 
pedestrian (69 %). Ultimately, the patterns of 
injury seen in a given situation will refl ect the 
types of transportation used locally. 

 Herman et al. performed a systematic review 
of the literature on RTIs in the Pacifi c region 
countries [ 17 ]. Most of the studies were 
performed in Papua New Guinea (PNG), and 
most of which are outdated. In a study of all 
 postmortems performed at Port Moresby General 
Hospital between the years 1961–1989, RTIs 
were responsible for 45 % of all deaths, 75 % of 
which were male [ 18 ]. Two other studies included 
in the review examined the proportion of deaths 
that occurred prior to hospital arrival, 66 % 
prehospital in one study [ 19 ] and 81 % in another 
[ 20 ]. At least one study attempted to quantify the 
number of injury incidences in Accra, Ghana, 
using police records but was unable to describe 
the injuries incurred by the victims of RTIs [ 21 ]. 
A study from Nigeria highlights the increasing 
popularity of motorcycles as means of transpor-
tation and their impact on RTIs. One hundred and 
twenty-two admissions to the ED at the Federal 
Medical Center in Azare were reviewed for epi-
demiologic data. Motorcycles constituted 73 % 
of RTCs involving pedestrians 54 % of which 
were children or adolescents. The head and neck 
(43 %) were the most commonly injured area of 
the body followed by the extremities (37 %) [ 22 ] 
(Fig.  6.4a, b ).

   Population-based studies allow the examina-
tion of the incidence of some problem within an 
entire population. Whereas hospital studies 

 necessarily miss persons with RTIs, population-
based surveys can elucidate the incidence and 
prevalence of a disease within a population 
regardless of access to healthcare. Well-designed 
cross-sectional studies are viewed as the gold 
standard for epidemiological study of diseases/
conditions in areas without robust healthcare 
systems. 

 Moshiro et al. performed a population-based 
survey of injury in an urban vs. a rural area in 
Tanzania [ 23 ]. Residents of urban areas were 
four times as likely to have an RTI as residents 
of rural areas. In urban areas, transport-related 
injuries were the leading cause of major injuries 
(41.2 % of the total), but in rural areas, they 
were the second most common cause of major 
injury (30.4 %) behind falls (38.6 %), with 
young males accounting for the majority of 
transport-related injuries in both. Mock et al. 

  Fig. 6.4    ( a ) Severe lower extremity injury sustained in a 
motorcycle crash. This can be a typical presentation for 
open injury. ( b ) Radiograph showing extent of injury seen 
in ( a )       
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performed a population-based survey of injury 
in Ghana in 1998 comparing injury profi les in 
the urban to the rural environment [ 24 ]. 
Transport-related injury accounted for 16 % of 
the overall number of injuries, less than uninten-
tional lacerations and falls, but was responsible 
for 75 % of injury- related deaths and accounted 
for 73 % of the overall long-term disability. In 
both environments, motorcycle crashes were 
less common than motor vehicle crashes or 
pedestrians hit by motor vehicles. The majority 
of RTIs were due to minibus crashes or pedestri-
ans hit by minibuses. Since this survey, Ghana 
has seen an increase in two-wheeled transport, 
so the injury profi le likely looks different 15 
years after the study was performed. Zimmerman 
et al. performed a population-based study of 
road traffi c injury and crash statistics in Dar es 
Salaam, Tanzania, in 2011 [ 25 ]. They showed 
an overall yearly incidence of 33 per 1000 peo-
ple, with the majority of injuries occurring in 
the lower extremities. The most common road 
users injured were passengers in cars or mini-
buses followed by pedestrians. Stewart et al. 
performed a country- wide population-based 
survey of surgical disease in Sierra Leone in 
2012 [ 26 ]. They found that transport-related 
injuries accounted for 13 % of total injuries sus-
tained in the previous 12 months. RTIs were the 
most common cause of injury- related death, and 
for nonfatal injury, the extremities were the 
most commonly injured part of the body. 
Guerrero et al. performed a population-based 
study of the incidence of road traffi c injury 
among children in Accra, Ghana [ 27 ]. The inci-
dence was found to be 34 RTI per 1000 person 
years among the entire pediatric population but 
was higher 43 per 1000 person years in the age 
group 5–14. The upper extremity (56.5 %) and 
the back (14.4 %) were the most frequently 
injured body parts followed by the legs (7.5 %). 
Children were most commonly injured as pedes-
trians, which accounted for 78.5 % of pediatric 
RTIs (Guerrero). 

 The cost of road traffi c injuries has been ana-
lyzed by several authors using different methods. 
One study in South Africa estimated the cost of 
care for RTI patients to be approximately $700 

per patient in the hospital. They used a micro-
costing approach and added up hospital over-
head, orthopedic implant costs, consumables, 
and all medical testing to estimate their cost but 
did not include time away from work or cost of 
disability for these patients [ 28 ]. Nunez et al. 
estimated the cost of RTIs to the state of Jalisco 
in Mexico using a model that took into account 
all medical costs as well as time lost from work 
and time lost by caregivers [ 11 ]. They estimated 
that the cost of care for patients seen only in the 
ED was approximately $89 each, but for hospi-
talized patients it jumped to $800 each with an 
average stay of 10 days. The post-hospital cost 
for those patients that were hospitalized was 
approximately $588 each. In an area where the 
average monthly income is $398, this total cost of 
injury of $1388 is a very signifi cant expense. 
Orthopedic care is often necessary for good 
functional outcome, for reducing long-term 
disability and lost income, but perceived to be 
outside the immediate means of many people in 
low- and middle-income countries. To challenge 
this assertion, Gosselin et al. examined the cost 
of locked intramedullary nailing versus Perkin’s 
femoral traction for patients at a hospital in 
Cambodia [ 29 ]. They found an average cost per 
patient of $1107 in the Perkin’s traction group 
compared to $888 in the locked intramedullary 
nail group ( p  < 0.01). Their fi ndings indicate that 
a more aggressive intervention can also be a more 
cost-effective intervention.  

6.3     Own Experience 

 Road traffi c injuries will present late in many 
countries, especially if the catchment areas are 
spread over a wide geographical distribution. 
Because of the generalized lack of formal 
prehospital care systems, fi rst responders are 
usually lay persons with little or no fi rst aid 
training. Victims are brought to healthcare 
facilities by private vehicles and most often based 
on their ability to pay more than the severity of 
the injuries. Management in the emergency 
department will depend on available human and 
material resources. Even the most basic tools for 
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resuscitation and monitoring are often lacking: 
oxygen, pulse oximetry, chest tubes, etc. Blood 
banks, if present, are usually poorly stocked and 
then only with whole blood units. It is very 
common to fi nd signifi cant resistance to giving 
blood, even among family members, for 
sociocultural or religious reasons. The patterns of 
injury seen in any given hospital will refl ect the 
modes of transportation that are most common in 
the given area, and the patient volume may 
depend on factors that are not readily apparent. 
Certain times of year may be “the busy season,” 
in which mass casualty bus crashes come in more 
often than motorcycle crashes. Investigation and 
discussion with local partners is essential to 
understanding the patterns of injury, timing of 
injury presentation, and logistical necessities of 
the hospital.  

    Conclusions 

 Road traffi c injury is a major cause of death 
and disability worldwide. Orthopedic trauma 
care is essential to providing the best func-
tional outcomes for victims of RTIs. The sur-
geon practicing in the humanitarian setting is 
likely to see neglected trauma, open fractures, 
high rates of infection of open fractures, and 
patients from all age groups. The incidence 
and severity of trauma seen will depend on 
the country of practice and type of vehicles 
prevalent in the area. With increasing motor-
ization, and lagging infrastructure improve-
ments, the incidence of orthopedic trauma 
due to road traffi c crashes will continue to 
increase.     
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      Injuries After Natural Disasters                     

     Richard     A.     Gosselin     

       Natural disasters may share initial chaos and 
mass casualty management principles with war/
confl icts situations, but the comparison most 
often stops there [ 1 ]. Depending on the magni-
tude of the event, massive destruction of infra-
structure and local capacity may completely 
obliterate the possibility of an effective fi rst 
response, particularly in already resource-poor 
environments. Quickly establishing a chain of 
command; opening supply routes; and reestab-
lishing reliable power sources, communication, 
security, water and sanitation, and food and shel-
ter for the survivors are the immediate priorities. 
First aid for wounded victims, search and rescue 
efforts, and initial medical management of the 
injured are secondary priorities in the initial 
stage. 

 Defi nitive management of musculoskeletal 
(MSK) injuries comes much later, usually after 
the second week, and the surgical reconstruction 
phase may go on for months. A special tool has 
been developed for the initial assessment and 
subsequent monitoring of the effectiveness of the 
relief effort (Community Needs Assessment for 
Public Health Emergency Response – CASPER), 

which has been validated and proven useful in 
massive natural disasters, particularly in austere 
environments [ 2 ]. Unfortunately it seems that the 
lessons learned from a disaster are often forgot-
ten by the time the next disaster strikes. 

 There are common fi ndings to all natural 
disasters: there is a bimodal distribution of mor-
tality. Deaths are usually due to head, chest, and 
abdominal trauma initially, metabolic, or septic 
complications later on. In survivors, MSK inju-
ries are by far the most common: soft tissue 
wounds, fractures/dislocations, and crush inju-
ries. The lower extremity (LE) is most commonly 
affected [ 3 ]. Children and the elderly are particu-
larly vulnerable. Sudden overwhelming of what’s 
left of the local health care system also impedes 
the provision of normal health services such as 
obstetrics, vaccination, oncology, dialysis, or 
geriatrics [ 4 ]. General management principles 
will be discussed below. 

7.1     Earthquakes 

 There have been many earthquakes of devastating 
magnitudes in the last decade or so: Gujarat, 
India, in 2001; Bam, Iran, in 2003; Muzaffarabad, 
Pakistan, in 2005; Ica, Peru, in 2007; Sichuan 
province, China, in 2008; and of course the disas-
trous Haiti earthquake in 2010, near Port- au- 
Prince, which has created a surge of interest in 
disaster volunteerism. In Bam, almost 60 % of 
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admissions were for MSK injuries, 2/3 of them in 
the LE [ 5 ]. In Ica, Peru, estimates were of 1.4 
deaths and 29 injured/1000 exposed (at risk) pop-
ulation [ 6 ]. Higher age and lower socioeconomic 
status were found to be signifi cant risk factors. In 
the 2008 China earthquake, Zhang et al. found 
that after MSK injuries, head injuries ranked a 
distant second [ 7 ]. Following the 2010 Haiti 
earthquake, the Centers for Disease Control and 
Prevention (CDC) initially estimated the death 
toil at around 225,000 and the injured at around 
300,000 [ 8 ] (Fig.  7.1 ). They also found that the 
most common injuries were fracture/dislocations 
and infected soft tissue wounds. Using the same 
methodology as for previous disasters, Doocy 
et al. recently revised those estimates, signifi -
cantly lowering them: 24 deaths/1000 exposed, 
for a total death estimate between 50,000 and 
90,000, and 40 injured/1000 exposed, for a total 
estimate around 125,000 injuries [ 9 ,  10 ].

   Such numbers are still enormous. The Haiti 
disaster is a case study of a “perfect storm”: a 
weak health care system, resting signifi cantly on 
foreign assistance before the event, a country 
where almost everything is centralized in the capi-
tal, weak construction codes and compliance, and 
a magnitude 7.0 earthquake with the epicenter 
near the capital. The understandable initial shock 

and chaos was compounded by the early realiza-
tion that there were very little facilities left stand-
ing and functional and very few people available 
to care for the survivors, wounded or not. 

 An unprecedented humanitarian response fol-
lowed, and lessons were learned, again [ 11 ]. 
Multiple nongovernmental organizations (NGOs), 
big and small; military personnel from many 
countries; and many volunteers rushed in to deliver 
aid as quickly as possible. Coordination between 
so many and so different actors was a painstaking 
process, which improved over time and allowed an 
increasingly effi cient and safe use of various 
resources. Many patients, who survived the initial 
injury and extrication, eventually died of medical 
complications from crush syndrome or ARDS. A 
few critical patients were evacuated to the 
Dominican Republic, later on to hospital boats 
from the US military or even the continental USA. 

 The fi rst 2 weeks consisted mostly of wound 
management of limb injuries, including external 
fi xation of open fractures or early wound closure 
by skin graft or local fl aps. Lower limb fractures 
were managed in casts or traction (not easy if the 
patient is on the ground). Defi nitive management 
of most orthopedic injuries can start when safe 
surgical environments have been restored, and 
appropriate skills, equipment, and materials are 

  Fig. 7.1    Haiti earthquake       
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available (Fig.  7.2 ). Early and late reconstruction 
is done electively in the ensuing weeks and 
months. The repercussions of this earthquake on 
the Haitian society are still widely visible in all 
sectors, more than 6 years later.

7.2        Tsunamis 

 These are huge waves created by underwater 
earthquakes that travel at very high speed, can be 
both high and wide, and hit the coastline with 
devastating force. Two huge tsunamis were seen 
recently, one hitting the coasts of Indonesia and 
Thailand in 2004 and one the Japanese coast in 
2010, following the undersea Miyagi earthquake. 
In 2004, Indonesia was hit the hardest and the 
northwestern province of Banda Aceh was par-
tially wiped out. In Japan, the tsunami hit the 
Tohoku area after a 9.0 undersea earthquake, with 
almost 18,000 dead or missing and over 6000 
injured. It made the news also because of the 
damage infl icted on the Fukushima nuclear power 
plant complex, causing major radioactive leaks. 

 Major fl oods and tsunamis have a high 
 mortality rate, mostly from drowning, but pro-
portionally few major injuries [ 12 ]. Still, they 
can cause major structural damages and over-

whelm local resources. Many square kilometers 
in Banda were actually completely wiped out. 
The CDC estimated a total of 230,000 deaths 
from the tsunami, most of them in Indonesia 
[ 13 ]. In Banda itself, 75 % of health workers 
were killed or displaced. It was estimated that 
around 17 % of the Banda population was dead 
or missing and that 8.5 % of the survivors were 
injured [ 14 ]. Mortality was higher in young and 
old females and middle-aged males. 
Approximately 15 % of the injured sustained 
some form of permanent disability. In Thailand, 
half of the hospital admissions were for minor 
(50 %) or major (50 %) wounds, where only 7 % 
of patients had fractures/dislocations [ 15 ]. 

 As for earthquakes, MSK injuries are the most 
common, particularly in the LE [ 16 ]. Soft tissue 
wounds can occur from fl oating debris or direct 
contact on immobile objects or structures. 
Wounds bathe in waters with multiple contami-
nants, especially when sewage systems are com-
promised, and lead? to severe contamination. 
Infections occurred early and spread rapidly. One 
of the most common chronic complications was 
persistent cutaneous infection with mixed and 
unusual pathogens. One lesson learned from the 
Thai experience was never to close wounds, even 
(and in fact particularly) the small ones.  

  Fig. 7.2    A tented hospital in Haiti       
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7.3     Tornadoes 

 Tornadoes consist of violently rotating col-
umns of air that touch both the clouds and the 
ground. They are common where geographical 
and meteorological conditions are favorable, 
such as Southeast Asia and the American 
Midwest. They are sudden and short-lived, 
thus diffi cult to predict and to prepare for. The 
most recent one in Moore, near Oklahoma 
City, in May 2013, claimed 24 lives, many of 
them children attending school. This was the 
third time in 10 years this area was hit with a 
category 4 or 5 (highest) tornado. Structures 
within the path of the tornado suffer extreme 
devastation, but nearby structures are usually 
spared and health care resources remain rap-
idly available. Heavy rains often complicate 
search and rescue efforts. 

 The severity of injuries depends on the mag-
nitude of the tornado and whether victims where 
in anchored structures, mobile homes, or out-
doors [ 17 ]. Victims thrown by tornadoes suffer 
more severe injuries than those hit by fl ying 
objects [ 18 ]. The elderly are at higher risk of 
death and injury [ 19 ]. The CDC has estimated 
that between 20 and 25 % of death are caused by 
head trauma [ 20 ]. The most common injuries in 
survivors are soft tissue wounds and fractures 
(Fig.  7.3 ) [ 21 ].

7.4        Hurricanes/Tropical 
Cyclones/Typhoons 

 These are storm systems with a low-pressure cen-
ter and a spiral arrangement of thunderstorms 
that produce strong winds and heavy rain. They 
are mostly seasonal and form relatively slowly 
over ocean masses and are now easily detectable 
and tractable with modern meteorological tech-
nology. Large hurricanes still cause massive 
destruction and havoc when they hit land: dam-
age from the wind itself and also from the associ-
ated fl ooding. Because of the much wider radius, 
infrastructure damage can be extensive. Typhoon 
Nina killed more than 200,000 people in China in 
1975, most of them after the failure of a major 
dam. The 2005 category 5 (highest) hurricane 
Katrina rapidly overwhelmed capacities in 
Louisiana and southern Mississippi. Over 1800 
victims died and nearly 6000 were treated for 
injuries. This lasted for months and some areas 
are still not fully recovered 8 years later. One can 
only imagine the impact of a similar strength 
typhoon in less fortunate countries such as the 
Philippines or Bangladesh. Proportionally, deaths 
are less and injuries are more common than in 
tornadoes, and the LE is again the most common 
site of injury [ 22 – 24 ]. The effects of hurricanes 
of such magnitude, as for other natural disasters, 
can be felt long after the main event is over, par-
ticularly on vulnerable groups. At 12 months 
after Katrina, displaced elders had signifi cantly 
more hip fractures than non-displaced elders, 
possibly related to the still relatively unfamiliar 
immediate environment [ 25 ].  

7.5     Floods 

 Torrential rains may cause streams and rivers to 
overfl ow above their normal banks. This can lead 
to “fl ash fl oods” with high water velocity and a 
higher potential for drowning or direct/indirect 
injuries, similar to what is seen in a tsunami but at 
a much smaller scale. Or “slow fl ooding” can 
occur, with gradual rising of water levels and slow 
but constant progression of the water mass until it 

  Fig. 7.3    Soft tissue injuries are common in natural 
disasters       
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peaks and starts receding again. These can still 
create massive damage to structures and property, 
and incapacitate health care systems and facili-
ties, particularly in LMICs, impeding emergency 
treatment of victims in need and also the care of 
routine medical conditions such as obstetrics or 
acute abdominal emergencies. Dermatological 
complications, such as chronic fungal infections 
or draining soft tissue wounds, are the most com-
mon long-term problems [ 13 ,  15 ].  

7.6     Avalanches, Mudslides, 
and Other Causes 
of Structural Collapse 

 These are all events that occur on a much smaller 
scale and have no impact on the local capacity to 
deliver care but may occur in very isolated areas 
or may limit access to an affected area. Rapid 
search and rescue efforts are usually dependent 
on the level of available local technology and key 
in determining the outcome of victims. Avalanche 
victims usually die of asphyxiation and survivors 
most commonly have extremity injuries [ 26 ]. 
Mudslides are associated with deforestation, a 
common occurrence in LMICs. They cause 
deaths and few injuries as fi nding and extricating 
victims rapidly is very diffi cult. Poor building 
codes and regulations, shoddy construction, ill- 
repair by greedy owners or lack of maintenance, 
corruption, and overcrowding are all responsible 
for disasters such as the April 2013 collapse of 
the Ram Plaza building near Dhaka, Bangladesh, 
that housed garment factories, and with a toll of 
nearly 1200 dead and over 2500 injured. These 
are like “mini-earthquakes” and the amount of 
injured survivors can still rapidly overwhelm 
weak health care capacities. The rains bring 
about an epidemic of collapsing buildings in 
Afghanistan, with resultant crush injuries. 
Volcanic eruptions may bring about mudslides as 
in Colombia, and heavy rains can also bring 
about these mudslides which recently buried the 
town of La Pintada in Mexico after this country 
was hit by hurricanes from both the Pacifi c and 
Atlantic coasts at the same time.  

7.7     Management Principles 

 Because of the suddenness of natural disasters, 
huge amounts of casualties may occur all at once. 
In the following chaos, multitudes of wounded 
may congregate in areas considered safe: remain-
ing functional health facilities, high grounds, and 
open spaces such as stadiums or parking lots. 
While the hierarchy of priorities described earlier 
is established, basic fi rst aid can be provided 
according to available human and material 
resources: splinting, dressing, and even basic fl uid 
resuscitation. All wounds should be left  open . 

 The importance of triaging in mass casualty 
situations cannot be overstated: establishing 
treatment priorities will prove invaluable when 
more sophisticated treatment centers become 
operational for the initial medical management of 
the wounded. There, lifesaving, rather than limb-
saving, procedures can be performed. The goal is 
to do the best possible for the most possible, not 
the absolute very best for everybody. A 10-min 
amputation is preferable to a 4-h complex limb- 
saving procedure when scores of patients are 
waiting for care (Fig.  7.4 ). Treatment needs to be 
simple and effi cient. As far as MSK injuries go, 
by far the earliest complications seen are due to 
premature closure of wounds, inadequate ampu-
tations, and inappropriate use of internal fi xation. 
(See chapters on soft tissue management, infec-
tion, amputations, and external fi xation for fur-
ther guidance.)

7.7.1       Wounds 

•     Washing with clean water (drinkable), 
debridement, and sterile dressing, with splint-
ing if necessary.  

•   NEVER primary closure.  
•   Delayed primary closure (DPC), local rotation 

fl aps, or skin grafting at 5–7 days can provide 
defi nitive coverage for most wounds. Most of 
the others will eventually heal by secondary 
intention.  

•   Record in patient’s chart, if available, or 
directly on dressing or cast, what was done 
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and when, and what needs to be done next, 
and when. You might not see this patient again 
yourself.  

•   Tetanus prophylaxis and appropriate antibiotics.     

7.7.2     Amputations 

•     Be as conservative as possible, as long as the 
debridement is thorough and the remaining 
stump has a chance of surviving. A high BKA 
is still preferable to an AKA. It may still be 
revised later. This is also true for the upper 
extremity and for disarticulations. But a low 
BKA that has no chance of surviving may 
require an AKA as salvage, whereas a higher 
initial BKA would have been more 
appropriate.  

•   Stumps should be left open, with delayed pri-
mary closure (DCP) 4–6 days later. When pri-
marily closed stumps get infected, a higher 
revision is usually necessary, and the patient 
has unnecessarily lost a joint.  

•   NEVER do a guillotine amputation. They 
always require proximal revision.  

•   Hand injuries usually appear worse than they 
are. Conservative debridement should be 
done, repeated as frequently as needed to sal-
vage as many and as much digits as possible, 
particularly the thumb. A few mobile nubbins 
can yield surprising function.  

•   Amputations through the foot should aim at 
keeping calcaneus and a healthy heel pad if 
possible.     

7.7.3     Fractures 

•     Closed fractures should remain closed in the 
immediate aftermath of a natural disaster!  

•   Open fractures need debridement and initial 
stabilization with splints, casts, traction, or 
external fi xation. NO primary closure.  

•   There is NO indication for primary internal 
fi xation, except maybe K-wires for some hand 
or foot open fractures.  

•   Skeletal traction through the distal femur, 
proximal tibia, or calcaneus can be indicated 
for fractures around the hip, femoral shaft, or 
complex lower limb injuries, especially 
before X-rays are available. Jerry-rigging the 
traction apparatus is often required, espe-
cially if there are no beds, and the patient is 
lying on the ground. The blind use of exter-
nal fi xation may be an appropriate alterna-
tive, not as much to reduce the fracture, but 
to stabilize enough for early mobilization, 
and leaving the door open for adjustment, 
repositioning, or substitution when X-rays 
become available or access to better operat-
ing conditions are achieved.  

•   A properly applied pelvic wrap with a simple 
sheet or towel can be lifesaving for the 
hemodynamically unstable pelvic with a clini-
cally obvious pelvic ring fracture.  

•   Compartment syndromes are diagnosed clin-
ically and require open decompression IF 
less than 18–24 h from time of injury (not 
time of admission). There is NO indication 
for decompression after 24 h: what is dead is 
dead, and what is alive will remain alive, and 
nearly 100 % of surgical fasciotomy wounds 
will get infected. Reconstruction of a par-
tially functional extremity at a later stage is 
still preferable to an amputation for infected 

  Fig. 7.4    Amputations following natural disasters are 
common and many times carried out with poor technique       
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wounds made necessary by an ill-advised 
fasciotomy.  

•   Crush injuries may lead to crush syndrome, 
and optimal medical management is 
mandatory, often diffi cult without basic 
laboratory capacity.  

•   Unless totally unavailable, appropriate anesthe-
sia/sedation is necessary for all procedures, 
including many simple dressing changes.    

 Wherever available, critical patients should be 
evacuated to more appropriate facilities. Once 
appropriate surgical environments, equipment, 
and supplies have been secured, more defi nitive 
management of orthopedic conditions can begin, 
including internal fi xation. In massive natural 
disasters in LMICs, such as seen in Haiti, this is 
rarely possible before 10–14 days. What happens 
in places where there is nowhere else to go?      
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Orthopedic Ballistic Trauma

Paul Ley

In ballistic science, a bullet’s journey may be 

divided into three stages [1]:

 1. Initial stage: from firing to muzzle exit

 2. Intermediate stage: bullet’s path through the 

air

 3. Terminal stage: from impact onwards

Understanding this later stage is important to 

understanding the mechanism of injury. All mod-

ern military weapons have a rifled barrel which 

imparts a rotational movement around the longitu-

dinal axis of the bullet termed spinning. When the 

bullet leaves the barrel, other movements are pres-

ent. Theoretically, they all are parasitic movements 

which decrease the accuracy of the projectile, but 

increase the wounding capacity after impact 

through oscillations (yawing), precession (wob-

bling), and nutation (rosette pattern). These para-

sitic movements increase the destabilization 

characteristics of a jacketed bullet inside the target, 

and this is crucial to the actual transfer of energy.

The precise description of what actually 

 happens between impact and final arrest of the 

bullet has been a matter for debate for a long 

time, almost as long as the history of firearms 

itself. In the early 80s, Fackler, from the US 

Army, developed the concept of “wound profile” 

[2] (Figs. 8.1, 8.2, and 8.3).

This is still used today to study the behavior of 

different kinds of bullets. The wound profile is 

obtained by shooting a bullet in a block of tissue 

simulant [3] (glycerine soap or gelatine) and 

observing the characteristics of the bullet’s path:

Entry hole dimension and shape depending on 

the position of the bullet at impact.

Initial narrow tract called the “neck.”

An intermediate zone, more or less wide, the 

“belly.”

Final tract at the end of which you find the 

bullet (if the block is long enough).

P. Ley, MD  

Trauma Surgeon, EMERGENCY NGO, Milan, Italy

e-mail: paulfley@libero.it
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Fig. 8.1 (a) The ubiquitous Kalashnikov and 1 (b) the 

British SA80
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You may also observe fragmentation of the 

bullet with two or more secondary paths or 

deformation without fragmentation.

The entry hole may be small, corresponding to 

the actual caliber of the bullet presenting tip for-

ward or it may be much greater, for example 

when a bullet strikes the target sideways. This lat-

ter mechanism was called “ricochet” [4] by 

Kneubuehl, and it happens every time the bullet 

hits something in flight, like a branch, or bounces 

off a hard surface and is destabilized before hit-

ting the target (Fig. 8.4).

The “neck” is the initial tract. It is narrow, 

generally no more than twice the caliber of the 

bullet. The narrow tract indicates a very low 

energy transfer to surrounding tissues (Fig. 8.5). 

The critical feature here is its length as it  

Fig. 8.2 A 7.62 × 39 

mm AK-47 round and 

fragments

Fig. 8.3 Bullet paths in tissue simulant glycerine soap 

blocks (Swiss Army Ballistic Laboratory in Thun, 

Switzerland. ICRC war surgery seminar, 2005) lower 

blocks: NATO caliber 7.62 × 51 fmj bullet (full metal 

jacket) upper blocks: .308 WIN sp bullet (soft point) 

Despite their names, these bullets differ only by the fact 

that one is jacketed and the other is a “soft point.” Same 

velocity and same mass: equal amount of kinetic energy 

but totally different “profile” of energy transfer along the 

bullet path. The amount of energy transfer but mainly the 

timing of this transfer is crucial in determining a particu-

lar profile. It is essential to realize that the maximum 

amount of energy transfer can take place deep in the tissue 

(with severe damage deep under an innocent-looking 

superficial wound) and that entry-exit wounds can occur 

in different combinations

Fig. 8.4 Ricochet effect (Swiss Army Ballistic 

Laboratory in Thun, Switzerland. ICRC war surgery sem-

inar, 2005). A 7.62 × 51 fmj bullet (same as in lower 

blocks of 38–1) has been destabilized just before impact 

by placing a wooden broomstick along its flight path (note 

the small nick on the stick) resulting in a sideway impact 

of the bullet with a resulting almost instant transfer of 

energy totally different from the lower blocks profile in 

Fig. 9.3. This phenomenon is actually quite common in 

real cases when bullets are fired through vegetation or hit 

walls or ground before the final human target

P. Ley
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indicates the distance traveled by the bullet 

before tumbling.

After tumbling there is an intermediate part, 

the belly, of much larger diameter and volume. 

This is the part of the bullet path with maximum 

energy transfer, the amount of which can be visu-

alized by the volume of the belly part. This part 

corresponds to the temporary cavity where tis-

sues are stretched in a radial and outward way 

with respect to the bullet path. The final tract may 

be single or multiple according to a possible frag-

mentation of the bullet. In this part the energy 

transfer is low again as indicated by the narrow-

ness of the tract.

This kind of wound profile is a conceptual tool. 

It shows the behavior of a particular bullet in a 

homogeneous medium. It can be used to compare 

different bullets’ behavior. Obviously, every single 

bullet has its own wound profile depending on 

such factors as velocity, mass, ability to expand or 

not, and tumbling characteristics (Fig. 8.6). Mass 

and velocity are the two determinants of the kinetic 

energy carried by the bullet at the moment of 

impact. The kinetic energy is directly proportional 

to the mass while it is proportional to the square of 

the velocity. Thus, to increase the energy of a pro-

jectile, the firing system must increase the veloc-

ity, as it can be seen from the following equation:

 
KE =1 2

2
/ MV

 

a

b

Fig. 8.5 (a) X-ray of low velocity bullet lodged adjacent 

to proximal humerus and (b) clinical picture. You can 

appreciate the entry wound

a

b

Fig. 8.6 (a) A fighter looking for targets from a roof in 

Libya and (b) A 50 mm caliber machine gun in an Afghan 

police vehicle
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where KE = kinetic energy in the bullet, M = mass 

of the bullet, and V = velocity of the bullet.

Increasing the mass is not practical in terms of 

magazine capacity or total number of rounds that 

can be carried around by a single soldier. 

Therefore, a quest for high velocity and small 

calibers has taken place in the last few decades. 

The important point to remember is that high 

velocity is associated with a higher kinetic 

energy, thus giving a particular bullet a higher 

wounding capacity. The actual wound is the 

result of how much of this energy is transferred to 

the tissues. The maximum energy transfer occurs 

when the bullet tumbles in the tissues, i.e., when 

the cross-sectional area abruptly increases, and 

obviously, this will reach 100 % if the bullet 

comes to a rest within the tissues. The velocity 

that determines the available amount of kinetic 

energy is the one at the point of impact on the 

target, which can be quite low, and not the muz-

zle velocity, which is supersonic in all modern 

assault rifles.

The analysis of wound profiles has some 

interesting surgical applications: First of all it is 

important to notice that the transfer of energy is 

not homogeneous along the bullet path. This is 

important regarding the extension of the debride-

ment to be done in different parts of the wound. 

Maximum tissue damage will occur in corre-

spondence of the temporary cavity while tissue 

surrounding the “neck” portion of the tract may 

experience very little damage. It also means that 

a wound can have a superficial benign aspect 

while deeper anatomic structures are severely 

damaged (Fig. 8.7). The length of the “neck” can 

exceed the width of a human limb as is the case 

of the 7.62 × 51mm wound profile where it is 

around twenty centimeters (see Figs. 8.3 and 

8.4), or it can be significantly shorter like the one 

associated to the 5.45 mm fired by the AK-74 

(less than 5 cm). Some bullets behave differently 

at different velocities, not only in terms of quan-

tity of energy that is transported and released but 

also in terms of different morphology of the 

wound profile itself with maximum energy trans-

fer occurring at different depths. The other point 

is that many jacketed bullets do break apart, 

especially at high velocities (short-range shoot-

ing), creating secondary tracts in different direc-

tions implying an even more thorough 

debridement and meticulous exploration of the 

wound.

So far we’ve considered the behavior of bul-

lets in glycerine soap (with a density very close 

to muscle) which is a human body tissue simu-

lant. It is possible to add to glycerine soap some 

elements to simulate specific biological tissues 

structures, such as the bone or blood vessels. 

For the bone, in “wound ballistics,” Kneubuehl 

uses hollow cylinders of different wall thick-

nesses filled with gelatin, to simulate bone mar-

row, and covered with a latex film, to simulate 

a

b

Fig. 8.7 (a) Entry-exit wounds at mid-thigh level (St. 

Kizito Hospital, Karamoja, Uganda, 1997), these wounds 

of identical appearance are most likely produced by a fmj 

bullet with a long initial “neck.” The bullet exited the slim 

thigh before tumbling. (b) A bullet has penetrated this leg 

and impacted the bone. Significant fragmentation is 

evident
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periosteum. This artificial bone is then inserted 

in a glycerine soap block. Many different 

 fractures can be observed, from simple punch-

hole fractures to butterfly patterns which are 

generated by an increase in hydraulic pressure 

in the marrow. It is interesting to note that, all 

the bone fragments are found within the tempo-

rary cavity and that they are not acting as sec-

ondary missiles.

Fracture patterns seen in the field on real 

patients are sometimes of such a severity (see 

Fig. 8.8) that some additional mechanism must 

have a role. Forces like compression, extension, 

and torque acting on a bone are modifying and 

amplifying the fracture pattern. This is more 

marked on lower limb skeletal structures because 

of body weight action. A bone, like the femur or 

tibia, hit during the weight-bearing part of the 

gait will fracture in a much more severe and 

unpredictable way than if not weight bearing. 

The lesion shown in Fig. 8.8 has been produced, 

according to witnesses, by a single shot on a run-

ning woman fleeing the firefight.

8.1  Treatment Principles

In treating ballistic fractures, some principles are 

firmly established. A broad review of the litera-

ture from different sources [5–8], either civilian 

or military, shows a wide consensus on some 

basic points:

All war wounds are contaminated and the first 

goal of war surgery is the avoidance of infection.

The single most important surgical procedure 

in the treatment of ballistic lesions is the initial 

debridement and irrigation.

Irrigation is done with large volumes (from 3 l 

upwards) and low pressure (bulb or gravity 

fed systems).

The first choice for irrigation fluid is sterile 

normal saline [9], the second choice is potable 

water.

Although antibiotics should be given as soon 

as possible, they are NOT a substitute for 

proper surgical debridement.

War wounds are NEVER closed primarily.

Initial rigid internal fixation is contraindicated. 

Initial stabilization must be achieved by 

external fixation, skeletal traction, or  splints/

casts following the principles of damage con-

trol orthopedics.

Treatment should systematically include soft 

tissue management from the beginning.

Delayed primary closure for standard ballistic 

wounds is done at 4 or 5 days after initial 

debridement (Fig. 8.9).

8.1.1  First Steps

After life-threatening injuries have been ruled out or 

taken care of, the patient must be washed. This 

means tap water and soap (e.g., castile soap) in a 

suitable workspace in the emergency room or 

immediately before the operating room. All wounds 

should be covered by sterile dressings and these 

should NOT be removed at this point before sur-

gery. The washing of the wound and its immediate 

surroundings is done in operating room under 

Fig. 8.8 Severe fracture pattern in left distal femur 

(Emergency Hospital, Lashkar Gah, Afghanistan, 2008), 

this kind of severe fragmentation can be seen in patients 

that were hit while walking or running. Weight-bearing 

long bones like tibia and femur undergo a complex 

sequence of compression, flexion-extension, and rota-

tional forces during the gait. If a bone is hit exactly when 

under maximum stress from flexion or rotation forces, 

extreme fracture patterns can be the result. According to 

witnesses, this young woman was hit by a single shot 

while running away from a firefight. She ultimately was 

amputated at thigh level
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 anesthesia. This initial washing is NOT part of the 

irrigation process which is done in conjunction with 

the debridement, which is the surgical removal by 

sharp excision of all debris and devitalized tissues:

Skin: sharp excision of skin edges of the 

wound (1–2 mm). Skin is precious for soft tis-

sue so spare as much as possible.

Muscle: excision of dead or nonviable muscle 

is particularly important although it is often 

clinically difficult to distinguish viable muscle 

from nonviable one. The four C’s may be used 

as a guide (color, consistency, contraction, cir-

culation) but in many borderline instances 

they have proven unreliable.

Bone: loose bone fragments with no soft tissue 

attachment to must be removed. If you decide 

to leave a bone fragment in situ, make sure it 

has a strong attachment to soft tissue and try to 

assess its vascularization by snipping a bit of it 

and check for bleeding. Exposed bone may be 

protected by soft tissue coverage. For example, 

medial gastrocnemius rotation flap is an excel-

lent reliable technique for the proximal tibia.

Fat: liberal excision of fat.

Nerves, vessels, and tendons: as far as possi-

ble these structures must be protected.

Although debridement is based on simple 

principles, it is actually technically demanding 

and the surgeon must keep in mind that it is the 
most important single surgical procedure 
determining the final outcome. When performing 

a debridement a surgeon should always anticipate 

the needs of the delayed primary closure. The 

need for flaps or skin grafts should be assessed 

and anticipated for the next surgical plan of 

action. If there is a plastic surgeon in the field, or 

someone with similar expertise, the procedure 

should be carried in close coordination.

Irrigation: This is closely associated with 

debridement. Its importance is such that in their 

excellent book Combat orthopedic surgery, 

Owens and Belmont dedicate a full chapter to 

this issue. Irrigation has been practiced for cen-

turies yet with minimal scientific background. 

All kinds of additives have been used according 

to personal beliefs or experience of individual 

surgeons. The vast majority of them have been 

shown to be at least useless and potentially 

harmful (hydrogen peroxide, for example, is still 

occasionally used despite its recognized tissue 

toxicity). The current recommendations of the 

US Army Institute of Surgical Research which 

are used in the Joint Theater Trauma System 

Clinical Practice Guidelines (JTTS-CPG) are to 

a

b

c

Fig. 8.9 (a) X-ray of a young female’s left foot gunshot 

wound, (b) clinical picture, and (c) an external fixator has 

been placed to reestablish length of the lateral column fol-

lowing thorough debridement and wash out

P. Ley
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use of normal saline, sterile water, or tap water 

(potable) if one of or both the former are not 

available. The optimal method of delivery is by 

gravity-fed systems or by bulb syringes, no pulse 

lavage or high-pressure systems.

The volume of fluid required is large, from 

one to over ten liters. For open fractures you may 

use the following volumes: 3 l for Gustilo I, 6 l 

for Gustilo II, and 9 l minimum. These large 

amounts can quickly deplete your normal saline 

stock, so be prepared and order more (if possible) 

or use sterile (boiled) or potable water in the ini-

tial phases of irrigation & debridement and use 

saline only for the final washout (see Fig. 8.9).

8.1.2  Intra-articular Bullets

One of the few indications to explore and remove 

bullets from patients is when these are lodged in 

a joint, the spinal canal. The presence of a bullet 

in a joint can cause a severe inflammatory reac-

tion and synovitis which will damage the knee 

joint (see Fig. 8.10).

8.2  Compartment Syndrome 
and Fasciotomies

Compartment syndrome can occur in any limb 

segment but is prevalent in the leg and the fore-

arm. The examination of patients must always be 

done with this possibility in mind. The indication 

for fasciotomy is based solely on the clinical 

examination. The presence of distal pulses does 
NOT rule out developing compartment syn-

drome, neither does an open fracture. Pain is 

greater than expected, relentless and doesn’t sub-

side even after splitting or removal of every ban-

dage or cast, and is refractory to adequate 

analgesia. It is elicited by palpation of the 

a b

c

Fig. 8.10 (a) An x-ray showing a bullet in a knee, (b) medial incision and removal of bullet from inside the joint, and 

(c) removal of plastic cartridge from a bird-hunting rifle
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involved compartment and by passive stretching 

of muscle compartments. The classic five P’s 

(pain, paraesthesia, pallor, paralysis, pulseless-

ness) are signs of advanced compartment syn-

drome, and you should never wait for these 

before making a decision. Military protocols fol-

lowing a gunshot wound to the extremities 

include prophylactic fasciotomies to prevent the 

development of compartment syndrome. There is 

no place for semi or partial fasciotomies. Always 

use full length skin incisions and make sure ALL 
compartments are decompressed (Fig. 8.11) (see 

Chap. 28).

8.3  Fracture Management

Always think about what is the simplest and saf-

est solution. Conservative treatment should 

always be considered, even at some “functional” 

cost. In well-resourced healthcare systems, some 

conservative treatments are not acceptable 

because of inferior functional outcomes when 

compared with operative or complex reconstruc-

tive procedures. This higher functional outcome 

cannot be an argument in an austere environment, 

where either the equipment or the implants them-

selves are simply not available or the risks associ-

ated with internal fixation are not acceptable. A 

remote community farmer is much better with a 

femur fracture treated conservatively resulting in 

a modest degree of shortening that can be com-

pensated with a shoe raise, than with an infected 

plate which may eventually lead to an osteomy-

elitis from which he may never recover. You must 

think in terms of reasonable results even if some-

times you’ll have to choose the lesser evil.

Splints: unless you have the luxury of ready- 

to- use fiberglass splints with padding and 

bandage, you’ll have to make your own with 

POP (Plaster of Paris) in a traditional way. 

These POP splints are inexpensive and can be 

adapted to many clinical settings. They are 

most useful for upper limb fractures and for 

leg and foot fractures. The use of POP splints 

for femur fractures is much less efficient than 

traction or external fixation, but can be used in 

the pediatric setting. Do not forget however 

that POP in a tropical or equatorial 

environment, with high ambient humidity, 

will take a long time to harden and it may be 

difficult to tolerate.

Traction: very efficient, fast, and easy to apply. 

Skeletal traction for lower limb is best done 

with Steinman pins through calcaneus for leg 

fractures and through proximal tibia for femur 

fractures. Traction through distal femur should 

not be used as it denies the possibility of 

further treatment with Perkins traction. For 

humerus fractures, traction is applied by 

means of a Kirschner wire (K-wire) through 

the olecranon. The use of a K-wire implies a 

tensioning traction bow is necessary, so you 

should make sure it is available. Inadequate 

traction, or poorly set up and monitored, can 

cause great harm, so you must be familiar in 

its application and use, and close attention to 

pin site care must be adhered to (Fig. 8.12).

Traction is applied through a transtibial 

Steinmann pin, a simple rope traction bow, and a 

custom-made traction weight. The distal half of 

the bed is removable and can easily be put back 

Fig. 8.11 A H-incision technique for decompression of 

anterior and lateral compartments (Emergency Hospital, 

Kabul, Afghanistan, 2012); the anterior compartment may 

be missed if the skin incision on the lateral side of the leg 

is too posterior. Don’t incise more than two finger breadth 

from the tibial crest. When you encounter the deep fascia 

make a first, short, transverse cut to positively identify the 

intermuscular septum. From each end of this first trans-

verse cut, you can then make two parallel longitudinal 

incisions to decompress the anterior and lateral 

compartments
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in position during the intervals between the exer-

cise sessions (four to six times a day).

Among conservative treatment options, only 

the Perkins traction is able to fulfill the follow-

ing points: maintenance of alignment of bone 

fragment, excellent rotational control (when 

the knee is flexed and the leg is vertical, physi-

ological rotation is automatic), avoidance of 

distraction (because of muscle contraction), 

encouragement of joint motion, and mainte-

nance of muscle tone. Mean duration of trac-

tion is eight weeks. This method has been 

extensively used in many remote African hos-

pitals and owed its popularity to Maurice King 

Peter Bewes who described it in details in 

Primary Surgery, a bible for low-tech environ-

ments published by Oxford University Press.

In transolecranon traction for open fracture of 

distal humerus (Fig. 8.12b) after immediate 

surgical debridement in theater, the use, 

 initially, of this makeshift overhead traction 

system allowed for optimal care of the wound 

in the anterior aspect of distal arm. An associ-

ated closed fracture of distal forearm is also 

present. This young patient was successively 

treated with a cast, applied with the traction in 

situ. In austere environments, it is impossible 

to engage in complex reconstruction and 

osteosynthesis of open comminuted periartic-

ular fractures. The conservative approach is 

the safest alternate and, very often, gives satis-

factory results.

External fixation: if available, it is the best 

solution for treatment for fractures with soft 

tissue loss or vascular lesions. The realities in 

an austere environment require that an ex-fix 

should be simple, effective, and quick to 

apply. Generally half-pins and monoaxial 

static configurations, like the older Hofmann 

design, are adequate. Classic configuration of 

three pins above and three pins below the 

fracture site with a double bar should be the 

goal. This configuration is stable enough to 

allow weight bearing and can be progressively 

a b

Fig. 8.12 (a) Perkins traction for femur fractures 

(Complexe Pediatrique, Bangui, Central African 

Republic, 2013). (b) Transolecranon traction for open 

fracture of distal humerus (complexe pediatrique, Bangui, 

Central African Republic, 2013)
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“deconstructed” to render it dynamic thus 

allowing for a better fracture site compres-

sion. When one of the bone fragments is short, 

you can use a T-shaped configuration to avoid 

spanning the joint and still allowing mobiliza-

tion (Fig. 8.13). In many instances, an ex-fix 

can be used as definitive stabilization, other-

wise they can be removed as soon as the soft 

tissue deficit has healed and substituted by a 

cast.

8.4  Soft Tissue Management

All war wounds, whether or not they are associ-

ated with fractures, are left open after the initial 

surgery. Nevertheless, you must plan your clo-

sure strategy right from the beginning. At initial 

surgery you should anticipate the need for 

 eventual flaps or skin grafts. The standard classic 

procedure, strictly followed by such organiza-

tions like the international committee of the red 

cross (ICRC) and the NGOs Emergency and 

Medicines sans frontieres (MSF), is that the 

wound is treated by delayed primary closure 

(DPC) after 3 to 6 days post-op. This is a basic, 

safe strategy that proved  successful in many 

civilian war  hospitals in the last decades all over 

the world. Nevertheless, you will still encounter 

wounds that cannot be managed this way at the 

prescribed time and will need further debride-

ment and irrigation before they become safe for 

closure, or the soft tissue defect is such that some 

sort of plastic or reconstruction procedure may 

be necessary [10, 11]. In this latter case, always 

start with the simplest procedures like spontane-

ous granulation (second intention), split-thick-

ness skin graft (SSG), and local rotation flaps. 

(See Chap. 46) (Fig. 8.14).

8.4.1  Amputations

The decision to amputate is always a difficult 

one except when the magnitude of the trauma is 

such that there are no doubts in anybody’s 

mind, particularly in the patient’s mind. It is 

often the result of emotionally charged discus-

sions with the patient and/or the relatives. 

Religious beliefs concerning body integrity are 

often involved. Not an easy task, there are no 

substitutes here for experience and surgical 

wisdom (see Chap. 29).

Fig. 8.13 Proximal humerus fracture from bullet injury 

treated with T-shaped ex-fix (Emergency Hospital, 

Lashkar Gah, Afghanistan, 2008), when one of the frac-

ture segments is short, this configuration is simple and 

effective. Notice the soft tissue wound safely healed. This 

patient was treated initially with thorough debridement 

and irrigation, followed by immediate stabilization with 

this ex-fix. A delayed primary closure (DPC) was per-

formed 5 days later. The ex-fix was retained as a definitive 

stabilization

Fig. 8.14 Cross-leg flap for open right leg fracture 

(Emergency Hospital, Kabul, Afghanistan, 2012), picture 

taken at three weeks post-op, just prior to weaning proce-

dure. The pedicled flap was raised from the medial aspect 

of the left proximal leg at DPC time (five days after initial 

trauma), along with a cancellous bone graft from the iliac 

crest and stabilization with an ex-fix. Donor site was 

immediately covered with an SSG. Pedicled flaps like this 

one and the inguinal MacGregor flaps are still a work-

horse in many remote parts of the world
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8.5  Physiotherapy

It is an integral part of the treatment and should be 

started immediately. It requires dedicated person-

nel that you will have to train on he spot to meet 

the specific needs of your patients. (See Chap. 23.)
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      Orthopedic Blast and Shrapnel 
Trauma                     

     Scott     C.     Wagner     ,     Jean     Claude     G.     D’Alleyrand     , 
and     Romney     C.     Andersen     

       Injuries caused by explosive mechanisms often 
manifest in devastating, complex patterns that 
involve multiple organ systems, extremity 
 amputations, and extensive thermal damage [ 1 ]. 
Ongoing military experience in managing such 
injuries, which have been increasingly more 
 common during the confl icts in Iraq and 
Afghanistan, has provided some insight into the 
biophysics of blast trauma and allowed for the 
development of various treatment algorithms [ 1 ]. 
Aggressive battlefi eld resuscitation protocols and 
rapid medical evacuation have produced surviv-
ability patterns never before seen in the history of 
warfare, despite a relative increase in injury 
severity as the wars have progressed [ 2 ,  3 ]. 

 Improvements in tourniquet use and body 
armor have also contributed to the maintenance 
of this low mortality rate [ 4 ]. Multiple extremity 
amputations (MEAs) have also been encoun-
tered more frequently, representing up to 18 % 
of all military casualties in Afghanistan. 
Signifi cant genitourinary trauma, fractures and/
or dislocations, and severe soft tissue damage 
are the most commonly associated injuries in 

these patients [ 5 ]. The long-term medical 
resource requirements necessary for adequate 
management have been shown to be exceedingly 
high, including a high number of operative inter-
ventions per patient, increased blood product 
utilization, and intensive care unit (ICU) length 
of stay [ 5 ]. 

 While it is often diffi cult to extrapolate high- 
energy combat blast trauma to injuries sustained 
in the civilian population, it is important to recog-
nize that casualties from land mines occur every 
20 min worldwide, while criminal bombings in 
the United States alone have been reported at a 
rate of 205 per year [ 6 ,  7 ]. Unexploded ordinance 
contaminates many poor, rural areas in underde-
veloped countries, particularly those with recent 
history of confl icts (Fig.  9.1 ).

   The lack of infrastructure in many of these 
countries typically makes their poorest citizens, 
often rural agrarian workers or children, signifi -
cantly vulnerable to potentially devastating 
 injuries [ 8 ]. Unexploded ordinance includes anti-
personnel and antitank land mines, as well as 
mortar bombs, rocket-propelled and rifl e gre-
nades, artillery shells, cluster bomb submuni-
tions, and aircraft bombs [ 8 ], all of which can 
cause severe injury to patients without available 
access to many basic medical technologies 
(Fig.  9.2 ). In rural Cambodia, 61.7 % of blast-
injured pediatric patients were injured by unex-
ploded ordinance in contrast to land mines, in 
comparison to 22.6 % of adult patients [ 8 ].
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   Suicide bombings have also become more 
 frequent in the civilian setting, with an associated 
increase in the rate of high-energy penetrating 
trauma [ 9 ]. Suicide attacks generally occur in 
densely populated urban areas, in contradistinc-
tion to landmine injuries, and have been shown to 
be associated with a novel pattern of injury 
directly related to the primary blast wave and 
fragment injuries after detonation [ 9 ,  10 ]. Patients 
injured in such terrorist explosions are more likely 

to sustain chest trauma when compared to blunt 
trauma, with severe lung contusions and penetrat-
ing injuries, as well as open limb fractures [ 9 ,  10 ]. 
Metal debris deliberately placed in the explosives, 
such as nails, bolts, or screws, increases the mag-
nitude of the damage infl icted on injured patients 
and is the primary cause of morbidity in most ter-
rorist attacks [ 9 ,  10 ]. However, thoracic vertebral 
injuries, as well as liver, spleen, and kidney dam-
age are less common with suicide bombings when 

  Fig. 9.1    Sign 
displayed outside a 
minefi eld in the 
Republic of Kosovo. 
Between 1998 and 
1999, the Kosovo War 
devastated the small, 
Eastern European 
country, which today is 
recognized as a 
sovereign nation by the 
United States and 
United Kingdom. The 
rate of injury from land 
mines remains 
relatively high       

  Fig. 9.2    The effects of 
a land mine on the 
lower limb. Land mines 
are a severe burden on 
the health and 
economic infrastructure 
of the developing 
world, as thousands of 
people are maimed and 
killed every year       
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compared to gunshot or blunt wounds, as the rib 
cage provides some level of protection against the 
blast trauma [ 10 ] (Fig.  9.3 ).

   Novel surgical techniques and developments in 
extremity reconstruction continue to revolutionize 
the management of blast injury patterns, and strate-
gies for resuscitation, as well as temporizing surgi-
cal measures to allow for successful defi nitive 
management, have evolved throughout the recent 
confl icts in the Middle East and Central Asia. While 
many of these techniques cannot be completely uti-
lized in many austere environments, the principles 
guiding their implementation can be applied. 

9.1     Biophysics of Blast Trauma 

 All explosive weapons are composed of three 
basic elements: the casing, the explosive mixture, 
and a fusing mechanism [ 7 ]. The casing is 

 generally designed to maximize fragmentation 
after initiation of the explosion; the explosive 
mixture provides fuel for the reaction, while the 
fusing mechanism initiates the actual blast reac-
tion [ 7 ]. At detonation, a rapid exothermic chem-
ical reaction is initiated that releases the stored 
potential energy in a solid or liquid material by 
rapid conversion to its gaseous phase [ 11 ,  12 ]. 
The superheated gas rapidly expands and com-
presses the surrounding atmosphere, with local 
pressures ranging from 1.4 to 3 million pounds 
per square inch, creating a supersonic shock 
wave that propagates in all directions from the 
epicenter of the blast [ 12 ,  13 ] (Fig.  9.4 ).

   The patterns of injury sustained by casualties 
involved in explosive attacks or accidents vary 
widely with the type of explosive material, but 
regardless of any other factors, all “blast injuries” 
can be categorized as primary, secondary, tertiary, 
or quaternary [ 11 ] (Table  9.1 ).

a

c d

b

  Fig. 9.3    ( a ) Shrapnel from a suicide bomber’s jacket and 
( b ) removal of ball bearing from a suicide bomber victim. 
The risks (e.g., further soft tissue damage) and benefi ts 
(e.g., prevention of infection) of shrapnel removal have to 

weighed carefully. ( c ) Multiple bowel perforations from 
ball bearings in this victim from another attack. The same 
patient had injury in the elbow( d )       
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   The initial blast wave produced during 
 detonation, which is termed the “blast front,” is 
the major contributing factor to primary blast 
injuries [ 11 ]. Primary blast injuries are directly 

related to overpressure damage sustained by 
patients in the immediate vicinity [ 11 ,  14 ]. 
Propagation of the blast wave through human 
body tissues causes a violent change in pressure 
that transfers the energy impulse of the wave 
from the surrounding medium to the tissue itself, 
leading to rapid compression and reexpansion 
[ 15 ]. This phenomenon is termed “spalling” and 
involves the impartment of signifi cant shear and 
stress forces to the tissue at air-fl uid interfaces 
that cause an explosive shift in fl uid to less dense 
tissue or potential anatomical spaces [ 11 ,  13 , 
 15 – 17 ]. Most commonly, primary blast effects 
result in tympanic membrane rupture, air emboli, 
ossicular disruption, and alveolar hemorrhage, 
among other signs of physiologic disruption [ 18 ]. 

 After dissipation of the initial blast wave, bal-
listic energized by the blast can cause severe pen-
etrating or shear injuries. Prior to World War I, 
specifi c devices called “Shrapnel shells” were 
developed by the British artillery offi cer Major- 
General Henry Shrapnel to increase surrounding 
damage upon detonation. These devices utilized 
metal ball bearings encased in the shell that 
would scatter after the initial explosion, increas-
ing secondary blast injury. Today, the casing of 
high-explosive shells fragments effectively at 
detonation without the need for Shrapnel 

Death from primary blast injury and fragments (130 to 250 psi)

Pressure (psi)

40 ft 100 ft 280 ft
Distance/Time

400→1640 ft 1800 ft

Possible lung injury; death from fragments (30 to 120 psi)

Possible tympanic membrane rupture; fragment injury (2 to 15 psi)

No primary blast injury; possible fragment injury

  Fig. 9.4    Primary and secondary blast radii comprise the Friedlander curve, illustrated here for a 155 mm shell explo-
sion with 100 kg of trinitrotoluene equivalent (adapted from Kang et al. [ 11 ], with permission)       

   Table 9.1    Classifi cation, defi nition, and representative 
examples of blast injuries   

 Blast injury patterns 

 Type  Defi nition  Examples 

 Primary  Blast wave 
propagates through 
body tissues, causes 
rapid movement of 
fl uid and implosion-
type injuries 

 Blast lung 
 Traumatic 
brain injury 
 Tympanic 
membrane 
rupture 

 Secondary  Ballistic injuries 
caused by penetration 
of body tissues by 
metallic fragments 
(e.g., nails, bolts, ball 
bearings) 

 Penetrating 
abdominal or 
thoracic injury 
 Open fracture 
 Traumatic 
amputation 

 Tertiary  Whole body 
displacement, or 
other large object 
may be violently 
translocated, or 
structure collapse 

 Crush injury 
 Blunt trauma 

 Quaternary  Any associated 
injuries 

 Thermal injury 
 Smoke 
inhalation 
 Suffocation 
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 bearings, but it is not uncommon for improvised 
explosive devices (IEDs) or other makeshift 
explosives to utilize similar objects (e.g., nails, 
ball bearings) to increase secondary injury [ 11 ] 
(Fig.  9.3 ). Secondary blast injuries are more 
common than primary injuries, because these 
ejected fragments typically travel long distances 
at high speed, and the effective range for such 
injuries exceeds that of the blast wave by a factor 
of 100 [ 6 ,  11 ]. Erratic, high velocity rotational 
movements of irregular fragments can lead to 
increased local tissue damage [ 6 ,  11 ,  19 ]. 

 Secondary blast injuries are the primary cause 
of major extremity amputations and are often the 
most immediately life-threatening injuries, if the 
casualty survives the effects of primary blast 
injury [ 11 ]. These types of blast injuries com-
prise the majority of combat-related major trauma 
and are responsible for the increase in incidence 
of extremely severe amputations such as triple or 
quadruple extremity amputations, as well as trau-
matic hemipelvectomies [ 5 ,  20 ] (Fig.  9.5 ).

   Tertiary blast injuries involve displacement of 
the entire body of the casualty, or crush injuries 

sustained by large projectiles, or even impalement 
of the patient on other objects [ 6 ,  11 ]. It is via the 
tertiary blast mechanism that most major extrem-
ity or axial skeleton fractures occur, including pel-
vic and low lumbar burst fractures [ 21 ,  22 ]. This 
mechanism is particularly relevant to occupants 
of vehicles that sustain a localized blast, as force-
dependent vertical acceleration of the vehicle 
transfers energy to the seated occupants, which 
can lead to pelvic and lumbar fractures. At the 
peak of the vehicular displacement, the occupants 
can sustain head or cervical trauma, and the rapid 
return to the ground subjects the occupants to 
additional blunt trauma [ 6 ]. 

 Lastly, quaternary injuries include all compli-
cations or other associated injuries, such as ther-
mal damage, gas or smoke inhalation, and 
asphyxiation [ 6 ]. It must be emphasized that 
these types of injuries rarely occur in isolation, 
but rather occur in rapid succession and exist 
concurrently, thus leading to signifi cant multisys-
tem damage. Thermal injuries can be signifi cant, 
and rapid successful initial management of these 
injury patterns is crucial to patient survival. 

a b

c

  Fig. 9.5    ( a ,  b ) Severe soft tissue injuries and a traumatic forequarter amputation associated with blast trauma. 
( c ) Lateral thigh and hip blast injury in a civilian. What will the options be following adequate debridement       
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 The International Committee of Red Cross 
classifi cation for blast injury pattern categorizes 
injuries based on location: Pattern 1 includes 
lower extremity trauma, typically caused by step-
ping on antipersonnel land mines [ 23 ]. Pattern 2 
comprises random injuries sustained secondarily 
from a nearby explosion, while pattern 3 involves 
damage to the face, upper limbs, and torso [ 23 ] 
(see Fig.  9.6a ). Pattern 3 injuries most often occur 
when the patient handles the explosive ordinance 
directly [ 23 ] (Fig.  9.6b ). Children living in areas 
contaminated by a large amount of unexploded 
ordinance are at substantial risk for patterns 2- 
and 3-type injuries, because they are more likely 
to pick up or investigate explosives [ 8 ]. Adults, in 
contradistinction, are more likely to step on anti-

personnel mines and sustain lower extremity 
trauma [ 8 ] (Fig.  9.3 ).

   Wound infection is often the most devastating 
complication that can develop and is often related to 
contamination of the wounds at the time of injury. 
Osteomyelitis is a relatively common  outcome 
 following blast injuries in the civilian sector, as the 
burden of wound infections experienced in disaster 
scenarios is exceedingly complex and diffi cult to 
completely characterize [ 24 ]. Angioinvasive fungal 
infections have also been reported in association 
with blast injuries [ 25 ], with reportedly up to a 30 % 
mortality rate [ 26 ], likely related to severe immuno-
compromise that occurs in polytraumatized blast 
patients [ 25 ]. Civilian blast trauma from land mines 
or other ordinance often presents in a delayed 

a

c d

b

  Fig. 9.6    Examples of blast injury patterns according to 
the International Red Cross. ( a ) Shows quaternary injury 
(fl ash burns), ( b ,  c ) show examples of tertiary blast injury 

(traumatic amputations) and ( d ) shows an example of 
 secondary injury, with fl ying debris and bomb fragments 
causing injuries       
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 fashion, with considerable contamination that leads 
to increased morbidity and mortality (Fig.  9.7 ).

9.2        Initial Management of Blast 
Injuries 

 Major orthopedic trauma in combat or disaster 
scenarios is often sustained in extreme or austere 
environments that are not entirely comparable to 
the civilian or community experience. Many 

 nongovernmental organizations (NGOs) that pro-
vide medical care in areas where civilian blast 
injuries are common have found that dedicated 
prehospital trauma assistance and small, austere 
medical outposts can improve mortality, despite a 
general lack of medical resources [ 8 ]. The wartime 
experience in management of the multiply injured 
blast patient that has been subjected to rigorous 
evaluation in such settings has led to novel resusci-
tation  techniques [ 27 ]. Emergent proximal hemor-
rhage control, hemostatic dressings, and temporary 

a

c

b

  Fig. 9.7    ( a ) Debridement of deep contamination caused 
by a small mine. The original wound was a small area at 
the distal end of the wound in the photograph as an 
extended incision was necessary to debride the contami-
nated tissues. ( b ) A victim of a suicide bomber showing 

multiple shrapnel injuries and soft tissue loss. Thorough 
wound care is necessary to prevent infection and osteo-
myelitis. The apparently innocuous ball bearings can cause 
comminuted fractures ( c )       
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 vascular shunts have also improved survivability 
in blast injuries [ 27 ]. Only relatively recently have 
specifi c treatment guidelines for the early manage-
ment of severe, multisystem blast injuries been 
developed [ 28 ,  29 ]. 

 The early use of tourniquets has been shown to 
be the most effective adaptation to the initial man-
agement of severe extremity or vascular injuries 
[ 4 ]. A tourniquet is defi ned as “any limb constric-
tive device, whether improvised or commercially 
manufactured, used in an attempt to stop extrem-
ity bleeding” [ 4 ]. Rapid exsanguination from 
compressible limb injuries is possible, though 
blast injured patients typically bleed more slowly 
[ 4 ]. Regardless, tourniquets should be applied as 
quickly as possible to the extremity, ideally within 
10 min of injury, as the lifesaving benefi ts of the 
tourniquet are reduced if application occurs after 
the initiation of hemorrhage shock [ 4 ]. 

 The tourniquet should be placed as proximally 
on the limb as possible, outside of the zone of 
injury. Morbidity from prolonged tourniquet use, 
such as nerve injuries or amputation shortening, 
has been previously reported [ 30 ,  31 ]. However, 
Kragh et al. [ 4 ] performed a prospective survey of 
tourniquet use in combat-injured patients and 
found that no limbs were lost as a result of tourni-
quet use, while any nerve palsies were transient 
and the overall survival benefi ts were clear. 
Currently, the American College of Surgeons 
Committee on Trauma recommends that at the 
time of injury, direct pressure or a pressure dress-
ing should be applied to the injured extremity [ 32 ]. 
If the hemorrhage is not controlled and the wound 
is amenable to tourniquet placement, the tourni-
quet should be applied. The guidelines recom-
mend using any commercially produced tourniquet 
with a windlass, ratchetting, or pneumatic device 
if available [ 32 ]. If commercial tourniquets are not 
readily obtainable, a tourniquet may be impro-
vised using the  Spanish windlass technique  [ 33 ]. 

9.2.1     Spanish Windlass Technique 

     1.    A piece of rubber tubing (not narrow) is 
wound around the extremity, and a length of 
cloth is tied around the tubing.   

   2.    A long rigid object, such as a piece of wood or 
metal, is tied to the cloth, and the ends of the 
rubber tubing are tied to the ends of the rigid 
object.   

   3.    The rigid object is then rotated to tighten the 
rubber tubing down on the extremity, until the 
arteries are occluded and hemorrhage is con-
trolled [ 33 ].     

 In the prehospital setting, the Committee 
 recommends against releasing a tourniquet until 
defi nitive care is available [ 32 ]. Hemorrhage  control 
recommendations are summarized in Table  9.2 .

   Aggressive transfusion is often required, and 
it is imperative that blood product stores be main-
tained when possible [ 28 ]. If maintenance of 
blood components is diffi cult or unrealistic, any 
available treating staff and or family members 
and carers can be used as a “walking blood bank” 
to provide whole blood at the time of resuscitation 
[ 34 ]. However, initial management at the locus of 
injury begins with basic life support (BLS) and 
advanced trauma life support (ATLS) measures 
and continues with damage control surgery. 

 Blast casualties may arrive in extremis, often 
with severe pelvic or perineal injuries and/or 
extremity amputations. Resource demand for even 
one of these patients can deplete the entirety of the 
fi eld hospital’s reserves [ 5 ,  27 ,  28 ]. Frequently, 
these patients arrive with cardiopulmonary resus-
citation (CPR) in progress, which may have been 

   Table 9.2    Recommendations for the use of tourniquets 
and hemostatic dressings at the time of injury, prior to 
defi nitive care   

 Prehospital hemorrhage control 

 Tourniquets  Hemostatic dressings 

 Apply if hemorrhage not 
controlled with direct 
pressure, and: 
 Wound amenable to 
tourniquet 
 Commercial tourniquets 
recommended 
   Avoid narrow, elastic, 

or bungee-type 
devices 

   Can be quickly 
improvised if 
necessary 

 Apply if hemorrhage not 
controlled with direct 
pressure, and: 
 Wound is not amenable 
to tourniquet 
 Available products 
include: 
   Kaolin-based granules 

or gauze 
   Chitosan bandages 
   Novel keratin or 

polyurethane 
biomaterials 
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continued for a relatively long period prior to 
arrival, and they may also present with hypother-
mia, acidosis, and hypercoagulability [ 28 ]. 

 Focused assessment with sonography for 
trauma (FAST) is useful on initial evaluation for 
thoracic and abdominal injuries and in unrespon-
sive patients sustaining penetrating trauma, appro-
priate pupillary reaction with organized cardiac 
electrical activity, should provide enough informa-
tion to consider thoracotomy in the trauma bay for 
proximal vascular control [ 35 ]. Tourniquets placed 
prior to presentation should be appraised. Focused 
examination of the injury patterns should begin 
after initial hemostatic resuscitation has begun and 
after intravenous (IV) access and the airway have 
been secured. 

 Complex unstable pelvic fractures are often 
not readily apparent on presentation, and a thor-
ough physical exam must include evaluation for 
any external lacerations or open injuries involving 
the rectum or genitourinary system, which can 
suggest open pelvic injury [ 1 ]. Pelvic fractures 
can be stabilized temporarily with application of a 
pelvic binder or compressive sheet if the binder is 
not available, which decreases the volume of the 
true pelvis and provides some level of hemostasis 
[ 36 ,  37 ] (see Chap.   39    ). Radiographic evaluation 
should be limited at the time of initial evaluation 
to those images that can be obtained quickly while 
in the trauma bay, unless stability permits a more 
thorough examination [ 28 ]. 

 If thermal injuries are present, adequate estima-
tion of the body surface area involved guides fl uid 
resuscitation efforts, and the degree of the burns 
provides information regarding healing potential 
and the need for prophylactic escharotomies [ 38 ]. 
The “rule of nines” illustrates the process by which 
burn surface area can be estimated (Table  9.3 ).

   The Parkland formula for fl uid resuscitation in 
patients sustaining severe thermal injuries states 
that the 24-h volume of fl uid to be infused is 
equal to the percentage of the total body surface 
area involved multiplied by the patient’s weight 
(in kilograms) multiplied by 4 (milliliters of 
 lactated Ringer’s per kilogram) [ 38 ]. The fi rst 
half of the calculated volume is infused over the 
initial 8 h after injury, followed by the second 
half over the subsequent 16 h [ 38 ]. 

 Various other novel resuscitation techniques 
have also been developed that can be applied to 
civilian mass casualty or disaster scenarios, 
including deliberate induction of hypotension, the 
use of recombinant human clotting factor VIIa, 
and early support of coagulation [ 27 ]. By utilizing 
anesthesia with fl uid loading to maintain hypoten-
sion, the vicious cycle of hypertensive hemor-
rhage or rebleeding, subsequent fl uid resuscitation, 
and further hemorrhage is avoided [ 27 ]. 

 Damage control resuscitation with a ratio of 
red blood cells to plasma to platelets of 1:1:1 
became the US Army Medical Corps policy in 
2007, and this policy has been shown to be asso-
ciated with the lowest mortality rate when com-
pared to other coagulation support algorithms 
[ 39 ]. A multidisciplinary approach is required, 
involving general/trauma surgeons, orthopedic 
surgeons, and anesthesiologists [ 1 ]. After initial 
stabilization in the trauma bay and initiation of 
resuscitative efforts, the index surgical procedure 
then follows immediately.  

9.2.2     Index Surgical Procedure 

 The primary purpose of the index surgical 
procedure is twofold: obtain hemorrhage control 
and debride nonviable tissue [ 28 ]. Adequate 
debridement with irrigation at the time of injury 
is important to decrease potential risks of 
infection, as blast injuries sustained in combat or 
disaster scenarios impart a large degree of gross 
and microscopic contamination [ 1 ,  27 ]. Gravity 
or bulb irrigation is preferable to high-pressure 

   Table 9.3    Algorithm to estimate the percentage of body 
surface area (BSA) involvement in thermal injuries   

 Thermal injury body surface area (BSA) estimation 

 Adult  Pediatric 

  Body part    %BSA    Body part    %BSA  

 Upper extremity  9 %  Upper extremity  9 % 

 Head  9 %  Head/neck  18 % 

 Neck  1 %  Lower extremity  14 % 

 Lower extremity  18 %  Anterior trunk  18 % 

 Anterior trunk  18 %  Posterior trunk  18 % 

 Posterior trunk  18 % 
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irrigation, and sterile isotonic saline, sterile 
water, and potable tap water have all been shown 
to have similar effi cacy and safety [ 40 ]. 

 Debridement of the zone of injury must be 
expanded back to the viable soft and osseous tissue, 
as the evolution of such a high-energy ischemic 
insult progresses over several days [ 27 ,  28 ]. Patients 
with extensive thermal injuries (third or fourth 
degree/partial and full thickness) also require escha-
rotomies through the skin to prevent burn contrac-
ture and compartment syndrome [ 41 ] (Fig.  9.8 ).

   Amputations, which often include multiple 
extremities or extremely short residual limbs, are 
managed in accordance with generally accepted 
principles; limb length preservation is critical to 
maximize any future ambulatory potential, but 
proximal transfemoral amputations with associated 
pelvic or urologic injuries often require revision to 
hip disarticulation or hemipelvectomy [ 1 ,  20 ]. 

 Rather than completing amputations through 
fractures proximal to the zone of amputation, 
temporary stabilization within the amputated 
limb should be performed [ 42 ]. Any open wounds 
that communicate with pelvic ring disruption 
should be evaluated, as gross contamination of 
these wounds is relatively common, and partial or 
complete hemipelvectomy may be required to 
allow for intrapelvic access for debridement 

 purposes [ 1 ]. Rectal injuries characteristically 
require diverting colostomy, which can prevent 
the fecal stream from contacting lower extremity 
amputations or perineal wounds, but consideration 
for any future orthopedic incisions should guide 
placement of the colostomy [ 1 ,  28 ]. 

 Serial debridements are typically mandatory in 
these patients. In the case of major vascular injury 
to the extremities, the use of temporary intravas-
cular shunts (TIVS) has been shown to be an 
effective means of bypassing segmental injuries 
and providing immediate revascularization before 
transferring to a higher level of care [ 27 ,  43 ,  44 ]. 
While many devices have been designed for this 
specifi c purpose, in an austere or hostile environ-
ment where they may not be readily available, any 
sterile tubular structure—including Foley cathe-
ters, small gage feeding tubes, or intravenous tub-
ing—can be utilized [ 27 ]. 

 Fasciotomies should be performed in all blast 
trauma patients undergoing TIVS, particularly 
those with prolonged ischemia or combined arte-
rial and venous injuries, as such injuries have 
been shown to be risk factors for the development 
of compartment syndrome [ 27 ,  45 ]. Damage con-
trol orthopedics is also initiated, with external 
fi xation of long bone and pelvic fractures and 
completion of traumatic amputations [ 1 ]. 

  Fig. 9.8    Extensive 
thermal injuries, 
including third- or 
fourth-degree burns 
require prophylactic 
escharotomies through 
the skin (preserving the 
fascia below) to prevent 
burn contracture and 
compartment syndrome       
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 It is important to consider all factors that may 
affect the decision-making process in the man-
agement of these patients, as the number of 
patients requiring treatment in mass casualty or 
disaster setting may be signifi cant and requires 
triage. Surrounding weather conditions and avail-
ability of medical evacuation (medevac in mili-
tary language) also play roles while performing 
damage control-type stabilization [ 1 ]. 

 Prophylactic fasciotomies of the leg compart-
ments should be considered in all patients with 
tibial fractures undergoing external fi xation. 
Overall primary operative time should be mini-
mized in order to prevent second-hit physiologic 
insults, and defi nitive fi xation of orthopedic inju-
ries should be avoided in the acute setting.  Closure 
of traumatic blast amputation wounds is inadvis-
able in the peri-injury period  [ 46 ,  47 ], though the 
most important technical consideration for man-
agement of such traumatic amputation wounds 
remains preservation of the residual limb length—
perhaps even at the expense of increased risk of 
infection or heterotopic ossifi cation [ 48 ,  49 ]. 

 The infl ammatory response begins to manifest 
early, and the systemic infl ammatory response 
syndrome (SIRS) can develop depending on the 
type and extent of injuries and the interventions 
performed. Signs of SIRS include fever, tachycar-
dia, and abnormal laboratory values and should be 
expected [ 28 ]. Serial debridements with irriga-
tion, as well as other secondary procedures, 
should occur in conjunction with other intensive 
care strategies after initial resuscitation and stabi-
lization. Repeat irrigation and debridement are 
essential, as the zone of injury continues to 
develop in the context of the systemic infl amma-
tory response. 

 Stabilization of small fractures can also be per-
formed if the necessary equipment is available 
[ 28 ]. As mentioned previously, delayed primary 
closure of blast wounds or amputations is more 
appropriate than early closure, considering the 
typical burden associated with severe open 
wounds in these scenarios [ 24 ]. The complex 
nature of the cytokine response and the typical 
polymicrobial nature of wound colonization lead 
to unique soft tissue challenges that are diffi cult to 
manage in the austere environment [ 28 ,  50 ,  51 ]. 

 The use of novel dressings and negative pres-
sure wound therapy have become exceedingly 
common during the latter stages of the confl icts 
in Iraq and Afghanistan, and these treatment 
modalities may be useful in noncombat scenarios, 
when available [ 1 ,  27 ,  28 ,  51 ]. Negative pressure 
or vacuum therapy devices have been utilized in 
the combat setting to manage severe soft tissue 
blast or thermal injuries or to provide temporary 
abdominal closure [ 51 ,  52 ]. Negative pressure 
wound dressings allow for temporary protection 
of the wounds without the need for frequent 
dressing changes [ 52 ]. However, the device must 
be functioning properly, as the loss of suction can 
lead to pooling of infl ammatory fl uid and 
development of a pro-infectious milieu [ 1 ], so 
close monitoring is necessary. 

 Recent developments in bacteriostatic or bacteri-
cidal dressings to complement the vacuum-assisted 
closure device, such as the GranuFoam Silver 
Dressing (Kinetic Concepts, Inc., San Antonio, TX) 
have provided improved protection in the presence 
of multi-organism infection [ 52 ]. The military 
orthopedic experience with negative pressure dress-
ings has supported the use of these devices in 
most—if not all—combat- or disaster-related open 
extremity wounds, if available. However, a series 
examining the use of vacuum-assisted closure for 
temporizing coverage of Gustilo grade IIIB open 
tibial fractures found an increased rate of deep 
infection if the negative pressure dressing delayed 
defi nitive coverage by greater than 7 days [ 53 ]. 

 Therefore, various reconstructive options for 
defi nitive wound closure should be considered as 
early as the clinical scenario will allow. If a nega-
tive pressure dressing is not available, one can be 
improvised utilizing the  Chariker - Jeter method :

    1.    A layer of saline-soaked, non-adherent gauze 
is laid in the wound.   

   2.    A silicone drain (or any available tubing) is 
layered in the gauze.   

   3.    More gauze is placed over the drain, and a 
semipermeable fi lm of any type is used to seal 
the wound.   

   4.    The drain is then connected to a portable suc-
tion device at a range of 75–125 mmHg nega-
tive pressure [ 54 ].    
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9.3        Defi nitive Management 
of Blast Wounds 

 Expedited transport of injured personnel from for-
ward support stations to higher levels of care is the 
standard medical doctrine used in current combat 
scenarios by the military [ 28 ,  55 ]. While not 
always possible in the civilian or disaster setting, 
numerous studies have shown improved outcomes 
with rapid transfer of severely injured patients 
(e.g., burns or open tibial fractures) to centers with 
experience in treating such injuries [ 56 ,  57 ]. 

 Considerations for long-term management of 
blast wounds should guide initial management, as 
the ability to provide soft tissue coverage and 
maintain residual limb length is paramount. As 
previously discussed, extremity blast injuries are 
unique in that the wounds are often heavily con-
taminated and associated with multiple concur-
rent injuries. Thus, surgical treatment must focus 
on defi nitive reconstruction in the subacute 
period, despite the lack of any standardized proto-
col for the management strategy [ 58 ]. 

 While the civilian literature has shown that 
providing wound coverage acutely is generally 
associated with better outcomes, the complexity 
of wartime or disaster blast injuries requires that 
reconstruction often be delayed up to 3 months 
post-injury [ 58 ,  59 ]. The reconstructive ladder 
(and subsequent modifi cations to its design) is a 
concept describing methods of wound 
reconstruction organized by technique complexity 
[ 60 ]. The various applications of the reconstructive 
microsurgery ladder to orthopedics are beyond 
the scope of this chapter and the austere 
environment. However, local rotational pedicled 
fl aps can be considered to cover facial wounds or 
other vulnerable body areas if the treating surgeon 
is comfortable with the techniques required [ 61 ] 
(see Chap.   46    ). It is important that surgeons 
managing these types of injuries formulate their 
initial treatment plans in the context of future 
management alternatives.  

    Conclusions 

 Extensive osseous and soft tissue wounds 
associated with blast mechanisms present 
complex, challenging cases for the managing 

surgeon. Multiply injured patients, particu-
larly those injured in hostile environments, 
utilize more hospital resources (e.g., blood 
products, intensive care unit days, number of 
operations) than most patients. Considerations 
for future long-term outcomes should guide 
the preliminary resuscitation of blast-injured 
patients in a mass casualty situation. 

 Increased tourniquet use, newly developed 
resuscitation algorithms, defi nitive fi xation of 
long bone fractures proximal to or contiguous 
with amputations, and temporizing vascular 
shunts have evolved during the combat surgi-
cal experience of the last decade. The princi-
ples for burn management and defi nitive care 
of severe soft tissue wounds should remain 
constant, despite the austerity of the surround-
ing environment. Indeed, successful complex 
limb reconstruction and wound management 
rely heavily on the preparedness of the health-
care provider to employ the techniques 
described in this text. 

 Despite their devastating effects, blast inju-
ries have become increasingly survivable over 
time. It is imperative that healthcare providers 
be aware of the injury patterns imposed by 
explosive mechanisms, as recent world events 
have highlighted that attacks or accidents can 
occur at any location and at any time.     
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      Injury from Traditional Bonesetter 
Fracture Management                     

     Juan de Dios   Robinson    

       Western concepts of fracture healing are relatively 
new to many parts of the world. The lack of 
healthcare facilities and trained personnel in many 
low-income countries means that the local popu-
lation does not have another option when seeking 
help for illness or injuries. In many countries 
where there is some provision of modern health 
care, traditional methods are still widespread due 
to cultural, economic, geographical or fi nancial 
reasons. The World Health Organization (WHO) 
reported that up to 40 % of health care in China 
and up to 80 % in Africa is provided by traditional 
healers [ 1 ]. As far as fracture care is concerned, 
there is a very large presence of bonesetters in 
many countries. In Nigeria, 70–90 % of fracture 
care is provided by these practitioners [ 2 ]. 

10.1     What Is a “Bonesetter”? 

 A bonesetter is a traditional healer that treats 
musculoskeletal disorders through methods 
involving mainly massage, fracture manipula-
tion, application of topical preparations and 
splinting. The practice of bone setting is an 
ancient craft. It is a trade that is often passed from 

generation to generation. Nwachukwu et al. 
described one practice in an observational study 
in a Nigerian bone setting practice [ 3 ]; the 
 practice was run by a woman and her son. The 
practice had up to 50 resident patients. Closed 
fractures were identifi ed through palpation and 
splinted with cloth, cardboard or wood planks. 
The fractures were massaged with an herbal 
preparation called ‘Ufi e’. Fractures were then 
managed strictly with non-weight bearing for a 
standard period of 51 days. Open fractures were 
diverted to a local government hospital for 
 closure and then were treated at the bonesetter’s 
local in the same way. The splinting constructs 
are replaced every 4 days, and the herbal cream is 
applied weekly.  

10.2     Who Do Bonesetters Treat? 

 The bonesetter clientele may include members 
from every social class and age group and is not 
necessarily dependant on the socioeconomic 
status of the patient. It is a practice deeply 
embedded in the culture of many countries in 
Africa, Asia and Latin America. The popularity 
of traditional remedies, including bone setting, 
is very real despite the presence and availability 
of modern facilities and trained staff. This is 
partially explained by the close relationship 
between healing and spiritual and religious 
practices.  

        J.  D.   Robinson,      FRCS (Tr & Orth) MSc (Trau Surg)   
  Major Trauma Centre ,  St. Mary’s Hospital, 
Imperial College ,   London ,  UK   
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10.3     Why Do People 
Go to Bonesetters? 

 In the study by Nwachuku et al., fi ve reasons were 
identifi ed as the principal motivators for patients 
to select a bonesetter over Western medicine [ 3 ]:

    1.    Fear of implants and foreign objects including 
musculoskeletal traction devices   

   2.    Belief in the spiritual powers of the bonesetter   
   3.    Convenience and fl exibility of traditional care 

setting   
   4.    Prohibitive cost of orthopaedic care in a 

hospital setting   
   5.    Familiarity with bonesetter culture and lack of 

familiarity with orthopaedic centres    

  The authors of this study interviewed boneset-
ters and found that:

  One of the bonesetters explained that she even 
counsels her patients and their families to avoid 
Orthopaedic centers because many of those who 
use such facilities “return with missing legs or with 
metal in their body” [ 3 ]. 

   Aries et al. reported a qualitative study in 
Ghana where patients who attended bonesetters 
were interviewed in an attempt to fi nd out what 
motivated them to choose this practice over con-
ventional medicine [ 4 ]. They found that traditional 
bonesetters were perceived as offering more com-
plete care (e.g. splints AND herbal medicines 
AND incantations), the need to go to bonesetters 
after attending hospitals for open fractures, lower 
costs of treatment, fear of internal fi xation, fear of 
external fi xation, fear of amputations and less per-
sonal care in conventional hospitals [ 5 ]. 

 Other reasons may be that some of the facili-
ties offering more modern treatments may actu-
ally be poorly supported in terms of equipment, 
staff and resources in general, offering effectively 
not much more than bonesetters. Some of these 
facilities may be staffed exclusively by men, and 
females may be discouraged from attending these 
clinics. Language barriers are another real bar-
rier, as well as tribal divisions, where one com-
munity may have adopted western style practices 
whilst another may have not and continued to use 
traditional methods of health care.  

10.4     Complications 

 A study carried out in the Dinajpur Medical College 
Hospital in Bangladesh and in the private chambers 
of two orthopaedic surgeons practicing in Dinajpur 
over 1 year included 120 patients treated by bone-
setters (TBS) [ 6 ]. The TBS treated their patients for 
varying periods of time ranging from 3 days to 3 
months. Table  10.1  summarises their fi ndings.

   Of the many complications resulting from 
bonesetter treatments, one of the most tragic is 
gangrene secondary to tight bandages. Many of 
the casualties of these treatments are children who 
have had one of these tight splints applied because 
of a relatively minor fracture. By the time anxious 
parents arrive to a clinic seeking help, the chil-
dren’s limbs have suffered irreversible damage 
and may require an amputation. 

 Eshete reported a series of 49 amputations from 
Ethiopia, of which 25 had been due to the applica-
tion of tight splintage by traditional  bonesetters 
[ 7 ]. Tepka et al. reported a study on bonesetter 
gangrene in children in Central Senegal. Twenty 
one children were treated during an 18-month 
period. Bonesetter gangrene was more common in 
boys from rural areas with  limited access to health 
care. Sixteen children underwent upper limb 
amputations. The authors noted the same as other 
researchers that this was a preventable disaster and 
that health planners needed to recognise the seri-
ousness of this situation [ 8 ]. 

   Table 10.1    Complications of using bonesetters for 
orthopaedic problems   

 Complications  Number  Incidence 

 Mal union  114  83.9 

 Delayed union  10  7.4 

 No union  20  14.7 

 Gangrene  2  1.5 

 Compartment syndrome  6  4.4 

 Volkmann’s ischaemic 
contracture 

 7  5.1 

 Joint stiffness  15  11 

 Chronic osteomyelitis  5  3.7 

 Soft tissue infection with 
blister formation 

 30  22.1 

 Tetanus  1  0.7 

 Unreduced dislocated joint  8  5 
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10.4.1     Management of Complications 
Secondary to Bone Setting 

10.4.1.1     Early Presentation 
 The most common presentation will be of a patient 
with a limb in a splint or bandage that is extremely 
tight. Hence, the pressure must be relieved at once. 
The limb most be rapidly evaluated for:

•    Soft tissue damage  
•   Compartment syndrome  
•   Vascular supply  
•   Nerve damage    

 The limb must be placed in elevation. If the 
limb presents with blisters, these must not be 
de-roofed as these may cause an infection.  

10.4.1.2     Late Presentation 
 Unfortunately, the very fact that patients go to bone-
setters before they attend a conventional clinic 
means that they present late too frequently. By this 
stage, the limb might be ischaemic and gangrene 
may have set in. The dressings must be removed 
anyhow and the limb examined. The patient must be 
aggressively resuscitated as in the case of crush 
 injuries. By this stage, if compartment syndrome 
was part of the patient’s injury, fasciotomy may not 
be appropriate, as late fasciotomies are associated 
with high incidence of infection. The limb may be 
dead and an amputation is indicated. The limb must 
be examined closely, and a determination of the level 
of amputation must be made based on the extent of 
the gangrene as well as the viability of the area 
 adjacent to the necrotic tissue. You want to leave a 
stump as long as possible for future prosthesis  fi tting, 
but this must not prevent you from excising as much 
tissue as necessary to save the patient’s life. In order 
to assess the limb, you must wash thoroughly the 
skin to gain a good appreciation of the demarcation 
areas which will guide your amputation.    

10.5     Case Study 

 The author’s experience in Afghanistan shares 
the same features described by the authors cited 
in this chapter. Patients presented late after 

consulting a traditional healer or bonesetter. By 
the time of presentation, gangrene had set in and 
amputations were required. The cases below 
illustrate examples of the consequences of some 
of the practices by bonesetters. 

10.5.1     Case 1: Early Presentation 

 An 11-year-old boy presented with complaining 
of severe pain on his right forearm and an 
extremely tight bandage. His hand was pale and 
he could not move his fi ngers. The tight bandage 
was removed immediately (Fig.  10.1a ).

   The pain immediately improved and the 
colour of the hand began to return. The forearm 
was covered with severe blistering secondary to 
the tight dressings (Fig.  10.1b, c ). 

 The child was resuscitated and the limb was 
elevated in a couple of pillows. Neurovascular 
observations were recorded every 15 min for the 
fi rst 3 h and then every hour to monitor for com-
partment syndrome. The next day, examination 
of the limb revealed decreased swelling, normal 
sensation throughout the fi ngers and hand and 
normal movements. The following day, the blis-
ters had dried and the forearm was almost back to 
normal (Fig.  10.2a, b ).

10.5.2        Case 2: Late Presentation 

 A 9-year-old girl fell and hurt her elbow. She was 
taken to the local bonesetter who applied an herbal 
remedy and a very tight dressing. Following several 
hours of agonising pain, the little girl’s concerned 
parents decided to take the girl to an MSF trauma 
centre. Here, the dressings were removed at once. 
Unfortunately, the fi ngers, hand and forearm were 
gangrenous, and the ischaemic process had affected 
the soft tissues above the elbow as well (Fig.  10.3 ).

   The girl was taken to the operating theatre were 
the limb was washed and examined. The demarca-
tion zones can be observed (Fig.  10.4a, b ), but 
examination revealed that the erythematous tissue 
above the elbow was not viable either. There was 
no other alternative but to amputate above the 
elbow (Figs.  10.5  and  10.6 ).
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a

c

b

  Fig. 10.1    ( a ) The dressings were removed; the limb 
washed and examined thoroughly in theatre. The blisters 
were not de-roofed to avoid an increased risk of infection. 

( b ,  c ) The severe blistering caused by the tight dressing 
applied by a bonesetter can be appreciated       

a b

  Fig. 10.2    ( a ,  b ) One week after admission, elevation and observation, the forearm looks back to normal. The stigmata 
of blisters are still visible but the skin is healing well       
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10.6           What Can Be Done 
to Prevent the Damage Done 
by Bonesetter Fracture 
Management? 

 It is unrealistic and probably undesirable to 
ignore the reality of bonesetters as a resource in 
communities where there is acute scarcity of 
healthcare facilities. There must be collaboration 

and partnership between governments, orthopae-
dic surgeons, non-governmental organisations 
(NGOs) and traditional healers in order to pro-
mote safe practice. Some authors have stated 
that:

  “…further integration between traditional and 
western practices will ultimately provide sustained 
long-term improvement of outcomes after muscu-
loskeletal injuries” [ 3 ]. 

  Fig. 10.3    The right hand, 
forearm and elbow of this 
child have become 
gangrenous. The dressings 
that were released can also 
be seen       

a b

  Fig. 10.4    Examination of the upper limb of this 9-year-old girl exhibits demarcation zones in the fl exor ( a ) and exten-
sor ( b ) surfaces       
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   Healthcare organisations should aim to 
 incorporate traditional healers into a major 
team with the patient’s interests at its heart. 
Bonesetters should be offered training to under-
stand that open fractures should be referred to 
hospital as soon as possible and of the conse-
quences when this does not happen. Some 
authors have  advocated equipping bonesetters 
with radiography to aid diagnosis [ 3 ]. The pur-

pose of these initiatives would be to take advan-
tage of the  popularity and affi nity that the local 
population has with traditional sources of 
health care and to establish partnerships with 
traditional healers instead of creating perceived 
rivalries and competitions for patients. It is 
hoped that this would achieve better outcomes 
and increase the number of patients that present 
to hospitals earlier. 

  Fig. 10.5    Above-elbow 
amputation       

  Fig. 10.6    Another exam-
ple of bonesetter gangrene 
due to tight splinting in a 
male teenager. Amputation 
was necessary to save his 
life       

 

 



12710 Injury from Traditional Bonesetter Fracture Management

 Eshete carried out a study in Ethiopia during 
which he delivered a series of 1-day instructional 
courses to small groups of bonesetters. In total, 
112 traditional bonesetters, 15 nonmedical ‘local 
leaders’ and ten community health workers 
received instruction. These courses were imme-
diately followed by a 2-year prospective study of 
amputations performed in his hospital between 
2001 and 2003 in order to assess the success of 
the courses. The results suggested that the courses 
were successful in reducing the incidence of gan-
grene and amputations by half. The rate of mor-
tality and tetanus also decreased [ 7 ]. 

 Another study by Onuminya in Nigeria showed 
there was a considerable decrease in the rate of 
gangrenous limbs, infection, non-union and mal-
union at the trained TBS centre compared with 
the untrained TBS centre (2.5 % vs. 10 %, 5 % vs. 
12.5 %, 7.5 % vs. 15 % and 20.0 % vs. 30 %, 
respectively). The observed difference between 
the trained and untrained TBSs was statistically 
signifi cant ( p  < 0.05) [ 4 ]. Most importantly, this 
study demonstrated that TBSs were willing to 
work and cooperate with orthopaedic surgeons. 

 Agarwal et al. examined the tradition and prac-
tice of bone setting in India and concluded that 
‘Pending infrastructure and socioeconomic devel-
opment, it appears that traditional bonesetters will 
remain providers of healthcare. Their methodology 
utilises regional resources and is commonly 
believed to be cheaper and effective. Although the 
defi ciencies of traditional bonesetters have been 
shown, with adequate training in the basics of 
orthopaedic care, they can be utilised to provide 
useful health services at the primary care level’ [ 5 ]. 
OlaOlorun et al. propose that the introduction of a 
health insurance scheme in Nigeria ‘may make it 
easier for individuals and families to be able to 
afford proper fracture treatment in hospitals’ [ 9 ].  

    Conclusion 

 The complications arising from bonesetter 
practices can be limb and life threatening [ 10 ]. 
However, the challenge for conventionally 

trained surgeons goes far beyond the misman-
agement of fractures. This is also a cultural 
challenge that must be addressed tactfully and 
effectively for the good of patients. Bonesetters 
should be seen as potential partners and should 
be offered training and information. Patients 
should also be educated on the risks and ben-
efi ts of conventional treatments, and the needs 
of the local population must be understood 
in order to offer an effective service which is 
not feared and misunderstood by the local 
population.     
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      Malnutrition and Orthopedic 
Injuries                     

     Sandro     Contini     

       Malnutrition is a crucial issue in orthopedics 
[ 1 ,  2 ]. Orthopedic surgeons need to be aware of the 
 presence of malnutrition in their patients and the 
marked increase in metabolic needs that their 
patients have. Since decades, a signifi cant 
 correlation has been identifi ed between subnormal 
nutrition indices and the development of  orthopedic 
complications [ 3 ]. An impaired nutritional status 
associated with older age may be an underlying 
cause for fractures and, as it has been well observed 
in hip fractures, may affect the clinical outcome 
[ 4 – 6 ]. Protein depletion has been correlated with 
impaired wound and bone healing, increased rate 
of wound infection, sepsis, pneumonia, progres-
sive weakness, apathy, delayed union, and delayed 
physical rehabilitation [ 3 ]. 

 In austere environments, the occurrence of 
malnutrition problems is not uncommon in ortho-
pedic patients [ 7 ]. The relationship between 
 malnutrition and orthopedic trauma outcomes 
has been studied to a very limited extent in the 
austere environment, but it is likely to have a 
negative impact on the healing process, callus 
formation, incidence of infections, and progres-
sion from acute to chronic osteomyelitis [ 8 ]. 
However, the relationship between nutrition and 

clinical outcome is often neglected and nutrition 
support is not frequently considered a critical 
 target [ 9 ]. 

11.1     Epidemiology 

 Chronic food defi cits affect about 842 million 
people in the world, including 20 % of the popu-
lation in developing countries [ 10 ]. Malnutrition 
affects all age groups, but it is especially com-
mon among the poor and those with inadequate 
access to health education and to clean water and 
good sanitation [ 11 ]. Failure to thrive is a com-
mon consequence of malnutrition in developing 
countries due to the combined effects of food 
insecurity, low dietary diversity, a highly infec-
tious environment, poor washing facilities, and 
poor understanding of the principles of nutrition 
and hygiene. Malnutrition is a signifi cant cause 
of death among displaced populations [ 7 ]. Apart 
from intensive feeding programs aimed at reha-
bilitating severely malnourished children, there 
are few examples of successful nutrition inter-
ventions [ 12 ]. Therefore, it is not surprising that 
the relationship between malnutrition and its 
consequences on trauma in austere situations has 
a low advocacy, and reports about this issue are 
scanty. 

 The reported prevalence of patients malnour-
ished or at risk for malnutrition among those hos-
pitalized for surgical procedures in the developed 
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world varies from 35 to 44 % [ 13 ] and is similar 
to the 23–33 %, [ 14 ,  15 ] observed in patients 
undergoing orthopedic surgery. Age plays often a 
signifi cant role in the genesis of malnutrition. In 
Sweden, 90 % of malnourished patients were 
found in an elderly patients population (average 
age 80 years) submitted to below knee amputa-
tion; they are at a special risk to become even 
more malnourished because of decreased food 
intake due to pain, nausea, confusion, increased 
loss of nutrients from the wounds, diarrhea, vom-
iting, infection, and increased requirements of 
major surgery [ 16 ]. In India, a 50 % of malnutri-
tion was reported at admission in patients after 
lower limb fractures [ 17 ]. Furthermore, the num-
ber of malnourished patients and the degree of 
malnutrition increase with time following injury 
and with a prolonged hospital stay [ 18 ,  19 ]. Forty 
percent of patients admitted for trauma (not only 
orthopedic) in a Paraguay referral hospital were 
malnourished or at risk of malnutrition, with the 
remarkable detail that the patients were primarily 
young workers in rural areas, hence showing an 
incidence of poor nutritional state similar to that 
usually found in older patient populations of 
western countries [ 20 ], very likely refl ecting their 
poor socioeconomical conditions. 

 Among specifi c nutritional problems, vitamin 
D has received considerable attention in recent 
years, in part because of studies demonstrating 
inadequate levels in otherwise healthy populations 
[ 21 ]. Although these low levels are a matter of 
concern, many argue that these data are diffi cult 
to interpret because of a lack of consensus 
regarding normal and abnormal levels, as well as 
because of inconsistent diagnostic methodology. 
Vitamin D defi ciency has been widely reported in 
orthopedic patient, even in developed countries 
[ 22 ,  23 ]. In the USA, 90 % of the screened 
children showed vitamin D defi ciency or 
insuffi ciency, with African-American children 
being more likely to have severe vitamin D 
defi ciency [ 24 ]. Vitamin D defi ciency is more 
common and widespread in Northeast Asia [ 25 ], 
South Asia, and the Middle East [ 26 ]. Even in 
sunny countries, like Saudi Arabia [ 27 ], Turkey 
[ 28 ], and Mexico [ 29 ], most postmenopausal 
women show inadequate levels of vitamin D. The 

prevalence of vitamin D defi ciency among 
healthy Saudi men is between 28 and 37 % [ 30 ], 
and a high prevalence of vitamin D insuffi ciency 
and secondary hyperparathyroidism was 
observed in a patient population with osteoporosis 
and hip fracture in Turkey [ 31 ]. A Cochrane 
review concluded that vitamin D supplementation 
alone is ineffective in preventing fractures but 
that vitamin D and calcium reduced the risk of 
hip fractures in elderly patients receiving 
institutional care [ 32 ]. There is no agreed protocol 
for oral vitamin D supplementation in the setting 
of hypovitaminosis D. Most observational and 
randomized studies have used doses of vitamin D 
ranging from 400 to 1000 IU per day. Currently, 
daily supplementation in lower doses is thought 
to be superior to large, annual doses, and vitamin 
D3 has been shown to be more effective than 
vitamin D2 in maintaining levels over time [ 33 ]. 
Increased knowledge of the potential role of 
vitamin D and metabolic bone disease in the care 
of complex and elderly orthopedic patients is 
needed before clear suggestions could be 
recommended for developing countries.  

11.2     Defi nition and Evaluation 
of Malnutrition 

 A catabolic state is always observed after trauma, 
with loss of body protein and excessive nitrogen 
excretion which is proportional to the magnitude 
of the insult [ 34 ] and is associated to impaired 
hormonal and cellular immunity [ 35 ]. The body 
weight loss that is frequently observed comes not 
only from fat stores but from protein reserves 
broken down to their constituent amino acids to 
support increased protein synthesis. Initially, the 
majority of proteins come from the skeletal 
muscle; later, visceral protein is also used, thus 
determining a catabolic state [ 36 ]. Regardless of 
nutritional supplementation, patients on intensive 
care units can lose up to 1 % of their total body 
protein per day, worsening muscle weakness and 
delaying weaning and rehabilitation [ 37 ]. Patients 
wounded during combat may have reduced fat 
and glycogen stores, which could contribute to 
accelerated catabolism and further aggravate 
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body weight loss [ 38 ]. Furthermore, a severe 
trauma is usually followed by a period of food 
deprivation, therefore accentuating the catabolic 
state. An increased incidence of nosocomial 
infections has been related to preoperative 
malnutrition [ 39 ], while wound healing has been 
shown to improve with an adequate food intake 
[ 16 ,  17 ,  40 ,  41 ]. 

 Malnutrition and its relationship to growth 
have been extensively studied in children [ 42 – 44 ], 
but data in adults population are scanty and the 
role and importance of nutrition-screening tools is 
still debated [ 41 ,  45 ]. Several screening tools have 
been recommended, either to identify the need of 
a nutrition support or to relate them to the clinical 
outcome as the Mini Nutritional Assessment and 
its Short Form (MNA, MNA-SF) [ 46 ,  47 ] 
(Table  11.1 ), the Malnutrition Universal Screening 
Tool (MUST) [ 48 ], the Prognostic Nutritional 
Index [ 49 ], the Nutritional Risk Screening [ 50 ], 
and the Geriatric Nutritional Risk Index [ 51 ], but 
a comparison between tools designed for different 
age groups and different purposes is problematic. 
Age and screening tools incorporating risk factors 
that are non-modifi able by nutritional support 
(e.g., age, disease severity) may predict outcomes 
of disease, but are not necessarily suitable for pre-
dicting the result of a nutritional support. 
Anthropometric measurements (body mass index, 
triceps and biceps skin fold) and biochemical 
parameters, like plasma levels of albumin, trans-
ferrin, prealbumin, retinol-binding protein, nitro-
gen balance, total cholesterol, and creatinine, are 
accepted markers for malnutrition, some being 
included in the above mentioned indexes. The 
level of plasma albumin, in particular, is consid-
ered a classic marker to assess a malnourished 
state [ 52 ], and values below 2.5 g/dL [ 53 ] or 3.9 g/
dL [ 54 ] are considered indicators of malnutrition. 
However, plasma albumin level is not specifi c, as 
many factors may modify the plasma protein lev-
els [ 55 ]. In adjunct, serum albumin is decreased in 
acute infl ammatory states seen after critical injury 
and its long half-life (approx. 20 days) makes it 
unreliable in assessing the response to a nutri-
tional intervention particularly in the critical care 
setting [ 56 ]. In austere environment at the 
moment, the interpretation of these indicators, 

most of them not available, as well as their corre-
lation with postoperative outcome [ 55 ] should be 
made with caution.

   Due to the infl uence of malnutrition on the 
immune status, low blood total lymphocyte count 
and altered tests for skin hypersensitivity have 
also been identifi ed as markers of nutritional state. 
Delayed wound healing has been observed in 
nearly 81 % of patients with a total lymphocyte 
count of <1500/mm 3  [ 57 ] and a decreased risk of 
healing complications was reported among lower-
limb amputees with a normal total lymphocyte 
count compared to patients with a low count [ 58 ]. 

 Currently, a simple clinical assessment of the 
patient’s status (subjective global assessment(SGA)) 
[ 59 ], although originally conceived for geriatric 
health care (Fig.  11.1 ), may be performed by an 
experienced physician even in austere settings and 

   Table 11.1    Mini nutritional assessment scoring system   

 Rubrics and questions  Score range 

  Rubric I. Anthropometric assessment (maximum 8 points)  

 Body weight and height and related 
calculation of BMI 

 0–3 points 

 Arm circumference  0–1 point 

 Calf circumference  0–1 point 

 3-month weight loss  0–3 points 

  Rubric II. General status assessment (maximum 9 points)  

 Independence of living  0–1 points 

 Recent acute events (disease or 
psychological distress) 

 0–2 points 

 Presence of pressure or skin ulcers  0–1 points 

 Number of medications taken on  0–1 points 

 Cognition/depression  0–2 points 

 Mobility a   0–2 points 

  Rubric III. Dietary assessment (maximum 9 points)  

 Eating problems (appetite, swallowing, 
chewing) 

 0–2 points 

 Number of full meals  0–2 points 

 Markers of protein intake  0–1 points 

 Intake of vegetables and fruit  0-1 points 

 Intake of liquids  0–1 points 

 Self-suffi ciency in eating  0–2 points 

 Rubric IV. Self-perceived health and nutrition states 
(maximum 4 points) 

 Self-perception of nutritional status  0–2 points 

 Self-perception of health status  0–2 points 

  From Bauer et al. [ 47 ], with permission 
 aHistory  
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considered a reliable and validated method to 
 sensibly estimate the nutritional state, although 
more consistently in adults than in pediatric patients 
[ 40 ,  60 ]. A complete history and physical examina-
tion have been found to be 80–90 % accurate in 
evaluating patient nutritional status, and the addi-
tion of multiple or complex biochemical, immune, 
or anthropometric measurements does not increase 
greatly the accuracy of this basic nutritional 
 assessment [ 61 ]. This is of utmost importance for 
practice in developing countries, where sophisti-
cated laboratory tests are rarely available. 
Recommendations on the screening tool selection 
for austere settings should consider such issues, 
remembering that, although guidelines can pro-
duce benefi ts, they may have limitations and detri-
mental effects [ 62 ].

   In practice, an unintentional 20 % weight loss 
over time, an obvious muscle wasting, and the 
presence of a cause for alimentary malabsorption 
are all criteria to consider a patient malnourished. 
In such patients, a full evaluation for any 
comorbid conditions (diabetes, renal, or liver 
failure) is recommended, although frequently 
arduous in austere settings. 

 Vitamin defi ciency (A, E, K, and of course D) 
and trace element scarcity are obviously linked to 
a dietary defi ciency, with not negligible clinical 
consequences, even in orthopedic trauma 
patients. To properly evaluate, prevent, or treat 
such nutritional shortfalls in orthopedic trauma in 
developing countries, where reports on these 
topics are lacking, is a challenging task and will 
possibly be a future goal.  

Subjective Global Assessment of Nutritional Status

History

1. Weight Change
Overall loss in past 6 months: kg

A.

B.

C.

Change in past 2 weeks:
% loss
increase

decreaseno change

No change
Change: duration weeks

weeks
ambulatory bedridden

low

A
B
C

Muscle wasting (quadriceps, deltoids)
Ankle edema Sacral edema Ascites

Subjective Global Assessment Rating

Loss of subcutaneous fat (triceps, chest)
Physical (for each specify: 0=normal, 1+=mild, 2+=moderate, 3+=severe)

Metabolic demand/Stress: no

5. Disease and its relationship to nutritional requirements

moderate high

Type: working sub-optimally

starvation

None Nausea

No dysfunction
Dysfunction: duration

Vomiting

4. Funtional Capacity

Diarrhea Anorexia
3. Gastrointestinal symptoms (persisted for 2 weeks)

full liquid diet
hypocaloric liquid
Type: sub-optimal solid diet

2. Dietary intake change relative to normal

Primary diagnosis:

Well nourished
Suspected or moderately malnourished
Severely malnourished

  Fig. 11.1    Subjective 
global assessment form 
(From Covinsky et al. 
[ 59 ], with permission)       
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11.3     Consequences 
of Malnutrition 
on Orthopedic Injuries 

 Poor nutritional condition (before and after 
trauma) invariably decreases the endogenous 
 tissue stores of protein, carbohydrate, and fat 
 typically mobilized to provide energy for the cat-
abolic process, therefore determining a less effec-
tive physiologic response. Later, malnutrition 
plays a signifi cant role on wound healing by pro-
longing the infl ammatory phase, decreasing 
fi broblast proliferation, and altering angiogenesis 
and collagen synthesis [ 63 ,  64 ], with a conse-
quent reduction of the tensile strength. Poor 
nutrition also increases the risk for infection by 
decreasing T-cell function, phagocytic activity, 
and complement and antibody levels. Therefore, 
malnourished patients are prone to develop pres-
sure ulcers, infections, and delayed wound heal-
ing that result in chronic non-healing wounds 
[ 63 ]. After amputation, patients with normal 
nutrition parameters tend to heal uneventfully, 
whereas malnourished patients suffer either local 
or systemic postoperative complications [ 58 ,  65 ]. 
Postoperative major wound complications 
increased fi ve times among patients with a lym-
phocyte count of less than 1500 cells/mm and 
seven times when preoperative albumin was less 
than 3.5 g/dL [ 66 ,  67 ]. Protein supplementation 
following orthopedic surgery reduces infections, 
attenuates post-fracture bone loss, and tends to 
increase muscle strength [ 68 ]. In animal experi-
ments, low protein levels affect callus composi-
tion early in the process of fracture healing, when 
the protein content of soft callus usually increases 
because of early cellular proliferation and protein 
synthesis [ 69 ]. Chronic malnutrition may infl u-
ence negatively the early proliferation and differ-
entiation events for fracture repair [ 70 ,  71 ], 
therefore contributing [ 72 ] to fracture nonunion, 
although this event is a multifactorial phenome-
non with predisposing mechanical, anatomical, 
and biological factors. About infection, no cor-
relation has been observed between a poor nutri-
tional status and staphylococcus colonization 
after hip or knee replacement [ 73 ], although a 
convincing infl uence of malnutrition on the 

occurrence of infection is widely claimed. No 
 defi nite data are available in developing countries 
regarding this issue.  

11.4     Management 

 Broad-spectrum therapeutic interventions and 
programs against malnutrition, especially in 
developing countries, go beyond the scope of 
this chapter and only perioperative management 
aimed to prevent or to handle nutrition defi cien-
cies will be taken into account. Is there any evi-
dence about the indication and the role for 
nutritional support in the acute and post orthope-
dic trauma phase? A Cochrane review regarding 
nutritional supplementation in older patients 
after hip fracture shows a weak evidence for its 
effectiveness [ 74 ]. However, the peculiar clinical 
conditions of the patients, including age, and the 
features of the observed injuries make problem-
atic to extend these conclusions to austere 
environment. 

 Nutritional supports could be employed, even 
in austere settings, not only after the acute man-
agement of injuries [ 75 ] but also to achieve better 
clinical conditions before attempting delayed sur-
gical procedures following trauma, like amputa-
tions, where a preoperative effort to prevent 
catabolic states seems worthwhile. Unfortunately, 
most tools commonly used in developed coun-
tries, like enteric solutions, semi- elemental feeds, 
immunonutrition, and total parenteral nutrition, 
are often not available or are impractical. 

11.4.1     Preoperative Treatment 

 Preoperative fasting and surgery cause metabolic 
stress and insulin resistance which is characterized 
by hyperglycemia and decreased responsiveness of 
tissues (mainly the skeletal muscle and liver) to the 
biological actions of insulin, a condition associated 
with increased postoperative morbidity, mortality, 
and length of hospital stay [ 76 ]. Therefore, mea-
sures to attenuate development of insulin resis-
tance, such as oral preoperative  carbohydrate 
treatment (PCT), can potentially have a clinical 
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benefi t. Feeding before surgery was traditionally 
avoided to decrease the risk of aspiration of gastric 
contents. However, a Cochrane review found no 
increased risk of aspiration in patients who were 
allowed fl uids 2–3 h prior to surgery compared to 
patients having undergone a traditional fasting 
period [ 77 ]. Accordingly, the European Society for 
Parenteral and Enteral Nutrition [ 78 ] and the 
American Society of Anesthesiologists recom-
mend that patients be allowed to eat up to 6 h before 
surgery and drink clear fl uids until 2 h before sur-
gery [ 79 ]. The current recommendations for PCT 
suggest a loading dose of 100 g the night before 
surgery, followed up with another 50 g dose 2 h 
before surgery [ 80 ]. A recent meta- analysis of ran-
domized controlled trials on preoperative oral car-
bohydrate treatment in elective surgery showed 
that PCT may be associated with reduced length of 
stay in patients undergoing major abdominal sur-
gery [ 81 ]. The metabolic and clinical benefi ts of 
PCT are now widely acknowledged and are incor-
porated in the so-called “fast track” approach. 
Regrettably, only two small orthopedic studies are 
mentioned in the meta-analysis [ 81 ], but are under-
powered to give a reliable evaluation of preopera-
tive carbohydrate treatment on length of hospital 
stay in orthopedic surgery [ 82 ,  83 ]. 

 Supplementary enriched in protein local food 
could be administered in preparation to surgery 
in austere environment, but even in developed 
countries, there are no clear recommendations 
about when, or for how long, malnourished 
patients would need it; a period of 5–7 days of 
preoperative supplementary nourishment was 
considered appropriate for improving the wound 
healing (but not mortality) in patients submitted 
to transtibial amputation [ 16 ].  

11.4.2     Postoperative Treatment 

 According to a previous summary report from the 
National Institutes of Health (NIH), the American 
Society for Parenteral and Enteral Nutrition 
(ASPEN), and the American Society for Clinical 
Nutrition (ASCN), nutritional support should be 
initiated in patients who are not expected to resume 
oral feeding for 7–10 days [ 84 ]. In severely injured 

patients, there is no outcome advantage to initiate 
enteral feedings within 24 h of admission, com-
pared to 72 h after admission (level I evidence) [ 85 ]. 

 Feeding routes after trauma may range from 
oral intake to enteral feeding (nasogastric, naso-
duodenal, nasojejunal, or jejunostomy) and to 
parenteral nutrition. Although oral or by nasogas-
tric tube administration of nutritional supplement 
appears to reduce the complication rate after hip 
fracture in an elderly population [ 74 ], most avail-
able studies present methodological limits, being 
short term, with a patient’s selection not always 
based on nutritional state, and with a poor compli-
ance by the patients [ 86 ]. Nausea and diarrhea are 
not uncommon, and nasogastric tube is often 
poorly tolerated in a high percentage of patients, 
especially elderly, for neurological problems (ner-
vousness, anxiety, etc.) [ 87 ]. 

 In patients with intact alimentary tracts, 
enteral feeds are less expensive, more readily 
available, and are administered with less diffi culty 
than total parenteral nutrition (TPN). TPN 
requires cooperation from supporting services 
such as pharmacy, infection control, surgical, and 
nursing care making challenging this route in 
austere environment. Hence, when feasible, 
enteral feeding should be the preferred route of 
nutrition. Enteral nutrition can modulate the 
metabolic response after injury and improve 
protein kinetics and amino acid fl ux across 
peripheral tissue preserving the integrity of the 
gut barrier and of the intestinal microvillus 
structure [ 88 ]. Conversely, intravenous feeding 
increases gut permeability and allows bacterial 
translocation to the mesenteric lymph nodes [ 89 ]. 
Septic complications represent the most critical 
problem of parenteral nutrition and are much 
more common than with enteral nutrition. 

 Robust evidence about the preferred enteral 
route is lacking. A jejunal (small bowel), rather 
than gastric (stomach) feeding tube, has been rec-
ommended for enteral nutrition [ 90 ,  91 ]. 
However, according to the eastern association for 
the surgery of trauma (EAST) [ 85 ], in critically 
injured patients, patient’s outcome is equivalent 
with  gastric or duodenal feeding. For this reason 
and because access to the stomach can be 
obtained more quickly and easily than the duode-
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num, an initial attempt at gastric feedings appears 
warranted. Nasogastric tubes can be used for 
enteral feeding in those traumas where a laparot-
omy for injury is not required (e.g., mine blast 
with traumatic amputations). When a laparotomy 
is needed, a gastrostomy may be performed or 
the surgically placed feeding tube may be guided 
into the duodenum or jejunum. The amount of 
given protein should be 1.2–2.0 g/kg ideal body 
weight to compensate for large nitrogen losses 
seen in trauma and sepsis. It is recommended that 
protein should represent 15–20 % of artifi cial 
feed, carbohydrate (in the form of glucose) 
30–70 %, and fats the remaining 15–30 % [ 92 ]. 

 In the military experience, the fi eld milk or 
pureed foods, readily accessible, have been used 
to prepare “homemade” enteral solutions [ 75 ]. It 
is unlikely that such “fi eld-expedient” enteral 
nutrition would match the quality of nutrition in 
commercial tube feed formulas, but presumably 
it would preserve small bowel mucosa integrity 
and promote immune system function. The 
absence of pumps in austere settings makes bolus 
feeds the preferred method of administration, 
always beginning with small bolus (usually 
30 ml/h) and increasing slowly to a 60 ml/h. 
Alternatively, a continuous feeding may be used 
utilizing intravenous bags and lines fi lled with 
solution, but the viscosity of the feeding may be 
a limit, clogging the intravenous or feeding tube. 

 Homemade solutions have the advantage to 
deal with local food culture, avoiding prohibited 
foods (like pork or derivate for instance) and uti-
lizing foods or milk available locally. Moreover, 
local staff could undergo a useful training on the 
preparation, administration, and nutritive value of 
pureed enteral feedings, which are especially 
valuable for these patient’s populations whose 
hospital stay is often characterized, in these set-
tings, by weight loss, weakness, and starvation. 

 Enteral nutrition may be followed by meta-
bolic complications, like tube feeding syndrome, 
a hypertonic dehydration state produced by 
 overfeeding protein [ 93 ] or by administering 
 inadequate free water, hence inducing hypernatre-
mia. It can be managed simply avoiding hyper-
tonic feeds and administering abundant free water. 
A common complication is diarrhea, classically 

osmotic but also consequent to  Clostridium diffi -
cile  enterocolitis and bacterial overgrowth. 
Diarrhea can signifi cantly impair wound healing 
because of bacterial contamination, diffi culty in 
maintaining a clean dressing, malabsorption, and 
gastrointestinal protein losses. 

 Some specifi c nutrients, like arginine, glutamine, 
nucleotides, and ω-3 fatty acids, given enterally or 
parenterally, induce a pharmacologic immune-
enhancing effects independent of  preventing acute 
protein malnutrition [ 93 ], and glutamine has been 
recommended in military trauma patients in a fi eld 
intensive care unit (unless there is a brain injury) 
[ 94 ]. Early  postoperative enteral immunonutrition 
may offer additional benefi ts over standard enteral 
formulas [ 95 ]. A meta-analysis published in 2001 
about immunonutrition, limited to gastrointestinal 
surgery, concluded that immune-enhancing diet 
was able to improve healing of surgical wounds and 
to reduce complication rate and hospital stay, with-
out infl uencing mortality, regardless of the time of 
administration (preoperative, postoperative, or 
both) [ 96 ]. However, the greatest benefi t of immu-
nonutrition appears to be in surgical patients rather 
than critically ill or trauma patients [ 60 ]; therefore, 
while there is evidence to support the use of immu-
nonutrition in elective and gastrointestinal surgery, 
at present there is still controversy of its use in other 
settings. Moreover, according to EAST, the precise 
doses and lengths of treatment with arginine and 
glutamine required to obtain an immune-enhancing 
effect have not yet been determined. 

 Semi-elemental feeds have also been used for 
enteral nutrition, containing hydrolyzed protein 
as nitrogen source. They are differentiated from 
intact protein feeds (protein that has not been 
hydrolyzed) and elemental feeds (free amino 
acids as the sole source of nitrogen). The use of a 
semi-elemental feed is associated with better 
amino acid absorption, better insulin responses, 
and decreased diarrhea compared to an intact 
protein, enteral feed [ 97 ]. Again, their availabil-
ity may be scarce in austere environment.   

    Conclusion 

 Weight loss, starvation, or poor nutritional 
state are frequently observed in orthopedic 
trauma patients in developing countries, and 
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malnutrition increases during the hospital 
stay, therefore infl uencing negatively the clini-
cal outcome. To recognize the signifi cant role 
of nutrition in orthopedic trauma in order to 
prevent malnutrition or to offer a good nutri-
tional support, at least during the period of 
hospital care, is a fi rst important step. 
Regrettably, nutritional care is challenging in 
such settings, due to the nonavailability of 
TPN or enteral nutrition solutions as in west-
ern countries. Given the scarce level of 
resources, nutrition supplement should be 
administered by the simplest oral or enteral 
routes and based on local, available ingredi-
ents. The preparation of enriched food or 
enteral solution with local components, their 
administration to the patients, and the under-
standing regarding the importance of provid-
ing nutritional support will be especially 
valuable for the local staff, contributing to bet-
ter care for orthopedic trauma patients and 
improved outcomes.     
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      HIV/AIDS and Orthopaedic Trauma                     

     W.  J.     Harrison     

       HIV/AIDS primarily affects patients in low- 
income settings, particularly in sub-Saharan 
Africa. Clinicians, especially orthopaedic trauma 
surgeons from high-income countries, may not 
be familiar with HIV disease or its impact on 
management of trauma patients. Local staff often 
have a good working knowledge of HIV disease 
and its treatment. Many of them now have some 
understanding of expected outcomes after sur-
gery, although in the early years of the pandemic, 
there were a lot of misconceptions. 

 UNAIDS data indicated that an estimated 34 
million persons were living with HIV by the end 
of 2011, with this number rising annually. 69 % 
of the 34 million were in sub-Saharan Africa with 
Asia contributing a further 5 million. Other 
regions with signifi cant HIV problems include 
the Caribbean and Eastern Europe [ 1 ]. 

 There were 2.5 million new HIV infections 
globally in 2011, less than in previous years. 1.7 
million died of AIDS-related causes. 8 million 
were on highly active antiretroviral treatment 
(HAART) including 6 million in Africa. 

 The main aim of this chapter is to highlight 
aspects of HIV infection which may predict 

altered outcomes from the injury itself or result in 
different management strategies. Thus, I hope to 
provide some principles to guide management 
decisions in an evidence-based manner [ 2 ,  3 ]. 

12.1     HIV/AIDS: The Disease 

 Human immunodefi ciency virus is a retrovirus 
which indicates that it copies its RNA back into 
the DNA inside cells using the reverse transcrip-
tase enzyme. The newly formed DNA can then 
be ‘copied’ to make new virus particles which are 
subsequently released from the cell to infect 
other cells. The ability to ‘hide’ in the host DNA 
makes the virus inaccessible to conventional 
therapies. 

 The virus is taken up into T cells which are 
involved in the cellular immune response. These 
T helper cells have a protein receptor called the 
cluster of differentiation antigen number 4 or 
CD4. The viral onslaught against T helper cells 
weakens both the cellular and humoral immune 
responses. 

 When a person becomes infected with HIV, 
they manifest a brief fl u-like illness before enter-
ing an asymptomatic phase in which they have 
generalised lymphadenopathy but are not unusu-
ally subject to disease. Their defences gradually 
fall over some years until they become subject to 
various infections and certain tumours. If 
unchecked, the loss of immunity progresses to 
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the development of acquired immunodefi ciency 
syndrome (AIDS). AIDS patients face life- 
threatening illnesses including tuberculosis, 
pneumocystis carinii pneumonia, cryptococcal 
meningitis, and Kaposi’s sarcoma. 

 As the disease progresses, the CD4 cell count 
falls from its normal value of around 1000 cells/
mm3. Few problems are normally encountered 
until the CD4 cell count drops below 500, whilst 
levels below 200 allow AIDS to develop. 

 The viral load refl ects the number of virions 
per unit volume of blood and is high at initial 
seroconversion and later in the progression to 
AIDS. A high viral load also makes the patient 
more infectious to other parties. HAART is effec-
tive in reducing viral load, sometimes to very low 
levels. This controls disease progression, allows 
CD4 numbers to be partially restored and makes 
the patient less infectious to others. Current rec-
ommendations were adjusted in 2013 to suggest 
commencing HAART when the CD4 level drops 
below 500, but not all countries may be able to 
implement such a proactive approach. 

 HIV disease may be classifi ed according to 
two common classifi cations – The World Health 
Organisation (updated 2005) and the Centre for 
Disease Control (updated 2008) classifi cations 
[ 4 ,  5 ]. The WHO classifi cation bears more 
emphasis on clinical fi ndings but both systems 
now require laboratory confi rmation of HIV. 

 It should be noted that CD4 cell count testing 
is relatively expensive and not universally 

 available and viral load is only available in spe-
cialist units. HIV tests themselves are cheap and 
widely available. Clinicians should also consider 
the nutritional status of patients with HIV disease. 
This is commonly impaired, and low albumin 
may be a predictor of poor surgical outcomes [ 6 ].  

12.2     Closed Fractures 

 When considering operative fracture management 
on patients with HIV disease and fresh fractures 
or their sequelae, the question of expected wound 
healing and deep infection must be considered. 
There is now good data from prospective studies 
to guide decisions after closed fractures. 

12.2.1     Wound Healing 

 Early studies of Jellis [ 7 ], Hoekman [ 8 ], and 
Paiement [ 9 ] highlighted potential problems after 
internal fracture fi xation. The study designs of 
these early reports did not defi ne risks  accurately 
with regard to closed injuries. Furthermore, these 
studies were undertaken in the pre-HAART era. 

 The large prospective, controlled studies of 
our group in Malawi have subsequently shown 
that for closed fractures without severe soft tissue 
injury, excellent post-operative infection rates 
can be achieved [ 10 ,  11 ] (Table  12.1 ). These rates 
are equivalent to healthy controls and are below 

   Table 12.1    Published infection rates for internal fracture fi xation of HIV-positive patients   

 First author  Year of publication 
 Number of 
patients 

 Open or closed 
fractures  Use of ARTs  Infection rate 

 Hoekman  1991  43  Closed  No  24 % 

 Paiement  1994  NK  Mixed  No  17 % overall, 
56 % open 

 Jellis  1996  NK  Closed  No  33 % 

 Harrison  2002  41  Mixed stratifi ed  No  4 % closed 
 42 % open 

 Bahabeck  2008  74  Closed  Yes  6 % 

 Abalo  2010  36  Mixed stratifi ed  Some  8 of 28 closed 
 75 % open 

 Aird  2011  33  Open  Some  15% a  

 Bates  2012  132  Both, stratifi ed 
results 

 Some  4 % closed 
 33 % open 

   NK  not known 
  a Mixed internal and external fi xation  
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5 % even by strict defi nition criteria to include 
minor transient infection. Disease stage may 
affect infection rates although we reported mean-
ingful numbers of patients with CD4 counts 
below 200 cells/mm3 who nevertheless obtained 
sound wound healing. Most of these patients 
were recruited in the pre-HAART era, and the 
encouraging fi ndings are unlikely to be impaired 
by the advances of HAART.

   A smaller recent study of Abalo from Togo 
found higher infections rates, but this was a mixed 
group with open and closed fractures [ 12 ]. The 
large study of Bahabeck also found encouraging 
wound healing rates in such patients [ 13 ]. They 
employed a regime of extended intravenous pro-
phylaxis and immediate commencement of 
HAART and attributed their success to such mea-
sures. Since our study had equally good results 
without these interventions, I do not feel that evi-
dence substantiates this advice. HAART normally 
takes 6 or more weeks to translate into a signifi -
cant rise in CD4 count and improvement in immu-
nity – and one expects wound healing long ahead 
of this. HAART may be valuable before elective 
surgery where such a delay to surgery can be 
scheduled, and we have employed this strategy 
for arthroplasty surgery with apparent success 
[ 14 ]. Nutritional improvements may also be advo-
cated in such a situation. 

 We used a single dose of appropriate intrave-
nous antibiotics at induction of anaesthesia, and 
this regime gave results comparable to healthy 
controls. I am unaware of any evidence that 
extended prophylaxis is likely to improve opera-
tive wound infection rates.  

12.2.2     Fracture Union 

 Since HIV alters the infl ammatory response, 
there are some theoretical reasons why it might 
alter fracture union [ 15 ]. We recently published 
the fi rst clinical paper looking prospectively at 
fracture union in a cohort of 100 internal fi xations 
in patients with HIV disease [ 16 ]. This cohort 
contained a mixture of fracture types and fi xation 
strategies and did not have a control group. 
Nevertheless the clinical results of 107 fracture 
cases with only 4 % non-union were encouraging. 

Of these, all bar one case had suboptimal fi xations 
which were the more obvious cause of impaired 
fracture union.  

12.2.3     Late Implant Sepsis 

 As patient immunity wanes in the progression 
towards AIDS, there is a concern that metallic 
implants could form the focus of a late infection. 
This concept has been promoted by the Durban 
group who have recorded a number of such cases 
[ 17 ,  18 ]. Such a fi nding has also been observed in 
haemophiliacs with HIV disease who have 
undergone arthroplasty surgery [ 19 ]. 

 We published our fi ndings of a prospective 
group of 36 patients with 38 implants in which no 
late sepsis had been identifi ed at 1 year [ 20 ]. We are 
currently analysing our cohort of 100 HIV- positive 
patients with 3- to 8-year follow-up after internal 
fracture fi xation. Again we have not identifi ed any 
cases of late sepsis in this series [ 21 ]. 

 Overall I believe that late implant sepsis may 
be an entity, but it is not suffi ciently prevalent to 
alter common practice of leaving fi xation 
implants in situ unless they are causing problems. 
It may be that the use of HAART will reduce 
further any risk of late implant sepsis. Should it 
occur, it can be treated in the standard manner of 
implant removal and local debridement, plus 
antibiotics.   

12.3     Open Fractures 

 Whilst the evidence on closed fractures is fairly 
clear and gives an encouraging message, the 
evidence for open fractures is confl icting and 
appears to portray a more guarded outlook. 

12.3.1     Wound Infection 

 Some of the early series which reported high 
rates of surgical infection contained some open 
fractures. In our early paper, we separated the 
analysis for patients with open fractures or severe 
soft tissue injuries [ 10 ]. This gave a small group 
of only 12 HIV-positive patients with open 
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fractures fi xed internally, but the infection rate 
was alarming at 42 %, and compared unfavourably 
with an infection rate of 11 % in 27 controls. We 
also published a small series of open tibia 
fractures treated with external fi xation – again 
showing high wound infection rates [ 22 ]. The 
numbers in these series were too small to make 
meaningful sub-analysis for severity of open 
fracture or disease stage – although both seem 
likely to be important. 

 The largest published study looking at open 
fractures comes from Aird working in South 
Africa [ 23 ]. They had the practice of managing 
Gustilo grade 1 fractures on daytime trauma lists 
within 48 h, but managing grade 2 and 3 injuries 
as emergencies with emergency debridement and 
external or internal fi xation. They also entered a 
larger number of gunshot injuries than other 
series. They showed a raised infection rate for 
grade 1 injuries compared to HIV-negative 
controls, but observed no such effect in grade 2 
and 3 injuries. They suggested that delay to 
surgery was more important than wound severity. 
This fi nding confl icts somewhat with other 
literatures, and there may be study design factors 
which gave rise to this somewhat surprising 
fi nding. 

 I believe that the current literature indicates 
that contamination and soft tissue injury, delay to 
surgery, and disease stage are all likely to be 
relevant to the expected outcome after open 
fractures in patients with HIV disease. Wound 
infection in such patients is a signifi cant clinical 
problem. The method of stabilisation employed 
may be relevant, although this is currently 
unproven [ 24 ].  

12.3.2     Microbiology 

 Studies of wound infection of open and surgical 
wounds in patients with HIV disease have not 
been large or sophisticated enough to give 
defi nitive evidence regarding which pathogens 
are most relevant.  Staphylococcus aureus  appears 
to be the most common pathogen, but other 
organisms have been isolated. The role of fungi is 
unknown.  

12.3.3     Pin Site Infection 

 Our study group looked prospectively at pin 
site infections during the use of conventional 
mono- lateral external fi xators with Schantz 
screws [ 25 ]. We found increased rates of all 
grades of pin track infections, although the 
majority were minor and could be managed 
using increased cleaning and oral antibiotics. 
We concluded that it was reasonable to use 
external fi xators in patients with HIV disease 
where the clinical situation favoured such an 
approach.   

12.4     Fracture Union 

 Fracture union after open fractures has not been 
adequately studied. Many such injuries occur at 
the tibia and involve road trauma with signifi cant 
energy. Our study [ 22 ] suggested that such 
injuries may have a delay in union, but this 
fi nding may have been distorted by the small 
study numbers and the presence of high numbers 
of open wound infections. 

 My advice would be to make infection 
prevention, or treatment, the top priority after 
open fracture in patients with HIV disease. This 
involves early and aggressive debridement, 
immediate skeletal stabilisation, repeat 
debridement, and early soft tissue cover. The use 
of internal versus external stabilisation of such 
fractures remains a surgeon choice. External 
fi xation may be a safer option unless early and 
radical debridement can be achieved. Secondary 
issues of delayed union will be much easier to 
manage in the absence of infection. 

12.4.1     Functional Outcome 

 To my knowledge, there are no studies which 
really assess functional outcome in patients with 
HIV disease after fractures. In some patients with 
deep chronic sepsis after open tibial fractures, a 
below knee amputation may be advised. The 
outcome of such surgery and the response to a 
prosthetic limb has not been defi ned.   
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12.5     Polytrauma 

 Since HIV affects all body systems and the 
infl ammatory response, the impact of polytrauma 
may be altered. At the same time, standard 
supportive measures including ventilator support 
may be complicated by respiratory infections and 
other problems.  

12.6     Osteoporosis and Fragility 
Fractures 

 The recent literature from high-income countries 
has featured a number of papers describing the 
association between HIV and osteoporosis and 
fragility fractures [ 26 ,  27 ]. Such problems arise 
in individuals who have been treated over many 
years and for whom HIV has become a chronic 
disease. It appears that osteoporosis in such 
patients is multifactorial, resulting from smoking, 
alcohol, steroid usage, direct viral effects, some 
antiretrovirals, low body weight, nutrition, and 
sedentary lifestyle. 

 I have not encountered clinical problems of this 
nature in Africa, and I am not aware of any litera-
ture on this aspect emerging from low- income 
countries. I will therefore not discuss it further in 
this chapter. It may be a problem for the future in 
low-income countries, as more people access 
HAART and have extended life expectancies.  

12.7     Working with Patients Who 
Are HIV Positive 

 Interaction with patients with HIV disease throws 
up a complex psychosocial milieu which is both 
challenging and interesting. The public, and 
indeed medical, perception of such patients 
varies from country to country and between 
different individuals. In some cultures, the means 
of original infection transmission may affect 
perceptions. This may be through congenital, 
heterosexual sex, homosexual sex, intravenous 
drug use, or other means of blood contamination. 
The prevalent cause varies from country to 
country. 

 All patients appreciate being treated with the 
normal respect of fellow human beings. It is also 
helpful when the clinician indicates that he is 
comfortable touching the patient without gloves 
during examination – assuming there are no open 
wounds. 

 Clinicians must maintain the highest standards 
of confi dentiality and maintain patient trust. 
Counselling is required when undertaking HIV 
tests. Visitors are advised to be gentle and 
respectful towards the local culture and take time 
to understand what forms local opinion, before 
coming to any conclusions. 

 Whilst pretest and post-test counselling is 
available in most low-income settings, wider 
psychological support may be limited. I have 
found that an honest and encouraging approach 
to the patient allays many fears and assists 
engagement in the processes of treatment and 
rehabilitation. It is also important to consider 
referral for antiretroviral therapy where 
appropriate. 

 The risk of a health worker contracting HIV 
during his duties is statistically fairly small. In 
some groups, excessive fears prevail in this 
regard. Lemaire’s review of the relative dangers 
is helpful and indicates that the overall risk of 
contracting HIV after a clinical exposure is 
around 0.3 % [ 28 ]. This may be reduced up to 
tenfold by prompt and appropriate administration 
of post-exposure prophylaxis (PEP). Most larger 
centres in countries with high HIV seroprevalence 
can provide PEP. The visitor should check this 
availability before embarking on a visit and make 
appropriate arrangements. 

 The orthopaedic surgeon bears a higher 
occupational risk of blood exposure than most 
clinicians on account of the nature of his work. 
This risk can be reduced by adopting universal 
precautions. The discipline of the operating 
theatre team is critical. Gloves and eyewear 
should be worn whenever one is in proximity to 
an open wound. When operating, one should 
assume all patients are potentially HIV positive 
(they may also have hepatitis B or C). Always 
wear double gloves. Occasionally I have worn 
three gloves on the non-dominant hand. The use 
of a cloth or metal mesh over-glove has been 
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advocated when using wires. These are not 
generally available in low-income countries and I 
have no experience of using them. 

 I do recommend the use of surgical instruments 
whenever handling wires or indeed surgical 
needles. Whilst it is obvious, one must 
re-emphasise that hollow needles must not be 
resheathed. The use of a kidney dish helps 
tremendously in putting down sharps safely 
before they can be disposed in a sharps bin. The 
scalpel should always be passed in a plastic 
kidney dish (a metal dish can blunt the blade). 
The dish should not be passed hand to hand, but 
rather placed on a fl at stable surface from which 
the scalpel can be lifted. I am a great advocate of 
maximal communication as a safety measure. 
This includes the declaration of ‘sharp coming’ 
whenever one is moving a sharp into or away 
from the wound. It is also important not to point 
the sharp outwards at such times in case an 
assistant moves his hand across the path of the 
sharp. 

 Excessive use of force seems to predispose to 
an increased risk of surgeon sharp injury. Where 
possible, use instruments and traction to secure 
fracture reduction, rather than fi ngers in the 
wound or brute force. When fi ngers are out of 
sight inside a wound, the risk is greater. I have 
been injured when using a non-cutting needle for 
attempted skin suture. The excessive force 
required caused the needle to slip into my fi nger. 
Such dangers are occasionally encountered in 
resource-poor environments where optimal 
equipment may not be available.  

    Conclusion 

 Extensive data has emerged in the last decade 
regarding the outcome of patients with HIV 
disease after trauma surgery. On the whole, 
recent publications indicate encouraging out-
comes, but concern remains regarding the rate 
of wound infection after open fractures.     
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      Malunion, Non-union and Delayed 
Presentation: The Norm, 
Not the Exception                     

     Deepa     Bose     

       In most high-income countries, patients who have 
suffered physical trauma present within the fi rst 24 
h, and it is extremely unusual to see delayed 
 presentations of acute limb injuries. In low- and 
middle-income countries, on the other hand, 
 several problems collude to prevent immediate 
 presentation of trauma. These include lack of 
access to medical facilities, lack of transportation, 
the services of traditional healers, and  undiagnosed 
or missed injuries. As a result, the  incidence of 
delayed presentations and sequelae of trauma is 
much greater in austere environments. Surgeons 
working in such conditions must be prepared to 
deal with malunions, non-unions and  post-traumatic 
osteomyelitis on a regular basis. 

13.1     Malunion 

 Fractures which do not heal in the anatomical 
position are referred to as malunions. The need 
for deformity correction depends on many 
 factors, including the presence of visible 
 deformity, disability and pain. Malunion results 
in shortening, angulation, rotation or various 
combinations of the above deformities. Some 

malunions are not clinically obvious and cause 
no disability; these injuries require no treatment. 
Deformities which result in loss of function 
should be treated where possible. Malunion of 
the long bones of the lower limb can alter the 
mechanical axis of the limb, resulting in pain and 
disability of joints; these benefi t from correction 
at the earliest opportunity [ 1 ]. 

 Decision-making in treatment of malunions:

    1.    Is it clinically evident?   
   2.    Is it symptomatic?   
   3.    Is it likely to become symptomatic in future?   
   4.    Defi nition of deformity parameters.   
   5.    Single or multiple level corrections?   
   6.    Acute or gradual correction? What are the 

structures at risk during correction?   
   7.    Internal or external fi xation?   
   8.    Treatment of periarticular malunions and non-

unions: internal or external fi xation?     

13.1.1     Long Bone Malunions 

13.1.1.1     Upper Limb 
 Malunion of the humeral diaphysis does not often 
result in a functional defi cit, because of the range 
of motion in the shoulder and elbow joints, which 
can easily accommodate any residual deformity 
in the upper arm. Malunion of the proximal 
humerus may cause restriction of movement, but 
correction is complex and should only be 
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 undertaken if absolutely necessary on clinical 
grounds. This may be done by a metaphyseal 
osteotomy, but arthroplasty or arthroscopic 
acromioplasty and tuberoplasty can also be con-
sidered in a specialist centre if the expertise and 
equipment are available [ 2 ]. 

 Malunions around the elbow can cause signifi -
cant loss of motion, instability, neurological dys-
function and an unacceptable appearance 
(Fig.  13.1 ). Commonly encountered conditions in 

this region include malunion of the distal humerus, 
malunion of the olecranon or radial head, neglected 
humero-ulnar dislocation and neglected Monteggia 
lesions with chronic radial head dislocation [ 3 ]. 
These complex injuries are very diffi cult to treat 
and must only be undertaken by surgeons experi-
enced in the fi eld. Methods of treatment include 
osteotomies and stable fi xation, distraction with 
hinged external fi xators, complex bony and soft 
tissue reconstructions and arthroplasty [ 3 – 8 ].

   Malunion of the forearm bones can result in 
loss of rotation of the forearm and instability of 
the elbow and wrist. Osteotomy and internal fi xa-
tion has yielded good results, although it can be 
diffi cult to defi ne the three-dimensional defor-
mity accurately [ 9 ,  10 ]. 

 Malunions of the distal radius can also result 
in signifi cant loss of function; the commonest 
treatment for this is corrective osteotomy and 
fi xation [ 11 ,  12 ].  

13.1.1.2     Lower Limb 
 Malunions of the femur and tibia may be 
 acceptable depending on the degree of severity 
(Figs.  13.2  and  13.3 ). In resource-poor   Fig. 13.1    Neglected elbow fracture malunion       

  Fig. 13.2    Femoral shaft 
malreduction       
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 environments,  malunions which do not result in 
clinically evident deformity or deranged function 
of the joints are usually acceptable. The magni-
tude of acceptable deformity varies widely in the 
literature, and there is no clear consensus [ 13 , 
 14 ]. Varus deformities are less well tolerated than 
valgus ones, and sagittal deformities are more 
forgiving that coronal ones [ 15 ]. Standing antero-
posterior radiographs of the whole lower limb 
allow for measurement of the mechanical axis, 
which is a line drawn from the centre of rotation 
of the hip to the centre of the ankle. This will 
determine the nature and magnitude of the coro-
nal plane deformity. Comparison with the oppo-
site limb, if uninjured, is useful. Sagittal plane 
deformities are defi ned on standing lateral radio-
graphs. Rotational deformities are best deter-
mined clinically, although a CT scan can provide 
accurate measurements if facilities are available.

    If the decision has been taken to correct the 
deformity once it has been defi ned and evaluated, 
then the surgeon must decide whether to perform 
the correction acutely in one stage or gradually. 
The limiting factor to acute correction is the soft 
tissue; the neurovascular structures are most at 
risk. Valgus deformities, especially those close to 
the knee, place the common peroneal nerve under 
stretch if acutely corrected, and a gradual 
 correction should be considered in these cases. 

Skin cover may also be required in a large angu-
lar correction. Acute surgical correction by a 
single osteotomy in the plane of the deformity 
and internal fi xation using either intramedullary 
nails or plates and screws has been very success-
ful [ 16 ,  17 ]. Osteotomies for angular deformity 
correction around the knee (distal femur and 
proximal tibia) often take the form of an opening 
(on the concave side) or closing (on the convex 
side) wedge [ 18 ]. Open wedge osteotomies 
require bone grafting to fi ll the gap created by the 
procedure. Small rotational deformities may be 
addressed by corrective osteotomy and internal 
fi xation. Large acute rotational corrections may 
cause kinking of the neurovascular bundle, result-
ing in ischaemia of the leg; it is preferable to cor-
rect these gradually using external fi xators. 

 Gradual corrections may be achieved by exter-
nal fi xators, which can be adjusted everyday by 
the patient until an acceptable position is reached. 
These can be either monolateral or circular, such 
as an Ilizarov frame [ 19 ,  20 ]. The circular fi x-
ators have the advantage of allowing weight bear-
ing in the immediate post-operative period, but 
special surgical and rehabilitation expertise is 
required for their application and use. Patient 
education and cooperation during the course of 
treatment is also essential, and pin site care must 
be taught and undertaken religiously. 

 In low-resource environments, acute one- stage 
deformity correction followed by pins and plaster 
may be suffi cient to achieve healing in an accept-
able position. Closed reduction under anaesthesia 
and maintenance of correction by pins above and 
below the fracture incorporated into a plaster cast 
has also been recommended [ 21 ]. 

 Deformities in the axial plane of less than 
2 cm are rarely noticeable, and if so can be dealt 
with with an orthotic, which can be worn either 
inside or outside footwear. Shortening of more 
than this may require correction. Lengthening is 
done using the technique of distraction 
osteogenesis [ 22 ,  23 ] in either a circular or 
monolateral fi xator [ 24 ]. It is better to lengthen 
gradually in order to preserve the neurovascular 
function. Distraction osteogenesis is a technically 
demanding procedure and very labour intensive 
for both surgeon and patient. Ideally, access to 
physiotherapy and rehabilitation services should 

  Fig. 13.3    Distal femoral fracture malunion secondary to 
inappropriate traction       
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be provided if possible. In particular, it is 
important that regular physiotherapy is carried 
out to avoid or detect joint contractures [ 25 ]. 
Frequent outpatient visits are necessary during 
the lengthening period, and this may be diffi cult 
in low- and middle-income countries, where 
transportation is unreliable and expensive. It may 
be advisable in these cases to keep the patient in 
hospital until the desired length has been 
achieved. 

 Intramedullary lengthening nails are also 
available and have had good results in some 
hands, but they have been associated with some 
complications [ 26 ] and are currently less easy to 
control than external devices. These procedures 
should only be performed by specialist surgeons.   

13.1.2     Malunions Around Joints 
and Neglected Dislocations 

 Malunited fractures around joints may result in 
special diffi culties such as joint contractures, 
inadequate soft tissue cover, dense scarring and 
fi brosis and scar contractures. Correction of such 
deformities should only be attempted by surgeons 
experienced in this fi eld. The specifi c treatment 
of individual periarticular malunions and 
neglected joint dislocations is beyond the scope 
of this chapter, but a few common strategies are 
outlined below. 

 Extra-articular malunions may be corrected 
by osteotomy and fi xation. Plates are commonly 
used to secure osteotomies close to joints [ 27 ], 
although intramedullary nails may be used if the 
articular fragment is of suffi cient size and shape 
to allow suffi cient stabilization with this device. 

 Malunited intra-articular fractures are much 
more diffi cult to treat. Intra-articular osteotomies 
are required, and restoration of normal articular 
congruence is extremely hard to achieve. It is 
important to avoid soft tissue stripping of small 
articular fragments during surgery. The articular 
surface should be fi xed, wherever possible, by 
rigid stability and interfragmentary compression, 
in accordance with the recommended principles 
of management of intra-articular fractures [ 28 ]. 
Post-traumatic degenerative changes of lower 

limb joints may necessitate arthrodesis in young, 
high-demand patients, or arthroplasty if facilities 
for this are available [ 29 ,  30 ]. 

 Neglected dislocations of joints present a par-
ticularly challenging situation. Open reduction, 
soft tissue reconstruction and stabilisation has 
yielded good results in some cases of elbow and 
shoulder dislocations [ 31 ,  32 ]. In long-standing 
cases, external fi xators can be used in combina-
tion with surgical arthrolysis to gradually distract 
the joint and correct the deformity [ 33 ,  34 ], but 
the resulting function may be poor. In cases 
where there is signifi cant degenerative change in 
the joint, and the patient has low physical 
demand, a replacement arthroplasty may be con-
sidered, if this is available [ 35 ,  36 ]. In young and 
physically demanding patients, or if arthroplasty 
is unavailable, arthrodesis of the joint may be the 
best treatment option (Table  13.1 ).

13.2         Non-union 

13.2.1     Defi nition 

 Non-union is a lack of progression towards 
fracture healing over a period of time. The US 
America Food and Drug Administration (FDA) 
panel in 1986 defi ned non-union as being 
established when a minimum of 9 months had 
elapsed, with no visible progressive signs of 
healing for three consecutive months [ 37 ]. The 
diagnosis of delayed union and non-union is 
notoriously diffi cult [ 38 ] and will vary widely 
with country, patient, clinician and nature of 
injury (Figs.  13.4a, b  and  13.5 ).

   Table 13.1    Treatment of periarticular malunions and 
non-unions   

 1. Osteotomy 

   Physically demanding 

   Mild/moderate degenerative changes 

 2. Arthrodesis 

   Physically demanding 

   Severe degenerative changes 

 3. Arthroplasty 

   Physically undemanding 

   Severe degenerative changes 
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a b

  Fig. 13.4    ( a ) Clinical non union humeral fracture. ( b ) X-ray humeral non union       

  Fig. 13.5    Non-union 
femoral fracture and IM 
nail       
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13.2.2         Aetiology 

 Factors causing and contributing to non-union 
can be divided as follows:

    1.     Injury-related factors  
 High-energy injury, open or closed fractures 
with soft tissue stripping and multifragmen-
tary fractures   

   2.     Patient-related factors  

 Systemic  Smoking 

 Alcohol 

 Endocrine disorders (thyroid, adrenal, 
pituitary) 

 Deranged calcium metabolism 

 Steroids 

 Diabetes mellitus 

 Metabolic bone disease 

 Local  Soft tissue stripping 

 Soft tissue interposition 

 Multifragmentary fracture, high-energy 
injury 

 Osteomyelitis 

 Infected implants 

 Poor vascularity 

       3.     Treatment-related factors 
   Extensive dissection and soft tissue stripping.  
  Poor fracture reduction.  
  Large bony gap.  
  Too rigid fi xation – multisegmental fractures 

should not be rigidly fi xed, as this increases 
the strain at the fracture gap to an unac-
ceptable level [ 39 ]. Such fractures should 
be given relative stability.  

  Too fl exible fi xation – simple fracture patterns 
need interfragmentary compression and 
rigid fi xation to limit movement at the frac-
ture site.         

13.2.3     Classifi cation 

 Non-unions have been classifi ed using various 
systems. The Weber and Cech [ 40 ] and Paley’s 
modifi cation of the Ilizarov classifi cation [ 41 ] are 
among the most commonly used. 

 Weber and Cech classifi cation: 

 Hypervascular  “Elephant 
foot” 

 Hypertrophic 

 “Horse hoof”  Mildly hypertrophic 

 Oligotrophic 

 Avascular  Torsional 
wedge 

 An un-united 
intermediate 
“butterfl y” fragment 

 Comminuted  Several un-united 
intermediate 
fragments 

 Defect  Bony gap 

 Atrophic  Intermediary 
fragment missing; 
fi brous tissue in gap 

   Ilizarov divided non-unions into mobile and 
stiff types. Mobile types responded best to 
compression, whereas stiff types tended to heal 
with distraction. Paley modifi ed this as follows: 

 Type A  Non-unions with less than 1 cm of bone loss 

   A1  Lax non-unions 

   A2  Stiff non-unions with deformity 

   A3  Stiff non-unions without fi xed deformity 

 Type B  Non-unions with more than 1 cm of bone 
loss 

   B1  No shortening 

   B2  Shortening but no gap 

   B3  Shortening with a gap 

 Type C  Infected non-unions 

   Personally, I fi nd it useful to place non-unions 
into the following grid shown in Table  13.2 . This 
table helps to identify the factors responsible for 
non-union, as well as providing an indication of 
the specifi c management strategy required in 
each case.

   Table 13.2    Non-union classifi cation   

 Too mobile  Too rigid 

 Hypertrophic  Increased stability 
needed 

 Oligotrophic 
or atrophic 

 Increased 
stability + biological 
stimulus needed 

 Decreased 
stability 
+/− biological 
stimulus 
needed 
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     1.     Hypertrophic non - union  
 There is considerable evidence of attempts at 
fracture healing on radiographs, with abundant 
callus formation. These fractures usually have 
too much movement and need increased 
mechanical stability in order to unite.   

   2.     Oligotrophic non - union  
 There is some evidence of callus formation on 
radiographs. These can be associated with 
fractures which have been fi xed too rigidly, or 
with inadequate reduction and a resulting 
bony gap.   

   3.     Atrophic non - union  
 There is little or no evidence of attempts at 
fracture healing on radiographs. These frac-
tures usually need both appropriate mechani-
cal stability and biological stimulation in 
order to unite. In some cases of atrophic non-
union, the existing fi xation may be too rigid, 
and the fracture pattern may require less rigid 
fi xation for union to occur. In other cases, the 
fracture may have been fi xed with a gap. 
Traditional teaching suggests that atrophic 
non-unions were avascular, but studies from 
Oxford have shown that this is not necessarily 
the case [ 42 ].   

   4.     Pseudarthrosis  
 This is a particular type of non-union where 
there is formation of a joint-like structure 
between the bone ends, with the presence of 
synovial fl uid in the gap [ 43 ]. This type 
requires surgical debridement of the ends back 
to bleeding bone, followed by compression 
across the fracture and rigid internal or exter-
nal fi xation. Autologous bone grafting may be 
used between the bone ends to enhance frac-
ture healing.    

13.2.4       Management of Aseptic 
Non-union 

13.2.4.1     Optimisation of the Patient’s 
General Health 

 The fi rst stage in management of non-unions is to 
determine the factors which are contributing to 
the failure to unite. These may be patient related, 
injury related or treatment related, as detailed 

above. The surgeon will have no control over the 
circumstances of the original injury or previous 
treatment, but every effort must be made to 
optimise patient-related factors as much as 
possible, prior to embarking upon potentially 
complex and diffi cult surgical procedures.  

13.2.4.2     Increased Mechanical 
Stability Without Bony 
Resection 

 In some cases of non-union in long bones, 
additional stability of the fracture using closed 
methods may be all that is required for union to 
occur. An example of this is a stiff, hypertrophic 
non-union. Resection of the bone ends is not 
required, as they remain viable. X-rays show a 
periosteal reaction which extends to the tips of 
each fragment, indicating that each segment is 
biologically active. These cases can be treated by 
distraction in an external fi xator, without the need 
to open the fracture site [ 44 ]. In long bones where 
previous fi xation with intramedullary nailing is 
in situ, and the non-union is aseptic, with no 
associated deformity or gap, exchange nailing 
without opening the fracture site can also lead to 
union [ 45 ,  46 ]. Hypertrophic non-union of the 
tibia can also result from an intact fi bula or early 
union of the fi bular fracture, which splints the 
tibial fracture apart. Such cases have been 
successfully treated by fi bulectomy and early 
weight bearing [ 47 ]. This treatment is attractive 
in a low-resource setting because it does not 
require special equipment and the surgical 
technique is straightforward.  

13.2.4.3     Resection Back to Viable 
Bone 

 In most cases apart from those described above, the 
ends of a non-union are sclerosed and encased in 
fi brous tissue. They must be resected back to bleed-
ing bone for healing to occur; the so-called “paprika 
sign” of punctate bleeding occurs in cortical bone 
[ 48 ]. Viable bone may be recognised by its capacity 
to bleed, its appearance and its texture. Dead bone 
does not bleed, is brittle and fl akes easily when cut 
with an osteotome. It is also ivory in colour, as 
opposed to the greyish or pinkish appearance of liv-
ing bone. Any soft tissue attachments should be 
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carefully preserved by elevating small slivers of 
bone off with the adherent tissue, so that the plane 
of elevation remains intraosseous as much as pos-
sible. This has been referred to as “decortication” 
[ 40 ]. The medullary canal of long bones should be 
opened up using reamers and drills.  

13.2.4.4     Provision of Appropriate 
Mechanical Stability 

 Stability can be provided by either internal or 
external fi xation. Hypertrophic non-unions can 
be distracted in an external fi xator or rigidly fi xed 
internally. Mobile non-unions, especially those 
with gaps, should be compressed. In cases where 
the fi xation has been too rigid, a bridging or wave 
plate technique should be employed [ 49 ].  

13.2.4.5     Provision of Biologic 
Stimulus 

 In atrophic cases, the fracture healing process has 
been halted, and this needs to be restarted. This 
can be achieved by using one or more of the 
following:

    (a)     Osteogenic stimulus  
 This may be provided by autologous bone 
graft or autologous bone marrow aspirate 
[ 50 ]. Autologous graft may be morcellised or 
structural cancellous bone, such as is used in 
the onlay technique [ 51 ,  52 ].   

   (b)     Osteoinductive stimulus  
 In addition to autologous bone graft, other 
biologic stimulants like recombinant bone 
morphogenetic protein (BMP) or platelet- 
rich plasma induce fracture healing by 
recruiting precursor cells, but these agents 
are costly, and their clinical effectiveness 
remains largely unproven [ 53 ,  54 ]. 

 Mechanical stimuli such as pulsed electro-
magnetic fi eld (PEMF) therapy and shock wave 
therapy have had a variable response[ 55 ,  56 ], 
but low-intensity ultrasound therapy, though not 
conclusively [ 57 ], has demonstrated good 
results [ 58 ,  59 ].   

   (c)     Osteoconductive stimulus  
 Demineralised bone matrix and various 
calcium- based ceramics have an osteoconduc-
tive function, in addition to fi lling dead space, 

but their effectiveness as a bone graft substi-
tute is debateable [ 60 ]. I prefer to use them as 
void fi llers or to bulk up autologous graft.      

13.2.4.6     Soft Tissue Reconstruction 
 Vascularised soft tissue cover is desirable in non- 
unions, as the following purposes are served:

    (a)    Soft tissue cover acts as a barrier to 
infection.   

   (b)    Local delivery of systemic antibiotics is 
enhanced by increased vascular supply.   

   (c)    Increased vascularity improves fracture 
healing [ 61 ].   

   (d)    Mesenchymal stem cells present in soft 
tissues can be recruited into the fracture 
healing process [ 62 ].       

13.2.5     Polytherapy 

 Giannoudis et al. [ 63 ] have suggested the term 
“diamond concept” to describe the four factors 
necessary for fracture healing: osteoprogenitor 
cells, osteoconductive scaffold, osteoinductive 
growth factors and the optimal mechanical 
environment. They suggest a “polytherapy” for 
non-unions, addressing all four factors at the 
same time. This strategy is still unproven [ 64 ] 
and would be an expensive one if all four factors 
were not needed.  

13.2.6     Infected Non-union 

13.2.6.1     Classifi cation 
 The Cierny and Mader classifi cation [ 65 ] for 
osteomyelitis is widely recognised and is particu-
larly useful for its physiological component, 
which helps to determine the causative factors and 
to formulate the treatment options for individual 
cases: 

 Disease type: 

 Type 1  Intramedullary 

 Type 2  Cortical 

 Type 3  Corticomedullary (localised) 

 Type 4  Corticomedullary (widespread) 
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   Host type: 

 Type A  Physiologically normal 

 Type B 
(local) 

 Localised comorbidities 

 Type B 
(systemic) 

 Systemic comorbidities 

 Type C  Signifi cant comorbidities (the patient is 
better able to endure the disease than its 
treatment) 

   May et al. [ 66 ] and Gordon and Chiu [ 67 ] 
have also formulated classifi cation systems based 
on the bony defect resulting from post-traumatic 
infection. 

 Jain and Sinha [ 68 ] have formulated a classifi -
cation based on the presence of active infection 
and the size of the bone gap, which they fi nd use-
ful in choosing a treatment option: 

 Type A  Infected non-union with quiescent 
infection; with or without implants in situ 

 A1  Bone gap < or = 4 cm 

 A2  Bone gap > 4 cm 

 Type B  Infected non-union with active (draining) 
infection 

 B1  Bone gap < or = 4 cm 

 B2  Bone gap > 4 cm 

   They recommend single-stage debridement, 
bone grafting and stabilisation for A1 types, debride-
ment, stabilisation and second-stage grafting for B1, 
and distraction osteogenesis for types A2 and B2.  

13.2.6.2     Management of Infected 
Non-union 

 The desired end point of treatment in all infected 
non-unions is a healed bone without infection or 
deformity. 

 I consider that there are four broad treatment 
options in each case:

    1.    Accept the  status quo    
   2.    Long-term suppressive antibiotics to control 

symptoms   
   3.    Limb salvage   
   4.    Amputation     

 The best option for the patient is determined 
after taking clinical signs and symptoms and the 

general condition of the patient into consideration. 
I fi nd the Cierny and Mader physiological 
classifi cation particularly useful for this. In 
elderly or infi rm patients, the fi rst two options are 
preferable to complex surgical treatment with a 
prolonged course and unpredictable outcome. 

 In the majority of patients, limb salvage will be 
the preferred option. In some patients with long-
standing or recurrent infection, who have had sev-
eral attempts at salvage, an amputation is 
preferable. The presence of inadequate distal vas-
cularity, severe loss of muscular or neurological 
function, or chronic pain all predispose to a poor 
result after limb salvage, and the functional out-
come of a prosthesis may well be superior in such 
cases. Limb salvage which will result in worse 
function than a well-fi tted prosthetic limb should 
only be undertaken after careful consideration and 
consultation with the patient. This is an emotion-
ally charged decision under any circumstance, but 
in low- or middle- income countries, a certain 
stigma is attached to amputation, and the surgeon 
may be persuaded to undertake limb salvage in 
cases which would do better with a prosthetic in 
higher-income countries. Careful counselling of 
the patient is necessary in these cases. The avail-
ability of limb fi tting services, and patients’ 
access to this, should also be taken into account.   

13.2.7     Limb Salvage for Infected 
Non-union 

13.2.7.1     Optimisation of Patient’s 
General Health 

 Conditions which will affect healing should be 
optimised as much as possible prior to surgery. 
This includes treatment of systemic diseases such 
as diabetes or endocrine disorders, and 
encouraging cessation of smoking and alcohol 
intake.  

13.2.7.2     Radical Surgical 
Debridement 

 All devitalised tissue, bony and soft, should be 
meticulously excised back to healthy margins, 
just as in cancer resection. As with debridement 
of open fractures, it is useful to begin at twelve 

13 Malunion, Non-union and Delayed Presentation: The Norm, Not the Exception



158

o’clock on an imaginary clock face and work all 
the way round. All implants should be removed. 
Any surface which has been in contact with metal 
should be debrided to bleeding bone, as this will 
remove the adherent biofi lm. Cortical bone 
should be preserved as much as possible, but 
should display punctate bleeding (“paprika” 
sign) at the end of the procedure.  

13.2.7.3     Skeletal Stabilisation 
 In the majority of infected cases, external fi xation 
is preferable to internal fi xation. Circular frames 
such as Ilizarov have several advantages over 
monolateral fi xators; the patient may be allowed 
to weight bear, deformities may be corrected and 
bony length regained. Internal fi xation may be 
appropriate if the anatomical site makes external 
fi xation diffi cult for the patient, such as the 
subtrochanteric region of the femur, or in cases 
where the infection is well localised, and has 
been widely excised and the bone shortened to 
close the gap.  

13.2.7.4     Dead Space Management 
 Following debridement of devitalised bone, a 
dead space is left behind. The walls of this space 
are rigid, as they are composed of bone, and so the 
space cannot collapse upon itself, as happens in 
soft tissue abscesses. If this space is left unfi lled, 
it fi lls up with blood from debrided bone surfaces, 
resulting in an excellent culture medium which 
may be responsible for the recurrence of infec-
tion. The management of dead space is now rec-
ognised as an important part of the management 
of osteomyelitis and infected non- union [ 69 ]. If 
the dead space is fi lled with local antibiotic carri-
ers, this serves two purposes at the same time, as 
some authors [ 70 ] suggest that local antibiotics 
act in synergy with systemic antibiotics to improve 
outcomes. Polymethylmethacrylate (PMMA) 
cement or cement beads loaded with antibiotics 
(e.g., gentamicin beads) are commonly used as 
dead space fi llers. Locally made beads loaded 
with antibiotics appropriate for the region have 
been shown to be effective in the low-resource 
setting [ 71 ]. Antibiotic-loaded cement rods can 
also be used to fi ll the intramedullary cavity in 
long bones after removal of an infected nail. This 
is done by injecting cement into a chest tube, with 

a long wire embedded in the centre of it. Such fi ll-
ers must be removed once all the antibiotics have 
been eluted (usually 6 weeks) or they may become 
a nidus for infection themselves. Resorbable anti-
biotic carriers such as calcium phosphate pellets 
obviate the need for another procedure to remove 
the fi ller, although they have been associated with 
sterile drainage from the wound, since they resorb 
by a process of hydrolysis [ 72 ].  

13.2.7.5     Soft Tissue Reconstruction 
 It is important for debrided bone to be covered 
with vascularised soft tissue as soon as possible, 
and certainly preferable in the same sitting. Local 
options for cover are preferable to free tissue 
transfer if possible. These may range from simple 
mobilisation of surrounding muscles covered by 
a split skin graft to local fasciocutaneous or 
muscle fl aps. Free tissue transfer may be 
necessary if there are no local options owing to 
scarring or induration, or if the area to be covered 
is large. Microvascular techniques are necessary 
for free tissue transfer and should only be 
undertaken by surgeons who are experienced in 
the fi eld. Orthopaedic surgeons who expect to 
work in austere environments would do well to 
be familiar with the techniques of local fl aps, as 
plastic surgery expertise may not be available. 
Some authors have recommended delaying soft 
tissue reconstruction until healthy granulation 
tissue is present [ 73 ], and this may be the 
appropriate plan in a low-resource situation.  

13.2.7.6     Targeted Antibiotic Therapy 
 Ideally, several samples from the surgical debride-
ment should be sent to the laboratory for bacterial 
culture and sensitivity testing, if this facility is 
available. If possible, each sample should be taken 
from deep tissue, using separate clean instruments 
for each sample. Care should be taken not to touch 
the skin, as this may yield contaminants when the 
sample is cultured. Broad spectrum empirical 
antibiotics should be started immediately follow-
ing debridement, intraoperatively if possible, 
whilst awaiting culture and sensitivity results. 
Antibiotics which are active against Gram-
positive and Gram- negative organisms should be 
chosen for this purpose. Defi nitive antibiotic ther-
apy targeted towards the culture results can be 
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decided when these are ready, in collaboration 
with microbiologists or clinical pathologists if 
their expertise is available. 

 In the absence of microbiology facilities, anti-
biotics should be chosen with reference to the 
spectrum of organisms which are associated with 
infection in that particular region or country. The 
commonest organism isolated appears to be 
 Staphylococcus aureus  [ 74 ,  75 ]. Gram-negative 
and anaerobic organisms are also common after 
open injuries [ 76 ]. In low-resource situations, it 
is preferable to switch from intravenous to oral 
antibiotics at the earliest opportunity. Recent 
studies [ 77 ] do not reveal an increased incidence 
of recurrence of infection with short intravenous 
courses compared with traditional longer courses.  

13.2.7.7     Bony Reconstruction 
  Deformity correction without bone loss . External 
fi xators can be used to correct deformity as well 
as provide initial skeletal stabilisation. Circular 
frames are advantageous here as they provide 
good 360° fragment control and allow weight 
bearing. In other cases, where soft tissues are pli-
able and will allow it, acute one-stage correction 
and compression across the non-union site may 
be undertaken. 

  Deformity correction with bone loss . Contained 
areas of bone loss are best managed by autologous 
grafting. This may be done at the same sitting as 
the surgical debridement [ 78 ], or as a second stage. 

 Segmental defects require specialist tech-
niques, which will be dealt with in the chapter on 
bone defects. Broadly speaking, they may be 
divided into distraction osteogenesis or interposi-
tion grafting techniques. 

 Circular fi xators are particularly useful in this 
scenario, as they achieve skeletal stability, defor-
mity correction and lengthening using the same 
device, and without the need for further surgical 
procedures in the majority of cases [ 79 ].       
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      Osteomyelitis                     

     Andrew     J.     Stevenson     

       Osteomyelitis is a relatively common condition 
in lesser developed nations, as compared to 
developed nations. However, there are few fi g-
ures for incidence and prevalence of the disease. 
A study from the Gambia showed chronic osteo-
myelitis accounts for 15 % of all surgical admis-
sions [ 1 ] and in Malawi accounts for 6.7 % of all 
operations in an orthopaedic unit [ 2 ]. The 
reported incidence of acute osteomyelitis in New 
Zealand aborigines is 200 in 100,000 [ 3 ]. 

 The increased incidence of osteomyelitis in 
austere environments is secondary to both 
adverse patient and environmental factors [ 4 ]. 
Patient factors include malnutrition, immunode-
fi ciency, poor dental care, prevalent skin lesions, 
anaemia and lack of healthcare knowledge. 
Environmental factors include poor access to 
clean water, poor infrastructure and lack of access 
to quality healthcare (Fig.  14.1 ). These factors 
contribute to frequent bacteraemias, lowered host 
immunity and delayed presentation, which in 
turn result in an increased incidence of bone 
infection. Even if diagnosed, treatment is often 
inadequate, and this compounds the already diffi -
cult-to-treat nature of osteomyelitis.

   Osteomyelitis can arise via haematogenous 
spread from a distant site, via direct inoculation 
through a wound adjacent to the bone (e.g. open 
fractures, post surgery) or via spread from the 
adjacent infected soft tissue (e.g. cellulitis) [ 4 ]. It 
can be classifi ed according to duration of symp-
toms into acute (days to weeks duration), sub-
acute (weeks to months) and chronic (>3 months). 

14.1     Pathophysiology 

 Haematogenous osteomyelitis is an infection of 
the bone occurring secondary to a bacteraemia. It 
is the most common form affecting children in 
the developing world. Causative organisms are 
 Staphylococcus aureus ,  Streptococcus pyogenes , 
 Haemophilus infl uenzae  and  Escherichia coli  [ 2 ]. 
Atypical organisms (salmonella, tubercle bacil-
lus (TB) and fungi) should also be considered. 
The most common bone affected is the tibia, fol-
lowed by the femur and humerus [ 2 ] (Fig.  14.2 ). 
Bacteraemic emboli typically become lodged in 
the metaphyseal region of a bone where the 
organisms proliferate. The reason for this 
metaphyseal seeding is multifactorial. It is related 
to the slowing of the blood fl ow in this area and 
the defi cient phagocytosis in these vessels. The 
fact that the capillary loops are ‘end-vessels’ also 
means that occlusion causes a localised necrosis, 
a further contributing factor [ 5 ]. As bacteria 
 proliferate, pressure increase causes ischaemia, 
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acidosis and disruption of endosteal blood supply 
to the cortex.

   At this stage the intramedullary abscess is 
painful and patients may present (acute osteomy-
elitis). If the host response (+/− antibiotics) is 
suffi cient to arrest further bacterial proliferation 
and the abscess is ‘walled-off’, the infection may 
be remarkably well tolerated by the patient (sub-
acute osteomyelitis) or indeed subside. 

 As the infection progresses, the pus follows the 
path of least resistance and fl ows out through the 
Volkmann canals and haversian system eventually 
emerging under the periosteum. The subperiosteal 
pus strips the cortex of its exosteal blood supply. 
As a result the cortical bone is completely cut-off 
from both endosteal and exosteal blood supplies, 
resulting in its death. This dead, devascularised 
bone is known as sequestrum. 

 The pus may track circumferentially around 
the bone, burst through the periosteum into the 
soft tissues or continue down the bone in an intra-
medullary fashion (Fig.  14.3 ). The elevated peri-
osteum then begins to lay down new bone, 
surrounding the sequestrum. This new, reactive 
bone is called involucrum and is key to the main-
tenance of structural integrity of the affected 
bone. The sequestrum (dead bone) and involu-
crum (new bone) are the classical hallmarks of 
chronic osteomyelitis. If left untreated the 
sequestrum may undergo partial resorption, but 
often acts a nidus for persistent infection.

  Fig. 14.1    This man had an open fracture of the tibia 
many years ago. The injury was probably mismanaged, 
sentencing him to a life with chronic osteomyelitis       

a

b

  Fig. 14.2    ( a ) This young man was a casualty during a 
suicide bomber attack. Unfortunately, he developed mul-
tiple sinuses secondary to bone infection. ( b ) X-ray show-
ing the shrapnel in the tibia       

  Fig. 14.3    Middle fi nger showing a draining sinus       
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14.2        Management 
ofOsteomyelitis: 
Review of the Evidence 

 High-quality research regarding osteomyelitis is 
sparse, with few prospective, randomised- 
controlled trials. However a recent systematic 
review of acute and subacute osteomyelitis has 
proposed the following recommendations 
[Level 1] [ 6 ]. In the early stages of acute/sub-
acute osteomyelitis, medical treatment with ini-
tial intravenous antibiotics followed by a 
minimum 3-week oral course is advocated. 
Surgery is reserved for systemic sepsis, concur-
rent septic arthritis, failure to improve with anti-
biotics or pelvic abscess >2 cm [ 6 ]. 

 The surgical treatment of chronic osteomyeli-
tis is generally agreed [ 7 ,  8 ] [Level IV]. The 
removal of dead bone/sequestrectomy, debride-
ment, drainage of pus and soft tissue care are the 
principals of infection control. The wider the 
margin of resection of the infected bone, the 
lower the recurrence rate [ 9 ] [Level III]. The role 
of antibiotics in treatment for chronic osteomy-
elitis (COM) remains a matter for debate. Some 
authors advocate that antibiotics should be used 
routinely [ 8 ], whilst others believe in selective 
antibiotic usage or only when patients are sys-
temically unwell [ 2 ,  4 ] [Level IV]. Opinion on 
the treatment of bone defects also remains diverse 
[ 2 ] and is often infl uenced by surgical experience 
and availability of resources. From my own expe-
rience, bone defects should be addressed as sim-
ply as possible, with vascularised grafting and 
bone transport being more successful than non-
vascularised graft options [ 10 ] [Level III].  

14.3     Acute Osteomyelitis 

 Acute osteomyelitis (AO) typically presents with 
pain +/− malaise +/− fever and loss of use of the 
affected limb. This is sometimes attributed to 
trauma. Examination may reveal swelling, 
warmth and tenderness over the affected area. 
Blood tests (if available) may reveal high white 
cell count (WCC) and infl ammatory  markers – 
erythrocyte sedimentation rate (ESR) and 

C-reactive protein (CRP). Plain radiographs are 
usually unremarkable. Magnetic resonance imag-
ing (MRI) is the most sensitive and specifi c test, 
however is rarely available in the areas where 
osteomyelitis is most common. 

 Early treatment of AO is nonoperative. Blood 
cultures should be taken before starting 
 antibiotics. Intravenous antibiotic for 3–4 days 
 followed by an oral course for 3–6 weeks is 
advocated [ 6 ]. As  Staphylococcus aureus  is the 
most common organism [ 2 ], fl ucloxacillin is the 
most appropriate choice, with a low threshold 
for adding in benzylpenicillin to cover 
 Haemophilus infl uenzae , especially for patients 
who have not received the Hib vaccine. Patients 
need to be monitored closely, and if there is no 
clinical improvement within days of starting 
antibiotics, surgery is indicated. Surgery is also 
indicated in the case of a systemic sepsis in a 
child, concurrent septic arthritis, failure to 
improve with antibiotics or pelvic abscess 
>2 cm [ 6 ]. If there is concern regarding access 
to antibiotics, compliance or attendance at fol-
low-up, then surgery should be considered, as 
this gives the best chance of eradication of 
infection in the absence of suitable ongoing 
care. Importance of follow-up must be stressed 
to the patient, and their guardian, as prompt 
treatment of complications and recurrence 
greatly reduces the risk of developing long-term 
problems. 

14.3.1     Surgery for AO 

 A longitudinal incision is made over the point of 
maximal tenderness/swelling. Careful soft tissue 
inspection and drainage of collection is per-
formed. Drilling the bone over the affected area 
should reveal pus. Multiple drill holes can be 
joined to create a window 1–2 cm across to allow 
adequate lavage and drainage. Wounds may be 
closed primarily at a second procedure if the 
wound bed looks entirely healthy, though leaving 
them open to heal by secondary intention is the 
safer option. Antibiotics should be continued for 
at least 3 weeks to give the best chance of fi rst 
time eradication of infection.  
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14.3.2     Tip 

 If a child presents with bone pain, specifi cally in 
the tibia, blood tests are not available and x-ray 
shows no changes, specifi cally assess for 
percussion tenderness over the point of pain. If 
this is present, treat for AO as described as above. 
If in doubt treat as AO and monitor.   

14.4     Subacute Osteomyelitis 

 Subacute osteomyelitis (SAO) is described as bone 
infection with insidious onset of symptoms 
>2 weeks, mild to moderate pain, little or no func-
tional impairment, no systemic symptoms, nega-
tive blood cultures and positive x-ray fi ndings [ 11 ]. 

 Examination may reveal a slight limp, swell-
ing and tenderness but joint movement is typi-
cally normal. Blood tests may be normal or reveal 
mildly raised ESR, WCC and CRP. Cultures are 
typically negative. X-rays characteristically show 
a radiolucent lesion most commonly in the 
metaphysis or diaphysis, but may also be found 
in the epiphysis. Occasionally a nidus or 
periosteal reaction is visible [ 12 ]. 

 Treatment is surgical as described for surgical 
treatment of AO. Histological and microbiology 
samples should be sent if these resources are 
available. Differential diagnosis for SAO includes 
primary bone tumours, TB and atypical infection 
(e.g., fungal). 

14.4.1     Tip 

 Lesions close to the physis should be monitored 
carefully due to risk of growth arrest that can 
later cause angular limb deformity or limb length 
discrepancy.   

14.5     Chronic Osteomyelitis 

 Chronic osteomyelitis (COM) is a bone infection 
that has been present for >3months. Patients pres-
ent with pain and disuse of the affected limb. 
Usually, there will be discharging sinuses, occa-

sionally an exposed bone. Systemically, the patient 
will be unwell, often malnourished and will have 
suffered stigmatisation as a result of their condi-
tion. Patients sometimes present with complica-
tions of COM such as pathological fracture, limb 
deformity, joint stiffness or septic arthritis. 

 On examination there are often discharging 
sinuses, old surgical wounds, healed wounds, 
joint contractures, muscle wasting, limb defor-
mity/shortening and cachexia. Blood tests often 
reveal anaemia and mildly raised WCC, ESR 
and CRP. 

 X-rays performed reveal the extent of bony 
involvement. Over-penetrated fi lms are most 
useful in identifying sequestrum present [ 13 ]. 
Typical x-ray fi ndings include sequestra, 
involucrum, periosteal reaction, bone abscesses, 
sclerosis and deformity. 

 Cross-sectional imaging can be used if 
available. MRI is good at defi ning extent of 
infl ammation and collections, whilst computed 
tomography (CT) is better at illustrating bony 
anatomy and localising sequestra. COM almost 
always requires surgical treatment and cannot be 
cured with antibiotics alone. Removal of all dead 
bone and thorough debridement of infected tissue 
is essential.  

14.6     Preoperative Care 
and Investigations 

 Patients need to be thoroughly assessed 
preoperatively. A full history and examination is 
mandatory, as multiple pathologies often coexist. 
Multifocal osteomyelitis must be considered. AP 
and lateral x-rays of the affected limb need to be 
performed. 

 Blood tests are useful if available. The most 
important are:

•    Haemoglobin – to assess for anaemia.  
•   Malarial parasites – concurrent infection 

needs prompt treatment.  
•   HIV – retroviral treatment will be required if 

positive.  
•   Sickle cell – will affect perioperative care. 

Tourniquets must not be used.    
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 Antibiotics should be given to patients with 
systemic signs of sepsis, as well as fl uids and 
oxygen, if available. The limb should be splinted 
if bony stability is compromised. 

14.6.1     Preoperative Planning 

 Infection control is achieved through removal of 
all dead bone and infected tissues, dead-space 
management and care of soft tissues. COM is a 
disease of the bone, and therefore the bony 
component must be understood and addressed. 
Surgical planning should include identifi cation of 
all active sinuses, examination of the joints above 
and below preoperatively to assess for septic 
arthritis and the identifi cation of any soft tissue 
collections. 

 AP and lateral x-rays (over-penetrated ideally) 
are used to identify sequestra for removal and bone 
abscesses for curettage. The Beit CURE classifi ca-
tion [ 14 ] is a radiological classifi cation that is useful 
in the surgical planning of disease. Though less well 
known than the Cierny-Mader classifi cation [ 15 ], it 
has been developed specifi cally for use in resource-
poor environments and is a valuable tool in surgical 
planning as well as comparative research.  

14.6.2     Surgical Equipment 

 Theatre equipment can be sparse and of poor 
quality, and often adaptation and improvisation 
of equipment is required. The following constitute 
a good basic instrument set:

•    Scalpel  
•   Tissue forceps  
•   Needle holders  
•   Scissors  
•   Soft tissue retractors (Langenbeck/self-retainers)  
•   Periosteal elevator  
•   Elevator (Penfi eld/Freer/Watson Cheyne)  
•   Osteotomes  
•   Curette  
•   Bone drill (hand-powered/electrical)  
•   Bone nibbler (Rongeur)  
•   Dental hook/probe      

14.7     Infection Control Surgery 

 Infection control goals of surgery:

•    Dead bone removal/sequestrectomy  
•   Pus drainage  
•   Debridement  
•   Dead-space management/drainage of cavities  
•   Soft tissue care  
•   Bony stabilisation    

 A ‘social wash’ with soap and water is 
essential prior to formal skin preparation; an 
initial wash on the ward is also advised. A 
tourniquet can be used to control blood loss and 
give a dry fi eld; however, this is not essential. It 
must be defl ated before the end of the procedure 
however to assess bone viability, through 
observation of punctate bleeding. 

 The incision should be planned to allow ade-
quate access to the bone with minimal disruption 
to the periosteum and its blood supply. 

 Where it is necessary to incise the periosteum 
this should be done longitudinally, hard down to 
the bone and be elevated as a continuous fl ap 
with as much soft tissue continuity as possible. 
Whenever possible, soft tissue cover of the bone 
should be preserved unless plastic surgical input 
is available. 

 To access the medulla for sequestrectomy, 
windowing is often necessary. Pre-op planning of 
windows is essential, and measurements from 
x-rays and relations of bony landmarks are useful. 
Windows are made through removal of a 
rectangular piece of bone. This is done with an 
osteotome. Drill holes can be also used to guide 
the passage of the osteotome and to prevent 
propagation of cracks past the desired site. Drills 
should only be used on a low speed to prevent 
thermal bone necrosis. No more than one-third 
the circumference of the bone should be removed 
in a window, to prevent fracture. 

 Abscess drainage can be performed by enlarg-
ing sinuses or drilling and windowing the bone as 
necessary. Curettage of cavities is essential to 
remove infected material. Thorough lavage of all 
wounds, curettage/excision of active sinuses is 
also required. Lavage using syringes with cathe-
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ters/feeding tubes attached is a good technique as 
this allows focused washing and retrograde lavage 
of blind-ending cavities. Cavities often communi-
cate, so it is possible to wash through one and out 
of another. Samples for microbiology should be 
sent where this facility exists. 

 When the sequestrum is identifi ed, a plane 
between it and viable bone should be developed 
using an elevator or probe to loosen it, which can 
then allow removal in one complete piece using 
haemostats. There is controversy as to the timing 
of sequestrectomy in those cases where the 
sequestrum provides stability, when the 
involucrum is not structurally suffi cient. 

 Some advocate leaving the sequestrum in place 
until the periosteum has laid down suffi cient struc-
tural involucrum. The advantage of this approach 
is that the sequestrum is ideally located to provide 
structural support whilst waiting for involucrum to 
form. The disadvantage is that the longer the 
infected sequestrum remains in situ, the more 
likely the periosteum will be damaged, potentially 
jeopardising formation of quality involucrum. 

 Others advocate removal of the ‘structural 
sequestrum’ at the earliest opportunity, leaving a 
bone defect that requites stabilisation either with 
plaster or frame. The advantage of this approach 
is that infection control is achieved at an earlier 
stage, and this potentially protects the periosteum. 
The disadvantage is this destabilises the bone 
segment that then requires stabilisation. The jury 
is still out on this particular point. 

 However, if there no structural involucrum 
after 3 months of monitoring, then sequestrectomy 
should be performed, and the bone defect dealt 
with subsequently. 

 Similarly, if sequestrectomy is performed 
(leaving a bone defect), then the bone should be 
stabilised for 3 months to allow for formation of 
structural involucrum. If this does not occur, then 
bony reconstructive surgery is required.  

14.8     Soft Tissue Management 

 Soft tissue management can be problematic in 
the treatment of chronic osteomyelitis. The 
affected limb often has multiple wounds and 
discharging sinuses. Wounds should be left open 

to allow free drainage following infection control 
procedures. Negative pressure dressing are 
effective devices in wound management but are 
not always available; local adaptations are 
however possible [ 16 ]. Honey dressings have 
been shown to be more effective than sugar 
dressing, and this is generally widely available 
even in the most austere setting [ 17 ]. Patients 
should be encouraged to position themselves so 
as to allow dependent drainage of their wounds. 
Daily washing of wound with soap and water is 
also advocated. Soft tissue cover with skin grafts/
soft tissue fl ap is sometimes required.  

14.9     Dead-Space Management 

 This refers to the management of the void that is 
left following resection/debridement of tissue. 
This can be managed by

•    Free drainage – this allows the tissue to heal 
by secondary intention.  

•   Packing with swabs.  
•   Negative pressure dressings.  
•   Prosthetic spacer (e.g. cement spacer, antibi-

otic beads).  
•   Nonvascularised graft (e.g. Papineau tech-

nique, cancellous bone graft).  
•   Vascularised graft (e.g. rotational/free fl ap).    

 The vascularised graft is the gold standard as 
this covers defects with viable, infection resistant 
tissues. Nonvascularised grafting requires a sterile 
bed prior to grafting and is a surgically demanding 
option. Prosthetic spacers have been used to good 
effect to sterilise a cavity; however, they do require 
removal with further procedures. Negative pressure 
dressings are effective but can be diffi cult to source 
and maintain. Free drainage is easily achieved, but 
the scar tissue that forms is relatively avascular and 
therefore more susceptible to infection.  

14.10     Bony Stabilisation 

 Bone infection is diffi cult to treat. Bone infection 
in the presence of instability is impossible to treat. 
Prior to surgery, bony stability need to be assessed 
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radiologically. There should be good quality cor-
tical continuity in 3-out-of-4 of the cortices on the 
AP and lateral x-rays to ensure stability. If more 
than one-third of the bone is resected in any one 
segment intraoperatively, then the limb should be 
immobilised and weight- bearing restricted for 6 
weeks, to manage the risk of fracture.  

14.11     Bone Defects 

 Bone defects are present in 20 % of cases of COM 
[ 18 ] and can range from a pathological fracture to 
large segmental defects. The management of these 
is diffi cult. Infection control must be complete 
prior to reconstruction. Prerequisites to recon-
struction surgery are fully healed skin, absence of 
sequestra on x-ray and no antibiotics for 2 months. 
Decision on the method of treatment of defect 
should be made depending on: patient age, defect 
size, viability of periosteum and physes, condition 
of soft tissues and coexisting deformity. 

 Treatment options include: plaster stabilisa-
tion, frame stabilisation, free fi bula structural 
bone grafts, [staged] ipsilateral vascularised fi bu-
lar graft, nonstructural [cancellous] bone graft, 
bone transport and amputation. The simplest 
method with a reasonable chance of success is the 
most appropriate choice. Options that involve vas-
cular tissue (stabilisation, vascularised grafts and 
bone transport) are more infection resistant and 
more likely to succeed.  

14.12     Postoperative Care 

 Patients should receive fl uids and analgesia. All 
patients with systemic sepsis should be continued 
on antibiotics. Routine antibiotic prescription is 
not mandatory. The affected limb should be ele-
vated to reduce swelling. 

 Post-op x-rays to ensure the entire sequestrum 
has been removed are essential. If sequestra 
remain in situ, then infection will persist unless it 
is removed. Dressings should be changed every 
24–48 h, and patients and their carers should be 
educated as to wound management/hygiene from 
an early stage. If wounds are not settling, then 
further infection control procedures are required. 

 Patients should be encouraged to weight-bear 
(if appropriate) and move surrounding joints to 
try and prevent further muscle wasting, contrac-
tures and loss of bone density. Nutrition is vital to 
healing and prevention of reinfection. This 
should be assessed and addressed. Patients are 
often stigmatised due to their infection and can 
be excluded from social interaction and school-
ing. It is vital that this is addressed as best as pos-
sible as this can lead to long-term diffi culties. 
Concurrent illnesses such as HIV, TB, malaria 
and diabetes need to be treated. 

14.12.1     Follow-up 

 Early follow-up should be conducted to assess for 
infection control. Longer-term follow-up is desir-
able to monitor for recurrence of infection and 
complications such as contractures, fracture, defor-
mity and growth arrest. Patients should be followed 
up for a minimum of 1 year, and if concern exists 
regarding growth arrest and deformity, then patients 
should be followed up until skeletal maturity.  

14.12.2     Rehabilitation 

 Access to formal rehabilitation in austere envi-
ronments is generally very limited. It is vital to 
educate patients as to their condition and reha-
bilitation goals whilst they are an inpatient or 
under medical care. The emphasis on follow-up 
is essential, as often patients will require further 
treatment.   

14.13     Complications 

 Broadly speaking, these can be divided into 
infection related and musculoskeletal:

•    Recurrent/persistent infection  
•   Septic arthritis  
•   Systemic infection  
•   Polyostotic osteomyelitis  
•   Joint contractures  
•   Muscle wasting  
•   Fracture  
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•   Bone defects  
•   Angular limb deformity  
•   Growth arrest    

14.13.1     Cautions 

 Though osteomyelitis is common in austere envi-
ronments, other diagnoses need to be considered. 
Here are a few not to miss:

•     Bone infarction  – secondary to sickle cell dis-
ease. This can present in a very similar fashion 
to AO.  

•    Bone tumours  ( primary and secondary ) – can 
present in a very similar fashion to osteomyelitis, 
and can have very similar x-ray appearances.  

•    Malignant transformation  – this can occur in 
longstanding infection (e.g. Marjolin ulcers).  

•    TB  – can cause atypical osteomyelitis/septic 
arthritis of a more indolent course.  

•    Resistant / atypical bacteria  – though less 
common in the developing world, resistant 
bacteria (e.g. MRSA) can still occur. Atypical 
infections (e.g. fungal) are more prevalent due 
to host defi ciencies and environmental factors.      

14.14     Tutorials 

14.14.1     Tutorial 1 

 An 8-year-old boy attends with a 6-month history 
of leg pain. He has the following x-ray (Fig.  14.4 ).

   What is the likely diagnosis? [Subacute/
chronic osteomyelitis] 

 What are the differential diagnoses? [Primary 
bone tumour] 

 The patient is systemically well and no blood 
tests are available, how would you treat him? 
[Initially 2–3 days IV, then minimum 3-weeks 
oral antibiotics and fi nally surgery if no improve-
ment/lack of access to antibiotics.]  

14.14.2     Tutorial 2 

 A 10-year-old girl presents with a year’s history 
of malaise, leg pain and discharging sinuses. She 
has had two previous procedures performed. Her 
leg looks as shown in Fig.  14.5 .

   What can you identify? [Active sinuses, old 
surgical wound, healed wounds]. 

 Her preoperative x-ray is shown in Fig.  14.6a . 
What are the ‘classical features’ that you can see? 
[Expanded tibia due to involucrum. Intramedullary 
sequestrum]

    How has this been treated? [Sequestrectomy 
and debridement] 

  Fig. 14.4    X-ray of an 8-year-old boy with a 6-month his-
tory of leg pain       

 

A.J. Stevenson



171

 The intraoperative picture shows the yellow 
sequestrum surrounded by the healthy looking 
‘pinkish’ involucrum (Fig.  14.6b ). Figure  14.6c  
shows the same fi eld post sequestrectomy. Note 
the windowing of the bone and the creation of an 
intramedullary trough. Figure  14.6d  shows the 
removed sequestrum. This x-ray (Fig.  14.6e ) has 
been taken post-op. Note the creation of a win-
dow in the medial border of the tibia and the 
absence of the sequestrum evident on the previ-

ous x-ray. Always take a post-op x-ray to assess 
completeness of sequestrectomy.  

14.14.3     Tutorial 3 

 A boy presents after a 2-year history of illness, 
leg pain and previously discharging sinuses. He 
has had no discharging wounds for 6 months but 
he is now unable to fully weight-bear. His x-ray 
is shown (Fig.  14.7 ).

   What can you see? [Bone defect of the middle 
one-third of the tibia. Note the hypertrophied 
fi bula.] 

 He undergoes an operation. What are the 
requirements before performing a reconstruction 
procedure? [Fully healed soft tissues, absence of 
sequestra on x-ray and no antibiotics for 2 months.] 

 What procedure has he had (Fig.  14.7b )? 
[Contralateral free fi bula graft with ipsalateral 
fi bula osteotomy and augmentation] What other 
procedures would have also been acceptable? 
[Ipsalateral, vascularised or staged fi bula graft. 
Bone transport.] He requires plaster immobilisa-
tion for many months but goes on to heal 
(Fig.  14.7c ).   

14.15     Summary 

 Osteomyelitis is a common condition in resource- 
poor countries. Successful treatment is demand-
ing. Surgery should be focused on a thorough 
debridement. Patient education about dressings, 
wound management and follow-up is essential.     

  Fig. 14.5    A 10-year-old girl presents with a year’s his-
tory of malaise, leg pain and discharging sinuses       
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  Fig. 14.6    ( a ) The preoperative x-ray of the patient’s leg 
from Fig. 14.5. ( b ) This intraoperative picture shows the 
yellow sequestrum surrounded by the healthy looking 
‘pinkish’ involucrum. ( c ) This picture shows the same 
fi eld post sequestrectomy. Note the windowing of the 

bone and the creation of an intramedullary trough. ( d ) 
This is the removed sequestrum. ( e ) Postoperative x-ray. 
Note the creation of a window in the medial border of the 
tibia and the absence of the sequestrum evident on the pre-
vious x-ray       

a

d
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a cb

  Fig. 14.7    ( a ) X-ray of a boy who presented after a 2-year 
history of illness, leg pain and previously discharging 
sinuses. ( b ) Contralateral free fi bula graft with ipsalateral 

fi bula osteotomy and augmentation has been performed. 
( c ) X-ray after healing       

e

  Fig. 14.6    (continued)       
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      Where Is My BMP? Managing Bone 
Defects in the Austere 
Environment                     

     Deepa     Bose     

       Acute traumatic bone defects occur after open 
injuries or following excision of non-viable bone 
during debridement of high-energy closed inju-
ries. Chronic post-traumatic defects may result 
from non-union, infection or disuse osteopenia. 
In a low-resource environment, without access to 
specialised techniques, such as distraction osteo-
genesis or microvascular anastomosis, or expen-
sive adjuncts such as recombinant bone 
morphogenetic protein (BMP) [ 1 ], these injuries 
present a challenge for clinical decision-making 
and treatment. 

15.1     Types of Bone Defects 

 Post-traumatic bone defects may be either con-
tained (surrounded by healthy bone) or segmen-
tal (involving either the whole or a large 
percentage of the circumference of the bone). 
The former is easier to deal with, but there is no 
consensus regarding the percentage of lost cir-
cumference which constitutes a critical defect. 

15.1.1     Contained Defects 

 These are commonly treated by autologous can-
cellous bone grafting [ 2 ]. This is usually taken 
from the iliac crest but may also be harvested 
from the proximal or distal tibia [ 3 ]. Cancellous 
graft can also be harvested by reaming the femo-
ral canal with a special reamer termed a reamer 
irrigator aspirator (RIA) [ 4 ], if this is available. It 
is possible to perform grafting in the acute stage 
of treatment, immediately after debridement, 
providing soft tissue closure can be achieved at 
the same sitting. It may be preferable, however, 
to do this in two stages, as immediate soft tissue 
cover is often inadvisable after trauma or infec-
tion surgery, and the graft requires a stable, vas-
cular bed to thrive. 

 The fi rst stage consists of thorough debride-
ment, followed by temporary fi lling of the defect 
with a local antibiotic carrier such as polymethyl-
methacrylate (PMMA) cement or resorbable cal-
cium sulphate preparations. These can be 
removed and the defect fi lled with autologous 
cancellous bone after several weeks [ 5 ]. In low-
resource environments, the Papineau technique 
[ 6 ] of placing morcellised cancellous bone chips 
into a bony defect following debridement, and 
allowing the wound to epithelialise, may be an 
appropriate method of treating contained defects 
[ 7 ]. In cases where epithelialisation is incom-
plete, a delayed skin graft may be required to 
complete closure. 

        D.   Bose ,  MBBS, FRCS, FRCS (Tr & Orth)       
  Department of Trauma and Orthopaedics , 
 Queen Elizabeth Hospital Birmingham , 
  Birmingham ,  UK   
 e-mail: deepa.bose@nhs.net  
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 Autologous graft is said to be the “gold stan-
dard”, as it is osteogenic, osteoinductive and 
osteoconductive, but it has several drawbacks, 
such as donor site morbidity and limited avail-
ability [ 8 ]. Allograft materials in the form of 
cancellous or cortical strut grafts may not be 
available in low-resource environments, but even 
if they are, it is important to bear in mind the 
potential for transmission of infection [ 8 ]. 
Demineralised bone matrix is osteoconductive 
and osteoinductive, but this latter property is 
highly variable depending on the commercial 
preparation [ 8 ]. 

 Cavitary defects may also be fi lled with artifi -
cially manufactured bone graft substitutes such 
as calcium phosphate ,  ceramics and bioactive 
glasses, but the results are not always predictable, 
and they should be used only after careful consid-
eration [ 9 – 11 ]. I use these as dead space fi llers 
and local antibiotic delivery systems, rather than 
bone graft substitutes, in my practice.  

15.1.2     Segmental Defects 

 All segmental bony defects do not require 
reconstruction. A lower limb length discrepancy 
of less than 1.5 cm is well tolerated [ 12 ]. In the 
upper limb, the humerus is more forgiving of loss 
of length, but the function of the forearm will be 
affected if the intricate relationship between the 
radius and ulna is disrupted by bone loss. Each 
case must be considered on its own merit. Critical 
bone defects measuring more than this may be 
fi lled by two broad strategies: distraction 
osteogenesis or interposition methods. 

15.1.2.1     Distraction Osteogenesis 
 Distraction osteogenesis was fi rst described by 
Ilizarov [ 13 ,  14 ] as the law of tension stress and 
signifi es a process by which, under conditions 
of stable fi xation, a low-energy iatrogenic corti-
cotomy, when subjected to gradual stretch, 
results in the formation of bone in the gap 
through a process of endochondral ossifi cation. 
This technique can be used to make up lost 
length in long bones by one of the following two 
methods:

    Bifocal compression distraction . In this tech-
nique, the bony gap is acutely compressed and 
closed, following which the bone is length-
ened through an iatrogenic corticotomy either 
proximal or distal to the fracture.  

   Bone transport . The overall length of the limb is 
maintained, while a corticotomy is created 
either proximal or distal to the fracture gap. 
The middle segment of the bone is then moved 
up or down to gradually close the gap. This 
has the advantage of maintaining soft tissue 
alignment during bone lengthening.    

 Distraction osteogenesis is commonly per-
formed with the use of circular external fi xators 
[ 15 – 17 ] but can also be achieved by monolateral 
external fi xators [ 18 ,  19 ]. The technique of dis-
traction osteogenesis requires special expertise 
and equipment, and the treatment course can be 
prolonged and beset with complications [ 20 ,  21 ]. 
It does, however, allow for gradual deformity cor-
rection if this is necessary. It also avoids the need 
for expensive internal fi xation and unnecessary 
soft tissue dissection. This technique should only 
be carried out by appropriately trained surgeons. 

 Figure  15.1  shows a post-traumatic defect in 
an open tibial fracture which was dealt with by 
acute shortening and then distraction osteogenesis 
through a proximal corticotomy in an Ilizarov 
frame. Intramedullary devices have been 
developed for this purpose but have had variable 
outcomes owing to the diffi culty in controlling 
the distraction [ 22 ].

15.1.3         Interposition Techniques 

15.1.3.1     Non-vascular Tissue 
  Autograft     
 Autologous free fi bular grafts without the accom-
panying vascular pedicle have been used to recon-
struct segmental defects of long bones after 
trauma and tumour resection [ 23 ,  24 ]. This tech-
nique has the advantage of simplicity, as micro-
vascular techniques are not required, but the 
surgeon must be aware of potential complications 
such as graft fracture [ 25 ]. This technique has 
yielded good results in children [ 26 ].  
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 Tibialisation of the fi bula, where the ipsilat-
eral fi bula is used to fi ll a segmental gap in the 
tibia, has also been reported by some authors to 
have good results [ 27 ,  28 ]. The fi bula can be sta-
bilised by either internal or external fi xation. This 
is accomplished in either one or two stages, with-
out the need for microvascular anastomosis, and 
may also be achieved gradually using an Ilizarov 
frame. Blocks of cancellous bone and rigid 
fi xation to bridge bony gaps have been described 
by Nicoll [ 29 ] and have demonstrated good 
results in the upper limb [ 30 ]. 

  Allograft     Cortical strut grafts may be used for sta-
bilisation of atrophic non-unions or periprosthetic 
fractures and complex reconstructions of the femur 
[ 31 ,  32 ]. The risk of infection and unpredictable 
vascularisation [ 25 ] should be considered carefully 
in these cases, especially in an austere setting, 
where sterilisation techniques may be unreliable.   

15.1.3.2     Vascular Tissue 
 Vascularised autologous grafts are harvested with 
their feeding vessels, which are anastomosed to 
recipient vessels around the bony gap. The fi bula 

is a common donor site, but the ribs or iliac crest 
may also be used. 

 Figure  15.2  shows an infected humeral non- 
union in which the defect resulting from debride-
ment was fi lled with a vascularised fi bular graft 
and internal fi xation.

   The vascularised bone facilitates healing not 
only by fi lling the gap but also by increasing 
vascularity and resisting infection [ 33 ]. It can 
also respond to biomechanical stimuli with 
hypertrophy and may provide osteogenic cells to 
participate in bony healing [ 25 ]. 

 Vascularised fi bular grafts have yielded good 
results in upper and lower limb defects [ 34 – 37 ], 
but there is a tendency towards stress fractures in 
the lower extremity [ 38 ] and a double strut may 
be better in this situation [ 35 ]. This technique 
requires special equipment and microvascular 
expertise and should be performed by experi-
enced surgeons in order to minimise complica-
tions [ 39 ]. 

 My personal preference is to reserve the use of 
this technique for the upper limb only, as the risk 
of stress fractures, and the time taken for incorpo-
ration and hypertrophy in the lower limb, makes 

a b

  Fig. 15.1    ( a ) Acute shortening of open tibia with bone loss and lengthening through proximal corticotomy (bifocal 
technique). ( b ) United tibia restored to normal length after Ilizarov frame removal       
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it a less reliable technique in my experience, 
compared to distraction osteogenesis. 

  Inductive Membrane Technique     
 The concept of inducing the formation of a pseudo-
membrane within which bone graft can be placed 
was described by Masquelet et al. [ 40 ]. This is 
done in two stages; in the fi rst, a cement spacer is 
used to fi ll the bony defect. A membrane forms 
around this, and in the second stage, the spacer is 
removed and the membrane fi lled with autologous 

cancellous bone (Fig.  15.3 ). Stability is enhanced 
by either internal or external fi xation. The mem-
brane serves to prevent graft resorption, but it also 
appears to have osteoinductive properties [ 41 ]. 
Early clinical results appear promising [ 42 ] and it 
is an attractive technique in low-resource situations 
because it does not require special equipment or 
expertise. More studies in austere settings are 
required to establish its role fully . 

 Figure  15.4  shows a fl ow diagram for fi lling 
bone defects.      

a b

c

  Fig. 15.2    ( a ) Infected non-union of the humerus. ( b ) Vascularised free fi bula used to fi ll defect after debridement. 
( c ) Consolidation of free fi bula       
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a

c

b
  Fig. 15.3    ( a ) Open 
tibial fracture with 
bone loss. ( b ) Filling 
defect with 
antibiotic-laden 
cement. ( c ) Removal 
of cement and 
insertion of 
autologous graft into 
induced membrane, 
resulting in 
consolidation of 
fracture       
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15.2     Special Considerations 

15.2.1     Tibiofi bular Synostosis 

 Recalcitrant tibial non-unions with or without 
bone loss in low-resource settings present a dif-
fi cult problem. The deliberate creation of a tibio-
fi bular synostosis is a tried and tested way of 
dealing with this problem [ 43 ]. Classically, this 
was done via a posterolateral approach to the dis-
tal tibia and fi bula [ 43 ,  44 ]. Some authors now 
recommend the central technique, which involves 
a lateral approach, and grafting on to the anterior 
aspect of the interosseous membrane [ 45 ].  

15.2.2     Articular Defects 

 Bone loss of the articular surface presents a chal-
lenge even in the best resourced environment. In 
a low-resource setting, it can be a daunting pros-
pect for the surgeon. Smaller, contained defects 

which constitute a small percentage of the joint 
surface may be managed by allogenous grafts 
[ 46 ,  47 ] if these are available, but in larger 
defects, arthrodesis is indicated [ 48 ,  49 ]. If facili-
ties for arthroplasty are available, this may be 
considered, but it should be borne in mind that 
such complex cases may require special types of 
prostheses, such as constrained joints [ 50 ,  51 ].   

15.3     What About the BMP? 

 Bone morphogenetic protein (BMP) is found 
naturally in the body and plays an important role 
as a signalling protein in the recruitment of osteo-
progenitor cells during the fracture healing pro-
cess. There are several types of BMP, and their 
function was originally described in the classic 
paper by Urist [ 1 ]. 

 Commercial preparations of recombinant 
BMP have found various clinical applications in 
promoting fracture healing and bony fusion 

Post-traumatic bone defect
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Autogenous graft Synthetic bone graft
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Segmental
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Distraction osteogenesis

Free pedicle flap

Interposition
techniques

Non-vascularized
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autograft
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Surgical expertise
available?

Surgical expertise
available?

Equipment available?

Equipment
available?

Does it need to be reconstructed? (>2 cm)

  Fig. 15.4    Algorithm for management of bone defects       
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[ 10 ,  52 ,  53 ]. Recent studies, however, have failed 
to fi nd conclusive evidence of its clinical effec-
tiveness [ 54 ], and some authors have described 
serious complications associated with its use in 
spinal fusion [ 55 ]. We await the fi nal verdict on 
the safety and effectiveness of commercial prepa-
rations of BMP.     
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      What? No Lab? Preparing 
the Patient for Operation                     

     Sandro     Contini     

       The estimated total global surgical volume in 2004 
was 234 · 2 million of major operations, 73 · 6 % of 
them occurring in high- or middle- expenditure 
countries, with 30 · 2 % of the world population, 
whereas the poorest 34 · 8 % of the world’s popula-
tion received only 3 · 5 % of all surgery undertaken 
[ 1 ]. Essentially, 10–20 % of the world’s health-care 
resources are utilized by the 70 % of the world’s 
population living in the developing world that suf-
fers a huge shortage of health staff, facilities, drugs, 
supplies, equipment, and technologies. Preparation 
to surgery and perioperative orthopedic care in aus-
tere environment typically refl ect these drawbacks: 
a common experience in developing countries is to 
have few basic laboratory tests available, a condi-
tion that, to some degree, may not be perceived as 
a signifi cant defi ciency by local doctors, often used 
to trust more on their experience than on the results 
of the tests [ 2 ]. Every preoperative evaluation and 
treatment planning must therefore be essentially 
founded on good history taking, watchful clinical 
examination, and sound experience, without rely-
ing excessively on laboratory tests, frequently 
unavailable and sometimes unreliable. 

 Similarly, the technologically advanced ortho-
pedic surgery of western countries, requiring high 

costs, appropriate sterility, thoughtful postopera-
tive care, etc., should be offered with great caution 
in the usually poorly equipped facilities of devel-
oping countries and especially in peripheral hospi-
tals. Introduction of health technology in austere 
environment needs to be culturally appropriate, 
affordable (not necessarily cheap), and sustainable 
and should be introduced with care (Fig.  16.1 ). 
Initial purchase costs are less important than long-
term averaged costs taking into account all factors. 
Accordingly, donor aid linked to equipment pur-
chase should avoid technological mismatches. The 
utilization of the equipment should be maximized 
and it should be always taken into account the 
wasteful lack of equipment maintenance.

   After some considerations on the laboratory 
medicine in developing countries, the laboratory 
tests usually available in austere environment 
will be discussed, considering also the recom-
mendations from anesthesiology or surgical soci-
eties of developed countries. The fi nal assumption 
will be that orthopedic trauma care can be rea-
sonably managed in austere conditions, in spite 
of the scarcity of laboratory tests, yet being able 
to fulfi ll satisfactorily the clinical needs and 
achieve an acceptable outcome. 

        S.   Contini ,  MD       
  Department of Surgical Sciences ,  Parma University 
Hospital ,   Parma ,  Italy   
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16.1     Laboratory Medicine 
in the Austere Environment 

16.1.1     Clinical Concerns 

 In resource-limited settings, health facilities and 
peripheral hospitals have usually minimal or 
absent laboratory support, especially for commu-
nicable diseases, and a clinical diagnosis made 
without the support of basic diagnostic tests is the 
rule rather than the exception [ 3 ]. However, when 
diagnoses are based on clinical signs only and 
symptoms are ambiguous or unreliable, a correct 
management may be challenging [ 3 ]. Sometimes, 
the absence of laboratory support contributes to 
an overdiagnosis, e.g., for malaria, with conse-
quent failure or delay in treatment of alternative 
life-threatening infections [ 4 ]. Moreover, with 
clinical overlapping of some diseases without a 
precise laboratory diagnosis, inappropriate ther-
apy may be undertaken [ 5 ].  

16.1.2     Social and Economical 
Concerns 

 The vast majority of fi nancial resources from 
funding organizations and governments have been 

focused on disease prevention and provision of 
care, whereas relatively little funding has been 
allocated to build laboratory capability. There are 
several constraints against the spreading of labo-
ratories’ availability and on their use in austere 
settings: lack of consumables and expensive reac-
tive, due to poor funding, shortage of trained per-
sonnel and technicians, and shortage of staff to 
obtain clinical specimens for laboratory testing, 
consequent to the overwhelming number of 
chronic or acute patients usually present in the 
hospitals. Moreover, skilled lab technicians, after 
achieving a good formation, may migrate to 
higher-paying positions within private hospitals, 
further weakening the existing public structure 
and aggravating a quality differential that encour-
ages the increasing use of alternative health-care 
and laboratory systems. A further limit is that 
local physicians often perceive these tests as unre-
liable and unhelpful, such that they remain under-
utilized and undervalued [ 6 ]. Clinical decisions 
often occur in the absence of laboratory confi rma-
tion, even when tests were available. Conversely, 
when tests are performed and the results are con-
tradictory to the clinical judgment, treatment may 
be based on clinical judgment alone [ 2 ]. 

 A shift toward private structures is commonly 
observed. In Nigeria, people with fi nancial means 

  Fig. 16.1    A basic but 
well-equipped laboratory 
in the austere setting       
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have a higher probability of accessing private 
laboratory resources [ 7 ]. In Uganda, within the 
same hospital ward, the physician preference, 
patient socioeconomic status, and laboratory 
reputation infl uence the decision to send a patient 
sample to a private or public laboratory. Hence, 
the public health-care infrastructure, although 
inadequate, is progressively destabilized by these 
competing parallel systems [ 2 ]. 

 The problem is further complicated by the 
decentralization of the health-care system, in which 
governmental, not-for-profi t (e.g., missionary or 
private philanthropic), or commercial (for-profi t) 
organizations often operate independent laborato-
ries, thus creating an environment of donor paral-
lelism of not uniform quality level somewhat 
confusing.  

16.1.3     Quality 

 In more remote areas, piped water and power sup-
ply are not available constantly and spaces for 
labs are limited. Laboratory equipment and sup-
plies may be shortened even in some primary cen-
ter [ 8 ]. Skilled staff is scarce and essential tests, as 
designated by the WHO (malaria microscopic 
evaluation and hemoglobin, glucose, and HIV 
testing) [ 9 ], are not provided in a quality-con-
trolled fashion by the majority of hospitals in the 
sub-Saharan Africa. On these premises, an alarm-
ing number of simple tests like malaria or acid-
fast bacilli smear are inaccurate and lead to 
misdiagnosis and mismanagement [ 2 ]. 

 Although in austere environment the alloca-
tion of resources to laboratory testing may not be 
considered a priority, we should be aware that 
unreliable and inaccurate lab results:

•    Lead to unnecessary costs  
•   Encourage the perception that laboratory 

testing is unhelpful  
•   Jeopardize the patient care    

 Table  16.1  well demonstrates the inadequacies 
in laboratory infrastructures in sub-Saharan 
Africa and their potential solutions [ 2 ].

   In recent years, rapid tests, non-cultured 
based, for the diagnosis of infectious diseases 

(e.g., for malaria or HIV) have become commer-
cially available. They may be performed in 
peripheral health-care settings with little techni-
cal expertise, requiring minimal sample prepara-
tion or preservation, and are kit based (with 
reagents resistant to extreme temperatures). 
Although rather costly, these tests represent cer-
tainly an improvement in terms of wider avail-
ability of reliable diagnosis. 

 In conclusion, the acknowledgment of the 
critical importance of basic and good quality 
(although affordable and sustainable) laboratory 
testing among clinicians, nongovernmental orga-
nizations, and policy makers is mandatory to 
deliver more effective treatment and to optimize 
the expenditure of health-care resources.   

16.2     Preparation for Surgery 

 Preparing the patients for operation is usually 
under the responsibility of the anesthesiologist, 
but in austere environment, trained nurses are 
quite frequently entrusted for anesthesia. 

   Table 16.1    Inadequacy in laboratory infrastructures in 
sub-Saharan Africa and potential solutions   

 Laboratory infrastructures 

 Problems 

   Lack of laboratory consumables 

   Lack of basic essential equipment 

   Limited numbers of skilled personnel 

   Lack of educators and training programs 

   Inadequate logistical support 

   De-emphasis of laboratory testing 

   Insuffi cient monitoring of test quality 

   Decentralization of laboratory facilities 

   No governmental standards for laboratory testing 

 Potential solutions 

   Emphasize importance of laboratory testing 

   Balance the allocation of fi nancial resources 

   Strengthen the existing health-care infrastructure 

   Routinely monitor test quality 

   Establish system for laboratory accreditation 

   Implement laboratory training programs 

   Encourage partnerships between public and private 
organizations 

   Develop affordable, rapid diagnostic tests 

  From Petti et al. [ 2 ], with permission  
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Nevertheless, the surgeon/orthopedic should be 
aware of his unique role in supervising the clinical 
procedures leading to surgery. Evaluation of 
patients’ medical records, interview, physical 
examination, fi ndings from medical tests, and con-
sulting with other health-care professionals are all 
part of the preparation to surgery. The American 
Association of Anesthesiologist (ASA) [ 10 ], the 
European Association of Anesthesiologists (ESA) 
[ 11 ], and the National Institute for Clinical 
Excellence (NICE) [ 12 ] have published practice 
advisory and guidelines for evaluation before sur-
gery, yet some issues are not easily applicable to 
austere environment, for lack of time, organiza-
tion, diagnostic tools, and staff. In such environ-
ment, a sound clinical judgment, usually deriving 
from an extensive experience in poor-resources 
settings, can be the only reliable instrument in 
evaluating and planning treatment, keeping in 
mind that these patients are signifi cantly different 
from those we are used to deal with in western 
countries, being affected by the consequences of 
war or disaster, malnutrition, poor quality water, 
infectious diseases, dehydration, etc. 

 Therefore, preoperative assessment is crucial 
but is limited by the context and only rarely 
surgery will not be performed for anesthetic 
reasons. Due to the lack of diagnostic facilities, 
extra investigations are usually not advised. 
When surgery is estimated unavoidable, delay is 
only benefi cial if the patient’s condition can be 
improved and not for waiting for more elaborate 
tests. 

 To assess the patients the day before surgery 
[ 10 ] may not be practical or possible in a limited 
resources setting, especially in trauma care or 
during situations of confl ict or disaster. In any 
case, at a minimum, a physical examination 
should be performed before going to the operative 
theater and include a clinical evaluation of 
airways, lungs, and heart, with documentation of 
vital signs. 

16.2.1     Preoperative Laboratory Test 

 Laboratory investigations in austere environment 
should only be used if their results will infl uence 

the therapeutic plan. A careful clinical 
examination must remain the mainstay of 
preoperative assessment. Ideally, preoperative 
laboratory tests are indicated to [ 10 ]:

•    Discover diseases that may affect perioperative 
anesthetic care  

•   Assess an already known disease  
•   Formulate specifi c plans/alternatives for 

intraoperative anesthetic and surgical care and 
postoperative recovery    

 A  routine  test, defi ned as a test ordered in the 
absence of a specifi c clinical indication or purpose, 
does not make any contribution to the process of 
perioperative assessment and management of the 
patient, and terms such as “pre-op status” and “sur-
gical screening” are not specifi c clinical indications 
for routine tests [ 10 ]. Conversely, an  indicated  test, 
ordered for a specifi c clinical indication, may guide 
or modify the therapeutic approach, but decision-
making parameters for specifi c  indicated  preopera-
tive tests are not yet determined clearly from the 
available literature [ 10 ]. 

 Serum hemoglobin, glucose, malaria micro-
scopic evaluation, and HIV testing have been 
defi ned by the WHO as essential tests for patients 
of sub-Saharan Africa [ 9 ]. In orthopedic trauma, 
the presence of malaria may not change the indi-
cation to surgery, but may warn to postpone it, 
when possible, after the acute phase, as well as 
HIV-positive patients may condition the planning 
of the treatment and the outcome, according to 
the severity of the disease. Some other laboratory 
tests, although not strictly linked to trauma or 
preparation to surgery, should be available in 
these settings due to the presence of tropical dis-
eases. Table  16.2  shows the basic examinations 
suggested by Medecins Sans Frontieres in a low-
resource setting [ 13 ].

    Hemoglobin or hematocrit  rarely leads to a 
change in the clinical management of the patients 
in western countries [ 14 ] and in austere 
environment have a clear indication only if severe 
anemia is suspected or in case of hemorrhage. 
Anemia can be expected more frequently in 
developing countries where malaria and sickle 
cell disease are observed frequently. It is well 

S. Contini



189

known that sickled red blood cells in low-oxygen 
states cause occlusion of blood vessels, increased 
viscosity, and infl ammation, with possible stroke 
or acute chest syndrome. Severe burns are other 
frequent causes of anemia, especially in children, 
and Hb should be controlled before any skin 
graft. Preoperative transfusion may be needed in 
children in such conditions, but normally giving 
blood before surgery is not a routine practice. 
When a patient is found anemic, if surgery is 
scheduled electively, preoperative iron supple-
mentation may be considered.  Leukocyte count  is 
not specifi cally useful, at least in the fi rst period 
after trauma, and is often unreliable, especially in 
peripheral laboratories, as well as  platelets count , 
rarely available, although platelet dysfunctions 
are the most common defects of hemostasis, 
occurring in up to 5 % of patients undergoing 
 surgery [ 11 ]. 

 Serum  glucose  is valuable to detect or monitor 
a diabetic state, not uncommon in developing 
countries, especially in elderly patient. The most 
important target during the perioperative glucose 
control in diabetic patients is avoiding 

 hypoglycemia. If possible, during major surgery, 
the infusion of glucose and insulin should be 
 controlled with frequent glucose testing at time 
intervals of 30–60 min if the insulin infusion 
rates have been stable. Due to a risk of overesti-
mation, arterial blood sampling is preferable over 
capillary blood when measuring glucose [ 15 ]. 
Continuous glucose measuring devices are rarely 
available in austere setting. 

  Coagulation studies  are rarely accessible. 
Bleeding disorders or liver dysfunction are usu-
ally diagnosed clinically, while anticoagulant 
therapies are rare in these environments. The 
scarcity of therapeutic options for correcting an 
abnormal coagulation state, especially in the 
acute phase of trauma, makes often these tests 
useless. According to ASA [ 10 ], there are not 
enough data to comment on the advisability of 
coagulation tests before regional anesthesia. 

  Potassium ,  sodium ,  renal ,  and liver function 
studies  are not routinely available in low-resource 
setting, due also to their cost or shortage. If pres-
ent, they should be reserved to selected patients 
with endocrine disorders, risk of renal and liver 
dysfunction, and use of certain medications or 
alternative therapies. Again, it is valid the rule 
that laboratory investigations in austere environ-
ment should only be used if their results can 
infl uence the therapeutic plan. 

  Serum albumin  is not a compulsory test. 
However, it is of proven prognostic value, and it 
can be a marker of malnutrition, a condition that 
can infl uence clinical evolution and outcome in 
trauma. 

  Urinalysis  is not indicated except for urologic 
procedures or when urinary tract symptoms are 
present. There is no good evidence that preopera-
tive abnormal urinalysis is associated with any 
postoperative complication in non- urinary tract 
surgery [ 14 ]. However, reagent strips can be help-
ful for monitoring urinary glucose and protein. In 
some countries (Madagascar, Arabian Peninsula), 
the presence of urinary symptoms should promote 
the research of  Schistosoma haematobium  eggs in 
the urine. As a well-known general rule, urine 
output should be monitored preoperatively, and 
adequate fl uid management should be provided in 
order to avoid worsening of preexisting renal 

   Table 16.2    Basic examinations in low-resource setting   

 Blood   Hematology  
   Hemoglobin 
   WBC 
  Transfusion  
   Blood group + rhesus 
   HIV, Hepatitis B and C, syphilis 

RPR 
  Thick and thin fi lms  
   Malaria, some fi lariasis, 

trypanosomiasis, visceral 
leishmaniasis, borreliosis 

  Rapid tests  
   Malaria 
   HIV, hepatitis B and C, etc. 

 Sputum  Koch’s bacillus 

 Urine  Reagent strip test (glucose protein) 

 Genital 
discharge 

 Gonococcus, trichomonas 

 Stool  Examination of wet preparation 
(egg, helminthes, cysts, protozoa) 
 Scotch test 

 CSF  Look for and identify pathogens 
(including rapid test for meningitis) 
 Cell count and protein (Pandy test) 

  From Broek et al. [ 13 ], with permission  
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 failure for patients at risk for postoperative renal 
impairment. 

 ECG is not mandatory and seldom is of any 
signifi cance in planning trauma treatment in 
poor-resources setting, unless to exclude a 
myocardial infarction in the presence of 
suggesting symptoms. The predictive power of 
preoperative ECGs for postoperative cardiac 
complications in non-cardiopulmonary surgery is 
weak [ 14 ]. Old age alone per se is not an 
indication for ECG, but may be valuable in 
patients with risk factors identifi ed in the course 
of a preoperative evaluation [ 10 ]. The presence of 
cardiac valvular disease warrants a prophylactic 
antibiotic to protect the patient during surgery.  

16.2.2     Preoperative Chest 
Radiography 

 Routine chest radiography is rarely of any value. 
The limited evidence on the value of a chest 
X-ray as a baseline measure suggests that it will 
be of value in less than 9 % of patients [ 14 ]. 
Extremes of age, smoking, stable chronic obstruc-
tive pulmonary disease, stable cardiac disease, or 
resolved recent upper respiratory infection are 
not considered unequivocal indications for chest 
radiography even in western countries [ 10 ]. 
Conversely, chest X-ray is indicated in trauma 
patients in the presence of acute respiratory 
symptoms, although it should never delay the 
treatment to confi rm the clinical diagnosis, 
 especially when a tension pneumothorax is 
 suspected. About smoking habit, a short-term 
cessation (less than 4 weeks) may be benefi cial to 
reduce the amount of carboxyhemoglobin in the 
blood in heavy smokers [ 11 ].  

16.2.3     Pulse Oximeter 

 The use of a pulse oximeter is highly recom-
mended. It gives indications about the oxygen-
ation as well as the adequacy of the peripheral 
circulation either in the preoperative assessment 
or during surgery. However, a severe vasocon-
striction, very low levels of Hb (<5 g/dL), 

 hypothermia (<30°), and carbon monoxide poi-
soning make the results less reliable.  

16.2.4     Blood Transfusion 

 Blood should be transfused only for lifesaving 
indications. In the acute setting, a class IV hemor-
rhage (>40 % loss of blood volume) will certainly 
need blood [ 16 ], while there is agreement that in 
surgical patients with chronic anemia, blood is 
required for Hb levels usually around 7 g/dL [ 17 ]. 
A lesson from austere environment is that patients 
can survive at very low hemoglobin levels, pro-
vided they are well oxygenated and fi lled. The pro-
vision of blood is often problematic and unreliable, 
with a substantial risk of disease transmission. 
Sometimes blood takes long time to get cross-
matched and is available only after a relative has 
donated blood to fi ll the stock. Also the anesthetist 
in the theater must do sometimes the crossmatch-
ing and facilities should be available for this. 
Blood group and Rhesus should always be checked 
in each trauma patient at admission, although a 
small emergency blood bank may not be present in 
the very remote area. When an appropriate refrig-
erator is not available and transfusions are really 
needed, they may be done by bleeding the donors 
(if available), with the advantage to have fresh 
blood, containing clotting factors and platelets. 

 All bloods should be tested for hepatitis B and 
C and HIV. In high HIV prevalence area, it is 
probably better to screen before blood collection, 
instead of screening afterward, but it is well 
recognized that there is no absolute guarantee of 
safety with a negative testing [ 18 ]. 

 It has been reported, in extreme acute cases, 
the possibility of intraoperative autotransfusion. 
This procedure is unlikely in orthopedic trauma, 
for the risk of infection in the presence of open 
fractures and wounds. Autotransfused blood 
contains signifi cantly decreased coagulation 
factors and has lower hemoglobin when compared 
with venous blood [ 19 ] but can be lifesaving in 
classic indications like massive hemothorax or 
severe bleeding consequent to intra-abdominal 
hemorrhage, not contaminated, as in ectopic 
pregnancy [ 20 ].   
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16.3     Microbiology Laboratory 
in Trauma Care 

 Until recently, the target of deployed laboratory 
medicine in austere environment has been imme-
diate casualty care, with basic hematology and 
clinical chemistry being the priorities, along with 
transfusion of blood and blood products. The use-
fulness of a microbiological support has been 
questioned and is not routinely recommended 
[ 21 ]. Pre- or post debridement cultures do not 
appear to be consistently predictive of infection or 
infecting bacteria, and initial choice of early anti-
microbial agents can result in bacteria that escape 
the initial spectrum of activity. Health- care envi-
ronmental contamination and nosocomial trans-
mission are major factors contributing to the 
spread of multiple drug- resistant organisms: there-
fore, good infection control practices are probably 
more useful than microbiologic lab support.  

16.4     Thromboprophylaxis 

 Although not strictly related to the preoperative 
evaluation, preparation to surgery in orthopedic 
trauma may involve thromboprophylaxis, whose 
effi cacy in reducing morbidity/mortality in surgi-
cal patients has been well demonstrated [ 22 ]. In 
austere environment, 3 % of surgical deaths were 
attributed to pulmonary embolism, though on 
clinical grounds only [ 23 ]. Given the clinically 
silent nature of venous thromboembolism, its 
high prevalence in hospitalized patients, and its 
potentially disabling or fatal consequences, the 
management of thromboembolic risk in the per-
operative period seems justifi ed also in low-
resource settings, especially in high-risk patients. 

 Of course the benefi ts should be balanced with 
its potential risks. In these contexts, often patients 
present with massive bleeding, there is limited 
ability to cope with bleeding, transfusions are 
associated with very high infectious and immu-
nologic risks, and underlying anemia is the norm 
even before trauma. The signifi cant rate of 
planned re-intervention in trauma and war sur-
gery, due to infection, delayed primary closure, 
or other  complications, as well as the rare avail-

ability of hematological investigations, are fur-
ther concerns to prophylaxis. The rare availability 
of platelet count will also make diffi cult to evalu-
ate the presence of a possible heparin-induced 
thrombocytopenia syndrome. Moreover, the 
administration of low molecular weight heparin 
at home after discharge is not reliable in these 
settings and may be risky. For all these reasons, 
the use of thromboprophylaxis in orthopedic sur-
gery has been limited, in MSF context, to the 
advanced level structures only [ 24 ]. 

 Patients with severe multitrauma, severe spinal 
and pelvic (unstable) trauma and sickle cell ane-
mia are at risk for thrombosis and should likely be 
given low molecular weight heparin. Isolated fem-
oral or lower limb fractures carry a relatively low 
risk of pulmonary embolism and possibly do not 
need any treatment. Moreover, many of these 
patients are younger than 40 years, usually due to 
the low life expectancy often present in these 
countries, and carry the lowest risk of thrombosis. 

 In conclusion, the need for complicated and 
costly lab examinations can be minimal for ortho-
pedic surgery in austere environment. “Routine 
labs” are of negligible value and a satisfactory pre-
operative evaluation can be defi nitely achieved 
monitoring the patient with some basic test. 
Actually, unnecessary testing is plaguing modern 
medical practice in developed countries, and this 
attitude should be avoided especially in poor-
resources settings, where costs have even more 
value. The lack of confi dence and sometimes 
absence of a thoughtful assessment of the patient at 
the bed may be the reasons behind the decision to 
order not essential tests. The majority of lab inves-
tigations do not add too much to the surgical plan 
and to the quality of surgical care in such environ-
ment. Moreover, investigations claimed to be effec-
tive in technologically advanced settings may not 
duplicate their infl uence in other environments.     
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      Anaesthesia in Austere 
Environments                     

     Christine        du Maine     

       It is important that surgeons are aware of the 
most important challenges and solutions in 
anaesthesia, as surgical options may need to take 
into account the limitations of anaesthetic possi-
bilities available locally. Patient preparation and 
adequate post-anaesthesia care, both in a recov-
ery room and in a postoperative ward, are part of 
the anaesthetic management of a patient. Access 
to modern drugs and technologies is limited in 
austere environments, so there has been very lit-
tle change in the way cases have been handled 
over the last few decades [ 1 – 3 ]. This chapter 
presents tools to fi nd an ‘optimal’ anaesthetic 
approach for your circumstances. 

17.1     General Considerations 

17.1.1     Availability of Staff 

 Training and relevant experience of staff (operat-
ing theater and post-operative) infl uence the sur-
gical outcome [ 4 – 6 ] (Fig.  17.1 ). Anaesthesia is 
often performed by people with little medical 
background who have been trained on the job [ 7 ]. 
A properly equipped and staffed post-anaesthetic 
care unit (PACU) may not be available, requiring 

the patient to be kept in the operating room (OR) 
for a longer period [ 8 ]. It is important that the 
patient is fully awake, comfortable and properly 
hydrated before discharge to the ward, as edu-
cated staff and close surveillance may not be 
available [ 2 ,  3 ,  5 ,  9 ].

17.1.2        Equipment 

 International standards for safe practice are rarely 
met, with erratic electrical supplies, inconsistent 
oxygen delivery, lack of up-to-date drugs and 
equipment and sometimes even of running water 
[ 2 ]. This is even more apparent where anaesthe-
sia for paediatric populations is concerned, as 
several different sizes of laryngoscope blades, 
intravenous cannulas (IVs) and airway devices 
are needed [ 2 ]. When the facilities to detect and 
deal with problems during and after anaesthesia 
are lacking, one needs to seriously consider 
whether the surgery should be performed [ 8 ]. 
Referral options need to be explored (Fig.  17.2 ).

17.1.3        Drugs 

 Extremes of temperature might impact the effective-
ness of many drugs, requiring care during transpor-
tation and storage [ 10 ]. Custom formalities might 
also limit the ease of importation. There are no stud-
ies to determine the longevity of medications: they 
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may be effective long past their expiration dates, but 
there is a risk of providing or being perceived as pro-
viding less than an optimum quality of care [ 8 ]. 
Emergency drugs need to be available to counter 
adverse events. Atropine, epinephrine/adrenaline 
and ephedrine are essential whenever any anaesthe-
sia is planned (Fig.  17.3 ) [ 3 ,  5 ].

17.1.4        Patients 

 A general preoperative evaluation is mandatory 
[ 11 ] (Table  17.1 ). Extreme delays in presentation 
are common in austere environments, resulting in 
a high incidence of dehydration and sepsis due to 
wound infections, pneumonia or traditional 

 healing methods. These factors augment the sur-
gical problem and anaesthetic risks [ 2 ,  12 ]. The 
physiological compensation mechanisms in 
young people can suddenly fail, resulting in car-
diovascular collapse in an apparently stable 
patient, so adequate resuscitation is paramount.

   Patients might never have had any medical 
care prior to their presentation for trauma, so 
some conditions may not be known, or they may 
omit to mention a condition out of fear of being 
dropped from the surgical programme [ 8 ,  11 ]. 
Thus, the physical examination is especially 
important in areas where there is a low access to 
healthcare. The physician must be alert to the 
physiological consequences of chronic malnutri-
tion, poor hygiene and lack of vaccination 

  Fig. 17.1    Scarcity of 
staff is a challenge, so 
training has to be a part 
of any mission       
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 programmes. The possibility of pregnancy must 
be explored as this may have consequences for the 
surgical and anaesthetic approach, such as patient 
positioning and fasting. Pre-existing anaemia is 
very common due to trauma, malnourishment and 
prevalent parasitic infections [ 8 ,  11 ]. 

 The very old or very young carry a higher risk 
of potential complications, such as postoperative 
apnoea in newborns [ 2 ,  8 ] (Fig.  17.4 ). Many 
medical facilities lack the essentials for safe sur-
gical care of children such as experienced staff, 
equipment and drug forms suitable for paediatric 
use [ 2 ].

   Fasting/nil by mouth/NPO guidelines can be 
very diffi cult to enforce in places where the 
family members provide the care of the patient 
and where communication and nursing 
supervision is limited, so many elective patients 
may turn out to have eaten or drunk something 
prior to surgery increasing the risk of aspiration 
[ 11 ,  13 ] (Figs.  17.5  and  17.6 ). Any patient 
undergoing an emergency procedure and all 
pregnant patients are considered to have a full 

  Fig. 17.2    Some units are relatively well equipped, while 
others have very little in the way of resources and 
equipment       

  Fig. 17.3    The team must 
maintain close control on 
the precious drugs 
inventory       

   Table 17.1    Mandatory preoperative evaluation   

 Date and time of injury 

 Previous medical problems 

 Verifi cation of fasting 

 Allergies (drugs, disinfectants, etc.) 

 Physical examination 

 

 

17 Anaesthesia in Austere Environments



196

stomach. Patient preferences and expectations 
should be acknowledged, and every effort should 
be made to comply with patients’ wishes, even 
though resources and options are limited and it 
may not be possible [ 4 ].

17.1.5         Environment 

 Both hyper- and hypothermia can negatively 
infl uence a patient’s outcome [ 3 ]. Excessive 
humidity or temperatures infl uence the function-
ality of some of our equipment. At higher alti-
tude, the partial oxygen pressure is lower, 
infl uencing the oxygenation of tissues and an 
increased risk of desaturation [ 8 ].  

17.1.6     Safety and Other Issues 

 The World Health Organization has designed and 
promoted a Surgical Safety Checklist (  http://
www.who.int/patientsafety/safesurgery/ss_
checklist/en/    ). This list is designed to ensure opti-
mum communication between the anaesthetic 
team, the surgical team and all other members of 
the healthcare team involved in the patient’s care. 
It mandates that a ‘time out’ is taken to confi rm 
the name of the patient, the operation planned, the 
surgical site and any concerns anyone may have. 

 Patients might need to be transfered to a 
 different facility or even discharged shortly after 
the procedure due to safety or security reasons. In 

  Fig. 17.4    Paediatric 
patients pose diffi cult 
challenges       

  Fig. 17.5    Instructions must be clear and in the local 
language or dialect       
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emergencies with a large infl ux of patients, the 
time available for anaesthesia might be limited, 
infl uencing the choice of technique [ 4 ] 
(Table  17.2 ).

17.1.7        Local-Regional (RA) Versus 
General Anaesthesia (GA) 

 There is no major advantage proven of RA over 
GA [ 14 ]. Advantages of RA include the fact that it 
limits the exposure to incapacitating or sedating 
drugs and their side effects [ 10 ,  15 – 17 ]. This leaves 
the patient able to protect their airway [ 15 ] and 
with less respiratory depression, eliminating the 
need to control a patient’s breathing or perform a 

potentially diffi cult intubation [ 2 ,  10 ,  15 ,  18 ]. The 
patient remains able to communicate, which is 
valuable when traditional one-on-one monitoring 
and intra- and postoperative monitoring equipment 
is unavailable or at a minimum [ 10 ,  15 ,  17 ,  18 ] and 
allows neurological monitoring of concomitant 
head injuries [ 17 ,  18 ]. RA is cost-effective [ 8 ] and 
logistically easier to  provide as a minimum of con-
sumables and  equipment is necessary, especially 
when low doses are used to avoid dose-related side 
effects [ 15 ]. The consumables have long shelf lives 
and are stable at a range of temperatures [ 15 ]. 

 Pain relief can be optimised in the pre-, per- 
and postoperative period, with decreased need 
for systemic analgesics [ 10 ,  15 ,  18 ] through site- 
specifi c, high-quality analgesia [ 17 ]. RA can 
play a valuable role in a multimodal approach to 
pain management in trauma patients [ 16 ], espe-
cially those with isolated orthopaedic injuries 
and burn patients [ 16 ]. The use of catheters in 
RA allows prolonged analgesia or repetitive dos-
ing for treatments such as repeated wound 
debridements [ 16 ]. 

 A rapid room turnover can be achieved if blocks 
are performed in a preoperative area with monitor-
ing capacities [ 8 ,  10 ]. Due to the faster recovery 

  Fig. 17.6    Surgeons and 
anaesthetists must work 
closely to ensure patient 
safety       

   Table 17.2    General considerations in choosing an anaes-
thesia technique   

 Manpower constraints 

 Equipment constraints 

 Drug availability 

 Patient considerations 

 Climatic and geographic considerations 

 General situational and safety considerations 
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[ 10 ,  18 ], there is less need for a PACU and inten-
sive nursing care [ 18 ], with a decreased length of 
emergency department (ED) [ 17 ,  18 ] and hospital 
stay [ 18 ]. The cardiac and pulmonary functions 
are improved postoperatively [ 18 ], and the neuro-
endocrine stress responses are decreased [ 17 ,  18 ]. 
Decreased pain and stress contribute to a potential 
reduction in risk of chronic pain syndromes and 
post-trauma sympathetic dystrophy (PTSD) [ 17 ]. 

 Superfi cial wounds and lesions to the extremi-
ties tend to be survivable [ 10 ], in contrast to pene-
trating wounds of the head or thorax (Fig.  17.7 ). 
This increases the potential for RA in austere envi-
ronment, as lesions to the extremities comprise the 
majority of surgical cases in areas struck by natural 
disasters [ 11 – 13 ,  19 ]. Advances in  helmet and body 
armour have the same effect in modern warfare 
[ 10 ]. Neuraxial blocks signifi cantly reduce postop-
erative mortality and  complications such as deep 
vein thrombosis and pulmonary embolism com-
pared to GA [ 16 ], while peripheral blocks avoid 
side effects of neuraxial blocks [ 16 ] such as hypo-
tension. RA provides sympathectomy in the tar-
geted limb, with advantages in graft surgery [ 16 ].

   More skills and training are required to 
achieve these techniques [ 2 ,  14 ,  15 ,  17 ,  20 ,  21 ], 
achieving success rates between 75 and 90 % 
[ 14 ]. Each block needs to be mastered sepa-
rately, as does the awareness and treatment of 
potential complications and side effects [ 20 ]. 
Equipment like neurostimulators, suitable nee-
dles and ultrasound [ 2 ] improve the success rate 
and effi cacy and may decrease rates of complica-
tions like nerve injury and vascular or pleural 
punction [ 15 ,  18 ]. 

 RA is more invasive than systemic analgesia 
[ 18 ]. The risk of infection increases as the dura-
tion of continuous techniques via a catheter is 
extended [ 15 ,  17 ,  18 ] or if the block is performed 
in less ideal or unsterile circumstances [ 18 ,  21 ]. 
The induction time [ 14 ,  15 ] is longer and more 
painful, sometimes requiring additional sedation 
[ 14 ]. A degree of patient cooperation is however 
required [ 18 ]. RA is unsuitable for major thoracic 
trauma [ 15 ] or multiple limb injuries. Local 
anaesthetic systemic toxicity (LAST) is a life-
threatening complication. It requires monitoring 
and resuscitation facilities [ 20 ]. The antidote has 
a short shelf life and can be conserved at a maxi-
mum of 25 °C [ 14 ]. 

 RA can interfere with the neurologic or vascu-
lar assessment of an injured limb [ 17 ]. Surgeon 
concerns of masking a compartment syndrome 
[ 14 ] seem largely unfounded [ 17 ,  20 ], as break-
through pain in a previously well- working block 
is described in almost all cases. Close communi-
cation with the operating surgeon is important. 
Contraindications include an infection at the 
entry point [ 16 ,  18 ] or systemic infections [ 18 ], 
coagulopathy [ 18 ], patient refusal [ 16 ] and aller-
gies [ 16 ]. 

 GA is much easier to learn and perform and 
easier to remember [ 14 ]. The same protocols can 
be used for injuries on any or multiple parts of 
the body. It has almost 100 % success rate [ 14 ], 
and induction is faster and less painful [ 14 ]. 
GA and RA can be used in comination [ 10 ] 
(Table  17.3 ).

   The cost and logistics of transportation make 
procedures using perishable supplies or heavy 
and large equipment prohibitive or impossible 
[ 15 ]. GA requires frequent compressed gas 

  Fig. 17.7    Placing a chest drain into a paediatric patient       
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resupply, ventilators and dependable sources of 
electricity [ 10 ]. To avoid the complexities and 
disadvantages of inhaled anaesthesia (e.g. waste 
gas), total intravenous anaesthesia (TIVA) could 
be used, but this requires IV pumps and an ade-
quate supply of consumables [ 15 ].   

17.2     Monitoring and Other 
Essential Equipment 

 It is important that whatever technique is chosen, 
the anaesthesia provider has materials at hand to 
provide resuscitation in case of adverse effects. 
An absolute minimum would include a self- 
infl ating bag and a device allowing suctioning of 
the airways. 

17.2.1     Respiratory Support 

 Different devices are available, some more com-
plex than others. A self-infl ating bag as backup is 
indispensable, regardless of the kind of anaesthe-
sia practised.  

17.2.2     Suctioning Apparatus 

 There are hand- or foot-operated devices but also 
electrical devices. It is important to check the 
function of these devices routinely [ 8 ] and before 
every intervention, especially check for circuit 
leaks and battery charge.  

17.2.3     Monitoring 

 The options here vary depending on the situation. 
Ideally, monitoring should be similar to that used 
in the developed world. 

17.2.3.1     Clinical Observation 
 The most basic monitoring is done by clinical 
observation: skin colour for oxygenation and 
anaemia; feeling the pulse for circulation 
(Table  17.4 ); and chest and abdominal move-
ments (in the presence of open airways), air 
movement and breath sounds for respiration [ 9 ]. 
Of course these techniques are not very accurate 
and often only detect major problems.  

17.2.3.2     Praecordial Stethoscope [ 8 ] 
 This technique is often used in paediatrics, but 
can also be used for adults. By using some tape to 
attach a stethoscope to the praecordial area of the 
heart of the patient’s chest, heart rate and rhythm 
and respiration can be monitored throughout the 
surgical intervention.  

17.2.3.3     Pulse Oximeter [ 8 ,  12 ] 
 A pulse oximeter should be used whenever avail-
able [ 9 ,  22 ], and it is the minimum monitoring for 
safe anaesthesia. It is small and portable, and 
relatively cheap and robust models exist. The 
simplest versions are battery operated. Not only 
does it give an indication (often audible) of the 
oxygenation, heart rate and rhythm, but it also 
helps establishing the adequacy of the peripheral 
circulation.  

17.2.3.4     Sphygmomanometer [ 8 ,  12 ] 
 This is a accurate method of measuring the blood 
pressure in a non-invasive way. One can estimate 
the systolic blood pressure by feeling the pulse 

   Table 17.3    Regional anaesthesia vs. general anaesthesia   

 RA  GA 

 Limited need of sedation: 
   No airway manipulation 
   Less monitoring needed 
   Neurological evaluation 

possible 

 Easier to learn: 
   One technique can 

serve for all 
   In addition to RA 

 Cost-effective  Near 100 % success 
rate 

 Optimised perioperative 
pain relief, with reduction 
of chronic pain syndromes 

 Faster recovery 

 Suited to majority of 
pathology in austere 
disaster settings 

 Reduced postoperative 
morbidity and mortality 

 Time-consuming skills and 
training required 

 More logistics required 

 More invasive: infections, 
nerve injuries, pleural 
punctures, haematoma 

 Need for airway 
manipulation, 
respiratory support 

 LAST 
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while defl ating the cuff, but it is more accurate 
and informative to use a stethoscope or an auto-
mated version (Table  17.4 ).

17.2.3.5        Temperature [ 8 ] 
 Hypothermia is most common in patients during 
surgery, but particularly in small children and hot 
environments, hyperthermia can occur.  

17.2.3.6     Continuous ECG [ 8 ] 
 ECG helps detecting arrhythmias, myocardial 
ischaemia, conduction abnormalities and electro-
lyte disturbances [ 23 ]. Interpreting an ECG 
requires training, and the monitor screen often 
shows artefacts and distortions [ 12 ].  

17.2.3.7     End-Tidal CO2 or 
Capnography [ 8 ] 

 Training in the interpretation of capnography is 
quite simple, although it is rarely utilised in an 
austere environment. Handheld combined 
SpO2 and EtCO2 monitors are available. 
Disposable devices showing the presence of 
CO2 in exhaled gases based on colour changes 
on the indicator paper exist can be used to 
check the correct placement of an endotracheal 
tube [ 8 ]. 

 Capnography is best known as technique to 
confi rm adequate ventilation, but a rapid fall of 
EtCO2 however is also a sensitive indicator of air 
embolism [ 23 ] and other states of low cardiac 
output. In patients in shock, blood pressure and 
pulse oximetry measurement can be diffi cult or 
impossible due to inadequate circulation. EtCO2 
monitoring remains possible and provides rough 
but useful information on the circulation in envi-
ronments where (invasive) monitoring options 
are limited.  

17.2.3.8     Invasive Monitoring [  8  ]  
 Availability of invasive monitoring, like arterial 
and central venous pressures, is extremely rare, 
and the risks of these techniques (air embolus, 
erroneous injection, bleeding, etc.) are often 
higher than the benefi ts in austere environments 
and in the hands of untrained personnel.   

17.2.4     Registration 

 It is advisable to register the patient’s vital param-
eters, the drug doses and timing and any events 
(surgical and other) during the anaesthesia and 
the surgical procedure. Usually this is done in a 
schematic way on an anaesthesia record. It helps 
for future anaesthesias in the same patient and 
helps identifying problems and ways to avoid 
them in future cases.   

17.3     General Anaesthesia 

 General anaesthesia alters the consciousness and 
pain perception of a patient over the whole body 
by administration of an agent with systemic 
effects. The term covers a continuum spanning 
from a cooperative patient with protective refl exes 
to a completely unconscious and paralysed patient 
with full reliance on the anaesthesia provider for 
support of his or her vital functions [ 24 ]. 
Obviously the former is preferred in circum-
stances where human and other resources are 
scarce, but this does limit the type of surgery that 
can be performed (Table  17.5 ).

17.3.1       Drugs 

17.3.1.1     Ketamine 
 Ketamine is an extremely versatile drug. 
Ketamine causes a dissociative state, with rapid 
and profound analgesia, amnesia and sedation 
[ 3 ,  14 ] while the patient breathes spontaneously 
and protective airway refl exes are usually main-
tained [ 5 ,  22 ]. Blood pressure and heart rate are 

    Table 17.4    Estimation of blood pressure according to 
palpable pulses   

 Pulse palpation  Estimated blood pressure 

 Radial artery  >70 mmHg 

 Femoral artery  >50 mmHg 

 Carotid artery  >40 mmHg 
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maintained or stimulated by a centrally mediated 
catecholamine reuptake inhibition [ 22 ]; there-
fore, caution needs to be used in patients with 
coronary artery disease or pre-existing hyperten-
sion. The analgesia outlasts the sedative effect 
[ 22 ], reducing the amount of postoperative pain 
experienced. 

 Ketamine has a large therapeutic window [ 22 ] 
with a wide safety margin [ 14 ], an easy and long 
storage [ 14 ] and a low cost [ 22 ], which makes it 
an anaesthetic of choice in resource-poor or aus-
tere environments, where monitoring equipment 
and temperature-controlled storage may be rudi-
mentary or absent [ 11 – 14 ,  19 ,  22 ]. The drug 
attracts a lot of attention in the search for the saf-
est, easiest and most effi cient anaesthesia tech-
nique by non-anaesthesiologists [ 14 ]. Ketamine is 
even suggested to have neuroprotective properties 
in head injury and organophosphorous nerve 
agent exposure [ 3 ]. 

 Ketamine can be administered IM (4–10 mg/
kg; analgesic dose: 1 mg/kg), PO or IR (6–10 mg/
kg), nasally (6 mg/kg), in IV bolus or continuous 
IV drip [ 3 ,  14 ]. Airway and breathing are rarely 
signifi cantly compromised when ketamine is 
used as monotherapy, although there is a potential 
for respiratory depression and airway obstruction 
requiring chin lift or jaw thrust [ 22 ], especially in 
the fi rst 2–3 min of rapid IV induction. Titration 
is necessary [ 5 ], and certain co-medications can 
increase the need for airway and respiratory 
support. Competence and facilities of airway 
management should be available when adminis-
tering this drug [ 20 ]. 

 Whereas ketamine provides much more hae-
modynamic and respiratory stability than any 
other anaesthetic or sedative, it can also be the 
fi nal straw, decompensating a severely ill 
patient [ 14 ]. 

 Contraindications are relative, but need to be 
considered on a case-by-case basis. These include 
psychiatric disease, mitral or aortic stenosis, 
untreated hyperthyroidism, eclampsia, epilepsy, 
ischaemic heart disease and pulmonary hyperten-
sion [ 14 ]. 

 Like any drug, ketamine has adverse effects, 
most of which are dose dependant. One needs to 
be prepared to detect and treat complications. 
Side effects include hypersalivation, which can be 
prevented by administering atropine, and tran-
sient laryngospasm in children, responsive to 
BVM ventilation [ 22 ]. Vomiting can occur, gener-
ally after emergence (5–15 %) [ 22 ]. Patchy ery-
thematous rash sometimes manifests itself shortly 
after injection, but usually disappears spontane-
ously, with no recurrence with further ketamine 
administrations [ 22 ]. Purposeless movements or 
hypertonus can interfere with planned procedures 
[ 22 ]. Overtime tolerance (in the NHS) for ket-
amine develops, requiring increased doses [ 22 ]. 

 Psychiatric adverse events may include 
dreams, hallucinations and delirium, although the 
clinical signifi cance is unclear [ 22 ]. 10–20 % can 
experience frightening depersonalisation during 
emergence. These emergence reactions can be 
effectively prevented and terminated by sedating 
agents. Other preventive strategies include 
preinduction counselling and environmental 
techniques such as provision of music [ 22 ] or a 
quiet room [ 3 ,  22 ]. S(+)-ketamine has been 
researched and offers higher potency and a 
shorter duration of action with a reduction of 
adverse effects, especially of the emergence reac-
tions [ 3 ,  22 ].  

17.3.1.2     Propofol 
 Propofol carries a higher risk of cardiovascular 
collapse and respiratory depression [ 14 ]. It 
requires more skills and equipment [ 3 ] to safely 
conduct an anaesthesia. Propofol is a lipid-based 
solution and as such supports rapid microbial 
growth at room temperature. Unintentional 
contamination of propofol has been associated 
with unusual outbreaks of bloodstream and surgi-
cal site infections [ 25 ].  

   Table 17.5    Minimum set-up required for anaesthesia   

 Respiratory support 

 Suctioning apparatus 

 Monitoring 

 Registration 
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17.3.1.3     Thiopentone 
 Thiopentone is not considered a safe drug for 
non-anaesthetists. It has a high risk of apnoea and 
even of cardiac arrest [ 3 ] or collapse [ 14 ] and 
arrhythmias when used by people without 
anaesthesia experience.  

17.3.1.4     Etomidate 
 Etomidate causes less cardiovascular depression 
[ 26 ] than thiopentone and propofol, but is known 
to provoke adrenal insuffi ciency [ 14 ].  

17.3.1.5     Opioids 
 These strong analgesics are often used during 
general anaesthesia. Apart from ketamine, no 
other sedative provides a clinically signifi cant 
degree of analgesia. More on these drugs can be 
found under pain management.  

17.3.1.6     Muscle Relaxants 
 In an austere environment, the use of muscle 
relaxants contains serious risks, especially if han-
dled by personnel without a training in anaesthe-
sia. Ventilation needs to be controlled non-stop 
until full recovery. In the absence of a machine, a 
second person will be required to handle drugs 
and regularly check vital signs. Intubation should 
be avoided by inexperienced people, and one 
needs to be prepared for an unexpected diffi cult 
airway. A muscle relaxant does not act on the con-
sciousness or pain perception: never administer it 
to an awake patient [ 4 ,  9 ]. Different types of mus-
cle relaxants exist, with varying speed and dura-
tion of action.  

17.3.1.7     Inhalational Agents 
 These agents are used under the form of vapour. 
They require special equipment to administer, 
and they can contaminate a closed environment, 
like an OR [ 14 ]. There are many different types 
of vapour that can be used, all of which have 
some degree of negative impact on CV stability 
[ 14 ]. Specifi c side effects and possible 
complications for each agent should be checked 
before use. For example, ether vapours are highly 
fl ammable. Halothane can cause liver dysfunction 
[ 26 ], especially in shock and with repeated use, 

and cardiac arrhythmias, exacerbated by infi ltra-
tion of adrenaline. 

 Different vaporisers exist, depending on the 
agent and the breathing system used [ 3 ,  4 ,  8 , 
 27 ]. Some supplemental oxygen is usually 
required to avoid desaturation, especially in the 
patient without respiratory assistance. A scav-
enging system can be used to evacuate exhaled 
gases to the exterior, minimising work environ-
ment contamination [ 8 ]. Altitude (barometric 
pressure), temperature and the patient’s minute 
volume [ 3 ,  8 ] might infl uence vapour concentra-
tion, and the vaporiser must always be in an 
upright position during use and fi lling, avoiding 
agent overfl ow. 

 Even agent-specifi c vaporisers might have 
been used with different products. If you are not 
100 % sure of the age and nature of the residue 
in a vaporiser, empty it, rinse it with the required 
agent and empty it again before use [ 8 ]. Do not 
mix different agents [ 8 ]. Using a vaporiser cali-
brated for a different agent can be dangerous 
[ 8 ]. Ideally, end-tidal anaesthetic concentrations 
are measured and the vaporiser calibrations 
checked [ 8 ].   

17.3.2     Breathing Systems 

 In its simplest form, a breathing system links 
the patient to the vaporiser or anaesthesia 
machine. Breathing systems exist in varying 
degrees of complexity [ 4 ,  23 ,  27 ]. A basic and 
safe system avoids rebreathing and allows assis-
tance or control of breathing [ 4 ]. Adaptations, 
or a separate system, are necessary for paediat-
ric patients. 

 The anaesthesia provider [ 4 ] is responsible 
for proper inspection, maintenance, repairs and 
routine (at least daily) testing to avoid dangerous 
situations. Correct placement and orientation of 
the valves are essential for the proper function-
ing of the breathing circuit. When in doubt of the 
orientation, try breathing through the system 
before administering anaesthesia to the patient 
[ 4 ]. Always have a self-infl ating bag at hand in 
case of emergencies and breakdowns in the 
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anaesthesia circuit, to administer emergency 
ventilation [ 8 ].  

17.3.3     Anaesthesia Machines 

 Most anaesthesia machines are too fragile and 
diffi cult to maintain in an austere environment. 
They also tend to be dependant on a source of 
compressed gasses and a reliable source of 
electricity, two commodities that are scarce in 
austere environments. A ventilator specifi cally 
designed for austere environments does exist [ 28 ] 
and could be considered if suffi ciently experi-
enced staff and budget is available (Fig.  17.2 ).  

17.3.4     Oxygen Supply 

 In austere environment, two main sources of oxy-
gen exist: cylinders or concentrators. Wall outlets 
might be in place in existing health structures [ 8 ], 
but safety, contamination, wrong connections 
and reserve need to be checked before use [ 4 ]. 

 Cylinders are useful as backup oxygen supply, 
even if it is not always feasible to use them as 
main source [ 8 ]. They come in all sorts of shapes, 
sizes and colours, and pressure gauges and 
regulators may be absent, malfunctioning or 
incompatible [ 4 ,  11 ,  12 ]. Always be aware of the 
fact that the gas in the cylinder might not actually 
be oxygen [ 4 ,  9 ]. 

 Oxygen concentrators run on electricity and 
provide a reliable source of at least 90 % pure 
oxygen [ 4 ,  8 ] (Fig.  17.8 ). Standard machines have 
a rate of 5 l/min, but higher capacity concentra-
tors do exist. The running costs are low (electric-
ity and spare parts). Servicing is not complicated 
and can be done locally with simple training [ 4 ].

17.4         Local-Regional Anaesthesia 

 The most basic and oldest techniques of LRA 
involve the identifi cation of injection sites based 
on landmarks and paraesthesia. Nerve stimulators 
[ 21 ] aid in the identifi cation of the nerve to be 

blocked. They are small and portable appliances, 
battery operated, lightweight and durable [ 15 ], 
but they require special insulated needles. 
Ultrasound [ 17 ] techniques allow real-time visu-
alisation of the injection site and the LA spread. 

17.4.1     Practical Aspects of RA 
in Trauma Patients 

17.4.1.1     Local Anaesthetic Agents 
 There are many LA agents in use, with differ-
ences in the duration of action, dosage and 
therapeutic- toxic window. LA properties (like 
lipid solubility, pKa and protein binding [ 15 ]), 
the concentration and volume of the agent used, 
the size of the structures being anaesthetised and 

  Fig. 17.8    An oxygen concentrator       
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the relation of the needle or catheter placement to 
the nerve and its sheath infl uence the onset and 
duration of blocks [ 15 ,  29 ] (Table  17.6 )

17.4.1.2        Adjuvants 
 Analgesic adjuvants are used to prolong the dura-
tion of a nerve block, to potentiate the analgesic 
effect, to reduce the dose of LA agent needed or to 
reduce toxicity by reducing systemic absorption. 
Of course each adjuvant has its own risks, side 
effects and contraindications. Examples include 
epinephrine, opioids [ 8 ,  16 ], clonidine [ 8 ,  16 ] and 
buprenorphine [ 16 ]. 

 Careful selection of the type of opioid used in 
neuraxial anaesthesia needs to take place, as 
differences in lipid solubility change the times of 
onset and duration [ 30 ]. Neuraxial opioids should 
not be used unless postoperative monitoring of 
the cardiorespiratory function by staff that is able 
to intervene is available [ 8 ], e.g. intrathecal 
morphine can cause respiratory depression more 
than 12 h after administration.  

17.4.1.3     Complications 
 There are some postulations about possible myo-
toxicity and inhibition of wound healing by LA 
agents; however, evidence thereof is confl icting 
[ 16 ,  31 ]. Complications of a specifi c loco-regional 
technique are mostly related to nearby anatomic 
structures (e.g. vascular or pleural punctions).  

17.4.1.4     Perioperative Nerve Injuries 
 Perioperative nerve injuries are a recognised 
complication of RA and are thought to be the 

result of direct trauma, neural ischaemia, local 
anaesthetic toxicity or a combination thereof. 
Fortunately the occurrence of severe or disabling 
neurological complications is rare, but mild par-
aesthesia appears common the day after surgery 
in peripheral nerve blocks (PNB), with near com-
plete resolution at 4 weeks. Identifi cation of risk 
factors, prevention of complications and early 
diagnosis and treatment are important [ 32 ] 
(Table  17.7 ).

   Neurotoxicity at the site of injection is possi-
ble. Permanent neurological defi cits might result 
from prolonged exposure, high dose and/or high 
concentrations of LA, possibly aggravated by a 
restricted space [ 32 ]. Limited animal data sug-
gest avoiding more potent LA and vasoconstric-
tive additives and reducing dose, volume and 
concentration of LA [ 32 ,  33 ]. 

 Neural ischaemia may be caused by the 
blood supply being disrupted by intraneural 
injection, endoneural haematomas or vasopres-
sors, especially in the presence of microvascu-
lar disease [ 32 ]. Warning signs include pain or 
paraesthesia on needle placement or injection 
and high injection pressures [ 32 ], and further 
deposition of LA and additive [ 32 ] on the same 
spot should be stopped immediately. In heavily 
sedated patients, this warning may be sup-
pressed [ 32 ,  33 ]. 

 Catheter insertion prolongs anaesthesia and 
analgesia, but increases the risk of nerve damage 
or catheter site infections [ 15 ] and should be 

   Table 17.6    Maximum safe dose of anaesthetic [ 29 ]   

 Local anaesthetic  Maximum dose 
 Duration of 
action (h) 

 Bupivacaine  2 mg/kg 
(max 150 mg) 

 2–4 

 Levobupivacaine  150 mg 

 Lidocaine  3 mg/kg  1 

 Lidocaine/
vasoconstrictor 

 5 mg/kg  1,5 

 Prilocaine  6 mg/kg  1,5 

 Mepivacaine  4,5 mg/kg (7 mg/kg 
with adren) 

 1–2 

 Ropivacaine  3 mg/kg (300 mg)  1,5–8 

  From Donald and Derbyshire [ 29 ], with permission  

   Table 17.7    Risk factors for neural injury   

 Neural ischaemia 

 Traumatic injury during needle or catheter placement 

 Anaesthetic techniques 

 Infections 

 Local anaesthetic solution 

 Additional causes of postoperative neurologic injury 

 Improper patient positioning 

 Tightly applied casts or surgical dressings 

 Surgical trauma 

 Tourniquet (>400 mmHg) 

 Patient body habitus or pre-existing (neurological) 
condition or coincidental worsening of a progressive 
neurological disease 

 Prolonged labour 

  From Horlocker [ 32 ], with permission  
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avoided when lacking continuous surveillance by 
skilled personnel and pumps regulating infi ltration 
speed [ 10 ]. A careful risk-to-benefi t assessment 
needs to be considered on a case-by- case basis in 
patients with pre-existing neurological disorders 
or preoperative neurological defi cits [ 33 ].  

17.4.1.5     Local Anaesthetic Systemic 
Toxicity (LAST) 

 LAST is the direct effect of LA on more distant 
organs after systemic spread of the agent. It 
 usually, but not necessarily, entails a progression 
of symptoms. These include CNS excitement 
(e.g. agitation, metallic taste, auditory changes 
(ringing), blurred vision), CNS depression 
(drowsiness, coma, respiratory arrest) [ 21 ,  33 ], 
cardiac toxicity with hypertension and arrhyth-
mias or cardiac depression (bradycardia, decreased 
contractility, asystole). 

 LAST can be due to intravascular injection or 
delayed tissue absorption in an appropriately 
applied and dosed block, requiring every patient 
to be monitored for at least 30 min after receiving 
more than a minimal dose of LA [ 33 ]. Patient- 
related factors (age, pre-existing cardiac, hepatic 
or kidney disease) [ 33 ], concurrent medications 
[ 33 ], location and technique of the block [ 33 ], 
specifi c LA compound [ 33 ] and total dose [ 18 , 
 33 ], and early and adequate detection and treat-
ment [ 33 ] infl uence the degree of toxicity. 

 To reduce the incidence of LAST, suggestions 
include the use of the lowest effective dose of LA 
[ 18 ,  33 ], aspiration of the needle or catheter 
before each injection[ 33 ], the use of an intravas-
cular marker (epinephrine, fentanyl) [ 33 ] and 
possibly incremental injection of LA (allowing 
for early symptom detection) and ultrasound 
guidance [ 33 ]. 

 Hypoxia and acidoses are known to potentiate 
LAST, so rapid airway management and seizure 
control are vital. Standard ACLS should be per-
formed, but the dose of epinephrine is reduced 
(10–100 mcg boluses in adults) and vasopressin, 
calcium channel and beta-blockers are avoided. 
Lipid emulsion therapy is a rare commodity in 
an austere environment, due to a limited shelf 
life at maximum 25 °C [ 14 ]. Patients need to be 
observed for at least 12 h after a signifi cant 
LAST [ 33 ]. 

 A PDF with a treatment checklist can be 
downloaded at   www.asra.com/checklist-for- 
local-anaesthetic-toxicity-treatment-1-18-12.pdf    .  

17.4.1.6     Infectious Complications 
 In central blocks, infections manifest themselves 
as meningitis (in healthy patients) or abscess for-
mation with cord compression (usually in immu-
nocompromised patients), commonly presenting 
with fever and severe backache 2 days to 5 weeks 
after administration of anaesthesia. 
Uncomplicated cases are treated with antibiotics, 
but surgical decompression is required when neu-
rological defi cits develop, often with only moder-
ate recovery [ 33 ]. Possible risk factors include 
underlying sepsis, a depressed immune status, an 
indwelling catheter or a localised bacterial colo-
nisation or infection causing needle or catheter 
contamination. 

 To administer LRA aseptically, hand hygiene, 
sterile gloves and a surgical mask are a minimum 
requirement [ 33 ]. The skin should be disinfected 
with povidone or chlorhexidine, preferably in an 
alcohol-based solution [ 33 ].   

17.4.2     Neuraxial Blocks 

 Surgery to the lower extremities, perineal area 
and lower abdomen (e.g. Caesarean section, 
appendicectomy) are the most common indica-
tions for these techniques. There are two main 
types of neuraxial block. The fi rst is the sub-
arachnoid or spinal block, a single-shot technique 
whereby local anaesthetic is deposited directly in 
the cerebrospinal fl uid under the L2 vertebrae. 
The second technique is the epidural block, often 
leaving the catheter next to the dura. A caudal 
block is a form of single-shot epidural anaesthe-
sia in children for interventions to the lower 
abdomen and legs, reducing the amount of sys-
temic sedation and analgesia needed per- and 
postoperatively. 

 Problems in both techniques include diffi culty 
in positioning of (trauma) patients and abnormal 
vertebral anatomy (e.g. scoliosis). The main con-
traindications to neuraxial blocks include coagu-
lopathy, severe hypovolaemia or haemodynamic 
instability, elevated intracranial pressure and 
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 pre-existing neuropathy or vertebral trauma. In 
patients with severe aortic stenosis, the sudden 
sympathectomy and peripheral vasodilatation 
caused by the LA can lead to a severe decrease in 
cardiac output and sudden death. 

 Anticipation of hypotension includes proper 
patient hydration prior to the anaesthesia and 
having a vasoconstrictor like ephedrine or 
phenylephrine at hand. The fi rst 30 min after 
subarachnoid block the blood pressure needs to 
be taken every 2–5 min. Nausea is often a symp-
tom of hypotension. 

17.4.2.1     Complications 
 Spinal anaesthesia seems to be associated with 
more cases of meningitis and a higher incidence 
of cardiac arrest, whereas epidural blocks have a 
higher risk of cauda equina, spinal haematoma 
and epidural abscess [ 32 ]. 

 The risk of nerve damage increases in patients 
with spinal stenosis, mass lesions within the spi-
nal canal or prior spinal surgery, even after 
uneventful neuraxial technique [ 33 ] by an experi-
enced anaesthesiologist [ 32 ]. Modify the tech-
nique (position, baricity of LA) to avoid 
reinforcing the same restricted distribution in a 
failed spinal, preferably not exceeding the maxi-
mum dose reasonable for a single injection, and 
only if careful sensory examination reveals no 
evidence of block (including sacral dermatomes!) 
after suffi cient time [ 32 ]. 

 Paraesthesia during needle insertion or pain 
with injection is identifi ed as a risk factor for a 
persistent radiculopathy with the same topogra-
phy, leading some experts to suggest abandoning 
the procedure in this case, as any damage caused 
might be aggravated by the added pressure and 
toxicity of injecting a local anaesthetic in the sur-
rounding area [ 32 ]. 

 Transient neurologic symptom is a term used 
for cases of severe radicular back pain after the 
resolution of spinal anaesthesia, without sensory 
or motor defi cits and with spontaneous resolution 
within several days. The exact cause and clinical 
signifi cance is unknown, but LA toxicity is sus-
pected [ 32 ]. 

 Haematoma formation is associated with 
intrinsic or iatrogenic coagulopathy, diffi culty 

during needle placement and indwelling 
 neuraxial catheters during sustained anticoagu-
lation. Pain is rarely present, and postoperative 
numbness or weakness is typically attributed to 
the LA effect rather than spinal cord ischaemia, 
so diagnosis is often delayed. Permanent defi cit 
occurs in the majority of cases if decompressive 
laminectomy is not performed within 8 h of the 
onset of neurologic dysfunction [ 32 ]. Close 
neurologic monitoring postoperatively is there-
fore important.   

17.4.3     Peripheral Blocks 

 In patients with coagulopathy (intrinsic or iatro-
genic), plexus and peripheral blockade may lead 
to signifi cant bleeding and major patient morbid-
ity with prolonged and complicated hospitalisa-
tion [ 32 ]. However, the expandable nature of the 
site reduces the risk of irreversible neural isch-
aemia by compression [ 32 ]. When performing 
blocks, small doses of ketamine can be used to 
prevent pain [ 16 ]. 

 The easiest forms of peripheral blocks will be 
briefl y discussed here. As many handbooks are 
dedicated solely to loco-regional anaesthesia, it is 
impossible to give a full list of every technique, 
describing how to perform them and the advan-
tages, disadvantages and dangers. A useful web-
site is managed by the New York School of 
Regional Anaesthesia (  http://www.nysora.com/    ) 
and includes step-by-step descriptions and 
images (Table  17.8 ).

   Table 17.8    Examples of potentially useful LRA tech-
niques in austere environment   

 Upper limb nerve blocks  Lower limb nerve blocks 

 Interscalene block  Sciatic nerve block 

 Supraclavicular and 
infraclavicular blocks 

 Femoral nerve block 

 Axillary block  Fascia iliaca nerve block 

 Ultrasound-guided blocks 
of the different forearm 
nerves 

 Obturator nerve block 

 Popliteal sciatic nerve 
block 

 Posterior tibial nerve 
block 
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17.4.3.1       Direct Infi ltration in Fracture 
Haematoma 

 This block can be used for the reduction of frac-
tures, especially to the wrist. It is quick to per-
form, with a reduced risk of an accidental IV bolus 
of LA agent [ 21 ]. The risk of infection is low if 
proper precautions are taken. The biggest advan-
tage is that no extra equipment is needed [ 34 ].  

17.4.3.2     Bier’s Block (or IV Regional 
Anaesthesia) 

 This relatively simple block can be used for many 
kinds of procedures to the distal arm and hand 
[ 24 ,  34 ]. IV access needs to be assured in both 
arms (preferably as distal as possible in the 
injured arm). Blood is drained from the injured 
arm by elevation or a tightly wound elastic ban-
dage. A pneumatic tourniquet is infl ated to 
100 mmHg above systolic pressure, followed by 
slow injection of an LA agent (prilocaine, mepi-
vacaine, lidocaine), allowing manipulation after 
5 min. It is most important that the tourniquet is 
not released until at least 30 min has passed after 
injection of the LA. The patient needs to be 
closely monitored for at least 5–10 min after the 
release of the tourniquet [ 34 ]. 

 Double cuffs exist, whereby after about 
15 min the distal cuff can be infl ated and the 
proximal defl ated to decrease the pain experi-
enced at the site of the tourniquet. If a cuff switch 

is used, it is vital to palpate the infl ation of the 
distal cuff as a check before releasing the proxi-
mal one. This extra manipulation and narrower 
individual cuffs do come with a higher risk of 
accidental systemic spread of the LA and LAST 
[ 24 ,  34 ]. A Bier’s block is theoretically also pos-
sible for lower limb surgery, but as it requires 
higher doses of LA, it also carries a higher risk 
for LAST.  

17.4.3.3     Digital Block 
 It is a relatively simple technique, familiar to 
most surgeons, providing analgesia and anaesthe-
sia for procedures to the fi ngers, including 
debridement, suturing and amputation [ 17 ,  21 ] 
(Fig.  17.9a, b ). Do not inject a digit with a mix-
ture of adrenaline and LA as there is a risk of 
ischaemia.

17.4.3.4        Wrist Block 
 It is a simple block which provides anaesthesia of 
the wrist.

    1.    The ulnar nerve lies deep to the fl exor carpi 
ulnaris (FCU). The point of the needle should 
get past the tendon just proximal to its inser-
tion to the carpal bones (Fig.  17.10a ).

       2.    Palpate the ulnar head (UH). The sensory 
branch of the ulnar nerve (SUN) passes infe-
rior to this landmark and should be blocked 

a b

  Fig. 17.9    ( a ,  b ) Digital block       
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subcutaneously in a triangular or ‘fan’ fi eld 
fashion on the dorsal-ulnar aspect of the wrist 
just distal to the UH (Fig.  17.10b ).   

   3.    If you ask a patient to put together the tips 
of the thumb and little fingers of the same 
hand, very often you can visualise the pal-
maris longus. Radially you will palpate the 
flexor carpi radialis and more radially the 
pulse of the radial artery. The median nerve 
lies in between the PL and FCR 
(Fig.  17.10c ).   

   4.    Over the dorso-radial aspect of the wrist, you 
can palpate the radial styloid. The sensory 
branch of the radial nerve (SRN) arises just 
dorsal to the tip of the styloid and travels 
under the skin. The best way to block this is 
by infi ltrating the region in a transverse orien-
tation (Fig.  17.10d ).      

17.4.3.5     Ankle Block 
 The ankle is also relatively easy to block. Infi ltrate 
subcutaneously in a ringlike fashion.

    (A)    The saphenous nerve lies anterior to the 
medial malleolus, and the superfi cial pero-
neal nerve lies lateral to the extensor digito-
rum communis tendon (EDC). The deep 
peroneal nerve is blocked in the groove 
formed in between the extensor hallucis 
longus (EHL) and EDC tendons. Palpate 
the tip of the medial malleolus. Then move 
your fi nger 1 cm proximal and posterior to 
the tip of the malleolus. The posterior tibial 
nerve (PTN) is found in this région 
(Fig.  17.11a ).

       (B)    Locate the midpoint between the lateral 
border of the Achilles tendon and the tip 

a

c d

b

  Fig. 17.10    ( a ) Surface markings for the FCU. ( b ) Surface markings for the superfi cial ulnar nerve. ( c ) Surface markings 
for palmaris longus and médian nerve block. ( d ) Superfi cial radial nerve surface markings       
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of the lateral malleolus and infi ltrate this 
area. This will block the sural nerve 
(Fig.  17.11b ).       

17.4.4     Local Anaesthesia 

 Of course the simplest technique is just the infi ltra-
tion of wound edges or skin site where superfi cial 
surgery is to be carried out. The main risk of this 
type of intervention is the risk of LAST, especially 
when suturing multiple and/or extensive lesions 
the maximum dose of an LA is easily exceeded or 
in the case of inadvertent intravascular injection.  

17.4.5     Topical Anaesthesia 

 Local application of preparations like lidocaine- 
prilocaine cream or tetracaine gel can provide 
analgesia for superfi cial procedures to small areas. 
The gel or cream should not be applied to broken 
skin or mucous membranes like mouth, lips, anal 
or genital areas. An ethyl chloride spray does not 
contain an anaesthetic, but the cold induces numb-
ness for a very short duration of time, allowing, for 
example, the incision of a (superfi cial) abscess.   

17.5     Pain 

 Trauma patients generally present with signifi -
cant levels of pain and stress. Advanced Trauma 
Life Support protocols however only mention 

pain as an important physical sign, but are silent 
on the assessment and treatment of pain. As a 
result, pain management has a low priority [ 20 ], 
even in the developed world [ 18 ]. There is a dis-
proportionate fear of the impact on haemody-
namic and respiratory function [ 18 ,  20 ], aspiration 
of gastric contents [ 20 ], an interference with the 
assessment of mental status [ 18 ], addiction [ 20 ], 
delirium [ 17 ], an inappropriate pain estimation 
[ 17 ,  20 ] and concern about potentially obliterat-
ing clinical signs[ 17 ,  20 ]. 

 It has been demonstrated that improved pain 
management not only increases comfort and 
reduces suffering but that it also reduces the rate of 
intubation and morbidity in trauma patients and 
improves both short- and long-term outcomes [ 16 , 
 20 ]. Not treating pain increases the stress response, 
resulting in hypertension and tachycardia and in 
some patients myocardial ischaemia. Pain man-
agement also improves patient cooperation [ 20 ]. 
Early, effective analgesia can provide better condi-
tions and reduces the stress response during trans-
port and the initial examination of trauma patients. 
Optimal pain control can theoretically reduce the 
chance of developing chronic pain and post- 
traumatic stress disorders [ 17 ,  18 ,  20 ]. 

 The assessment of pain should occur as soon 
as possible in the initial management after pri-
mary survey [ 17 ,  20 ]. This can prove diffi cult, as 
the background of a patient infl uences the level of 
coping and expression of pain. Many pain assess-
ment instruments are available, but few are vali-
dated in, for example, children from the 
developing world [ 2 ]. 

a b

  Fig. 17.11    ( a ) Posterior tibial nerve block. ( b ) Surface markings for the sural nerve       

 

17 Anaesthesia in Austere Environments



210

 Suitable pain management protocols lead to 
earlier and more frequent administration of anal-
gesia and a higher patient satisfaction [ 20 ]. Pain 
management protocols need to be adapted to the 
logistic realities of each situation and service, 
taking into account training, experience, moni-
toring and resuscitation facilities [ 20 ] but also 
patient factors like malnutrition and cultural 
issues [ 2 ]. 

 Preoperative RA needs to be considered, espe-
cially nerve blocks for upper limb amputations 
and for patients who are poor candidates for 
neuraxial anaesthesia with injury limited to one 
limb [ 16 ,  18 ]. RA should especially be consid-
ered as part of a multimodal approach to pain, 
e.g. in patients presenting with isolated orthopae-
dic injuries and burn patients. Neuraxial blocks 
signifi cantly reduce postoperative mortality and 
morbidity like DVT and PE [ 16 ]. 

 In mass casualty situations and in many post-
operative wards, the high patient-to-nurse ratio is 
a barrier to adequate pain relief [ 8 ]. In children in 
postoperative situations, it is a good idea to 
include the parents in the analgesia plan [ 8 ]. 

 The lack of IV access is another main obsta-
cle. Alternative routes of administration (e.g. 
rectal, local infi ltration of the surgical wound) 
may need to be considered [ 8 ]. Due to peripheral 
vasoconstriction, the absorption of subcutaneous 
and intramuscular drugs is less effective and 
delayed in severely hypovolaemic patients. 
Effective resuscitation improves absorption, 
with a risk of overdose and respiratory depres-
sion [ 9 ]. Trauma is associated with gastropare-
sis, so the intestinal absorption of drugs may be 
suboptimal. 

 One of the major concerns with regional anaes-
thesia is missing a compartment syndrome. Several 
case reports suggest that breakthrough pain occurs 
in patients with compartment syndrome after a 
period of good initial analgesia and that the pain 
even persists after placement of a block [ 17 ,  18 , 
 20 ]. This requires vigilance, including analgesic 
consumption, of all medical personnel involved as 
well as close communication with surgeons. 

17.5.1     Paracetamol 

 It is the most basic of pain killers. Paracetamol is 
rarely suffi cient in acute trauma situations, but 
can be very useful in pain treatment postopera-
tively, especially combined with other pain kill-
ers like NSAIDs (due to synergistic effects) or 
tramadol. It exists in oral and IV form, and intra-
rectal preparations are available in paediatric 
doses.  

17.5.2     Nonsteroidal 
Anti- infl ammatory Drugs 
(NSAIDs) 

 NSAIDs are associated with an increased risk of 
bleeding [ 17 ,  21 ] due to interference with the 
platelet function and clot formation, and with 
gastrointestinal distress. To diminish these 
effects, cyclooxygenase 2 (COX2)-selective 
drugs are suggested. These do not however 
diminish the risk of renal failure, which is espe-
cially high in trauma patients due to dehydration 
(blood loss and pre-existing trauma) [ 21 ], and 
provide an extra renal injury on top of kidneys 
possibly compromised by rhabdomyolysis or 
pre-existing disease (e.g. diabetes, age, etc.). The 
clinical impact of NSAIDs on bone healing is 
still unclear, and it might be prudent to restrict a 
treatment course to 1 week and patients at low 
risk for non-unions [ 35 ].  

17.5.3     Opioids 

 Opioid analgesics might exacerbate haemody-
namic instability. However there is a growing 
body of evidence for the judicial administration 
of opioids and other potent analgesics in this set-
ting [ 20 ]. Correct analgesia administration might 
actually facilitate diagnosis [ 20 ]. The response to 
opiates is variable in trauma patients [ 21 ]. 
Antidotes such as naloxone must be available to 
treat overdoses.
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   Morphine. A classical pain therapy like titrated 
IV morphine of course still has its place. 
Titrating the drug helps fi nd the balance 
between analgesia and side effects, including 
sedation [ 17 ].  

  Tramadol. Tramadol is shown to be as rapid and 
effective as analgesia with IV morphine, with 
a similar incidence of side effects [ 20 ]. 
Orodispersible tablets of tramadol and other 
opioids are available where an IV access is 
diffi cult to achieve.  

  Oral transmucosal fentanyl citrate. An interesting 
form with quite some potential in austere envi-
ronment is ‘oral transmucosal fentanyl citrate’ 
(OTFC) [ 20 ], a lemon-tasting lollipop con-
taining fentanyl. It has an immediate effect 
due to absorption by the oral mucosa and a 
delayed effect after the swallowing of saliva 
and absorption by the gastrointestinal mucosa. 
To avoid continued absorption after loss of 
consciousness, the simple technique of taping 
the lollipop to the fi nger of the patient has 
been described [ 21 ].  

  Nasal butorphanol. The administration of opiates 
through the nasal route is under investigation 
in trauma patients [ 8 ,  21 ].  

  Ketamine. The safety of titrated ketamine 
(0,2- 0,5 mg/kg IV) [ 21 ] has been discussed 
earlier on [ 20 ].     

17.5.4     Other Analgesic Techniques 

17.5.4.1     Inhaled Nitrous Oxide [ 20 ] 
 This technique has been used in both prehospi-
tal and ED situations. It should not be used in 
patients with air-fi lled cavities where expan-
sion of this air might cause problems, which 
includes patients with intracranial air (after 
skull fracture), pneumothorax (especially when 
untreated) and gastrointestinal distension or 
patients who have been exposed to hyperbaric 
conditions within a couple of hours before 
admission.  

17.5.4.2     Regional Anaesthesia 
 Advantages, disadvantages and techniques for 
RA in pain management are the same as those dis-
cussed in the section on procedural anaesthesia.  

17.5.4.3     Thoracic Nerve Blocks 
 These blocks play an important role in pain man-
agement of patients with rib fractures or major 
thoracic surgery, but are less used for surgical or 
procedural anaesthesia. They are especially supe-
rior to systemic analgesia when more than three 
or four ribs are fractured [ 18 ], as these patients 
have a higher risk of concomitant lung injury. 
Pain from fractures causes guarding and shallow 
breathing, leading to atelectasis, secondary 
 pneumonia with lung consolidation and 
 respiratory failure, possibly requiring ventilatory 
support. Adequate RA for (traumatic) chest pain 
improves the respiratory function [ 17 ,  18 ,  20 ], 
allows the patient to be in an upright or sitting 
position, permits chest physiotherapy [ 17 ] and 
improves coughing effi cacy, decreasing the risk 
of atelectasis, hypoxaemia and associated mor-
bidity and mortality. Possible techniques include 
thoracic epidural [ 17 ,  18 ,  20 ], thoracic paraverte-
bral block [ 16 – 18 ,  20 ], intercostal nerve block 
[ 15 – 18 ,  20 ,  21 ] and intrapleural block [ 15 ,  18 ].  

17.5.4.4     Non-pharmacological 
Techniques 

 Non-pharmacological techniques include splint-
ing (minimising movement, pain and addi-
tional injury to tissues surrounding a fracture) 
[ 21 ], cryo-analgesia or ice compressions [ 21 ]. 
Elevating an injured limb to minimise swelling 
will also help pain control.  Do not apply tight 
bandages .    

    Conclusion 

 A basic knowledge of anaesthesia is essential 
to the effi cient and safe practice of trauma sur-
gery. The orthopaedic trauma surgeon must 
work closely with the anaesthetic team to 
achieve the best possible results for their 
patients.     
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      Intensive Care in the Austere 
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     Christine     du Maine     

       Critical care may be necessary outside estab-
lished hospitals, when local hospital capacity is 
exceeded or incapacitated, or at an evacuation 
hub such as an airport [ 1 ,  2 ]. Florence 
Nightingale’s advice during the Crimean war to 
place the most heavily injured patients nearest to 
the nursing station [ 2 ] is the most basic form of 
intensive care. Many advances in this fi eld still 
come from military medical services. 

18.1     Review of Evidence 

 Adequate and aggressive ICU care, including 
resuscitation and stabilisation, infl uences the over-
all hospital mortality and length of stay [ 3 ]. The 
impact on mortality and morbidity of organisa-
tional ICU characteristics is demonstrated in 
observational studies. However, adherence to 
sound, evidence-based practice within bounds of 
the circumstances must underscore everything [ 1 ]. 

 Whereas some of the discussed pathologies 
are still quite hot topics in medicine with recent 
qualitative reviews and studies, others are less 

frequent in the Western world and as a result are 
less well investigated. Their relatively low 
 frequencies in research-oriented environments 
mean that there are no high-quality trials 
published.  

18.2     General ICU Issues 

 Grouping the most severely injured patients to 
provide closer observation and nursing care is the 
root of intensive care. Support to the various 
organ systems (e.g. vasopressor therapy, ventila-
tion) is then provided according to these observa-
tions and the means available. This principle 
allows basic critical care to be provided in 
absence of high-technologic equipment and with-
out a large logistic burden [ 2 ]. 

 Successful critical care requires proper, 
detailed planning and careful management of all 
resources, including equipment, team composi-
tion (skills) and evacuation options [ 1 ,  3 ]. An 
ideal ICU has enough space to support patients 
and staff and allows for temperature and dust to 
be controlled. Secure oxygen, electricity, water 
and vacuum sources should be present [ 3 ,  4 ], 
together with medical supplies, pharmaceutical 
agents and equipment and a ready access to sur-
gical, radiographic, transfusion and laboratory 
capabilities [ 3 ]. 
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18.2.1     Levels of Care 

 Defi nition of levels of care in trauma centres 
according to resource and staff requirements has 
improved outcome and decreased costs to the US 
healthcare system [ 5 ]. A similar system has now 
been developed for ICUs [ 5 ]. 

 In military medical operations, the capacity 
and function of an austere ICU depends on the 
level of care that it is affi liated with: either 
resuscitation and stabilisation with overnight 
care and preparation for evacuation or including 
the management of complications and sequelae 
of critical illness and trauma [ 1 ]. 

 Certain NGOs have defi ned their own lev-
els of critical care in austere environments, 
according staff and equipment requirements 
for each level. This system allows quick deci-
sions on what resources are needed in new or 
emergency missions and helps defi ning the 
limitations of a project and triaging of patient 
care.  

18.2.2     Admission Criteria 

 As a rule of thumb, ICU admission needs to be 
considered if one or more vital functions are 
compromised. These criteria are often also 
stretched to those patients where a rapid deterio-
ration needs to be anticipated (e.g. active bleed-
ing, neurotrauma), requiring close surveillance, 
and sometimes also to patients requiring more or 
more frequent care than can be provided in a reg-
ular ward. 

 Triage decisions should however also be 
based on available resources. Standards of care 
might be modifi ed to provide services to greater 
numbers of people, limiting critical care inter-
ventions to those clearly shown to improve 
 survival (individually lifesaving, relatively sim-
ple and not requiring extensive resources). 
Sometimes care is withheld from a severely 
ill patient who under different circumstances 
would have been aggressively supported, to 
save resources for those with a better long-term 
prognosis. Preferably, the legal and ethical ram-

ifi cations of these diffi cult decisions are investi-
gated beforehand [ 1 ].  

18.2.3     Medical Equipment 

 It is important to consider what procedures you 
can perform and what pathology you will be 
expecting in your ICU. The impact of power 
issues, environmental challenges and conditions 
on equipment functionality needs to be 
anticipated. Characteristics including size, 
weight, battery life and durability need to be 
taken into account [ 1 ,  4 ]. Also consider the need 
for supply lines of disposable items and ease of 
maintenance and solving of technical problems 
in the fi eld. Standardisation within disaster 
response networks should be aimed for [ 1 ]. 

 Useful equipment includes:

•    Multiparameter monitors [ 1 ]: if unavailable 
regular manual vital parameter checks by a 
trained care provider.  

•   Ventilators [ 1 ,  4 ]: portable devices might be 
more adapted to resource poor environment, 
although they might not allow all preferred 
ventilatory modes.  

•   Infusion devices [ 1 ] for constant low-fl ow 
infusions (e.g. vasopressors, inotropic drugs), 
as they are more accurate than counting drops 
per minute in a drip chamber.  

•   Suction device [ 1 ].  
•   Point-of-care laboratory testing (POCT) 

devices [ 1 ,  4 ] for analysing arterial blood gas, 
glucose, basic electrolytes, cardiac markers, 
coagulation studies and lactate or a combina-
tion of tests exists [ 1 ]. Certain devices might 
not operate outside certain temperature and 
humidity ranges, so it is important to keep in 
mind the environment in which the devices are 
likely to be used [ 4 ].

• Ultrasound [ 1 ,  4 ] is particularly useful to rapidly 
assess haemodynamically unstable patients, e.g. 
focussed assessment for sonographic examina-
tion of trauma patient (FAST), lung ultrasound 
and echocardiography [ 1 ].  

•   Bronchoscopy.     

C. du Maine



215

18.2.4     Consumables and Drugs 

 Only use what is absolutely necessary and avoid 
waste (e.g. forgetting to turn off an oxygen supply) 
[ 1 ]. As discussed in the chapter on anaesthesia, 
oxygen can be a major issue. Low- fl ow O 2  require-
ments can be met by simple oxygen concentrators 
(providing there is a reliable source of electricity). 
Bigger concentrators, capable of generating large 
quantities of O 2 , are being developed [ 1 ].  

18.2.5     Staff Issues 

 Teamwork and cross-functioning improve effec-
tiveness [ 3 ]. Where possible a multidisciplinary 
team with dedicated critical care physicians 
should be involved [ 2 ]. Keep in mind that unan-
ticipated delays in transport might impact opera-
tional effectiveness when moving equipment and 
skilled staff when not absolutely necessary [ 1 ]. 
Operational effectiveness is also infl uenced by 
staff health; both physical (endemic diseases, con-
text-related personal health risks) [ 4 ] and mental 
health problems need to be prevented or addressed 
early on. Post-traumatic stress disorder (PTSD) is 
more likely if staff is exposed to or perceives a 
direct personal threat [ 1 ]. 

 Remote presence and electronic intensive care 
unit concepts that can project intensivists to multi-
ple and/or austere locations worldwide are being 
investigated [ 2 ]. Nowadays, thanks to internet, an 
electronic device like a laptop or even a smartphone 
and free software can already project sound and 
real-time video footage across the world and rarely 
requires major supplemental logistical efforts.  

18.2.6     Preparing for Critical Care 
in Austere Settings 

 Care in the fi eld should aim to fall within accepted 
standards of care [ 1 ]. Advanced medical care can 
be successfully provided virtually anywhere on 
short notice [ 1 ], with comprehensive pre-disaster 
planning and practice [ 1 ,  4 ], and attention to 
logistic details (e.g. cold chain [ 1 ,  6 ]). 

 Two main tactics to critical care in emergency 
settings exist:

•    In the “scoop and run” approach, critical patients 
receive initial stabilisation by medical teams 
which have been deployed near areas where 
mass casualties are expected, to provide lifesav-
ing surgical resuscitation [ 3 ]. Stabilised criti-
cally ill patients can then be evacuated [ 1 ,  3 ].  

•   “Stay and play” requires portable, rapidly 
deployable teams to provide the major compo-
nents of resuscitation and stabilisation [ 3 ]. Their 
speed, simplicity and lower cost come at the 
expense of limited capability, capacity and sus-
tainability [ 3 ]. These ICU modules can be inte-
grated in a pre-existing local medical system to 
augment their equipment and supplies [ 3 ], or 
they can serve as a buffer for critically ill casual-
ties as evacuation is being arranged or until a 
more permanent capability is established [ 3 ].    

 In either case, critical care cannot be delivered 
without being integrated in a long-term plan to 
provide follow-up care to patients discharged 
from the ICU [ 3 ]. 

 In an overwhelmed medical system, critical 
patients consume the attention of their caregivers 
to the exclusion of noncritical patients [ 3 ], and 
aid is often only focussed on disaster-related 
trauma. However, a population stricken by disas-
ter is best served by a fi eld hospital designed to 
provide urgent and nonurgent medical and surgi-
cal treatment within broad age categories [ 1 ,  3 ], 
as the collapse of pre-existing healthcare and the 
loss of daily treatments can lead to decompensa-
tion of patients with comorbid conditions [ 3 ]. 

 Supplies based on military formulary are often 
not appropriate to treat paediatric, pregnant or 
chronically ill patients [ 3 ]. In the fi rst 24 h after a 
natural disaster, the most common cause of death 
is secondary to haemorrhage and physiological 
exhaustion. After 24–48 h, causes include sepsis 
and complications from shock [ 2 ]. As the average 
time to fi eld hospital operational status is approx-
imately 2–3 days, most severe trauma patients die 
of their injuries during that time or will be tempo-
rised by existing medical services [ 1 ].   
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18.3     General Care Issues 

18.3.1     ICU Organisational Model 

 In an open ICU, the patient is treated by 
independently working physicians who are not 
generally trained in critical care (e.g. the surgeon 
who did the operation), possibly with a trained 
intensivist available for consultation [ 2 ,  7 ]. In a 
closed model, unit patients are managed by a 
dedicated team of medical personnel lead by a 
physician formally trained in critical care [ 2 ,  7 ], 
consulting with the other treating physicians 
where necessary. 

 It has been illustrated that the intensivist- 
directed approach has a better patient outcome and 
less complications and is associated with improved 
resource use, resulting in overall cost savings [ 2 ,  5 , 
 7 ,  8 ]. Differences observed in outcome may in part 
be attributed to increased physician availability [ 2 ] 
but also to the emphasis on the importance of clini-
cal practice guidelines using evidence-based prac-
tices and protocols [ 2 ,  7 ]. The absolute reduction of 
mortality in intensivist-directed model exceeds any 
one single known ICU intervention to date [ 2 ], and 
it has been hypothesised that the benefi t is likely to 
be greater in settings with limited resources [ 7 ].  

18.3.2     Adhering to Routine Practice 

 Austerity amplifi es the complexity of providing 
high-level critical care, because resources are fre-
quently limited, providers may be asked to fi ll 
unexpected roles, security might be threatened 
and the population at risk and their affl ictions can 
be highly diverse [ 1 ]. Confusion is reduced by fol-
lowing day-to-day medical care routines as 
closely as possible, so everybody knows their 
roles and responsibilities [ 1 ,  4 ]. Modifi cations of 
routine standards are infl uenced by supply and 
equipment availability, triage decisions, environ-
mental challenges, provider role alterations, per-
sonnel availability and healthcare provider safety 
concerns [ 1 ]. 

 Damage control surgery in itself should not 
take long, but requires ongoing, labour intensive 
stabilisation to appropriate end points in the inten-

sive care unit, fi ghting hypothermia, acidosis, 
hypovolaemia and coagulopathies [ 1 ,  2 ]. Any 
missed injuries need to be identifi ed during a 
 tertiary trauma survey [ 2 ]. Tools and skills to per-
form these functions rely little on bulky or highly 
technologic equipment, but rather on well-trained 
multidisciplinary teams [ 2 ]. 

 Quality improvement checklists prompt the 
application of well-established guidelines and pro-
tocols and help prevent omissions in applying rou-
tine benefi cial treatments [ 1 ]. Goal-orientated, 
evidence-based interventions and clinical practice 
guidelines are important to avoid iatrogenic 
 complications such as abdominal compartment 
syndrome, deep venous thrombosis, ventilator asso-
ciated pneumonia, acute respiratory distress syn-
drome (ARDS), catheter-related bloodstream 
infections, renal failure and wound infections [ 2 ]. 
Mnemonics like “FASTHUG” (Feeding, Analgesia, 
Sedation, Thrombosis, Head elevation, Ulcer and 
Glycemia) [ 9 ] can easily be used on a daily basis. 
Most of these basic measures can be taken even in 
the most austere environments, although they might 
require a degree of creativity [ 1 ,  4 ], like creating 
recipes for enteral nutrition from available resources 
or propping up the heads of beds. 

 Locally available resources can be adapted to 
different functions (e.g. fi ghting hypothermia 
with a handheld dryer or warmed fl uids) [ 1 ]. 
Other aspects that need to be monitored regularly 
include prevention of skin breakdown and 
ventilatory settings (limiting tidal volumes in 
acute lung injury) [ 1 ]. 

 The basics of good infection control practices, 
like handwashing, must continually be empha-
sised [ 1 ]. The challenge of maintaining infection 
control in an improvised ICU includes control of 
environmental contamination from the exterior as 
well as the risk of cross-contamination between 
patients in crowded conditions and when basic 
supplies are limited [ 3 ].  

18.3.3     Neurologic Support 

 Accurate neurological assessment is important in 
diagnosing and following up non-penetrating 
traumatic brain injury (TBI) without ready access 
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to CT scanning. Guidelines help avoid secondary 
insults, achieve set haemodynamic and metabolic 
goals and implement a stepwise ICP manage-
ment protocol [ 1 ]. Hypertonic saline is the fi rst 
choice for hyperosmolar therapy, as it also 
improves haemodynamics in trauma [ 1 ].  

18.3.4     Cardiovascular Support 

 A technique that should be used in fl uid resusci-
tation is a fl uid challenge [ 10 ,  11 ]. To avoid over-
loading a patient with fl uids, boluses of 
500–1000 ml should be given over a relatively 
short period, e.g. 30–60 min. A mnemonic used is 
TROL (Type, Rate, Objective and Limitations), 
as the type of fl uid needs to be defi ned, the rate or 
time period over which a certain volume is given, 
the objective of the challenge (e.g. a mean blood 
pressure of 65 mmHg) and the limitations (e.g. an 
oxygen saturation under 96 % without oxygen or 
a central venous pressure above 12 mmHg). If the 
objective and limitation have not been reached, 
the challenge can be repeated. If objective or lim-
itation has been met, or there appears to be no 
further haemodynamic changes, it is better to 
stop.  

18.3.5     Renal Support 

 Renal failure can be associated with polytrauma, 
crush injuries, burns and sepsis [ 1 ]. Prevention is 
extremely important, as dialysis in the fi eld is 
rarely available [ 1 ]. Preventive measures include 
fl uid resuscitation, avoidance of nephrotoxic 
drugs in patients at risk and evidence-based strat-
egies in the prevention of contrast-induced 
nephropathy [ 1 ].   

18.4     Specifi c Pathologies 

18.4.1     Sepsis 

 A systemic infl ammatory response syndrome 
(SIRS) is a general infl ammatory response, 
giving rise to symptoms such as fever. Various 

triggers for SIRS exist, but in sepsis the trigger is 
infection. In severe sepsis, this systemic response 
causes deterioration and failure of individual 
organs, which may not have been directly invaded 
by pathogens. Symptoms can include acute renal 
failure, confusion and insuffi cient tissue 
oxygenation. Septic shock is a manifestation of 
sepsis-induced cardiovascular failure, causing 
hypotension and hypoperfusion which persists 
despite adequate fl uid resuscitation. Sepsis is the 
fi nal common pathway for people dying from 
infections and the main cause of death in children 
worldwide. 

 Guidelines on the treatment of sepsis exist and 
are regularly published and updated. We will try 
and give a short summary of the latest guidelines 
[ 12 ]. 

18.4.1.1     Diagnosis 
 As appropriate treatment can only be started 
when a problem is diagnosed, screening of all 
potentially infected seriously ill patients is 
recommended. The (probable) source of infection 
needs to be identifi ed. Appropriate cultures 
should be taken before initiating antimicrobial 
therapy, unless this signifi cantly delays the 
therapy. Other diagnostic tools may include 
imaging and rapid antigen tests. Malaria testing 
in endemic areas should not be forgotten nor the 
possibility of co-infection or superinfection.  

18.4.1.2     Initial Resuscitation 
 An early, protocol and goal-orientated 
resuscitation is recommended for patients with 
sepsis-induced tissue hypoperfusion, preferably 
completed within 6 h. Main goals suggested are a 
central venous pressure of 8–12 mmHg and a 
central venous oxygenation (ScvO 2 ) of 70 % or a 
normalisation of blood lactate levels. Urine 
output of more than 0.5 ml/kg/h and a mean 
arterial pressure (MAP) of minimum 65 mmHg 
may be the only available parameters in austere 
environments. Decrease of tachycardia with fl uid 
resuscitation can also be a marker of improved 
intravascular fi lling. 

 A minimum initial fl uid resuscitation of 30 ml/
kg of crystalloid solutions within 3 h for 
hypotension or elevated lactate is recommended, 
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under the form of fl uid challenges. Synthetic 
colloids are currently not recommended in the 
treatment of severe sepsis and septic shock, 
although albumin may be considered when 
substantious amounts of crystalloids are 
necessary. Vasopressors, dobutamine infusion or 
blood transfusion (aiming for a haematocrit of 
30 %) may be considered if fl uid resuscitation 
alone does not suffi ce. 

 Norepinephrine, a potent vasoconstrictor, is 
recommended as fi rst-choice vasopressor to target 
a MAP of 65 mmHg. Epinephrine can be added 
when an additional agent is needed. Dopamine 
should only be used in patients who are brady-
cardic or have a low risk of tachyarrhythmias, as 
cardiac output is raised primarily due to increases 
in stroke volume and heart rate. If available, an 
arterial catheter should be placed when vasopres-
sors are required. Dobutamine can be added in 
cases of myocardial dysfunction or when signs of 
hypoperfusion continue, despite adequate MAP 
and intravascular volume. 

 If the patient remains haemodynamically 
unstable, despite adequate fl uid resuscitation and 
vasopressor therapy, 200 mg/day of intravenous 
hydrocortisone is suggested, preferably by 
continuous infusion. A bolus of 50–100 mg is 
given to initiate the therapy. No benefi t has been 
shown in patients without sustained shock. It is 
suggested that steroid therapy be tapered when 
vasopressors are no longer required.  

18.4.1.3     Antimicrobial Therapy 
 Effective and adequately dosed intravenous 
antibiotics should be administered within the fi rst 
hour of recognition of severe sepsis, as delays 
have been shown to increase mortality in patients 
with septic shock. When deciding on an empiric 
anti-infective therapy, tissue penetration of the 
suspected source of sepsis and the likely 
pathogens needs to be taken into account. 
Pathogens are often bacterial, but can also be 
viral, fungal or parasitic. Patient history, including 
comorbidities and exposure to antibiotics within 
the last 3 months, and local microbial resistance 
patterns are important information. 

 Source control needs to be performed in 
appropriate situations, preferably as minimally 

invasive as possible. This includes abscess 
drainage and removal of possibly infected foreign 
material and devices, including replacement of 
catheters. Obviously, routine ICU care practices 
and general infection control should be applied, 
including patient’s oral hygiene. 

 Daily assessment of the regimen should 
identify de-escalation possibilities, to reduce 
toxicity, costs and the development of resistance. 
The duration of treatment is typically 7–10 days 
when the source is adequately controlled.  

18.4.1.4     Supportive Therapy 
of Severe Sepsis 

 Once the patient has been haemodynamically sta-
bilised and therapy has started, there is time for 
further supportive therapy and routine ICU prac-
tices, including protocolised glucose control, suit-
able prophylaxis against venous thromboembolism 
and stress ulcer prophylaxis for patients with risk 
factors for bleeding (proton pump inhibitors if 
possible). In the “surviving sepsis” guidelines, 
special attention is given to certain aspects. 

   Blood Products 
 After correction of tissue hypoperfusion, blood 
transfusion is recommended only when the 
haemoglobin concentration is less then 7.0 g/dl, 
targeting 7.0–9.0 g/dl in well-oxygenated, 
previously healthy adults. Clotting abnormalities 
should not be corrected if the patient is not 
bleeding and there are no invasive procedures 
planned.  

   Mechanical Ventilation 
 Sepsis can induce acute respiratory distress 
syndrome (ARDS). This is an infl ammation of 
the lung, characterised by acute-onset lung injury 
and hypoxaemia despite high concentrations of 
inspiratory oxygen. Bilateral opacity is seen on 
chest X-rays, unexplained by fl uid overload, 
cardiac failure or other respiratory pathologies. 
To reduce the risk, special attention needs to be 
paid to the ventilatory strategy, avoiding 
additional lung injury. As lung compliance is 
decreased, tidal volumes of 6 ml/kg (ideal body 
weight) are recommended in ARDS patients, 
while aiming for plateau pressures of less than 
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30 cmH 2 O. Higher respiratory frequencies are 
often needed. Positive end-expiratory pressure 
(PEEP) should always be used in mechanical 
ventilation, to prevent alveolar collapse at the end 
of expiration. 

 In patients with moderate to severe ARDS, 
higher levels of PEEP are suggested, in combina-
tion with recruitment manoeuvres to open col-
lapsed alveoli. Prone positioning in patients with 
severe ARDS may benefi t the patient in experi-
enced centres, although there is a higher risk of 
dislodging endotracheal and chest tubes and there 
is less access to the patient in case of emergencies. 
A minority of sepsis-induced ARDS patients may 
benefi t from non-invasive mask ventilation (NIV), 
after weighing the risks. A weaning protocol 
should be in place, stipulating when and how 
mechanical ventilation is to be discontinued. 
Another important aspect in ARDS prevention is 
adopting a conservative fl uid strategy in patients 
without evidence of tissue hypoperfusion.  

   Sedation, Analgesia and Neuromuscular 
Blockade 
 Sedation should be minimised, targeting specifi c 
titration end points. Neuromuscular blocking 
agents (NMBAs) should be avoided in septic 
patients without ARDS, but could be used in 
patients with early, sepsis-induced ARDS for 
short periods (up to 48 h).  

   Renal Replacement Therapy 
 Continuous therapies are suggested in 
haemodynamically unstable patients. In stable 
patients intermittent haemodialysis has similar 
short-term results.  

   Nutrition 
 Initiation of enteral nutritional support is sug-
gested within the fi rst 48 h after diagnosis, 
although full caloric feeding is not necessary dur-
ing the fi rst week. Nutritional intake can be 
increased as tolerated.   

18.4.1.5     Paediatric Considerations 
 During initial resuscitation, it is suggested to 
administer oxygen by face mask. If central lines 
are unavailable, peripheral intravenous access or 

intra-osseous access can be used for fl uid resusci-
tation and inotrope administration. Intubation and 
ventilation often cause cardiovascular instability 
in children, but appropriate cardiovascular resus-
citation decreases the risk. Lactate is often normal 
in children during septic shock, so initial thera-
peutic end points of resuscitation include capil-
lary refi ll, warm extremities, normal mental status 
and a urine output of more than 1 ml/kg/h. 
Children have a lower blood pressure than adults 
and can compensate hypovolaemia longer before 
a drop is detected. Boluses of up to 20 ml/kg of 
crystalloids or albumin can be given over 
5–10 min, up to and over 60 ml/kg. Of course in 
severe haemolytic anaemia (malaria, sickle cell 
crises), blood transfusion is needed instead of 
crystalloids. Paediatric advanced life support 
guidelines should be used, and other reasons for 
refractory shock need to be excluded. 

 Suggested transfusion triggers in general are 
similar to those used in adults at the same stage of 
resuscitation, although correction of coagulation 
disorders with fresh frozen plasma is suggested 
in children with progressive sepsis-induced 
purpura disorders despite correction of shock. If 
hepatomegaly or rales develops, fl uid resuscitation 
needs to be stopped and inotropic support 
implemented. Diuretics can be used in children 
with fl uid overload. 

 The use of vasoactive drugs is a bit more com-
plicated in children with septic shock, as they can 
present in three different haemodynamic states: 
low cardiac output (CO) and high systemic vascu-
lar resistance (SVR) (= cold shock with normal 
blood pressure), high CO and low SVR (= warm 
shock with low blood pressure) or low CO and low 
SVR (= cold shock with low blood pressure). In 
the high SVR-type shock, fl uid and epinephrine 
should be titrated, with addition of a vasodilatator 
with volume loading if venous oxygenation 
remains low. Cold shock with low blood pressure 
also requires the titration of fl uid and epinephrine, 
with the addition of norepinephrine if hypotension 
persists. The addition of dobutamine can be con-
sidered if there is an insuffi cient raise in venous 
oxygenation. In high output or warm shock fl uid 
and norepinephrine are titrated, with low-dose epi-
nephrine if venous oxygenation stays low. 
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 Children who are unresponsive to fl uid and 
catecholamines and in whom adrenal insuffi -
ciency is suspected could receive hydrocortisone 
(up to 50 mg/kg/day). Oral or intramuscular anti-
biotics administration should be considered if 
venous access is delayed. Clindamycin can reduce 
toxin production in children with toxic shock syn-
dromes and refractory hypotension.   

18.4.2     Tetanus 

 Tetanus remains endemic in developing countries 
with lower vaccination rates, where lack of mod-
ern supportive care results much lower recovery 
rates (around 50 %) [ 6 ,  13 – 15 ]. Careful monitor-
ing and nursing care alone however already 
improve survival [ 6 ]. 

 Spores of  Clostridium tetani  are relatively 
resistant to autoclaving and chemical agents [ 6 , 
 14 ]. In the body, they transform to anaerobic, 
toxin-producing gram-positive bacteria [ 6 ,  12 , 
 16 ]. The toxin tetanospasmin is released after cell 
death [ 14 ] and is transported to the spinal cord 
and brainstem via retrograde axonal transport, 
where it blocks neurotransmission of inhibitor 
excitatory impulses from the motor cortex via the 
GABA receptor [ 14 ,  17 ]. This increases muscle 
activity in the form of rigidity and spasms [ 13 , 
 17 ], but also causes autonomic instability due to 
unopposed adrenal activation [ 13 ]. 

 Conditions under which  C. tetani  fl ourishes 
include penetrating injuries with inoculation, co-
infection with other bacteria [ 6 ,  18 ,  19 ], devital-
ised tissues [ 6 ,  13 ] or localised ischaemia [ 6 ,  13 ] 
and the presence of a foreign body. Wounds caus-
ing tetanus can be very small and are sometimes 
healed by the time the fi rst symptoms develop. 
More diffi cult to tract sources include dental 
infections, acute otitis media and postsurgical 
patients (especially necrotic bowels) or when the 
patient omits to tell (e.g. septic abortions, intrave-
nous drugs). In some cases, no cause can be 
found [ 6 ,  14 ]. 

 The severity and rate of progression (days to 
weeks) of the illness varies, depending on the 
amount of tetanus toxin that reaches the central 
nervous system (CNS). This can be due to a 

smaller amount of spores inoculated to start with, 
the growth conditions, the presence of non- 
protective levels of antibodies or a site more dis-
tant to the CNS (longer nerve length, e.g. foot vs. 
head or neck). Typically the slower- progressing 
diseases with longer incubation periods have 
milder clinical features [ 6 ,  13 ,  14 ,  19 ,  20 ]. 

 The diagnosis is based on history and clinical 
characteristics, as there is no specifi c diagnostic 
test. Differential diagnosis includes nuchal rigidity 
of meningitis, strychnine intoxication, cerebral 
malaria, meningoencephalitis, subarachnoid 
haemorrhage and alveolar ridge abscess [ 6 ]. The 
usual recovery takes 4–6 weeks, as it requires the 
growth of new axonal nerve terminals [ 13 ,  14 ,  20 ]. 

 There are four clinical patterns of tetanus [ 6 , 
 13 ,  14 ,  17 ]: generalised, local, cephalic and 
neonatal. 

  Generalised tetanus  is characterised by a fully 
conscious patient with tonic contractions and 
intensely painful intermittent muscular spasms, 
often triggered by a sensory input like noise, 
physical contact or light [ 6 ,  14 ,  15 ]. A gener-
alised tetanic spasm typically includes clenched 
fi sts with arms in fl exion and abduction, an 
arched back, extended legs [ 6 ,  13 ] and often an 
episode of apnea [ 13 ]. They usually appear 
1–4 days after the initial symptoms [ 14 ], like a 
sore throat, or diffi culty chewing or swallowing, 
followed by generalised weakness and stiffness 
[ 14 ]. The classic clinical fi ndings include trismus 
(giving rise to the colloquial name of “lockjaw”), 
a stiff neck, opisthotonus, risus sardonicus and a 
rigid abdomen [ 6 ,  13 ,  15 ] (Fig.  18.1 ).

   Complications include aspiration pneumonia, 
spinal or long bone fractures, tendon separation 
and rhabdomyolysis [ 6 ,  14 ,  15 ]. Rigidity and 
spasms of the respiratory and laryngeal muscles 
may cause respiratory failure and death [ 14 ,  17 ]. 

 Autonomic overactivity is often present, and is 
a contributor to mortality, especially in places 
where the respiratory insuffi ciency can be treated. 
It starts with irritability, restlessness, sweating 
and tachycardia and later on developing cardiac 
arrhythmias, labile hypertension or hypotension 
and fever [ 13 – 15 ,  17 ]. Profuse bronchial and sali-
vary secretions are characteristic and gastrointes-
tinal disturbance may also be seen [ 20 ]. 
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  Local tetanus  usually precedes the generalised 
form. Tonic and spastic muscle contractions start 
in one extremity or body region [ 13 ], or a fi xed 
rigidity of the muscles is associated with a site of 
injury [ 6 ,  13 ]. An abdominal presentation can be 
misdiagnosed as an acute surgical abdomen [ 13 ]. 
 Cephalic tetanus  is a form of local tetanus involv-
ing only the cranial nerves [ 6 ,  13 ]. Symptoms 
may include dysphagia, trismus and focal cranial 
neuropathies [ 6 ,  13 ,  14 ]. The  neonatal presenta-
tion  is usually due to contamination of the umbil-
ical stump. 

18.4.2.1     Treatment 
 The goals of treatment are prevention of further 
toxin absorption and neutralising unbound toxin. 
In the meantime, the normal ABC of patient care 
is applied in a general supportive way, preferably 
in an ICU setting [ 14 ], with special attention to 
airway management, management of the dysau-
tonomic symptoms and control of the muscle 
spasms [ 13 ]. 

  Neutralisation of unbound toxin  is preferably 
achieved with human tetanus immune globulin, 
as soon as the diagnosis is made. 500 U of human 
tetanus immune globulin (HTIG) has been found 
to be as effi cacious as higher dosing regimens 
[ 15 ]. Equine antitetanus serum (ATS) is the 

 second choice due to hypersensitivity reactions 
[ 6 ,  13 ]. A dose of 1500–1600 units IM or IV 
(after an intradermal test dose of 0.1 ml in a 1:10 
dilution [ 6 ,  13 ]) has been described [ 13 ] or three 
doses over a 48-h period using 750–1500 U per 
dose [ 14 ]. 

 Intrathecal immune globulin in addition to the 
IM dose is not part of the standard care, as there is 
insuffi cient data from high-quality trials to prove 
a benefi t [ 13 ,  17 ,  20 ,  21 ]. Infi ltration of the wound 
with (part of the dose of) antitoxin has also been 
suggested, but without proven value [ 13 ,  14 ]. 

 Eradicating  C. tetani  by debriding and irrigat-
ing the infection site, even if it already shows 
signs of healing, is suggested as a fi rst step in 
 halting toxin production  [ 6 ,  13 ,  14 ]. In some 
cases, this may implicate a uterine curettage or 
even a hysterectomy [ 14 ]. 

 Although there is no hard evidence for antibi-
otics, they are universally recommended. The 
fi rst choice is metronidazole [ 6 ,  13 ,  14 ,  20 ]. A 
safe alternative is penicillin G [ 14 ], although it 
may increase spasms due to a synergistic action 
with tetanospasmin [ 6 ,  13 ,  20 ]. Doxycycline 
(100 mg twice daily), macrolides, clindamycin, 
cephalosporins and chloramphenicol are also 
effective [ 6 ]. Described duration of treatment 
ranges from 7 to 10–14 days [ 6 ,  13 ,  14 ,  22 ]. 

  Fig. 18.1  
  Opisthotonus in a 
young tetanus patient       
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 Tetanus does not confer immunity following 
recovery; therefore, all patients should receive 
active immunisation immediately upon diagnosis 
[ 15 ,  21 ]. The full immunisation requires a total of 
three doses spaced at least 2 weeks apart, 
preferably with a bivalent vaccine containing 
tetanus and diphtheria toxoids [ 13 ]. 

  Control of muscle spasms  is another vital step 
in treating tetanus. Ideally this should happen in 
an intensive care unit where continuous monitor-
ing of the vital parameters is possible [ 13 ,  14 ], as 
both the spasms in themselves and the treatment 
can lead to respiratory failure and aspiration [ 6 , 
 14 ]. Spasms can be triggered by sensory stimuli, 
so it is best to avoid these triggers by isolating the 
patient in a quiet room [ 6 ,  13 ,  14 ,  17 ]. Sensory 
deprivation can, however, predispose to delirium, 
which tetanus patients are already prone to [ 17 ]. 

 The fi rst therapeutic line for spasm control is 
sedatives. Traditionally  benzodiazepines  have 
been used and are considered effective. Diazepam 
is started at doses of 10–20 mg IV every 8 h, 
although dose (5 mg increments [ 6 ]) and fre-
quency (sometimes hourly [ 14 ]) need to be titrated 
according to the severity of symptoms [ 6 ,  13 ,  14 , 
 17 ,  20 ], trying to avoid signifi cant hypoventilation 
[ 6 ]. Daily doses of 500 mg diazepam or more are 
sometimes required [ 6 ]. Oral regimes, if neces-
sary through a nasogastric tube, should be consid-
ered when high doses are needed [ 6 ], as additives 
in the IV solutions of diazepam can cause lactic 
acidosis [ 13 ]. Other benzodiazepines are equally 
effective. Benzodiazepines should be tapered 
gradually to avoid withdrawal reactions [ 13 ]. 

  Propofol  may also control the spasms and 
rigidity [ 17 ], but in doses above 4 mg/kg/h 
 propofol infusion syndrome (PRIS) might occur. 
 Phenothiazines ,  barbiturates  and  chlorproma-
zine  have been used in the past, but are now 
mostly displaced by neuromuscular blocking 
agents [ 6 ,  13 ,  20 ,  23 ]. 

 When sedatives are inadequate,  non - 
 depolarising neuromuscular blocking agents  can 
be administered [ 17 ], but this does require intu-
bation and ventilation. Early tracheostomy 
should be considered [ 6 ,  14 ,  20 ]. Succinylcholine 

is contraindicated in tetanus patients due to an 
increased risk of hyperkalaemia [ 24 ] in patients 
who are already prone to arrhythmias due to the 
autonomic instability. Pancuronium is long act-
ing, but may worsen autonomic instability due to 
vagal blockade and sympathomimetic effects 
[ 13 ,  20 ,  24 ]. Daily breaks are necessary to evalu-
ate the need of these agents and to decrease accu-
mulation and recovery time [ 13 ]. 

  Magnesium  appears to reduce the requirement 
for other drugs to control muscle spasms and the 
need of treatment of the  autonomic dysfunction , 
although it does not seem to reduce the need for 
mechanical ventilation [ 6 ,  13 – 15 ,  17 ,  20 ,  25 ]. It 
has the added benefi t that it is in use worldwide in 
the treatment of eclampsia [ 26 ], so it is widely 
known and available. A meta-analysis however 
could not demonstrate differences in mortality 
and could not draw conclusions on the duration of 
total ICU or hospital stay [ 16 ], so good quality 
research is still necessary. Within its therapeutic 
window, magnesium sulphate is a safe drug to use 
in established tetanus [ 16 ]. Magnesium toxicity 
due to overdose is characterised by muscle weak-
ness, potentially leading to respiratory insuffi -
ciency, especially in patients with kidney failure. 
The fi rst sign is the loss of the patellar refl ex. 
Calcium gluconate (1 g) can be given as an anti-
dote for magnesium toxicity. 

 Pure beta blockade should be avoided as it 
might lead to sudden death, but  labetalol  (0.25–
1.0 mg/min) has frequently been given for its 
combined alpha- and beta-blocking properties, 
although there is confl icting evidence [ 6 ,  13 ,  20 ]. 
Esmolol [ 20 ] has been suggested as an 
alternative. 

  Morphine  can be administered for the auto-
nomic dysfunction, as well as adding its effects to 
the sedation and providing analgesia [ 6 ,  13 ,  14 , 
 20 ]. 

 Dantrolene [ 6 ,  14 ,  17 ], (intrathecal) baclofen 
[ 6 ,  13 ,  17 ,  20 ] and botulinum toxin [ 17 ] have 
been studied in spasm control, but are not part of 
standard care for tetanus. Case reports exist of the 
administration of atropine [ 13 ], clonidine [ 6 ,  14 ] 
and epidural bupivacaine [ 13 ,  14 ,  20 ] in cases of 
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tetanus. Corticosteroids have been suggested as 
measure to counteract autonomic instability [ 14 ]. 

 As with any ICU patient,  supportive care  is 
extremely important while waiting for the axonal 
nerve endings to regenerate. Patients are at risk of 
complications due to prolonged intubation and 
ventilation and prolonged immobilisation, like 
nosocomial infections, decubitus (especially on 
the pressure points in opisthotonic patients), crit-
ical illness myopathy, gastrointestinal haemor-
rhage and thromboembolic disease [ 6 ,  13 – 15 , 
 20 ]. Acute renal failure has been associated with 
autonomic dysfunction and can be aggravated by 
dehydration and rhabdomyolysis [ 20 ]. Physical 
therapy should be started as soon as spasms have 
ceased [ 13 ,  20 ]. 

 Early nutritional support, preferably enteral, 
with plenty of calories is important [ 6 ,  13 ]. The 
addition of parenteral thiamine should be 
considered in patients receiving glucose infusion 
as only source of calories to avoid Wernicke 
encephalopathy [ 19 ]. 

 It has been suggested that tetanus patients 
might benefi t from vitamin C supplementation, 
especially in austere environments where patients 
are more likely have a defi cient diet [ 15 ]. 
However, more research is needed to determine 
dosing and route of administration. Vitamin C is 
a very safe substance and inexpensive.  

18.4.2.2     Prevention 
 Of course, the best survival results from preven-
tion. Table  18.1  represents the guidelines for 
tetanus prophylaxis in wound management. If a 
wound is more than 24 h old with necrotic tissue 
or obvious contamination, 500 U of HTIG 
should be administered. In all other cases, the 
standard dose of HTIG is 250 U IM and is suf-
fi cient [ 14  ].   

18.4.3     Rhabdomyolysis 

 In rhabdomyolysis intracellular proteins, includ-
ing myoglobin, lactate and electrolytes, leak into 
the circulation from damaged skeletal muscle 
cells [ 27 ,  28 ]. Hyperkalaemia puts the patient at 
risk of fatal dysrhythmias [ 28 – 30 ], whereas myo-
globinuria is nephrotoxic [ 28 ,  29 ]. Muscle dam-
age is often traumatic, but can also be due to drug 
effects or acute arterial thrombosis and 
ischaemia. 

 Three closely related and easily confused 
terms need to be differentiated. In  crush injury  
direct external pressure, like compression of a 
limb by rubble, damages soft tissues like the skin, 
muscles, nerves and vasculature [ 29 ]. Damage 
and necrosis due to compression of tissue within 
a confi ned space is termed as  compartment syn-
drome  [ 29 ]. When substantial muscle cell necro-
sis occurs, systemic manifestations like renal 
failure and arrhythmias can appear. This is a 
 crush syndrome  [ 29 ], the second most frequent 
cause of death after earthquakes [ 31 ]. These three 
entities are not always entirely independent: res-
toration of the circulation in a crushed limb can 
also result in tissue swelling, putting the patient 
at risk of developing a compartment syndrome, 
which in turn can also cause rhabdomyolysis and 
crush syndrome [ 29 ]. 

 Acute kidney injury (AKI) is common in 
crush victims, due to multiple causes: myoglobin 
precipitation in the renal tubules, but also 
concomitant intravascular volume depletion with 
renal hypoperfusion and systemic acidosis [ 28 , 
 30 ]. Drug effects, other injuries and metabolic 
abnormalities can worsen the condition [ 28 ]. 

 In April 2012, recommendations for the man-
agement of crush victims in mass disasters, with 
specifi c attention to the prevention and treatment 

   Table 18.1    Wound management and tetanus prophylaxis [ 53 ]   

 Previous doses of tetanus toxoid 

 Clean and minor wound  All other wounds 

 Vaccine  Anti-toxin  Vaccine  Anti-toxin 

 <3 doses or unknown  Yes  No  Yes  Yes 

 3 doses or more  Only if last 
dose 10 years 
or more ago 

 No  Only if last dose 5 
years or more ago 

 No 
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of AKI, were published [ 32 ]. Most of these rec-
ommendations are expert opinions, as there are no 
high-quality randomised trials [ 27 ]. This is prob-
ably due to the diffi culty of conducting a prospec-
tive study in a mass disaster setting, and the 
patient population is not homogenous: extent of 
injuries, duration of entrapment, age, comorbidi-
ties and body composition are only some of the 
factors that need to be taken into account. In exist-
ing publications, there is a large variation (or even 
absence) of the clinical defi nition of rhabdomy-
olysis and acute renal failure [ 27 ]. 

18.4.3.1     Reperfusion 
 Of course the longer an ischaemic insult lasts, the 
more damage occurs [ 31 ]. Training of local peo-
ple in disaster-prone areas on rescue activities 
overcomes the delay in arrival of external rescue 
teams [ 31 ]. Tourniquets should only be used to 
prevent life-threatening haemorrhage. 

 Fasciotomies and amputations should only 
be performed when clearly indicated, not as a 
preventive measure [ 30 ,  31 ]. For fasciotomy 
this is in the absence of distal pulses, when a 
radical debridement of necrotic muscle is 
required or when measured intracompartmental 
pressures are consistently raised [ 31 ]. 
Amputation should only be considered when the 
affected limb cannot be rescued due to irrepa-
rable damage or life- threatening sepsis [ 29 ,  31 ]. 
When this is the case, surgery needs to be per-
formed early on, before the patient deteriorates 
too far [ 31 ].  

18.4.3.2     Fluid Resuscitation 
 Early and appropriate fl uid resuscitation is vital 
[ 27 ,  29 – 31 ]. This entails considering starting 
fl uid resuscitation even while the victim is still 
trapped, although there is no “one size fi ts all” 
rule [ 30 ,  31 ]. Some of the factors to be taken into 
account include the time delay to the start of 
resuscitation, the volume status of the patient and 
his diuresis, quality and quantity of monitoring, 
victim’s age and size, trauma severity and envi-
ronmental conditions like temperature and 
humidity [ 30 ,  31 ]. 

 A balance needs to be found between over- 
and underhydration [ 30 ,  31 ]. When resuscitation 

can be started early on, a rate of 1000 ml/h is rec-
ommended for the fi rst 2 h, to be reduced to 
500 ml/h afterwards [ 30 ,  31 ]. In the absence of 
close monitoring (e.g. because of the number of 
patients), a maximum of 3–6 L/day for adult 
patients without previous health issues is advised 
[ 30 ,  31 ]. Otherwise a diuresis of 300 ml/h may be 
aimed for [ 27 ]. For patients with sustained anuria, 
despite adequate hydration, fl uid needs to be 
restricted to 500–100 ml/day on top of the mea-
sured or estimated losses [ 30 ]. Patients receiving 
aid only days after having been trapped are at a 
higher risk of already having acute kidney injury 
(AKI) with a low or even non-existent urine out-
put [ 29 ,  31 ]. As a result, they have a high risk of 
fl uid overload when an aggressive resuscitation 
protocol is enforced [ 31 ]. 

 The “ideal liquid” is not identifi ed. It is impor-
tant however to avoid giving patients additional 
potassium, often part of many “balanced” crys-
talloids [ 30 ,  31 ]. In practice, normal saline is the 
most readily available solution and fi rst choice 
[ 29 – 31 ], although the large amounts of chlorine 
administered in this way cause a hyperchloremic 
acidosis. Sodium bicarbonate solutions added to 
half isotonic saline has certain theoretic benefi ts, 
including renal protection, correction of meta-
bolic acidosis and reducing hyperkalaemia, but is 
rarely available in suffi cient amounts in mass 
disaster situations [ 30 ,  31 ]. The timing and dose 
of administration of sodium bicarbonate remains 
unclear.  

18.4.3.3     Electrolytes 
 Hyperkalaemia causes lethal arrhythmias [ 28 – 31 ]. 
Potassium seeps from damaged muscle cells, and 
acute kidney injury and acidosis worsen the hyper-
kalaemia [ 29 ,  30 ]. Apart from measurement of 
potassium levels in blood, hyperkalaemia can 
sometimes be recognised by ECG changes [ 29 , 
 30 ]. Administering even small amounts of potas-
sium needs to be avoided, and temporary, rapid 
treatment options include beta-agonists, bicarbon-
ate, glucose-insulin infusions and calcium gluco-
nate. More defi nitive but slower options include 
kayexalate and dialysis [ 30 ]. 

 Crush syndrome patients often go through an 
initial hypocalcaemic phase due to shifts of cal-
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cium from its unbound circulating form [ 31 ]. This 
can result in paraesthesia, tetany, seizures, hypo-
tension and cardiotoxicity [ 30 ,  31 ]. However this is 
often followed by a hypercalcaemic phase as cal-
cium is mobilised again [ 31 ]. It is therefore advised 
only to treat symptomatic hypocalcaemia [ 31 ]. 

 Acidosis causes organ system dysfunction 
[ 30 ], but correction with bicarbonate can induce 
electrolyte disturbances [ 30 ].  

18.4.3.4     Dialysis 
 There is no clear evidence that an early start of 
dialysis would be better than a conservative 
approach; however, crush-related AKI is often 
associated with more life-threatening fl uid, 
metabolic and electrolyte imbalances than AKI 
due to other causes, lowering the threshold for 
dialysis when laboratory tests reveal a rapidly 
emerging, worrying trend [ 31 ]. Triggers for dial-
ysis include fl uid overload, hyperkalaemia and 
acidosis [ 29 – 31 ]. 

 Peritoneal dialysis may be preferable in small 
children, but there is only limited experience in 
adults [ 31 ]. Medically and logistically, intermit-
tent haemodialysis is the fi rst choice in disaster 
crush victims, as it is effi cient and reduces the 
need for anticoagulation, and one machine can 
treat several patients per day [ 30 ,  31 ].  

18.4.3.5     Patient Selection 
 All crush victims need to be accepted for 
defi nitive care, so a strategy to prevent crush- 
related AKI can be put in place. This does not 
however mean that every victim needs to be 
hospitalised, as some can be discharged with 
clear instructions (preferably both verbal and 
written) on how to monitor themselves for signs 
of crush syndrome, like oedema, oliguria and red 
or brown urine [ 29 ,  31 ], and the importance of 
seeking medical attention immediately when 
they do occur [ 31 ]. 

 The event at the root of a massive infl ux of 
crush victims is often a natural disaster, like earth-
quakes and hurricanes. This initial event will also 
impact the quantity and quality of available medi-
cal care, as healthcare structures are often dam-
aged and general utilities such as water and 
electricity may be interrupted [ 31 ]. Treatment for 

crush victims is ideally provided in undamaged 
units outside the disaster zone, with immediate 
access to intensive care units, operation rooms, 
medical imaging and laboratories [ 31 ]. The risks 
(and logistics) of transportation dictate whether 
this is possible and impose the necessity of select-
ing the patients that may benefi t most [ 31 ].  

18.4.3.6     Other Pharmacological 
Interventions 

 Other interventions have some theoretical support, 
but for now are not recommended as there is no 
clinical evidence of their effectiveness [ 29 ,  33 ]. 
These include diuretics and mannitol, both of 
which need to be avoided in hypovolaemic patients.   

18.4.4     Pulmonary Embolism (PE) 

 In a pulmonary embolism, the pulmonary artery 
or one of its branches is obstructed by material 
(e.g. thrombus, tumour, air or fat) originating 
from elsewhere in the body [ 33 ,  34 ], most fre-
quently from deep venous thrombosis (DVT) of 
the lower extremities [ 33 ]. As non-thrombotic 
pulmonary embolism (NTPE) is much less 
frequent, it will be discussed separately. Unless 
otherwise specifi ed, PE is considered to be of 
thrombotic origin in the following text. 

 Untreated PE has a mortality rate of approxi-
mately 30 % [ 33 ], an estimated 300,000 deaths 
annually in Europe [ 35 ]. Death can occur due to 
acute right ventricular failure, often within one or 
two hours of the event, although the patient remains 
at risk for 24–72 h [ 33 ,  34 ]. Complications of non-
fatal PE, like post-thrombotic syndrome, may have 
a substantial impact on the quality of life [ 35 ]. 

 Risk factors for PE include immobilisation, 
recent (<3 months) surgery, stroke, pareses, paral-
ysis, central venous instrumentation, malignancy, 
chronic heart disease, autoimmune diseases and a 
history of venous thromboembolism. Additional 
risk factors in women include obesity, heavy 
smoking and hypertension [ 33 ]. 

 Gas exchange abnormalities are not only due 
to vascular bed changes and alterations in the 
ventilation to perfusion ratio, but are also related 
to infl ammatory mediators, resulting in surfactant 
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dysfunction, atelectasis and functional intrapul-
monary shunting. 

 A PE can be acute or chronic and massive or 
submassive [ 33 ,  34 ]. Clinical severity depends on 
factors such as cardiopulmonary reserve, embolus 
size and degree of occlusion of the pulmonary 
circulation [ 35 ]. 

 A massive PE is a clinical diagnosis, based on 
hypotension for a period of more than 15 min-
utes, especially if accompanied by an elevated 
central venous pressure (recognised by neck vein 
distension) [ 33 ,  34 ]. Acute myocardial infarction, 
tension pneumothorax, pericardial tamponade or 
a new arrhythmia needs to be ruled out [ 33 ]. The 
hypotension is the result of a diminished cardiac 
output due to an increase in the pulmonary resis-
tance impeding right ventricular outfl ow and 
reducing left ventricular preload, and it is more 
pronounced in patients with underlying cardio-
pulmonary disease. 

 Submassive PE typically describes acute PE 
where patients have evidence of RV dysfunction 
but have a normal blood pressure [ 34 ]. 

18.4.4.1     Signs and Symptoms 
 Five commonly recognised ways in which PE 
may present [ 35 ]:

•    Sudden death [ 35 ], usually due to haemody-
namic collapse caused by large thrombi lodg-
ing at the main pulmonary artery or lobar 
branch bifurcations [ 33 ]  

•   Typical clinical presentation [ 35 ]: dyspnoea, 
pleuritic chest pain, fainting or syncope 
when haemodynamic reserves are severely 
reduced  

•   Atypical clinical presentation: cough, subster-
nal and pleuritic chest pain, haemoptysis and 
wheezing, cyanosis and fever  

•   Asymptomatic presentation on scanning  
•   Asymptomatic presentation in association 

with symptomatic DVT    

 Diagnostic testing is necessary before con-
fi rming or excluding the diagnosis of PE, as signs 
and symptoms are highly variable and non- 
specifi c [ 33 ] and a large portion (up to 50 %) of 
PEs are undiagnosed [ 33 ]. 

 The most common symptoms are acute 
dyspnoea (usually within seconds or minutes), 
pleuritic pain from pleural irritation due to 
smaller thrombi lodging distally in the lung arter-
ies [ 33 ], pain, cough, orthopnoea and pain or 
swelling in the calf or thigh. Wheezing may be 
present. Signs include tachypnoea, tachycardia, 
rales, decreased breath sounds and jugular venous 
distension [ 33 ]. 

 Prophylaxis of DVT, and the subsequent risk 
of embolisation, includes anticoagulation, gradu-
ated compression stockings and intermittent 
pneumatic compression devices [ 34 ]. Mechanical 
prophylaxis might be diffi cult in trauma patients, 
especially in the presence of lower limb fractures. 
The risks of anticoagulation need to be consid-
ered more seriously in austere environment as the 
diagnosis and treatment options for haemor-
rhages are more limited.  

18.4.4.2     Diagnosis 
 Diagnostic approaches require a combination of 
diagnostic tests, depending on the probability of 
the diagnosis [ 34 – 36 ], the available tests and the 
experience of the institution [ 36 ] as there is no 
simple, non-invasive and clear-cut test available. 

 The clinical probability of PE can be calculated 
by a  scoring system . These systems aim to stratify 
risk and focus resources on those most likely to 
benefi t [ 34 ], though in critical and trauma care 
populations the majority of patients have major risk 
factors, and thus a high pretest probability of PE 
[ 34 ]. The Wells’ score is the most extensively vali-
dated and commonly used score [ 35 ] (Table  18.2 ). 
PERC (PE rule-out criteria) can be used in low-risk 
outpatient populations to rule out PE [ 33 ,  35  ]. 

  Routine laboratory fi ndings  (e.g. leukocytosis, 
erythrocyte sedimentation rate, serum LDH or 
AST (SGOT), serum bilirubin) are non-specifi c 
and non-sensitive [ 35 ,  36 ]. Other tests such as 
brain natriuretic peptide and serum troponins are 
often elevated [ 34 ], but not very specifi c [ 34 ]. 
Blood tests can however help exclude other 
causes for PE-like signs and symptoms [ 35 ] or 
may stratify risk and determine prognosis in con-
fi rmed PE [ 34 ]. 

  Arterial blood gas  ( ABG ) usually reveals 
hypoxaemia, hypocapnia and respiratory alkalo-
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sis [ 34 ,  36 ], although changes due to respiratory 
collapse and lactic acidosis could infl uence the 
results [ 36 ]. In up to 21 % of PE patients without 
a history of prior cardiopulmonary disease, ABG 
is normal [ 34 ,  35 ], and there are many other 
causes of abnormal ABGs [ 35 ]. Room-air pulse 
oximetry of less than 95 % at the time of diagno-
sis increases the risk of complications, including 
death. 

  D - dimer  is a degradation product of cross- 
linked fi brin [ 34 ,  36 ], which can be quantifi ed by 
several methods, each with its own sensitivity 
[ 36 ]. No test is specifi c [ 36 ]. The most commonly 
used tests are (semi-)quantitative enzyme-linked 
immunosorbent assays (ELISA) [ 35 ,  36 ]. Elevated 
levels are common in hospitalised patients, espe-
cially those with malignancy or recent surgery, so 
results need to be viewed in light of the clinical 
probability. Other possible causes include preg-
nancy, severe infections, cardiovascular disease, 
atrial fi brillation and vaso-occlusive episodes of 
sickle cell disease [ 35 ,  36 ]. 

 Many patients with PE have  electrocardio-
gram  ( ECG ) non-specifi c abnormalities [ 34 ,  36 ], 
whereas a third of patients have a normal ECG 
[ 36 ]. An ECG is however important in screening 
for differential diagnoses [ 36 ]. Signs that were 
considered to be suggestive of PE, indicating 
right ventricle strain, are actually only common 
in patients with massive acute PE and cor pulmo-

nale [ 34 – 36 ], and they do not exclude other 
causes [ 35 ]. 

 Abnormal  chest X - rays  (atelectasis, pleural 
effusion, parenchymal abnormality, cardiomegaly) 
are common in patients with PE, but again are 
non-specifi c [ 35 ,  36 ]. They can help to exclude 
common differentials [ 34 ]. 

 The  ventilation - perfusion  ( V / Q )  scan  [ 34 – 36 ] 
and the  invasive pulmonary angiography  [ 35 ,  36 ] 
are now being overtaken by ( multi - detector )  CT 
pulmonary angiography  ( CTPA ) as imaging pro-
cedure of choice in patients with suspected PE 
[ 34 – 36 ]. CTPA allows the possibility of making 
an alternative diagnosis and assessing of the 
severity of PE [ 34 ]. The clinical signifi cance of 
chance detection of small peripheral emboli in 
subsegmental pulmonary arteries in critically ill 
patients is unclear [ 35 ]. 

 The most promising diagnostic tool in an 
austere environment is probably the ultrasound 
(US), although this examination is operator 
dependent and requires signifi cant training and 
experience [ 36 – 39 ]. Interest in ultrasound is 
increasing in Western medicine too, as it is a 
cheap, non-invasive test that can be performed 
bedside [ 39 ]. 

  Lower-extremity ultrasound  can be performed, 
as the presence of a proximal venous thrombosis 
requires anticoagulant treatment [ 35 ,  36 ], 
although false-positive results exist and a large 
portion of patients with PE does not have detect-
able venous thrombosis [ 36 ]. 

 Suggestive  echocardiographic  abnormalities 
are only seen in 30–40 % of patients with PE [ 34 , 
 36 ], but they are more common in case of massive 
PE and could help make a rapid presumptive diag-
nosis to justify the use of thrombolytic therapy 
[ 34 – 36 ]. The absence of signs of RV overload 
excludes PE as a reason for haemodynamic insta-
bility [ 35 ], and cardiac ultrasound allows for 
exclusion of other diagnoses like tamponade, 
myocardial infarction and aortic dissection [ 34 ]. 
Transthoracic echocardiography (TTE) is some-
times limited by a poor acoustic window [ 38 ]. 
Thrombosis is sometimes only seen on trans-
oesophageal echocardiography (TEE) [ 35 ]. 

  Lung ultrasound  is not a routine practice yet 
[ 39 ]. It has however been proposed as an 

   Table 18.2    Wells’ scoring system [ 35 ]   

  Clinical characteristics    Score  

 Previous pulmonary embolism or deep vein 
thrombosis 

 +1.5 

 Heart rate > 100 beats per minute  +1.5 

 Recent surgery or immobilisation  +1.5 

 Clinical signs of deep vein thrombosis  +3 

 Alternative diagnosis less likely then PE  +3 

 Haemoptysis  +1 

 Cancer (treated within the last 6 months)  +1 

  Clinical probability of PE    Score  

 Low  0-1 

 Intermediate  2-6 

 High  ≥7 

 Simplifi ed Wells’ score 

 PE likely  ≤4 

 PE unlikely  >4 
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alternative to CTPA when this is contraindicated 
[ 37 ]. In the hands of a skilled operator, it can 
help in the diagnosis of patients with acute 
respiratory and circulatory failure [ 38 – 40 ]. The 
access of lung area is limited by the ribs [ 37 , 
 38 ]. US penetrates insuffi ciently to detect cen-
trally located lesions [ 37 ]. Especially in unsta-
ble patients, it is sometimes only possible to 
perform lung US anteriorly, whereas most PEs 
are visualised posterior and inferior in the lung 
[ 38 ,  41 ,  42 ]. 

 “ Triple ultrasound ” ( TUS )  or multiorgan 
sonography  is a combination of lung US, com-
pression US of the lower limbs and echocardiog-
raphy [ 37 ,  38 ,  40 ,  42 ]. It is more effective and 
reliable than single-organ US [ 38 ]. TUS has been 
suggested as screening method to allow initiation 
of anticoagulation in critically ill and immobile 
patients [ 38 ,  42 ] and for selecting patients who 
should undergo further testing. A negative result 
cannot rule out PE with certainty, but if an alter-
native explanation for the symptoms is found, a 
PE is highly unlikely [ 38 ,  40 ].  

18.4.4.3     Risk Stratifi cation 
 Certain factors are detectable early on and may 
suggest an increased risk for mortality [ 33 ]. 

 Patients without shock and/or hypotension are 
considered non-high risk [ 35 ], whereas right ven-
tricular dysfunction in hypotensive patients with 
PE predicts a higher mortality [ 33 ]. PE patients 
with a right ventricular thrombus and diagnosed 
with a coexisting deep vein thrombosis after their 
presentation with PE are also at increased risk of 
mortality [ 33 ]. The presence of RV dysfunction 
or signs of myocardial injury suggests an inter-
mediate risk of early death [ 35 ]. 

 Prognostic models, like the simplifi ed 
Pulmonary Embolism Severity Index (sPESI), 
have been validated [ 33 ]. Any PE patient with 
one or more points is considered a high 30-day 
mortality risk [ 35  ] (Table  18.3 ).  

18.4.4.4     Treatment 
 The major principles of management are provid-
ing support of the vital functions while prevent-
ing further embolisation and thrombosis and 
removing the existing clot [ 34 ,  43 ]. 

 Stabilisation needs to be started prior to diag-
nostic testing [ 43 ]. 

  Respiratory support  can range from supplemen-
tal oxygen to intubation and mechanical ventilation, 
while anticipating hypotension following intubation 
in patients with right ventricular failure [ 43 ]. 

  Haemodynamic support  is initiated depending 
on the patient’s blood pressure and any clinical 
evidence of hypoperfusion (e.g. altered mental 
status, diminished urine output). In the fi rst 
phase, a fl uid challenge is conducted by giving an 
IV bolus of fl uid of maximum 500–1000 ml, 
while monitoring any changes in the patients’ 
vital signs. This technique avoids overloading an 
already stressed right ventricle [ 34 ,  43 ], as 
increased right ventricular wall stress can in fact 
decrease the ratio of oxygen supply to demand 
resulting in ischaemia and increased right ven-
tricular failure [ 34 ,  43 ]. 

 The second line of haemodynamic support 
includes vasopressor therapy. Norepinephrine 
produces less tachycardia [ 34 ,  43 ], but dopamine 
and epinephrine are also effective. Dobutamine 
increases myocardial contractility, but the more 
pronounced effect of vasodilation in low doses 
could worsen hypotension [ 34 ,  43 ]. Combinations 
of drugs can be used. Other inotropes have not 
been researched in humans with acute PE [ 43 ]. 
ECMO [ 34 ] falls outside the scope of this book. 

   Anticoagulant Therapy 
 Current standards of care dictate that in every 
patient with confi rmed acute PE parenteral anti-
coagulant therapy should be initiated [ 34 ,  43 ,  44 ]. 
Guidelines suggest therapeutic anticoagulation is 
to be considered in patients with a high clinical 
suspicion of acute PE [ 34 ,  35 ,  43 ], but also in 
cases with low probability when diagnostic evalu-
ation is suspected to take more than 24 h [ 43 ], to 

   Table 18.3    Variables considered in sPESI [ 33 ]   

 Age > 80 years 

 History of cancer 

 Chronic cardiopulmonary disease 

 Heart rate 110 or more beats per minute 

 Systolic blood pressure lower than 100 mmHg 

 Arterial oxyhaemoglobin saturation under 90 % 
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be stopped when an acute PE is excluded [ 44 ]. 
Anticoagulation in patients with contraindications 
or an increased risk of bleeding needs to be con-
sidered on a case-by-case basis (Table  18.4 ) 
[ 34 ,  43 ]. Minimal data regarding anticoagulation 
in paediatric patients exists [ 35  ]. 

 Treatment of PE can be categorised in three 
phases: initial (up to 7 days), long term (up to 
3 months, usually considered a minimum dura-
tion) and extended (more than 3 months) [ 35 , 
 45 ]. The duration of anticoagulation varies 
according to a patient’s risk status, balancing the 
risk of bleeding with the presence of factors 
potentially contributing to the initial PE, and con-
sidering the patient’s preference [ 35 ,  44 ]. 
Continuing the therapy reduces the risk of recur-
rence, but increases the risk of major bleeding 
[ 35 ,  44 ]. The role of new anticoagulants and ace-
tylsalicylic acid in this setting is being investi-
gated [ 35 ].   

    Heparins 
  Low molecular weight heparin  ( LMWH ) is pre-
ferred for most haemodynamically stable 
patients with acute PE, as it is associated with a 
lower mortality, fewer recurrent thromboem-
bolic events and less major bleeding than IV 
unfractionated heparin (UFH) [ 34 ,  44 ]. They 
have the added benefi t of a greater bioavailabil-
ity, more predictable pharmacokinetics, with 

once- or twice-daily fi xed-dose administration, 
and a decreased likelihood of thrombocytopenia 
[ 34 ,  44 ]. There are different formulations of 
LMWH, each with their own dosing regimen and 
contraindications [ 44 ]. Fondaparinux has an 
equivalent profi le (effectiveness, safety and 
administration) to LMWH [ 44 ]. 

 Patients with low body weight (<45 kg 
women, <57 kg men) appear to be more exposed 
to the anticoagulant effects of LMWH [ 44 ]. 
There is signifi cant accumulation in patients with 
severe renal insuffi ciency (clearance <30 ml/
min), so requires adjustment of the dose. 
Therapeutic monitoring of LMWH is usually not 
necessary. 

 Intravenous  unfractionated heparin  ( UFH ) can 
be used when there is persistent hypotension due to 
massive PE, an increased risk of bleeding and con-
cern about subcutaneous absorption (morbid obe-
sity, anasarca) [ 44 ] or when thrombolysis is being 
considered [ 44 ]. A continuous IV infusion is asso-
ciated with a lower incidence of major bleeding 
than intermittent IV bolus dosing [ 44 ]. UFH has 
the shortest duration of action and can be reversed 
by protamine sulphate in case of major bleeding 
[ 34 ,  44 ]. The UFH effect can be monitored by mea-
suring the activated partial thromboplastin time 
(aPTT), which is more widely available than the 
anti-Xa assays required for therapeutic monitoring 
of LMWH and fondaparinux [ 34 ,  44 ]. Titration is 
then performed every 4–6 h to a aPTT goal of 1.5–
2.5 times the control aPTT. Bedside measurement 
of activated clotting time (ACT) is used instead of 
aPTT in certain institutes and might be more practi-
cal in austere settings. 

 SC UFH has a safety and effectiveness com-
parable to LMWH but requires more frequent 
administration and is associated more often with 
thrombocytopenia [ 44 ]. APTT is not routinely 
monitored with these protocols [ 44 ]. In heparin- 
induced thrombocytopenia (HIT), antibodies are 
formed in an immunologic reaction during hepa-
rin therapy. Only a previous episode of HIT is a 
known risk factor.  

    Vitamin K Antagonists 
 Vitamin K antagonist, like warfarin, suppresses 
the production of vitamin K-dependent clotting 

   Table 18.4    Risk factors for bleeding   

 Age over 65 years 

 Previous bleeding 

 Thrombocytopaenia 

 Anti-platelet therapy 

 Poor anticoagulant control 

 Recent surgery 

 Frequent falls 

 Reduced functional capacity 

 Previous stroke 

 Diabetes 

 Anaemia 

 Cancer 

 Renal failure 

 Alcohol abuse 

   Presence of two or more are considered a high risk [ 44 ]  
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factors (II, VII, IX and X), but also of anticoagu-
lant factors like protein C and S. This mechanism 
causes a delay in action and can even induce a 
transient hypercoagulable state due to an imbal-
ance between pro- and anticoagulant factors. 
Therefore an overlap with prior heparin treatment 
is needed until a therapeutic effect is achieved 
[ 34 ,  35 ,  44 ]. Vitamin K antagonists require regu-
lar monitoring of the international normalised 
ratio (INR), at least once every 4 weeks in stable 
conditions and more frequently when dose 
adjustments are necessary.  

    Direct Oral Anticoagulants (DOACs) 
 Recently new oral anticoagulants have been 
developed, which inhibit thrombin and Xa. 
They are currently not included in guidelines, 
but this might change [ 34 ,  35 ] as studies are 
starting to emerge showing similar effi cacy 
with possibly less bleeding events compared to 
traditional VKA anticoagulation [ 35 ,  46 ]. 
These new drugs have a rapid onset of action, 
few drug or food interactions and a predictable 
pharmacokinetic profi le and are used in fi xed 
doses with no need for laboratory monitoring 
of their anticoagulant activity [ 35 ,  45 ,  46 ]. 
This makes them very interesting for use aus-
tere environment, although the cost is a major 
limitation [ 45 ]. 

 Different formulations exist, although up till 
now only rivaroxaban has been approved for the 
treatment of acute PE [ 35 ,  44 ,  46 ]. It should not 
be used in patients with renal failure (creatinine 
clearance <30 ml/min), hepatic impairment or 
during pregnancy [ 44 ]. 

 No specifi c antidotes to thrombin and Xa 
inhibitors exist [ 44 ,  46 ], so the optimal manage-
ment of major bleeding under DOACs remains 
uncertain [ 45 ]. Possible recombinant proteins are 
being researched [ 45 ,  46 ]. Until these become 
available, non-specifi c agents such as PCC or acti-
vated PCC are advised as a fi rst- line treatment 
[ 45 ], with recombinant activated factor VII as a 
second line [ 45 ]. Adjunctive therapy such as des-
mopressin or tranexamic acid may also be consid-
ered, although the data regarding their effi cacy in 
DOAC-associated bleeding are even more scarce 

[ 45 ]. Despite this lack of data, the outcomes of 
patients with major bleeds on dabigatran appear 
no worse than those who have a major bleed on 
warfarin [ 46 ].  

    Thrombolytic Therapy 
 Thrombolytic agents accelerate the lysis of 
thrombi by activating plasminogen to form plas-
min [ 47 ]. Thrombolytic therapy, followed by hep-
arin [ 47 ], seems to lead to haemodynamic 
improvement in the short term, without signifi -
cantly improving mortality or reducing the fre-
quency of recurrent thromboembolism [ 34 ,  47 ]. 
Despite the lack of evidence, many clinicians 
believe that thrombolysis should be considered on 
a case-by-case basis, weighing the potential bene-
fi ts against the risks [ 34 ,  47 ]. The only widely 
accepted indication is persistent hypotension or 
shock due to a massive PE [ 34 ,  47 ]. The main 
adverse event is bleeding [ 34 ,  47 ]; other complica-
tions include hypotension and allergic reactions 
[ 48 ]. Reduced dose thrombolysis in intermediate-
risk patients is being researched [ 35 ]. As an 
 alternative catheter- directed thrombolysis or 
 catheter or surgical embolectomy could be used, if 
the expertise and resources are available [ 34 ,  47 ].  

    IVC Filter 
 An inferior vena caval (IVC) fi lter blocks the 
passage of large emboli from the pelvis or lower 
extremities before they reach the lung or frag-
ment them, thus preventing (recurrent) massive 
PE [ 34 ,  48 ,  49 ]. It is considered in patients where 
anticoagulation is contraindicated or has failed 
or caused complications and when there is a high 
risk of recurrent VTE [ 34 ,  35 ,  43 ,  49 ]. There is 
however no hard evidence that fi lters to prevent 
death from pulmonary embolism [ 34 ,  43 ,  49 ], as 
a fi lter does not lessen the thrombotic predispo-
sition or decrease the incidence of lower extrem-
ity DVT [ 34 ,  43 ]. Small thrombi can pass 
through the fi lter or collaterals and direct throm-
bus extension through the fi lter can occur [ 48 , 
 49 ]. In situ thrombosis of the fi lter may even 
occur, due to the altered blood fl ow and the pres-
ence of a foreign object in a group of people with 
a thrombotic predisposition [ 49 ]. Prophylactic 
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VC fi lter insertion is controversial [ 49 ]. Filters 
are inserted percutaneously via a femoral or jug-
ular approach and are usually positioned below 
the renal veins by fl uoroscopy or ultrasound 
guidance [ 34 ,  48 ].   

18.4.5     Non-thrombotic Pulmonary 
Embolism 

 Whereas in thrombotic PE the vascular obstruc-
tion is the main pathophysiological mechanism, 
in NTPE endothelial and parenchymal injuries, 
with infl ammatory reactions in both systemic and 
pulmonary circulation, play a role [ 50 ]. When 
diagnosing NTPE, a clinician is again challenged 
by the low specifi city of signs, symptoms and 
tests, contributing to underestimation of the fre-
quency of the pathology [ 50 ]. Clinical history and 
active searching for underlying disease are impor-
tant in making a differential diagnoses [ 50 ].  

18.4.5.1     Fat Embolism Syndrome 
 A fat embolism syndrome (FES) is most com-
monly associated with closed long bone and pel-
vic fractures, but it can accompany many 
conditions, both traumatic (e.g. blunt trauma, 
orthopaedic procedures, burns) and non-trau-
matic (e.g. pancreatitis, lipid infusion and sickle 
cell crisis) [ 50 – 52 ]. It is a common, but under- 
diagnosed entity [ 52 ]. 

 The pathophysiological mechanism is not 
clear [ 50 – 52 ]. A mechanical theory refers to 
obstruction of the pulmonary vasculature by fat 
droplets, with arteriovenous shunting or a patent 
foramen ovale responsible for neurological 
symptoms [ 40 ,  51 ]. The fat then causes local 
ischaemia, infl ammation and platelet aggregation 
[ 50 ]. A second theory helps explaining non- 
traumatic forms of FES by stating that biochemi-
cal and infl ammatory changes induced by trauma 
or sepsis release free fatty acids and chylomi-
crons systemically, which then coalesce, and give 
rise to the physiologic reactions described in the 
mechanical theory [ 50 ,  51 ]. This second theory 
helps explain the delay between time of injury 
and onset of symptoms [ 51 ]. 

 As there are no clear diagnostic tests, a clinical 
diagnosis is necessary after exclusion of other 
aetiologies. A positive diagnosis of fat embolus 
syndrome is suggested when at least one major 
and four minor criteria are detected, in the pres-
ence of fat microglobulinaemia [ 50 ,  51 ]. The 
major criteria are respiratory symptoms, a pete-
chial rash on nondependent, anterior skin areas 
(in less than 50 % of cases) and neurological dis-
turbances [ 50 – 52 ]. Neurologic abnormalities typ-
ically occur after the development of respiratory 
distress and are often transient and fully reversible 
[ 51 ,  52 ]. Minor criteria include a rapid pulse, 
fever, retinal changes, renal dysfunction, jaun-
dice, an acute drop in haemoglobin and/or plate-
lets and an elevated sedimentation rate [ 50 ]. Other 
manifestations may include scotoma, lipiduria, 
fever, coagulation abnormalities and myocardial 
depression [ 52 ]. Onset is typically 24–72 h after 
the initial insult. 

 Imaging techniques are often normal, or 
unspecifi c changes are visible [ 50 – 52 ]. Fat glob-
ules can be recovered from the serum of more 
than 50 % of fracture patients without symptoms 
of FES [ 52 ], and the sensitivity and specifi city of 
detecting fat droplets in broncho- alveolar lavage 
is unknown [ 52 ]. 

 Prevention entails early immobilisation of 
fractures, preferably by operative correction 
rather than conservative [ 51 ,  52 ]. Intramedullary 
pressure needs to be reduced perioperatively, by 
placing a venting hole to drain the medullary 
cavity [ 51 ,  52 ]. A controversial prophylactic 
low- dose regimen might be considered for high-
risk patients (e.g. closed long bone or pelvic 
fractures) [ 52 ]. 

 Treatment is supportive [ 51 ,  52 ], including 
adequate oxygenation, haemodynamic stability, 
nutrition and gastric ulcer and thrombosis pro-
phylaxis. Most patients recover fully with sup-
portive care, making the routine use of 
corticosteroids in patients with confi rmed FES 
controversial [ 51 ,  52 ]. In life-threatening cases, a 
trial of systemic corticosteroids could be consid-
ered, although optimal dosing and timing is 
unclear. High doses of  N -acetylcysteine have also 
been suggested, based on a rat model [ 51 ].  

18 Intensive Care in the Austere Environment



232

18.4.5.2     Amniotic Fluid Embolism 
 This type of embolism is responsible for a signifi -
cant portion of maternal deaths in Western medi-
cine [ 50 ]. Although it is usually associated with 
active labour and delivery, it can also be provoked 
by trauma or manipulation of the pregnant uterus, 
e.g. during surgery [ 51 ]. 

 AFE needs to be considered in pregnant 
women and within 48 h of delivery if acute medi-
cal treatment is needed for hypotension, respira-
tory distress, DIC or neurological symptoms like 
coma or seizures, without any other medical 
explanation [ 51 ]. Due to its fulminant nature (all 
deaths occur within 5 h of collapse), AFE is usu-
ally a clinical diagnosis [ 40 ,  51 ]. Detection of 
material like foetal squamous cells, meconium or 
lanugo hairs in the maternal pulmonary vascula-
ture supports this diagnosis, although it is unspe-
cifi c and should not rule out an alternative cause 
of instability [ 50 ,  51 ]. As with FES, the initial 
event triggers systemic reactions like comple-
ment activation, contributing to symptoms 
including disseminated intravascular coagulation 
(DIC) and leading to AFE being likened to an 
“anaphylactoid syndrome of pregnancy” [ 50 , 
 51 ]. Respiratory, circulatory and neurological 
signs are usually the fi rst to appear, although 
sometimes isolated DIC can be the initial presen-
tation [ 50 ,  51 ]. 

 Goals of treatment include maintenance of 
oxygenation, circulation and correction of the 
coagulopathy. Immediate caesarean section is 
advised in prepartum cases, as it facilitates resus-
citation and limits foetal hypoxia [ 51 ], although in 
austere environments where transfusion and other 
supportive measures for both mother and child are 
limited, the risk-benefi t balance might be differ-
ent. Anecdotal treatment suggestions include cor-
ticosteroids and epinephrine, due to the similarities 
of AFE to anaphylaxis.  

18.4.5.3     Other Aetiologies 
  Microorganisms  such as bacteria, fungi and 
even parasites can migrate in the bloodstream 
[ 51 ]. Predisposing factors include underlying 
immune defi ciencies, endocarditis, pneumonia, 
osteomyelitis, skin infections or infections of 
intravascular foreign devices like catheters [ 51 , 

 51 ]. Embolisation of  foreign or particulate 
material  and  gas embolisms  are often iatro-
genic or associated with intravenous drug abuse 
[ 50 ,  51 ].      
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      Management of Blood Loss 
in the Austere Environment                     

     Zachary     J.     Kastenberg       and     Sherry     M.     Wren    

       The effi cient management of blood loss in trauma 
patients is a complex and evolving science. The 
surgeon practicing in the austere environment 
must be acutely aware of the characteristics of 
available blood products, the local mechanisms 
for blood donation, and the region-specifi c risks 
associated with transfusion. The World Health 
Organization (WHO) advocates for the 
establishment of nationally coordinated blood 
transfusion services, collection of blood from 
voluntary unpaid donors, and quality-assured 
testing of all products for transfusion- 
transmissible infections [ 1 ]. In reality, however, 
few low-income countries are currently able to 
comply with these recommendations. This 
chapter will discuss existing evidence-based 
guidelines for transfusion in the trauma patient 
with interpretations of these guidelines for the 
practitioner confronted with resource limitations. 
The recommendations provided within this 
chapter are not intended to be prescriptive, but 
rather to serve as a guide to be tailored as appro-
priate to each individual setting. 

19.1     Epidemiology 

 Injuries account for a disproportionate number of 
deaths in low-income countries, and hemorrhagic 
shock is a leading cause of death in trauma 
patients, second only to traumatic brain injury [ 2 , 
 3 ]. In the setting of massive blood loss or active 
bleeding, blood products, whether component 
therapy or whole blood transfusion, are required 
to maintain oxygen delivery and to prevent the 
coagulopathy of trauma [ 4 ] (Fig.  19.1 ). In any 
setting, the potential physiologic benefi t of trans-
fusion must be weighed against the inherent risks 
of a transfusion: infectious, immunosuppressant, 
or transfusion reaction [ 1 ]. In much of the devel-
oping world, the much more pragmatic issue of 
blood availability must also be factored into the 
decision-making process.

   In the developed world, the majority of 
transfusions are given as component therapy 
to patients over the age of 65 [ 1 ]. In the devel-
oping world, particularly sub-Saharan Africa, 
most transfusions are given as whole blood to 
children with malarial anemia, women with 
obstetrical complications, or patients of all 
ages with traumatic injuries [ 1 ]. In 2013, the 
WHO estimated that of the 107 million dona-
tions collected, half were collected in high-
income countries representing only 15 % of 
the global population. The median blood 
donation rates in high-, middle-, and low-
income countries were estimated at 39.2, 
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12.6, and 4.0 per 1000 population, respec-
tively [ 1 ]. 

 While the reasons for this disparity are 
many, of equal importance to the practicing 
surgeon are the implications of this limited 
resource. In the absence of centralized transfu-
sion services, many hospitals are tasked with 
procurement and screening of all locally used 
blood products. Ultimately, this means that 73 
countries still obtain greater than 50 % of their 
blood products from family, replacement, or 
paid donations [ 1 ]. Furthermore, 24 % of all 
donations in low- income countries are pro-
cured without screening that meets the basic 
quality procedures recommended by the WHO 
for the human immunodeficiency virus (HIV), 
hepatitis C virus (HCV), and hepatitis B virus 
(HBV) [ 1 ].  

19.2     Review of the Evidence 

19.2.1     Transfusion Practices 

 The existing practice guidelines for blood trans-
fusion in acute trauma and critical illness are 
based on evidence derived from studies conducted 
in non-resource-limited settings. These guidelines 
will form the basis of the discussion for this 
chapter and are supplemented with references 
from the developing world where possible. 

19.2.1.1     Acute Hemorrhage 
 At the time of initial clinical presentation, the pri-
mary trauma survey should be performed with 
confi rmation of the patient’s airway patency and 
assessment of his or her breathing characteristics. 
The evaluation of the circulatory system begins 
with confi rmation of cardiac function, followed 
by control of any active bleeding with direct 
pressure and tourniquet placement if possible. 

 After control of active hemorrhage, the level 
of hemorrhagic shock must be determined. The 
American College of Surgeons Advanced Trauma 
and Life Support (ATLS) protocol classifi es 
hemorrhagic shock according to the volume of 
blood lost and the subsequent physiologic 
response (Table  19.1 ). Class I or class II 
hemorrhagic shock warrants an initial crystalloid 

a

b

  Fig. 19.1    ( a ) Bleeding secondary to ulnar artery 
transaction from a gunshot wound. ( b ) The ulnar artery 
has been ligated       

   Table 19.1    Advanced trauma and life support classifi ca-
tion of hemorrhagic shock   

 Class 
 Blood loss (% 
blood volume)  Physiologic response 

 I  0–15  Normal heart rate, 
normotensive, normal urine 
output, slightly anxious 

 II  15–30  Tachycardic, normotensive, 
normal urine output, slightly 
anxious 

 III  30–40  Tachycardic, hypotensive, 
decreased urine output, 
confused 

 IV  >40  Tachycardic, hypotensive, 
decreased urine output, 
lethargic 

  Adapted from Blood Loss Table, in American College of 
Surgeons Committee on Trauma [ 25 ], with permission  
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bolus of up to two liters. In the absence of physi-
ologic response or if the response is only tran-
sient, transfusion is indicated. Class III or class 
IV hemorrhagic shock requires immediate trans-
fusion, often preceded by crystalloid bolus while 
waiting for the blood products to arrive at the 
bedside. The  Clinical Practice Guideline :  Red 
Blood Cell Transfusion in Adult Trauma and 
Critical Care  classifi es red blood cell transfusion 
in the patient with hemorrhagic shock as a level I 
recommendation (convincingly justifi able based 
on scientifi c evidence alone) [ 5 ,  6 ].

   In the adult population, tachycardia is typi-
cally the fi rst sign of impending hemodynamic 
collapse. Hypotension is an indication of more 
advanced hemorrhagic shock. Low urine output, 
however, is historically described as an extremely 
accurate indication of inadequate circulating 
blood volume, and early placement of a Foley 
catheter allows for close monitoring of urine 
output and enables a more accurate titration of 
ongoing volume resuscitation [ 7 ]. There is a 
growing body of evidence suggesting that the so-
called damage control resuscitation may improve 
outcomes for trauma associated with hemor-
rhagic shock; in a recent prospective, random-
ized controlled trial, mean arterial pressures of 
50 mmHg were associated with decreased blood 
product usage and decreased early perioperative 
mortality when compared to traditional mean 
arterial pressures of 65 mmHg [ 8 ]. 

 In most resource-limited settings, whole blood 
will be the only available product for transfusion 
(Fig.  19.2 ). It is worth mentioning, however, that 
the proportionate administration of blood 
components is now favored for trauma 
resuscitation in settings where component 
therapy is available. A recent study showed 
decreased mortality and intensive care length of 
stay when a 1:1 ratio of red blood cells to fresh 
frozen plasma, as opposed to the more traditional 
4:1 ratio, was administered to patients with 
trauma-induced coagulopathy requiring massive 
transfusion [ 9 ]. When component therapy is 
available, a 1:1:1 ratio (or as close to this ratio as 
possible) of red blood cells to fresh frozen plasma 
to platelets is preferred to limit the incidence of 

coagulopathy and to improve overall survival 
rates [ 10 – 13 ]. However, the addition of fresh 
whole blood to the transfusion protocol also 
appears to be superior to red blood cells alone or 
with fresh frozen plasma in the absence of plate-
lets [ 14 ].

   Laboratory assessment should generally be 
considered adjunctive in the initial trauma resus-
citation phase. There is no hemoglobin (Hb) cut-
off at which transfusion should be given or 
withheld. Hemoglobin is an unreliable marker of 
blood loss in the acute setting as dilution of the 
plasma component occurs over a matter of hours. 
Likewise, analysis of the international normal-
ized ratio (INR), prothrombin time (PT), and par-
tial thromboplastin time (PTT) may be misleading 
as platelet dysfunction, hypothermia, and acido-
sis contribute heavily to the development of 
coagulopathy in the trauma patient. 

 Both serum lactate and base defi cit have been 
recommended for use in evaluation of the 
response to initial resuscitation in the guidelines 
put forth by the European Task Force for 

  Fig. 19.2    Transfusion in the austere environment       
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Advanced Bleeding Care in Trauma [ 15 ]. Both 
failure of normalization of lactate (<2 mmol/L) 
within 24 h of admission and a moderate (−6 to 
−9 mEq/L) or severe (>10 mEq/L) base defi cit on 
admission are associated with poor outcomes in 
trauma patients [ 16 ,  17 ]. Depending on the local 
setting, these laboratory values may serve as 
adjunctive prognostic instruments, but the initial 
resuscitation should be guided by the surgeon’s 
clinical assessment and close monitoring of the 
patients’ physiologic response.  

19.2.1.2     Guidelines for Transfusion 
After Stabilization 

 Over the past decade, the guidelines for transfus-
ing patients without active hemorrhage have 
evolved. A landmark study by the Canadian 
Critical Care Trials Group in 1999 showed that a 
restrictive transfusion strategy with Hb threshold 
of 7 g/dL (with maintenance Hb goal of 7–9 g/dL) 
had similar outcomes when compared to the his-
torical Hb threshold of 10 g/dL (with maintenance 
Hb goal of 10–12 g/dL) in the non- bleeding, criti-
cally ill patient [ 18 ]. The exception to this fi nding 
was in patients with acute myocardial ischemia or 
unstable angina. Restrictive transfusion practices 
are now commonplace for patients without active 
cardiac ischemia in developed countries. It seems 
prudent, therefore, to follow this strategy in set-
tings with limited blood product availability and 
high rates of transfusion-transmissible infections.   

19.2.2     Risks of Transfusion 

19.2.2.1     Viral Infection 
 Blood products in any part of the world may 
 harbor HIV, HCV, or HBV. Blood transfusions 
in resource-limited countries, however, involve 
increased risk given the endemicity of these 
viruses in such regions of the world. Exacerbating 
this problem is the large proportion of high-risk, 
paid blood donors. While the specifi c risks of 
virus transmission are region dependent, a recent 
analysis of sub-Saharan Africa estimated the risk 
of becoming infected with HIV, HCV, or HBV at 
1, 2.5, and 4.3 per 1000 units transfused [ 19 ]. This 
equates to roughly 6650 HIV infections, 16,625 

HCV infections, and 28,595 HBV infections 
caused by transfusion of each year. Such statistics 
highlight the necessity of transfusing only those 
patients with clear indications for transfusion and 
support restrictive transfusion goals for those 
without active bleeding.  

19.2.2.2     Malaria 
 The malaria parasite is endemic to most of Sub- 
Saharan Africa and parts of both South America 
and Asia. A recent literature review of 17 studies 
spanning the years 1980–2009 identifi ed a 
median malaria prevalence of 10 % among blood 
donors in sub-Saharan Africa with a range of 
0.7 % in Kenya to 55 % in Nigeria [ 20 ]. 
Importantly, the prevalence of malaria in donated 
blood likely correlates to some degree with the 
prevalence in the general population. A large 
proportion of patients receiving transfusions in 
malaria-endemic regions are likely partially 
immune to the parasite, and the clinical relevance 
of this problem is not completely understood. 
Regardless, postoperative fever in the transfused 
patient must prompt consideration, and potential 
empiric therapy, for malarial parasitemia.  

19.2.2.3     Bacterial Sepsis 
 A potentially fatal complication of transfusion is 
bacterial sepsis from blood contamination. While 
the clinical impact of this complication in the 
developing world is not well understood, existing 
data suggest that it may be a signifi cant source of 
morbidity in the transfused population. 
Approximately 9 % of whole blood transfusions 
administered to children at a single hospital in 
Kenya were contaminated with bacteria of which 
64 % were gram negative [ 21 ]. Such data speak to 
the importance of quality control mechanisms in 
the blood banking process and a low threshold for 
the empiric administration of antibiotics in the 
posttransfusion patient with early signs of sepsis.  

19.2.2.4     Transfusion-Specifi c 
Complications 

 The two most common causes of death associ-
ated with transfusions are acute hemolytic reac-
tions and transfusion-related acute lung injury 
(TRALI). Acute hemolytic reactions are the 
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result of the presence of preformed recipient 
antibodies recognizing the major antigens on 
donor red blood cells. The cause is usually a 
clerical error resulting in the administration of 
ABO-incompatible blood or blood products. The 
clinical signs of an acute hemolytic reaction 
include chest tightness and pain, hypotension, 
decreased urine output, fever, and hemoglobinuria. 
In severe cases, renal failure and disseminated 
intravascular coagulation rapidly develop. The 
treatment is immediate cessation of the 
transfusion and aggressive supportive care. 

 TRALI is thought to be caused by donor 
antibodies against recipient leukocytes that 
localize to the pulmonary capillary beds and 
incite an infl ammatory reaction. TRALI is 
diagnosed in patients with no preexisting lung 
injury who experience acute (within 6 h of 
transfusion) onset of hypoxemia and bilateral, 
non-cardiogenic pulmonary edema. The 
appearance of TRALI is often dramatic on chest 
radiography. As with acute hemolytic reactions, 
timely discontinuation of the transfusion is 
mandatory, and the treatment is mainly 
supportive. Mechanical ventilation is frequently 
required when available. Even with timely 
intervention, the mortality rate associated with 
TRALI is between 5 and 10 % [ 22 ].    

19.3     Authors’ Experience 

 The basic principles of managing blood loss 
include direct pressure, surgical ligation of identi-
fi able arterial bleeding, and initial replacement of 
intravascular volume with crystalloid. These basic 
tenets of surgical practice remain true regardless 
of local environment. In resource-limited settings, 
particularly rural hospitals or clinics, temporizing 
measures are often lifesaving and may be required 
for prolonged periods while waiting either for sup-
plies to arrive or for patient transfer to be arranged. 

 Tourniquets are of particular use in cases of 
extremity trauma and may be fashioned out of 
almost any material. Tourniquets have been 
extensively used in combat situations, but have 
also been found useful, potentially lifesaving, in 
the civilian setting [ 23 ]. Tourniquets are also 

associated with signifi cant complications, 
however, and should be limited to settings in 
which direct pressure on arterial bleeding is 
insuffi cient to control hemorrhage [ 24 ]. There are 
numerous commercially available tourniquets, 
which, according to recent guidelines put forth 
by the American College of Surgeons Committee 
on Trauma, should be used whenever possible to 
avoid undue soft tissue ischemia that may be 
caused by improvised tourniquet devices [ 25 ]. 
However, in our experience, makeshift 
tourniquets can be lifesaving in severe cases of 
extremity trauma, and it becomes an issue of 
clinical judgment to weigh the effect of survival 
with potential limb loss against likely death in the 
absence of hemorrhage control (Fig.  19.3 ).

   In cases of hemorrhagic shock that is either 
transiently responsive or nonresponsive to initial 
crystalloid bolus, the transfusion of packed red 
blood cells, fresh frozen plasma, and platelets in 
a 1:1:1 ratio is preferred as described above. 
Whole blood, however, is frequently all that is 
available and is suffi cient. When the institutional 
blood supply is depleted, creativity on behalf of 
the surgeon may be required (Fig.  19.4 ). The 
recruitment of family members for donation, 
community blood donation requests, and calls to 
nearby health-care facilities may transiently 
increase local supply. Temporizing methods 
including tourniquet use, limb elevation, 
Trendelenburg positioning, delayed operations, 
and tolerance of anemia with continued 
crystalloid administration are continued until 
blood products are available.

   An important aspect to the management of 
blood loss in the resource-limited setting is the 
pragmatic triage of the injured patient. In mass 
casualty settings, or many times even with just a 
few simultaneously injured patients, the local 
blood supply may be overwhelmed. The surgeon 
must be prepared to quickly identify those in 
most immediate need of transfusion and/or 
operation and prioritize resources, without 
exhausting valuable blood products in futile 
situations. The ability to quickly and effi ciently 
navigate such diffi cult decisions often defi nes the 
narrow margin between clinical success and fail-
ure when resources are limited.     
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      Venous Thromboembolism 
Prophylaxis                     

     Zachary     J.     Kastenberg       and     Sherry     M.     Wren    

       An understanding of the pathogenesis and pre-
vention of venous thromboembolism (VTE) is of 
importance to the surgeon caring for patients in 
the developing world. A large proportion of 
patients encountered in the mass casualty setting, 
the emergency department, or the surgical clinic 
will present with either acute or subacute 
orthopedic trauma placing them a high risk for 
developing VTE. In the hospital, both medical 
and surgical patients are at signifi cant risk for 
VTE. Estimates for rates of VTE in surgery 
patients without prophylaxis range from 10 to 
40 % in general surgery to as high as 40–60 % 
after major orthopedic surgery [ 1 ]. 

 There exists virtually no evidence originating 
from the developing world to guide the use of pro-
phylactic anticoagulation. Therefore, it falls to the 
healthcare provider to interpret the appropriateness 
of evidence-based practices developed in the non-
resource-limited setting within the local environ-
ment. This often requires the combined use of 
locally available pharmaceutical agents with either 
standard or improvised mechanical prophylaxis. 

 This chapter will summarize the  Antithrom-
botic Therapy and Prevention of Thrombosis, 
9th Edition: American Association of Chest 
Physicians Evidence-Based Clinical Practice 
Guidelines  [ 2 – 4 ] and will be interspersed with 
interpretations of these guidelines for the practi-
tioner confronted with resource limitations. The 
recommendations provided within this chapter 
are not intended to be prescriptive, but rather to 
serve as a guide to be tailored as appropriate to 
each individual setting. 

20.1     Epidemiology 

 Venous thromboembolism is a common compli-
cation in the trauma patient. In the acute setting, 
VTE carries the potential for central propagation 
leading to extremity congestion, edema, and 
pain. The most feared complication is pulmonary 
embolism leading to cardiopulmonary compro-
mise and possibly death. Long-term sequelae of 
lower extremity deep venous thrombosis include 
chronic venous insuffi ciency, extremity edema, 
and if left unchecked, chronic debilitating soft 
tissue ulceration. The inability to effectively 
manage these complications in the resource- 
limited setting highlights the importance of 
implementing prophylactic therapy whenever 
possible. 

 A prospective study of the incidence of VTE 
after major trauma in the United States revealed 
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the near ubiquity of this problem [ 5 ]. With the 
caveat that this study used non-targeted imaging 
in asymptomatic patients, the results were quite 
impressive. Of the 716 patients admitted to a 
single trauma center, 201 (58 %) developed 
peripheral venous thrombosis and 63 (18 %) 
developed proximal venous thrombosis when no 
prophylactic anticoagulation was used. The 
incidence of thrombosis was dependent on 
location and type of injury with thrombosis 
identifi ed in 65/129 (50 %) of those with chest or 
abdominal trauma, 49/91 (54 %) of those with 
major head trauma, 41/66 (62 %) of those with 
spinal trauma, and 126/182 (69 %) of those with 
lower-extremity orthopedic trauma. In a 
subsequent study of 312 patients with either 
pelvic, acetabular, femoral, or tibial fractures 
receiving either mechanical or chemical 
prophylaxis, 36 (12 %) developed deep venous 
thrombosis [ 6 ]. 

 When limited to symptomatic VTE, the 
incidence is signifi cantly lower, but still quite 
common in the major trauma population [ 3 ]. 
Across available studies of poly-trauma patients, 
the risk of symptomatic VTE ranges between 1 
and 10 % with higher rates in those with spinal 
fractures (2 %), traumatic brain injury (5 %), and 
spinal cord injury (6 %) despite timely initiation 
of pharmacologic prophylaxis. 

 The epidemiology of VTE is less well defi ned 
in the developing world since these studies 
require access to signifi cant numbers of subjects’ 
medical records living in the same geographic 
areas. Two studies, one in California, USA, and 
the other in Waitemata, New Zealand, have 
looked at race and ethnicity in VTE prevalence 
[ 7 ,  8 ]. These studies demonstrate that African 
Americans have the highest risk of VTE, followed 
by Caucasians, Hispanics, and lastly Asians. 
Both of these studies included medical and 
surgical cases. 

 With respect to the trauma population, 
however, the dramatically increased risk of VTE 
exists regardless of race or ethnicity. In a post- 
mortem study of 989 patients in Nigeria, 29 cases 
of confi rmed VTE were identifi ed of which 24 % 
were associated with “neuromuscular paralysis”; 
17 % associated with “multiple trauma of the 

pelvis, abdomen, and head”; and 14 % associated 
with “major surgery” [ 9 ].  

20.2     Pathogenesis 

 The triad of venous stasis, endothelial injury, and 
hypercoagulable state, known eponymously as 
Virchow’s triad, was fi rst described in 1856 and 
continues to defi ne the constellation of events 
that lead to VTE. In the absence of the muscular 
contractions that occur during normal movement 
in the non-debilitated individual, venous stasis 
allows for the aggregation of activated platelets 
and coagulation factors in the surgical patient. 

 Endothelial injury, a phenomenon present in 
all surgical patients, exposes procoagulant 
molecules such as tissue factor, von Willebrand 
factor, and collagen to circulating platelets and 
can serve as a nidus for thrombosis formation. 
Interestingly, postsurgical patients are at risk for 
developing thrombosis in veins distant from the 
surgical site. Microvascular injury does occur at 
these distant sites – the mechanism of which is 
not completely understood. 

 Hypercoagulable state often refers to genetic 
predispositions to thrombosis (e.g., Factor V 
Leiden, prothrombin gene mutation, and 
mutations to protein C, S, and antithrombin III, 
etc.). It is now appreciated, however, that even in 
the absence of such mutations the surgery patient 
is in a state of hypercoagulability from the 
endogenous release of tissue factor and from 
alterations in the normal coagulation and 
fi brinolysis pathways.  

20.3     Review of the Evidence 

 When considering prophylactic anticoagulation 
in the patient with orthopedic trauma, the 
 American Association of Chest Physicians 
Evidence-Based Clinical Practice Guidelines  
makes a clear distinction between the patient 
with multiple traumatic injuries and the patient 
with isolated lower extremity orthopedic trauma. 
In both cases, however, the existing evidence 
comes from non-resource-limited settings and in 
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general is of relatively low quality with few 
adequately generalizable trials. Therefore, these 
guidelines must be interpreted with respect to 
each individual patient and the locally available 
resources. 

 When determining whether to initiate 
prophylactic anticoagulation in the poly-trauma 
patient, the surgeon must balance the estimated 
risk of VTE with the estimated risk of hemorrhagic 
complication. From the available evidence, as 
eluded to above, the estimated risk of symptomatic 
VTE is approximately 5 %, with rate of up to 
10 % in those with spinal cord injuries. The risk 
of hemorrhage is directly related to the type and 
location of concomitant injury with higher 
bleeding risk associated with major head trauma, 
laceration of the liver or spleen, or the presence 
of an epidural hematoma. In the absence of 
pharmacologic prophylaxis, the estimated risk of 
hemorrhagic complication is approximately 1 %. 
This increases to approximately 3–4 % when 
chemical prophylaxis is initiated. The studies 
from which these data are derived typically defi ne 
hemorrhagic complications as hemorrhagic 
changes identifi ed by computed tomography scan 
of the head or as clinical bleeding requiring 
transfusion of more than 4 units of packed red 
blood cells. 

 It is estimated that the initiation of either 
pharmacologic or mechanical prophylaxis in 
major trauma patients with average-to-high risk 
of VTE and average bleeding risk will prevent 
between four and ten times the number of 
nonfatal thromboembolic events as the number of 
iatrogenic bleeding complications incurred. In 
the group at high risk of VTE, there is some 
evidence to suggest that the use of pharmacologic 
prophylaxis in combination with mechanical 
prophylaxis will provide added benefi t [ 2 – 4 ]. For 
patients with major trauma at high risk of 
bleeding (i.e., those with major head injury or 
solid viscera injury), there is little relative benefi t 
to pharmacologic prophylaxis. Mechanical 
prophylaxis in this group likely averts many 
thromboembolic events without signifi cantly 
increasing risk of bleeding complications. 

 The  American Association of Chest Physicians 
Evidence-Based Clinical Practice Guidelines  

include the following recommendations for 
patients with traumatic injuries (exclusive of 
those with isolated lower extremity injuries, see 
below):

•    For major trauma patients, the use of low-dose 
unfractionated heparin (LDUH), low 
molecular weight heparin (LMWH), or 
mechanical prophylaxis with intermittent 
pneumatic compression (IPC) is recommended 
over no prophylaxis.  

•   For major trauma patients at high risk for 
venous thromboembolism (including those 
with acute spinal cord injury, traumatic brain 
injury, and spinal surgery for trauma), the 
addition of mechanical prophylaxis to 
pharmacologic prophylaxis is recommended 
when not contraindicated by extremity injury.    

  For major trauma patients in whom LDUH 
and LMWH are contraindicated, the use of 
mechanical prophylaxis with IPC is recommended 
over no prophylaxis. The addition of 
pharmacologic prophylaxis is recommended 
when the risk of bleeding diminishes.  It should be 
noted that these recommendations are all 
classifi ed as  Grade 2C , which implies a basis on 
low- or very-low-quality evidence and existing 
uncertainty in the estimates of benefi ts and risks. 
When interpreting these recommendations with 
respect to the resource-limited setting, the major 
salient point is that mechanical prophylaxis is 
likely to be of benefi t, with virtually no additional 
risk, in most situations when not contraindicated 
by extremity injury. 

 If pharmacologic prophylaxis is available, it 
should be initiated when no major risk of bleeding 
is present. However, one needs to consider the pos-
sibility of unidentifi ed head or visceral injuries in 
settings where advanced diagnostic imaging is 
unavailable. A further consideration is the availabil-
ity of blood products or intravenous fl uids. If such 
resources are limited or unavailable, the ability to 
recognize and rescue a hemorrhagic complication is 
hindered and one may choose to err on the side of 
caution with respect to chemical prophylaxis. 

 The  American Association of Chest Physicians 
Evidence-Based Clinical Practice Guidelines  
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includes the following recommendations for 
patients with isolated lower extremity trauma:

•    No prophylaxis rather than pharmacologic 
prophylaxis in patients with isolated lower-leg 
injuries requiring leg immobilization is 
recommended.    

 As with the guidelines for the major trauma 
population, this recommendation is classifi ed as 
 Grade 2C  and should be interpreted with caution. 
It is known that the risk of VTE increases with 
the proximity of the injury and the degree of 
patient immobilization. With regard to the 
resource-limited setting, this patient group is at a 
much-decreased risk of VTE relative to the major 
trauma population, and pharmacologic agents 
should be reserved for those in higher-risk 
categories. The goals of care in this population 
should include early ambulation and return to 
daily activities as soon as possible. 

 Aspirin can also be considered as a 
prophylactic agent for VTE in this patient 
population. There has been a successful trial in 
orthopedic patients that demonstrated benefi t of 
perioperative aspirin in VTE risk reduction. The 
Pulmonary Embolism Prevention (PEP) trial 
demonstrated effi cacy of perioperative aspirin in 
preventing VTE after hip fracture surgery [ 10 ]. 
Treatment dose consisted of 160 mg aspirin daily 
for 5 weeks, starting with a presurgical dose. In 
the hip fracture population, there was a 36 % 
reduction in symptomatic DVT or pulmonary 
embolism (absolute risk reduction, 0.9 %; 
 P  = .0003) [ 10 ]. The cumulative data on aspirin 
resulted in the following Grade 1B 
recommendation in the  American Association of 
Chest Physicians Evidence-Based Clinical 
Practice Guidelines  for patients with hip 
fractures:

•    In patients undergoing hip fracture surgery 
(HFS), the use of one of the following rather 
than no antithrombotic prophylaxis for a mini-
mum of 10–14 days, LMWH, fondaparinux, 
LDUH, adjusted-dose VKA,  aspirin  (all 
Grade 1B), or an IPCD (Grade 1C), is recom-
mended [ 3 ].     

20.4     Authors’ Experience 

 The patient with multiple traumatic injuries pres-
ents a challenging scenario in the developing 
world for prevention of VTE since resource 
availability varies contextually. Most 
anticoagulation guidelines are developed 
assuming unlimited access to common heparin- 
based anticoagulants, mechanical compression 
devices, and intravenous fl uid or blood products 
if needed to rescue the patient from bleeding 
complications. The reality in the developing 
world is that in many situations,  none  of these 
resources are available. Factors such as lack of a 
constant source of power for pneumatic 
compression devices or suffi cient supply chains 
and proper drug storage greatly infl uence 
available resources. In some settings, none of 
these things may be available leaving early 
mobilization, when possible, the only means by 
which VTE prophylaxis may be addressed. 

 A consideration for pharmacologic 
prophylaxis in the absence of heparin derivatives 
is standard aspirin. Antiplatelet agents are used 
as second-line prophylactic anticoagulants in 
elective orthopedic surgery when patients are 
unable or refuse to take injectable agents and 
when the newer oral anticoagulants are 
unavailable. While there is limited evidence for 
antiplatelet use as primary prophylaxis in the 
trauma patient, it likely provides some marginal 
benefi t. 

 If the setting has no intermittent pneumatic 
compression devices or any chemoprophylaxis 
agents, elastic compression stockings can be used 
if available. Care must be exercised in the use of 
these stockings because there have been reports 
of skin breakdown or necrosis from the stockings. 

 In a large trial using thigh length gradual 
compression stockings for DVT prevention in 
stroke patients, there was a 5.1 % incidence of 
skin breaks, blisters, ulcers, or necrosis [ 11 ]. 
Stockings should be applied with care to avoid 
folds in the fabric, and skin should be examined 
at least daily to make sure there are no develop-
ing skin issues. If none of the above are available, 
mobilization by staff or family members should 
be encouraged. If the patient can ambulate, that is 
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best, but if they are unable to do to fractures or 
spinal injuries, then active and passive range of 
motion exercises should be done on the 
extremities. 

 Prophylactic anticoagulation, like most 
aspects of surgical care in the developing 
world, provides the opportunity for the surgeon 
to make use of his or her creativity and ingenu-
ity after assessing available resources. 
Attention to VTE prophylaxis is a critical con-
sideration, regardless of setting, for anyone 
taking care of surgical and trauma patients and 
can help avert potential morbidity and mortal-
ity in these patients.     
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      Microbiology in the Low-Resource 
Environment                     

     Sandro     Contini     

       In resource-limited settings, trauma-related 
infections are a leading, and often avoidable [ 1 ], 
source of complications and increased disability. 
The incidence of infections is signifi cantly higher 
than in high-income countries [ 2 ] and is linked to 
various factors such as poor environmental 
hygiene, scarce resources of local health systems, 
malnutrition, concomitant chronic diseases, 
impaired immunity, late admissions, confi dence 
in traditional healers, and poor follow-up. 

 A sound knowledge of the mechanisms of 
trauma and infection, and of the specifi c environ-
ment’s and wound’s microbiology/fl ora, is there-
fore valuable for health workers in such settings, 
always remembering that only a balanced approach 
between pharmacological treatment and a meticu-
lous, proper surgical care will avoid such disaster 
as infections in austere environment [ 3 – 6 ]. 

21.1     Contamination, 
Colonization, and Infection 

 Microbes, dirt, clothing, and other materials 
 carried into a wound are contaminants and open 
fractures are by defi nition contaminated. When 

nonreplicating bacteria on the wound surface 
 do not  initiate a host response, the microbiologi-
cal term of colonization is applied. The critical 
inoculum for infection in a contaminated wound 
is unknown; usually no invasion of viable tissue 
takes place until the number of bacteria reaches a 
threshold of 10 6 /g of tissue, but the presence of 
crushed tissues, dirt, and other foreign materials 
lowers the threshold of infection and invasion, by 
providing an environment where bacteria can 
grow and replicate, thus initiating a host reac-
tion, with the common clinical features of pain, 
wound discharge, and fever. Accordingly, infec-
tion must be considered a clinical event modu-
lated by microbe-related (toxins, enzymes, 
virulence) and host-related risk factors (malnu-
trition, immunocompetence). 

 Six hours has been considered by defi nition 
a critical period after contamination, after 
which the effi cacy of surgery and antibiotics to 
prevent infection decreases with time from 
injury, while the bacterial load increases expo-
nentially [ 7 ,  8 ]. However, it is probably restric-
tive to argue for or against a strict “six-hour 
rule” in the management of open injuries and 
fractures. Adequacy of debridement and timeli-
ness of soft tissue coverage may play an equally 
important role as time from injury in the pre-
vention of infection. From a practical point of 
view, although in resource-rich environments a 
short waiting between admission and debride-
ment likely does not increase the incidence of 
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infection, in austere settings early debridement 
and wash out should be favored, due to the 
usual late presentation, the often unknown 
exact time of injury, the frequent previous mis-
management, and the gross contamination of 
tissues. Consequently, in austere environments, 
the key message is that any patient with an open 
fracture or wound should be always be evalu-
ated and taken to the operating room on an 
urgent basis: the sooner a contaminated wound 
is properly debrided and antibiotic treatment is 
begun, the lower incidence of infection will 
probably be achieved.  

21.2     Mechanism of Injury and Its 
Relation to Infection 

 For practical reasons, we distinguish high-energy 
transfer wounds, usually in military or violence 
settings, due to high-energy bullets, blasts, but 
also in civilian road traffi c accidents and in natu-
ral disasters like earthquakes and tsunamis, and 
low-energy transfer wounds, typically conse-
quent to lower-energy gunshot or minor road traf-
fi c accidents, falls, working accidents, or civil 
violence. 

21.2.1     High-Energy Transfer 
Wounds 

 These wounds are characterized by heavy con-
tamination and tissue destruction, with an 
extremely high risk of infection. Bacteria are 
carried into the tract by the projectile and are 
sucked in by the negative pressure of the tempo-
rary cavity at both entrance and exit wounds. 
Moreover, the usually high amount of destroyed 
and avascular soft tissue is the perfect culture 
media for the growth of bacteria. Mines and 
other explosive devices increase the risk of 
infection from ground material or other matter 
placed in the devices (e.g., animal carcasses, dis-
carded dirty syringes, or fecal material) because 
the energy of the explosion drives contaminants 
deep into the soft tissues well past the obvious 
injury zone [ 9 ]. The likelihood of infection may 

depend on the different varieties of contaminat-
ing soils, associated with different organisms – 
which can vary according to weather and season. 
In addition, the chemical composition of some 
soils can inactivate antibodies and impair leuko-
cyte phagocytosis [ 10 ,  11 ]. Wound infection 
remains the greatest risk to life and restoration of 
function in the combat casualty who survives 
beyond the fi rst few hours from point of wound-
ing [ 12 – 14 ] and is the most common reason 
for infectious disease consultations in military 
hospitals [ 15 ]. 

 In natural disasters, the unusual high infl ux of 
patients, often simultaneously, lack of water 
supply, lack of equipment and of trained staff, 
and breakdown of communication and infrastruc-
ture make the risk of infection very high [ 16 ]. 
After an initial scenario with an often chaotic or 
very challenging access to care, in a second 
phase, the victims arrive with delayed and 
neglected presentation, both conditions strongly 
infl uencing the high wound infection rate up 
to 66.2 % [ 17 ].  

21.2.2     Low-Energy Transfer Wounds 

21.2.2.1     Small-Fragment (Shrapnel) 
Wounds 

 These are typically low-energy transfer extremity 
wounds, with usually no deep contamination by 
extrinsic material. They are typically observed in 
victims at relatively long distance from an 
explosion (Fig.  21.1 ). Although they could even 
carry organic debris, an accurate cleaning and 
brushing but not a true debridement has become 
accepted in military practice, provided antibiotic 
coverage is administered [ 18 ].

21.2.2.2        Low-Energy Transfer Gunshot 
 These injuries usually require a relatively less 
aggressive surgical approach in developed 
countries [ 19 ,  20 ] with an overall low infection 
rate [ 21 ,  22 ]. In developing countries where 
delayed presentation, lack of wound cleansing 
before hospital admittance, and low compliance 
after discharge are quite common, a more aggres-
sive strategy may be necessary.  
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21.2.2.3     Road Traffi c Accidents 
 The likelihood of infection may be high in devel-
oping countries, even for low-energy road traffi c 
injuries, due to gross contamination, frequent late 
admissions due to diffi cult/insuffi cient transport, 
and recurrent host-related factors such as malnu-
trition, chronic diseases, and impaired host 
immunity [ 23 ].    

21.3     Wound Pathogens 

 Microbiology studies of wounds in austere envi-
ronment may have several drawbacks, either 
from the diffi culty to differentiate between inci-
dental bacterial colonization and true infection or 
from the relative presence of different bacterial 
species varying with time, geography, topology 
of the terrain, and climate. Moreover, wound 
contaminations and infections are not static and 
evolve with time [ 8 ]. 

 A polymicrobial contamination, particularly 
 Clostridia  and β-hemolytic streptococcus, is seen 
at the instant of wounding, with the risk of 
invasive infection occurring within a few hours 
[ 8 ]. This fi rst contamination is followed by a self- 
contamination from the skin and gastrointestinal 
fl ora and, fi nally, by hospital-acquired nosocomial 
infection, which strongly emphasizes the 
imperative roles of hygiene and environmental 
control measures [ 24 ]. 

 In World War I, sporulating anaerobes (e.g., 
 Clostridium  spp.) and  Streptococci  were 
responsible of the initial infection, followed after 
a week by non-sporulating bacteria of fecal origin 
(e.g.,  Escherichia coli  and  Klebsiella  spp.) and 
fi nally by pyogenic organisms (e.g.,  Staphy-
lococcus  spp. and  Streptococcus pyogenes ) [ 25 ]. 
Aggressive surgical debridement strongly 
reduced the clostridial gas gangrene during 
World War I, and the use of penicillin in World 
War II resulted in the decline of infections due to 
pyogenic organisms [ 26 ]. Currently, the 
organisms traditionally associated with infection 
in combat-related trauma wounds involve 
 Staphylococcus aureus , often methicillin- 
resistant (MRSA),  S. pyogenes ( β-hemolytic 
streptococcus), and Gram-negative bacteria such 
as  Pseudomonas aeruginosa, Enterobacter  spp. , 
E. coli,  and  Klebsiella  spp. [ 27 ,  28 ]. They are 
commonly drug resistant [ 29 – 32 ]. Among them, 
the Gram-negative  Acinetobacter baumannii  is 
observed with increasing frequency, as the result 
of nosocomial transmission and not of initial 
contamination [ 30 ]. It comes from the soil, 
colonizes easily, and has a high aptitude to 
develop resistance. The widespread availability 
of antibiotics – and their abuse – even in 
developing countries, has indeed complicated the 
bacteriology of wounds because of the selection 
of resistant strains. Nosocomial transmission of 
multiple drug-resistant (MDR) organisms is an 
important factor in the pathogenesis of a wound 
infection. The organisms contaminating an open 
fracture on presentation do not represent the 
microbes that will eventually cause infection, 
mostly triggered by nosocomial bacteria [ 33 ], 
therefore questioning the utility of early peri- 
debridement tissue samples and cultures [ 14 ], a 
rather uncommon luxury in developing countries 
[ 34 ]. Considering the very poor hygiene 
conditions in these settings and hospitals, 
nosocomial infections and the likelihood of 
contamination by new different bacteria are quite 
high. 

 A high rate of fungal infections has been 
reported after blast injuries in confl ict settings 
[ 35 ], as in civilian severe extremity injuries in 
farms [ 36 ], although injury mechanisms are 

  Fig. 21.1    Low-energy transfer extremity wounds, with 
usually no deep contamination by extrinsic material, typi-
cally observed in victims at relatively long distance from 
an explosion       
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different as shockwave and fragmentation inju-
ries are not present in farm injuries. Bacterial 
fl ora has been found different in war wounds of 
troops and in the civilian population [ 37 ]. Wound 
cultures from US troops in Iraq were growing 
mainly Gram-positive bacteria, while cultures 
from similar wounds in the Iraqi population 
included mostly Gram-negative bacteria, both 
groups being resistant to a broad array of antimi-
crobial agents [ 29 ]. Similarly, Gram- negative 
bacteria accounted for almost 80 % of infections 
in civilian wounds after the Wenchuan earth-
quake in China [ 17 ], and a high prevalence of 
Gram-negative bacteria (around 80 %) was found 
after the Haiti earthquake and in other disasters 
(Table  21.1 ) [ 38 – 45 ].

   Contamination with fecal bacteria plays very 
likely an important role, but these pathogens are 
usually resistant to the antimicrobials suggested 
for managing this scenario by the Centers for 
Disease Control and Prevention [ 46 ] and the 
World Health Organization [ 47 ] that primarily 
target Gram-positive pathogens. Accordingly, 
teams responding to future earthquakes should be 
equipped with appropriate antibiotics to tailor 
their treatment to local pathogens [ 48 ]. 

 The use and utility of tissue culture is contro-
versial. Based upon available literature regarding 
combat-related and civilian open fractures, rou-

tine collection of pre- or post- debridement cul-
tures is not recommended at any level of care for 
combat-related extremity injuries. If wound sur-
veillance cultures are obtained at Level IV or V 
medical care as part of infection control proce-
dures, these fi ndings should not be used as part of 
clinical decision making [ 31 ]. 

 In chronic infections and in mismanaged 
wounds, some bacteria develop microbial com-
munities, referred to as biofi lms, within the wound 
environment. Microbial biofi lms are implicated in 
both the infection and failure to heal, by prevent-
ing antibiotics, macrophages, leukocytes, and 
antibodies from attacking them [ 49 ,  50 ]. 
Accumulation and dispersal of high numbers of 
microorganisms, as well as the presence of wide-
ranging microenvironments facilitating multiple 
selection of bacteria, are the main mechanisms 
which facilitate pathogen survival [ 51 ]. A thor-
ough debridement has a crucial role either in the 
prevention of biofi lms or in its physical disrup-
tion, returning the bacteria back into the log phase 
when they are more susceptible to antibiotics and 
the natural defense mechanisms [ 50 ].  

21.4     Severe Acute Infections 
Following Trauma 

21.4.1     Anaerobic Soft Tissue 
Infection 

21.4.1.1     Gas Gangrene 
 Gas gangrene is a rapidly spreading edematous 
myonecrosis occurring characteristically in 
severe wounds in muscles contaminated with 
pathogenic obligatory anaerobes, particularly 
 Clostridium perfringens,  a Gram-positive, true 
saprophyte spore-forming bacillus, ubiquitous in 
both soil and dust [ 52 ]. Aerobic bacterial fl ora in 
the wound uses the available oxygen, therefore 
promoting the anaerobic environment required by 
 Clostridia . Disrupted or necrotic tissue provides 
the necessary enzymes and a low oxidation/
reduction potential, allowing germination of 
spores. Foreign bodies and premature wound 
closure reduce the spore inoculum necessary to 
cause infection [ 8 ], a risk further increased by 

   Table 21.1    Percentage of Gram-negative and Gram- 
positive bacteria isolated from wounds of disaster victims   

 Author  Place and year 
 G pos 
% 

 G neg 
% 

 Keven 2003 [ 39 ]  Marmara- 
Turkey 1999 

 11.9  87.3 

 Oncül 2002 [ 40 ]  Marmara- 
Turkey 1999 

 18.8  81.3 

 Kazancioglu 2002 
[ 41 ] 

 Marmara- 
Turkey 1999 

 17  79 

 Hiransuthikul 2005 
[ 42 ] 

 Tsunami 2004  4.5  95.5 

 Kiani 2009 [ 43 ]  India-Pakistan 
2005 

 11  89 

 Tao 2009 [ 44 ]  Wenchuan 
China 2008 

 24.4  73.2 

 Ran 2009 [ 45 ]  Wenchuan 
China 2008 

 16  82 

 Miskin 2010 [ 38 ]  Haiti 2010  11  89 
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the prolonged application of tourniquets, tight 
plasters, and the presence of compartment syn-
drome [ 8 ]. 

 The organism has a local action, producing acid 
and gas from muscle glucose and digesting muscle 
proteins, and a distant action, due to a soluble, 
potent toxin, responsible of further tissue destruc-
tion and profound toxemia, which come also from 
the products of the muscles breakdown. The clini-
cal course depends on the spread of its toxins [ 53 ], 
although even in well established gas gangrene, 
the bloodstream is rarely invaded by  Clostridia  
until immediately before death. Myonecrosis has a 
rapid onset (<3 days after injury) with extreme 
incubation periods from 1 h to 6 weeks [ 54 ]. 

 Toxemia develops rapidly and mortality is 
high when severe toxemia supervenes. All 
patients with severe wounds should receive 
prophylactic antibiotics against  Clostridia  
(penicillin, metronidazole, or erythromycin), but 
they are effective only if they reach tissues with a 
good blood supply and tissue perfusion: therefore, 
early debridement and washout is the mainstay of 
treatment. Established gas gangrene necessitates 
a thorough excision of dead tissue, which may 
require urgent amputation.  

21.4.1.2     Tetanus 
  Clostridium tetani  is a strict anaerobe producing 
an extremely potent toxin that spreads along 
peripheral nerves to the spinal cord and brain-
stem. Once the toxin is fi xed to the nerves, anti-
toxin cannot longer neutralize it. The toxin 
affects the motor end plate by inhibiting cholin-
esterase, with consequent increase of acetylcho-
line and tonic muscle spasm. A hyper excitability 
of lower motor neurons is responsible of muscu-
lar rigidity and dysfunction of activity in antag-
onistic muscles, hence triggering unopposed 
refl ex activity and the typical spastic phenom-
ena (Fig.  21.2 ). The incubation period is 
3–21 days but can be as short as 1 day to as long 
as several months. Tetanus is preventable with 
immunization, but in developing countries, the 
frequent disruption of public health programs 
keeps the risk of tetanus still high, and such pos-
sibility should be always considered, immuniz-
ing the patient at the time of observation [ 55 ], 
together with an aggressive debridement of the 
contaminated wound, ensuring the removal of 
all necrotic, avascular tissue, even in small 
wounds, which should never be sutured 
(Fig.  21.3 ).

  Fig. 21.2    Opisthotonus in 
a young boy with tetanus 
following a penetrating 
injury to the right upper 
limb       
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21.4.1.3         Fasciitis and Myonecrosis 
  Streptococcal fasciitis.  Group A  Streptococcus  
(GAS) ( Streptococcus pyogenes ) and more 
recently Group B  Streptococcus  (GBS) [ 56 ] in 
pregnancy, in the neonatal period, and in immu-
nocompromised adults, are the organism most 
frequently associated with bacterial fasciitis and 
myonecrosis. The powerful toxins trigger a rapid 
progression from local to systemic infection, 
which clinically resembles gas gangrene: short 

incubation time (3–4 days), severe swelling, 
tense and copper-colored skin, and sometimes 
the presence of gas. The initial lesion is mild ery-
thema at the site of injury, which over the next 
24–72 h undergoes a rapid evolution with pro-
nounced infl ammation. Prompt, aggressive surgi-
cal exploration and debridement (Fig.  21.4 ) are 
mandatory. High-dose penicillin and clindamy-
cin are appropriate. Systemic toxicity can be 
severe, and mortality rate is high [ 57 ].

   This polymicrobial infection, which should be 
considered a true surgical emergency, is mostly 
found in immunocompromised patients. It is com-
monly initiated by Group A  Hemolytic Streptococci  
or  Staphylococcus aureus,  acting synergistically 
with anaerobic organisms including  Bacteroides, 
Clostridium , and  Peptostreptococcus,  as well as 
 Enterobacteriaceae, Coliforms, Proteus, 
Pseudomonas , and  Klebsiella  [ 58 ]. 

 The necrotic process interests the skin, with 
altered cutaneous microcirculation, subcutaneous 
tissues, and fascia but not the muscles. It can rap-
idly progress to systemic toxicity with compro-
mise of systemic circulation and can be 
life-threatening. Pain is disproportionate to local 
fi ndings, crepitus can often be felt, and soft tissue 
air is present on plain X-rays. The skin is discol-
ored (blue, purple, or black) with blistering lead-

  Fig. 21.3    Mismanagement of wounds, even small ones 
such as this one at the wrist which was primarily sutured, 
causes severe complications such as tetanus as observed 
in Fig.  21.2        

  Fig. 21.4    Streptococcal 
fasciitis with myonecrosis. 
Prompt and aggressive sur-
gical exploration and 
debridement are 
mandatory       
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ing to hemorrhagic bullae and induration. The 
diagnosis is primarily a clinical one, and early 
surgical treatment should be performed, includ-
ing aggressive excision of necrotic tissue, relief of 
tension, and even amputation. Triple intravenous 
antibiotics (penicillin/cefazolin, gentamycin, and 
metronidazole), together with fl uid transfusion 
and supportive treatment, are typically required.   

21.4.2     Joint Infections 

21.4.2.1     Open Joints 
 Penetration into a joint requires a thorough irriga-
tion and removal of foreign bodies or free frag-
ments. Synovial membranes should be closed; if 
this is not possible, the capsule alone should be 
sutured or covered with fl aps.  

21.4.2.2     Septic Arthritis 
 Septic arthritis (usually from  Staphylococcus 
aureus)  has been reported in western countries in 
children after a closed fracture involving a joint 
[ 59 ] and such possibility should be kept in mind 
also in developing countries. Clinical suspicion 
should prompt immediate synovial fl uid aspira-
tion under aseptic conditions, and the defi nitive 
diagnosis would require, if possible, identifi ca-
tion of bacteria in the synovial fl uid by Gram’s 
stain or by culture. 

 Septic arthritis not linked to a trauma is fairly 
common in developing countries, especially in 
children and in sub-Saharan Africa, usually sec-
ondary to a transient or persistent bacteremia due 
to a microtrauma in a dirty environment. 
Alternatively, in children, a focus of osteomyelitis 
may spread to the adjacent joint.  Staphylococci  are 
the most common organisms, followed by Group 
A hemolytic streptococci in adults; Group B, C, 
and G  streptococci  and Gram-negative bacilli are 
reported in compromised hosts and in the elderly. 
Gram-negative bacilli and  Haemophilus infl uenza  
are the most common pathogens in the newborn 
and in all children under age 5 years.  Salmonella  
arthritis, involving especially the shoulder, has 
been observed in Africa during the rainy season 
among children younger than 5 years, often under-
weight and anemic [ 60 ]. 

  Gonococcus  arthritis has been reported in 
Australia’s aboriginals at a greater prevalence 
respect to non-aboriginals. During the past two 
decades, Lyme disease and arthritis associated 
with HIV infection have arisen as important 
examples of infectious agents causing arthritis; 
mycobacterial and fungal arthritis have 
reemerged, partly related to the worldwide 
epidemic of HIV infection [ 61 ]. 

 Preexisting joint disease, diabetes mellitus, 
and rheumatoid arthritis are all predisposing 
factors as well as chronic liver disease with portal 
hypertension, for the spontaneous bacteremia 
linked to the translocation of bacteria ( Escherichia 
coli ) from the gut lumen [ 60 ]. 

 When Gram’s stain and cultures are not avail-
able, broad-spectrum parenteral antibiotics 
should be started empirically. Most antibiotics 
penetrate well into the infl amed joints during 
either parenteral or oral administration. Intra- 
articular antibiotic instillation should never be 
performed as it may cause a chemical synovitis. 
Closed needle aspiration is often unsuccessful, 
and early open surgical drainage is often 
recommended, especially in hip infections [ 62 ]  

21.4.2.3     Rheumatic Arthritis 
 Acute rheumatic fever (ARF) due to  Streptococcus  
type A infection is endemic in many parts of the 
developing world but in primary care settings is 
frequently under diagnosed [ 63 ]. It should be 
always considered in children and young 
individuals presenting with fever, history of sore 
throat, and swollen (and painful) joints. Transient 
involvement of several joints, mainly knee, ankle 
and shoulders, is characteristic. In doubtful cases, 
penicillin should be started to prevent cardiac 
lesions.    

21.5     Microbiological Cover 

 Antimicrobial agents are merely an adjunct to 
proper wound care, never replacing poor surgical 
technique. Aggressive and meticulous debride-
ment is therefore compulsory, aiming to remove 
the non-vital tissues and helping to prevent the 
biofi lms-complex microbial communities that are 
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known to contribute to delayed wound healing 
and chronicity of wound infections. 

 The severity of contamination and wounds in 
austere settings may lead to use massive doses of 
broad-spectrum antimicrobials, attempting to 
“sterilize” the wound and favoring a false security 
with less reliance on good surgical technique, fur-
thermore complicating the bacteriology of wounds 
because of the selection of resistant strains. 
Moreover, antibiotics usually do not reach the 
source of infection and are effective only in the 
contusion and concussion zones around the wound. 
Yet, early (as soon as possible) administration of 
systemic antibiotics may delay invasive infection, 
preventing spread to the blood stream [ 64 ], while 
waiting for the mandatory surgical management. 

21.5.1     Timing 

 Antibiotics should be given as soon as possible 
following injury. Currently, US army recom-
mends a rapid (<3 h after injury) delivery of oral 
or intravenous antimicrobial therapy, even imme-
diately at the scene of injury if the tactical situa-
tion may preclude rapid evacuation [ 65 ]. The 
Eastern Association for the Surgery of Trauma 
(EAST) shares this view, [ 66 ], and this approach 
is supported by a Cochrane systematic review 
[ 67 ]. Any delay beyond 6 h increases greatly the 
risk of infection [ 68 – 70 ].  

21.5.2     Duration 

 Ideal duration of antibiotic treatment is not 
clearly defi ned. A single dose of antibiotic, in 
both military and civilian settings, within 1 h 
from injury, has been reported to be a suffi cient 
prophylaxis against infection, without evidence 
to support continuing antibiotics during evacua-
tion [ 71 ]. If more than one broad-spectrum anti-
biotic is administered for more than 24 h, no 
additional protection has been reported against 
sepsis, organ failure, and death, whereas the 
probability of antibiotic-resistant infections can 
increase [ 72 ]. The International Committee of the 
Red Cross (ICRC) protocol for open fractures 

and limb wounds extends antibiotic treatment for 
5 days (Table  21.2 ) [ 8 ], while Medecins Sans 
Frontieres (MSF) recommends administering 
antibiotics for 48 h after open fractures, increas-
ing to 72 h in severe open fractures and high-
velocity gunshot wounds, but possibly extending 
to 3–5 days according to the clinical evolution (as 
in Box  21.1 ) [ 73 ]. Although these protocols are 
not defi nitely evidence based, nevertheless both 
originate from a sound, extensive clinical prac-
tice in austere environments.

21.5.3         Which Antibiotic? 

 Optimal antibiotic treatment is not defi ned yet, 
although several options have been proposed:

•    Narrow-spectrum agents at the time of initial 
surgical evaluation, typically penicillin with a 
beta-lactamase agent [ 74 ];  

•   First-generation cephalosporin: cefazolin [ 75 ]  
•   Combination of a fi rst-generation cephalospo-

rin and an aminoglycoside [ 76 ]  
•   Monotherapy with a fi rst-generation cephalo-

sporin for type-I and II fractures with the addi-
tion of an aminoglycoside [ 77 ] and 
metronidazole [ 73 ,  75 ] for type III fractures  

•   Cephalexin and metronidazole in case of predom-
inant incidence of blasts and mine injuries [ 78 ]    

 Overall, cephalosporins alone perform as well 
as cephalosporins or penicillin in combination 
with aminoglycosides. Fluoroquinolones offer no 
advantage compared with cephalosporin/amino-
glycoside regimen and may have a detrimental 
effect on fracture healing resulting in higher 
infection rates in type III open fractures [ 66 ]. 
Given the concern of antimicrobial resistance 
with broad-spectrum therapy for Gram-negative 
organisms, narrow-spectrum antibiotic therapy 
might be of greater long-term benefi t [ 8 ], but this 
remains to be answered. 

 In severe injuries with soil or potential fecal 
contamination and tissue damage with areas of 
ischemia, as usually are war wounds, penicillin 
should be added to provide coverage against 
anaerobes, particularly  Clostridia  species [ 79 ]. 
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Although this approach is not uniformly shared 
[ 80 ] and there are concerns for the possible 
in vitro resistance of the etiologic agents causing 
gangrene [ 81 ,  82 ], the administration of penicil-
lin is still recommended in severe, contaminated 
wounds [ 83 ]. 

 Given the absence of evidence to support the 
use of a particular antibiotic coverage, a realistic 
approach in austere environment is likely an 
immediate delivery of penicillin or cefazolin, 
with a G-negative coverage in presence of major 
wounds or of a delay more than 72 h. Again, the 
role of antibiotics as  an adjunct  to a proper, sound 
surgical debridement must be highlighted, espe-
cially in austere environments.   

21.6     Perioperative Management 

21.6.1     Preparation of the Patient 

 The incidence of infections can be reduced sim-
ply meeting the fundamental hygiene standards 
at admission, like washing the whole body and 
removing clothes and substituting them with 
clean ones [ 84 ]. Hair removal can increase the 
incidence of infection [ 85 ]: in case of need, they 
should be removed immediately before surgery 
and never by shaving but, if possible, by clipping 
with care to avoid skin damage. In preparation to 
surgery, the skin over a large area surrounding the 
wound must be cleansed with soap, water, and 

   Table 21.2    ICRC Antibiotic Protocols for use of Antibiotics in War Wounded patients   

 Always begin tetanus immunization and administer anti-tetanus immunoglobulin 

 Open fracture, traumatic amputation, major soft tissue 
wounds 

  First 48 h:  
    Benzylpenicillin fi ve Million IU IV q 6 h  
  Followed by:  
    Penicillin V 500 mg qid  
 Continue  Pen V  for 5 days. After wound coverage no 
antibiotics unless signs of infection 

 Landmine injuries, open fracture, and soft tissue injury 
more than 72 h old 

  First 48 h:  
    Benzylpenicillin fi ve million IU IV q 6 h  
 +  Metronidazole 500 mg ,  IV q 8 h  
  Followed by:  
    Penicillin V 500 mg qid  
 +  Metronidazole 500 mg PO tid  
 Until wound closed/covered 

 Hémothorax   First 48 h:  
    Ampicillin 1 g IV q 6 h  
  Continue with:  
    Amoxycillin 500 mg PO qid  
 Until 2 days after the removal of the chest tube 

 Penetrating head trauma   First 72 h:  
    Benzylpenicillin fi ve million IU IV q 6 h  
 +  Chloramphenicol 1 g IV q 8 h  
 Total duration 10 days IV or PO depending upon the 
condition of the patient 

 Abdominal Injury  A. Solid organ injury: liver, 
spleen, kidney, and isolated 
urinary bladder injury 

  Benzylpenicillin fi ve million IU IV q 6 h  
 for 3–5 days according to the drainage 

 B. Hollow organ injury: 
stomach, small bowel 

    Ampicillin 1 g IV q 6 h  
 +  Metronidazole 500 mg IV  
 for 3–5 days 

 C. Colon, rectum, anus     Ampicillin 1 g IV q 6 h  
 +  Gentamicin 80 mg IV q 8 h  
 +  Metronidazole 500 mg ,  IV q 8 h  
 for 3–5 day 

  From War Surgery: working with limited resources in armed confl ict and other situations of violence – Volume 2. 
International Committee of the Red Cross, with permission  
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  Box 21.1. Orthopedic Antibiotic Protocol 

 I. Prophylactic antibiotic therapy is mandatory 
in all MSF surgical missions. 
  

 II. Treatment guideline for late infection 
(chronic osteomyelitis): available for 
specialized MSF missions (reconstructive 
surgery, Amman, Mehran, and for all MSF 
settings as a help guide 

     I.     Prophylactic antibiotic therapy 
    1.     Internal fi xation ,  closed fracture        

 Usual organisms: G ram-positive bacteria 
(S. epidermidis, S. aureus)  

 Antimicrobial 
prophylaxis 

 Cefazolin  2 g IV at induction 
of anesthesia 
plus additional 
dose of 1 g 
intraoperatively, 
when surgery is 
prolonged (>4 h) 

     2.     Type I and II open fracture        

 Usual organisms: G ram-positive and aerobic 
Gram-negative bacteria  

 Antimicrobial 
prophylaxis 
 for 48 h 

 Cefazolin 
 + 

 2 g IV every 
12 h (=4 g/day) 
 immediately 
upon admission  

 Gentamicin  4 mg/kg/day (give 
by slow IV push 
over 30 min) 

     3.     Type III open fracture        

 Usual organisms:  Mixed aerobic and anaerobic 
Gram-negative and Gram-positive bacteria  

 Antimicrobial 
prophylaxis 
 for 72 h 

 Cefazolin 
 + 

 2 g IV every 
12 h (=4 g/day) 
 immediately 
upon admission  

 Gentamicin 
 + 

 4 mg/kg/day 
(give by slow 
IV push over 
30 min) 

 Metronidazole  500 mg IV 
every 8 h 

    Subsequently ,  depending on clinical 
course : 

 Amoxicillin/
clavulanic acid 
 + 

 1 g IV 4 times daily 
(=4 g/day) 

 3–5 days 

 Gentamicin  1 mg/kg IV every 
12 h (=2 mg/kg/day) 

 3–5 days 

   Comments: never substitute oral agent for intrave-
nous therapy.    

      II.     Treatment guideline for   late infection     
  This protocol has been elaborated following 
MSF Amman Orthopedic and Reconstructive 
Surgery Mission; it results from the contri-
butions of Dr. Sophie Abgrall, specialist in 
Infectiology at Avicenne Hospital (APHP) 
in Paris, and Nikki Blackwell, anesthesiolo-
gist and responsible for Infectology in 
Amman and Mehran and Delphine Poussin. 

  The foundation of treatment for 
chronic osteomyelitis is adequate surgi-
cal debridement . Nevertheless antibiotic 
therapy plays an important adjunctive role 
in achieving successful outcomes.

•    General rules:
 –     No antibiotic before organism ( s ) 

 identifi cation  and culture and sensi-
tivity tests.  

 –   As large and thorough surgical 
debridement as necessary, with strict 
cleaning of the wound.  

 –   Fracture immobilization: almost 
always with external fi xation.  

 –   Aerobic and anaerobic cultures of 
bone and/or soft tissue or liquids:
•    On Portagerm®, for solids  
•   On blood culture mediums, for 

liquids
   Ideally, culture should be 
started within 4 h after sur-
gery. If not, samples should 
be kept in a fridge (4 °C) for 
a maximum duration of 48 h 
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if a reliable result is expected. 
Anaerobic cultures into anaero-
bic transport system, transport 
time ≤2 h,  room temperature .           

•   No clinical, biological or radiological 
exam allows early interruption or alle-
viation of the treatment: treatment dura-
tion is stated from the beginning. The 
only criterion for success is no infection 
after the end of the treatment and 2 years 
follow-up.   

•    The following protocols are designed to 
guide antibiotic choice on the ward, 
according to the results of culture and 
sensitivity.
 –    If you are unsure about which antibi-

otic regime to choose, ask for help!  
 –   If the medical director cannot assist 

you, they will contact the regional 
medical coordinator, and if neces-
sary, the case can be discussed with 
Dr. S. Abgrall in Paris.      

  Summary 
   1.    Mandatory investigations and 

monitoring   
   2.     Staphylococcus aureus  (MSSA)   
   3.     Staphylococcus aureus  (ORSA/MRSA)   
   4.     Streptococcus or Enterococcus    
   5.     Enterobacteriaceae , i.e.,  E. coli, 

Klebsiella  sp. (non ESBL),  Proteus 
mirabilis    

   6.     Enterobacteriaceae  from ESCPPM 
group =  Enterobacter  sp.,  Serratia  sp. , 
Citrobacter  sp. , Proteus vulgaris, 
Providencia  sp. , Morganella  sp.   

   7.    ESBL – producing organisms (e.g., 
 E. coli ,  Proteus  sp.,  Klebsiella  sp., 
resistant to ceftazidime, ceftriaxone)   

   8.     Acinetobacter baumanii    
   9.     Pseudomonas aeruginosa    
   10.     Stenotrophomonas maltophilia    
   11.    Anaerobes    

   MSSA: methicillin-sensitive  Staphylococcus 
aureus   

  MRSA: methicillin-resistant  Staphylococcus 
aureus   

  ORSA: oxacillin-resistant  Staphylococcus 
aureus   

  ESBL: extended spectrum beta-lactamases   

    1.     Mandatory investigations and 
monitoring 
•    The total course of treatment is 6–12 

weeks.  
•    Usually  4–6 weeks  bi-antibiotherapy  

followed by 6–8 weeks  single -agent 
antibiotherapy.  

•   When validity of bacteriology results 
is uncertain, initial IV treatment dur-
ing 2–3 weeks is preferable.  

•   The antibiotics used to treat osteo-
myelitis have signifi cant side effects 
and regular laboratory monitoring is 
essential.  

•   All patients should have:
 –    ESR, CRP, FBC: preoperatively  
 –   Renal and liver function: prior to 

starting antibiotic therapy     
•    The following investigations should 

be performed weekly  while the 
patient is on antibiotics (regardless 
of whether they are an inpatient or 
outpatient or have returned home to 
Iraq to complete their course of anti-
biotics): ESR, CRP, FBC, renal and 
liver function   

  Special Cases 
•   Patients receiving linezolid treatment 

are at risk of thrombocytopenia and 
should have a full blood count per-
formed weekly for the duration of their 
treatment. They are also at risk of 
peripheral neuropathy and should have 
regular clinical examination. Maximal 
duration of treatment: 28 days.  
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•   Patients receiving colistin therapy are at 
risk of renal impairment and should 
have their renal function monitored 
twice a week.  

•   Patients being treated with gentamicin 
or amikacin should have the trough drug 
level measured after the third day of 
treatment and weekly thereafter if the 
level is within the acceptable range. 
They should also have renal function 
monitored twice a week      

 Linezolid  => FBC  Weekly 

 Colistin  => Renal 
function 

 Twice weekly 

 Gentamicin 
or amikacin 

 => Renal 
function 

 Twice weekly 

 => Gentamicin/
amikacin 
 Through 
medication 
level 

 After third 
day and then 
 weekly if 
level 
satisfactory 

 All doses should be adjusted to a mg/kg/dose 
basis for children 

         2.     Staphylococcus aureus  ,   s  ensitive to 
oxacillin or methicillin  ( MSSA ) 
  Phase 1 : 
 Weeks 1–6 → two antibiotics. 

 Ideally recommended for the fi rst 
two weeks, but if there are no clinical 
sign of sepsis, then oral antibiotics can 
be started as soon as possible, according 
to the antibiogram. Do not use gentami-
cin for more than 15 days. 

 Cloxacillin 
 + 

 IV  2 g × 4 (8 g total). 
Children: 150 mg/kg/day 
in 3–4 infusions 

 Gentamicin  IV  4 mg/kg × 1 (30 min infusion) 

   Then →  two from the list below  (depending 
on the organism sensitivity results) 

 Rifampicin  PO  600 mg × 2 should never 
be used alone. Children: 
10 mg/kg × 2 

 Check liver function tests – before starting 
treatment then weekly; review antibiotic choice 
if rising 

 Clindamycin  PO  600 mg × 4 (if 
erythromycin and 
clindamycin 
sensitive). Children: 
30 mg/kg/day 

 Can cause severe diarrhea due to an overgrowth 
of  Clostridium diffi cile ; review and consider 
stopping the antibiotic if this develops; send a 
stool specimen for a  C. diffi cile  toxin test if 
there is any doubt 

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if polymicrobial 
infection, ciprofl oxacin oral 750 mg × 2 (children: 
20 mg/kg/day) can be used but should usually be 
reserved for  P. aeruginosa  infection 

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3, 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP. 

 Fusidic 
acid 

 PO  500 mg × 3. Should never 
be used alone. Children: 
50 mg/kg/day 

 Fosfomycin  IV  4 g × 4. Should never be 
used alone. Consider if 
polymicrobial infection. 
Children: 200 mg/kg/day 

 Cloxacillin  IV  2 g × 4 (8 g total). Never as 
oral antibiotic. Children: 
150 mg/kg/day in 3 to Four 
infusions. 

    Phase 2 : 
 Weeks 7–12 → one antibiotic 

 Clindamycin  PO  600 mg × 4 (if 
erythromycin and 
clindamycin sensitive). 
Children: 30 mg/kg/day 

 Can cause severe diarrhea due to an overgrowth 
of  Clostridium diffi cile ; review and consider 
stopping the antibiotic if this develops; send a 
stool specimen for a  C. diffi cile  toxin test if there 
is any doubt 
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   Or 

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be 
used but should usually be reserved for 
 P. aeruginosa  infection 

   or 

 Co-trimoxazole  PO  800 mg sulfamethoxazole/
160 mg trimethoprim × 3 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX/
12 mg/kg/day TMP. 

   Or 

 Cloxacillin  PO  2 g × 4 oral cloxacillin is not 
well absorbed, so choose this 
only when clindamycin, 
co-trimoxazole, or ofl oxacin 
cannot be used. 
 Children: 150 mg/kg/day 

 Should usually not be used orally, but if no other 
oral antibiotic is available and if intravenous 
infusion is not possible, cloxacillin can only be 
used orally for long-term suppressant treatment 
of osteomyelitis 
 Liver function tests must be monitored regularly 
to look for drug-induced hepatitis, FBC also. If 
liver function tests are rising, review choice of 
antibiotic 

         3.     Staphylococcus aureus   resistant to 
oxacillin or methicillin  ( ORSA / MRSA ) 
  Phase 1 : 
 Weeks 1–6 → two antibiotics 

 Ideally recommended for the fi rst 
two weeks, but if there are no clinical 
sign of sepsis, then oral antibiotics can 
be started as soon as possible, according 
to the antibiogram. Do not use gentami-
cin for more than 15 days. 

 Teicoplanin  SC  12 mg/kg every 12 h for 
the fi rst 5 doses and then 
12 mg/kg/day 

 Vancomycin  IV  Loading dose 15 mg/kg 
followed by 40 mg/kg/24 h 
given continuously or, if 
not possible, in 4 divided 
doses (infused over 2 h) 

 Plus (+) 

 Gentamicin  IV  4 mg/kg × 1 (30 min 
infusion) 

   Then →  two from the list below  (depending 
on the organism sensitivity results)

 Rifampicin  PO  600 mg × 2 (if sensitive). 
Should never be used 
alone, Children: 
10 mg/kg × 2 

 Fusidic 
acid 

 PO  500 mg × 3 (if sensitive). 
Should never be used alone, 
Children: 50 mg/kg/day 

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 (if 
sensitive) 
 Consider if polymicrobial 
infection, Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

 Clindamycin  PO  600 mg × 4 (if 
erythromycin and 
clindamycin sensitive). 
Children: 30 mg/kg/day 

 Linezolid  PO  600 mg × 2. No longer than 
4 weeks. Not with 
glycopeptides (i.e., 
vancomycin/teicoplanin). 
Children: 30 mg/kg/day 

 Teicoplanin or  SC  12 mg/kg every 12 hours 
for the fi rst 5 doses, then 
12 mg/kg/day 
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 Vancomycin  IV  Loading dose 15 mg/kg 
followed by 40 mg/
kg/24 hs given 
continuously or, if not 
possible, in 4 divided 
doses (infused over 2 
hours) 

 Fosfomycin  IV  4 g × 4. Should never be 
used alone. Consider if 
polymicrobial infection. 
Children: 200 mg/kg/day 

   Comment: MRSA is usually resistant to ofl oxacin 
and ciprofl oxacin, so these should not be used for 
treatment. 

  Phase 2 : 
 Weeks 7–12 (10 weeks) →  except line-
zolid during 4 weeks and then cease . 

 Preferably a  single oral antibiotic  
from the list below, according to the sen-
sitivities of the organism, except rifampi-
cin and fusidic acid which must always 
be given together  or with another 
antibiotic 

 Linezolid  PO  600 mg × 2. No longer than 
4 weeks. Not with 
glycopeptides (i.e., 
vancomycin/teicoplanin). 
Children: 30 mg/kg/day 

   or

 Co-trimoxazole  PO  800 mg sulfamethoxazole/
160 mg trimethoprim × 3. 
Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

   or if there is no alternative available, then 
use teicoplanin as follows:

 Teicoplanin  SC  12 mg/kg every 12 h for 
the fi rst 5 doses then 
12 mg/kg/day 

   Or

 Rifampicin  PO  600 mg × 2 (if sensitive). 
Should never be used alone. 
Children: 10 mg/kg × 2 

 plus (+) 

 Fusidic acid  PO  500 mg × 3 (if sensitive). 
Should never be used alone. 
Children: 50 mg/kg/day 

         4.     Streptococcus  or  Enterococcus  
  Phase 1 : 
 Weeks 1–6 → two antibiotics 

 Ideally recommended for the  fi rst 
two weeks , but if there are  no clinical 
sign of sepsis , then  oral antibiotics  can 
be started as soon as possible, according 
to the antibiogram. Do not use gentami-
cin for more than 15 days.

 Amoxicillin  IV  3 g × 4. Children: 
200 mg/kg/day 

 plus (+) 

 Gentamicin  IV  4 mg/kg × 1 (30 min 
infusion) 

   It is only necessary to give gentamicin for 
the fi rst 7 days or less if no clinical sepsis 
and then continue with further 1 week of 
IV amoxicillin before moving to oral sin-
gle-agent treatment. 
 Then →  two from the list below  (depending 
on the organism sensitivity results)

 Amoxicillin  IV  3 g × 4. Not for  Enterococcus 
faecium.  Children: 
200 mg/kg/day 

 Rifampicin  PO  600 mg × 2 (if sensitive) 
Should never be used alone. 
Children: 10 mg/kg × 2 

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 if 
sensitive 
 Never for  Enterococcus . 
Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 
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 Clindamycin  PO  600 mg × 4 (if erythromycin 
and clindamycin sensitive) 
 Never for  Enterococcus.  
Children: 30 mg/kg/day 

 Teicoplanin  SC  12 mg/kg every 12 h for 
the fi rst 5 doses then 
12 mg/kg/day 
 For  Enterococcus faecium  

    Piperacillin ,  piperacillin / tazobactam , 
 and imipenem  are sensitive (in case of 
polymicrobial infection with  Gram-negative 
organisms). However, be very cautious 
about  Enterococcus faecium  that is mostly 
resistant  to  ampicillin and will also be 
resistant to piperacillin/tazobactam and 
should be treated with a  glycopeptide . 
Seek help if you are unsure. 
 See below for dosages 

  Phase 2 : 
 Weeks 7–12 → one antibiotic

 Amoxicillin  PO  2 g × 3 (=6 g total) 

   or

 Amoxicillin  PO  2 g × 3 (=6 g total) 

 Clindamycin  PO  600 mg × 4 (if 
erythromycin and 
clindamycin sensitive) 
Never for  Enterococcus.  
Children: 30 mg/kg/day 

   or

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 (if 
sensitive) 
 Never for  Enterococcus . 
Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

   Or

 Teicoplanin  SC  12 mg/kg every 12 h for 
the fi rst 5 doses then 
12 mg/kg/day 
 For  Enterococcus faecium.  
Consider if polymicrobial 
infection with MRSA 

   Or    

  If Gram-negative resistant organisms 
are associated,  Streptococcus  and 
 Enterococcus  will usually be sensitive to 
piperacillin/ tazobactam, in the case of very 
resistant Gram-negative organisms to imi-
penem. However, be very cautious about 
 Enterococcus  faecium  that is mostly resis-
tant to ampicillin and will also be resistant 
to piperacillin/tazobactam and should be 
treated with a glycopeptide such as 
vancomycin 

 Seek help if you are unsure.

    5.     Enterobacteriaceae  ,   i.e .,  E  .   coli  ,   Klebsiella  
sp. ( non - ESBL ),  Proteus mirabilis  
  Phase 1 : 
 Weeks 1–6 → two antibiotics 

 Ideally recommended for the fi rst 
two weeks, but if there are no clinical 
sign of sepsis, then oral antibiotics can 
be started as soon as possible, according 
to the antibiogram. Do not use amikacin 
for more than 15 days.

 Ceftriaxone  IV  2 g × 2. Children: 50 mg/
kg. 

 If ceftriaxone cannot be obtained, cefotaxime 
IV 2 g ×4 (children: 150 mg/kg) can be used 

   plus (+)

 Amikacin  IV  15 mg/kg × 1 (30 min 
infusion) 

 If Gram-positive infection associated and if 
sensitive, use gentamicin IV 4 mg/kg × 1 (30 min 
infusion) 
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   Then → two  from the list below  (depending 
on the organism sensitivity results)

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be 
used but should usually be reserved for 
 Pseudomonas aeruginosa  infection 

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 if 
sensitive 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

 Fosfomycin  IV  4 g × 4. Should never be used 
alone. Consider if 
polymicrobial infection. 
Children: 200 mg/kg/day 

 Colistin  IV  Three million units × 3 (if 
sensitive).  Proteus, 
Providencia, and Serratia  
always resistant. Consider if 
polymicrobial infection. 
Children: 100,000 units/kg/day 

       If Gram-positive organisms or resistant 
Gram-negative organisms are associated, 
piperacillin (4 g × 4), piperacillin/tazobac-
tam (4 g × 4) or imipenem in case of very 
resistant Gram-negative organisms can be 
used. See below for dosages

    Phase 2 : 
 Weeks 7–2 → one antibiotic

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin can not be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be used 
but should usually be reserved for  Pseudomonas 
aeruginosa  infection 

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 if 
sensitive 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

        6.     Enterobacteriaceae   from ESCPPM 
group :  Enterobacter  sp.,  Serratia  sp., 
 Citrobacter  sp.,  Proteus vulgaris  ,  
 Providencia  sp. ,   Morganella  sp. 
 ESCPPM organisms are all automati-
cally resistant to cephalosporins 
(i.e., cefazolin, ceftriaxone) even if 
they are reported as being sensitive on 
the laboratory report. It is very impor-
tant not to fall into this trap. 

  Phase 1 : 
 Weeks 1–6 → two antibiotics 

 Ideally recommended for the  fi rst 
two weeks , but if there are  no clinical 
sign of sepsis , then  oral antibiotics  can 
be started as soon as possible, according 
to the antibiogram. Do not use amikacin 
for more than 15 days.

 Cefepime  IV  2 g × 3 (30 min infusion). 
Children: 100 mg/kg/day 

   plus (+)

 Amikacin  IV  15 mg/kg × 1 (30 min 
infusion) 

 If Gram-positive infection associated and if 
sensitive, use gentamicin IV 4 mg/kg × 1 (30 min 
infusion) 

   Then →  two from the list below  (depending 
on the organism sensitivity results)

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be used 
but should usually be reserved for  Pseudomonas 
aeruginosa  infection 
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 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 if 
sensitive 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

 Fosfomycin  IV  4 g × 4. Should never be 
used alone. Consider if 
polymicrobial infection. 
Children: 200 mg/kg/day 

 Colistin  IV  Three million units × 3 (if 
sensitive).  Proteus, 
Providencia, and Serratia  
always resistant. Consider if 
polymicrobial infection. 
Children: 100,000 units/kg/day 

   If Gram-positive organisms or resistant 
Gram-negative organisms are associated, 
 piperacillin/tazobactam (4 g × 4) or imipenem 
in case of very resistant Gram-negative organ-
isms can be used. See below for dosages 

  Phase 2 : 
 Weeks 7–12 → one antibiotic

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be used 
but should usually be reserved for  Pseudomonas 
aeruginosa  infection 

   or

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 if 
sensitive 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

   Seek advice if the organism you are treat-
ing is not sensitive to any of these combina-
tions of antibiotics.    

    7.     ESBL  –  producing organisms  ( e.g .,  E  .  
 coli  ,   Proteus  sp. ,   Klebsiella  sp.  resis-
tant to ceftazidime ,  ceftriaxone ) 
  Phase 1 : 
 Weeks 1–6 → two antibiotics 

 Ideally recommended for the  fi rst 
two weeks , but if there are  no clinical 
sign of sepsis , then  oral antibiotics  can 
be started as soon as possible, according 
to the antibiogram. Do not use amikacin 
for more than 15 days.

 Imipenem  IV  2 g × 3. Children: 
100 mg/kg/day 

   plus (+)

 Amikacin  IV  15 mg/kg × 1 (30 min 
infusion) 

 If Gram-positive infection associated and if 
sensitive, use gentamicin IV 4 mg/kg × 1 
(30 min infusion) 

   Then →  two from the list below  (depending 
on the organism sensitivity results)

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be used 
but should usually be reserved for  Pseudomonas 
aeruginosa  infection 

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 if 
sensitive 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

 Fosfomycin  IV  4 g × 4. Should never 
be used alone. Consider 
if polymicrobial 
infection. Children: 
200 mg/kg/day 
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 Colistin  IV  Three million units × 3 (if 
sensitive).  Proteus, 
Providencia, and 
Serratia  always 
resistant. Consider 
if polymicrobial infection. 
Children: 100,000 units/kg/
day 

   If Gram-positive organisms or resistant 
Gram-negative organisms are associated, 
piperacillin/tazobactam (4 g × 4) or imipe-
nem in case of very resistant Gram-negative 
organisms can be used. See below for 
dosages 
  Phase 2 : 
 Weeks 7–12 → one antibiotic

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be 
used but should usually be reserved for 
 Pseudomonas aeruginosa  infection 

   or

 Co-trimoxazole  PO  800 mg 
sulfamethoxazole/160 mg 
trimethoprim × 3 if sensitive 
 Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

   Seek advice if the organism you are treat-
ing is not sensitive to any of these combina-
tions of antibiotics.    

    8.     Acinetobacter baumanii  
 Automatically resistant to cephalospo-
rins (i.e., cefazolin, ceftriaxone) even if 
they are reported as being sensitive on 
the lab report. It is very important not to 
fall into this trap. 

  Phase 1 : 
 Weeks 1–6 → two antibiotics 

 Ideally recommended for the fi rst 
two weeks, but if there are no clinical 

sign of sepsis, then oral antibiotics can 
be started as soon as possible, according 
to the antibiogram. Do not use amikacin 
for more than 15 days.

 Piperacillin/
tazobactam 

 IV  Loading dose of 4 g in 
60 min infusion followed 
by 16 g/24 h given 
continuously or, if not 
possible, in 4 divided 
doses. Children: 
240 mg–30 mg/kg/day 

   or

 Imipenem  IV  2 g × 3 if resistant 
 Acinetobacter.  Children: 
200 mg/kg/day 

 plus (+) 

 Amikacin  IV  15 mg/kg × 1 (30 min 
infusion) 

   Then →  two from the list below  (depending 
on the organism sensitivity results)

 Piperacillin/
tazobactam 

 IV  Loading dose of 4 g in 
60 min infusion followed 
by 16 g/24 h given 
continuously or, if not 
possible, in 4 divided 
doses. Children: 240 mg – 
30 mg/kg/day 

 Imipenem  IV  2 g × 3 if resistant 
 Acinetobacter.  Children: 
200 mg/kg/day 

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be used 
but should usually be reserved for  Pseudomonas 
aeruginosa  infection 

 Colistin  IV  Three million units × 3 
(if sensitive).  Proteus, 
Providencia, and Serratia  
always resistant. Consider if 
polymicrobial infection. 
Children: 100,000 units/kg/day 
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 Rifampicin  PO  600 mg × 2 (if sensitive). 
Should never be used 
alone. Children: 10 mg/kg 
× 2 

    Phase 2 : 
 Weeks 7–12 → one antibiotic

 Piperacillin/
tazobactam 

 IV  Loading dose of 4 g in 
60 min infusion followed 
by 16 g/24 h given 
continuously or, if not 
possible, in 4 divided 
doses. Children: 
240 mg–30 mg/kg/day 

 Imipenem  IV  2 g × 3 if resistant 
 Acinetobacter.  Children: 
200 mg/kg/day 

 Ofl oxacin  PO  200 mg × 3. Children: 
15 mg/kg/day 

 If ofl oxacin cannot be obtained or if 
polymicrobial infection, ciprofl oxacin oral 
750 mg × 2 (children: 20 mg/kg/day) can be used 
but should usually be reserved for  Pseudomonas 
aeruginosa  infection 

 Colistin  IV  Three million units × 3 (if 
sensitive).  Proteus, 
Providencia, and Serratia  
always resistant. Consider if 
polymicrobial infection. 
Children: 100,000 units/kg/day 

   Seek advice if the organism you are treat-
ing is not sensitive to any of these combina-
tions of antibiotics.    

    9.     Pseudomonas aeruginosa  
  Phase 1 : 
 Weeks 1–6 → two antibiotics 

 Ideally recommended for the fi rst 
two weeks, but if there are no clinical 
sign of sepsis, then oral antibiotics can 
be started as soon as possible, according 
to the antibiogram. Do not use amikacin 
for more than 15 days.

 Ceftazidime  IV  Loading dose of 2 g in 60 min 
infusion followed by 6 g/24 h 
given continuously or, if not 
possible, in 3 divided doses. 
Children: 25 mg/kg then 
100 mg/kg/day 

   or

 Imipenem  IV  2 g × 3 if resistant 
 Pseudomonas.  Children: 
200 mg/kg/day 

   plus (+)

 Amikacin  IV  15 mg/kg × 1 (30 min 
infusion) 

   Then → two  for at least 4 weeks  (depending 
on the organism sensitivity results) and 
then one

 Ceftazidime  IV  Loading dose of 2 g in 
60 min infusion followed 
by 6 g/24 h given 
continuously or, if not 
possible, in 3 divided 
doses. Children: 25 mg/kg 
then 100 mg/kg/day 

 Imipenem  IV  2 g × 3 if resistant 
 Pseudomonas.  Children: 
200 mg/kg/day 

 Ciprofl oxacin  PO  750 mg × 2 after checking 
for the sensitivity. 
Children: 20 mg/kg/day 

 Fosfomycin  IV  4 g × 4. Should never 
be used alone. Consider 
if polymicrobial 
infection. Children: 
200 mg/kg/day 

 Colistin  IV  Three million units × 3 (if 
sensitive).  Proteus, 
Providencia, and Serratia  
always resistant. Consider 
if polymicrobial infection. 
Children: 100,000 units/kg/day 
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brush, dried, and then painted with either povi-
done iodine or chlorhexidine both achieving the 
best reduction in microbes at the operative site.  

21.6.2     Irrigation 

 A copious wound irrigation should be performed 
as soon as possible to improve bacterial clearance 
[ 86 ]. The standard volume of washing fl uid 
(3 L for grade I, 6 L for grade II fractures, and 9 L 
or more for grade III fractures) has never been 
proven but is a consistent practice throughout the 
world. The evidence supports the use of normal 
saline or sterile water and even tap water [ 87 ]. 
Groundwater may be used, treating it with 
sodium hypochlorite to reach a concentration of 
0.025 % (5 ml of bleach in one L of water) [ 8 ]. 

 There is no evidence for the irrigation of open 
fracture wounds with any particular additive 
(antiseptics, antibiotics or soap) [ 46 ]. The poten-
tial effect of inhibition of fi broblasts activity and 
wound healing by povidone iodine [ 88 ] is 
known, but its clinical impact is still debated 
[ 89 ,  90 ]. High pulsatile irrigation might be more 
effective in removing bacteria although it has 
been found associated, in vitro and experimen-
tally, with macroscopic bone damage, large cor-
tical bone defects [ 91 ], and increased depths of 
bacterial penetration compared to low-pressure 
pulsatile lavage [ 92 ]. Low-pressure lavage with 
high volumes is likely the best option in austere 
environment.  

21.6.3     Dressing 

 Large and excavating wounds should be covered 
with a bulky absorbent dressing [ 8 ], and a  tight 
bandage should be avoided  as it may have a tour-
niquet-like effect when it dries. Exposed tendons 
and joint capsules should be covered with saline-
soaked compresses. Simply covering with dry 
gauzes may help in removing dead tissues during 
a second look debridement. The wound should 
not be “packed”in any way with gauze that will 
form a plug and prevent the free outfl ow of fl uid. 
Dressing should not be removed until the time of 
delayed primary closure. Each dressing change 

    If needed  ( polymicrobial infection or 
resistance ):
•    Piperacillin/tazobactam, cefepime, 

imipenem  
•   Fosfomycin, colistin    

 But these are complex infections and you 
should seek advice from the medical 
director. 

 Note that ertapenem is ineffective 
against  Pseudomonas aeruginosa  so is not 
a cause for concern if it is reported as being 
resistant on the laboratory report.    

    10.     Stenotrophomonas maltophilia  
 See antibiogram – only  three antibiot-
ics  are potentially active. 

 Combination treatment with two 
 antibiotics  should be used for  at least 
3–4 weeks  and then  one antibiotic 

 Ticarcillin/
clavulanic acid + 

 IV  5 g × 3. Children: 
250 mg/kg/day 

 Co-trimoxazole  PO  800 mg 
sulfamethoxazol/160 mg 
trimethoprim × 3 . 
Consider if polymicrobial 
infection. Children: 
60 mg/kg/day SMX or 
12 mg/kg/day TMP 

   or

 Ticarcillin/
clavulanic acid 
+ 

 IV  5 g × 3. Children: 
250 mg/kg/day 

 Ciprofl oxacin  PO  750 mg × 2 after 
checking for the 
sensitivity. Children: 
20 mg/kg/day 

         11.     Anaerobes  

 Metronidazole  PO  500 mg × 3/day. 
Children: 50 mg/kg/day 

 Clindamycin  PO  600 mg × 4/day. Children: 
30 mg/kg/day 

   From MSF International. Guide to antibi-
otic therapy for MSF orthopedic surgery 
missions. 11 July 2008, with permission     

S. Contini



269

potentially constitutes trauma to the healing 
granulation tissue, exposes it to nosocomial 
infection, and increases costs and the workload 
of the staff. 

 When a dressing is soaked with exudate (but 
not pus), overdressing is advised. The use of ster-
ile or not sterile gloves for dressing does not 
change the rate of wound infection [ 85 ]. Negative- 
pressure wound therapy (NWPT) recently sug-
gested to deal with complex wounds [ 93 ] and 
could be potentially useful, but there is concern 
on the overgrowth of granulation tissue, exces-
sive bleeding at dressing change, recurrent infec-
tions, and maceration of adjacent skin [ 94 ]. For 
its relative complexity and the poor training of 
the local staff, this procedure is not recommended 
in poor resources settings, unless there are well- 
equipped facilities and trained staff.   

21.7     Common Systemic 
Infections in Developing 
Countries and Their 
Relation to Trauma 

21.7.1     HIV Infection 

 HIV infection may raise the incidence of wound 
infection and delay bone union [ 95 ]. HIV- 
associated arthritis and spondyloarthropathies 
are now detected more often where HIV is epi-
demic; avascular necrosis of the bone in HIV- 
positive patients has also been reported [ 96 ]. Low 
CD4 counts before urgent orthopedic procedures 
in HIV-positive patients may increase the risk for 
infection, while antiretroviral medication, 
decreasing viral load and elevating the CD4 
count, could possibly help in reducing wound 
and fracture healing complications [ 97 ]. 

 The risk of transmission of infection by needle 
stick is not statistically high but should be man-
aged with postexposure prophylaxis (PEP) even 
in dubious cases, in spite of the high reported inci-
dence of unpleasant side effects (70–90 %) [ 98 ]. 
A kit for PEP should be in the equipment of work-
ers in austere environment: the sooner the deliv-
ery, the higher the possibility of prevention. A 
WHO overview of the use of retrovirals to prevent 
HIV infection has been recently published [ 99 ]  

21.7.2     Hepatitis B and C Infection 

 HBsAg has more than 8 % prevalence in many 
developing countries [ 100 ]. Chronic liver diseases 
consequent to hepatitis B or C infection may infl u-
ence the immunological status of the patient with 
reduced resistance to trauma and infection. The 
risk of transmission to caregivers and victims may 
be high. Prophylaxis has been recommended to 
victims in Israel [ 101 ] according to reports in of 
hepatitis B virus recovered from bomber’s bone 
fragment. Vaccination is advocated for health staff 
working in these countries, unless a protective 
serum antibodies level (10 mIU/L) is already pres-
ent. Without vaccination, and when anti-HBs is 
below 10 mIU/L, hepatitis B immunoglobulin 
should be administered as soon as possible after a 
needle stick injury and/or vaccination should be 
considered. Immune globulin and antiviral agents 
are not recommended for PEP of hepatitis C [ 102 ].  

21.7.3      Mycobacterium tuberculosis  
Infection 

 Soft tissues or bone infections due to 
 Mycobacterium tuberculosis  following a fracture 
in an otherwise healthy immunocompetent 
patient are rare, but a concomitant HIV infection 
can increase this likelihood. Such infections have 
been observed at the pin sites of external fi xators 
[ 103 ], at the site of previous fractures [ 104 ] at 
weight-bearing joints [ 105 ] usually without his-
tory of clinical manifestations of tuberculosis and 
without evidence of a pulmonary primary focus 
at the time of the initial injury. When direct inoc-
ulation of mycobacteria is unlikely, the reduced 
humoral and cellular immunity following a major 
trauma could be responsible of the reactivation of 
latent bacteria at a distant focus.      
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      Rehabilitation, Physiotherapy 
and Prosthetics                     

     Bérangère     Gohy     

       Following a humanitarian crisis, the international 
response tends to be quicker and more effi cient 
than it used to be, which leads to a higher survival 
rate of critical ill patients, whose injuries tend to 
be complex and associated with a number of 
long-term disabilities [ 1 ]. Moreover, health care 
structures are often overwhelmed which makes 
the discharges diffi cult [ 2 ,  3 ]. 

 Following the 2010 Haiti earthquake, it 
became obvious that the integration of a skilled 
physical rehabilitation team was necessary to 
optimise the benefi ts of medical or surgical inter-
ventions [ 3 ,  4 ]. It also gives patients an increased 
chance of social reintegration in the long term by 
restoring their functional capacities, improving 
their quality of life [ 5 ], preventing and helping 
reduce secondary complications and shortening 
hospital stay [ 1 ,  6 ]. 

 Too often, the patient’s role is relatively 
passive, assisted by relatives and expecting the 
therapist to heal/cure all injuries [ 7 – 9 ]. Cultural 
systems can also pose challenges. In some areas 
of Africa, for example, the disability is seen as a 
result of evil forces, and therefore patients 
suffering from disability are stigmatised and their 
rehabilitation is often neglected [ 10 ]. Hence, the 
rehabilitation team also has an important 
educational role, explaining the benefi ts of 

physiotherapy and encouraging the patient to be 
an active participant in his own recovery. 

 Rehabilitation should be routinely integrated 
to emergency humanitarian response as it allows 
to:

•    Improve the clinical and functional outcomes  
•   Improve quality of life  
•   Reduce lengths of hospital stay  
•   Reduce the secondary complications (e.g. 

chest infection, stiffness, muscle weakness)  
•   Promote the proactive role of the patient in the 

rehabilitation process    

22.1     Rehabilitation Actors 

 In confl ict zones and following natural disasters, 
the personnel of humanitarian teams changes 
constantly due to the rotation of expatriates. Thus 
interdisciplinary consultation and teamwork is 
imperative to give coherent, effi cient and sustain-
able care [ 4 ,  11 ]. The physiotherapist is part of 
this team and should be integrated in the discus-
sions about the patient’s treatment management, 
his evolution and discharge plan. This can be 
achieved during the daily multidisciplinary ward 
rounds and can certainly improve the quality of 
care [ 11 ]. 

 Unfortunately, due to the lack of physiother-
apy schools, the so-called brain drain and poor 
security conditions, qualifi ed physiotherapists 

        B.   Gohy ,  PT      
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 e-mail: berangere.gohy@gmail.com  

  22

mailto:berangere.gohy@gmail.com


274

may be diffi cult to fi nd [ 10 ]. Medical staff such 
as nurses can be trained to provide basic 
physiotherapy care, to help educating the patient 
and preventing secondary complications. In case 
no other solution is available, non-medical staff 
can be trained as physiotherapist assistants. 
However, one must remember that they are not 
trained to perform a comprehensive physiotherapy 
assessment nor to set up an individually tailored 
treatment plan. 

 Caregivers’ (usually the patient’s relatives) 
involvement is really essential as they follow 
the patient throughout the full course of recov-
ery, from the inpatient ward where the caregiver 
is often constantly present, washing and feeding 
the patient until the patient’s reintegration to the 
community [ 12 ]. From the very beginning, care-
givers need to be involved and should receive 
clear explanations about the pathology, possible 
complications as well as their role and expected 
involvement in the patient’s management [ 13 ]. 
Patient positioning in bed, mobilisation and basic 
hygiene are important topics to describe and 
explain to caregivers, emphasising the patient’s 
gain of function/autonomy and the need for an 
active rehabilitation [ 13 ]. Special caution should 
be paid to patients without a caregiver as they are 
at great risk of delayed recovery and are more 
vulnerable to complications. 

 After a confl ict or a natural disaster, patients 
are not only physically injured but also 
psychologically traumatised. Therefore, mental 
health support is everything but superfl uous in 
such settings [ 7 ]. 

 Following a humanitarian crisis:

•    Multidisciplinary work is essential and phys-
iotherapist should be part of the team.  

•   Daily ward rounds helps improving patient 
care.  

•   If no graduated physiotherapists, medical 
(usually nurses) or non-medical staff should 
be trained to perform basic physiotherapy 
techniques.  

•   Involve the caregivers from the beginning.  
•   Empower the patient.  
•   Involve mental health staff.     

22.2     Physiotherapy, Needs 
Assessment and Prescription 

 Prolonged bed rest and immobility gives rise to a 
number of complications such as muscle atrophy, 
bedsores, joint stiffness, deep vein thrombosis 
[ 14 ], loss of independence [ 6 ] and pulmonary 
complications [ 15 ]. Early mobilisation protocols 
have been proved to reduce mentioned 
complications [ 6 ,  14 ]. 

 The medical team should assess the patients at 
risk of complications and therefore in need for reha-
bilitation. Patients who are unconscious and bed-
ridden, with diffi culties to perform bed transfers 
or to mobilise, post-surgery, with an immobilised 
limb, respiratory problems or muscle weakness, 
should be referred to the physiotherapist. 

 Surgeons should share realistic goals that can 
be expected for each patient with the rehabilitation 
team. All relevant information such as the degree 
of bone healing, infection, weight-bearing status 
and any limitations to movement should be clearly 
documented in the doctor’s prescription (Fig.  22.1 ).

   As stated by Reinhardt et al.: “Delay in treat-
ment reduces effectiveness of rehabilitative 
therapies, resulting in poorer outcomes” [ 7 ]. 
Physiotherapy treatment should be started as 
early as possible [ 6 ,  7 ] and only delayed if the 
patient presents with any cardiovascular, pulmo-
nary or musculoskeletal pathology that requires 
treatment fi rst [ 14 ].  

22.3     Discharge and Follow-Up 

 At discharge, the responsible doctor is asked 
to write a detailed discharge form to give clear 
information about the surgery performed, the 
patient’s condition, possible complications and 
the treatment plan [ 8 ]. Regular outpatient follow-
up appointments [ 4 ], including physiotherapy 
sessions, should be arranged. Physiotherapy 
follow-up should continue until the patient has 
regained the target function level. 

 Additional contributions by the proactive phys-
iotherapist include monitoring for undetected 
 injuries, infection, non-union or malunion, 
 peripheral nerve injury or refl ex sympathetic syn-
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drome and communicating this information to the 
medical staff. The physiotherapist should also help 
with maintaining hygiene standards where sanita-
tion is not ideal. Referral to local structures should 
also be encouraged for those living in remote areas. 

 For every trauma patient:

•    Assess the physiotherapy needs (according to 
his mobility, respiratory and functional status) 
and write a detailed prescription.  

•   Start (very) early rehabilitation as soon as the 
patient has cardiovascular, pulmonary and 
musculoskeletal stability.  

•   Integrate physiotherapy in the outpatient fol-
low-up as long as function is not regained.  

•   Pay attention to undetected injuries and 
complications.  

•   Set rehabilitation treatment plan.  
•   Consider referral to other rehabilitation struc-

tures for patients coming from far away.    

22.3.1     Physiotherapy Assessment 

 A thorough assessment such as advised by the 
American Physical Therapy Association should 
be performed; it includes history review and 
cardiovascular, respiratory, musculoskeletal, 
neurologic and skin assessment [ 16 ] paying 
special attention to the pain assessment. Indeed, 
pain is one of the main complains and it affects 
both function and compliance to treatment. In 
order to evaluate the effectiveness of the analgesic 
treatment and depending on the patient’s general 
health status, pain should also be assessed in a 
dynamic way, asking the patient to score his pain 
while performing daily life activities and/or basic 
“activities” such as deep breathing, coughing and 
bed mobility [ 17 ,  18 ].  

22.3.2     Functional Evaluation 

 In austere environments, any condition that limits 
a patient’s physical capabilities may be very 
detrimental to his ability to support himself and 
his family [ 10 ,  19 ]. Hence, functional evaluation 
of the patient is essential. The existing functional 
scales, however, are not always appropriate to the 
emergency setting in an austere environment. 
The administration time is often too long (e.g. 
30 min for the Functional Independence Measure 
and the Sickness Impact Profi le [ 20 ]) for a service 
which is usually understaffed. The evaluations 
are often not culturally validated and some are 
self-administrated which is impractical in regions 
with high levels of illiteracy [ 7 ]. The existing 
orthopaedics scales are frequently focused on 
one joint or limb (e.g. Harris hip score, UCLA 
shoulder rating score, Mayo Wrist or Elbow 
score) while patients are often polytraumatised 
and preferably need a holistic approach. Fine 
dexterity items are important to elicit changes in 
patients with upper limb injuries [ 21 ]. Differences 
in patient ages are important. In an armed confl ict 
zone, patients are often young, while in the 
aftermath of a natural disaster, people of all ages 
are injured. Therefore, a life-course harmonisation 
of the items is essential [ 22 ]. Finally, the scores 
developed in resource-rich countries are not 

  Fig. 22.1    Prescription for physiotherapy care       
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always applicable to resource-poor areas. Scores 
should be culturally relevant [ 22 ], adapted to the 
community’s religion, lifestyle and occupations. 
Handicap International designed its own func-

tional measure to meet the needs of the types of 
injuries inclusive of the cultural context, for 
example, for a trauma centre within a Muslim 
country (see Fig.  22.2 ).

  Fig. 22.2    Functional evaluation measure       
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   With the identifi ed patients:

•    Perform a subjective and objective physiother-
apy assessment, with emphasis on the pain 
functional assessment.    

 In such context, the functional evaluation is 
essential and should be:

•    Global (upper limb and lower limb) and pre-
cise (include fi ne dexterity items)  

•   Quick and easy (emergency settings)  
•   Objective (not self-administrated as there are 

a lot of illiterate people)  
•   Applicable to all age groups  
•   Culturally adapted     

22.3.3     Equipment 

 Only a few items are indispensable for rehabilita-
tion (Fig.  22.3 ). They include treatment beds, 
parallel bars, wall bars, stairs, few pillows, a mir-
ror, standard balls, elastic bands (elastic material 
used by the tailors can replace the usual exercise 
bands), sand weights (bottle or sewed pieces of 
tissue fi lled with sand) and compressive elastic 
bandage which should be washable in order to be 

reusable. If available, gym balls, stationary cycle 
or pedal ergometer (bicycle pedals mounted on 
iron structure (Fig.  22.4 )) and small equipment 
for fi ne dexterity are also useful. Most of these 
items can be produced locally from wood, steel, 
foam and fabrics. Manual/mechanical technolo-
gies are preferred to electronic devices, as these 
are cheap and easy to repair or replace.

22.3.4         Provision of Assistive 
Devices and Mobility Aids 

 The assistive devices and mobility aids not only 
increase patients’ mobility but also their quality 
of life thus increasing their ability to integrate 
back into society [ 21 ]. To best meet the patient’s 
needs, the devices should be:

•    Individually tailored to fi t the user.  
•   Provided with instructions (i.e. how to use it 

correctly, e.g. wheelchair skills programme 
proposed by Dalhousie University in Canada 
[ 23 ], how to adjust and clean it).  

•   Culturally acceptable [ 24 ,  25 ].  
•   Adequate to the local environment (e.g. wet 

and humid, rough surfaces, intensive usage). 
In fact, incompatibility with the environment 

  Fig. 22.3    Physiotherapy 
room       
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may result in the technologies to be aban-
doned [ 26 ].  

•   Functional: the devices should be easy to use, 
not too bulky or heavy and should really 
improve the function in the activities of daily 
life (ADLs).  

•   Affordable, durable and easy to fabricate and 
repair (with local materials if possible) and 
compatible with technological standards [ 7 ].  

•   Tested on quality [ 4 ] and safety [ 21 ].   
•    Only basic equipment is needed to provide 

quality physiotherapy care and can be often 
produced locally.  

•   Manual physiotherapy techniques and creativity 
are suffi cient to offer a qualitative treatment.  

•   Assistive devices can improve the patient’s 
quality of life and mobility.  

•   They should be tailored, provided with strict 
instructions, functional, adapted to the culture 
and environment, functional, affordable, sus-
tainable, safe and quality proofed.      

22.4     Prevention 
of Complications 

22.4.1     Prevention of Deep Venous 
Thrombosis 

 Together with the pharmacologic prophylaxis treat-
ment, non-pharmacological means such as adapted 
pain management to allow [ 8 ] early mobilisation 
(more specifi cally calf pumps and stretching), limb 
elevation and compressive garment when available 
(or simple elastic bandaging applying in fi gure of 
eight) should be prescribed [ 27 ].  

22.4.2     Prevention of Pulmonary 
Complications 

 Respiratory complications such as decreased 
ventilation, atelectasis and pneumonia are 
common in bedridden patients [ 28 ] and following 
surgery and anaesthesia, especially after thoracic 
and abdominal interventions [ 29 ]. Chest 
physiotherapy should be seen as a prevention 
technique [ 29 ,  30 ] and not only as a treatment. It 
helps clearing secretions, increasing ventilation, 
promoting lung expansion and improving 
cardiovascular conditioning [ 31 ]. 

 There are different chest physiotherapy tech-
niques that can be used, depending on the 
patient’s condition: 

22.4.2.1     Deep Breathing Exercises 
 Deep breathing exercises are the basic, encourag-
ing both diaphragmatic and thoracic breathing, 
limiting the use of accessory muscles. Manual 
feedback can be given to the patient by placing 
the hand on the patient’s thorax or abdomen, 
encouraging him to expand the underlying area 
[ 32 ] (Fig.  22.5 ). The inspiration is done through 
the nose, asking a 3-s inspiratory pause at the 
total lung capacity to help distributing the air in 
the ventilated areas [ 32 ]. The expiration is per-
formed through the mouth, with open glottis 
(exhaling warm air out). Adjuvant devices such 
as the incentive spirometer, when available, can 
help promoting deep inspiration by giving the 
patient a visual feedback [ 32 ].

  Fig. 22.4    Locally produced pedal ergometer       
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22.4.2.2        Airway Clearance Techniques 
 In the literature, few techniques are advocated to 
clear up the secretions, none of them are proved 
to be more effi cient than another [ 32 ]. Amongst 
them, the autogenic drainage is a breathing tech-
nique where the patient is taught how to modu-
late his lung volume to unstick, collect and 
mobilise the mucus to the upper airways where it 
can be breathed out easily without any forced 
expiration [ 33 ]. While the active cycle of breath-
ing is composed of breathing control, thoracic 
expansion exercises and forced expiration tech-
nique (huffi ng) [ 34 ], the physiotherapist can also 
help the patient manually, following the tech-
nique principles. Manual pressures should be 
used with caution, and forced manoeuvres are 
contraindicated with osteoporosis, important 
chest trauma and asthma exacerbation [ 35 ]. The 
therapist should apply his hands on the patient’s 
chest, in the same direction as the rib cage move-
ments to avoid any injuries to the ribs. Another 
technique is the positive expiratory pressure 
(PEP) which, by increasing the pressure at the 
mouth, allows keeping the intrathoracic airways 
open for longer period of time and allows secre-
tions to be mobilised more easily [ 35 ]. PEP can 
be achieved by breathing out against a resistance 
at the mouth, such as the blow-bottle system (see 
Fig.  22.6 ) where a bottle is fi lled with 5–20 cm of 
water [ 36 ], the patient blowing into the water 
through a tube 1 cm diameter and 30 cm long 
(suction silicon tube can be used). The water 
must be changed every day and the bottle and 
tube sterilised between each patient.

22.4.2.3        Positioning 
 Position has an impact on lung ventilation and 
perfusion [ 37 ] and the position should be adapted 
to the patient’s condition [ 32 ,  38 ]. For bedridden 
patients, regular change of position is also rec-
ommended to prevent atelectasis and further pul-
monary complications [ 31 ]. Seated position 
should be promoted as soon as possible as it pro-
motes gas exchanges, as compared to the supine 
position [ 39 ].  

22.4.2.4     Postural Correction 
 Since the posture infl uences the way the respira-
tory muscles function and the ribs and thoracic 
spine mobility, it may also affect the pattern of 
breathing in patients with musculoskeletal, respi-
ratory or neurologic impairments [ 40 ]. Promoting 
the neutral position of the shoulder girdle, spine 
and pelvis [ 32 ] allows the muscles and especially 
the diaphragm to work optimally.  

  Fig. 22.5    A manual feedback upper thorax       

  Fig. 22.6    Chest physiotherapy PEP and manual 
technique       
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22.4.2.5     Upper Limb Movements 
 Upper limb movements (mainly in extension, 
abduction and external rotation) and thoracic 
spine mobilisation (extension, rotation and lat-
eral fl exion) can also help opening the rib cage 
and increasing the breathing volume [ 32 ].  

22.4.2.6     Coughing 
 Coughing should only be used by the patient 
when secretions reached the upper airways; the 
airways easily get irritated while the patient gets 
tired by coughing too frequently, often not at the 
appropriate time [ 35 ].   

22.4.3     Prevention of Pressure Sores 

 There is a high risk of bedsores for severe trauma 
and bedridden patients such as ICU patients and 
patients in traction or with unstable pelvic 
fractures. 

 The main principles for prevention are:

•    Basic hygiene of the patient and clean bed 
sheets.  

•   Regular change of position (every 2 h) and 
protection of the bony areas with pillows.  

•   Teaching proper transfer to the staff and rela-
tives, avoiding friction (i.e. lifting up the patient).  

•   Daily skin check [ 28 ].  
•   Careful choice of mattress [ 41 ].  
•   Provision of monkey pole and early active 

mobilisation can also be helpful.     

22.4.4     Prevention of Muscle 
Atrophy 

 Bed rest and inactivity provoke loss in muscle 
mass and muscle strength in young healthy sub-
jects but to a greater extent in the elderly 
[ 42 ,  43 ] and the critically ill [ 44 ]. This loss is sig-
nifi cant in the lower limb muscles [ 45 ] such as 
the quadriceps, the triceps sural [ 46 ] and other 
antigravity muscles [ 47 ]. Rectus femoris cross- 
sectional area decreases signifi cantly after 1 week 
of bed rest in intensive care patients [ 44 ]. Muscle 
wasting has a negative impact on the patient’s 
functional capacity [ 43 ]. 

 Early mobilisation is essential. A resistive 
exercises programme has been proven to diminish 
the loss in muscle mass and strength [ 48 ,  49 ]. 
However, the patient’s condition does not always 
allow active mobilisation. Passive mobilisation 
can be benefi cial as well, as in the case of con-
tinuous passive mobilisation [ 50 ,  51 ].  

22.4.5     Prevention of Joint Stiffness 

 Because of immobility, muscles and connective 
tissues surrounding the joints tend to shorten in the 
immobilised position which further causes joint 
stiffness and permanent functional defi cit [ 52 ]. 
The elbow is the most susceptible joint to stiffness, 
followed by the ankle, the knee, the hip and the 
shoulder [ 52 ]. Therefore, stiffness prevention is 
essential, performing early and regular passive and 
active mobilisation [ 53 ] as well as positioning 
(e.g. splinting the ankle in neutral position to pre-
vent contraction of the Achilles tendon in ICU 
patients [ 54 ]). Moreover, a physiotherapist must 
alert the surgeon when a patient has been splinted 
or casted in positions that are not functional.  

22.4.6     Prevention of Bone 
Demineralisation 

 Bone demineralisation occurs rapidly with bed rest, 
as early as 1 week of traction in the elderly [ 55 ], but 
it also occurs in young patients [ 56 ]. This can 
increase the risk of osteoporosis and future fracture 
[ 47 ]. Early weight bearing and active mobilisation 
against resistance stress the bone which increase its 
density and limits the bone loss [ 57 ].  

22.4.7     Prevention of Loss of Function 
and Independence 

 Rehabilitation aims to help the patient to improve 
his participation in daily life activities, following 
the International Classifi cation for Functioning, 
Disability and Health (ICF) proposed by the 
WHO [ 58 ]. The exercises must be task orientated 
and tailored to the individual’s ADLs and 
interests [ 59 ]. For example,
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•    Upper limbs: grabbing a cup, pen, eating, 
grooming  

•   Lower limbs: walking, climbing stairs, kneel-
ing (pray position)    

 Making the patient as active as possible and as 
soon as possible is crucial, starting by teaching 
bed mobility and transfers, progressing then to 
sitting and standing balance. At discharge, as far 
as possible, all patients must be ambulated (either 
with crutches, walker or wheelchair) and should 
know how to climb up and down stairs with 
crutches or to move around with a wheelchair. 

 Trauma and prolonged immobilisation give 
rise to a number of secondary complications. 
Early rehabilitation can help preventing and 
reducing the risk of:

•    Deep venous thrombosis  
•   Pulmonary complications  
•   Bedsores  
•   Muscle atrophy  
•   Joint stiffness  
•   Bone demineralisation  
•   Loss of function/independence      

22.5     Specifi c Physiotherapy 
Regimens 

 Injury and/or the surgery performed is often asso-
ciated with known residual impairments [ 60 ]. 
The rehabilitation programme should be tailored 
to the expected impairments and secondary com-
plications in order to improve the function and 
limit disabilities over time [ 6 ,  60 ]. In this section, 
you will fi nd the advised physical therapy tech-
niques for the most common types of treatment in 
austere environments. 

22.5.1     Fractures Treated by External 
Fixation 

 Once an external fi xation (EF) is in place, several 
complications can arise in the early stages such 
as pin tract infection [ 61 ], nerve injury and 
muscle impalement (which can lead to tendon 
lesion, muscle fi brosis, pain and stiffness) [ 8 ,  62 ]. 

Later, delayed union or malunion, osteomyelitis 
[ 61 ], refl ex sympathetic dystrophy [ 63 ] and stiff-
ness [ 64 ] can occur. It has been reported that in 
war-wounded patients with femoral shaft frac-
tures treated by external fi xation, only less than 
half of the sample population had knee fl exion 
greater than 110° [ 65 ]. 

22.5.1.1     Physiotherapy Treatment 
with the EF in Place 

 For the physiotherapist, stiffness is often the 
greatest challenge. Therefore, it is crucial to 
start as early as possible with self-mobilisation 
(i.e. mobilising the affected limb with the 
healthy one), passive mobilisation [ 66 ] and 
stretching. Either low-load long-duration pos-
tures [ 67 ,  68 ], short [ 62 ] or dynamic stretching 
[ 69 ,  70 ] is generally prescribed in the treatment 
of joint stiffness. Femoral and forearm external 
fi xation are particularly associated with great 
stiffness of the knee, the wrist and the fi ngers. 
For femoral fractures, from the fi rst postopera-
tive day, the patient should regularly be placed 
in a fl exion posture (using pillows, a locally 
produced box or traction frame) (see Fig.  22.7 ) 
as well as in a continuous passive mobilisation 
machine (CPM) when available and feasible. 
During the physiotherapy session, the level of 
comfort should be respected and pain medica-
tion should be given prior to mobilisation and 
posture, especially during the early days. 
Cryotherapy can also be applied routinely as it 
helps to reduce the pain and oedema in soft tis-
sue injuries [ 71 ].

  Fig. 22.7    Knee fl exion low-load long-duration posture in 
a patient with external fi xation       
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   All the joints should be mobilised, as the patient 
tends to protect his whole limb (e.g. fully mobilise 
the shoulder, elbow and wrist in humerus fracture 
stabilised with EF). Furthermore, placing the distal 
joint in functional position (e.g. removable splint-
ing) is often needed to prevent further stiffness, 
especially for the wrist, fi ngers and the ankle [ 66 ] 
which will tend to present stiffness otherwise. 

 With some types of fractures (e.g. pelvic, 
humerus), the bulky frame size of some EF might 
compromise or limit mobilisation [ 62 ]. Therefore, 
this should be discussed with the surgeon early 
on to take this parameter into account as much as 
possible when putting external fi xators in place, 
even though this is not always possible. 

 All the muscle groups should be exercised to 
keep the patient as active as possible, starting 
with isometrics (static contraction of the muscle, 
with no movement of the limb) which are more 
comfortable for the patients. Once tolerated, 
concentric (dynamic contraction, the muscle 
shortens as it contracts) can be performed without 
resistance on the segment distal to the fracture, 
helped by the healthy limb if necessary [ 66 ]. 
Patients with upper limb EF tend to lose function. 
This is especially the case in forearm EF where 
the fi ngers extensors are spanned which causes 
limited fl exion of the fi ngers and impaired 
function in a later stage. Early on, patients should 
be instructed to perform functional activities with 
the EF, without any weights or resistance (e.g. 
grabbing a cup of tea and lifting it up with a 
forearm EF in place). However, in some particular 
cases, as reported by Sommerkamp et al., early 
active mobilisation can be contraindicated (e.g. 
for unstable distal radius fracture) [ 72 ]. 

 Bed mobility and ambulation with crutches 
should be taught to the patient from the fi rst days. 
For lower limb fractures, the level and the timing 
of the weight bearing will be decided depending 
on the stability of the fracture and the type of 
external fi xation. Comfort in walking is 
primordial too and will guide the progression in 
weight bearing [ 61 ]. Progressive exercises in 
standing position can be performed, starting with 
body weight transfer and lunge forward/sideways, 
step up/down. All of these prepare the patient to 
weight-bearing gait. 

 Once an external fi xation is in place:

•    Promote early mobilisation and strengthening 
of all joints.  

•   Emphasise mobilisation of the joint distal to 
the fracture: postures and positioning are 
essential from the beginning together with an 
adequate pain management.  

•   Promote active ROM: start with isometric 
exercises and integrate functional exercises.  

•   Encourage mobility and start early weight 
bearing according to surgeon’s advice and 
pain.     

22.5.1.2     Physiotherapy Post EF 
Removal 

 Once there is evidence of bone healing and the 
EF is removed, more aggressive exercises can be 
started to regain the range of motion (ROM) and 
to strengthen the limb. In order to gain further 
mobility, gravity and weights can be added to the 
low-load long-duration postures, and techniques 
such as the “contract-relax” can be really 
effective. This technique is a proprioceptive 
neuromuscular facilitation (PNF) technique 
where, with the muscle in a stretched position, 
the patient is asked a static muscle contraction, 
followed by few seconds rest and then passive 
mobilisation to a further stretched position is 
done [ 73 ,  74 ] (see Fig.  22.8 ).

   In terms of strengthening, resistance can be 
increased gradually. Stationary bikes or pedal 
ergometers are an easy way to mobilise and 
strengthen globally the lower limb but also the 
upper limb. Gait training allows working the 
balance and weight bearing functionally, trying 
to prevent gait pattern deviation such as vaulting 
(i.e. during the swing phase, pelvic itching and 
hip abduction to swing the leg forward, with the 
knee extended).    

22.6     Case Study 

 Patient H, 40 years old, road traffi c accident 
(arrived in the hospital 3 weeks post trauma), 
distal ulna-radius open fracture treated with an 
external fi xation spanning the wrist. 
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 At discharge, the shoulder mobility was full, 
the elbow extension as well while fl exion was 
limited to 80° range of motion (ROM), metacar-
pophalangeal joint fl exion was 10° ROM, the 
proximal interphalangeal joint fl exion was 90° 
ROM and there was a distal interphalangeal fl ex-
ion of 90° ROM. 

 After 3 weeks at home, with the arm in a sling 
and with the fi ngers wrapped with a piece of fab-
ric, the shoulder mobility was limited to 90° of 
fl exion and abduction, the elbow extension was 
now also limited (−30° ROM) and the fi ngers 
were already stiffer and extremely painful. The 
UL function was greatly impaired (UL score of 
13). Pendular exercises and self-mobilisation of 
the shoulder, elbow and fi ngers were instructed 
and emphasised again as well as education pro-
moting movement. 

 The external fi xator was removed 2 months 
post injury and wrist mobilisation started. 

 Three months post injury, the shoulder mobil-
ity was still limited, but the elbow, wrist and fi n-
gers were slightly better with an increased UL 
function (UL score of 30). The focus was put on 
active range of motion, contract-relax exercises 
and functional exercises such as grabbing a cup, 
eating and hand to head. Passive range of motion 
of the fi ngers as well as scapula and shoulder was 

realised. Six months post injury, the shoulder, 
elbow, wrist and fi ngers mobilities were greatly 
improved and now functional (UL function score 
of 40). 

 This case clearly shows the importance of 
patient education and home exercises from 
discharge and of a close outpatient (OPD) 
follow-up. Without these, the patient will tend to 
stay passive (arm in a sling, fi ngers not moving) 
and will only experience more pain and stiffness 
as time goes by. It also shows that ROM and 
function assessments are essential during the 
OPD medical consultation in order to refer that 
kind of patients to physiotherapy sooner rather 
than later. An adequate pain management also 
helps in keeping such patients mobile and active. 

22.6.1     Fractures Treated 
with Skeletal/Skin Traction 

 Even though traction has traditionally been used 
in austere environments for the treatment of fem-
oral fractures, it can lead to a number of compli-
cations such as pin infection, knee stiffness, 
muscle atrophy, bone malunion/non- union and 
limb shortening and therefore necessitates close 
management [ 75 – 77 ]. Staff must be well versed 

  Fig. 22.8    Knee extensors 
contract-relax 
technique       
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in the technique of setting up any form of trac-
tion, and the physiotherapist should highlight 
defi ciencies early to the medical staff. 

 Traction can be applied as defi nitive treatment 
or preoperatively, for example, for femoral shaft 
fractures before internal fi xation [ 78 ]. There are 
different kinds of tractions that can be used, 
depending on the type of fracture, the limb 
injured and the age of the patient:

•    Skeletal traction: the leg is placed in a Braun 
frame (hip and the knee in fl exion). It is 
suitable for patients over 18 years old and for 
most of the femur, tibia and pelvic fractures.  

•   Perkins traction: skeletal traction which does not 
require any frame. The leg is positioned on the 
mattress. By the drop of the second half of the 
mattress, it allows earlier and easier mobilisation 
as well as easier nursing care [ 76 ]. Unfortunately, 
it is not indicated in certain types of femoral 
fractures such as complete neck fractures, con-
dylar fractures with rotated fragment and frac-
tures with displaced distal epiphysis [ 79 ].  

•   Gallows traction: skin traction applied on both 
legs which are then suspended overhead, the 
buttock being just off the mattress to allow 
counter-traction [ 79 ]. This traction is suitable 
for young children under the age of 2–3 and 
under 10–15 kg [ 79 ,  80 ].  

•   Traditional extension skin traction: skin trac-
tion, suitable for older children (up to 18 years 
old) to avoid damaging the epiphysis, in patients 
with unstable hip after reduced dislocation and 
in patients with trochanteric femur fracture 
when no other treatment is available [ 79 ].    

22.6.1.1     Physiotherapy and Nursing 
Care for Patients in Traction 

 Patients in traction are particularly at risk of bed-
sores. Thus, on top of the previously mentioned 
general precautions, it is essential to correctly pad 
the frame and the patients’ pressure areas (i.e. the 
groin area, the knee fold and the heel for skeletal 
tractions and the head of fi bula and malleoli for 
the skin tractions). In order to detect any signs of 
ischaemia or peripheral nerve damage, regular 
review of the foot and toes neurovascular status is 
essential, especially in Gallows traction [ 79 ]. 

 Effi cient traction load and its counterforces are 
necessary to promote an optimal bone alignment. 
Therefore, daily management of the following 
points is necessary [ 8 ]: the weights should hang 
free, never be removed, the foot of the bed should 
be lifted up and the patient should remain lying fl at 
(no more than 20° up), the patient’s foot sole 
should not rest on anything, overall alignment of 
the limb is essential [ 8 ], and the height and length 
of the frame should be adjusted to the patient’s 
size. For distal femur fractures placed in a Braun 
frame, a pillow/foam pad can be put under the 
thigh, or the frame can be put a little bit more prox-
imally to avoid posterior sag [ 8 ,  81 ]. In sub-tro-
chanteric fractures, the leg should be abducted 
[ 79 ] and fl exed to allow good alignment of the 
proximal fragment. Note that in skin traction, the 
adhesive bandage should stop under the fracture 
site in order to be effi cient [ 79 ]. 

 In skeletal traction, knee mobilisation up to 
90° will not affect the forces applied to the 
fracture site [ 8 ]. Therefore, early passive and 
active assisted mobilisation (up to 90°) should be 
realised, with the weights still pulling. With the 
Perkins frame, self-mobilisation is also possible, 
using the unaffected leg [ 76 ]. 

 In the early phase, start with isometric 
contractions of the quadriceps, hamstrings and 
glutes [ 62 ,  79 ,  82 ]. An endurance programme for 
the quadriceps muscle (20 min daily) has been 
proposed by Eggers and Mennen [ 77 ] for patients 
in skeletal traction and showed signifi cant 
increase in quadriceps endurance compared to 
the control group [ 77 ]. For Perkins traction, after 
7–10 days, and as tolerated, start gentle active 
assisted knee mobilisation without resistance 
[ 76 ,  81 ]. For all types of traction, resisted 
exercises should also be realised for the toes and 
ankle joints, as well as for the noninvolved limbs 
(using elastic band or weights) (see Fig.  22.9 ).

   For displaced acetabulum fractures, mini-
mum 6 weeks in 90–90° traction is advised 
[ 83 ]. More intensive knee mobilisation can be 
encouraged. Once the fracture is sticky (after 
2–3 weeks minimum), some authors have pre-
scribed gentle hip mobilisation with the weights 
being removed for 30 min daily [ 84 ]. For open-
book fractures, a hammock sling traction can be 
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applied, especially for children, when EF is not 
possible [ 85 ]. 

 Due to the slumped posture adopted by most 
patients and the bed rest consequent to the traction, 
patients are highly prone to chest pain and infec-
tions. Prevention chest physiotherapy exercises 
such as deep breathing and upper limb movements 
are benefi cial to those patients [ 62 ,  79 ]. 

 For patients in traction:

•    Close monitoring of the traction (e.g. align-
ment, position, frame and weight).  

•   Bedsore prevention.  
•   Static contractions of the quadriceps, ham-

strings and gluteus.  
•   Depending on the type of traction, different 

types of exercises are prescribed.  
•   Early mobilisation (passive and active assisted 

range of motion of the knee up to 90°; active 
knee exercises for Perkin’s traction).  

•   Active ankle, toe and healthy limb exercises.  
•   Chest physiotherapy exercises.     

22.6.1.2     Physiotherapy Post Traction 
Removal 

 If satisfactory bone healing is established based on 
clinical (assessment of the fracture site movement 

and straight leg raise performance without pain) and 
radiographic fi ndings, the traction can be removed 
[ 76 ]. The removal is usually after 1–2 weeks for 
children [ 80 ] and around 6 for adults [ 76 ,  79 ]. After 
removal, hip spica cast is applied for children [ 86 ], 
while in adults, depending on the patient’s compli-
ance, a cast (preferably a brace/hinge cast) will be 
applied for few weeks [ 76 ]. However, if the union is 
satisfactory and the patient is young and healthy, the 
patient can be discharged only with crutches [ 76 ]. 
Indeed, immobilisation in cast will only increase the 
chances of knee stiffness. 

 Progressive mobilisation is prescribed, start-
ing with knee and hip self-mobilisation (see 
Fig.  22.10 ), psoas and quadriceps stretching, 
strengthening and bed weight bearing (i.e. bridg-
ing: in supine position, lift up the buttock). 
Depending on the clinics, start touch weight bear-
ing after 1–2 weeks [ 8 ,  79 ] and keep the crutches 
another 6 weeks, gradually adding more weight 
[ 76 ]. Some authors recommend a short bed rest 
period once the traction is removed [ 8 ,  79 ].

22.6.2         Fracture Treated by Hip Spica 

 A hip spica is mainly applied for femoral shaft 
fracture in young children, either directly [ 87 ] 

  Fig. 22.9    Resistive 
exercise (using elastic 
band) for the healthy 
lower limb in a patient 
in skeletal traction       
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or following a short period in skin traction 
[ 80 ]. d’Ollone et al. suggest that, for children 
younger than 6 years, immediate spica, com-
pared to skin traction followed by spica, gives 
better outcomes and reduces the cost and com-
plications [ 88 ]. 

 Spica casting presents a number of possible 
complications such as limb shortening, bone 
angulation, peroneal nerve palsy, gait abnor-
mality, pressure sores and compartment syn-
drome [ 80 ,  89 ]. However, in children, rapid 
bone healing, overgrowth and remodelling of 
the fractured bone allow to achieve relatively 
good outcomes [ 80 ,  90 ]. Nevertheless, spica 
cast is often uncomfortable as the patient’s 
mobility is highly restricted. It can have a psy-
chological impact on the child and requires a 
lot of care from the family [ 91 ]. 

22.6.2.1     While Applying the Cast 
 The edges of the cast must be padded [ 87 ], 
and enough space should be made for the 
patient’s stomach, buttock and groin in order 
to avoid any skin lesion, for the patient’s 
comfort, and also to allow easier toileting. 
Knees should be in slight flexion (60–75°) to 
allow the patient to sit (e.g. car seats) [ 87 ] 
and to help maintaining the reduction of the 
fracture [ 92 ].  

22.6.2.2     Physiotherapy and Nursing 
Care Once the Spica Cast Is 
in Place 

 In order to achieve successful treatment out-
comes, children need regular follow-up, and time 
should be spent with the carers to make them 
aware of the complications and their prevention 
in the daily life as well as the basic principles of 
the rehabilitation. The National Health Service 
in the UK has published an excellent booklet for 
carers [ 93 ] with extended information. On the 
fi eld, we use a simplifi ed leafl et with pictures to 
cover the illiterate population (Fig.  22.11 ). Here 
are the main pieces of information to mention:

•     Complications: how to detect early signs of 
compartment syndrome or nerve palsy [ 87 ].  

•   Hygiene and skin care: the cast should 
remain dry and clean to avoid cast breakage, 
soakage and pressure sores. Regular checks 
and refreshing of nappies are necessary to 
prevent leakage. The child will be strip-
washed only and dried [ 93 ]. No sharp item 
should be used to scratch under the cast [ 93 ].  

•   Skin and cast inspection: check the pressures 
areas at the edges but also under the cast (e.g. 
sacrum) [ 93 ].  

•   Mobilisation: encourage general resistive active 
exercises of the healthy limbs, isometrics con-

  Fig. 22.10    Knee and 
hip self-mobilisation 
after traction removal       
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traction of the hip and knee muscles in spica 
[ 94 ] and bridging and pushing on the unaf-
fected leg to relieve the buttock from pressure.  

•   Positioning: instruct safe transfer (i.e. sup-
ported log roll in bed [ 94 ] and good position-
ing of the child, using pillows). The position 
should be changed every 2–4 h. The prone 
position is a good playing and pressure- 
relieving position.  

•   Promote functionality: it is important to keep 
stimulating the child while in hip spica. Adapt 
the positioning to allow the child to play, read 
and participate in the social activities.     

22.6.2.3     Physiotherapy Post Spica 
Removal 

 In the fi rst few days, it might be diffi cult for the child 
to sit and move his hip and knee again; he might 
even be afraid to move. Therefore,  self- mobilisation 
should be preferred to passive mobilisation and the 

parents should be instructed home exercises. A step 
by step, playful and active approach is essential:

•    Start with long sitting position, then sit on the 
edge of bed (insist on erected back position).  

•   Continue with knee fl exion and weight- 
bearing exercises such as bridging and four- 
point kneeling.  

•   Then, progressive weight bearing if the patient 
is old enough to use a frame or crutches, oth-
erwise, non-weight bearing as long as the 
bone is not healed.  

•   Gait training: from the start, assess gait abnor-
malities (knee extended walk, hip itching) to 
correct immediately.    

 These patients usually require usually only few 
physiotherapy sessions as the ROM is rapidly 
regained. If any limitation or pain remains present, the 
patient should be immediately referred to the doctor 
as refracture or non-union is a possible complication. 

SPICA

What is a spica?

A Hip Spica is a plaster, which covers the child’s
lower limbs and abdomen.
There are different types of spica, the most
common is the half-hip spica, where just one leg
is in cast and the other one is free.

Why?

The spica cast can be used for different reasons
but in this trauma centre, it is put in place in order
to immobilised properly femur fractures (by
preventing both the hip and the knee of moving)
to let the bone heals.

How long?

4 – 6 weeks, depending on the fracture and the
bone healing.

No food inside the cast

No sharp instrument in the cast

Cast Care

Keep dry and Clean after toilet

Positioning

Change position every hour, supporting the
limbs with pillows:
 -Side lying

Keep Moving

Lift up the buttock, pushing on the good leg

-Prone lying (ideal for playing time)

Check for swelling, extreme pain, change in
colour or insensibility
If you notice one or more than those alarming
signs, come back to the Trauma Centre. 

Check the
skin every day

Move ankle and toes

Move healthy leg

Move arms up and deep breath

  Fig. 22.11    Spica cast information leafl et       
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 Spica cast rehabilitation:

•    Educate and prevent (insist on hygiene and 
skin care).  

•   Encourage mobilisation of healthy leg and 
upper limbs.  

•   Promote function and participation in ADLs.    

 Post spica removal:

•    Promote self-mobilisation and playful 
mobilisation.  

•   Progressive mobilisation (long sitting, sit, 
bridging, kneeling, stand up).  

•   Progressive weight bearing.      

22.6.3     Closed or Open Reduction 
with Percutaneous Kirschner 
Wire (K-Wire) in Children 

 Supracondylar humerus fractures are common 
injuries in children and usually occur after a fall 
with the elbow extended [ 95 ]. For undisplaced 
fractures, a posterior splint is applied, while for 
displaced and unstable fractures, closed reduc-
tion and percutaneous K-wire are used [ 96 ]. If 
not reducible closed, open reduction is then per-
formed. Following supracondylar fractures, com-
plications can arise such as traumatic and 
iatrogenic neurovascular injury, varus or valgus 
deformity and compartment syndrome [ 95 ]. 

22.6.3.1     Immobilisation Period 
 After closed reduction, the elbow is immobilised 
at 90°, forearm in neutral position, fi rst in a splint, 
then in a long arm cast [ 95 ]. During the immo-
bilisation period, the fi ngers and shoulder active 
movements should be encouraged. For the shoul-
der mobilisation, pendular exercises (leaning for-
ward on a table with the healthy hand, the injured 
limb hangs down) and fl exion are preferred. 
Abduction should be avoided, as advised for con-
servative treatment [ 97 ]; indeed, shoulder abduc-
tion stresses the elbow into varus [ 98 ]. Close 
monitoring of the neurovascular status of the fi n-
gers and instructing the patient to do so is manda-
tory as the chances for complications are high.  

22.6.3.2     Pin and Splint Removal 
 On average after 3–4 weeks [ 99 ,  100 ], the wires and 
the splint are removed and the early mobilisation 
can start. The elbow is a joint prone to stiffness, but 
it is also likely to present hypertrophic ossifi cation 
and myositis ossifi cans (especially in the brachialis 
muscle) caused by the injury itself, by repeated 
reduction attempts but also when aggressively 
mobilised and massaged [ 101 ]. Therefore, even 
though an early mobilisation is important, it should 
be mainly active (without resistance), encouraging 
functional activities (no weight lifting and sport 
during 3 months) and allowing time to recover 
[ 100 ]. Active range of motion of the fi ngers, wrist 
and shoulder is also important. Even though proper 
physical therapy is sometimes not prescribed [ 100 ] 
and does not change the 1-year outcomes [ 102 ], 
education and home exercises are necessary. 
Depending on the reduction achieved, the range of 
motion will vary. In closed reduction with K-wire 
fi xation, return to function should be expected 
around 3–4 weeks after pin removal [ 100 ], with 
72 % of elbow range of motion regained [ 100 ], and 
almost full range of motion (98 %) should be 
achieved after 1 year [ 100 ]. 

 For supracondylar fractures, the following 
exercises should be performed: 

 During the immobilisation period

•    Pendular shoulder exercises and auto- 
mobilisation in shoulder fl exion  

•   Fingers active mobilisation    

 After pin and splint removal

•    Early gentle elbow active mobilisation  
•   Fingers, wrist and shoulder strengthening  
•   Sport and weight-bearing avoidance during 

9–12 weeks      

22.6.4     Skin Injuries (Laceration, 
Skin Graft, Burn) 
and Vascular Injuries 

 After any severe soft tissue damage, there will be 
scar tissue formation. Even when the wound is 
small (e.g. gunshot entry wound), the amount of 
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tissues damaged inside is often greater. Due to 
pain and/or fear of pain, most of the patients will 
tend to adopt an antalgic position. This is also 
true for vascular injuries. Moreover, in patients 
with burns [ 103 ] and skin grafts [ 104 ], the skin 
will naturally retract for 6–12 months as part of 
the healing process. It can lead to severe stiffness, 
joint deformity, muscle shortening and functional 
disabilities [ 103 ]. Scar tissue is inevitable [ 103 ], 
but the level of postoperative care will determine 
greatly the functional outcomes of soft tissue 
injuries [ 105 ]. A good analgesia management is 
crucial to keep a certain level of comfort to allow 
mobility, function and therapy [ 59 ].  

22.6.5     Physiotherapy Treatment 
Following Severe Skin 
Injuries 

•     Splinting: splints are applied to allow the tis-
sues to heal, especially when in regard to a 
joint. They should be worn usually up to 
3 weeks for burn patients [ 103 ], few days for 
superfi cial wounds and vascular injuries and 
until there is healing for skin grafts and fl aps. 
Splinting is also used to immobilise the joint 
in a functional position and avoid contractures 
in a disabling position (i.e. for upper limb: 30° 
wrist extension, 90° metacarpophalangeal and 
extension of the interphalangeal joints [ 106 ] 
and 0° of dorsal fl exion for the ankle). For 
burn patients, the splint should be removed 
regularly for mobilisation [ 103 ].  

•   Mobilisation and stretching: after the 
immobilisation period, all the proximal and 
distal joints should be gently mobilised [ 8 ] 
actively and with self-mobilisation. It is 
especially important when the wound is in 
regard to a joint (e.g. popliteal fossa, ankle, 
hand dorsal face). Early mobilisation stretches 
the scaring tissues and takes advantage of the 
scar malleability in its early stages [ 103 ]. 
After burn or skin graft, full range of motion 
mobilisation should be performed up to 1 year 
after injury [ 103 ]. Different kinds of stretching 
can also be performed as well as active range 
of motion. Note that for vascular injuries, the 

range of motion authorised and its timing will 
depend on the quality of the repair and the 
tension applied in the vessel during the 
surgery.  

•   Scar massage: through the fascia, any scar 
adhesion will restrict the joint mobility. Scar 
massage will allow the skin to be thinner and 
more elastic [ 107 ]. Note that for skin graft, 
only gentle massage with neutral oil is autho-
rised the fi rst weeks.  

•   Skin care for skin grafts and burns: emollient 
(moisturising neutral oil/cream) can be applied 
on the skin to help making the skin supple, 
less itchy and less dry. The skin should be pat 
dry after washing, avoiding rubbing, it should 
be kept away from the sunlight during the 
healing time [ 103 ,  104 ], and compressive 
bandages can help decreasing hypertrophic 
scars [ 103 ].    

 After soft tissue injury, the main physiotherapy 
techniques are:

•    Pain management  
•   Splinting in functional position  
•   Early mobilisation and stretching  
•   Scar massage  
•   Skin care (moisturising, sun protection, no 

rubbing and compressive bandage)     

22.6.6     Case Report 

 Patient M., 12 years old, gunshot femoral artery 
injury, sutured the same day. The patient was 
extremely weak the fi rst few days and remained 
in the ICU in critical status. He has not received 
any physiotherapy in IPD. 

 After 2 weeks, the patient arrives for his OPD 
medical follow-up to remove the sutures. He is 
on a stretcher, unable to walk. Because of pain, 
he has adopted an antalgic position in hip fl exion 
and was not encouraged to move at home. 
However, the scar is healed without any trace of 
infection. The patient is discharged from OPD. 

 By chance, he is spotted in the corridor by one 
of the physiotherapists. His lower limb functional 
score is 14; he has hip fl exion of 30° ROM and 
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pelvic posterior tilt. The physiotherapist starts 
with gentle hip and knee mobilisation, psoas and 
adductor stretching as well as pelvic tilt exercises 
and erected posture education. The patient is 
given a walking frame and started partial weight- 
bearing gait. The patient and the father are 
instructed on mobilisations and exercises to per-
form at home. 

 Two weeks later, after two sessions, the patient 
leaves the physiotherapy department without 
walking frame, with full hip extension and a 
lower limb functional score of 42. 

 Fortunately for him, he was young and was 
rapidly seen by the physiotherapist. Assessing 
the patient’s function is as important as checking 
the wound site or the x-ray. In this case, simple 
advice at IPD discharge (e.g. self-mobilisation, 
gentle active mobilisation and early weight- 
bearing exercises, according to the surgeon’s 
advice) would already have made a big difference 
for function and prevent further impairments.  

22.6.7     Amputation 

 For amputee patients, the rehabilitation starts 
long before the fi tting of the prosthetics and 
will continue long after. Therefore, a real con-
tinuum of care is necessary for the patient to 
acquire a better functionality [ 4 ]. However, not 
all the patients will benefi t from a prosthetics, 
this is determined by the team based on the 
level of activity pre-amputation, the level of 
amputation, the age of the patient and the co-
morbidities [ 108 ]. 

 Each stump has to be one that later fi ts one 
prosthesis [ 109 ]. While performing the amputa-
tion, few principles should be followed to allow 
optimal rehabilitation and future prosthesis fi t-
ting [ 108 ] taking in consideration the prosthesis 
available locally:

•    Scar: location and quality of the scar (i.e. 
mobile, non-tender, avoiding weight-bearing 
areas as much as possible) [ 109 ]  

•   Bone: length (optimal length depending on 
the level of amputation and height of the 
patient) and shape of the remaining bone(s) 

(bevel the bone to avoid bony prominence) 
[ 109 ]  

•   Muscles and soft tissue: balance between 
agonist and antagonist muscles (by myodesis 
and/or myoplasty or tenodesis) to avoid joint 
deformity; soft tissues quality (good 
vascularisation) and quantity (suffi cient soft 
tissue to cover the bone), fi nding a compromise 
between bone length and tissue coverage 
[ 108 ]  

•   Nerve: avoid superfi cial neuroma (by cutting 
the peripheral nerves under traction and high 
enough to allow its retraction above the level 
of amputation) [ 109 ]    

 During the rehabilitation process, it should 
also be a priority to prevent secondary 
complications such as oedema, muscle 
contracture, joint stiffness, muscle atrophy, skin 
abrasion and scar adhesion. Indeed such 
complications have an impact on the future 
prosthesis fi tting and will affect the patient’s 
mobility and functionality [ 108 ]. 

22.6.7.1     Pre-fi tting Rehabilitation 
•     Postsurgical dressings: soft dressings are com-

monly used (compressive elastic bandages if 
available or Velpeau bandages) in order to 
help with the oedema control and to shape the 
stump (e.g. cone shape) while not impairing 
the circulation [ 108 ]. The compressive ban-
dage should be applied from distal to proximal 
(see Fig.  22.12 ), in a fi gure of eight pattern, 
wrinkle-free, with more pressure distal than 
proximal and going over at least one joint. It 
can be applied immediately after surgery, over 
sterile gauzes covering the scar. It has to be 
reapplied few times a day as it tends to loosen 
easily.

      Note that shrinkers (socks sewed for stumps) 
are commonly used in western countries but need 
to be tailored to the patient’s stump size, which is 
not always available in humanitarian contexts. 
Shrinkers should only be used once the sutures 
are removed [ 108 ]. 

 From the fi rst few days post-surgery, a rigid 
splint can be applied to protect the scar line and 
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help preventing the oedema and knee contrac-
tures. Removable rigid dressings have been 
reported to provide quicker scar healing [ 110 ], 
decrease oedema and relieve pains [ 111 ], but 
they require fi tted socks and regular management 
which are not always feasible and available on 
the fi eld. Padded posterior splint folded over the 
anterior part of the stump and wrapped up with 
bandage can be used instead.

•    Passive and active mobilisation: as long as not 
too much tension is applied on the scar (check 
with the surgeon), gentle passive and active 
mobilisation can be started early.  

•   Strengthening: even though general mobili-
sation is essential (lower limb as well as 

upper limb), more targeted muscle strength-
ening is also really important, especially 
when temporary prosthesis is not available. 
In transfemoral amputees, hip abductors and 
extensors and pelvic muscles [ 108 ] should be 
strengthened, as well as the hip adductors, 
especially if the stump is short. Indeed, the 
stump will tend to remain fl exed and abducted 
with time [ 112 ]. In transtibial amputees, the 
focus is put on the hip and knee extensors 
and hip abductors [ 108 ].  

•   Positioning: educate the patient to avoid pro-
longed positions in hip and/or knee fl exion 
(e.g. sitting with knee fl exed or lying supine 
with pillow under the knee) and rather pro-
mote positioning in extension (e.g. sitting 

a b c
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  Fig. 22.12    Transtibial stump bandage       
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using a stump board (see Fig.  22.12a ) or lying 
in prone position [ 108 ]).  

•   Stretching: performing either low-load long- 
duration, short self-stretching or active stretch-
ing, mainly for the hip and knee fl exors, is also 
essential to prevent contractures [ 113 ].  

•   Scar mobilisation: as long as the scar is not 
healed, gentle massage can be performed at 
distance, carefully moving the skin on the 
residual limb. Once healing is achieved, the 
scar itself can be massaged [ 26 ], avoiding to 
pull the scar edges away from each other.  

•   Transfer: safe transfers and bed mobility are 
instructed in the early stage, paying attention 
to protect the stump and the scar line. Pivot 
transfers are preferred in unilateral amputees, 
while sliding backward transfers are taught for 
bilateral amputees. Later on, teaching how to 
fall and get up from the fl oor is always useful.  

•   Balance and gait training: standing balance 
should be trained as early as possible since it 
will play a great role in the prosthetic rehabili-
tation; for bilateral amputees or older patients, 
sitting balance is also really important [ 108 ,  112 ]. 
When the patient’s health condition allows it, 
crutches skills should be taught as early as pos-
sible [ 108 ] in order to work the balance, stay 
active and independent. Otherwise, for bilat-
eral amputees, a wheelchair is given, with a 
stump board for transtibial amputees.  

•   Weight bearing: once the scar is healed, the 
stump should be loaded progressively, the 
stump resting/pushing on a soft support (e.g. a 
pillow) (Fig.  22.13 ).

•      Cardiovascular training: in early rehabilitation, 
upper limb endurance training [ 112 ] such as 
the arm pedal ergometer can be used to work 
the cardiovascular condition.  

•   Pain management: in amputees there are two 
kinds of pain:
    (i)    Residual limb nociceptive pain whose 

cause(s), e.g. neuromas, wrong prosthesis 
fi t, skin abrasion, osteomyelitis and exos-
tosis, should be searched and treated to 
alleviate the pain.   

   (ii)    Phantom limb pain which can be treated 
with techniques such as desensitisation, 
massage, gentle tapping, gentle rubbing 
using different materials [ 112 ] and the 

graded motor imagery. The latter pro-
gresses in three stages [ 114 ]: laterality 
reconstruction (i.e. through card games, 
each card representing the part of the 
body that is impaired in different posi-
tions, training of the ability to recognise 
left from right limb), motor imagery (i.e. 
imaging a movement of the limb while 
not actually moving it) and fi nally mirror 
box exercises (i.e. the affected limb is 
placed in a box or behind a mirror while 
the healthy contralateral limb is in front of 
the mirror and moves, which gives to the 
patient the impression that his affected 
side is moving in a healthy way) 
[ 115 – 117 ].        

 Pre-fi tting rehabilitation includes:

•    Dressing/bandaging  
•   Early mobilisation and strengthening  
•   Positioning precautions  
•   Stretching  
•   Scar massage  
•   Balance exercises  
•   Weight bearing and gait training (crutches)  
•   Transfer (bed mobility, ground and chair 

transfer)  
•   Cardiovascular training  
•   Pain management    

  Fig. 22.13    Early weight bearing on a transtibial stump       

 

B. Gohy



293

 In austere environments, temporary prosthetics 
are usually not available. Therefore, a 3–6 month 
period is commonly necessary before sending the 
patient for fi tting for defi nitive prosthesis, allow-
ing the swelling to resume and the stump to 
achieve its more stable shape. When available, 
temporary prosthesis allows the patient to remain 
active and maintain a higher level of function 
while also helping controlling oedema [ 108 ].  

22.6.7.2     Post-fi tting Rehabilitation 
•     Assessment: A thorough stump and prosthetic 

fi tting assessment is essential to detect any 
complication, sources of pain or restriction and 
also to ensure a good prosthetic fi tting [ 108 ].
    (i)    Stump: assessment of skin (e.g. healing, 

vascular status, abrasion), swelling, quality 
and quantity of fl esh, scar quality, bony 
edge and presence of superfi cial neuromas   

   (ii)    Prosthetic fi tting: static and dynamic 
assessment of comfort, alignment, stabil-
ity, equal limb length and end contact    

•     Strengthening: continue intensive muscle 
strengthening and mobilisation. The unaffected 
limb should also be strengthened as it tends to 
bear a greater part of the weight [ 118 ].  

•   Balance: after amputation, the hip (and the 
knee for the transtibial amputation) balances 
the limb and takes over the role of propriocep-
tion of the foot [ 109 ]. Therefore, standing bal-
ance exercises are essential to gain knee, hip 
and pelvic control, working the body weight 
transfer, loading the prosthesis progressively 
and challenging the patient’s balance. Balance 
exercises are realised in a secure environment 
(e.g. parallels bars), without any support from 
the upper limbs if possible. Working with a 
mirror gives visual feedback, which improves 
equal weight bearing [ 118 ] and promotes erect 
position [ 108 ]. A good standing balance is 
essential before progressing to walking [ 108 ].  

•   Gait analysis and training: the therapist should 
promote equal step length, trunk rotation and arm 
swing [ 108 ]. Possible gait deviations such as 
uneven step length, vaulting, foot external rota-
tion and abducted gait [ 108 ] are frequent and 
should be detected as early as possible. The ther-
apist should seek for their cause (e.g. muscle con-
tracture, poor prosthetic fi t or alignment [ 119 ].    

 In the beginning, the prosthetics should be 
worn gradually (few hours at a time) to avoid skin 
abrasion and overloading, which could delay the 
fi tting and have a negative impact on the function 
[ 120 ]. After removing the prosthetics, the stump 
should be bandaged again to prevent oedema. 
The use of a walker or any assistive device should 
be avoided if possible, since it promotes an 
asymmetrical gait pattern and a higher energy 
expenditure [ 108 ]. 

 Pain management should be continued, 
according to the patient’s complains. 

 Prosthetic rehabilitation:

•    Stump assessment  
•   Prosthetic fi tting assessment  
•   Strengthening  
•   Standing balance with the prosthetics  
•   Gait analysis and training with the prosthetics  
•   Pain management      

22.6.8     Peripheral Nerve Injury (PNI) 

 Peripheral nerve injuries are quite common in 
polytraumatised patients and sometimes diag-
nosed later on. Therefore, careful physical and 
functional assessment should be performed at 
the time of injury to detect it. Depending on the 
severity of the lesion, the symptoms and the 
recovery time can vary greatly [ 121 ]. Sensory 
impairment, pressure sores, joint stiffness, mus-
cle atrophy and weakness, neuropathic pain and 
functional impairment can be present [ 122 ]. In 
general, even after nerve repair, the recovery is 
often a long process; therefore preventive mea-
sures should be put in place to avoid long- term 
complications such as deformity, skin lesion 
due to loss of sensation and sprain due to joint 
instability [ 123 ].

•    Education: warn the patients over skin lesions 
(burn, wound) due to the loss of protective 
reaction and educate the patient to assess 
dangerous situations and perform regular skin 
inspection [ 123 ].  

•   Sensory relearning: the impaired limb has to 
be progressively stimulated with different 
shapes, textures, temperatures [ 122 ] and pro-
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prioception exercises [ 122 ]. Such sensory 
rehabilitation is traditionally started only 
when sensation recovery starts. However, 
motor imaging such as the mirror therapy is 
also indicated [ 124 ] and can start earlier [ 125 ].    

•  Positioning: 
   (i)    Static and dynamic splints: splints are 

used to maintain the length of the affected 
muscles and prevent joint stiffness and 
deformity. Static splints position the limb 
according to the impaired muscles (e.g. 
with radial nerve injury, use a splint in 
wrist and fi nger extension). Such splints 
should be regularly removed to mobilise 
the joints [ 122 ]. Dynamic splints position 
the limb while still allowing the antago-
nist movement (e.g. grasping in the case 
of radial nerve palsy) [ 123 ]. The splints 
should be correctly padded to prevent any 
further skin damage [ 122 ].   

   (ii)    Joint protection braces: protective devices 
are provided if there is any joint instabil-
ity (e.g. for the ankle joint when there is a 
peroneal nerve palsy, as the eversion mus-
cles are impaired) [ 123 ].    

•    Mobilisation and self-mobilisation of all the 
joints: passive mobilisations should be per-
formed [ 126 ], especially in the direction of the 
affected muscle group(s). The contralateral 
limb can help mobilising the affected limb.    

 Note that after nerve repair, a relatively short 
immobilisation period is prescribed, followed by 
gradual mobilisation of the limb [ 126 ]. The 
tension applied to the nerve during the surgery 
has to be taken into consideration. In that regard, 
older injury and nerve sutured after a big defect 
will experience more tension and should be 
mobilised more carefully.

•    Active mobilisation and muscle strengthening: 
global limb strengthening (i.e. active exercises 
of the whole limb) is essential. Techniques such 
as the proprioceptive neuromuscular facilita-
tion (PNF) have been reported to be effective in 
the management of PNI [ 121 ]. The PNF tech-
nique, using functional diagonal movements, 

allows stronger healthier muscles to help stim-
ulating impaired ones [ 121 ]. Once the impaired 
muscles start to show a recovery, assisted active 
movements and progressive strengthening 
should be performed [ 126 ]. The use of the 
impaired limb in the daily life should be encour-
aged, and functional task relearning (e.g. fi ne 
motor tasks for upper limb injuries) will help 
the recovery process [ 122 ].  

•   Neuropathic pain management: pharmaco-
logic treatment [ 122 ] and any adjuvant avail-
able therapies such as desensitisation [ 123 ] 
and mirror therapy can help the patient, in 
case of severe hyperesthesia, for example 
[ 124 ].    

 Physiotherapy for patients with peripheral 
nerve injury:

•    Education regarding complications  
•   Positioning of the impaired joints  
•   Sensory relearning  
•   Passive and self-mobilisation of the impaired 

joints  
•   Active mobilisation and strengthening (ana-

lytic and global/functional) of the impaired 
muscles and the adjacent healthy muscles  

•   Neuropathic pain management     

22.6.9     Patients in Intensive Care 
Unit (ICU)  

22.6.9.1     Early Mobilisation 
 Early physical and occupational therapy for 
patients in the ICU is safe and allows a quicker 
and greater return to independent functional sta-
tus at hospital discharge [ 6 ].

•    For unresponsive patients, routine passive 
mobilisation [ 6 ] and regular change of position 
in bed are performed (promoting supported sit-
ting up to 45° and alternative side lying) [ 35 ].  

•   For conscious patients, active assisted and 
active mobilisation are realised as well as bed 
mobility and sitting up as soon as possible. 
Then, sitting and standing balance exercises are 
done, together with functional activities [ 6 ].     
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22.6.9.2     Chest Physiotherapy 
 In ICU patients, chest physiotherapy should also 
be performed as a preventive measure but more 
specifi cally for chest trauma patients. The 
physiotherapy techniques will depend on the 
patient’s level of participation and his condition. 
At all time, vital signs should be monitored and 
the suction machine should be ready to use. 

 Note that sometimes, chest physiotherapy can 
provoke bronchospasm in already hyperreactive 
airways. A bronchodilator aerosol can be 
administrated before the physiotherapy to prevent 
such constriction [ 35 ]. 

 In general, the supine position should be used 
as less as possible and the patients should prefer-
ably sit up [ 39 ]. In unilateral lung pathology/
trauma, the affected lung is usually placed upper-
most to promote the ventilation- perfusion ratio 
[ 127 ] and lung expansion [ 32 ]. While to drain 
peripheral secretions, the affected lung is placed 
lowermost. This position allows defl ating the 
lung deeper in order to recruit lower lung volume 
and help collecting the deep secretions [ 128 ]. 
For fl ail chest, the patient is also rather posi-
tioned on the affected side to “splint” his injury 
and decrease the pain [ 127 ]. For acute rib frac-
tures, pain management is the key [ 129 ]. 
However, even though rib belts are thought to 
decrease the pain, they are not recommended as 
it might decrease the ventilated volume and then 
increase the risk of respiratory complications 
[ 130 ]. Early mobilisation should also be encour-
aged [ 129 ]. The prone position has also been 
used for patients with acute respiratory distress 
syndrome, improving the oxygenation compared 
to the supine position, while not decreasing the 
mortality rate [ 131 ]. 

 In intensive care unit, routine physiotherapy 
should be performed, including:

•    Mobilisation (passive followed by active when 
possible)  

•   Encouraging erect position and functional 
activities  

•   Chest physiotherapy as prevention  
•   Regular change of positioning (adapting the 

position to the type of chest trauma)      

22.6.10     Abdominal Surgery: 
Laparotomy 

 In humanitarian context, laparotomies are com-
monly performed. Due to the size of the scar, its 
localisation and the pain resulting, the general 
anaesthesia, bed rest and the medication 
administrated, the respiratory function is greatly 
altered during 5–10 days post-surgery [ 32 ]. 
Therefore, to prevent respiratory complications 
as atelectasis and pneumonia, the physiotherapist 
has to focus on the respiratory function as well as 
the functionality of the patient. 

22.6.10.1     Physiotherapy 
Postoperatively 

•     Breathing exercises: post laparotomy, chest 
physiotherapy should focus on lung expansion 
techniques using deep and sustained 
inspiration [ 32 ] asking an inspiratory pause 
[ 132 ]. Performing cycles of deep breathing 
exercises every waking hour has been 
recommended [ 32 ]. Manual feedback (see 
Fig.  22.5 ) and PEP (blow bottle once or twice 
daily, making sure that the patient takes deep 
inspirations prior blowing out [ 36 ]) (see 
Fig.  22.6 ) are good adjuvants to the deep 
breathing exercises. The use of incentive 
spirometer has been questioned and there is no 
evidence of its benefi ts in patients post-sur-
gery [ 133 ,  134 ].  

•   Abdominal binder: it is controversial whether 
abdominal binder helps improving pulmonary 
function or not; however, it does help reducing 
the pain and improving patient’s comfort 
[ 135 ]. Hence, such binder can be advised from 
the fi rst day as decreased pain may also have a 
positive effect on the patient’s function.  

•   Correct posture: postoperatively, patients tend 
to crunch down to alleviate pain. Therefore, it 
is important to stimulate them to straighten 
their back and tilt the pelvis anteriorly in order 
to adopt an optimal posture [ 32 ]. Upper limb 
and back exercises using a stick can be useful.  

•   Positioning: If the patient is bedridden, regular 
change of position and general mobilisation is 
essential. As soon as it is authorised by the 
surgeon and that the abdominal wall is closed, 

22 Rehabilitation, Physiotherapy and Prosthetics



296

the erected position has to be promoted (fi rst 
sitting supported then at the edge of the bed), 
with abdominal binder if available. Indeed, 
the functional residual capacity is greatly 
increased in erected position compared to 
supine [ 32 ,  136 ].  

•   Coughing efforts: postoperatively, given that 
the cough is painful and less effective, it 
affects, amongst other factors, the secretion 
clearance [ 32 ]. When coughing, the patient 
should be taught to put a pillow on his 
abdomen or to bring his abdomen skin/the 
edges of the scar tightly together with his 
hands (as an abdominal belt would do), to 
avoid extra pressure on the abdominal scar 
and muscles and help improving the cough 
effectiveness [ 137 ].  

•   Bed mobility and transfers: encourage active bed 
mobility and teach safe transfer (i.e. from supine 
to sitting, the patient should go through side lying 
in order to protect the abdominal muscles).  

•   Gait: stimulate the patient to move as soon as 
possible, starting with simple active upper and 
lower limb exercises and progressing to more 
walking. In the beginning, assistive device 
might be helpful but it should be used only for 
few days to avoid further crunched posture.    

 Post laparotomy, the physiotherapy should 
educate the patient to perform:

•    Deep breathing exercises (thoracic and dia-
phragmatic breathing)  

•   Positive expiratory pressure (blow bottle)  
•   Abdominal binder  
•   Early upright positioning (sitting and 

standing)  
•   Upper limb exercises  
•   Protected cough  
•   Transfer through side lying  
•   Early active mobilisation and gait          
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23.1           Imaging Modalities 

 The range and quality of imaging services varies 
enormously across the developing world. This 
section looks at the equipment which might be 
encountered and considers technologies which 
might be deployed in new facilities. 

23.1.1     Plain Film 

 Most secondary care hospitals have some form of 
basic X-ray unit although the type could range 
from a domiciliary unit (originally designed to be 
easily transported to a patient’s home) or a mobile 
unit to a full ceiling suspended system (Figs.  23.1  
and  23.2 ).

    The World Health Organization (WHO) 
developed specifi cations for an X-ray system 
focussed on the needs of rural hospitals in 
developing countries. Originally known as the 
basic radiographic system (BRS), the World 
Health Imaging System for Radiology (WHIS- 
RAD) has an install base of approximately 1400 
[ 1 ]. The system is designed to provide excellent 

images, to be safe for patients and operators, easy 
to install and train, usable where power is not 
stable and to require minimal maintenance. The 
specifi cations intentionally limit the exposure 
parameters which can be manipulated by the 
operator in order to make the system easier to 
learn and enable acceptable images to be obtained 
by staff with limited training. A system  compliant 
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  Fig. 23.1    Domiciliary X-ray unit       
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with these specifi cations may be manufactured 
by any supplier. 

 The WHO has produced a free training man-
ual intended for use with WHIS-RAD, although 

its simple approach may also be useful to opera-
tors of other systems (Fig.  23.3 ) [ 2 ].

23.1.1.1       Film Processing 
 Manual darkroom ‘wet’ processing of X-ray 
fi lms is still prevalent in developing countries and 
if performed correctly can produce excellent 
results. Best results are achieved through ‘devel-
oping by time’; fi lms are held in the developer for 
a length of time determined by a number of fac-
tors, most importantly the temperature of the 
developer solution. In practice however fi lms are 
often ‘developed by inspection’; the fi lms are 
periodically removed from the developer and 
held up to the safelight to identify whether the 
image is suitably developed (Fig.  23.4 ).

   Ideally darkrooms will have a heated drying 
cabinet but where not available fi lms are often 
hung out in the sun to dry (Fig.  23.5 ). The same 
process is used in automatic processors but 
because the process is automated more variables 
are controlled, resulting in more reproducible 
quality. Automatic processing also results in 
signifi cant time savings in a busy department. 
Where workload is low however (<15 patients/
day) automatic processors can use larger amounts 
of expensive chemicals per fi lm. The processing 
chemicals also need a reasonably high through-

  Fig. 23.2    MzCH 
general room       

  Fig. 23.3    WHIS-RAD unit       
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put in order to maintain their effi ciency 
(Fig.  23.6 ).

23.1.2          Computed Radiography (CR) 

 CR enables images to be acquired in a digital for-
mat. Instead of conventional fi lm, the X-ray cas-
sette contains a phosphor plate upon which the 

image is captured. The image is read by a CR 
reader and viewed and manipulated on a worksta-
tion. The image can be stored electronically 
either locally on the PC or, where available, sent 
to a picture archiving and communication system 
(PACS). 

 CR has much wider exposure latitude (higher 
tolerance to errors in exposure factor selection) 
than fi lm, resulting in fewer repeats being 
required. Unless images are subsequently printed, 
there are no fi lm costs. 

 Successful CR deployments have been 
reported in Nigeria, Guatemala and Angola [ 3 –
 5 ]. Elimination of the requirement for processing 
chemicals and reliable water supply may also 
make it appropriate for rapid deployment disaster 
relief. 

 Most systems are however sensitive to 
extremes of temperature or humidity, and opera-
tors inexperienced in the use of computers may 
require considerable training. Additionally, 
whilst the price of CR continues to fall, the capi-
tal and maintenance costs of CR remain signifi -
cantly greater than for conventional processors.  

23.1.3     Portable Direct Digital 
Radiography (DDR or DR) 

 With DR the X-ray cassette is replaced by a fl at 
panel digital detector to generate near instant 
digital images. Due to their high cost and 
complexity at present, DR is unlikely to be attain-

  Fig. 23.4    Rack for drying fi lms outside       

  Fig. 23.5    Manual processor       

  Fig. 23.6    Automatic processor       
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able for hospitals in resource-poor environments. 
However, compact and rugged transportable 
units are becoming available and might be appro-
priate for rapid deployment for disaster relief.  

23.1.4     Interventional Radiology (IR) 

 IR services are rare in developing countries 
although availability is increasing; a 2008 study 
found IR in countries including Algeria, Kenya 
and Sudan [ 6 ]. Before IR is performed, 
consideration must be given to the ‘exit plan’, the 
ability of local healthcare to provide any ongoing 
care that will be required [ 7 ].  

23.1.5     Ultrasound (US) 

 Basic ultrasound units are relatively inexpensive 
and require few consumables. Ultrasound is 
therefore relatively widespread in developing 
countries. However, accuracy is extremely 
operator dependant and requires signifi cant 
training and experience. It is prudent to carefully 
cross-reference ultrasound reports with clinical 
fi ndings until confi dence in the operator has 
developed. 

 Ultrasound has an established role in the 
evaluation of trauma in austere environments 
including swamp, jungle, mountain, desert and 
even space, particularly through focussed 
assessment with sonography in trauma (FAST) 
scans [ 8 – 10 ]. 

 Simple interventional procedures may be 
performed under ultrasound guidance, including 
the insertion of simple drains. 

 Diagnosis of fi fth metatarsal fractures [ 11 ] has 
been documented, and ultrasound-guided long 
bone fracture detection by operators with limited 
training has been proposed [ 12 – 15 ]. However, 
there is not yet consensus; Bolandparvaz et al. 
[ 16 ] found that ultrasound was insuffi ciently 
sensitive for diagnosing long bone fractures in 
the acute trauma setting. 

 The WHO has produced an excellent manual 
for operators without formal academic training in 
ultrasound [ 17 ].  

23.1.6     Mobile Image Intensifi ers 

 Availability of mobile image intensifi ers is 
usually limited to larger central hospitals. Some 
orthopaedic procedures can be guided by a series 
of plain fi lm images taken intraoperatively with a 
standard mobile X-ray unit. 

 Alternatively, techniques for undertaking long 
bone nailing guided by ultrasound and limited 
plain fi lm radiography [ 18 ], or without any 
imaging guidance [ 19 – 21 ], have been proposed. 
Successful reduction of forearm fractures in 
children [ 22 ,  23 ] and Schanz pin placement [ 24 ] 
under ultrasound guidance have also been 
documented.  

23.1.7     CT and MRI 

 Prevalence of CT and MRI scanners is increasing 
in developing countries although actual numbers 
remain small with scanners generally only found 
in larger cities or private hospitals. Servicing and 
repairs are expensive, with qualifi ed engineers 
often needing to be brought in from overseas, 
resulting in extended periods of downtime. 

 Textbooks published prior to the widespread 
availability of CT/MRI in developed countries 
may prove useful in suggesting strategies for 
patient management in the absence of CT/MRI.   

23.2     Improving Plain Film Images 

 Where the operator has received formal training, 
standards are often high. However, many 
countries have a shortage of qualifi ed staff; 
Zimbabwe reported having only 180 
radiographers for the entire population of around 
12 million people [ 25 ]. Frequently in smaller 
hospitals, X-rays are undertaken by staff 
including doctors, clinical offi cers, nurses, 
electricians, gardeners or auxiliaries. 

 Consequently, whilst standards vary 
signifi cantly, a survey of images in 12 developing 
countries rated up to 53 % of radiographs as poor 
[ 26 ]. Multiple factors may lead to image quality 
issues such as: 
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23.2.1     Acquisition Issues 

     (a)    Inappropriate exposure factor selection (kV, 
mA and exposure time). One of the most 
frequent causes of suboptimal image quality, 
particularly images that appear ‘too dark’ or 
‘too light/thin’. Departments should have 
written standard exposure charts for each 
X-ray unit. Persistent problems can 
sometimes be resolved quickly following 
review of these charts by an experienced 
radiographer.   

   (b)    Dirt on intensifying screens. Causes sharp 
white artefacts. Screens can be gently cleaned 
using lint-free gauze dipped in proprietary 
screen cleaner or water ( not  solvent) and then 
left to air-dry (Fig.  23.7 ).

       (c)    Damaged secondary radiation grids. Repairs 
are almost impossible – replacement is usu-
ally required.   

   (d)    Mismatched fi lm and screens. Spectral sensi-
tivity of the fi lm must match the colour of the 
light emitted by the intensifying screen (usu-
ally green or blue). Where cassettes have 
been donated or are of varying ages, it is 
common to fi nd a mixture of intensifying 
screen types in use.   

   (e)    Films out of date/stored incorrectly. Films 
must be stored upright (like books on a shelf) 
in a cool environment well away from X-ray 
sources. Open packets should be stored in a 
light-tight hopper and only handled under 
safelight conditions.   

   (f)    Patient movement. Immobilisation aids such 
as sandbags and foam pads can be improvised 
using locally available resources.   

   (g)    Absence of left/right side markers. Markers 
can be improvised by cutting letters out 
from a sheet of lead rubber or an old lead 
apron.      

23.2.2     Processing Issues 

     (a)    Films processed ‘by inspection’ rather than 
‘by time’. Hospitals often do not have the 
required thermometers or timing clock but 
these can be purchased at low cost.   

   (b)    Film fogged (exposed to white light). 
Safelight bulbs can normally be white light 
but must be low wattage to avoid melting the 
red fi lter (it is common for a 100 w bulb to be 
inadvertently used and the fi lter damaged). 
Check the age/condition of the fi lters – fi lters 
can normally be replaced without changing 
the entire light fi tting.   

   (c)    Exhausted processing chemicals. Chemicals 
must be changed after a maximum of 6 weeks 
regardless of use. Higher throughput will 
require chemicals to be changed more 
frequently.   

   (d)    Chemicals not mixed correctly/incorrect 
chemicals used. Chemistry intended for 
manual processors cannot be used in auto-
matic processors and vice versa.   

   (e)    Static artefacts. Distinctive artefact caused 
by an electrical discharge from the fi nger of 
the person handling the fi lm in the darkroom. 
‘Grounding yourself’ prior to handling fi lm 
may reduce the occurrence (Fig.  23.8 ).

       (f)    No running water for wash tanks. Water in 
the stop bath and the wash tank can be 
changed manually, but this is time consum-
ing and needs to be done frequently.   

   (g)    Developer solution contaminated with fi xer. 
Even a small amount of fi xer splashing over 
into developer can signifi cantly impair its 
effectiveness.   

   (h)    Dirty processor. Causes small, sharp black 
artefacts on fi lms. Processors should be 
drained and cleaned regularly (Fig.  23.9 ).  Fig. 23.7    Artefact caused by dirt on intensifying screen       
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       A full discussion of darkroom technique is 
beyond the scope of this chapter, but a num-
ber of free resources provide greater depth 
[ 27 ,  28 ].  

23.2.3     Maintenance Issues 

 A quality control (QC) programme may help to 
identify equipment faults before they impact on 
image quality; a QC programme introduced in 
six African countries resulted in signifi cant 
improvements in image quality and reductions in 
patient dose [ 26 ]. 

 Some simple faults can be remedied by the 
radiographer – useful resources are available to 
download [ 29 ,  30 ].   

23.3     Image Interpretation 

 Radiologists are scarce in developing countries; 
Zimbabwe has 15 radiologists, and the Maldives 
have only 3 [ 25 ], whilst 14 African countries 
have no radiologists [ 1 ]. The responsibility for 
interpretation often falls to the referring clinician. 
The WHO has produced a number of free to 
download books to support non-radiologists in 
image interpretation [ 31 – 33 ]. 

23.3.1     Administration 

 A logbook should be kept to record the details of 
each patient. Films should be identifi ed with 
patient demographics, ideally prior to being 
developed. Where actinic markers are not avail-
able, a white chinagraph pencil can be used. 

 Where patients have contributed to the cost of 
their imaging, it is common for patients to take 
their fi lms home. Unfortunately, they are often 
then stored inappropriately and not returned for 
follow-up clinics. A departmental fi lm store 
should be encouraged. Films should be stored in 
cardboard wallets, one per patient, vertically on 
shelves and organised by patient hospital num-
ber. Most hospitals keep X-rays for a minimum 
of 5 years. Where images are acquired digitally, 
they can be stored either on the local PC or, where 
available, sent to the hospital PACS. Copies can 
also be burnt onto CD/DVD.  

23.3.2     Teleradiology 

 Shortage of radiologists has led to interest in 
teleradiology, whereby images are transmitted 
electronically for remote interpretation. Images 
might be transferred in-country from multiple 
rural hospitals to a radiologist based at a central 
hospital. Alternatively schemes have been tri-
alled where images are sent from hospitals in 
the developing world to ‘volunteer’ radiologists 
overseas. 

 A simple teleradiology system utilising a 
domestic digital camera for transmitting TB 
chest X-rays has proved successful [ 34 ], whilst 

  Fig. 23.9    Artefact caused by dirty processor       

  Fig. 23.8    Static artefact       
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a system for transmitting live ultrasound 
images from remote clinics to tertiary care cen-
tres via satellite is being developed [ 35 ]. 
Imaging the World, a US-based charity, has 
developed a simple scanning protocol to allow 
operators with very limited training to under-
take scans in rural areas with the live images 
being transmitted to a remote radiologist for 
real-time interpretation [ 36 ].   

23.4     Radiation Protection 

 Possibly the greatest priority is reducing the dose 
to the operator, who may be involved with many 
X-rays a day throughout their career. If X-ray 
equipment and shielding is appropriate and 
correct procedures are followed, however, there 
should be no cause for concern. 

 Shielding requirements will vary, being 
determined by a range of factors including 
room size and layout, equipment type, work-
load, etc. For a standard X-ray room, other 
than a lead glass window in front of the control 
panel, it should be possible to provide all nec-
essary shielding using bricks and/or concrete. 
There should be no requirement for the opera-
tor to wear a lead apron whilst undertaking 
plain fi lm X-rays; the screen in front of the 
control panel should provide suffi cient protec-
tion (Fig.  23.10 ).

   Anyone not required for the examination 
must leave the room before an X-ray is taken. 
Persons who are essential to the examination 
must either stand behind the control panel 
screen or if they need to remain with the patient 
should stand as far away as possible and wear a 
lead apron. 

 Where a patient needs to be supported during 
their investigation, this task should be undertaken 
by one of the patient’s adult relatives or a member 
of staff from another department (not be the same 
member of staff on every occasion). 

 Personal dose monitoring does not in itself 
protect the operator from radiation but can 
provide reassurance that adequate protection 
measures are in place. Personal dose monitoring 
in developing countries is often limited due to 

cost and lack of monitor reading facilities; in 
Kenya in 2009, only around 25 % of radiation 
workers were monitored [ 37 ]. 

 Where fl uoroscopy is used (e.g. image 
intensifi er cases in the operating theatre), all staff 
must wear lead aprons. Aprons must be checked 
for damage visually before each use and should 
be checked regularly with X-ray for internal 
damage. 

 For patient safety an ALARA (as low as 
reasonably achievable) approach is adopted; 
where radiation dose cannot be eliminated, it 
should be minimised as far as practicable. 
Strategies include avoiding unnecessary referrals, 
selecting the minimum exposure factors 
consistent with acceptable image quality and 
reducing the need for repeats. 

 A number of free to download publications 
provide much greater information, including 
advice on where a new installation is being 
planned (Fig.  23.11 ) [ 38 – 40 ].

  Fig. 23.10    Lack of protective equipment may give rise 
to humorous pictures but is not acceptable. Anyone not 
required for the examination must leave the room before 
an X-ray is taken       
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23.5        Donating Imaging 
Equipment 

 Where funds are available to allow the purchase 
of new imaging equipment for hospitals direct 
from the manufacturer, ‘Diagnostic Imaging in 
the Community: A Manual for Clinics and Small 
Hospitals’ provides invaluable advice [ 41 ]. 
However, purchasing new imaging equipment is 
often prohibitively expensive in the austere envi-
ronment and consequently donation of used 
imaging equipment is common. 

 Unfortunately the donation of medical equip-
ment is complicated and frequently ineffective. 
The WHO estimates that in sub- Saharan Africa, 
up to 70 % of medical technology lies idle due to 
failings in the acquisition process, lack of user 
training and lack of effective technical support 
[ 42 ]. Equipment donations in general are dis-
cussed elsewhere in this book, but the factors 
which relate specifi cally to imaging equipment 
are discussed here. 

23.5.1     Needs Analysis 

 Consideration should be given as to whether the 
imaging equipment is actually needed. The 
intended benefi ts should be clearly defi ned at the 
outset and the senior management at the recipient 
hospital fully engaged. The donation must be 
driven by a clearly defi ned need of the recipient, 

not by the availability of equipment for donation. 
The potential impact on patient management 
should also be considered; the ability to diagnose 
an injury or condition does not necessarily 
improve patient care if any required treatment is 
not available locally.  

23.5.2     Sourcing Imaging Equipment 
for Donation 

 Institutions with imaging equipment to donate 
may have concerns regarding ensuring that their 
liabilities on the equipment are fully discharged 
and require a disclaimer/waiver to be signed. 

 The IDC-SIG website (  www.idcsig.org    ) 
maintains a ‘Wanted/Available’ list of imaging 
equipment for hospitals in developing countries. 
Alternatively, there are a range of commercial 
dealers in pre-owned imaging equipment.  

23.5.3     Availability/Cost 
of Consumables 

 Consumables readily available in developed 
countries may not be so readily available in the 
developing world (e.g. fi lm with green sensitive 
emulsion is not widely available in sub-Saharan 
Africa). The cost of consumables should also be 
considered (e.g. automatic processing chemicals 
are more expensive than those for manual 
processing). 

 In addition, government-funded hospitals in 
developing countries are often only allowed to 
spend their funding allocation through 
government-run purchasing bodies; if the 
consumables are not stocked by the purchasing 
body, then the hospital has to fi nd other sources 
of funding to pay for them (Fig.  23.12 ).

23.5.4        Electrical Supply 

 Power surges and voltage fl uctuations are 
common in developing countries; a surge 
protector is essential and a voltage stabiliser 
should be considered. Some imaging equipment 

  Fig. 23.11    Ball bearing in skull following suicide 
bomber attack       
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requires a three-phase supply which is not neces-
sarily available at all hospitals.  

23.5.5     Climate 

 Imaging equipment often has a narrow recom-
mended operating range in terms of temperature 
and humidity. Air conditioning may be required. 
Automatic processors are also prone to algae 
build-up in hot climates.  

23.5.6     Alternatives to Shipping 

 Imaging systems are frequently heavy and bulky 
resulting in high shipping costs. Buying equip-
ment from a local supplier may be cheaper than 
shipping pre-owned equipment.  

23.5.7     Maintenance 

 Equipment is becoming more sophisticated and 
consequently maintenance has become increas-
ingly specialised. Ensure any imaging equip-
ment is checked for faults before shipping; if 
possible arrange a full manufacturer’s service. 

Consideration should be given to installation 
in the recipient country, availability of parts, 
availability of qualifi ed service personnel and 
the funding of preventative and corrective 
maintenance.  

23.5.8     Training 

 Training might be delivered by the supplier; staff 
experienced in using similar equipment at other 
hospitals within the recipient country may require 
a training programme to be delivered by the donor.   

23.6     Rational Requesting 

 Patients in many developing countries are required 
to pay for or contribute towards their care. Simple 
X-rays cost around $3.50 [ 1 ], but many of the 
world’s poor live on less than $1/day. It is there-
fore important that imaging is limited to circum-
stances where it is absolutely essential. Consider:

    1.    Who can interpret the images?   
   2.    Will imaging alter patient management (e.g. 

detecting osteoarthritis in a resource-poor 
country is unlikely to change treatment)?   

  Fig. 23.12    This C-arm 
was obtained second 
hand by an NGO, broke 
down very quickly and 
was impossible to repair       
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   3.    Minimising the number of views requested for 
each examination.   

   4.    ‘Routine’ imaging should be discouraged; 
referrals should be made on an individual 
basis.    

  Further advice on rational referring is available 
from the WHO [ 43 ].  

23.7     Other Organisations 

     1.    Imaging in Developing Countries Special 
Interest Group (IDC-SIG)   www.idcsig.org     
 Information and best practice sharing net-
work. Works primarily through its website 
and e-mail mailing list   

   2.    RAD-AID   www.rad-aid.org     
 Network for improving provision of 
radiology in developing countries through 
dialog, education, resources and 
collaboration   

   3.    International Society of Radiographers and 
Radiological Technologists (ISRRT)   www.
isrrt.org     
 Umbrella organisation of nearly 90 member 
societies across the world   

   4.    World Radiography Education Trust Fund 
(WRETF)   www.wretf.org     
 Supports radiography education through the 
distribution of books, journals, educational 
material and limited fi nancial assistance   

   5.    International Society of Radiology   www.isra-
diology.org     
 Confederation of around 80 national radio-
logical societies   

   6.    Go-Rad   www.isradiology.org/gorad     
 Free online access to articles of interest to 
radiologists and radiographers in developing 
countries sourced from major radiology jour-
nals (including AJR, EJR, radiology, radiog-
raphy and radiographics)   

   7.    Medical Imaging Partnership   http://medi-
calimagingpartnership.org/     
 Provides access to equipment, expertise, train-
ing and encouragement to local organisations 
in developing countries with emphasis on 
Africa and Latin America         
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       Damage control is an expression which has been 
borrowed from naval confl icts. In these 
circumstances, when a ship was damaged in 
action, running repairs would be performed with 
whatever materials available in order to either 
enable the ship to complete its mission or safely 
travel to a base where more defi nitive repairs 
could be made. The parallel to emergency 
interventions for those of critically injured is 
obvious. A number of clinical defi nitions for 
damage control interventions have been coined; 
however, one of the most practical defi nes the 
role of damage control surgery to provide 
suffi cient anatomical stability, which will prevent 
physiological deterioration [ 1 ]. Although not 
described in these terms at the time, perhaps the 
fi rst recognisable damage control intervention 
was the use of the Thomas splint in the First 
World War. In the early part of the war, the 
mortality rate in casualties with open fractures of 
the femur was approximately 80 %. The Thomas 
splint was introduced at the First Aid Posts close 
to the front line [ 2 ,  3 ] (Fig.  24.1 ).

   The mortality rate subsequently improved to 
20 %. As an archetype of a mass casualty situation 
in austere environment, the First World War is 
without parallel. This was an era without 

antibiotics and in which the management of the 
hypovolaemic shock was only just beginning to 
be understood. A simple intervention which pre-
vented excessive movement of the injured limb 
was introduced purely on humanitarian grounds. 
Its survival impact could never have been antici-
pated but was clearly documented. The manage-
ment of an open femoral fracture in the First 
World War did not stop with the application of 
the Thomas splint but was supplemented with 
surgical wound care. This clearly foreshadowed 
the modern concept of damage control, being a 
systematic approach to major trauma a series of 
techniques from the point of wounding to defi ni-
tive treatment in order to minimise blood loss, 
maximise tissue oxygenation and optimise 
outcome. 

 Damage control interventions may extend 
from direct pressure or tourniquet application in 
the presence of life-threatening bleeding to lapa-
rotomy or fasciotomy and external fi xation. Any 
of these interventions can be life-saving. 
However, there may be circumstances in which 
the rapid application of simple orthopaedic prin-
ciples may well avoid complications which could 
prove ultimately limb or even life- threatening, 
especially in austere circumstances. An arche-
typal example of this may be an injury as simple 
as a fracture/dislocation of the ankle. The dis-
placed injury results in pressure on the skin in the 
medial malleolus area which becomes ischaemic 
very rapidly. Unless the ankle is reduced, the skin 
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will become necrotic, and a full-thickness wound 
communicating with the ankle joint and fracture 
services will result. Depending upon circum-
stances, such a complication will certainly be 
limb threatening and may even become 
life-threatening. 

 The simple orthopaedic paradigms of reduce, 
hold and rehabilitate do extend into the fi eld of 
damage control. Whilst in a developed healthcare 
setting damage control interventions will usually 
be reserved for the most severely injured, 
requiring extended resuscitation prior to defi nitive 
fracture surgery, those interventions must still be 
suffi ciently robust and reliable for the patient to 
be managed in this fashion “indefi nitely”. In an 

austere environment, if a severe limb injury can 
be reduced and held satisfactorily with a simple 
cast, then no further intervention may prove 
necessary. This would still constitute a damage 
control intervention. 

 Pelvic injuries and fractures of the femoral 
shaft are well recognised to be serious injuries. 
Both carry signifi cant associated mortality, even 
in the developed healthcare setting [ 4 ,  5 ]. Death 
directly resulting from pelvic injury is usually 
due to bleeding, whereas the mortality seen with 
femoral fracture may be due to associated 
injuries, bleeding or complications such as fat 
embolism and the problems associated with 
prolonged recumbency such as pneumonia and 
acute respiratory distress syndrome. 

 Whilst highly specialist surgical reconstruction 
is the mainstay of the operative treatment for 
severe pelvic trauma in developed healthcare 
systems, the simplest interventions at or close to 
the point of wounding are the most likely to prove 
life-saving [ 6 ]. When a pelvic injury results in an 
increase in the pelvic volume, then the rich 
venous plexus within the pelvic musculature and 
surrounding the pelvic viscera is ruptured. 
Venous bleeding is low-pressure bleeding; 
however, because there are no valves between the 
pelvic veins and the right atrium, the bleeding 
can be catastrophic. If the pelvis is reduced into a 
normal alignment, intrapelvic pressure will rise. 
If this pressure exceeds venous pressure, then 
venous bleeding will be controlled and stable clot 
will form. Simple techniques to achieve this can 
be employed using commercially available or 
improvised equipment [ 7 ]. The sooner after 
injury that a pelvic binder is applied, the more 
likely it is to prove effective. 

 The structure of the pelvic ring is immensely 
strong and correspondingly requires a great deal 
of force to disrupt. The direction of the force 
determines the pattern of underlying pelvic injury 
[ 8 ]. When the force is directed from side to side, 
a lateral compression injury results. In these 
circumstances, because the pelvic injury results 
in the bones being folded inwards, the pelvic 
veins remain intact. Bleeding associated with 
such a mechanism of injury is usually related to 
associated injuries such as a ruptured spleen if 

a

b

  Fig. 24.1    ( a ) Thomas splint and 1 ( b ) complications of a 
poorly fi tted Thomas splint. You must be aware of pres-
sure areas as pressure sores may develop ( red arrow )       
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the impact was from the left-hand side, or a liver 
injury if the impact was from the right-hand side. 
Straddle injuries, such as those seen in 
motorcyclists or those crushed under horses 
having reared up and fallen backwards upon them 
whilst they were riding, result in wide separation 
of the symphysis pubis. The distraction of the 
anterior pelvis results in rupture of the posterior 
venous plexus and catastrophic bleeding. 
Similarly vertical shear injuries which are seen in 
patients falling from height and landing on their 
feet may also result in severe bleeding. It is these 
two latter patterns of injury which are likely to 
respond best to pelvic binder application 
(Fig.  24.2 ).

   A conscious patient with signifi cant pelvic 
injury will be in a great deal of pain and will 
more or less tell the clinician that they have a 
broken pelvis. No attempt should ever be made to 

determine whether the pelvic ring is stable by 
springing the pelvis. Even in the slimmest indi-
viduals, it is almost impossible to detect move-
ment in the pelvis, and the act of attempting this 
may result in dislodging blood clot and aggravat-
ing bleeding. Instead the assessment should be 
made of the patient’s heart rate and blood pres-
sure to determine whether there are signs of 
hypovolaemic shock. If a diastasis has occurred, 
gentle palpation just above the external genitalia 
will reveal a gap even in obese patients. If the 
patient is not shocked, then there is no clear indi-
cation for the use of a pelvic binder as there are 
potential hazards in terms of soft tissue compli-
cations from pressure of the binder on the skin. 

 The application of a pelvic binder is executed 
in two steps [ 7 ]. First, with a patient position 
supine, the knees should be squeezed together and 
lifted up to allow a bolster to be slipped beneath 
thus slightly fl exing hips. By doing this the femo-
ral shafts are used as levers and this simple 
manoeuvre will often produce the symphysis 
pubis. The thighs should be bandaged to each 
other in this position. If circumstances allow, a lit-
tle padding should be placed between the knees 
and between the medial malleolus, and the ankle 
should also be bandaged together. Second comes 
the application of the binder itself. With the hips 
fl exed, a small passage has been created posterior 
to the upper thighs, which allows the pelvic binder 
to be passed under the patient easily. A simple 
sheet can be used for this purpose, although there 
are commercially available devices. If sheet is 
used, it should be folded until it is about 15 cm 
wide and then manoeuvred so the sheet is centred 
of the patient’s greater trochanters. The ends of the 
sheet then crossed over and three cable ties loosely 
secured around the sheet at the point where it lies 
superior/proximal to the external genitalia. The 
clinicians applying the pelvic binder then perform 
a push- pull manoeuvre, with one hand pressing on 
the greater trochanter and the other pulling on the 
sheet. The cable ties then pulled snugly down and 
the binder is secure (Fig.  24.3 ). The adequacy of 
the reduction can be checked clinically by gently 
palpating deep to the binder just above the external 
genitalia. If the binder has been applied correctly, 
the diastasis should have disappeared.

a

b

  Fig. 24.2    ( a ) APC pelvic fracture and 2 ( b ) the same 
fracture following the application of a pelvic binder       
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   A binder should only be left in place long 
enough for stable clot to form. Exchange of a 
binder for an external fi xator has widely been 
advocated, but experience with some commer-

cially available binders suggests that they may, 
with appropriate precautions, be left in place for 
up to 24 h. If a patient has responded well to the 
interventions described and signs of hypovolae-
mic shock have resolved, it could be argued that a 
binder can be safely removed once the patient has 
been haemodynamically normal for an hour or so, 
provided the injured pelvis can be controlled 
utilising traction. However, this goes well beyond 
the damage control phase. It is vitally important to 
appreciate that as binders are effective interven-
tions, they also carry danger. Catastrophic skin 
and muscle necrosis has been reported following 
binder application [ 9 ]. Vigilance is necessary. 

 Femoral external fi xation can convey the ben-
efi ts of fracture stabilisation and provide the 
patient with “mobile traction” (Fig.  24.4 ). 
However, there are signifi cant risks relating to 

  Fig. 24.3    Application of an improvised pelvic binder. The 
additional binding of knees and ankles increases stability. 
Make sure the binder is placed over the greater trochanters       

  Fig. 24.4    Bulky but functional external fi xation system used in the fi eld by a major NGO       
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pin-site infection, which may then hinder defi ni-
tive treatment such as femoral nailing. Femoral 
external fi xation was widely used both as a tem-
porary and defi nitive means of fracture fi xation in 
the aftermath of the 2010 Haitian earthquake [ 10 , 
 11 ]. The long-term results in terms of infective or 
malunion complications may never be clear; how-
ever, alternatives such as balanced traction were 
unfeasible in the circumstances. Successful con-
version to femoral nailing after prolonged exter-
nal fi xation has been reported [ 12 ]. In the case in 
question, repeated pin and fracture site debride-
ments were performed as a prelude to nailing. At 
2 years post nailing, the fracture had fully healed 
and there were no infective problems manifest.

24.1       Diamond Frames 

24.1.1     Femoral Frame 

 If a strategy of external fi xation is adopted, then 
the technique employed should be safe and swift 
to apply whilst providing reliable stability. The 

diamond frame construct has been used in dam-
age control situations in the UK and also as defi ni-
tive treatment in austere settings. This is a 
“frame-fi rst” technique in which a pair of threaded 
half pins is inserted in each side of the fracture. 
These are positioned in a near-far confi guration, 
as the further apart they are, the more stable the 
resulting frame. Care must be taken to avoid the 
zone of injury, or being too close to the groin 
which can impair hip fl exion, or too close to the 
knee, which risks going through the synovial 
refl ections of the joint. A handlebar is then cre-
ated for both the proximal and distal fragments by 
securing a rod to the pins at an angle of about 45° 
to the axis of the femur. The handlebars should be 
parallel to each other and can easily be used to 
reduce the fracture as detailed below. In this way 
the modules of the frame are created fi rst, prior to 
any attempt at reduction. The frame is a diamond 
frame because of the shape created when two 
more bars are added to the frame to connect the 
end of one handlebar to the middle of the other. 
The resulting frame is very stable (Fig.  24.5 ). The 
most posterior part of the diamond frame lies to 

a b

c
  Fig. 24.5    ( a ) 
Illustration of diamond 
frame and ( b ,  c ) 
diamond frame applied 
with a bulky but 
functional external 
fi xator in the fi eld. 
( a , Courtesy of Steve 
Atherton BSc (Hons) 
MA RMIP, Medical 
Illustrator/Honorary 
Associate, Morriston 
Hospital)       
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the lateral side of the limb, and rests on the bed, 
supporting the limb and preventing external rota-
tion at the hip. This can be a problem with other 
frame confi gurations.

24.1.2        Method 

     1.    Position the patient supine on a suitable table 
allowing C-arm or plain radiograph access up 
to the hip if necessary.   

   2.    Apply manual traction at the ankle and mark 
the fracture using C-arm or a plain radiograph 
in the anteroposterior view. If C-arm is used, 
now reverse it out of the way. This will prevent 
unnecessary screening.   

   3.    Insert near-far lateral and anterolateral pins 
into each major fragment, avoiding the zone 
of injury (approximately 6 cm each side of the 
fracture).   

   4.    Avoid the knee synovial refl ections by 
inserting the lateral distal pin proximal to 
mid-patella level and the anterolateral pin at 
least two fi ngerbreadths proximal to the upper 
pole.   

   5.    Via an oblique incision, locate the femur by 
pushing closed straight scissors to the centre 
of the limb, perpendicular to the skin. The 
shaft is “sounded out” by feeling each surface, 
then the apex of the curved cortex.   

   6.    Drill a 5 mm self-drilling/tapping Schanz pin 
through the near cortex and then brace it into 
the far cortex by hand.   

   7.    Create two parallel handlebars by connect-
ing the pins in each fragment to each other 
with a bar running diagonal (~45°) to the 
axis of the limb. Tighten the pin-to-bar 
clamps fully.   

   8.    Loosely connect the handlebars with two par-
allel bars creating a diamond. Use the handle-
bars to manipulate each fragment and reduce 
the fracture (supplemented with traction by an 
assistant at the ankle), and then tighten the 
bar-to-bar clamps. Use C-arm (if available) 
and tactile feedback to assure the bone ends 
are hitched and reduced.   

   9.    Release the skin tension around the pin sites, 
and use absorbent padding as dressing.       

24.2     The Knee-Spanning 
Diamond Frame 

 In this version, a spanning external fi xator is cre-
ated to cross the knee (Fig.  24.6 ). This may be 
required in knee dislocations, tibial plateau, distal 
femoral or fl oating knee fractures.

24.2.1       Technique 

     1.    As previously described, insert two anterolat-
eral 5 mm self-drilling/tapping Schanz pins 
into the femur with the distal pin more than 

  Fig. 24.6    Illustration of knee-spanning diamond frame 
(Courtesy of Steve Atherton BSc (Hons) MA RMIP, 
Medical Illustrator/Honorary Associate, Morriston Hospital)       
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two fi ngers proximal to superior pole of the 
patella, to avoid the synovial refl ection of the 
knee.   

   2.    Create a handlebar by connecting these pins 
using a long bar which must extend distally 
well beyond the knee. This handlebar runs 
parallel to the axis of the limb. Fully tighten 
the pin-to-bar clamps.   

   3.    Insert two antero-medial Schanz pins per-
pendicular to the subcutaneous border of the 
tibia outside the zone of injury, locating the 
centre of the tibia by palpation (Fig.  24.3 ). 
Here the handlebar must extend proximally 
well above the knee, again, parallel to the 
axis of the tibia. Fully tighten the pin-to-bar 
clamps.   

   4.    Loosely connect two parallel bars from the 
very end of one handlebar to the midpoint 
between the pins on the other. Use the handle-
bars to reduce the fracture/dislocation under 
C-arm control (if available) and additional 
traction to provide ligamentotaxis in 
fractures.   

   5.    Once the alignment of the leg is satisfactory 
(~15° knee fl exion), the remaining bar-to-bar 
clamps are tightened securing the diamond.   

   6.    Pin sites are released and dressed as previ-
ously described. A supplementary backslab is 
a good adjunct to prevent equinus 
contracture.     

 This simple stable diamond construct can be 
consistently constructed with speed and minimal 
C-arm screening. Access for fasciotomies, revas-
cularisation or soft tissue care is not compro-
mised. Radiographs (including CT if available) 
are minimally affected by metal artefact as the 
clamps are not overlying the affected area.   

24.3     Quadrilateral (Quad) Frame 
for Tibial and Ankle Injuries 

24.3.1     Background 

 The quad frame is a simple, rapidly applied tem-
porary bridging external fi xator construct which 
can be used to rapidly stabilise fractures of the 

tibial shaft, plafond (pylon) and unstable ankle 
fractures (Fig.  24.7 ). It may also be useful in 
some talar injuries. It is a form of mobile trac-
tion requiring the minimum possible number of 
pins in the tibia to achieve stability in both the 
sagittal and coronal planes. In particular, the 
avoidance of additional wounds from pin sites 
in the subcutaneous border of the tibia has 
meant that this frame is especially useful in 
open fractures as injury zone extension is 
minimised.

  Fig. 24.7    Illustration of quadrilateral frame for tibial and 
ankle injuries (Courtesy of Steve Atherton BSc (Hons) 
MA RMIP, Medical Illustrator/Honorary Associate, 
Morriston Hospital)       
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24.3.2        Method 

     1.    The patient is positioned supine with a 
bolster under the mid-thigh and sandbag 
under the buttock.   

   2.    After draping, the ankle is supported with a 
tightly rolled bundle of sterile towels at the 
level of the Achilles tendon. In this way the 
limb is slightly internally rotated and lifted 
clear of the uninjured limb, making radio-
graphic assessment (if available) much easier.   

   3.    A centrally threaded (Denham) pin is inserted 
transfi xing the tibial plateau from lateral to 
medial, with an entry point just anterior to the 
fi bula head exactly at the point where the 
fl are of the tibial metaphysis plunges under 
the proximal edge of the anterior compart-
ment muscles. This can be tricky as the pin 
tends to slip, so it is often necessary to make 
a key point by directing the tip of the pin per-
pendicular to the bone until it just starts to 
penetrate, before correcting the direction so 
that the pin passes parallel to the joint, or per-
pendicular to the axis of the limb. Inserted in 
this way, the pin will lie outside the synovial 
refl ection of the knee joint whilst avoiding 
transfi xing any muscle and avoiding injury to 
the common peroneal nerve. Positioned cor-
rectly the pin will lie proximal and posterior 
to the path of a future tibial nail.   

   4.    A second centrally threaded (Denham) pin is 
inserted transfi xing the tuberosity of the calca-
neus from medial to lateral. A diagonal inci-
sion is made centred on a point 2.5 cm from the 
posterior border of the heel and 2.5 cm proxi-
mal to the sole. The incision (~1.5 cm long) 
should be oriented along a line from the point 
of the heel towards the medial malleolus.   

   5.    Select appropriate length of bars to reach 
between the proximal and distal pins with 
traction applied. It is often necessary to 
connect two bars to each other with a bar-to- 
bar clamp to make a bar long enough. Fully 
tighten the bar-to-bar clamp before 
attempting to position this extended bar in 
the frame – position the bar-to-bar clamp 
towards the proximal end of the frame to 
avoid it obscuring the area of interest when 

imaging. The medial bar should lie anterior 
to the plane of the transfi xion pins.   

   6.    Connect the bars tightly to the proximal pin 
with pin-to-bar clamps, concealing the sharp 
end of the pin in the clamp, medially and lat-
erally posterior to the pins.   

   7.    Apply traction and tighten the distal pin-to- 
bar clamps.   

   8.    The frame is now stable in the coronal plane 
but unstable in the sagittal plane.   

   9.    Check the reduction is satisfactory on the AP 
and lateral C-arm views and clinically in 
terms of rotation.   

   10.    To achieve sagittal stability, add a proximal 
tibial threaded half pin from the medial bar 
8–10 cm distal to the transfi xion pin. Apply a 
pin-to-bar clamp to the medial bar (which 
lies anterior to the plane of the pins, giving 
the surgeon a good angle of insertion), and 
insert the pin through drill sleeves held in the 
pin part of the clamp. Drill on power through 
the near cortex and brace against the far cor-
tex by hand. Tighten the clamp fully.   

   11.    The frame is now complete. Recheck the 
reduction with C-arm, release any tight pin 
sites and dress with Jelonet and padding. A 
supplementary backslab is a good adjunct to 
prevent equinus contracture. A fi rst metatarsal 
half pin can be added, building the frame out 
to connect it, and this will help prevent equi-
nus if correctly constructed. It is very impor-
tant to realise that the fi rst metatarsal half pin 
provides absolutely no sagittal stability. 
Without this problem being addressed, com-
plete displacement of the fracture or disloca-
tion of the ankle can occur in the sagittal plane 
post-operatively. The use of the proximal tibial 
threaded half pin is always recommended.          
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      The Closed Treatment of Fractures                     

     A.     Doorgakant       and     Steve     Mannion     

       In order to treat fractures without making a surgi-
cal wound, other than perhaps that required for 
the insertion of a traction pin, one needs to under-
stand the pattern of the fracture as well as the 
deforming forces that caused the fracture. The 
soft tissue envelope needs to be carefully man-
aged simultaneously with the bony injury. 

 There are many factors that dictate the 
approach to the closed treatment of fractures [ 1 ] 
and they are summarised as below:

    1.    The anatomy of the fracture
    (a)    The site (metaphysis, shaft)   
   (b)    The confi guration (transverse, spiral, 

oblique, comminuted)   
   (c)    The displacement (translation, angulation, 

rotation, impaction/distraction)   
   (d)    Extension into adjacent joint(s)   
   (e)    Association with dislocation (e.g. 

posterior shoulder dislocation with greater 
tuberosity fracture)       

   2.    The age of the fracture – fractures older than 
2–3 weeks will be very diffi cult to reduce   

   3.    The severity of soft tissue damage – will win-
dows be required in the plaster to monitor an 
area of soft tissue damage?
    (a)    Degree of swelling   
   (b)    Blisters   
   (c)    Open vs. closed injury   
   (d)    Neurovascular damage       

   4.    The mechanism of the injury – twisting; direct 
blow?   

   5.    The treatment already received – has the frac-
ture been manipulated recently?   

   6.    Medical and anaesthetic issues   
   7.    Patient factors

    (a)    Age of the patient   
   (b)    Function required   
   (c)    Compliance with or ability to tolerate 

treatment   
   (d)    Financial means        

  Many of the patient factors have greater rele-
vance in the austere environment where the social 
circumstances and fi nancial situation of the 
patient may be in such a tight balance that they 
are forced to choose the treatment – or lack of 
it – that suits them rather than the best treatment 
we can offer them. 

 Paediatric fractures on the one hand have 
greater remodelling potential and heal quicker, 
but on the other hand, if the growth plate is 
involved, a small initial deformity can be magni-
fi ed after years of bone growth and become a sig-
nifi cant functional hindrance in later life. In order 
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to decide what approach to take to treat the 
patient, the following questions need to be 
addressed. 

25.1     Steps to Treating the Patient 

25.1.1     Can the Fracture Be Treated 
Defi nitively Now? 

 If the swelling is too severe, then a full cast will 
often have to be delayed till the swelling has sub-
sided. Instead a temporary slab may be indicated. 
Presence of blisters or an open wound may also 
delay defi nitive management [ 2 ]. If a stable frac-
ture needs early  mobilisation  instead of  immo-
bilisation , a temporary cast or splint may still be 
required for pain control.  

25.1.2     If the Fracture Cannot 
Be Treated Defi nitely Now, 
What Intermediate Treatment 
Can We Apply? 

 Whilst waiting for defi nitive treatment, the fracture 
still needs to be controlled somehow to minimise 
damage to the soft tissues and optimise pain con-
trol. This temporary treatment may take the form of 
skin traction, skeletal traction or a plaster backslab. 
This is often combined with rest, elevation and ice 
packs (if available) to control swelling.  

25.1.3     Does the Fracture Need 
to Be Reduced? 

 This is one of the key decisions that will infl uence 
overall function and appearance of the limb or 
other body part at the end of the treatment period. 
Not all fractures need manipulating. Every frac-
ture tolerates a certain degree of “malalignment” 
with no impact on overall function. Each fracture 
needs to be assessed individually. The manipula-
tion manoeuvre is chosen that best suits that par-
ticular fracture (see section below). Some fractures 
need an anatomical reduction. Examples of these 
are intra-articular fractures, ankle fractures [ 3 ] and 

forearm fractures, including greenstick ones in 
children. Achieving the adequate reduction of 
these closed fractures requires a lot of skill and a 
compromise may need to be accepted [ 4 ].  

25.1.4     Does the Fracture Need 
Immobilisation? 

 Stable fractures often only need temporary 
immobilisation for pain relief. Unstable fractures 
are typically immobilised for longer. As a rule, if 
a fracture has required a manipulation to achieve 
reduction, it requires immobilisation.  

25.1.5     What Form of Immobilisation 
Best Suits This Fracture? 

 The individual fracture should dictate the form 
of immobilisation. This can range from back-
slabs/simple splints, through full casts to skel-
etal traction. Unstable long bone injuries often 
need the joint above and the joint below immo-
bilised to prevent displacement. Periarticular 
fractures on the other hand usually need the 
bone above and the bone(s) below immobil-
ised. Thus, a radial shaft fracture is treated in 
an above elbow cast, immobilising the wrist 
and elbow, whereas a distal radius fracture is 
typically managed in a below elbow cast, 
immobilising the carpus and forearm bones. 
Similarly ankle fractures are immobilised in a 
below knee cast, whilst tibial fractures in an 
above knee cast. Very unstable periarticular 
fractures such as volarly displaced distal radius 
fractures do sometimes need the joint above 
and below immobilised. The key is to under-
stand each fracture individually and to know 
when a diversion from the general norm is 
required. Casts are predominantly used but 
some areas pose particular challenges, such as 
the hip, spine and shoulder regions. Plaster hip 
spicas can be technically challenging to apply, 
consume large amounts of materials and 
require a lot of supervision and maintenance. 
Plaster jackets for the spine are similarly 
another very specialist skill.  
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25.1.6     Skin Traction 

 Skin traction can be used to aid swelling reduction 
in upper limb fractures, especially paediatric ones, 
but is sometimes used as defi nitive management, for 
example, in paediatric femoral fractures (Fig.  25.1 ). 
In elderly patients with intracapsular hip fractures, 
skin traction can be used to aid with pain relief until 
the patient can be mobilised, when there is no access 
to surgical management. A maximum of 5 kg 
should be applied to avoid damaging the skin, and 
close monitoring and care of elderly people are nec-
essary as the skin is delicate and easy to injure.

25.1.7        Skeletal Traction 

 Skeletal traction differs from skin traction in that 
the force is directly applied to bone. As a conse-

quence greater force can be applied and some 
degree of mobilisation of the limb is permitted. It 
therefore can be used in the treatment of fractures 
of larger bones such as adult femoral fractures [ 5 ] 
(Fig.  25.2 ).

25.1.8        Slings 

 Slings can be all that is needed to treat some frac-
tures, especially in the upper limb. A broad arm 
sling supports the entire weight of the upper limb 
and is appropriate when we want to relieve the 
limb from any “weight bearing” which can 
relieve symptoms following a clavicular fracture, 
for example. A collar and cuff can be used to 
encourage the pull of gravity on the elbow and 
thus promote better alignment in humeral frac-
tures, for example.  

  Fig. 25.1    Steps in the 
application of skin 
traction       
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25.1.9     Strapping 

 For digital fractures in both hands and feet, 
“buddy” or “neighbour” strapping supports and 
stabilises the fracture whilst permitting early 
active motion of the joints.  

25.1.10     What Position 
of Immobilisation Would 
Be Most Appropriate? 

 The above question has signifi cant implications 
for function at the end of treatment. There is no 
point in having a perfectly reduced fracture if the 
ultimate outcome for the patient is severe 

functional limitation from contracted joints. 
Choosing the most functional position likewise 
can impair the stability of the fracture. A balance 
between stable position and functional position is 
therefore often required. This may evolve, for 
example, towards less stability and more 
functionality as the fracture heals and becomes 
inherently more stable. An awareness of the 
functional position of the main joints, especially 
in the hands and feet, is crucial. 

 As a rule, it is the position where the soft tis-
sues (ligaments, capsule, tendons) are at maximal 
length and tension, and therefore the potential for 
contracture is reduced. A clear example of this 
principle is the Edinburgh splint or “cobra splint” 
for hand injuries. The wrist is dorsifl exed, the 

  Fig. 25.2    Steps in the application of skeletal traction       
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metacarpophalangeal joints are fl exed to 90° and 
the digits are maintained straight. Thus, all the 
ligaments are maintained tout and this prevents 
contraction and therefore stiffness during immo-
bilisation. The same applies to the ankle, which 
should be immobilised in neutral position.  

25.1.11     How Long Does It Need 
to Be Immobilised for? 

 Each fracture has its own typical healing time. 
The size of the bone is one factor that determines 
that time, but other factors like patient age, blood 
supply and bone quality are also important. The 
stability of the fracture and that of the treatment 
applied will infl uence whether to increase or 
decrease that typical period. Patient compliance 
may also be a consideration. 

 Typically a small bone with good blood supply 
is immobilised for 6 weeks (e.g. distal radius, 
distal fi bula, etc.). Where blood supply is poor, 
the immobilisation is extended. Scaphoid 
fractures and Jones’ fractures of the fi fth 
metatarsal usually need 8 or more weeks as a 
result. Larger bones need even more time. A 
tibial or femoral fracture can require in excess of 
3–6 months [ 6 ,  7 ].  

25.1.12     What Changes of Treatment 
Are Required in the Full 
Course of the Treatment? 

 As fractures heal, they become inherently more 
stable and require less rigid immobilisation. This 
provides an opportunity to change the method of 
immobilisation during the course of treatment to 
gradually provide more mobility, thereby 
enhancing the return to function. Other 
information gathered during follow-up will also 
indicate changes in the treatment. A common 
example is that of a tibia fracture that needs 
wedging of the cast to correct for varus or valgus 
angulation. Casts may also need changing if they 
become damaged (e.g. wet) or loose as the 
swelling subsides, causing them to lose the 
desired hold on the fracture.  

25.1.13     What Rehabilitation Plan 
Will Be Needed and When 
to Institute It? 

 Rehabilitation should be considered throughout 
the course of treatment, not only once bony union 
has occurred as is often the case. Joints that do 
not need immobilising should be kept free and 
mobile (e.g. the MCP joint and elbow in most 
wrist fractures). Generally a rehab regime is 
directed at mitigating the development of joint 
contractures and muscle atrophy whilst 
maintaining proprioception and function. 
Optimal pain management ensures the best 
compliance with the rehab exercises. Weight 
bearing, where permitted forms an integral part 
of this, maintaining both muscle and bone 
strength. Often non-weight bearing is advised for 
lower limb fractures, followed by a period of 
protected weight bearing before allowing full 
weight bearing. Weight bearing for the upper 
limb, e.g. shoulder fractures can also be relevant. 
The more unstable the fracture is, the longer the 
period of non-weight bearing and partial weight 
bearing.  

25.1.14     Other Factors We Need 
to Take into Account? 

25.1.14.1     Swelling and Blisters 
 As discussed above, the defi nitive treatment 
modality may need delaying to allow for swelling 
and blisters to come under control or operating 
before they appear. Blood blisters are usually not 
burst and need extra padding until they resolve. 
Clear blisters may be de-roofed under very clean 
and aseptic conditions and then dressed [ 8 ].  

25.1.14.2     Open Fractures 
 Open fracture wounds should be managed as per 
the local open fracture protocol, and the wound 
should remain accessible for inspection until it is 
fully healed. That may mean choosing a mode of 
immobilisation such as skeletal traction rather 
than casting. Alternatively a full cast may be 
windowed to allow access to the wound (see 
Chap.   27    ).  
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25.1.14.3     Compartment Syndrome 
 The manipulating and immobilisation of the 
fracture only represent the fi rst stage of its 
treatment. Unless the patient and treatment are 
kept continually under review, adverse events 
can occur which could have disastrous effects. 
The soft tissues that are hidden within a cast or 
out of sight during the course of traction are at 
risk and vigilance is needed with regard to 
these. The most serious of these risks is argu-
ably that of a compartment syndrome. This is 
particularly high for fractures of the tibia or the 
forearm treated in a full cast. If compartment 
syndrome is suspected, the cast should be fully 
divided all the way down to the skin.  Never 
ignore a patient who is complaining of pain or 
a tight cast .  

25.1.14.4     Pressure Sores 
 These can easily occur within a cast over 
high- pressure areas such as the heel and bony 
prominences such as the olecranon, malleoli 
or patella. All of these areas should be well 
padded within the cast. Any complaint of 
localised pain to these areas should alert to 
this possibility and a change of cast is indi-
cated [ 9 ].  

25.1.14.5     Infection 
 In the case of skin traction, the condition of 
the skin where the tape ought to be applied 
might preclude its application. One of the 
problems with skeletal traction is pin-site 
infection. If this does not resolve with simple 
measures and antibiotics, the traction pin will 
then have to be resited or skeletal traction 
discontinued.  

25.1.14.6     Patient Compliance 
 Ultimately, any proposed treatment option should 
be discussed with the patient to ensure it is 
acceptable to them and that they will cooperate 
with it. Not all patients can afford to stay in the 
hospital for an average of 12 weeks in traction, 
and they may be prepared/obliged to accept a less 
optimal result of their fracture treatment in 
exchange for an earlier discharge, perhaps in a 
plaster cast. 

 As a summary of the above, a 4-“R” approach 
may help as quick aide-memoire:

•     Recognise  – make the correct diagnosis  
•    Reduce  – manipulate the fracture as required  
•    Retain  – immobilise the fracture as required  
•    Rehabilitate  – facilitate return to function     

25.1.14.7     Manipulation 
 Fractures that are in an unacceptable position of 
displacement/rotation/angulation should ideally 
be manipulated to a better position. An unreduced 
fracture can cause serious soft tissue damage and 
make a subsequent operation more diffi cult if 
required. What determines an acceptable position 
for a fracture depends on the exact injury and the 
requirements of the patient. Dislocations should 
also be reduced as soon as possible. The following 
represents the usual sequence for a successful 
manipulation (Fig.  25.3 ):

•     Have a plan and get all necessary equipment, 
including splints, ready before starting.  

•   Ideally this should be done with an assistant 
and one who is also versed in the procedure. If 
not, they should be briefed carefully about 
what to do.  

•   Adequate analgesia/anaesthesia (haematoma 
block, entonox, ketamine, etc.).  

•   Enough muscle (and psychological) 
relaxation: Unrelaxed muscles (and minds) 
exert a displacing force on the fracture 
fragments and make reduction harder.  

•   On application of the reduction manoeuvre:
    1.    Longitudinal traction is often the main 

force that helps to restore alignment. 
 Traction should be controlled, fi rm and 

continuous rather than jerky and forceful.   
   2.    Preliminary gravity-assisted traction for a 

short time can help, e.g. by connecting 
fi ngers to Chinese fi nger traps in order to 
disimpact a Colles fracture. Sometimes 
this will suffi ce to effect the reduction 
(dependent reduction, by gravity alone).   

   3.    Not infrequently, more “persuasion” is 
required and the fracture deformity needs 
to be exaggerated, before it is corrected. 
Once the matching fracture points hitch 
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onto each other, an opposite correcting 
force is applied in the direction you want 
the fracture to be reduced. This technique 
is relying on the presence of an intact 
periosteum on the opposite cortex and uses 
it as a hinge. This is especially useful in 
paediatric fractures as children have a 
strong and thick periosteum. If there is an 
intact periosteal sleeve, this can then be 
used in maintaining the reduction through 
moulding (see section below).   

   4.    Specifi c manoeuvres are sometimes 
required in order to tease out an intra- 
articular fragment of bone, for example, a 
medial epicondyle still attached to the soft 
tissues. This involves stretching the 
pronator/fl exor unit by oversupinating and 
extending the forearm whilst applying 
traction in the direction of abduction, so 
that the offending fragment can be pulled 
out of the joint. In certain situations, the 

deforming forces need to be addressed in 
reverse order, such as in ankle fractures.   

   5.    The manipulation of a dislocation associ-
ated with a fracture, such as in shoulder 
dislocations with a potential greater tuber-
osity fracture, can complicate the issue and 
careless manipulation can make the frac-
ture worse or displace a previously undis-
placed fracture. Equally, mobility at the 
fracture site may render the dislocation 
irreducible by closed means.        

 When using traction, suitable counter-traction 
is also needed. The assistant usually provides this 
in a direction opposite to the pulling force. Care 
must be taken with the skin in elderly patients 
and one should not pull through a child’s joint. 

 If after 2–3 attempts, the fracture or dislocation 
still has not reduced, another approach may be 
required. The failure of reduction might indicate 
that the fracture has united and further attempts 

  Fig. 25.3    Manipulating a Colles fracture with overcorrection.  1  Longitudinal traction,  2  exaggerating the fracture 
displacement,  3  advancing the distal fragment whilst maintaining traction,  4  fi nal reduction manoeuvre       
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would simply worsen the soft tissue injury and 
further complicate the reduction. Children’s 
Salter-Harris-type fractures should not be 
manipulated repeatedly, as this may damage the 
growth plate causing more trouble than a slightly 
malreduced fracture would.  

25.1.14.8     Immobilisation 
 Once the fracture is in an acceptable position, it 
needs to be held and that can be achieved non- 
surgically by a number of methods including 
casting, traction, slings or other splints. 

  Casting     A cast can be made out of plaster of 
Paris (POP) or other synthetic material (resin/
fi breglass). If the cost of commercially made 
POP casting rolls is prohibitive, it is possible to 
improvise using bulk plaster powder and 
bandaging. POP allows better moulding, whilst 
synthetic materials are usually lighter, more rigid 
and weather resistant. A combination of the two, 
with a layer of synthetic material applied over a 
POP cast, can be a good compromise.  

 The choice of which cast to apply is critical. A 
slab is a cast that is not circumferentially com-
plete. It accommodates swelling better than a full 
cast and is therefore ideal when soft tissue injury 
is extensive and swelling is anticipated. If a full 
cast is used from the beginning, the following 
measures can mitigate against catastrophic 
swelling:

    1.    Splitting the cast: before the plaster sets, a surgi-
cal blade is run carefully along its entire length 
down to wool, without actually opening it. It 
will be easier to open it without the need for a 
plaster shear or saw if swelling develops later   

   2.    Bivalving the cast: a full cast is applied as per 
usual. It is then split on both sides to allow it to 
be open. Once it is dry, it is fully divided along 
the splits and removed. The two halves are 
secured around the edges and reapplied over the 
limb with a crepe bandage or Velcro stickers.     

 Pre-split or bivalved casts allow a degree of 
expansion in case of swelling and also make 
expedient removal easier. This technique must be 

considered if the patient leaves far away and/or 
will fi nd it diffi cult to return in an emergency. 

  Full circular cast application     The layers of a 
full circular cast are:

•    A stockinette: a sock-like elastic bandage 
which lines the skin. It can be omitted if not 
available. It must be loose fi tting.  

•   Padding: ready-made synthetic material (e.g. 
Velband©) or custom-made from bulk cotton 
wool rolls. Very rarely, skintight casts are 
applied without padding. The padding must be 
adequate but not too thick as this will reduce 
the stability conferred by the cast. Do not 
overlap the padding material more than once.  

•   Cast material: POP/synthetic. A basic 
knowledge of the properties of POP is useful. 
The colder the water and the wetter the roll 
after dipping, the longer the setting time. By 
adjusting these two parameters, it is possible 
to alter the working time available to apply 
and mould the cast. The minimum dipping 
time should be until all the bubbles have come 
out, otherwise there will still be dry patches 
when unrolling.       

25.1.15     Full Cast Method of Application 

•     Measure the length over which the cast is 
needed. The opposite limb if uninjured could 
help as a useful guide for this. Cut the 
stockinette to length, allowing some extra 
length at each end. These are then rolled back 
onto the cast before it is completed to 
incorporate the free ends in the fi nal pass. 
When the cast needs to go round the thumb, a 
hole can be cut to slide it through (Fig.  25.4 ).  

•   Apply the padding in uniform thickness to 
avoid causing raised pressure areas. A degree 
of overlap of about 50 % is desirable. A thick-
ness of about 0.5 cm is ideal. Bony promi-
nences will need extra padding. When going 
over joints, an extra small piece may be required 
over missed areas. If one has made their own 
roll from cotton wool sheets, one should try 
hard to make it smooth and uniform.  

A. Doorgakant and S. Mannion



333

•   Now apply the cast material. Choose the width 
of the roll to match the job, e.g. 10 cm/4 in for 
the forearm and 20 cm/6 in for the tibia and 
femur. If many rolls are to be used, have them 
already out of their packages before starting. 
The next roll could be dipped whilst one is 
being applied. The thickness of the cast should 
be uniform throughout except for where it is 
more likely to break. This, counter-intuitively, 
is often not at the fracture site, and therefore 
applying more layers there only adds unneces-
sary weight for the patient to carry. Hold the 
roll in one hand and unroll a small piece in the 
other before dipping, so it becomes easier to 
unroll.  

•   Each wrap should overlap the next by about 
50 %, such that a full length pass will be two 
layers thick. Only enough tension to keep the 
material taut should be applied on the roll, 
whilst the thumb and thenar eminence sweeps 

over it as it goes round the limb to ensure 
smooth application. Localised pressure 
points, such as fi nger indentations, are to be 
avoided.  

•   The number of layers recommended is 6–8 
for the upper limb and 8–10 for the lower 
limb. This is subject to variation. It is the 
ends where the cast is most likely to fail, as 
well as joints which are crossed. The latter 
can be reinforced with an extra piece of slab 
(6–10 layers) laid over it. Fashioning a cen-
tral “spine” by pinching the middle of the 
slab further reinforces it. The cast ends usu-
ally need 2–3 extra layers.   

    Slab Application     There are many different 
types of slabs. The commonest are dorsal (i.e. 
backslabs) and volar slabs; alternatively, they can 
be applied to one side such as gutter slabs or in 
the shape of a U (U-slab or sugar tong slab).   

  Fig. 25.4    Full cast application on forearm:  1  Wool 
around thumb,  2  uniform 50 % layering up to elbow,  3  
wrap with wet cast material with appropriate overlap, 
 Inset  MCP joints kept free (Reproduced from Orthopaedic 

Care at the District Hospital Eds. Doorgakant, 
Mkandawire.   http://www.orthopaedic-care.co.uk/     Drawing 
by of B. Kapesi [OCO])       
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25.1.16     Slab Method of Application 

•     Get your material ready in advance. Measure 
the length of the slab as for a full cast. The 
width of material to be cut should be between 
50 and 70 % of the limb circumference if it is 
to hold the fracture. Allow slightly more 
length and width, to allow for shrinkage after 
dipping. Allow also an extra two layers 
compared to a full cast to make up for the 
decreased circumferential cover (Fig.  25.5 ).

•      Apply the stockinette (optional) and then 
complete using either method below:  

•    Method 1 : Apply padding as for a full cast over 
the limb area to be immobilised. Dip the slab 
in water (usually warm as moulding is rarely 
done for slabs) and apply on desired side.  

•    Method 2 : Have a piece of wool slightly big-
ger than the plaster slab laid out on a fl at sur-
face. Wet the slab and lay it on top of the wool. 
Lift both together and apply on desired side 
with the cast material on the outside.  

•   Finally wrap the whole lot in a crepe bandage 
and secure it with some tape. Refrain from 
tying the last turn of crepe into a knot as this 
can form a tight band in case of swelling. If 
using a piece of wet POP instead of tape, never 
apply it on the soft side as it effectively com-
pletes the cast for a very short distance and 
increase the risk of a compartment syndrome.    

25.1.16.1     Special Casts 
 Slabs for ankle injuries: Due to the anterior posi-
tion of the malleoli, a stirrup is usually wrapped 
sideways from the ankle up to mid-leg level on 
top of the standard backslab. 

 Forearm casts: The method of application 
should take into account the relation of the radius 
and ulna cross sectionally. By compressing 
slightly between the two bones, they are placed 
optimally apart. This is done in addition to stan-
dard moulding of the fracture as described. The 
radiological expression of this is called the cast 
index, which is the ratio of the maximal width of 

  Fig. 25.5    Backslab application method 2:  1  Measuring 
and preparing slab,  2  laying slab and wool as one on limb, 
 3  wrapping in bandage (Adapted from Orthopaedic Care 

at the District Hospital Eds. Doorgakant, Mkandawire. 
  http://www.orthopaedic-care.co.uk/     Drawing by 
B. Kapesi (OCO))       
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the cast measured on the sagittal (seen on lateral 
view) to that on the coronal (PA view) at the frac-
ture site. The ideal ratio has been quoted as 0.8 
[ 10 ,  11 ]. 

 Above knee circular casts: Padding is applied 
for the full length of the cast. Cast application is 
then done in two stages. First, a below knee cast 
is applied, and then it is extended above the knee. 
A good position for applying the below knee cast 
is with patient sitting up, knee fl exed. This helps 
relax the hamstrings and aids fracture reduction 
through gravity. 

 Patella tendon bearing cast (Sarmiento): 
This specialised cast is used for tibia fractures 
once they have started to show signs of heal-
ing. They are moulded around the patella to 
control rotation instead of using a full above 
knee section, thereby permitting early knee 
fl exion and avoiding stiffness. The below knee 
component is also shaped differently to pro-
vide a snugger fi t [ 12 ]. 

 Wedging: Wedging involves making a split 
(wedge) in the cast on the side towards which 
a fracture is drifting and applying a wooden or 
plastic block in that space. This is most often 
done for tibial fractures. A few fresh turns of 
cast material are then wrapped around this 
area. 

 If plaster material or splints are not available 
for whatever reason, an improvised support is 
better than none. This can be made, for example, 
out of cardboard folded into an appropriate gutter 
or with wooden sticks tied around the limb. Do 
make sure if wood is used, that it is clean, par-
ticularly if there is an open wound. These impro-
visations are only suitable for short-term use and 
should be reviewed to make sure they are not 
causing excessive compression   

25.1.17     Removal of a Cast 

 This needs to be done carefully and with the right 
instruments. It needs to be done as an emergency 
when there is a suspicion of compartment syn-
drome. Slabs can be cut along their soft side with 
scissors. For full casts, a stepwise approach is 
described here: 

 Look out for premade splits. If not present, 
mark out two lines along which the cast will be 
split. Rarely a single split will suffi ce. Around the 
ankle it is best to go round either side with a right 
angle inferiorly. 

 Use an oscillating saw if available. This 
instrument works best on hard cast material, not 
whilst it is still setting. The cast should be cut bit 
by bit rather than by sliding the machine over it 
as this will cause it to overheat and break down. 

 The manual plaster cutter (Stille Lorenz 
shears) has keel-shaped shears, which cut 
through all layers of the cast. The horizontal 
blade needs to be slid parallel to the skin whilst 
advancing up the line of cut. The two arms are 
closed whilst controlling the angle of the blade 
inside the plaster so it does not dig into the skin. 
The groove inside the shear needs occasional 
unplugging. 

 Once the split is completed down to skin, plas-
ter spreaders and scissors are employed to expand 
the split and divide residual strands before gently 
pulling the cast off. 

 Sometimes instruments are not available to 
remove a POP cast. One way around this is to ask 
the patient to pre-soak it in warm water and then 
simply cutting if off with scissors once it has 
softened.  

25.1.18     Splints and Slings 

 Some relatively stable fractures can be managed 
in simple commercially available splints. These 
are usually metal-backed fabric materials shaped 
for specifi c injuries, and they can be strapped on 
with Velcro or buckles. 

 Slings are mostly used to support upper limb 
fractures. Where the weight of the arm is needed 
to distract the injury, such as an impacted 
humeral neck fracture, then a collar and cuff is 
preferred. If the weight of the arm needs to be 
neutralised so it does not pull on the fracture, as 
in clavicle fractures, then a Polysling or broad 
arm sling is preferred. These are also often used 
in combination with upper limb casts to support 
their weight and make the patient more 
comfortable.  

25 The Closed Treatment of Fractures



336

25.1.19     Moulding 

 Moulding does not mean simple compression of 
a cast over the fracture site. If anything, that will 
apply too much pressure, increasing the risk of 
pressure sores and compartment syndrome. 

 Moulding is a technique used to improve the 
stability of a fracture in a cast. Its underlying prin-
ciple is the intact periosteal hinge. If a fracture is 
caused by a deforming force in one direction, con-
sidering this is not too violent an injury, the con-
cave side of the fracture will have an intact 
periosteum. By stretching that periosteum in a 
cast, one can provide some internal tension which 
will help hold the fracture better [ 13 ] (Fig.  25.6 ).

   Moulding is applied mostly through a full circu-
lar cast. POP is much better for this than fi breglass. 
Allow enough time to get the moulding right, hence 
avoiding hot water or a too dry roll of POP. 

 Moulding employs the principle of three-point 
fi xation. One point is applied directly under the frac-
ture site on the convex side. The other two points are 
applied either side of the fracture site on the opposite 
(concave) side near the extremities of the cast.  

25.1.20     Moulding of a Colles 
Fracture 

 Moulding can cause a cast to look irregular, but 
it must be recognised that plaster craft is not 

about aesthetics but about restoring function. 
Moulding is not possible through most slabs, 
unless especially shaped, e.g. a radial gutter 
splint.   

25.2     Principles of Traction 

 Traction involves pulling the fracture margins into 
an approximate reduction and holding this posi-
tion until union occurs or until the fracture is suf-
fi ciently stable to be treated by cast immobilisation. 
By definition some form of counter- traction is 
required to achieve the distracting force. For 
lower limb traction, this can be provided by rais-
ing the bed end (on bricks if bed not adapted) or 
by raising the limb in some form of traction frame. 
This is termed “Balanced Traction”. 

 Many fractures cannot be managed in casts. 
This can be due to their location, e.g. near the 
shoulder or hip joint, the specifi c injury and 
patient factors. 

25.2.1     Skin Traction 

 Skin traction is used for pain relief, control of 
swelling (upper limbs) and temporary or 
defi nitive immobilisation of a fracture. Different 
types exist such as straight leg (Buck’s traction), 
straight arm and Gallows traction. 

Cast

Joint line

Periosteum Torn

Bone Intact

  Fig. 25.6    Moulding 
is a technique used 
to improve the 
stability of a fracture 
in a cast       
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 Skin traction should only be used with a maxi-
mum weight of 5 kg. This is usually suitable for 
children and also avoids damage to growth plates 
from skeletal pins.  

25.2.2     Method of Application 
(Example) 

•     Provide adequate analgesia and fi nd a suitable 
assistant.  

•   Choose a tape carefully. Aim for specialised 
tape and only improvise if necessary.  

•   Pre-assemble your equipment: tape, spreader 
with a central hole (made of wood or POP; 
have a premade supply ready), cord (ideally 
rope but thinly rolled out gauze bandages can 
be used) and weights.  

•   Clean skin with wet swab ± alcohol. Shave 
(carefully) if hairy. If available some agents 
can be applied to enhance stickiness, e.g. tinc-
ture of benzoin.  

•   Measure length of main tape required. Use the 
uninjured limb for this. Allow extra length for 
spreader. Mark the halfway position with a 
pen.  

•   Measure length of reverse tape.  
•   Peel main tape to a length of ½ its own full 

length +½ of reverse tape length.  
•   Apply reverse tape over a centrally placed 

spreader, guided by previous marking.  
•   Stick main tape to one side of the limb.  
•   With an assistant maintaining spreader in 

desired position, peel second half of tape and 
stick to the opposite side.  

•   Desirable position of spreader is midline and 
perpendicular to axis of pull.  

•   Protect bony prominences (malleoli/ulna 
head) further with some padding.  

•   Hold tape in position with loose circumferential 
straps of tape. Do not overtighten.  

•   Pass a cord through a hole made into tape at 
level of spreader hole. Fashion a bulky knot on 
the inside which will not go through the hole 
when pulled.  

•   Attach the other end of the cord to the weight.  

•   In the lower limb, use a derotation splint [ 14 ] 
to avoid rotational deformity (Fig.  25.7 ).

      The above method is essentially a guide, and 
many variations are possible, including commer-
cially available packs which can be applied 
straight on and wrapped. The latter often have a 
non-adhesive surface. One should be very careful 
when removing adhesive tape as it can damage 
fragile skin. If you want to avoid circumferential 
strapping, a fi gure of eight confi guration with a 
crepe bandage can be used. 

 The  Thomas splint  is a very specifi c splint that 
uses skin traction to pull on a femoral fracture in 
a closed system. Its use is usually temporary for 
pain relief, pending other forms of fracture 
treatment. It can be used as defi nitive femoral 
fracture treatment in children or, when combined 
with skeletal traction in various ways as defi nitive 
treatment in adults. 

 When applying Gallows traction (Bryant’s 
method), its use is exclusive to children aged less 
than 2 and the cut-off body weight is 12 kg. Both 
legs are put in traction to prevent imbalance with 
the hip should be in about 90° of fl exion and 10° of 
abduction. The cords are tied such that the child’s 
bottom lies about a hand’s breadth from the mat-
tress. One should observe very carefully for neuro-
vascular status of the leg, as this method predisposes 
to ischaemia. If there is any doubt, one should dis-
continue Gallows and switch to extension type.  

25.2.3     Skeletal Traction 

 These are effectively operative procedures and 
should follow strict precautions: antisepsis, 
draping if possible, aseptic no touch technique, 
sterile equipment, post-procedure wound care 
and appropriate disposal of equipment. They can 
be done under general or local anaesthesia. 

 The weights attached depend on the condition 
being treated. Maintenance weights are roughly 
estimated at 1/10–1/7th of the patient’s body 
weight. The site of insertion and confi guration 
used depend on the injury.  
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25.2.4     Method of Application 

•     Gather all the equipment required: sterile 
gloves, gauze, iodine/spirit, local anaesthetic, 
blade and small artery forceps or dissecting 
scissors, Steinman (smooth) or Denham 
(threaded) pin, T-handle or hand drill, stirrup 
or small POP roll, cord and weights, pulleys, 
frames and bars.  

•   Prepare suffi cient area of skin around surgical 
site with antiseptic and drape.  

•   Administer LA down to bone (if not using 
GA).  

•   Make stab incision at entry point, about 
1–2 cm long. Blunt dissection to bone.  

•   Insert pin through near cortex into middle of 
bone to ensure two cortices are engaged. 
Predict the exiting point through far cortex 
and skin and infi ltrate LA onto that side. Make 
exit point incision over tented skin made as tip 
of pin becomes subcutaneous.  

•   Aim for same length of pin on both sides of 
limb whilst making sure threads (if any) are in 
the bone.  

•   Apply stirrup over pin. This can be made of 
metal or out of POP. Make sure pin ends are cov-
ered, especially the sharp end to avoid accidental 
injuries during the course of traction. Secure stir-
rup such that it does not slide over pin, to avoid 
loosening and pin-site contamination.  

ba

c

  Fig. 25.7    A few examples of derotation splints, including improvised ( b ) and custom-made ( a ,  c ) ones       
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•   Connect stirrup to cord and cord to weights 
via most desirable pulley ± bar 
confi guration.  

•   Post-procedure, clean pin sites with spirit/
iodine. Then apply a gauze bandage around 
each. Remove gauze after 48 h and advise 
twice-daily pin-site cleaning with antiseptic 
solution or saline.    

25.2.4.1     Specifi c Points 
 Due to the displacing effect of muscle pull, the 
position of the limb may need adjusting, e.g. 
proximal femoral shaft fractures, where 20–30° 
of abduction is used to counteract the hip abduc-
tors; subtrochanteric femoral fractures, where 
fl exing the hip and knee to 90° counteracts the 
fl exing force of the iliopsoas muscle; or distal 
femur fractures, where a bolster placed under the 
fracture site and fl exing the knee counteracts the 
posterior pull of the gastrocnemius muscle. 

 Be aware of specifi c neurovascular structures 
that can be injured, e.g. common peroneal nerve 
during proximal tibial pin insertion. 

 For tibial/femoral traction, rotational instability 
should be controlled with an anti- rotation splint [ 14 ]. 

 Specifi c rehabilitation programmes need to be 
tailored to the injury, the classic one being 
Perkin’s traction for femoral shaft fractures, 
where the knee is mobilised early to avoid fl exion 
contractures [ 15 ,  16 ]. 

 The commonest sites for skeletal traction are:

    1.    Proximal tibia for most adult fractures of the 
femur, the acetabulum and pelvis and hip 
dislocations.   

   2.    Distal tibia used as for proximal tibia and in 
certain tibial plateau fractures. Useful when 
proximal tibial pin has to be resited.   

   3.    Distal femur often used for 90/90 traction for 
subtrochanteric fractures. Because the pin has 
to be inserted through bulky muscle, there is a 
higher risk of infection.   

   4.    Calcaneum used for some comminuted tibial 
fractures.   

   5.    Olecranon, indicated for supra/intra-condylar 
fractures of the distal humerus.   

   6.    Greater trochanteric traction – to reduce cen-
tral hips dislocations.   

   7.    Metacarpal traction – for forearm/wrist frac-
tures and to control swelling.   

   8.    Cervical traction (skull traction or Halo 
jacket) – to immobilise C-spine fractures.     

 Once traction is on, post traction care is 
essential. This includes:

    1.    Regular pressure area monitoring and care.   
   2.    Skin review for skin traction and pin-site care 

for skeletal traction.   
   3.    Medical observation due increased risk of nos-

ocomial infections and thromboembolic 
events. Give mechanical and/or pharmacologi-
cal thromboprophylaxis as required.   

   4.    Physiotherapy/rehabilitation, especially iso-
metric exercises to prevent muscle wasting 
and stiffness.   

   5.    Psychological support.   
   6.    Review of limb position clinically and radio-

graphically to detect loss of position.        

25.3     X-Rays and Follow-Up 

 The use of X-ray in the course of fracture man-
agement will be determined partly by access to it 
and the clinical need for it. Its clinical uses are 
primarily for diagnostic purposes, to assess the 
effect of a treatment and for follow-up. 

 Ideally every injury where a bone is sus-
pected to be involved should have an X-ray. 
Certain purely soft tissue injuries may also do 
sometimes. Once a fracture or dislocation has 
been manipulated, a check X-ray is usually 
obtained. This may not be required if it will not 
alter your management plan. The result of many 
manipulations can be judged on the overall 
alignment of the limb and/or movement of a 
joint. Check X-rays are useful when the posi-
tion of the fracture will require you to change 
your management irrespective of the external 
appearance. Follow-up X-rays follow the same 
logic. Their timing is key. They should be done 
in a time when an alternative plan, adjustment 
or redo of the original treatment can still be 
administered if required. A general guide of 
1–2 weeks applies when a remanipulation may 
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be required and up to 6 weeks for wedging of a 
cast for tibial fractures. This time will be shorter 
in children. Past that period, follow-up is pre-
dominantly geared at recording complications, 
the management of which, if necessary, is often 
surgical.  

    Conclusion 

 Fracture care is a very complex fi eld, where 
every fracture type has its own very specifi c 
properties and dictates its own management. 
Rather than hone in on the detail, a process 
which would require volumes of writing, this 
chapter has aimed to provide a template for the 
surgeon to approach orthopaedic injuries non-
operatively. It is true to say that even when 
access to all surgical facilities is available, 
most injuries would still be treated without 
surgery. The skills, however, for undertaking 
the different non-surgical treatments are often 
forgotten unless one practises them with the 
same frequency and discipline as one would 
their surgical skills. We hope this chapter 
serves as a useful reminder, and we point you 
to some other works which expand on this 
subject.     
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      Minimal Requirements for Open 
Reduction Internal Fixation 
in Austere Environments                     

     James   Benjamin     Penny       and     Steve     Mannion     

       In low- to middle-income nations, trauma is a 
leading cause of mortality and morbidity. Poorer 
trauma care facilities desperately require devel-
opment as injury-related disability leads to major 
socioeconomic consequences to patients, their 
families and local communities. Notwithstanding 
the merits of trauma surveillance and prevention 
programmes, the provision of internal fracture fix-
ation surgery has the potential to improve patient 
outcomes and alleviate the significant burden of 
trauma-associated musculoskeletal disability. 

 In the austere environment, performing inter-
nal fi xation surgery requires a comprehensive 
appreciation of adverse factors, risk and potential 
harm when working with limited resources and 
infrastructure. The organisation and maintenance 
of a hospital with a surgical orthopaedic facility 
requires substantial resources, technical com-
plexity and requires all key elements to function 
effectively. Signifi cant barriers can prevent the 
successful delivery of internal fracture fi xation 
in the developing world or austere setting; these 
can be grouped into social/cultural, fi nancial and 
structural factors. 

 Visiting surgeons from high-income countries 
must remain mindful of their own operative skill 
set and experience when contemplating the deci-
sion to offer operative fi xation within a hosting 
nation. Generally low energy, closed fractures can 
be treated defi nitively with closed techniques such 
as manipulation and casting, brace, cast wedging 
or traction. Local expertise in these nonopera-
tive forms of management may well be the saf-
est option for the patient especially if this tends to 
form the mainstay of local treatment and normally 
have predicable outcomes. A particular challenge 
of administering medical care in austere environ-
ment is continuity of care where rehabilitation or 
follow-up care is minimal or not available. 

26.1     Alternatives to Internal 
Fixation 

 Before proceeding with open reduction and inter-
nal fi xation of any fracture, all alternative options 
of treatment should be considered. Many frac-
tures, even those now routinely treated with ORIF 
in the developed world, can still be satisfactorily 
treated with manipulation and plaster casting. 
Adjuncts to this process include windowing the 
plaster to allow access to open wounds, wedging 
to correct angular deformities and the incorpora-
tion of traction pins within the cast to ensure cor-
rect alignment and effect end- to- end reduction of 
long bone fractures. Many hand and foot fractures 
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can be treated with manipulation and K-wiring, 
often done under local anaesthetic techniques, 
rather than formal ORIF with plates and screws. 

 External fi xation is a valid treatment option if 
transfer to higher level of host nation care exists 
or as a temporising phase pending delayed defi n-
itive internal stabilisation at the local treatment 
facility. In the austere setting, defi nitive care with 
external fi xation may also be considered. 

 Lastly, on occasion fracture patterns and asso-
ciated soft tissue injury will be of such severity 
that the chances of successful reconstruction and 
ultimately reasonable function are limited, and in 
such circumstances, primary amputation must be 
appraised.  

26.2     Aims and Principles of Open 
Reduction and Internal 
Fixation 

 The fundamental principles of open reduction 
and internal fracture fi xation are described by the 
international AO organisation:

•    Anatomical reduction of the fracture frag-
ments, particularly articular  

•   Stable fi xation, absolute or relative  
•   Preservation of the blood supply and soft tis-

sue envelope  
•   Early active mobilisation to reduce joint con-

tracture, loss of motion and muscular atrophy    

 These tenets are declared in an idealised world 
irrespective of setting and assume no resource 
limitation or rationing of services. The inherent 
challenges and potential barriers to internal fi xa-
tion surgery in the austere environment should 

not allow a surgical team to detract or deviate 
away from the established doctrine. The team 
has the duty and responsibility to establish a 
‘safe’ surgical environment whereby challenges 
and shortfalls are identifi ed and controlled to 
ensure that patient’s outcomes are maximised 
and adverse risks minimised. In the austere set-
ting when contemplating internal fi xation, there 
should always be a careful rational appreciation 
of health promoting and risk factors. 

26.2.1     Providing a Safe Surgical 
Environment 

 The World Health Organization has published 
evidence-based guidance that should be accepted 
as an international standard for any operative 
team to adhere to in order to establish a safe sur-
gical healthcare facility. Three main areas are 
identifi ed to promote a safe surgical environ-
ment: effective teamwork, safe anaesthesia and 
prevention of surgical site infection (Table  26.1 ).

   The complete document by the World Health 
Organization can be found at the WHO guide-
lines for Safe Surgery 2009 – Safe Surgery Saves 
Lives, World Health Organisation [ 1 ]. A safe 
environment requires dependable infrastructure 
and utilities such as a clean water supply and elec-
tricity for sterile services and lighting systems. 
Theatre resources generally require supplemental 
oxygen, suction, diathermy, fl uroscopy, implants, 
instrumentation and consumables. Additionally 
clinical governance must not be ignored; qual-
ity assurance, surveillance, audit and peer review 
objectively measure service delivery and ensure 
the maintenance of high standards and facilitate 
improvement.  

   Table 26.1    The three main areas identifi ed by the World Health Organization to promote a safe surgical environment   

 Safe surgical teams  Safe anaesthesia  Prevention of surgical site infection 

 Effective communication  Trained anaesthetist  Hand washing 

 Correct patient, site and procedure  Anaesthesia machine  Personal protective equipment 

 Informed consent  Medication safety check  Appropriate use of antibiotics 

 Availability of all team members  Patient Monitoring 
(oximetry, heart rate, 
blood pressure, 
temperature) 

 Antiseptic skin preparation and draping 

 Adequate team preparation and 
procedure planning 

 Atraumatic wound care 

 Confi rmation of patient allergies  Instrument and implant decontamination and sterility 
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26.2.2     Anaesthesia 

 In contrast to closed or conservative fracture 
treatment, internal fi xation requires sophisticated 
anaesthetic provision. Depending on resources, 
this might take the form of general anaesthe-
sia, spinal anaesthesia or regional anaesthesia. 
Ketamine is regarded as a safe anaesthetic agent 
in a less developed world setting. Whilst often 
taken for granted in the developed world, gen-
eral anaesthesia has inherent risk, especially if 
carried out by non-medical anaesthetic practitio-
ners in the absence of what would be regarded 
as ‘adequate’ patient monitoring. Local or spinal 
anaesthesia is often seen as much safer alterna-
tives, and the expertise of an anaesthesiologist 
who is experienced in less than ideal environ-
ments should never be underestimated.  

26.2.3     Patient-Related Factors 

 Particularly if general anaesthesia is being con-
templated, patient fi tness needs to be optimised 
prior to surgery. Particular attention should be 
given to haemoglobin levels and hydration state. 
Many patients in the austere environment will 
be suffering from malnutrition or concurrent 
co-morbidities (malaria, respiratory infections, 
helminths), and this may lower resistance to 
infection and complicate surgery. 

 Much concern has arisen with regard to 
patient HIV status and the risk of deep infection 
in ORIF. In parts of sub-Saharan Africa, where 
the surgical environment is often regarded as 
‘austere’, HIV seroprevalence in the population 
can be up to 20 %. Although initial papers cited 
a high rate of deep infection following ORIF in 
these patients, and a deterioration in their WHO 

grading of their HIV-related disease [ 2 ], subse-
quent research has largely refuted this, conclud-
ing that internal fi xation can be undertaken in 
HIV-positive patients without incurring an unac-
ceptably high deep infection rate [ 3 ] (Table  26.2 ).

26.2.4        ORIF Planning and Delivery 

 The orthopaedic team must consider the indica-
tion for open reduction on an individual patient 
basis. The general indication for performing open 
reduction and internal fi xation is when there is a 
failure to obtain or maintain a satisfactory closed 
reduction, specifi cally this is for fractures that are:

•    Irreducible  
•   Intra-articular  
•   Unstable  
•   Pathological  
•   High risk of avascular necrosis/non union  
•   Multiple, where fi xation of polytrauma sup-

ports systemic treatment  
•   Otherwise diffi cult to nurse and rehabilitate    

 It is paramount that the preoperative, surgical 
tactic and contingency plans are reviewed with an 
emphasis on fi xation principles, required implants 
and associated hardware, supporting materi-
als, instrumentation, adjuvant equipment and 
human resources. An operative risk assessment 
should include identifi cation and minimisation 
of potential complications in combination with 
an appraisal of the available means to manage 
adverse outcomes. The personalities, previous 
experiences and healthcare team dynamics will 
determine the successful delivery of high-quality 
care. Adaptability, resourcefulness and previous 
successful experiences in less than ideal environ-
ments are desirable qualities where resources are 
limited and uncertainty is commonplace. Team 
members can expect to work very long hours and 
frequently in areas out with their expertise to help 
facilitate the overall running of theatre. 

 In terms of the clinical indications for ORIF, 
in practice there is a fracture “hierarchy” in terms 
of the value of such. Displaced intra-articular 
ankle fractures often do badly with conservative 

   Table 26.2    Patient factors for minimising complications   

 Patient Factor  Recommendation 

 Cessation of smoking 
 Diabetic control 
 Stopping immunosuppressant 
 Nutrition 
 Concomitant infection 
 Remove jewellery 

 Highly essential 
   Optimise all factors 
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treatment, with a high rate of malunion and subse-
quent painful and limited mobility for the patient. 
In contrast, although conservatively treated dis-
placed, intra-articular distal radial fractures often 
result in wrist stiffness, in the overall spectrum of 
physical disability, especially in an austere envi-
ronment, this is a relatively minor handicap. As a 
similar contrast, intertrochanteric fractures of the 
proximal femur, being metaphyseal, have a high 
rate of union on traction of only a few weeks, 
but the majority displaced intracapsular fractures 
treated conservatively fail to unite and lead to pro-
found morbidity.  

26.2.5     Timing of Surgery 

 The ‘window’ of opportunity for acute frac-
ture ORIF is believed to be 2 weeks following 
injury. Beyond this period, fracture healing will 
have usually progressed to the extent that diffi -
culty can be anticipated in fracture reduction and 
more complex reconstructive techniques may be 
required. 

 In a natural disaster, medical teams may only 
arrive a few days post injury and then be faced 
with healthcare units with poor facilities, limited 
provision of equipment, no intraoperative imag-
ing, no fracture table and questionable sterility 
[ 4 ]. This presents a diffi cult situation for the sur-
gical team looking to deliver optimal treatment 
strategies. What can be performed is dependent 
upon many factors, and this is really for the ‘on 
the ground team’ to assess and consider when 
contemplating and performing ORIF. Often the 
treatment of closed fractures, worthy and appro-
priate for internal fi xation, will be deferred, with 
priority given to acute open injury or amputation.  

26.2.6     Implants 

 A considerable challenge to the provision of 
ORIF in the austere environment is the cost and 
availability of implants. With a developed world 
procured  Small Fragment Set  costing upwards of 
$15,000, and individual screws costing $25 or 
more, the cost is often beyond the means of gov-

ernmental or patient funding in less developed 
economies. 

 The surgical team is responsible for assessing 
the suitability, quality and sterility of implants 
used for fracture fi xation. The last decade has 
seen the advent of alternative suppliers, often 
based in the Indian subcontinent, who are able 
to produce and supply ORIF implants at a lower 
cost. Many austere environment surgical projects 
also benefi t from the donation of obsolete fi xa-
tion implants from the more developed world. 
Very often, however, the range of sizes of screws 
and plates in such donations is limited. One solu-
tion to this is to cut down plates and screws to the 
required size with bolt-croppers preoperatively. 

 One of the most signifi cant developments in 
less developed world orthopaedics over the past 
decade has been the  SIGN nail  (Surgical Implant 
Generation Network). This is a minimally 
(hand) reamed, solid, locked intramedullary nail 
with potential application to tibial, femoral and 
humeral fractures. Use of a rigid jig and a “feeler 
gauge” to effect distal locking means that intra-
operative fl uoroscopy (see below) is not a prereq-
uisite for its use. Depending upon circumstances, 
the initial set of instruments are often provided at 
a highly subsidised price, with replacement nails 
being provided free by the SIGN Foundation 
provided data is returned on the use of each 
nail. Nailing of a femoral fracture, for example, 
allows the patient to mobilise early and avoids 
the average of 12 weeks on traction would be 
required for conservative treatment (See Chap.   27    ) 
(Table  26.3 ).

26.2.7        Surgical Skills and Knowledge 

 Of great importance in ORIF is the  surgical 
approach  necessary to gain access to and fi x the 
fracture. In many instances, this necessitates con-
siderable anatomical knowledge in order to avoid 
iatrogenic injury to nerves and vessels and to mini-
mise soft tissue damage such as to optimise limb 
function once bony union has occurred. Experience 
of having undertaken under supervision, assisted at 
or observed should be considered a prerequisite to 
attempting any particular ORIF procedure. 
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 As well as the soft tissue surgical approach, the 
surgeon should be experienced in the principles 
of internal fi xation in terms of plate and screw 
design and function, minimal  requirements for 
stability, profi ciency in fi xation techniques and 
familiarity with hardware. Whilst the skills and 
knowledge referenced above are often assumed in 
the orthopaedic specialist in the more developed 
world, in the austere environment fracture care is 
often delegated to general surgeons who may not 
have had exposure to the relevant training.  

26.2.8     Postoperative Care 

 A basic tenet of ORIF osteosynthesis is  early 
active pain-free mobilisation of muscles and 
joints adjacent to the fracture.  For mobilisa-
tion to occur, adequate postoperative analgesia 

must be prescribed for the patient. Provision 
of physiotherapy, taken for granted in the more 
developed world, is often not available in the 
austere environment. If this is not the case, then 
 rehabilitation advice needs to be provided by the 
non-physiotherapist, often the surgeon or nursing 
staff with the actual therapy being undertaken by 
the patient’s attendant or relative. Provision of 
 crutches  is vital in mobilising those with lower 
limb fractures (see Chap.   22     on rehabilitation).  

26.2.9     The Operating Theatre 
Environment 

 The organisation and daily routine of the operat-
ing room requires strict administration and main-
tenance (Tables  26.4  and  26.5 ). Immediately 
prior to operative intervention, the use of the 

   Table 26.3    Fracture fi xation techniques and hardware   

 Type  Information  Hardware 

 Lag screws  Stability is achieved by compression and bone contact. 
Load transfer occurs from fragment to fragment, not via 
the implant 
 2000–4000 N of compressive force 
 Apply perpendicular to fracture line to minimise shear 
force 
 2–3 screws are required for multi planar stability 

 Standard small fragment set 
   Screw diameters 
   Cortex 2.7/3.5 mm 
   Cancellous 4 mm 
 Standard large fragment set 
   Screw diameters 
   Cortex 4.5 mm 
   Cancellous 6.5 mm 

 Plates   Modes  
    Neutralisation : protect from bending, shear and 

rotational forces 
    Compression : apply to tension side of eccentrically 

loaded bone 
    Buttress : support 
    Bridging : spanning – relative stability 
    Antiglide : used as a physical block to shortening or 

displacement 
    Tension-band : apply to eccentrically loaded bone to 

utilise and convert tensile to compressive force 
    Spring  

 1/3rd tubular 
 Dynamic compression plates (DCP) 
 Limited contact DCP 
 Anatomical site specifi c 
 Reconstruction 

 Intramedullary 
nails 

 Fixation of diaphyseal fractures – humeral, femoral tibial 
   Reamed/unreamed 
   Cylindrical/slotted 
   Locked/unlocked 
   Anterograde/retrograde 

 Proprietary 
 SIGN nail 

 Tension-band 
wiring 

 Compression by the dynamic component of the 
functional load 
 Conversion of tension forces to compression forces 
 Allows some load-induced movement 

 Patella and olecranon fractures 
 Wires (varying gauges) 
 K-wires and Driver 
 Wire benders/Cutter/AO bending 
tool – pliers 
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 WHO checklist  ensures the correct operation is 
about to be undertaken, with the right equipment 
available and all members of the surgical team 
briefed as to the intended procedure. All patients 
 undergoing ORIF should have  prophylactic anti-
biotics . Several different regimes exist, and the 
exact one followed in each institution will depend 
on availability and cost of antibiotics locally as 
well as the local bacterial prevalence.

    All members of the theatre team should be 
aware of the principles of aseptic surgery and 

the need for sterility. Given the sophistication of 
many internal fracture fi xation systems, specifi c 
training in the relevant devices should have taken 
place before the operation. The predominance 
of sharp instruments (drills, screws etc.) means 
that meticulous handling and transfer of sharp 
devices should be adopted in order to minimise 
the risk of needle-stick injury. Staff should also 
be provided with adequate  personal protective 
equipment:  waterproof gowns, boots, face mask 
and eye protection. 

   Table 26.4    Operating room requirements and protocol   

 Requirements  Daily protocol 

 Specifi cally designated room for use by 
anaesthetic and surgical teams 

 Uncluttered room, doors closed by default 

 Good lighting and ventilation  Minimise theatre traffi c, minimum people in theatre especially once an 
operation has commenced 

 Dedicated equipment for procedures  Adequate in theatre store of consumables 

 Equipment to monitor patients, as 
required for the procedure 

 Clean and disinfection of table and instrument surfaces between cases 

 Drugs and other consumables for routine 
and emergency use 

 End of day top to bottom clean, including all furniture, equipment and 
surfaces 

 Waste disposal  Sterilisation and storage of all surgical instruments and supplies 

   Table 26.5    Theatre environment factors for optimising success   

 Theatre environment 

 Factor  Information and evidence  Recommendation 

 Physical resources  Infrastructure and equipment: 
   Water 
   Electricity 
   Oxygen 
   Sterilisation 
   Drapes 
   Emergency equipment 
   Repair and maintenance 

 Highly essential 
   Standard practice 

 Theatre cleaning/
decontamination and 
operating list order 

 Association between bacterial counts in 
theatre air and isolated from surgical 
wounds [ 6 ] 

 Highly essential 
   Routine cleaning protocol, infected 

cases last on list 

 Laminar air fl ow  Ultraclean air (UCA) of less than 10 
colony-forming units per metre cubed 
(cfu/m 3 ) of bacteria 
 22 times lower airborne bacterial count 
seen in laminar fl ow theatres and associated 
with a 50 % reduction in infection rates in 
joint replacement. Lidwell et al. [ 5 ] 

 Desirable for ORIF 
   Unlikely to be available 
 Essential for arthroplasty 
   Unlikely to be available 
 See Antibiotic prophylaxis 
 Equally effective as laminar fl ow. 

 Ultraviolet light  Similar results to laminar fl ow/air fi ltration 
systems in reducing SSI [ 7 ] 

 Unlikely to be available 
 Typically used in wound dressing rooms 
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 Increasingly in the more developed world, 
 laminar fl ow o perating theatres are seen as a pre-
requisite for implant surgery. Such technology 
is usually not available in the austere environ-
ment due to cost constraints. In joint replacement 
surgery, the use of laminar fl ow reduces deep 
infection rates by 50 % [ 5 ]. Whilst this fi gure is 
signifi cant, if the background deep infection rate 
is already low by virtue of the adoption of other, 
achievable sterile practice, then the increased risk 
of deep infection incurred by the absence of lami-
nar fl ow is acceptable, depending on the relative 
benefi t of ORIF over more conservative forms of 
treatment. 

 Another important consideration in the pro-
vision of ORIF of fractures is the availability 
of  power tools . Although internal fi xation can 
be achieved with hand drills (and saws), the 
use of such much increases operation time, 
leading to an increased risk of deep sepsis. 
Commercially available orthopaedic power 
tools are, however, prohibitively expensive for 
most austere or less developed world surgical 
institutions. Some units have overcome this 
diffi culty by using commercially available, 
battery-driven ‘hardware store’ drills, which, 
although not able to be sterilised themselves, 
can be wrapped in a sterile drape enabling 
power drilling to be undertaken under aseptic 
conditions. 

 Another resource often regarded in the more 
developed world as a prerequisite for ORIF 
is that of the availability of  intraoperative 
fl uoroscopy . Unfortunately the cost of C-arm 
fl uoroscope, at least $15,000–£25,000, is usu-
ally prohibitive in austere surgical settings. 
However, in the majority of cases, adequate 
fi xation can be obtained without the need for 
intraoperative X-ray; preoperative planning and 
templating, direct visualisation of the fracture 
and appreciation of three-dimensional anatomy 
can in many ways compensate for the absence. 
However, for some fractures, most notably 
dynamic hip screw and plate fi xation of inter-
trochanteric fractures, intraoperative X-ray 
control remains essential.  

26.2.10     Sterility 

 The lack of adequate sterilisation facilities in the 
less developed world has led to some authors 
suggesting that ORIF is contraindicated in many 
austere surgical settings. Infection associated 
with internal fi xation metalwork is resistant to 
treatment with antibiotics and, if the infection 
spreads, may compromise the patient’s life or 
limb. 

 Although several types of surgical sterilisation 
exist, in austere settings, most will employ steam 
sterilisation in an autoclave, a pressurised cham-
ber which sterilises by subjecting equipment to 
high pressure, 121°C steam for 15–20 minutes. 
Pre-packed instruments should undergo a pre-
ceding vacuum cycle to extract trapped air as 
otherwise air pockets will result in the desired 
temperature not being achieved throughout. 
Unwrapped instruments should be thoroughly 
cleaned and dried and then placed on a perfo-
rated steel tray which slides into the autoclave. 
Indicator tape, packed with the instruments, can 
be used to ensure that satisfactory sterilisation has 
been achieved. Theatre and sterility services can 
be severely disrupted with outages of electricity 
or fresh running water; therefore, adequate engi-
neering maintenance and contingency plans need 
to be established if utility services are unreliable. 

 The deep infection rate following ORIF of 
closed fractures in the developed world is around 
1–2 %. In the austere environment, infection 
rates need to be audited and compared with this 
fi gure. A signifi cantly increased rate may lead to 
a revised assessment of the relative risk and ben-
efi t of ORIF.  

26.2.11     Minimising Surgical 
Infection 

 Surgical site infection (SSI) in less than ideal 
conditions will always be a genuine concern 
for a surgical team when contemplating open 
reduction internal fi xation where postoperative 
infection may herald disastrous consequences. 
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Fortunately, surgical acumen has matured to a 
position whereby the adoption of evidence-based 
surgical techniques and systems allows metal-
ware to be routinely implanted with consistently 
low infection rates. The cumulative layering of 
sophistication in theatre leads to a highly complex 
surgical environment which represents a signifi -
cant fi nancial and resource rich cost to a health-
care facility. In austere environment, the facility 
will, to varying extent, be denuded of these luxu-
rious layers of protection which will warrant a 

careful  appreciation of the relevant factors that 
adversely affect the risk and benefi t balance of 
any proposed surgery. The factors affecting the 
contribution to infection can be classifi ed into 
patient, theatre environment, theatre staff and 
surgical groups, illustrated in Fig.  26.1 .

   The evidence of factors and theatre rituals or 
dogma with respect to minimising surgical infec-
tion ORIF/arthroplasty are reviewed and catego-
rised as highly essential, essential or desirable in 
Tables  26.6  and  26.7 .

  Fig. 26.1    Complex 
Interplay of surgical 
environmental factors 
affecting delivery and 
infection risk       

   Table 26.6    Theatre staff practices for minimising infection   

 Theatre staff 

 Factor  Information and evidence  Recommendation 

 Hand 
washing 

 4 % chlorhexidine reduces contamination by 80 %, optimum time of 
2 min of washing [ 8 ] 

 Highly essential 
   2 min of hand washing 

with antiseptic soap 

 Gloves  29 % of gloves are contaminated during draping [ 5 ] 
 Infection increases 1.7–5.7 % after glove perforation [ 9 ] 
 50–67 % of surgical gloves are perforated in arthroplasty [ 10 ] 
 Double gloving reduces this incidence by between three to nine 
times [ 11 ] 

 Highly essential 
   Double glove and change 

after draping 

 Face 
masks 

 Defl ect bacteria away from the surgical fi eld 
 95 % effective barriers, once damp, bacteria can translocate through 
the mask [ 12 ] 

 Highly essential 
   Masks for all staff and 

change after each case 

 Head and 
ears 

 Head and ears when exposed are signifi cant source of sheading [ 13 ]  Essential – theatre cap/hood 
to cover ears 

 Clothing  Exhaust suits uncomfortable and expensive. Polyester gowns and 
balaclava type hats have similar reduction in bacterial shedding [ 14 ,  15 ] 
 Cotton fabrics provide no barrier to skin squames. ~80 μm pore size 
 Polyester gowns signifi cant improvement as barriers to bacteria 
translocation. Dispose after 70 washing cycles. ~0.2 μm pore size 

 Essential – wear gowns to 
minimise bacterial 
translocation as available 
 1st line disposable 
 2nd line polyester 
 3rd line cotton 
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26.3          Summary 

 Whilst it is recognised that  open reduction and 
internal fi xation  is the optimum for the treatment 
of many fractures, considerable barriers exist in 
the provision of such in the austere environment. 
What can or should be performed is dependent 
upon many factors, and this is really for the ‘on 
the ground team’ to assess and consider when 
contemplating and offering ORIF. 

 An operational orthopaedic facility is a highly 
complex system that demands the coordination of 

a large healthcare team, adequate infrastructure 
and material resources to ensure the safe delivery 
of surgical procedures. The functional status and 
level of sophistication of the theatre suite is para-
mount as well as the availability of implant, instru-
mentation, supporting equipment, patient status 
and surgical team skills and experience. Barriers 
or limitations as to what can be provided are 
mainly grouped into social/cultural, fi nancial and 
structural factors. Offering internal fi xation will 
require a delicate and cautious balance of these 
factors to determine if and what types of ORIF are 

   Table 26.7    Surgical factors for optimising success   

 Surgical factors 

 Factor  Information and evidence  Recommendation 

 Duration of 
surgery 

 Length of surgery 2.6 % for procedures lasting 1 h, 4.9 % 
1–2 h, 8.5 % greater than 3 h [ 16 ] 

 Essential 
   Planning, surgical tactic and 

operative skills 

 Shaving  Preoperative dry shaving is associated with the highest risk 
of infection [ 17 ] 

 Desirable 
 In theatre perioperative shaving if 
required 

 Antiseptic 
preoperative 
skin cleansing 

 Prospective, randomised study, 849 patients showed 
chlorhexidine- alcohol is superior to cleansing with 
povidone-iodine for preventing SSI [ 18 ] 

 Highly essential 
   Skin cleaning 
 1st line – chlorhexidine-alcohol 
 2nd line – povidone-iodine 

 Chlorhexidine 
wash pre op 
shower 

 64 % relative risk reduction (risk ratio 0.36, 95 % CI 
0.17–0.79) of SSI [ 19 ] 
 Although systematic review of trials involving over 10,000 
patients found no difference between showering with 
chlorhexidine, soap, or with water alone [ 20 ] 

 Desirable 
   Shower with soap and water 

preoperatively 

 Antibiotic 
prophylaxis 

 Antibiotic prophylaxis showed to be most effective when 
given prior to incision [ 21 ] 
 In arthroplasy, meta-analysis report of antibiotic prophylaxis 
reduces the absolute risk of infection by 8 % and the relative 
risk by 81 % [ 22 ] 
 Antibiotic given at least 15 min prior to infl ation of 
tourniquet [ 23 ] 
 Antibiotic prophylaxis was analysed as a secondary outcome 
measure in laminar fl ow study and was found to be equally 
as effective. [ 5 ] 

 Highly essential 
   Routine antibiotic prophylaxis 

perioperatively and before 
tourniquet infl ation 

 Wound 
Lavage 

 Pulse lavage reduces SSI in hip hemiarthroplasty 15.6–5.5 % 
compared to traditional washing with normal saline [ 24 ] 
 No level one evidence supporting chlorhexidine or iodine 
washes – may kill healthy cells and impair local tissue 
response. 
 In vitro evidence, 0.05 % chlorhexidine reduces wound 
contamination. 1 % iodine is not effective and 5 % solution 
is effective but is tissue toxic [ 25 ] 

 Highly essential 
   Wound wash with normal warm 

saline to reduce bacterial load at 
surgical site 

 Desirable 
   Pulse lavage. Unlikely to be 

available 
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achievable and safe and which will result in a net 
functional benefi t to the patient over conservative 
methods of treatment, and particularly without 
suffering the complication of deep infection.     
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      Management of Open Fractures 
in Austere Environments                     

     Deepa     Bose     

       The World Health Organization (WHO) Global 
Burden of Disease (GBD) study in 2002 revealed 
that open fractures are one of the leading nonfatal 
injuries sustained following road traffi c collisions 
in the world [ 1 ]. As most of the world’s popu-
lation live in low- to middle-income countries 
(LMICs), such countries are disproportionately 
affected. The GBD estimated that extremity inju-
ries from falls and road traffi c collisions ranged 
from 1000 to 2600/100,000 per year in LMICs 
compared with 500/100,000 per year in high-
income countries [ 2 ]. Fortunately, it is possible to 
improve outcomes from such injuries using fairly 
low-cost improvements [ 1 ], as demonstrated in 
Malawi [ 3 ]. Combat-related injuries, industrial 
accidents, sports and animal attacks are other 
causes of open fractures. 

27.1     Clinical Features 

 The term open fracture refers to any broken 
bone which is associated with a breach in the 
surrounding soft tissue envelope, such that the 
bony fragments are exposed to the exterior. This 
was previously commonly called a “compound” 

fracture. Bone ends may protrude through the 
wound or may be visible in the base of it. The 
clinical diagnosis is easy in such cases, but initial 
appearances may be deceptive and open fractures 
with severe internal de-gloving, vascular or neu-
rological injuries may be associated with very 
small, innocuous-looking wounds in the skin 
(Fig.  27.1 ).

27.2        Complications 

 Open fractures are associated with poor outcomes 
because of a number of reasons. The foremost of 
these is the damage to the surrounding soft tissue 
envelope. In many cases, the periosteal cover is 
stripped off not only the fracture site but also from 
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  Fig. 27.1    An open fracture of the tibia       
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the bone some distance away from the fracture. In 
this way, the “zone of injury” may extend some 
distance away from the facture and immediately 
surrounding soft tissues. This is an important 
concept in understanding the extent of injury and 
in planning its management. In cortical bones, 
the blood supply comes primarily from periosteal 
vessels [ 4 ,  5 ]. If this supply is lost following an 
open fracture, the stripped bone is likely to die 
and become a source of infection or non-union. 
Infection can be a devastating complication of 
open fractures. The literature quotes wide-rang-
ing incidence rates, between 10 and 40 % [ 6 ,  7 ]. 
Open fractures are also associated with a high 
risk of non-union [ 8 ],  probably  resulting from 
the loss of blood supply to the bone following 
both the injury and surgical procedures, in addi-
tion to the high rate of infection. Open fractures 
sustained in combat- related injuries demonstrate 
a high rate of complications [ 9 ]; this is likely to 
be related to the high energy transfer involved, 
for example, in blast injuries [ 10 ].  

27.3     Emergency Management 

 Open fractures must receive emergency treat-
ment as soon as possible after injury. This should 
include the following:

    1.    Assessment of distal neurovascular status   
   2.    Pain relief   
   3.    Clinical photographs   
   4.    Reduction and splintage   
   5.    Reassessment of neurovascular status   
   6.    Temporary wound cover   
   7.    Broad-spectrum antibiotics   
   8.    Tetanus prophylaxis     

27.3.1     Assessment of Distal 
Neurovascular Status 

 It is vital that the distal neurovascular status is 
assessed prior to manipulation of the fracture. 
This will indicate whether there has been any 
compromise of the blood or nervous supply, but 
will also provide a baseline reading with which 
the post-reduction status can be compared. 

Documentation is as important as assessment. 
An effort should be made to record the individ-
ual pulses and capillary refi ll time, as well as the 
function of individual peripheral nerves in the 
region. It is important to note  that the presence of 
sensation does not rule out a compartment syn-
drome , which can occur in open fractures, con-
trary to popular belief.  

27.3.2     Administration of Pain Relief 

 The quickest and most effective pain relief avail-
able should be administered once the neurovas-
cular status has been recorded. Ideally this should 
be a form of opiate analgesia, but any form of 
analgesia is preferable to none.  

27.3.3     Clinical Photographs 

 The wound should be photographed if possible, 
both for documentation and communication pur-
poses. This helps other members of the team to 
appreciate the nature and extent of the injury. 
Once the wound is covered, it should remain so 
until the patient is taken to the operating theatre, 
as repeated uncovering may increase the risk of 
infection.  

27.3.4     Removal of Any Gross 
Contamination 

 It is  no longer recommended  that the wound be 
washed out in the emergency department, as a for-
mal surgical debridement will have to be carried 
out in all cases, and unless the contamination is 
gross, e.g., earth or large particulate foreign mat-
ter, there is no benefi t to washing prior to this [ 11 ].  

27.3.5     Reduction of Fracture 

 The fracture should be reduced at the earli-
est possible opportunity, as this will restore the 
alignment of the soft tissues and in particular of 
the neurovascular structures, thus ensuring the 
best chance of preserving the limb. In the event 
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that bone is protruding from the skin, it is debat-
able whether the fracture or dislocation should 
be reduced before or after washing. If operat-
ing facilities are readily available, then it may 
be acceptable to wait until the wound has been 
excised and washed thoroughly in theatre prior 
to reduction. On the other hand, if facilities are 
not to hand, then preliminary washing and early 
reduction to preserve the soft tissues should be 
considered prior to surgery.  

27.3.6     Splinting of Limb 

 The limb should be splinted as soon as it has been 
reduced, to maintain the anatomical alignment. 
This may be achieved by a Thomas splint or any 
other form of traction splint in the case of a femoral 
fracture or by a simple plaster of Paris backslab in 
the case of the tibia. The humerus can be splinted 
with a plaster of Paris U slab, and the forearm 
bones should be put in an above elbow backslab 

 If simple splints are not readily available, any 
suitable material which comes to hand can be 
used. In austere environments, planks of wood, 
stout branches or sticks can act as splints, as long 
as these are padded to prevent pressure sores. 
Lower limbs can be strapped to the opposite intact 
limb in the absence of any form of splintage, and 
the upper limbs can be strapped to the trunk; 
these methods should only be used temporarily.  

27.3.7     Reassessment of Distal 
Neurovascular Status 

 It is vital to reassess the distal neurovascular status 
after manipulation of the limb. Although it is more 
likely that this will improve following reduction, 
the act of manipulation itself may cause a worsen-
ing of the neurovascular status [ 12 ].  

27.3.8     Broad-Spectrum 
Antibiotic Cover  

 Open fractures are associated with a high inci-
dence of infection [ 8 ,  9 ]. This risk may be greatly 
increased because of the environment in which 

the injury occurs, such as in conditions of combat 
(see Chap.   21    ). Antibiotics should be adminis-
tered at the earliest opportunity after injury [ 13 ]. 
It is diffi cult to recommend a particular antibi-
otic, because types of prevalent microorganisms, 
resistance patterns and antibiotic availability may 
vary widely in austere environments. There is 
also a lack of consensus in the literature on this 
point. The International Committee of the Red 
Cross (ICRC) has drawn up a protocol for anti-
biotic use in war injuries [ 14 ] and recommend 
intravenous penicillin G 5 million international 
units (MIU) four times a day for 48 h, with the 
addition of metronidazole 500 mg three times a 
day if there has been a delay in debridement or 
in the case of all landmine injuries. Alonge et al. 
[ 15 ] have shown that the commonest organism 
isolated from open fractures in a teaching hos-
pital in Nigeria is  Staphylococcus aureus , and 
 Gram-negative rods  are also common in this 
region [ 16 ]. Alonge et al. [ 17 ] found that the iso-
lated microorganisms in this setting were sensi-
tive to pefl oxacin, ciprofl oxacin and ceftriaxone. 
Anaerobic cover may be required in specifi c 
circumstances. The ideal duration of antibiotic 
cover is also diffi cult to determine. The ICRC 
recommend continuing therapy until wound clo-
sure or repeat debridement, if this becomes nec-
essary [ 14 ].  

27.3.9     Tetanus Prophylaxis 

 Tetanus prophylaxis should be administered. 
The ICRC recommends that a booster vaccine be 
administered in a combat environment regardless 
of the immunisation status of the patient. If the 
patient has never been immunised, then human 
tetanus immunoglobulin should be considered in 
addition to vaccination, if this is available [ 18 ]. 
Death due to tetanus is not an uncommon event 
in an austere environment (Fig.  27.2 ).

27.3.10        Radiographs 

 At this stage, x-rays should be taken in two 
planes which are perpendicular to each other and 
should include the joints above and below the 
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fracture. If x-rays are not readily available, it is 
best to perform the reduction fi rst, although there 
is evidence to show that in the absence of neuro-
vascular compromise or skin under pressure from 
bony fragments, there is no harm in performing 
x-rays prior to reduction [ 19 ].   

27.4     Initial Surgical Treatment 

 Initial surgical management of open fractures 
should include the following:

    1.    Wound excision and lavage   
   2.    Temporary skeletal stabilization   
   3.    Temporary dressings   
   4.    Classifi cation of injury   
   5.    Planning of defi nitive management     

27.4.1     Wound Excision and Lavage 

 A thorough surgical debridement and lavage 
of the wound is absolutely essential in order to 
prevent serious complications. Recent evidence 
[ 20 ,  21 ] suggests that the timing from injury to 
debridement is not as important as the quality of 
the debridement. The exceptions to this are in 
situations of gross contamination, compartment 
syndrome or vascular compromise [ 22 ], but in 
the austere environment, late presentations and 
severely contaminated wounds are the norm, so 

it is often safer to perform initial surgical treat-
ment at the earliest opportunity. If available, it 
is preferable that senior orthopaedic and plastic 
surgeons are involved in this initial debridement. 
This ensures that the injury is fully assessed, and 
plans for defi nitive management can be made and 
carried out in a timely manner. 

 The fi rst step is to excise the skin mar-
gins of the wound and to extend it in order to 
inspect the underlying soft tissues and bone. 
The term “excision” is used here in preference 
to “debridement”, as it implies removal rather 
than a mere laying open or “unbridling” (the 
term “debridement” is derived from this) [ 23 ]. 
Wounds should be extended along the lines of 
fasciotomy incisions [ 24 ]. If the wound does not 
reach a fasciotomy line, it should be extended 
to the nearest one and then developed along this 
line. This not only makes it easy to perform a 
fasciotomy if necessary but also ensures that the 
perforator vessels are preserved, as these may be 
required in the use of local fl aps to achieve soft 
tissue cover. 

 The value of swabs of superfi cial and deep 
tissues taken before commencing debridement 
is unclear; these have been shown to correlate 
with organisms responsible for subsequent infec-
tions in Nigeria [ 16 ], but this was not found to 
be the case in Malaysia [ 25 ]. D’Souza et al. [ 26 ] 
in India examined the results of both pre- and 
post- debridement cultures and found that these 
were indicative of later infection, but these were 
based on swabs rather than tissue samples. The 
signifi cance of organisms isolated at the fi rst sur-
gical debridement remains dubious. My prefer-
ence is to take clean (not contaminated by dirty 
instruments) deep tissue samples where possible, 
prior to contamination of the fi eld by commensal 
organisms during debridement. 

 The initial debridement should involve 
removal of all contaminated and devitalised tis-
sue. It is helpful to perform this in a systematic 
manner, beginning at one point (12 o’clock on an 
imaginary clock face is a good place to start) and 
moving around in a circular fashion to complete 
the round. Debridement should also proceed from 
superfi cial to deep tissues: skin, fat, fascia, mus-
cle and bone. It is advisable to be  conservative 

  Fig. 27.2    An open fracture of the tibia presenting late. 
The patient died of tetanus       
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with skin excision, in order to minimise the need 
for additional skin cover, but muscle and fat can 
be excised generously if necessary. 

 Bone ends should be delivered into the wound 
and debrided back to healthy bleeding bone with 
the aid of bone nibblers or cutters. The medullary 
canal of long bones should be carefully exam-
ined and curetted to remove any foreign material 
which may be lodged within. Loose fragments 
of bone which fail the “tug test” [ 24 ] (a pull on 
the fragment) should be removed, as they may 
be a nidus for future infection, and do not par-
ticipate in the fracture healing process. Cortical 
bone which is stripped of periosteum should also 
be excised back to bleeding bone. Articular frag-
ments should be preserved and, if possible, fi xed 
rigidly in place. Serial debridements may be 
necessary before the limb is ready for defi nitive 
management. 

 The concept of the “zone of injury” is an 
important one in debridement of open fractures. 
It was fi rst used for skin burns [ 27 ] and empha-
sises the fact that the damage may extend into 
tissues which are not immediately apparent on 
external inspection. This explains the need to 
extend wounds and perform meticulous inspec-
tion and debridement of deeper tissues. This 
is particularly vital in wounds resulting from 
combat, such as gunshot or blast injuries, which 
result in extensive damage of soft tissues far 
from the site of the visible skin wound [ 28 ]. The 
ICRC suggest that the “best antibiotic is good 
surgery” [ 29 ]. 

 Thorough and copious washout should be 
carried out with sterile water or saline. Several 
litres (at least 6) should be used for this purpose. 
“The solution to pollution is dilution [ 30 ]”. The 
addition of antibiotics or antiseptics to the fl uid 
has not been shown to have any benefi t [ 31 ]. An 
intravenous infusion set may be used to facilitate 
the delivery of large volumes of fl uid, but a large 
syringe is just as effective. If this is not available, 
simply pouring the fl uid onto the wound is also 
effective. It is important, just as with debride-
ment, to make sure that all parts of the wound are 
washed effectively. 

 The temptation to close the wound prema-
turely should be resisted, as any tissue of dubious 

viability remaining behind will cause infection, 
resulting in a situation which is very diffi cult to 
treat, and may have devastating consequences, 
such as amputation and even death.  

27.4.2     Temporary Stabilisation 
of Fracture 

 The next step will be to stabilise the fracture, and 
the safest and easiest way of achieving this in a 
resource poor setting is by the use of external 
fi xation [ 32 ,  33 ]. A well-applied external fi xator 
buys time before the fi nal management, and in 
many cases, it will also be the defi nitive fi xation 
(see chapters on Tools available in the Austere 
Environment and External Fixation). There are 
many types of external fi xator, but the prin-
ciples of application remain the same. A stable 
fi xation is no less important merely because it is 
temporary. 

 Stability of fi xation depends on these factors 
[ 34 ]:

    1.    “Near–far” fi xation: pins should be placed as 
close to (bearing in mind the zone of injury) 
and as far away from the fracture as possible 
in each fragment.   

   2.    Increasing the number of pins per fragment 
increases stability.   

   3.    Pins in different planes increase stability.   
   4.    Reducing the distance between the fi xator 

construct and the bone increases stability.    

  Consideration should also be given to the 
placement of external fi xator pins in order to 
facilitate access to neurovascular structures if 
necessary [ 35 ]. This can usually be achieved in 
the lower leg by keeping the pins in the sagittal 
plane (anterior to posterior). In the upper limb, 
the pins should be kept in the coronal plane.  

27.4.3     Dressing the Wound 

 At the end of the procedure, the wound should be 
dressed with an occlusive dressing. If facilities for 
topical negative pressure (vacuum)  dressings are 

27 Management of Open Fractures in Austere Environments



356

available, these provide a closed system which 
shuts off the wound effectively whilst at the same 
time preventing desiccation of the tissues [ 36 , 
 37 ]. Alternatively, insertion of local antibiotic 
carriers such as gentamicin beads, under a trans-
parent occlusive dressing, will deliver antibiotics 
to the area whilst preventing contamination from 
the exterior [ 38 ]. In an austere environment, any 
clean occlusive dressing, such as gauze, wrapped 
in wool and then bandage, may be used. The 
gauze may be moistened or used dry on top of 
a non-stick layer. If these types of dressings are 
used, it is essential to monitor them closely for 
“strike through”. This is when the outer layer 
of dressing becomes soaked through with blood 
or exudate, and this has been shown to greatly 
increase the risk of infection [ 39 ]. If “strike 
through” occurs, then the dressing should be 
changed as soon as possible. This should ideally 
be done in the operating theatre but may be done 
in a ward or clinic if circumstances dictate other-
wise; in this case, analgesia and sterility should 
be given due consideration. The ICRC recom-
mends using a dressing of loosely packed gauze 
[ 40 ] and also stresses the importance of avoiding 
dressing changes outside the operating theatre.  

27.4.4     Classifi cation of Open 
Fractures 

 There is no single reliable system for classi-
fi cation of open fractures, but the Gustilo and 
Anderson grading is the most widely used [ 41 ]. 
This system should be used only after wound 
debridement, and does not describe the extent 
of bony damage particularly well. It also has 
very poor interobserver reliability [ 42 ]. Other 
more comprehensive systems are the AO clas-
sifi cation [ 43 ], which is very detailed but diffi -
cult to memorise, and the Ganga Hospital score 
[ 44 ]. The Orthopaedic Trauma Association 
(OTA)’s classifi cation of open fractures has 
been recently reported to have good interob-
server reliability [ 45 ]. 

 The Red Cross Wound Score [ 46 ] both grades 
the wound according to its severity and types it 
according to the tissues injured. The grade and 

type can then be placed into a grid to provide a 
classifi cation. This can be used to formulate man-
agement plans. 

 Classifi cation systems are not useful unless 
they provide a guide to management and give 
an indication of prognosis; the ideal system 
does not exist currently. Further research in this 
area would be benefi cial for both high- and low- 
income countries.   

27.5     Limb Salvage Versus Primary 
Amputation 

 The damage to the limb may be so severe that 
in certain cases a primary amputation is the bet-
ter option. Injury scoring systems such as the 
Mangled Extremity Severity Score (MESS) [ 47 ] 
and the Limb Salvage Index (LSI) [ 48 ] were 
devised to help in the decision-making pro-
cess regarding primary amputation versus limb 
salvage, but none are particularly fool-proof 
[ 49 ]. The Ganga Hospital score [ 44 ] also gives 
an indication of when amputation should be 
considered. 

 Generally speaking, if limb salvage will result 
in poorer function than an amputation, then the 
latter is preferable. If there are no prosthetic ser-
vices, and amputation is not required to save life, 
then it may be better to save the limb if possible, 
as a limb with poor function may be preferable to 
none. Amputations may be culturally unaccept-
able in some countries, so this should be care-
fully considered (Fig.  27.3 ).

  Fig. 27.3    A comminuted open fracture of the tibia due to 
a high velocity round. Is this leg salvageable? How do you 
decide?       
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27.6        Defi nitive Surgical 
Treatment 

27.6.1     Bone 

 External fi xators may be used as defi nitive fi xa-
tion, and in austere environments, may be the 
only form of stabilisation available, although the 
disadvantages of this have been recognised by 
some authors [ 49 ]. A well-applied fi xator pro-
vides suffi cient stability to allow fracture heal-
ing to take place, providing the soft tissues are 
dealt with appropriately. External fi xators are 
also readily adjustable, so can be used to correct 
deformity or provide compression to the fracture 
as necessary, during the course of treatment. In 
addition, external fi xators can be locally manu-
factured, making them cheap and readily avail-
able [ 50 ,  51 ]. 

 Internal fi xation of fractures, where used, 
should occur at the time of defi nitive soft tissue 
cover, in order to avoid exposed implants [ 52 ]. 
The fi xation most appropriate for the fracture 
should be used wherever possible, although it 
is necessary to formulate combined plans for 
bony stabilisation and soft tissue cover, as the 
latter may infl uence the type of fi xation used; 
for example, using a plate may increase the 
girth of the limb and increase the complexity 
of the soft tissue procedure required to achieve 
closure. 

 Long bones of the lower limb can be treated 
by either plating or intramedullary nailing, 
depending on availability of implants (see chap-
ter on SIGN nails and internal fi xation), equip-
ment, staff and surgeon capabilities. Plating may 
further disrupt the soft tissue envelope and make 
soft tissue closure more diffi cult. Reamed intra-
medullary nailing disrupts endosteal circulation, 
and in severe injuries with periosteal stripping, 
this may further compromise the vascular supply 
to the bone. A risk of infection also exists if intra-
medullary nailing is undertaken after a period 
of external fi xation. Early conversion (approxi-
mately 2 weeks) is safe, even in low resource set-
tings [ 53 ,  54 ]. 

 In the absence of either internal or external 
fi xation devices, pins at the two ends of a long 

bone, followed by a plaster of Paris cast, will 
maintain gross alignment and stability [ 55 ,  56 ]. 
In cases of large or segmental bone loss, sev-
eral techniques may be used to fi ll the defect. 
See chapter on managing bone defects for more 
information (Fig.  27.4 ).

  Fig. 27.4    ( a ) Radiograph of an open fracture of a tibia. 
( b ) Temporary splinting with an external fi xator. ( c ) 
Defi nitive management with an Ilizarov frame. ( d ) Tibia 
has healed         

a
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d

b c

Fig. 27.4 (continued)

27.6.2        Soft Tissues 

 Exposed bone should be covered with vascula-
rised tissue. This not only brings a blood sup-
ply to the area but also serves as a source of 

mesenchymal stem cells [ 57 ], which contrib-
ute to fracture healing, and in infected cases 
as a delivery system for antibiotics [ 58 ]. See 
chapter on soft tissue reconstruction for more 
information.   
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27.7     International Standards 
and Guidelines 

 The British Orthopaedic Association (BOA) and 
the British Association of Plastic, Reconstructive 
and Aesthetic Surgeons (BAPRAS) have pub-
lished standards for the management of open frac-
tures of the lower limb [ 59 ]. They emphasize the 
importance of the quality of the initial debride-
ment and the planning of defi nitive bony stabi-
lisation and soft tissue reconstruction by senior 
surgeons. Although these standards were devised 
for a high resource setting, the underlying prin-
ciples are as relevant in an austere environment. 

 The International Committee of the Red Cross 
(ICRC) [ 60 ] presents the following guidelines for 
the care of war wounds in environments with lim-
ited resources:

    1.    Early and thorough wound excision and 
irrigation   

   2.    Adequate wound drainage   
   3.    No unnecessary dressing changes   
   4.    Delayed primary closure   
   5.    Antibiotics as an adjuvant   
   6.    Anti-tetanus vaccine and immunoglobulin if 

necessary   
   7.    No internal bone fi xation   
   8.    Early physiotherapy    
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      Management of Compartment 
Syndrome and Crush Syndrome                     

     Ian     Pallister     

       Compartment syndrome and crush syndrome are 
two closely related clinical entities, which are 
potentially catastrophic. A neglected compart-
ment syndrome will leave the patient with crip-
pling ischaemic contractures in the affected limb 
(Fig.  28.1 ), whereas crush syndrome is lethal if 
untreated [ 1 – 3 ]. Both arise as a consequence of 
trauma to muscle, which results in swelling and 
a compromised circulation at the microvascu-
lar level. The tissue ischaemia can release toxic 
products as cells breakdown and may culminate 
in cell death.

   It may be useful to think of compartment syn-
drome in terms of a localised problem within an 
osteo-fascial muscle compartment. Crush syn-
drome results when the products of muscle cell 
damage lead to systemic problems which mani-
fest as hyperkalaemia, acidosis, myoglobinuria, 
and renal failure. When a patient is freed from 
limb entrapment, reperfusion initiates this pro-
cess, the most urgent of which is hyperkalae-
mia leading to cardiac dysrhythmias and sudden 
death. 

 Compartment syndrome is typically associ-
ated with certain archetypal injury patterns. These 
include fractures of the tibia, forearm, and distal 

humerus (particularly in children) and also snake 
bites. If untreated, provided the patient does not 
develop the associated problems of crush syn-
drome, the best outcome that can be hoped for 
is the development of muscle contracture, often 
associated with impaired peripheral sensation. 
Classically described as Volkmann’s ischaemic 
contracture, the clawing toes and equinus con-
tractures seen in the lower limb may be so severe 
that the patient requests amputation (Fig.  28.1 ). 
The only proven treatment for acute compartment 
syndrome is fasciotomy, which must be executed 
as soon as possible. Once decompressed the 
muscle compartment reperfuses, and if executed 
in time, both muscle and nerve function should 
be preserved [ 2 – 4 ]. 

        I.   Pallister  , FRCS (Ed) FRCS DA (UK) DTM&H      
  Department of Trauma and Orthopaedics, 
Morriston Hospital ,  University of Swansea , 
  Swansea ,  Wales ,  UK   
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  Fig. 28.1    Ischaemic contractures secondary to neglected 
compartment syndrome       
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 Diagnosis hinges upon index of suspicion, an 
understanding of the mechanism and environ-
ment of injury, and clinical examination. In the 
conscious patient, worsening pain not in keeping 
with expected natural history is a key feature. 
A fractured limb should normally become less 
painful with the passage of time once properly 
splinted and elevated. Worsening pain exacer-
bated by active movement and passive stretch are 
hallmarks of the clinical picture. All bandaging 
or cast material around the limb (including cot-
ton wool roll) should be carefully split over the 
whole length of the cast or splint, which must 
then be gently prised apart. The relief will be 
almost instantaneous, if the problem is simply 
due to the limb having swollen tightly inside 
its splint. Next, gently assess the limb from a 
 neurovascular point of view, checking pulses and 
gently palpating the muscle groups taking care 
to keep the limb still. The muscle groups will 
be obviously swollen, tender and fi rm, or even 
woody to palpation. Remember skin perfusion 
and pulses will remain normal unless there is an 
associated major vascular injury. 

 Early in the development of compartment 
syndrome, nerves which pass deep though the 
affected compartment will become ischaemic. 
Ischaemic neuropraxia of the anterior interosse-
ous nerve in the upper limb can be detected by 
asking the patient to make an ‘OK sign’. This 
nerve is the deep terminal motor branch of the 
median nerve and it is the exclusive innervation 
of the fl exor digitorum profundus. Voluntary 
movement will be diffi cult anyway, but there will 
be no fl exion at the distal interphalangeal joint, 
indicating impairment of the nerve. The corre-
sponding test in the lower limb involves assess-
ing altered sensation in the deep branch of the 
common peroneal nerve. Examine the patient’s 
sensation in the fi rst dorsal web space of both feet 
simultaneously with a light touch saying ‘Does 
this feel the same or different?’ This choice of 
words is important, because  diminished  sensa-
tion will be revealed easily in this manner. If the 
patient is asked simply whether they can feel 
the touch or not, altered sensation is likely to be 
overlooked. 

 Once compartment syndrome has been 
 diagnosed, further elevation is not helpful and 

fasciotomy must be completed as soon as possi-
ble. The limb should be placed at the level of the 
patient’s heart, in the hope that some improve-
ment of perfusion may occur as the transfer to 
the operating theatre takes place, on the basis 
that the heart does no longer have to pump blood 
‘uphill’ into the limb. Commercially available 
and improvised devices can be used to measure 
intra- compartment pressure [ 5 – 7 ]. However, 
there is no substitute for the maxim ‘if there is 
any doubt, there is no doubt, the patient has com-
partment syndrome’. 

 Crush syndrome may be seen as a conse-
quence of a neglected severe compartment 
syndrome, or as the result of a sudden brief 
application of severe force to a limb (such as a 
leg being run over by a truck), or more classi-
cally when a casualty is trapped beneath fallen 
rubble following an earthquake or bombing [ 1 , 
 8 ,  9 ]. A similar cycle of skeletal muscle swell-
ing occurs, which impairs circulation and cel-
lular metabolism. As a result of the breakdown 
the sarcolemma membrane, intracellular potas-
sium and myoglobin leak into the circulation. In 
the case of an entrapped casualty, reperfusion 
of limb compressed by rubble is likely to occur 
at the time of their rescue. Sudden death was 
reported at the time of the original description 
of crush syndrome seen in the London Blitz. 
Reperfusion will result in the products of cell 
leakage and breakdown entering circulation. 
Hyperkalaemia may prove fatal. When dealing 
with individual patients, or those in relatively 
small groups, it may be possible to manage 
acute hyperkalaemia via standard emergency 
medical means and avoid acute renal failure 
by the use of forced alkaline diuresis supple-
mented with appropriate fl uid volume restora-
tion. Biochemical tests are without doubt very 
helpful in aiding the diagnosis and management 
of crush syndrome; however, hazardous changes 
on an electrocardiogram can be seen with hyper-
kalaemia (such as tented t-waves), and the urine 
is a striking red-brown colour (similar to port) 
in the presence of myoglobinuria (Fig.  28.2 ). 
If these interventions are unsuccessful, then 
the patient may be supported through acute 
renal failure using either haemodiafi ltration or 
haemodialysis.

I. Pallister



365

   Decompression of the affected muscle com-
partments should be undertaken if the initial 
assessment indicates that the limb may be viable 
and the entrapment has been less than 6–8 h. 
Decompression attempts beyond this time window 
will then oblige the surgical team to undertake 
massive muscle debridement and face the pos-
sibility of deep-seated infection occurring as an 
iatrogenic complication. In a resource constrained 
or true mass casualty situation, consideration must 
be given to early amputation as the required medi-
cal intervention may be impossible. In such cir-
cumstances, it is better to lose a limb than a life. 

28.1     Fasciotomy 

 The successful treatment of acute compartment 
syndrome depends entirely upon early recogni-
tion and rapid complete compartment decom-
pression. Fasciotomy rescues muscle from 
irretrievable ischaemia, allows debridement of 
dead tissue, and enables resuscitation from shock 
in the severely injured. 

 Correctly placing fasciotomy incisions in the 
distorted, swollen, injured limb can be diffi cult. 
Two key questions must be foremost in the sur-
geons mind when executing fasciotomy [ 10 ]:

•    Which compartment has been entered?  
•   Has each compartment been adequately 

decompressed?    

 Delayed or incomplete fasciotomy may result 
in limb loss of or even death in severe polytrauma 
[ 2 ]. In the forearm, an extensile incision is rec-
ommended which curves along the volar aspect 
of the forearm as illustrated (Fig.  28.3a ).

   This line of incision is recommended in the 
hope of leaving important structures (such as the 
median nerve at the wrist and antecubital fossa) 
still covered with the resulting fasciocutaneous 
fl aps. The direction of the incision at the wrist   Fig. 28.2    Myoglobinuria in crush syndrome       

a b

  Fig. 28.3    ( a ) Forearm skin markings for volar fasciotomy and ( b ) executing the forearm volar fasciotomy       
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avoids directly crossing a fl exure crease and so 
minimised the risk of contracture. Equally impor-
tant, the incision allows decompression of the ulna 
nerve in Guyon’s canal if needed, while taking 
the incision away from the palmar branch of the 
median nerve, which could be divided accidentally 
with a straight incision. The incision is deepened 
straight to the fascial layer and care must be taken 
to decompress the deep fl exor compartment, and 
the mobile wad. Swelling postdecompression can 
be extreme as shown in Fig.  28.3b . However, 48 h 
later, 2/3 of this wound was closed primarily, the 
remainder skin grafted. At 3 months postinjury, the 
patient has normal hand sensation and function. 

 In the lower limb, the angiosomal blood sup-
ply assumes greater importance. An angiosome 
is a 3-dimensional volume of tissue dependent 
upon a particular blood vessel for its survival. 
This arrangement seems to make the anterior 
compartment particularly vulnerable if not cor-
rectly decompressed [ 11 ]. Swelling and local 
trauma distort anatomy signifi cantly, making 
it possible to ‘miss’ the intended compartment 
without some simple means of double check-
ing. The anterior and lateral compartments may 
be decompressed via separate fascial incisions 
through an axial skin incision (running midway 
between the fi bula head and the tibial tuberosity 
proximally and the lateral malleolus and the ante-
rior tibia distally) [ 4 ] (Fig.  28.4 ). Alternatively, 
the anterior compartment is decompressed via an 
incision 2 cm lateral to the tibial crest. The lateral 
compartment is then decompressed into the ante-
rior by incising the intermuscular septum [ 12 ].

   Failure the decompress the deep posterior 
compartment will result in ischaemic contracture 
which manifest as clawing of the toes, with some 
equinus contracture, which will be compounded 
if the superfi cial posterior compartment is also 
involved (Fig.  28.1 ).  

28.2     Method 

 Using the ‘military method’ described by Clasper 
et al., the incision to decompress the anterior and 
lateral compartments lies over the intermuscular 

septum. Mark the lateral subcutaneous border of 
the tibia and the line of the fi bula. Incise in a line 
midway between these lines (Fig.  28.4 ). 

 Having dissected through fat to the fascia, 
identify the intermuscular septum by the pres-
ence of a fat stripe. Confi rm this by making a 
transverse incision over the intermuscular  septum 

  Fig. 28.4    ( a ) Skin and ( b ) deep landmarks for lateral fas-
ciotomy. ( c ) Lateral fasciotomy in the fi eld       
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and palpate the septum which feels like the blunt 
edge of a knife. After identifying the intermus-
cular septum, incise the deep fascia anterior to 
it and insert (‘poke’) a fi nger superfi cial to the 
muscle – but deep to the fascia towards the mid-
line [ 10 ]. If the fi nger is in the anterior compart-
ment, it will touch the tibia easily. If, however, 
the fi nger is in the lateral compartment, this will 
be impossible. However, if the direction of the 
fi nger is reversed and advanced, the fi bula will 
be felt. 

 It is imperative to ‘poke’ the fi nger in and 
 never  to sweep it along the length of the wound. 
This would avulse perforators, with potentially 
disastrous results. The fascia overlying each of 
the anterior and lateral compartments is incised 
along its entire length through two separate inci-
sions, one each side of the intermuscular septum. 
Care must be taken distally to avoid injury to the 
superfi cial branch of the common peroneal nerve 
which emerges adjacent to the intermuscular sep-
tum roughly at its distal 1/3. 

 The alternative method is to incise the skin 
1.5 cm lateral to the lateral subcutaneous border 
of the tibia. The anterior compartment is decom-
pressed directly and then the muscle must be 
retracted medially to expose the intermuscular 
septum. This is then incised and thus the lateral 
compartment decompressed into the anterior 
compartment. In the presence of severe swell-
ing, seeing the intermuscular septum could prove 
very diffi cult, and there is an appreciable risk to 
the superfi cial branch of the common peroneal 
nerve. 

 The medial incision is made approximately 
1.5 cm medial to the medial subcutaneous bor-
der of the tibia. Don’t waste time cauterising the 
veins which cross the incision (Fig.  28.5 ). Clip 
them and return to them later.

   The anatomy medially is variable. The super-
fi cial posterior compartment is usually entered 
easily. Decompress the muscle by incising the 
fascia in line with the skin incision. Then incise/
release the gastrocnemius from its tibial ori-
gin and retract it posteriorly to expose the fas-
cia overlying the deep posterior compartment. 
Decompress this again by incising the whole of 

the overlying fascia. In some individuals, the 
fascia encountered immediately deep to the skin 
incision is that of the deep posterior compart-
ment, thus it is possible to ‘miss’ the superfi cial 
compartment. 

 Incisions which initially appear adequate in 
terms of length may be evidently too short once 
the compartments have been decompressed. Care 
must be taken to extend the incisions accordingly, 
with extension of the fasciotomies. 

 By using these simple steps consistently, 
including the poke test, the surgeon can identify 
swiftly and with certainty which of the ante-
rior of lateral compartments have been entered 
and decompressed. The wounds can be dressed 
using paraffi n gauze directly onto the muscle, 
then dry gauze on top with copious padding 
such as Gamgee. The decompressed limb should 
be splinted to help prevent contracture even if 
the fracture has been operatively stabilised. For 
example, a posterior backslab to hold the foot at 
90° at the ankle is a wise precaution to prevent 
equinus contracture which will tend to develop in 
a painful limb even when the fasciotomies have 
been performed correctly and in good time. 

 At the return trip to theatre in 48 h, it is often 
possible to close part of both, or even all of one 
fasciotomy wounds. While techniques have been 
described for achieving gradual closure, split skin 
grafting at 48 h will have an excellent chance of 
taking completely by 5 days and may be the most 
simple and reliable means of closure.     

  Fig. 28.5    Landmarks for leg medial fasciotomy       
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      Amputations                     

     Richard     A.     Gosselin    

       The actual worldwide incidence and prevalence 
of amputations (major and minor) are unknown. 
The incidence is estimated at around 1.5/1000 
population for a total greater than 10 million 
per year. The prevalence is estimated at around 
5/1000 population, meaning there are at least 
35 million amputees worldwide [ 1 ,  2 ]. Most aus-
tere environments lack in sophisticated prosthet-
ics and rehabilitation resources. Any amputee 
faces a greater challenge to return to a productive, 
functional lifestyle [ 3 ,  4 ]. The stigma attached 
to amputation varies greatly across cultural, 
religious, and socioeconomic determinants. In 
some places, patients would rather die than lose 
a limb. In other places, the consent to perform 
or not an amputation is given by a second party: 
fathers, husbands, elder brother, village elders, or 
military commanders. These can sometimes take 
days to obtain. The decision to refuse or seek a 
“second opinion” at another facility or with tra-
ditional healers may not seem “medically ratio-
nal” but needs to be respected, even if there is no 
doubt as to the fi nal outcome [ 5 ]. 

 An upper extremity (UE) amputee almost 
always loses signifi cant function, particularly 
where white-collar jobs are scarce. A lower 
extremity (LE) amputee loses more or less func-
tion depending on the level and quality of the 
amputation but, unless fi tted with a comfortable 
and appropriate prosthesis, also loses UE function 
while in motion (using crutches or wheelchair). 
When amputation is necessary in such environ-
ments, it should be as conservative as possible, 
within the constraints of the available prosthetic 
capacities. Amputation is not just a procedure; it 
is a process that goes from the disease/injury to 
the defi nitive prosthetic fi tting, maintenance, and 
replacement [ 6 ]. An amputee is a patient for life. 

 The ideal stump is painless, well-padded, 
well-balanced, end-bearing, and easy to fi t. The 
ideal prosthesis is sturdy, light, made with local 
materials by local technicians, adapted to local 
environment, easy to maintain, repair or replace 
when needed, cosmetically acceptable, and inex-
pensive. The International Committee of the 
Red Cross (ICRC) and Handicap International 
(HI) have been very successful over the years 
in designing and implementing programs that 
meet these criteria. Elective amputations for con-
genital malformations, tumors, or chronic infec-
tions can be planned on an elective basis with 
the involvement of the prosthetist, using helpful 
diagnostic studies such as the arm/ankle index, 
vascular ultrasound examination, or even angiog-
raphy where available [ 7 ]. 
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 Amputations for trauma, either primary or 
delayed, are different: they most often involve 
healthy young adults, and the fl aps and amputation 
level are most often dictated by the injury itself. 
Salvaging the proximal joint should be the fi rst 
goal of a traumatic amputation, if at all possible, as 
energy requirements for ambulating with a shorter 
prosthesis are signifi cantly less. A mangled extrem-
ity may require immediate amputation rather than 
a heroic attempt at salvage that will require many 
subsequent complex procedures spanning a long 
period of time and of dubious fi nal functional out-
come (Fig.  29.1 ). The extent of the injury should 
be documented with photographs, and a second 
opinion obtained and added to the fi le, if possible. 

Debridement and immobilization with a splint, cast, 
or external fi xator may be appropriate while waiting 
for the proper consent, but the surgeon needs to be 
clear and explicit as to the anticipated outcome and 
not give false hopes if the situation is hopeless. The 
defi nitive amputation should be done before sep-
tic or metabolic complications start to occur. Once 
consent is obtained, further delays will only jeopar-
dize the outcome at the proposed level of amputa-
tion, with the risk of having to go more proximally.

   Injuries sustained in a battle zone are usu-
ally more severe and extensive than nonconfl ict- 
associated injuries, the vast majority of which 
are from road traffi c crashes or farming/indus-
trial injuries (Figs.  29.2  and  29.3 ). In austere 

a b

  Fig. 29.1    ( a ) A man presented with an open fracture following a road traffi c accident several days old. The appropriate 
management is a below-knee amputation. However, this surgeon unwisely attempted salvage ( b ) The patient died       

  Fig. 29.2    A traumatic 
amputation from step-
ping on a mine       

 

 

R.A. Gosselin



371

 environments, heavy contamination and delayed 
presentation is common, and stumps should not 
be closed primarily but rather in a delayed fash-
ion 4–6 days later [ 8 ,  9 ].

    In the developing world, most amputations are 
done for injuries, contrary to high-income coun-
tries where vascular disease, including diabetes, 
is the most common etiology. Other indications 
include acute (gas gangrene) or chronic (osteo-
myelitis, ulcers, leprosy) infections, palliative or 
curative tumor surgery, and more rarely congeni-
tal deformities [ 10 ]. 

29.1     General Principles 

 The extent of the initial debridement of any stump 
will vary according to the type and severity of the 
injury, and also according to the type of tissue. 
A tourniquet should always be applied but, unless 
there is active bleeding, may be infl ated only if 

needed. This allows easier demarcation between 
vascularized and devitalized tissues, particularly 
important for skin and muscles. If the patient has 
already lost a lot of blood and/or if blood pro-
curement is an issue, the tourniquet should be 
infl ated from the beginning. 

 Skin excision needs to be as conservative 
as possible as this is a valuable commodity 
(Fig.  29.4 ). No more than 3–4 mm need to be 
removed from the edges into bleeding tissue. 
Where storage capacity is available, healthy skin 
from the amputated segment can be harvested for 
future use if needed: the harvested skin is folded 
in half so that the dermal layer is touching itself, 
covered with a sterile gauze and submerged in 
saline solution, It can be kept up to 14 days in a 
refrigerator between 0 and 4° [ 11 ].

   Fat tissue and fascia are poorly vascularized 
and excision should be generous. Viable muscle 
tissue contracts when pinched (unless paralyzed, 
check with the anesthetist) and bleeds when cut. 
Contused but living muscle may not, so it is 
important to debride the obviously devitalized tis-
sue but be conservative where there is a doubt, and 
reassess at 4–6 days, at the time of the proposed 
delayed primary closure (DPC). If more necrosis 
has declared itself, re-debridement is carried out, 
the stump again left open, and DPC planned again 
4–6 days later. In general, muscle masses are bev-
eled from superfi cial to deep and from distal to 
proximal, so they will still cover the bone when 
they retract.  There is no indication for guillotine 
amputations , except to extricate a trapped patient 

  Fig. 29.3    A tibia open fracture caused by a high velocity 
round       

Debulk muscle to ensure
flap is not too bulky

Bone is divided 12-15cm
below knee joint

Fibula divided higher
Large posterior flap to

facilitate stump coverage

  Fig. 29.4    Planning the soft tissue fl ap prior to the ampu-
tation (Courtesy of Konstantinos Doudoulakis)       

  

29 Amputations



372

in the fi eld, as they always require shortening 
before closure [ 12 ]. This was unfortunately still 
too commonly seen after the Haiti earthquake 
[ 13 ] (Fig.  29.5 ). It is better to shape regular fl aps, 
even if their viability is in doubt, and revise at a 
second look than do a guillotine that often causes 
the joint above to be later sacrifi ced.

   Major arteries and veins should be ligated sep-
arately, using a transfi xing ligature and another 
simple ligature proximally on the artery. Nerves 
are identifi ed separately and never ligated. 
Ligating nerves with the vascular bundle may 
lead to painful “pulsatile” neuromas. Nerves are 
transected sharply under gentle traction so they 
can retract proximally and burry themselves in 
the surrounding muscle masses. Long bones need 
to be cut perpendicular to their long axis and the 
edges smoothen with a rasp or rongeur. 

 The anterior tibial crest needs to be beveled 
at a 45° angle. As opposed to through-bone 
 amputations, LE disarticulations provide an end- 
bearing stump, which is preferable, but prosthetic 

fi tting is more complicated and, more often than 
not, unavailable. The input of the prosthetic spe-
cialist will be essential in the decision-making 
process (Fig.  29.6 ).

   In the pediatric group, every effort should be 
made to preserve physes, so disarticulation is 
preferred to diaphyseal amputation. When the 
amputation is through bone, stump overgrowth or 
exostosis formation is more common. The end of 
the bone needs to be capped, either by dissecting 
the periosteum as a separate layer and suturing it 
to itself or by plugging the medullary canal with 
a piece of bone or cartilage from the specimen.  

29.2     Upper Extremity 
Amputations 

 As a general rule, stumps should be as long as 
possible provided skin coverage is adequate. In 
such environments, some prostheses may provide 
basic function (passive pinch or hook) but most 

  Fig. 29.5    A guillotine amputation. A common presenta-
tion in the immediate aftermath of disasters such as the 
Haiti earthquake       

  Fig. 29.6    Prosthetics for above-knee and through-joint 
amputees. It is important to become aware on the indica-
tions and characteristics of different prosthetics       

  

R.A. Gosselin



373

will be used as a paddle or only for cosmetic pur-
poses [ 14 ]. 

 3–1 Injuries to the hand: they often appear 
worse than they actually are. Conservative 
debridement and amputation of only the obvi-
ously non-viable segments are in order. Tissues 
of questionable viability should be retained and 
addressed during a “second look” procedure at 
48–72 h, keeping in mind that fi nger function 
depends in great part on some sensory preserva-
tion. Immobilization of all unstable bony injuries 
of fi ngers, metacarpals, or carpal bones should 
be achieved with K-wires or Steinmann pins. 
Fluoroscopic imaging will make this task easier 
where available. K-wires passed through a needle 
cap can make a surprisingly sturdy improvised 
external fi xator. A fl uffy hand dressing, with a 
backslab, and elevation of the limb should pro-
vide the damaged tissues the best healing envi-
ronment [ 8 ]. 

 Every attempt should be made to salvage 
as much of the thumb as possible (Fig.  29.7 ). 
Amputations through or proximal to the MP joint 
are very disabling, and toe-to-thumb transfer is 
not an option. As long as one digit is present 
and functional, some degree of pinching should 
be possible. But losing fi ngers four and/or fi ve 
affects grip strength much more than losing fi n-
gers two and/or three. An open digit amputation, 
even of the guillotine type, through a more distal 
segment is preferable to a more proximal one that 
is closed.

   If delayed primary closure or closure by 
secondary intention of the stump is not pos-
sible, simple procedures such as V-Y advance-
ment fl ap or burying the digit in the abdomen 
for 2–3 weeks can provide defi nitive coverage. 
Split-thickness skin grafts should be avoided 
as they are not sensate and break down easily. 
Finger tip injuries are best managed by nibbling 
the distal phalanx and primary closure without 
tension, V-Y advancement, or just letting the 
wound heal by secondary intention. All these 
techniques provide a fi nger tip with normal or 
near-normal sensation. Amputation through the 
hand can still allow some pinching if the thumb 
is intact. Otherwise, it will serve as an articu-
lated paddle. If none of the hand is salvageable, 

a disarticulation through the radio-carpal joint is 
indicated [ 6 ]. 

 3–2 Forearm amputations: the more distal the 
better, provided there is good soft tissue cover-
age. Both bones should be cut at the same level, 
and edges smoothen to prevent sharp tenting 
of the overlying skin. Amputations through the 
proximal or middle third of the forearm allow 
myodesis (preferable) or myoplasty of avail-
able muscle bellies over the tips of the bones. 

  Fig. 29.7    This child suffered a severe injury to the hand 
after grabbing an explosive device. The surgeon has saved 
the thumb, thus helping this child to have some ability to 
grasp       
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Amputations through the middle or distal third 
tend to have some balance between pronation and 
supination of the stump, whereas those through 
the proximal third tend to have a supination con-
tracture. Still, even a short below-elbow stump is 
more functional than an elbow disarticulation. 

 Much has been written about the Krukenberg 
procedure, particularly in the aftermath of the 
civil war in Sierra Leone where many civilian vic-
tims were mutilated with machetes and sustained 
uni- or bilateral UE amputations, mostly through 
the wrist or distal forearm. Initially described as 
a salvage procedure to produce a sensate claw for 
deminers who were blinded and lost both hands 
in the line of duty, it is a technically demand-
ing procedure that very few “western” surgeons 
have the opportunity to learn during their train-
ing (Fig.  29.8 ). Cutaneous fl aps must respect sen-
sory innervation, deep dissection cannot go too 
far proximally to preserve blood supply, and the 
resulting claw affords only minimal active pro-
supination. Still, many recipients of this proce-
dure are happier with a passive claw than with 
the paddle stump they had before. There is not 
much tissue to cover the ends of the bones dis-
tally, and wound healing problems or sores are 
not rare. If they require a revision to a proximal 
below-elbow amputation, the patient is function-
ally worse that how he started [ 15 ].

29.2.1       Arm Amputations 

 The longer the segment, the better the stump 
can cross the midline in adduction, thus improv-
ing function. An elbow disarticulation is a good 
procedure, provided the distal humerus is well 
covered and better than a through-humerus 
amputation (Fig.  29.9 ). Through-humerus ampu-
tations should have the brachialis/triceps groups 
myodezed to the humerus, as opposed to sim-
ple myoplasty, to avoid “slinging.” A proximal 
humerus amputation is not very functional, and 
abduction contractures are common if done prox-
imal to the pectoralis major insertion (most often 
the case). Shoulder disarticulation and forequar-
ter amputations are heroic measures reserved for 
severe trauma or gas gangrene. Once palpable gas 

has reached the chest wall, curative treatment is 
out of reach, as hyperbaric treatment is never an 
option.

29.3         Lower Extremity 
Amputations 

 In environments where most of the gainful 
employment is either from manual labor or 
farming, hands-free locomotion is of paramount 
importance. This can be achieved with good pros-
thetic fi tting and maintenance for more proximal 

  Fig. 29.8    Krukenberg procedure is not advisable in the 
austere environment       
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amputations or with a sound end- bearing stump 
around the foot and ankle area. The increase in 
high-energy vehicular trauma translates into 
more severe lower limb injuries. It is of utmost 
importance that if amputation is the only option, 
it be carried out in a timely fashion and with opti-
mal technique, to preserve the most functionality. 
Unfortunately sociocultural determinants often 
prevent the appropriate surgical decision to be 
taken when it should. 

 Surgeons themselves often make the situation 
worse by giving false hopes to the patient and fam-
ily about limb-saving surgery, and the protracted 
treatment afterwards. The result of procrastination 
is often that the window of opportunity for a more 
distal amputation is lost, and a joint needs to be 
sacrifi ced needlessly for a more proximal amputa-
tion. The surgeon’s responsibility is to make hard 
decisions when they need to be made. Clearly 
explaining, and documenting the pros and cons of 

a

b

  Fig. 29.9    ( a ) A young 
man suffered a mangled 
forearm and elbow after 
been trapped in a heavy 
metal roller and 
( b ) Following above 
elbow amputation       
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early versus late amputation to the patient and his 
family will allow them to take the best “informed” 
decision, which then needs to be respected. 

29.3.1     Foot Amputations 

 An intact heel pad and preserved plantar sensation 
make an ideal end-bearing stump for any mid- or 
fore-foot amputation. Toe amputations, ray resec-
tion, and transmetatarsal amputations may all 
create a varying degree of gait disturbance, but 
in austere environments, patients cope and adapt 

well, and prostheses are not required (Fig.  29.10 ). 
Except for the os calcis, tarsal bones contribute 
very little to the function and quality of a more 
proximal stump and should not be retained. If the 
talus is kept, normal leg length can be maintained, 
but a calcaneo-talo-tibial arthrodesis is needed to 
avoid instability of the stump. On the other hand, 
every attempt should be made to retain the os cal-
cis, the heel pad and as much viable the plantar 
fl ap as possible. When these conditions are met, 
the Boyd procedure is very effective [ 6 ]: the talus 
is excised, a calcaneo-tibial fusion is achieved in 
a calcaneus position and secured with one or two 

a

b

  Fig. 29.10    ( a  and  b ) 
A trans-metatarsal 
amputation ensuring 
adequate soft tissue 
cover       
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Steinmann pins, the Achilles tendon is released 
percutaneously to remove any equinus deforming 
force while the fusion is taking place. Once the 
wound is healed, the stump can be secured in a non-
weight-bearing below-knee cast to be removed at 
12 weeks, with the pins. By then a sound fusion 
will allow rapid progression to full weight bearing 
on the hell pad, with minimal shortening, and most 
patients actually prefer not using a prosthesis.

29.3.2        Ankle Amputation 

 The Syme amputation is a time-proven procedure 
and of particular importance in resource-poor coun-
tries as it also provides an end-bearing stump. A 
healthy and sensate heel pad is a prerequisite. When 
done for trauma, dissection of the os calcis should be 
done as close to the bone as possible, and the maleoli 
can be primarily beveled obliquely at the level of the 
pilon, but it is safer to leave the wound open and wait 
4–6 days for DPC. The heel pad is best anchored 
to the distal tibia with trans-osseous sutures. The 
limb will be a little shorter, and most patients will 
agree to use a prosthesis. The stump is well padded 
and, unless not enough of the malleoli have been 
removed, quite resistant to skin breakdown.  

29.3.3     Transtibial Amputations 

 Below-knee amputation (BKA) is the most com-
mon long bone amputation in LMICs (Fig.  29.11 ). 
Often the amount of injury will dictate not only 
the level of amputation but also the type of cov-
erage. The initial debridement should be con-
servative with the skin. Better to have too much 
than not enough, and these “fl aps of opportu-
nity” can often be fashioned to provide sound, 
albeit unorthodox tissue for coverage at time of 
DPC. Otherwise, the Burgess “step” incision 
remains the classic approach if soft tissues allow. 
Ideally, the tibia should be cut at around 15 cms 
below the tibial tubercle (2.5 cm for every 30 cm 
of patient height) for best prosthetic fi tting. The 
distal 2 cm of the anterior crest need to be beveled 
at roughly a 45° angle, and all edges smoothen. 
The fi bula is cut 2 cm proximal to the tibial cut. 
Techniques have been described, such as the Ertl 
procedure, to prevent “chopsticking” of the two 
bones, by creating a distal synostosis. This may 
create problems of their own (nonunion, graft 
migration). and the purported benefi ts are at best 
controversial. In austere environments, this should 
be reserved for elective stump revision where dis-
tal instability is indeed severe enough to impact 

  Fig. 29.11    ( a ) The 
soft tissue is cut at 45° 
to create a fl ap that is 
thick enough to 
provide padding but 
not too bulky that it 
cannot be closed 
loosely. ( b ) The bone 
is cut and the edges 
are trimmed and fi led 
to remove any sharp 
edges. ( c ) A healed 
below-knee 
amputation. The scar 
of the “fi sh mouth” 
fl ap can be appreciated         

a 
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the use of a prosthesis. More proximal amputa-
tions leave less and less stump for the prosthe-
tist to work with, and anything at or proximal to 
5–6 cm from the tubercle is practically unfi ttable 
in austere environments. Whatever level of the 
bone cut, good padding is essential and achieved 
with a myodesis of the gastoc-soleus complex on 
the anterior tibial periosteum or, preferably, using 
trans-osseous sutures. This also insures good bal-
ance with extensor mechanism. In general, very 

good functional outcomes are achieved even with 
basic prostheses that are well adapted to the local 
environment and easy to repair or replace [ 14 ].

29.3.4        Knee Disarticulation 

 This procedure provides an end-bearing stump 
but requires sophisticated prosthetics capac-
ity rarely available in these environments. It 

c

bFig. 29.11 (continued)
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should be done only with the guarantee from the 
prosthetic specialist that he/she can handle it; 
 otherwise a low above-knee amputation (AKA) 
is indicated. If done, the epicondyles should be 
trimmed, the patellar tendon sutured to the PCL 
remnant, and some gastrocnemii used anteriorly, 
avoiding to make the stump too bulky. A knee 
disarticulation is also a better procedure than an 
AKA for wheelchair bound patients, as it pro-
vides better sitting balance [ 6 ].  

29.3.5     Transfemoral Amputations 

 The key to an AKA is to ensure balance between 
the various deforming forces. If adduction is lost, 
an abduction contracture will develop at the hip, 
and if extension is lost, a fl exion contracture will 
occur. Both may impede good prosthetic fi tting and 
effi cient ambulation. The classic AKA is done at 
the distal metaphyso-diaphyseal junction, usually 
through a sagittal or coronal fi sh mouth incision. It 
is important to preserve the adductor magnus mus-
cle after it is cut near Hunter’s canal, and anchor it 
to the lateral aspect of the femoral stump, prefer-
ably with trans-osseous sutures. The quadriceps is 
then passed over the adductor belly and anchored 
posteriorly on the femur. This is preferable to a 
simple myoplasty with the hamstrings and the risk 
of painful “slinging,” the back and forth rocking 
of the muscle sleeve over the end of the bone. The 
same principles apply to amputations thought the 
middle third of the bone. Amputations at or above 
the proximal third are at risk of a fl exion contrac-
ture, and every effort should be made to preserve 
or tenodese the gluteus maximus insertion on the 
linea aspera. The patient should be asked to lie 
prone at least twice a day for 30 min as soon as 
pain allows. If necessary, a hip spica in extension 
can be applied for 6 weeks, but they are poorly 
tolerated, particularly in hot climates. 

 Short thigh stumps are diffi cult to fi t, par-
ticularly in obese patients. Few patients are ever 
comfortable enough for hands-free ambulation, 
and it is not uncommon for the cumbersome and 
heavy prosthesis to be “left in the corner” and 
used only on special occasions. Hip disarticulation 
and hindquarter amputation cannot be fi tted in 

austere environments and are indicated only as 
life-saving procedures in some acute infections, 
or as palliative treatment of advanced cancers or 
chronic infections [ 6 ].   

29.4     Postoperative Management 

 The vast majority of amputations for trauma are 
left open, and DPC is done 4–6 days later if clean, 
usually over a suction or a Penrose drain. A plaster 
back slab can immobilize the proximal joint in the 
desired position and helps with pain. Appropriate 
analgesia should be provided, parenterally for 
48–72 h, orally after that. Pillows under the knee 
should be avoided to prevent hip and knee fl exion 
contractures. The drain is removed at 24–48 h, 
and distal to proximal compressive dressings can 
be started. Immediate or early prosthetic fi tting is 
rarely available, and prosthetists prefer to work 
with more mature stumps. Sutures are removed 
at 2 weeks, compressive dressings and/or stock-
ings are then used for the next 6–12 weeks until 
initial “maturation”: all soft tissues have healed 
and securely scarred down to the bone, the stump is 
painless, with no or minimal swelling when depen-
dent. It is crucial to maintain strength and mobility 
of the proximal segments throughout the process. 
When the size of the stump of the stump is stable, it 
can be molded and the initial prosthesis assembled. 
Simple yet sturdy components should be used, 
such as the Jaipur foot. Sophisticated prosthetics 
using myoelectric components or advanced mate-
rials such as carbon fi ber are not available. 

 UE prostheses can provide some basic pinch-
ing or grasping function or be purely cosmetic. 
The initial LE prosthesis needs to be replaced 
with the defi nitive one at 6–12 months, as the 
fi nal stump maturation process comes to an end. 
It is of critical importance that the patient and 
the family are well instructed and comfortable 
with all aspects of the life of an amputee: care 
of the stump, knowledge of potential complica-
tions, access and maintenance of supplies such 
as stockings or socks, cleaning and maintenance 
of the prosthesis itself and sustainable access to 
repair or replacement when needed. This is part 
of the amputation process.  
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29.5     Complications 

29.5.1     Wound Problems 

 Dehiscence or necrosis occurs when closure is 
done under too much tension, not accounting for 
postoperative edema. Re-debridement needs to 
be done, the bone shortened only if necessary, 
and the wound left open for later DPC. A chronic 
stump wound comes from excessive from the 
prosthesis over bony prominences insuffi ciently 
padded. It is common over the tip of a BKA, 
especially if the tibia has not been beveled or if 
the fi bula is too long. It can also come from pres-
sure on an exostosis, a chronic osteomyelitis or 
an ill-fi tting prosthesis. Stump-related problems 
almost always require surgical revision with bone 
shortening [ 8 ,  16 ].  

29.5.2     Neuroma 

 100 % of cut nerves develop a neuroma, most of 
them asymptomatic. A neuroma may be painful 
at rest or only when under pressure. Phantom 
sensation is a normal occurrence where the 
patient feels as if the amputated limb or part of 
it is still there. It is a temporary phenomenon, 
which usually moves proximally over a few 
weeks or months and then disappears. It needs to 
be differentiated from phantom pain, an abnor-
mal phenomenon where the amputated limb or 
part of it is actually painful for the patient. This 
is a neuroma issue; more common if the nerve 
has been ligated or cauterized, ligated with a ves-
sel, or stretched too hard before being divided. 
This may also resolve over time, but if not, the 
neuroma needs to be explored and revised. Pain 
when the patient bears weight in his prosthesis 
is because of inadequate or insuffi cient padding 
around the neuroma, and if debilitating enough, 
requires revision surgery [ 6 ].  

29.5.3     Phantom Pain 

 This is a common occurrence, occurring in vary-
ing degrees in more than half the patients [ 6 ]. It is 

to be differentiated from phantom sensation (the 
feeling the amputated limb is still present), which 
is a normal occurrence in nearly all amputees and 
resolves on its own after 1–2 years. Phantom 
pain refers to residual painful sensations in the 
missing segment and is also different from the 
mechanically induced neuroma pain. Its manage-
ment is controversial and often disappointing, as 
there appears to be a signifi cant psychological 
component. Mechanical devices such as trans-
dermal electrical neurostimulation (TENS) have 
not proven successful in randomized controlled 
trials. A great number of pharmaceuticals have 
been tried over time, including aspirin, acet-
aminophen, NSAIDs, tricyclic antidepressants, 
benzodiazepines, opiates, and others, without 
much success. The antiseizure drug carbamaze-
pine (Tegretol) showed initial promise and today 
gabapentin (Neurontin) has proven effective at 
least partially, in most patients, and has become 
the fi rst-line medication [ 17 ].  

29.5.4     Overgrowth/Exostosis 

 These are more common in the pediatric group, 
especially if the bone end has not been “capped.” 
They are less common in the adult and associ-
ated with aggressive periosteal stripping. Soft 
tissue heterotopic calcifi cation or ossifi cation can 
also rarely be seen resulting more often from the 
injury than the surgery. All of these may create 
pressure point and pain, or fi tting diffi culties, in 
which case they need to be removed. Overgrowth 
is addressed with shortening and capping: the end 
of the bone is “plugged” with and osteochondral 
fragment harvested from the amputated segment, 
over which the periosteum is sutured whenever 
possible [ 6 ].  

29.5.5     Contractures 

 These should be prevented by adequate muscu-
lar balancing at the time of surgery and appro-
priate rehabilitation after surgery. If conservative 
management with physiotherapy is unsuccessful, 
and effective use of the prosthesis is impeded, 

R.A. Gosselin



381

surgery is indicated. If myodesis or tenodesis of 
antagonist muscle groups is possible, it is always 
preferable to tendon lengthening or tenotomy, 
both of which weaken the stump [ 6 ].  

29.5.6     Psychological/Sociological 
Issues 

 The sociocultural stigma of amputation is very 
signifi cant in many LMICs. Young, previously 
healthy patients, often the family bread winners, 
are suddenly confronted with a life-altering event. 
Body image issues, the prospect of having to beg 
for food, and the fear of rejection, particularly for 
females can all be extremely distressing. Children 
may be kept from school, and young adults may 
not marry. It is not rare to see depression severe 
enough to lead to suicide, particularly in patients 
who were not the ones giving consent for surgery. 
Psychological support from family and friends, 
and occasionally from a professional, is a very 
important aspect of the amputation process [ 18 ].      
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      Pediatric Trauma Care in Austere 
Environments                     

     Ashok     K.     Banskota     

       The child presenting with orthopedic trauma 
needs to be thoroughly assessed using all stan-
dard protocols for primary survey including 
establishment of airway and protecting the cer-
vical spine, breathing, and circulation. Periodic 
resurvey to ensure that the general condition of 
the patient is not deteriorating is an important 
part of the secondary survey. Although the major-
ity of pediatric trauma is the result of low-energy 
injuries, these protocols must always be followed 
to ensure nothing is missed. Be mindful of the 
differences between adults and children in terms 
of resuscitation, such as airway management and 
fl uid requirements. 

 Many patients in developing countries do 
not have access to immediate and appropriate 
care and late presentation is common. Late pre-
sentation may predispose to serious complica-
tions such as infection, compartment syndrome, 
and other systemic complications. The evaluat-
ing physician must always be prepared to refer 
the patient—if at all possible—to a better cen-
ter with more skills and facilities. Appropriate 
care of pediatric trauma requires facilities that 
are equipped with skilled workforce (surgeon, 

 physiotherapist, plaster technicians) and appro-
priate equipment (x-ray machine, a fl uoroscope, 
and basic hardware). This setup is usually unavail-
able in austere settings, so a realistic approach to 
what can be delivered has to be adopted. While 
an open fracture may pose special challenges in a 
resource-poor setup, washing the wound with tap 
water, applying a splint, and early referral may 
still go a long way in avoiding disastrous compli-
cations such as an osteomyelitis. Often in austere 
environments, primary care is delivered by prac-
titioners who may not have had appropriate train-
ing (Fig.  30.1 ). Education and training coupled 
with establishment of a referral ladder involving 
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  Fig. 30.1    Gangrene of the forearm and hand due to a 
tight plaster       
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nearby institutions equipped to manage pediatric 
trauma is the need of the hour, if appropriate care 
delivery is to be ensured and serious complica-
tions are to be avoided.

   Whenever surgical intervention is contem-
plated, “safety” should be the primary issue. 
Technology alone can never be a substitute for 
time-tested methods of treatment if the other 
issues of safe practice are not addressed. Where 
facilities for general anesthesia are absent, a 
skilled physician may be able to employ regional 
blocks or local (hematoma) blocks to aid reduc-
tion in selected fractures. These techniques may, 
however, be limited by the lack of cooperation 
from the injured child. Effective pain manage-
ment by early splinting of the fracture and use of 
safe analgesic drugs can curtail a lot of anxiety 
for the patients as well as the parents. 

 Where facilities for surgical intervention are 
not developed, the following approach may be 
useful to prevent potential complications:

    1.    Identifi cation of neurovascular/limb- 
threatening problems and referring them 
immediately after resuscitation if possible   

   2.    Primary debridement/washout and splinting 
of open fractures and early referral if possible   

   3.    Early referral for any fracture that is thought 
to require surgical intervention if possible     

 For fractures managed conservatively:

    (a)    Achieve an acceptable reduction   
   (b)    Maintain the reduction in plaster or some 

form of immobilization   
   (c)    Counsel the patient and family to possible 

complications of closed treatment   
   (d)    Arrange for specialist follow-up in the near 

future     

30.1     General Principles 

30.1.1     Open Fractures 

 Early antibiotics and aggressive wound care are 
the most important steps in the management of 
open fractures. Copious irrigation is instituted, 

making sure that the pulsation of the irrigating 
fl uid is away from the center, to prevent contami-
nating particulate debris from being projected 
into the inner depths of the wound. Irrigation 
is generally achieved through use of normal 
saline in large quantities. If this is not available, 
clean tap water should be used. Gustilo grade 
III wounds should be irrigated with a minimum 
of 5–6 l of fl uids. If facilities exist, wound swab 
for culture sensitivity must be taken, and based 
on the history and circumstances of the inci-
dent, prophylactic antibiotics started keeping in 
mind the probable organisms that may already be 
active in the wound (Figs.  30.2 ,  30.3 , and  30.4 ).

     Coverage should be provided for both gram- 
positive and gram-negative bacteria along with 
anaerobes. When spores are suspected, a combi-
nation of penicillin with an aminoglycoside and 
metronidazole and sometimes a cephalosporin 
forms the fi rst-line antibiotic coverage. When cul-
tures are available, the spectrum of drug must be 
narrowed and appropriate target antibiotics insti-
tuted. Debridement and wound care should be 
undertaken in the operating room in a controlled 
environment. Under anesthesia, the injured limb 
is examined and then thoroughly debrided of all 
dead and devitalized tissues, irrigated further and 
the fracture stabilized by the use of simple exter-
nal fi xation or, when this is unavailable, by using 
splints or casts through which large windows are 
made to inspect and nurse the wounds.  

  Fig. 30.2    A child presenting with a contaminated open 
radius fracture with osteomyelitis       
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30.1.2     Anesthesia 
and Supporting Team 

 The proper care of a traumatized child who requires 
anesthetic support depends on the “quality” and 
“safety” of anesthesia available. The treating doc-
tor must familiarize himself with who is available, 
who are his team members, which equipments are 
in a safe and working  condition, and whether or 

not drugs for delivery of anesthesia are available. 
Although this does not fall into the realm of respon-
sibilities of the orthopedic surgeon practicing in 
non-austere environments, they are extremely 
important when one is practicing in an environ-
ment where facilities are suboptimal. Sometimes 
the surgeon may need to function as an anesthetist 
and sedate and administer basic anesthesia. It is 
important to be  familiar with the use of basic drugs 

  Fig. 30.3    Shot gun 
injury to a child’s 
forearm causing loss 
of soft tissue and 
comminuted fracture. 
Following 
debridement and 
stabilization with an 
external fi xator, a split 
skin graft has been 
applied       

  Fig. 30.4    Ground 
transportation in rural 
Nepal       
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(e.g., ketamine for fracture reductions), with 
modes of oxygen delivery and also techniques to 
intubate a patient.  

30.1.3     Imaging 

 After a detailed history and a thorough clinical 
examination including the advanced trauma life 
support (ATLS) protocol for multisystem inju-
ries, standard anteroposterior radiographs of the 
affected parts are taken to defi ne the fracture. 
Special views (inlet–outlet for pelvis, obtura-
tor–iliac obliques for acetabulum) may help bet-
ter defi ne fracture patterns, especially to identify 
unstable injuries. An ultrasound may be used as 
an adjunct to look for fl uid collection, soft tissue, 
cartilage and bony architecture, and incarcerated 
fragments. Ideally, closed reductions will be done 
with a fl uoroscopy machine, but in its absence, a 
check x-ray must be done following the procedure 
and one must be ready to take the patient back if 
necessary. Do not accept an inadequate reduction.  

30.1.4     Tractions, Splints, and Casts 

 The majority of pediatric fractures can be suc-
cessfully managed by closed methods, and these 
include the applications of splints, circular casts, 

and traction. Gypsona/plaster of Paris is available 
and is safe to use. Lukewarm water at room tem-
perate is appropriate. These allow for slow setting 
time and do not generate as much heat rapidly so 
as to prevent superfi cial skin burns. Casts should 
be applied over layers of cotton padding, which are 
uniformly gently wrapped with about 1/3 overlap. 
Bony prominences should be adequately padded. 
The plaster should be applied snugly but without 
too much tightness. Anatomical contours should 
be gently molded and the position of function of 
the extremity must be maintained. Three-point cast 
molding is done to prevent displacement inside the 
plaster. Generally, 4–5 layers of plaster are ade-
quate and the plaster is not too heavy. The “cast 
index” defi ned as the anteroposterior to lateral cast 
width ratio of more than 0.7 has been shown to 
increase the incidence of late displacement [ 1 ]. 

 In acute fractures, it is always advisable to 
bivalve the cast. This is easier done when the 
cast is semi-set, by using a knife blade which 
easily cuts through the setting plaster. A plaster 
saw should be used when available and in dry 
casts. It should be taken very seriously whenever 
a child in a cast complains of pain. It is impera-
tive to check for the circulation, tightness, leg or 
hand edema, and if any doubt exits, to remove 
the bivalved cast and keep the limb elevated in 
a splint (Fig.  30.5 ). The cast can be reapplied 
once the swelling settles. It is far better to lose a 

  Fig. 30.5    Volkmann’s 
ischemic contracture 
following open 
supracondylar fracture 
with vascular injury 
that was not managed 
appropriately       
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reduction than to lose a limb. Most pediatric frac-
tures heal well with 4–6 weeks of immobiliza-
tion. Some fractures require longer periods, such 
as Greenstick fractures or shaft of the radius and 
ulna fractures. Lower extremity fractures are kept 
non-weight bearing for 6–8 weeks. Early motion 
is priority in intra- articular fractures.

30.2         Surgical Considerations 

 Where facilities for safe anesthesia are available 
and sterilization processes are standard, an exter-
nal fi xator may be used to treat open or even closed 
long bone fractures. When dealing with large con-
taminated wounds or ballistic injuries, external fi x-
ator should be used where available. Such injuries 
call for repeated debridements before soft tissue 
coverage can be achieved and an external fi xator 
facilitates this. Defi nitive fi xation is deferred until 
adequate soft tissue healing occurs. Open reduc-
tion and internal fi xation should be done only when 
postoperative wound care can be ensured. ORIF 
may have an advantage in settings where expertise 
is available but fl uoroscopy and/or intramedullary 
implants are unavailable. In the scenario of open 
articular injuries (e.g., around the knee joint) when 
referral is not possible, wound management pro-
tocols should be initiated and the limb placed in 
skeletal traction (proximal or distal tibia or calca-
neal pin), or a spanning external fi xator applied. 
A displaced intraarticular fracture may reduce 
with traction or it may be stabilized with k-wires. 
Again, do not accept inadequate reductions! 

 In managing missile and blast injuries, the 
severity and extent of involvement may warrant 
an early amputation, along with all the adjunct 
supportive measures. Again, it has to be empha-
sized that a conservative approach with early 
referral is a far better option than a surgical 
adventure in a suboptimal environment that cul-
minates into fl orid infection. 

30.2.1     Upper Extremity 

 Almost all fractures involving the pediatric upper 
extremity with the exception of the elbow region 
can be managed nonoperatively [ 1 ,  2 ]. 

  Distal Radius Physeal Fractures     Distal radius 
physeal fractures in children have been shown 
to remodel completely even with complete dis-
placement, if one and a half years of growth is 
remaining [ 1 – 5 ]. A signifi cantly displaced frac-
ture may compress the median nerve and pre-
cipitate an acute carpal tunnel syndrome which 
is an emergency (Fig.  30.6 ). Shear forces across 
the physis during the reduction should be avoided 
by longitudinal traction. One must be alert to the 
possibility of a compartment syndrome.

     Distal Radius Metaphyseal Fractures     Distal 
radius metaphyseal fractures can be a buckle 
(torus) fracture, a greenstick fracture with one 
cortex intact, undisplaced or partially displaced 
fractures, or completely displaced fractures with 
bayonet opposition. All torus fractures, green-
stick fractures with sagittal angulation less than 
30 °  and coronal angulation less than 10 ° , undis-
placed or partially displaced fractures with more 
than 50 % contact and minimal angulation, and 
bayonet opposition can be managed conserva-
tively [ 1 ,  2 ,  6 ,  7 ]. Some authorities believe that it 
is a waste of time and resources to even attempt 
reduction of these fractures in children less than 

  Fig. 30.6    Distal radial fractures may stretch the median 
nerve and need to be reduced urgently       
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12 years of age [1. 2] Complete remodeling can 
be expected if further displacement is prevented 
in a well-applied plaster.  

  Shaft of Radius and Ulna Fractures     Shaft of 
radius and ulna fractures do not remodel as well 
and as early as distal radial fractures owing to 
cortical bone. A lower threshold for manipulation 
is recommended, especially if the child is above 
9 years of age [ 1 ,  6 ]. Even over 9 years, angula-
tion of 10 ° , malrotation of 30 ° , bayonet displace-
ment and partial loss of radial bow can still be 
expected to remodel. A well-applied long arm 
cast (in supination for dorsal apex and in prona-
tion for volar apex fractures) for 6–8 weeks is the 
preferred treatment. When manipulating plastic 
deformations, restoration of forearm rotation and 
correction of clinical deformity is taken as the 
endpoint before cast application. Complete frac-
tures of the shafts should be immobilized only 
after molding adequately to spread the interos-
seous space. Bayonet opposition and shortening 
in these fractures are acceptable. In children with 
short and chubby forearms, casting with the elbow 
in extension and incorporation of the thumb may 
be preferred to prevent the tendency for the limb 
to migrate proximally inside the cast [ 1 ,  6 ].  

  Monteggia Lesions     Monteggia lesions con-
sist of a proximal ulnar fracture with associated 
radial head dislocation [ 8 ]. These injuries require 
detailed understanding of the mechanism of injury 
to achieve successful outcome by closed meth-
ods. A setup consisting of a fl uoro machine is the 
minimum if treatment is contemplated. In areas 
where a fl uoro is unavailable, an above elbow 
splint to reduce pain and early referral to a higher 
center is recommended. In type I lesions, both the 
fracture and dislocation are anterior. Because this 
is an extension injury, reduction involves fl exion 
maneuver to reduce the fracture to regain ulnar 
length and bow which in turn facilitates reduction 
of the radial head. Immobilization in hyperfl ex-
ion helps keep the radial head reduced.  

 In type II lesions, both the fracture and dislo-
cation are posterior. Because type II lesions are 

fl exion injuries, reduction is achieved with exten-
sion and the reduction is maintained in a long 
arm cast applied in extension. Type III lesions 
are a result of varus force on the elbow, where 
both the fracture and dislocation are lateral. A 
valgus force is applied to correct type III lesions 
which are then immobilized in a long arm cast in 
90 °  of elbow fl exion and neutral rotation. Type 
IV lesions are complex and perhaps not usually 
amenable to closed techniques except in the most 
experienced hands. Type IV lesions have a proxi-
mal radius and ulna fracture with a dislocated 
radial head. Early referral to facilities where open 
reduction can be done is recommended. 

  Radial Head Fractures     Radial head frac-
tures can be managed without manipulation 
if the degree of angulation is less than 45 °  and 
the degree of forearm rotation is more than 45 °  
[ 2 ,  9 ,  10 ]. For greater degrees of angulation or 
restriction of rotation, reduction can be achieved 
by fl exing the elbow to 90 °  and pronating the 
forearm while applying direct pressure to the 
displaced head. Immobilization in a long arm 
cast in 90 °  of elbow fl exion and full pronation is 
recommended.  

  Supracondylar Fractures     Supracondylar frac-
tures of the distal humerus are extremely com-
mon in children, and the vast majority of these 
are extension type fractures. Fractures associated 
with vascular compromise are limb threatening. 
The patient presents with a cold and pulseless 
extremity with delayed or absent capillary refi ll. 
Every minute is important so referral to appro-
priate facilities for vascular exploration and 
repair is top priority if available. The presence of 
adequate capillary refi ll in the absence of distal 
pulses is usually the result of vasospasm and can 
be managed in Dunlop traction until defi nitive 
management or referral is done. Extension type 
I supracondylar fractures are undisplaced and 
can be managed in a long arm backslab as can 
most type II fractures after gentle manipulation. 
Type III fractures require fl uoro assessment and 
pinning after closed reduction, sometimes open 
reduction, so appropriate setup is necessary.  
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 We feel that supracondylar fractures 
 presenting a week after the initial injury are 
best left alone and a delayed corrective oste-
otomy performed later to address cosmetic and 
functional problems. Repeated manipulation 
required to obtain even a reasonable reduction in 
late presenting fractures often causes the elbow 
to stiffen up. Immobilization of extension frac-
tures is in an above elbow slab or a bivalved cast 
with the elbow in 90 °  fl exion. It is critical not 
to exceed an elbow fl exion of more than 120 ° , 
to prevent vascular problems [ 1 ]. The less com-
mon fl exion type supracondylar fractures are 
best referred to centers where there is expertise 
to manage them by closed or if needed, open 
means. Flexion type fractures are immobilized 
in an above elbow slab or bivalved cast with the 
elbow in extension. 

  Medial Epicondyle Fractures     Medial epicon-
dyle fractures are important in that they may be 
associated with an elbow dislocation or ulnar 
nerve problems. A detailed history is critical as 
these injuries may lead to stiffness of the elbow. 
Immobilization is done in an above elbow cast. 
Widely displaced fractures are fi xed and intra-
articular incarcerated fragment necessitates oper-
ative removal.  

 A  lateral condyle fracture , except for the 
totally undisplaced fracture, requires surgi-
cal intervention for optimal results (Fig.  30.7 ). 
Being an intra-articular fracture, anatomical 
reduction and early motion is the goal of sur-
gery. Minimally displaced cases are amenable to 
closed reduction and percutaneous pins, whereas 
highly displaced or rotated fractures often require 
open reduction to restore articular congruity. It 
is imperative to avoid extensive dissection of the 
posterolateral soft tissue of the fracture to prevent 
avascular necrosis of the fragment, which can 
be more debilitating than the fracture itself [ 2 , 
 11 ]. Immobilization is in an above elbow slab or 
bivalved cast. The management of late-presenting 
lateral condyle fractures is a subject of debate. 
While most authors agree that a fracture pre-
senting up to 3 weeks and even 6 weeks in some 

cases can be restored to achieve good function, 
those presenting beyond this time period should 
probably be left alone. Indications to intervene 
in late cases include symptomatic nonunion 
causing pain, valgus deformity of the elbow, or 
tardy ulnar nerve palsy. Valgus deformity can be 
addressed with an osteotomy (Milch) and ulnar 
palsy by transposition of the nerve anteriorly.

    Fractures of the Humeral Shaft     Fractures of 
the humeral shaft in children can largely be man-
aged nonoperatively in a coaptation splint sup-
plemented with a collar and cuff bandage. This 
treatment relies on gravity to achieve and main-
tain the reduction. Alternatively, a hanging cast 
can be used but this requires the child to sleep 
on a reclining chair for about 2 weeks until the 
fracture gets “sticky” [ 1 ,  6 ].  

  Proximal Humerus and Clavicle Fractures    
 Proximal humerus and clavicle fractures in chil-
dren possess tremendous remodeling potential. 
Even signifi cant displacement, including bayonet 
opposition, remodels completely (Fig.  30.8 ).

  Fig. 30.7    Lateral condyle fracture       
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30.2.2         Lower Extremity Fractures 

  Pelvis and Acetabular Fractures     Pelvis and 
acetabular fractures are usually high-velocity 
injuries due to motor vehicle accidents or fall 
from heights and have and overall mortality rate 
of about 5 %. The overriding priority in treat-
ment is to address the polytrauma that is associ-
ated with these injuries, the fracture itself being 
low priority [ 2 ,  9 ,  12 – 15 ]. Treatment must follow 
ATLS guidelines. An attempt should be made to 
identify and differentiate the stable pelvic ring 
injury from an unstable one as unstable injuries 
have higher morbidity and mortality.  

 The management of pelvic injuries in skel-
etally immature children should primarily focus 
on management of associated injuries, and these 
injuries determine the eventual outcome [ 9 ]. 
Many pelvic ring injuries in children remodel 
adequately over a period of time [ 16 ]. Skeletal 
traction with the traction pin placed in either in 
the distal femur or proximal tibia avoiding injury 

to the physis can provide stability to the fracture. 
Traction is usually applied for 4–6 weeks and 
radiographic evaluation made to assess the prog-
ress in healing. Gradual weight bearing and range 
of motion of adjacent joints is instituted. Pelvic 
asymmetry can be a problem in future child bear-
ing in females and needs to be discussed and 
counseled appropriately. 

 Acetabular fractures may be associated with 
a hip dislocation in which case reduction of dis-
location is a priority and requires anesthesia. 
Undisplaced or minimally displaced fractures 
may be treated in skeleton traction to the distal 
femur or by simply recommending bed rest or 
non-weight bearing on crutches for a period of 
6–8 weeks. Improved outcomes are reported with 
early fi xation (less than 24 h) for displaced frac-
tures because early healing in children can make 
reduction diffi cult later on [ 17 ]. Avascular necro-
sis, traumatic arthritis, and limb length discrep-
ancy can occur in a long run. 

 In contrast to hip fractures in the elderly,  hip 
fractures in children  are usually high-velocity 
injuries. The priority is to identify and address 
associated injuries and achieve anatomical reduc-
tion of the fracture (Fig.  30.9 ). The extremity in 
a child with hip fracture is usually held in a posi-
tion of fl exion abduction and external rotation. 
Transcervical and cervicotrochanteric fractures 
have a high incidence of avascular necrosis [ 2 , 
 9 ]. The family has to be counseled  appropriately 

  Fig. 30.8    Five months old dislocation of the shoulder. 
Any form of treatment cannot salvage normal function 
that would have been possible after acute relocation       

  Fig. 30.9    Failed fi xation in hip fracture. The screw 
placement was incorrect (in varus)       
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when embarking on treatment. Differential 
diagnosis includes septic arthritis, synovitis, or 
hemarthrosis. Transepiphyseal fractures must 
be differentiated with a slipped capital femoral 
epiphysis. SCFE presents in preadolescent chil-
dren, usually with underlying pathology such as 
an endocrinopathy.

    Hip Dislocation in Children [ 27 ]     Hip dislocation 
in children is uncommon, and again, the priority 
is to identify and address any associated injuries 
as these are usually a result of high-velocity inju-
ries. The dislocation is usually posterior in direc-
tion, and the affected child may present with pain 
and swelling and a shortened limb that is flexed 
and adducted. Anterior dislocations are less com-
mon and the child will have the limb in a position 
of extension, abduction, and external rotation. 
Treatment includes early concentric reduction 
of the hip. This may reduce the incidence of late 
avascular necrosis. If concentric reduction is not 
possible, then soft tissue or bony incarceration 
must be suspected and investigated appropriately.  

 If incarceration is confi rmed, open relocation 
is warranted. Spontaneous dislocation–reloca-
tion is known, and a detailed history, a thorough 
clinical examination, and appropriate investiga-
tions, as well as high index of suspicion recom-
mended [ 2 ]. Complications may include vascular 
injury, nerve injury (sciatic nerve in posterior 
dislocation and femoral nerve in anterior dis-
location), avascular necrosis (10 % of hip dis-
location in children), recurrent dislocation, and 
chondrolysis. 

  Late-Presenting Hip Dislocations     Late- 
presenting hip dislocations are challenging 
injuries to manage. The child may even be ambu-
latory with a limb length discrepancy. Treatment 
becomes increasingly diffi cult as the duration 
of dislocation prolongs and may include heavy 
traction to reduce the dislocation or open reduc-
tion. The incidence of avascular necrosis as well 
as stiffness and pain in the hip is higher than in 
acute dislocation. Postoperative rehabilitation 
usually includes the period of recumbence fol-
lowed by early return to activities as tolerated.  

  Femoral Shaft Fracture in Children     Femoral 
shaft fracture in children follows a bimodal dis-
tribution. The fi rst peak occurs in early childhood 
and the second in adolescence. The child usu-
ally presents with pain and inability to move the 
affected extremity. There may be sign of associ-
ated head, chest, abdomen, or other system inju-
ries (Fig.  30.10 ). Hemodynamic instability may 
be present in a multisystem injury, and the ATLS 
protocol should be followed. It is estimated up 
to 80 % of femoral fractures in children below 
walking age may be related to abuse [ 18 ,  19 ]. A 
detailed history and a thorough search for signs 
of non-accidental injuries are mandatory.

    Osteopenia due to osteogenesis imperfecta, 
cerebral palsy, myelomeningocele, or tumors 
should also be entertained in the diagnosis. Birth 
trauma is another cause. In austere environments 
where most children are born unsupervised at 
home, this may be more common. Young chil-
dren have tremendous remodeling potential so 
conservative management in a pelvic harness, 
a splint, a hip spica cast, or traction (Gallow’s) 
can be used effectively to facilitate healing. The 
younger the age of the child, the less invasive is 
the preferred treatment. Shortening up to 2–3 cm 
is accepted as there is overgrowth about one and 
half centimeter during the remodeling phase [ 20 ]. 
Rotational deformity of less than 25 °  is thought to 
remodel well. 

 Application of a hip spica requires sedation/
anesthesia and a hip spica table with fl uoroscopy. 
The preferred position in the spica is a hip and 
knee fl exion of 90 ° , hip abduction about 30 °  and 
external rotation of the distal fragment of about 
15 ° . This “sitting spica” facilitates carrying the 
child on the parent’s hip [ 21 ]. 

 Skin traction is tolerated up to 5 lb, but beyond 
this, skin complications such as blistering and 
sore can occur, and skeleton traction is prefer-
able [ 2 ]. A distal femoral skeletal traction at the 
level just above the adductor tubercle is the pre-
ferred method. In older children, fl exible intra-
medullary rods may be used to avoid prolonged 
recumbence [ 22 ]. Open fractures or highly com-
minuted fractures can be treated in an external 
fi xator to preserve length and facilitate wound 
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care. Compression plating and antegrade nailing 
are other options for skeletally mature children. 
Internal fi xation with fl exible rods or external fi x-
ation is also recommended in a poly- traumatized 
or multiply injured child [ 14 ]. 

 A compartment syndrome presenting with 
tense swelling of the thigh has to be recognized 
and addressed urgently. Complications of femur 
fractures may include muscle weakness, shorten-
ing, overgrowth, angular deformities, rotational 

a

c

b

  Fig. 30.10    ( a ) X-ray showing right femoral shaft frac-
ture and contralateral distal femoral fracture. ( b ) Clinical 
 picture of the left fracture showing soft tissue 

 circumferential degloving. ( c ) Plaster cast spica and left 
leg backslab to facilitate soft tissue management       
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deformities, delayed union, nonunion, infections, 
and neurovascular injuries. Special implants 
(expansile rods) are necessary for treating frac-
tures in osteogenesis imperfecta. Floating knee 
injuries are high-velocity injuries, usually road 
traffi c accidents. Associated injuries are common 
and ATLS guidelines should be followed. It is 
recommended that one of the fractures, usually 
the tibia, should be fi xed and the femoral fracture 
is managed as appropriate for age of the child. 
Knee stiffness, limb length discrepancy, or angu-
lar deformities due to physeal injuries may be 
evident at follow-up. 

  Fractures Around the Distal Femoral and 
Proximal Tibial Epiphysis     Salter–Harris type 
II injuries which extend from the physis to the 
metaphysis are most common. The degree of dis-
placement detects the form of treatment chosen. 
It is important to rule out child abuse. A physeal 
separation may also be associated with breech 
birth. An ultrasonogram can help differentiate an 
epiphyseal separation from hematogenous osteo-
myelitis. Salter–Harris type III, IV, and specially 
V are associated with high incidence of growth 
disturbances and consequent limb length prob-
lems and angular deformities [ 23 ,  24 ]. Displaced 
fractures usually require  reduction and fi xation. 

A high index of suspicion for associated vascu-
lar injuries or compartment syndrome should 
be entertained. A color Doppler is useful where 
available. Internal fi xation may be stabilized 
with smooth pins or cannulated screws tak-
ing care to avoid the physis wherever possible. 
Postoperatively, a period of non-weight bearing 
and physiotherapy for the quadriceps and ham-
string muscles is done.  

 The principles of treatment of  tibial shaft 
fractures  are similar to femoral shaft fractures 
outlined above. Open tibia fractures are com-
mon and all effort must be directed to prevent-
ing or controlling infection [ 25 ,  26 ] (Fig.  30.11 ). 
Options for treatment include a long leg splint 
or cast, external fi xation, or internal fi xation 
using fl exible nails or sometimes plates. Late- 
presenting fractures or those with delayed or 
malunion may warrant ORIF depending on the 
degree of displacement and age of the child. 
Bone grafting is used for avascular nonunions. 
A sagittal plane deformity of more than 10 °  or 
a coronal plane deformity of more than 5 °  war-
rants reduction and treatment by closed or open 
means.

   Epiphyseal injuries around the ankle can lead to 
growth disturbances. Treatment follows the prin-

  Fig. 30.11    Open 
fracture involving the 
growth plate of the 
distal tibia. The thick 
periosteum can be 
appreciated       

 

30 Pediatric Trauma Care in Austere Environments



394

ciples of physeal injuries around the knee outlined 
above. Most closed foot fractures can be managed 
nonoperatively in a bivalved cast or splint with 
non-weight bearing for 4–6 weeks. Open injuries 
and crush require vigilance, and urgent manage-
ment is along the lines of open fractures elsewhere.      
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      Experience Using the IM 
Interlocking Screw System 
in Austere Environment                     

     David     Shearer       and     Lewis     Zirkle    

       Surgeons in developing countries are heuristic 
and frequently learn to solve problems using the 
equipment available to them. Because C-arm 
technology is often unavailable, surgeons com-
monly use tactile rather than visual sense to treat 
fractures. SIGN implants and instruments rely on 
this tactile sense to successfully treat long-bone 
fractures with intramedullary nails. For the sur-
geon unaccustomed to operating without image 
guidance, learning these techniques requires 
practice and initially may require reliance on 
colleagues from developing countries who have 
more experience operating under these condi-
tions. Nonetheless, for those willing to learn, they 
will fi nd that the technique is easy to teach, highly 
versatile and reproducible and reliably facilitates 
effective stabilization of long-bone fractures. 

 Since its inception in 1999, SIGN implants 
have been used to treat 160,000 fractures in 49 

developing countries. The approximately 5000 
SIGN surgeons worldwide have reported 68,581 
of the SIGN surgeries to an online  surgical 
 database [ 1 ]. This allows case by case feedback 
and increasingly facilitates clinical outcome 
research. The follow-up rate at the time of this 
publication is 43 % [ 1 ]. 

 There are several publications documenting 
outcomes of the SIGN nail. Among the fi rst pub-
lications was a small series of open tibia fractures 
in Nepal managed with IM nailing using SIGN 
technique who reported one nonunion and one 
deep infection in 32 consecutive patients [ 2 ]. 
Subsequent series have documented the feasibil-
ity and effectiveness of the SIGN nail for femo-
ral shaft and other long-bone fractures [ 3 – 6 ]. In 
studies utilizing the SIGN database that include 
more than 30,000 patients, the infection rate has 
been shown to be 3.5 % for all femurs and 7.3 % 
for all tibias overall, similar to rates in developed 
countries [ 7 – 9 ]. Importantly, the benefi ts of IM 
nailing do not require excessive monetary expen-
diture with total treatment cost actually lower 
than skeletal traction [ 10 ]. 

31.1     Tibia 

 The approach and reduction of tibial fractures is 
similar in austere environments. The knee can be 
held in the fl exed position using a towel bump, 
triangle or by hanging the leg over the side of 
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the table. Fractures of the proximal tibia can be 
reduced using the Fig.  31.4  position with an assis-
tant placing pressure on the proximal fragment 
 during reaming and nail insertion (Fig.  31.1 ). 
We have not found the suprapatellar approach 
to be  necessary, and blocking screws are rarely 
needed. Fractures of the middle and distal tibia 
can generally be reduced by closed reduction 
within 10 days from injury.

   Measurements of the tibia canal reveal an isth-
mus, which has led some surgeons to use the fi n 
nail for proximal tibia fractures [ 1 ]. Placement of 
the interlocking screws is performed as described 
for the femur (Figs.  31.2  and  31.3 ).

31.2         Femur 

 A fractured femur is a devastating injury in 
developing countries. The patient usually must 
purchase the implant and surgical supplies prior 
to surgery, which makes surgical treatment unaf-
fordable for a large number of patients. The pri-
mary alternative for adolescent and adult patients 
is skeletal traction, which in the best case scenario 
may lead to a healed fracture, but at the expense 

  Fig. 31.1    In the Fig.  31.4  
position, a surgeon can apply 
pressure proximal to the 
fracture to reduce the fracture 
(Figures and graphics courtesy 
of SIGN Fracture Care 
International, Richland, WA, 
USA, all rights reserved)       

  Fig. 31.2    110° of fl exion is necessary to ream the tibia 
(Figures and graphics courtesy of SIGN Fracture Care 
International, Richland, WA, USA, all rights reserved)       
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of weeks or months of missed work for the 
patient and their caregivers. In addition, the dura-
tion of treatment contributes to  overcrowding of 
hospital wards. In the worst case, skeletal traction 
may lead to permanent disability from malunion 
or nonunion [ 11 ]. 

 Alternative implants that may be used for 
operative treatment include plating and external 
fi xation. Outcomes of defi nitive treatment using 
these modalities are scant in the literature due 
to the relatively rapid adoption of intramedul-
lary nailing in most developed settings several 
decades ago. In the authors’ experience, plating 
remains a commonly employed alternative due 
to its relatively low cost and technical familiar-
ity. However, it is generally accepted that plates 
are biomechanically disadvantaged and less “bio-
logically friendly” than intramedullary nails due 
to the soft-tissue stripping necessary for plate 
application. This combination likely contributes 
to a higher rate of nonunion and plate breakage, 
though direct comparative studies are  lacking. 

External fi xation is considered an option for 
defi nitive treatment in children with open  physes 
[ 12 – 14 ] or as a bridge to defi nitive fi xation in 
unstable polytrauma patients unfi t for early total 
care or severe soft-tissue or vascular injury [ 15 ]. 
While these alternative implants may be available 
in some settings, based on personal experience 
of the senior author, the lack of optimal implants 
leads many good surgeons to grow frustrated and 
leave their country of origin to practice where 
they can more easily utilize their surgical training. 

 Even when there is an appropriate implant 
available, there will often not be a function-
ing C-arm. Without imaging guidance, open 
reduction of the fracture is usually necessary if 
the patient is operated within 10 days of injury. 
Review of the SIGN database has shown that the 
infection rate using predominantly open reduc-
tion with the SIGN nail is similar to published 
rates of long-bone fractures treated by both 
closed and open reduction [ 8 ]. A key benefi t of 
open reduction is improved rotational alignment, 

a b

  Fig. 31.3    ( a ,  b ) SIGN nail after closed reduction (Figures and graphics courtesy of SIGN Fracture Care International, 
Richland, WA, USA, all rights reserved)       
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which is achieved by palpating the linea aspera 
to orient the bone fragments. If the fracture is 
comminuted, only the intact bone at the proximal 
and distal ends of the fracture is exposed, leaving 
the comminuted segment undisturbed with intact 
blood supply (Fig.  31.4 ). If there is a delay to the 
operating room, reduction will be much easier if 
the patient is maintained in skeletal traction on 
the ward prior to surgery.

   Due to irregular electricity, hand reaming is 
performed rather than power reaming prior to 
nail insertion. Hand reaming has the advantage 
of lower risk of thermal necrosis and perfora-
tion of the canal [ 16 – 20 ]. In addition, bone can 
be saved from the fl utes of the reamer for use as 
autograft at the fracture site. The graduated size 
of the reamers prepares the canal for acceptance 
of the straight nail. 

 The SIGN nail is a solid, stainless steel nail 
with no arc of radius. The solid nail has the theo-
retical benefi t of a lower rate of infection [ 21 ]. 
Although stainless steel does not adhere to the 
bone to the same degree as titanium, the straight 
nail achieves three-point fi xation for additional 
stability in the bowed femoral canal (Fig.  31.5 ). 
A 9° proximal bend allows for a trochanteric 
start site and the 1.5° distal bend provides added 

 tactile feel as the nail passes through the canal. 
The SIGN nail follows a helical path as the proxi-
mal bend enters the proximal femoral canal. We 
recommend allowing the nail to rotate along the 
path of least resistance during insertion to mini-
mize hoop stresses in the femoral neck. This may 
lead to interlocking screw trajectories that take an 
anterior-to- posterior rather than lateral-to-medial 
trajectory, which are equally stable (Figs.  31.6  
and  31.7 ).

     A target arm that matches the length of the nail 
is used to determine longitudinal orientation of 
the interlocking screw slots. The SIGN nail has 
slots rather than holes which allow for compres-
sion and distraction of the fracture to accelerate 
healing. After inserting the nail and attaching the 
target arm, a hole is drilled through the near cor-
tex and enlarged using a hand- operated step drill. 
The step drill is designed to lock into the slot if 
appropriately aligned. There are three different 
types of slot fi nders used to locate the distal slots. 
After removing the step drill, the solid slot fi nder 
is inserted. If successful, the solid slot fi nder will 
turn 10–15°, known as the “SIGN feel.” Next, a 
cannulated slot fi nder is inserted to act as a drill 
guide for the far cortex. In some cases, the nail 
must be rotated to fi nd the slot. A curved slot 

a b

  Fig. 31.4    ( a ,  b ) After exposure of the two major 
fragments, the femur is pulled out to length and the nail 
passed without exposing the comminuted fragments 

(Figures and graphics courtesy of SIGN Fracture Care 
International, Richland, WA, USA, all rights reserved)       
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fi nder is provided to allow identifi cation of the 
slot when there is mismatch between the nail and 
the target arm. Once the distal  interlocking screws 
have been placed, the fracture is compressed and 
the proximal interlocking screws are placed using 
the target arm (Figs.  31.8 ,  31.9 , and  31.10 ).

     The patient is allowed to walk on crutches 
with weight bearing as tolerated within days after 
the surgery. After 6 weeks, pictures are taken of 
the patient squatting and smiling to evaluate bone 

healing. These images are submitted along with 
postoperative and follow-up x-rays on the SIGN 
database. In the experience of the senior author, 
the photographs of a patient squatting and smil-
ing are more accurate in determining bone heal-
ing than x-rays (Fig.  31.11 ).

   As with other IM nail systems, the SIGN nail 
can be used with either an antegrade or retrograde 
approach. Fractures of the distal femur are well 
suited for the retrograde approach. A patellar 
splitting or medial parapatellar approach may be 
used. The medial parapatellar approach has the 
added benefi t of being extensile, which may be 
helpful when learning to perform the technique 
without C-arm. Ending a retrograde nail or plac-
ing interlocking screw holes within 6 cm distal to 
the lesser trochanter is not recommended to avoid 
periprosthetic fracture. 

  Fig. 31.5    Retrograde SIGN nail to treat a midshaft femur 
fracture (Figures and graphics courtesy of SIGN Fracture 
Care International, Richland, WA, USA, all rights 
reserved)       

  Fig. 31.6    The interlocking screws placed lateral to 
medial (Figures and graphics courtesy of SIGN Fracture 
Care International, Richland, WA, USA, all rights 
reserved)       
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31.2.1     Fin Nail 

 As an alternative to interlocking using the target 
arm, SIGN has designed and manufactures a fi n 
nail that relies on an interference fi t for distal 

fi xation. The fi n has a fl uted confi guration at the 
distal end, which is similar in shape to the end of 
the hand reamer. The straight nail in the curved 
canal leads to three-point fi xation with the fi n 
engaging the side of the canal (Fig.  31.12 ). The 
technique is similar to the standard nail inser-
tion except that the distal canal is left under-
reamed to allow for improved interference fi t. 
It can be used with the antegrade or retrograde 
approach to the femur. There have been approx-
imately 2700 femur and humerus fractures sta-
bilized with the fi n nail reported in the SIGN 
database to date [ 1 ]. Published comparisons of 
the fi n nail to conventional interlocking nails 
are lacking, but in the senior author’s experi-
ence the design has successfully stabilized a 
variety of fracture patterns with good clinical 
outcomes.

31.3         Humerus 

 Fractures of the humerus have been success-
fully treated using both standard SIGN nails 
and fi n nails (Fig.  31.13 ). It is important that 
the elbow be placed on the operating table dur-
ing nail insertion to avoid the fracture becoming 
distracted. These fractures are usually treated 
using the antegrade approach although some 
surgeons have routinely used the retrograde 
approach.

  Fig. 31.8    The SIGN 
nail uses a long target 
arm to achieve distal 
interlocking without 
C-arm (Figures and 
graphics courtesy of 
SIGN Fracture Care 
International, Richland, 
WA, USA, all rights 
reserved)       

  Fig. 31.7    The interlocking screws passed anterior to pos-
terior (Figures and graphics courtesy of SIGN Fracture 
Care International, Richland, WA, USA, all rights reserved)       
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31.4        Adolescent Pediatric Femur 
Fractures 

 The increase in trauma in developing countries 
as a result of road traffi c injuries, especially 
motorcycles, has led to a large volume of pedi-
atric femur fractures in addition to fractures in 

adults [ 22 ]. SIGN has designed a semirigid pedi-
atric femoral nail that uses the fi n design for 
distal fi xation rather than interlocking screws 
below (Fig.  31.14 ). The 4 mm diameter shaft is 
fl exible enough to conform to the femoral canal 
and allows some fracture subsidence that helps 
to compensate for the overgrowth that typically 
occurs with pediatric femur fractures. Because 
we have found canals in some countries are larger 
than those in the United States, SIGN has devel-
oped and obtained FDA approval to manufac-
ture a 6 mm diameter pediatric femoral nail. For 
larger children, the adult fi n nail has been used 
successfully.

   The nails are placed through the lateral tro-
chanteric apophysis. To date, there have been 
over 135 adolescent femur fractures treated using 
the SIGN pediatric fi n nail [ 20 ].  

31.5     Extracapsular Hip Fractures 

 The SIGN hip construct (SHC) is a unique 
implant designed to treat stable and unstable per-
trochanteric fractures without C-arm or a frac-
ture table. SIGN surgeons provided the stimulus 
to develop the SHC; in the absence of a suitable 
alternative, they were using the standard SIGN 

  Fig. 31.9    The curved slot fi nder is rotated 180° and fully 
enters the slot with rotation of the nail (Figures and 
graphics courtesy of SIGN Fracture Care International, 
Richland, WA, USA, all rights reserved)       

  Fig. 31.10    After 
placement of the 
cannulated slot fi nder in 
the slot of the nail, the far 
cortex is drilled (Figures 
and graphics courtesy of 
SIGN Fracture Care 
International, Richland, 
WA, USA, all rights 
reserved)       
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nail to treat hip fractures. A large percentage of 
hip fractures in developing countries occur in 
young males injured in motorcycle accidents, 
which are often high- energy injuries with exten-
sion into the femoral shaft. This suggested that 
the proper implant would need the versatility to 
treat a wide variety of fracture patterns from the 
standard intertrochanteric fracture to the commi-
nuted pertrochanteric fracture, neither of which 
was adequately treated with the standard nail. 

 The SHC utilizes a modular design with simi-
lar instrumentation to the standard SIGN nail 
but with additional components that can be used 
depending on the fracture pattern. The key com-
ponents are the nail, two compression screws that 
pass along the nail into the femoral head, a single 
proximal interlocking screw, and an optional lat-
eral plate for fractures with an unstable lateral 
wall (Fig.  31.15 ).

   The length and angle of the compression 
screws is determined by templating from the 
uninvolved hip x-rays. The patient is placed in 
the lateral position and a lateral incision is made 
over the greater trochanter distal to the vas-
tus ridge. To assess fracture reduction without 
C-arm, the vastus lateralis is incised and a fi nger 
can be placed anteriorly along the fracture site. 
In contrast to the comminution that frequently 
takes place posteromedially, the anterior femur is 
usually not comminuted because it is a tension 
failure. The surgeon can direct the assistant to 
provide rotation and traction on the limb while 
palpating the fracture until a satisfactory reduc-
tion is obtained. Fractures treated within 4 weeks 
of injury can usually be reduced without directly 
exposing the fracture site. We do not suggest 
routine direct open reduction of intertrochanteric 
fractures as this often leaves little vascularized 
bone for healing. 

 After reduction has been obtained, an entry 
hole for the fi rst compression screw is drilled 
1 cm below the vastus tubercle at the angle deter-
mined in preoperative templating. This hole is 
enlarged using the step drill and chamfered to 
the proper angle. A hand instrument, known as 
the pilot, is directed along the anterior femoral 
neck into the femoral head. The pilot has a rigid 
T-handle that gives the surgeon the tactile sense to 
keep the drill in cancellous bone as it progresses 
into the femoral head. The anterior compression 
screw is placed after removing the pilot, which 
provides provisional fi xation and compresses the 
fracture site anteriorly. This screw is often suf-
fi cient to hold reduction during placement of the 
rest of the SHC construct. Nonetheless, the frac-
ture site should be checked periodically by palpa-
tion to ensure that reduction is not lost. The nail 
is inserted through the tip of the greater trochan-
ter and rotated such that the interlocking screw 
is directed into the femoral head. The target arm 
and slot fi nders are used to place the distal inter-
locking screw. Bench testing has demonstrated 
that the distal interlocking screw improves the 
stability of the construct. 

  Fig. 31.11    The squat and smile picture indicates fracture 
healing (Figures and graphics courtesy of SIGN Fracture 
Care International, Richland, WA, USA, all rights reserved)       
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  Fig. 31.12    The antegrade fi n nail used to treat a proximal femur fracture (Figures and graphics courtesy of SIGN 
Fracture Care International, Richland, WA, USA, all rights reserved)       
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 The proximal interlocking screw for the SHC 
is larger than the interlocking screw for the stan-
dard nail. There is only a single interlocking 
screw because the femoral neck cannot accom-
modate two interlocking screws and two com-
pression screws. Prior to placing the proximal 
interlocking screw, the femur should be assessed 
for a fracture in the lateral wall of the trochanter 

distal to the interlocking screw, which may not 
be apparent on the preoperative radiographs. If 
a fracture is detected, a plate can be placed to 
link the interlocking screw with a second screw 
inserted more distally. The plate is aimed to pre-
vent unstable fractures from falling into varus, 
which is supported by our biomechanical test-
ing and review of cases reported to the SIGN 
Database [ 1 ,  23 ]. The fi nal screw is the posterior 
compression screw. This is placed 1 cm distal to 
the anterior compression screw through the pos-
terior lateral cortex and angled to enter the femo-
ral head. The patient is usually allowed to walk 
the day following surgery. The SHC has been 
used in 950 patients with hip fractures as reported 
to the SIGN database [ 1 ].  

31.6     Other Tools 

 There are several other useful innovations that 
may help the surgeon attempting to treat long- 
bone fractures in austere conditions. Drill covers 
that can be easily sterilized allow more afford-
able commercially available carpenter drills to 
be safely used in the operating room. The drill 
is placed within the sterile cover, and a sterile 
chuck is placed through a hole in the cover into 
the drill (Fig.  31.16 ). In addition to much lower 
cost, multiple drill covers and chucks can be ster-
ilized simultaneously at the beginning of the day, 
which saves time.

  Fig. 31.13    Standard SIGN nail for a midshaft humerus 
fracture (Figures and graphics courtesy of SIGN Fracture 
Care International, Richland, WA, USA, all rights reserved)       
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a b

  Fig. 31.14    ( a ,  b ) The SIGN pediatric nail (Figures and graphics courtesy of SIGN Fracture Care International, 
Richland, WA, USA, all rights reserved)       

  Fig. 31.15    The SHC uses two compression screws 
placed along the nail into the femoral head with a 
single proximal interlocking screw for proximal 
fi xation. The lateral plate helps to act as a buttress in 
cases with lateral wall involvement (Figures and 
graphics courtesy of SIGN Fracture Care 
International, Richland, WA, USA, all rights 
reserved)       
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      Management of Spine Injuries 
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       Proper management of spinal injuries in resource- 
poor environments poses many challenges. In 
developed nations, these injuries are identifi ed 
and transported via professional emergency med-
ical personnel to specialized spine trauma centers 
where their care is provided by specialists and 
subspecialists from multiple disciplines. Such 
centers are equipped with advanced imaging 
capabilities and can coordinate surgical interven-
tions among multiple surgical disciplines. Well-
trained rehabilitation staff is also available to 
assist with the recovery process. Low- and mid-
dle-income countries often do not have these 
resources. Thus, these injuries present late to 
local hospitals, without proper immobilization 
and where they are treated with whatever means 
are available. Unfortunately, little information 
exists in the literature about the management of 
such injuries in resource-poor settings and ways 
to improve the care of these complex patients. 

32.1     Epidemiology 

 The global incidence of spinal cord injury is 
reported as 23 per million (179,312 cases per 
year) [ 1 – 8 ]. Although developed countries have 

higher numbers of traumatic spinal cord injuries, 
the incidence is relatively stable. Data from some 
developed countries is well recorded in national 
databases and readily available for analysis. This 
is not the case in less developed regions of the 
world. Nevertheless, the trends show that devel-
oping countries are showing increasing rates of 
traumatic spinal cord injuries associated with a 
dramatic rise in motorized transportation [ 9 ]. 
Reports of traumatic spinal cord injuries from the 
United States show a relatively unchanged rate of 
40 cases per million which is signifi cantly higher 
than developing countries. Data for sub-Saharan 
Africa is less readily available, but extrapolated 
totals show rates between 21 and 29 cases per 
million. It is possible that the real fi gures are 
higher, as the accuracy of such numbers is ques-
tionable [ 8 ]. 

 Spinal cord injuries show a bimodal distribu-
tion, with injuries peaking in young active people 
less than 40 years of age and in the elderly over 
the age of 65 [ 8 – 10 ]. Among the young, the most 
commonly reported mechanisms of injury are 
high-energy road traffi c accidents and falls from 
signifi cant heights, typically trees that people 
climb to gather fruit, for example. Spinal cord 
injuries in the elderly are typically the result of 
low-energy mechanisms such as falls from a 
standing height directly onto their forehead forc-
ing their cervical spines into hyperextension. 

 The majority of injuries among young people 
occur in males during their most active and 
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 productive years. In most developing countries, 
males are the fi nancial providers for their house-
hold and a traumatic spinal cord injury has severe 
socioeconomic consequences for the families, 
often plunging them further into poverty with 
very little chance of recovery [ 7 ].  

32.2     Initial Management 

 It is important to identify spinal injuries early and 
accurately in order to provide optimal care and to 
limit associated morbidity. Remember that, 
because many injuries are secondary to high- 
energy trauma, associated injuries are common. 

 Patients with suspected spinal cord injuries 
should ideally be transported secured on a hard 
spinal board, with the head immobilized by triple 
immobilization (Fig.  32.1 ). This means the head 
should be in between two 1-l saline bags or sand 
bags and secured with tape across the forehead 
and across the chin. Anything less  is not 
immobilization.  The rigid backboard is important 
for transporting a spinal trauma patient though it 
is important to remember that prolonged time on 
the backboard increases the likelihood of pressure 
sores (Fig.  32.2 ). Once the patient has arrived at a 
hospital, the patient should be logrolled for a 
spine and rectal exam and the board removed.

    Many patients present to the hospital 
obtunded or unconscious, making a thorough 
and accurate physical examination challeng-
ing. Initial management of all trauma patients is 
based on established trauma life-support princi-
ples of airway maintenance with c-spine control, 
respiratory, and hemodynamic support. ATLS 
(Advanced Trauma Life Support) principles 
follow the ABCDE pathway with the intent to 
address those issues that will kill the patient the 
quickest [ 11 ].  

32.3     ATLS Protocol Summary 

    A: airway maintenance with cervical spine protection  
  B: breathing and ventilation  
  C: circulation with control of hemorrhage  
  D: disability and neurologic evaluation  
  E: exposure    

 Only after these steps have been completed is 
a secondary survey performed. This entails a 
complete physical exam from head to toe. Each 
extremity should be palpated and each joint taken 
through a range of motion assessing for crepitus 
or instability that may alert one to the presence of 
additional injuries, particularly in the  unconscious 
patient. 

  Fig. 32.1    Proper immo-
bilization includes a hard 
collar, fl anked by a bag of 
saline or sand, and 
secured with tape from 
one side of the bed, 
across the forehead, and 
to the other side of the 
bed. An additional piece 
of tape should be placed 
across the chin (not 
shown in above example)       

 

K.R. Stephens



413

32.3.1     Log Roll 

 As a team, the patient should be  logrolled  in 
order to palpate the spinous processes to assess 
for pain, tenderness, obvious step-off, or other 
signs of injury (i.e., ecchymosis, lacerations, etc.) 
(Fig.  32.3 ). Imaging should also be obtained 
which includes a chest x-ray, AP pelvis, lateral 
cervical spine, and any additional images of 
affected extremities (Table  32.1 ).

32.3.2         Neurological Assessment 

 A detailed neurological review is part of the sec-
ondary survey and involves a careful examination 
of both upper and lower extremities for motor 
function, sensation, and refl exes (Tables  32.2  and 
 32.3 ). It is crucial to check for perianal sensation 
and voluntary sphincter contraction as these dif-
ferentiate a complete spinal cord injury from an 
incomplete injury. Upper cervical injuries are 
often lethal due to involvement of the diaphragm 
and require emergent intubation to sustain life 
(“C3, 4, 5 keeps the diaphragm alive”). The level 
of affected sensation and motor function should 
be accurately documented in order to compare to 
future examinations. The higher the level of 
injury in the cervical spine, the greater the mor-
bidity is accompanying the injury. In the lumbar 

spine, L4 is typically required for independent 
ambulation. Upper motor neuron signs such as 
Babinski’s refl ex, Hoffman’s refl ex, and sus-
tained clonus are important to assess to differen-
tiate upper and lower motor neuron injuries.

32.3.3         Classifi cation of Neurologic 
Injuries 

 Neurologic injuries from spinal trauma are typi-
cally differentiated between injuries to the nerve 
root and those that affect the spinal cord. Nerve 
root injuries, such as those from a herniated disk, 
are lower motor neuron injuries and have the 
potential to recover, whereas cord injuries affect 
upper motor neuron tracts with less ability to 
recover. Spinal cord injuries are broadly differen-
tiated between complete and incomplete. 
Complete injuries lack motor function and 
sensation below the injured level, whereas 
incomplete injuries retain some degree of 
sensation and/or function below the level of the 
injury. Two primary classifi cations are commonly 
used to describe the degree of severity of 
neurologic defi cits – the Frankel Classifi cation 
and the ASIA (American Spinal Injury 
Association) Impairment Scale. 

 The Frankel Classifi cation, popularized in the 
1970s, divided the level of injury into fi ve 

  Fig. 32.2    Example of a 
rigid backboard used for 
transporting spinal trauma 
patients. Prolonged time on 
the board may cause 
pressure sores so it is 
important to remove the 
board once the patient has 
arrived at the hospital and 
a proper log roll can be 
performed       
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categories given the notation of grades A through 
E. Grade A notes complete paralysis with no 
motor or sensory function below the injury level. 
Grades B, C, and D all note incomplete spinal 
cord injuries. Grade B is no motor function but 
retained sensory function below the level of the 
injury. Grade C is the presence of incomplete 
motor function below the injury level. Grade D is 

fair to good motor function below the injury 
level. Type E is normal function. 

 The ASIA Impairment Scale (AIS) replaced 
the Frankel Classifi cation in 1982 as the 
internationally accepted defi nition of spinal cord 
injury. Like the Frankel scale, Grade A is a 
complete cord injury, Grades B, C, and D are 
incomplete injuries, and Grade E is normal 

a

b

  Fig. 32.3    Log-rolling technique. ( a ) Secure head and 
c-spine. The person securing the c-spine calls the timing 
of the roll. ( b ) Two other people positioned at the patients 
side, the person (i) closer to patient’s head has a hand on 
the greater trochanter area and a hand on the shoulder, and 
the person (ii) who is closer to the feet has a hand on the 
hip and the other on the knee. The person securing the 

c-spine gives command to coordinate the smooth log roll. 
The physician examines the spine for any signs of injury 
(steps, crepitus, alignment) and tenderness. A rectal 
examination may also be carried out at this stage looking 
for blood, a high-riding prostate, and muscle tone and sen-
sation around the perineum. Make sure your team prac-
tices this skill       
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function and sensation. The AIS emphasizes the 
involvement of sacral segments S4–S5 with anal 
sensation and voluntary sphincter contraction as 
a means of differentiating complete from incom-
plete injuries. ASIA A is a complete injury with 
no anal sensation or voluntary sphincter contrac-
tion. ASIA B is intact sensation but no motor 
function below the neurological level. ASIA C is 
intact sensation and intact motor function below 
the neurological level, but more than 50 % of key 
muscles have muscle strength of 1 or 2. ASIA D 
is intact sensation and intact motor function 
below the neurological level, but more than 50 % 
of key muscles have a muscle strength grade of 3 
or more. ASIA E is a normal exam with normal 
sensation and motor function. 

 Incomplete spinal cord injuries can also occur 
in distinct patterns.  Central cord syndrome  is the 
most common pattern seen and occurs when the 
cord is compressed peripherally toward the core. 
Because of the anatomic arrangement of the 

 spinal cord – the cervical and upper extremity 
tracts are located centrally within the cord com-
pared to the more peripheral sacral and lower 
extremity tracts – the upper extremities are more 
affected than the lower extremities (Fig.  32.4 ). 
Central cord syndrome is a common injury in the 
elderly with preexisting spondylosis who fall and 
hit their head. The prognosis for regaining func-
tion is good.  Anterior cord syndrome  is typically 
a vascular-related injury that affects the anterior 
spinal tracts of motor function and pain/tempera-
ture sensation.  Posterior cord syndrome  is very 
similar to anterior cord syndrome except that it 
affects the posterior columns responsible for 
vibration and proprioception. It is quite rare as 
the result of a traumatic injury.  Brown-Sequard 
syndrome  is an injury to half of the spinal cord, 
typically from a penetrating stab or gunshot 
wound, where motor function is impaired on the 
ipsilateral side of the injury but pain/temperature 
are impaired on the contralateral side because of 
the decussation of the neuronal tracts.

32.3.4        Shock: Spinal 
Versus Neurogenic 

 Patients with spinal injuries, particularly those 
with injuries to the spinal cord, often present in 
shock. Hemorrhagic shock is typical with many 

   Table 32.1    Summary: initial management of spinal trauma   

 1. ATLS protocol 

 2. Immobilization 

   (a) At scene of injury: hard cervical collar, backboard, sandbags with tape 

   (b) Proper log-roll technique 

   (c) Transfer to nearest hospital with highest level of care 

 3. Imaging 

   (a) Radiographs: AP, lateral, open-mouth odontoid x-ray in cervical collar 

   (b) CT scan (if available) 

   (c) Do  not  remove cervical collar for imaging! It stays in place until cervical spine is cleared! 

 4. Hospital management 

   (a)  Prevent hypotension:  keep MAP (mean arterial pressure) >85 mmHg 

   (b)  Oxygen : via nasal cannula. Intubation without moving cervical spine if required 

   (c)  Foley catheter : urinary retention is common with spinal cord injury 

   (d)  Nasogastric tube : may be necessary to decompress abdomen (watch for paralytic ileus) 

   (e)  Intravenous fl uids : monitor fl uid status with urine output. Do not overhydrate 

   (f)  Cervical spine clearance : negative exam (no neurologic fi ndings) and negative imaging studies 

   Table 32.2    Strength testing grading system   

 Grade  Description 

 1  Palpable or visible contraction but no motion 

 2  Motion with gravity eliminated 

 3  Motion against gravity 

 4  Motion against gravity and some resistance 

 5  Normal strength against full resistance 
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high velocity injuries and is the most common 
cause of death in trauma patients. It is character-
ized by hypotension and tachycardia depending 
on the amount of blood volume lost. Spinal shock 
and neurogenic shock are more common with 
spinal cord injuries and it is important to differ-
entiate them. Both are characterized by fl accid 
paralysis with hypotension and  bradycardia  due 
to systemic vasodilation from loss of sympathetic 

tone. Spinal shock, however, is temporary and is 
considered complete with the return of the bulbo-
cavernosus refl ex – indicated by anal sphincter 
contraction with a tug on a patient’s foley cathe-
ter. This refl ex, if it returns, typically does so 
within 48–72 h of injury. Management of both 
spinal shock and neurogenic shock requires vaso-
pressors as isolated intravenous fl uids will not 
regulate the patient’s hemodynamics.  

   Table 32.3    Examination chart of upper and lower extremity motor function, sensation, and refl exes important to 
examine during the exam   

 Examination: sensory, motor, and refl exes 

 Root  Motor function  Sensation  Refl ex 

 Upper extremity  C5  Shoulder abduction, elbow fl exion  Lateral shoulder and arm  Biceps 

 C6  Wrist extension  Thumb  Brachioradialis 

 C7  Elbow extension, wrist fl exion  Middle fi nger  Triceps 

 C8  Finger fl exion  Small fi nger  None 

 T1  Finger abduction  Medial elbow  None 

 Lower extremity  L2/L3  Hip fl exion  Anterior groin and thigh  None 

 L4  Knee extension  Anterior knee  Patellar 

 L5  Ankle dorsifl exion  Lateral leg, dorsal foot  None 

 S1  Ankle plantarfl exion  Posterior leg  Achilles 

 S3/S4  Bowel and bladder function  Perianal  Cremasteric 

 Upper motor neuron 
fi ndings 

 Hyperactive refl exes, clonus >3 beats, Hoffman’s refl ex, Babinski’s refl ex 

Lateral corticospinal
tract-voluntary

movement

lateral spinothalamic tract
- pain, tempoerature

Ventral spinothalamic
tract-pressure, touch

(minor role)

Ventral corticospinal tract-
distal voluntary movement

(minor role)

Posterior column-proprioception,
pressure, deep touch, vibration

  Fig. 32.4    Anatomy of 
the spinal cord. The dor-
sal column is primary 
responsible for proprio-
ception, deep touch, and 
vibration. The lateral cor-
ticospinal tract is respon-
sible for voluntary 
muscle movement. The 
lateral spinothalamic 
tract is responsible pri-
marily for pain and tem-
perature sensation       
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32.3.5     Steroids and Spinal Cord 
Injury 

 High-dose methlyprednisolone has been a 
popular treatment for patients with spinal cord 
injuries with the goal of interrupting the 
infl ammatory cascade responsible for many of 
the permanent neurologic defi cits observed. 
Early literature seemed to suggest that patients 
who received high-dose steroids within 8 h of 
injury showed superior neurologic recovery. 
However, recent studies have not validated these 
fi ndings and unveiled signifi cant side effects of 
such large doses of steroids, leading the majority 
of spine trauma centers to avoid high-dose intra-
venous steroids as a treatment option [ 12 ].   

32.4     Cervical Spine Injuries 

 The cervical spine is a common site of injury 
because it is the most mobile of the all the spine 
segments. The most common mechanism of 
injury in both developing and developed countries 
is a road traffi c accident followed by falls from 
signifi cant heights [ 9 ]. Motorcycle crashes are a 
very common etiology for cervical spine injuries, 
particularly in developing countries where 
helmets are worn infrequently [ 12 ]. These 
injuries have a higher tendency toward complete 
spinal cord injuries than lower spinal injuries and 
thus account for a large number of deaths, 
typically secondary to respiratory failure. As 
expected, cervical spine injuries tend to have 
extremely high rates of tetraplegia compared 
with paraplegia. 

 Cervical spine injuries are typically divided 
into upper cervical (occiput – C2) and lower 
cervical injuries (C3–C7). Upper cervical inju-
ries – including craniocervical dissociation, 
displaced odontoid fractures, and traumatic 
spondylolisthesis of C2 – often have a high 
associated morbidity and mortality, especially 
in developing countries (Figs.  32.5  and  32.6 ). 
Many of these injuries are fatal at the site of 
the accident or shortly thereafter. Injuries above 
C4 also impact the function of the diaphragm, 
and thus, many patients who survive the injury 

 succumb to respiratory failure within days of 
their injury. Lower cervical spine injuries also 
have the potential for devastating consequences 
to the patient. Though classifi cations attempt to 
describe injuries based on the position of the 
neck during injury (i.e., fl exion vs. extension, 
compression vs. distraction, etc.), the most com-
mon classifi cation is a simple descriptive clas-
sifi cation. Common injury patterns noted in the 
cervical spine are facet fracture-dislocations 
(unilateral or bilateral), axial load injuries (burst 
and compression fractures), and extension inju-
ries (teardrop fractures).

  Fig. 32.5    CT scan of an odontoid fracture (C2) in an 
elderly female with signifi cant osteoarthritis changes 
from a fall from standing height hitting her forehead forc-
ing her cervical spine in hyperextension. She was treated 
nonoperatively in a hard cervical collar and suffered no 
neurologic defi cits       
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    The majority of cervical spine injuries can be 
detected on plain radiographs. A typical series 
includes an anteroposterior (AP), lateral, and 
open-mouth odontoid views. It is important to be 
able to visualize the cervicothoracic junction 
(C7–T1), and sometimes a swimmer’s view is 
necessary to accomplish this. The radiographs, 
particularly the lateral view, should be carefully 
reviewed looking for disruptions to any of the 
four normal lines: anterior vertebral line, poste-
rior vertebral line, spinolaminar line, and the pos-
terior spinous process lines. Translation of one 
vertebral body on another can also be detected on 
the lateral radiograph, particularly with a facet 
dislocation which largely occurs in the lower cer-
vical spine. Unilateral facet dislocations will 
translate approximately 25 %, whereas bilateral 
facet dislocations may translate 50 % or more. 
The open-mouth odontoid view can identify 
instability of the upper cervical spine,  specifi cally 

an injury to the transverse ligament, if there is 
greater than 7 mm of lateral mass step-off seen on 
the radiograph. The presence of deformity (i.e., 
kyphosis) should also clue the observer to the 
presence of an injury with potential instability. If 
the patient is neurologically stable, additional 
radiographs such as fl exion- extension views are 
helpful to assess for spinal column stability. 

32.4.1     Management 

 Management of cervical injuries requires identi-
fi cation and stabilization of the spinal column. 
This begins at the scene of the accident where 
basic trauma principles are crucial (Table  32.4 ). 
Multiple studies report that a large number of 
patients are transported to hospitals by either a 
bystander or a family member via any means 
possible. Many are transported in personal vehi-
cles, sometimes animal-drawn carts or even 
motorcycles, without any cervical support device 
which tragically converts some incomplete 
injuries into complete spinal cord injuries en 
route to the hospital [ 13 ].

   Conservative treatment is the modus operandi 
of cervical spine trauma in countries without 
surgical capabilities. Once an unstable cervical 
injury is identifi ed on radiographs, the patient is 
placed in skull traction and kept supine in bed for 

  Fig. 32.6    C5-6 bilateral facet dislocation with complete 
spinal cord injury in a 17-year-old female after a high- 
speed motor vehicle accident. Note the translation of more 
than 50 % of the vertebral body. Spinal cord injuries are 
very common in cervical bilateral facet dislocations       

   Table 32.4    Summary: cervical spine clearance   

 Must clear occiput – T1 

 Should be performed by emergency room physician, 
neurosurgeon, or orthopedic surgeon 

  Cervical spine may be cleared without imaging  if 
patient has: 

     No diffi culty answering questions or participating 
in exam  

     No neck pain at rest or to palpation  

     No neurologic defi cits with full range of motion  

     No drugs or alcohol in their system  

     No distracting injuries  

 Cervical radiographs (AP, lateral, open-mouth 
odontoid) should be obtained if any of the above 
criteria are not met 

  All unconscious and obtunded patients should receive 
imaging including CT and/or MRI if available  
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approximately 6 weeks (Table  32.5 ). They are 
then placed in a rigid collar for an additional 3–6 
months. Upper cervical spine injuries – occiput 
through C3 – are often best treated in a halo 
device when available. In the setting of a facet 
dislocation, closed reduction is indicated with the 
used of cervical traction and confi rmed with 
repeat lateral cervical spine radiographs. Urgent 
decompression is indicated in the setting of a pro-
gressive neurologic defi cit and can be performed 
from either an anterior, posterior, or combined 
approach. Papers report open posterior stabiliza-
tion performed with wiring of the posterior spi-
nous processes with success [ 14 ]. Postoperatively, 
the patients are placed in a cervical collar for 3–6 
months and monitored for neurologic deteriora-
tion (Figs.  32.7 ,  32.8 ,  32.9 , and  32.10 ).

32.5             Thoracic Spine Injuries 

 Fractures of the thoracic spine are less commonly 
seen, presumably because of the stabilizing force 
of the rib cage and sternum anteriorly. However, 
the spinal cord extends through the thoracic spine 
down to approximately the L1vertebrae through a 
narrow spinal canal, and thus, there are still a sig-
nifi cant number of complete spinal cord injuries 
reported. Injuries are most commonly seen at 

each end of the thoracic spine at the cervicotho-
racic junction (C7–T1) and thoracolumbar junc-
tion (T11–L2). As expected, the majority of 
thoracic spinal cord injuries result in far less inci-
dence of quadriplegia though injuries involving 
the uppermost thoracic vertebral levels near the 
cervicothoracic junction have reported neurolog-
ical defi cits in all four extremities. Typical frac-
ture patterns include axial load fractures 
(compression fracture, burst fractures) or distrac-
tion injuries (posterior ligamentous or bony dis-
ruption) (Fig.  32.11 ).

   Management of thoracic spine fractures is 
typically conservative, especially where surgical 
capabilities are limited. Compression and burst 
fractures with no or little neurological injury 
have been shown to have excellent outcomes 
with conservative treatment including bracing for 
up to 12 weeks. Operative intervention is reserved 
for patients with progressive neurologic defi cits 
and unstable injuries. The literature is varied 
regarding surgical stabilization of fractures with 
spinal cord injuries. In patients with incomplete 
cord injuries, stabilization to prevent further 
injury is often supported, especially if the 
symptoms are progressing. Complete injuries, 
however, have no sensation or motor function 
distal to the injury site and nonoperative 
management is preferred [ 15 ]. The primary form 
of treatment consists of placing patients with a 
thoracic fracture in a thoracolumbar cast or brace 
with bed rest for approximately 6 weeks. Then, 
they are discharged home in a brace for an 
additional few months, regardless of their neuro-
logic status.  

32.6     Thoracolumbar Junction 
and Lumbar Spine Injuries 

 Lumbar spine fractures are the most common 
spine fracture noted with the most common 
injuries occurring at the thoracolumbar junction 
(T11–L2). Anatomically, the lumbar spine is 
normally in lordosis as compared with the natural 
kyphosis of the thoracic spine. The facet 
orientation also shifts from the coronal-oriented 

   Table 32.5    Application of cervical spine traction   

 Perform in an awake patient. Stop if neurologic exam 
changes 

 Avoid in patients with possible skull fractures or 
occipital-atlantal injuries 

 Method of temporary stabilization 

  Pin placement : apply pins 1 cm proximal to the pinna 
of the ear in line with the external auditory meatus 

 Apply pressure to the pins until the spring-loaded 
button protrudes 1 mm 

  Weight : begin with 10 lbs. May add 5–10 lbs per level 
as you descend down the spine in 10–20 min intervals. 
Maximum necessary usually less than 100 lbs 

 Hard collar may be removed while patient is in 
traction 

 Clean pin sites daily with povidone-iodine solution 

 Monitor with frequent radiographs with every weight 
addition and daily while in traction 
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  Fig. 32.7    ( a ) C6–C7 bilateral facet dislocation. Note the 
anterior subluxation greater than 50 % of the vertebral 
body. ( b ) C6–7 bilateral facet fracture postreduction being 
treated in a Minerva collar and brace made of fi ber glass. 
These braces can be made of plaster of Paris as well. It is 

vital to stabilize the sternum, occiput, and mandible with 
these braces. ( c ) As seen, a Miami J cervical collar can be 
incorporated into the brace if a Minerva brace is not avail-
able commercially         

a 
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b

c

Fig. 32.7 (continued)
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thoracic spine into the more sagittal orientation 
of the lumbar spine facets. The most widely used 
concept for understanding fracture stability in 
this region is the three-column theory – anterior, 
middle, and posterior – introduced by Denis [ 16 ]. 
The anterior column consists of the anterior lon-
gitudinal ligament, the anterior annulus, and the 
anterior vertebral body. The middle column con-
sists of the posterior vertebral body wall, the pos-
terior longitudinal ligament, and posterior 
annulus. The posterior column includes the pos-
terior spinal elements posterior to the posterior 
longitudinal ligaments – pedicles, lamina, facets, 
transverse processes, spinous processes, and the 
ligamentous attachments. 

 The three-column theory is also used to 
describe the common fractures seen in the lum-
bar spine though it does not offer treatment rec-
ommendations (Fig.  32.12 ).  Compression 
fractures , the most common fracture seen, are 
axial load injuries that involve only the anterior 
column. The middle column remains intact, and 
thus, there is a very low incidence of neurologic 
defi cit.  Burst fractures  also result from axial 
forces but are fractures that involve both the ante-
rior and middle columns. The posterior vertebral 

body wall is often retropulsed into the spinal 
canal toward the neural elements. X-rays typi-
cally show loss of height and fracture of the pos-
terior vertebral body wall, while the AP view 
often shows widening of the interpedicular 
 distance compared with adjacent vertebrae. 
Chance fractures are the third type of fracture 
described by Denis and involve all three col-
umns. Commonly seen with seat-belt wearers, 
the anterior column typically fails in compres-
sion, while the middle and posterior columns fail 
in tension.

32.6.1       Management 

 Management of lumbar fractures is typically 
dependent on the degree of vertebral body col-
lapse, degree of kyphosis, and the presence of 
neurologic compromise. Compression fractures 
are generally treated nonoperatively unless rela-
tive indications of 20° of kyphosis or over 50 % 
of vertebral body collapse are met (Fig.  32.13 ). 
These are the values at which the posterior liga-
mentous complex is stretched beyond its ability 
to maintain stability. Most patients have excellent 

  Fig. 32.8  
  Commercially available 
Minerva brace       
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outcomes with brace treatment which can help to 
lessen pain.  Burst fracture  treatment guidelines 
are also controversial with varying operative indi-
cations (Fig.  32.14 ). Commonly reported surgical 
indications include kyphosis over 20°, over 50 % 
vertebral collapse, and greater than 50 % canal 
compromise though there are no absolute values 
that mandate surgical intervention. Injuries with 
progressive neurologic defi cits should be decom-
pressed and stabilized with either instrumenta-
tion and/or bracing.  Flexion- distraction injuries  

(i.e., Chance fractures) of all three columns can 
either be osseous or ligamentous with surgi-
cal intervention warranted for purely ligamen-
tous injuries and unstable fractures (Fig.  32.15 ). 
Thoracolumbar and lumbar injuries are treated 
almost exclusively nonoperatively much like 
thoracic fractures [ 17 ]. Regardless of neurologi-
cal defi cit, patients are placed in a thoracolumbar 
brace and stay in bed for approximately 6 weeks. 
Afterward, they are discharged in a brace for an 
additional 3–6 months.

  Fig. 32.9    Proper place-
ment of Gardner-Wells 
tongs for cervical trac-
tion. The tongs should be 
placed 1 cm above the ear 
pinna in line with the 
external auditory meatus       
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32.7           Emergency Operative 
Management: 
Decompression and/or 
Fusion 

 Spinal injuries can present with symptoms that 
require emergent decompression and/or fusion 
in order to preserve or prevent further neurologic 
injury. Such surgeries are performed for typi-
cally either compression of the spinal cord and/or 
nerve roots or mechanical instability of the spinal 
column. Incomplete spinal cord injuries or inju-
ries with progressive neurologic defi cits should 
be decompressed as quickly as possible, prefer-
ably within 24 h of injury. Complete spinal cord 
injuries do not require such urgent timing and 
may be performed within 3–5 days  post- injury 

once the patient is optimized medically. In other 
instances such as central cord syndrome, it is 
recommended to wait 2–3 weeks for surgical 
stabilization.  

32.8     Rehabilitation 

 Postoperative rehabilitation is a vital yet often 
overlooked aspect of spinal injuries. It is well 
documented that patients who are unable to 
mobilize and spend signifi cant time in bed are 
more susceptible to a host of complications 
including respiratory complications, venous 
thromboembolism, pressure sores, and joint 
contractures. Once an injury is stabilized, 
whether by operative or nonoperative treatment, 
it is imperative that patients be mobilized as 
much as possible. Patients confi ned to bed rest 
for long periods of time should undergo daily 
therapy sessions with at minimum passive range 
of motion of unaffected joints in both the upper 
and lower extremities to avoid contractures and 
general stiffness. Once ambulation is allowed, 
daily walks several times per day are typically 
suffi cient to prevent most of the abovemen-
tioned complications while the fracture is heal-
ing. Occupational therapy with simple daily 
tasks is also important for those patients with 
upper extremity defi cits to work on fi ne motor 
control.  

32.9     Complications 

 Spinal injuries are associated with a high 
morbidity for the patient. In low-resource 
countries, these complications are amplifi ed 
because many patients are not treated in 
specialized spine centers where they have the 
individualized care and rehabilitation staff 
necessary. Multiple studies from developing 
countries report common complications of 
urinary tract infections, decubitus ulcers from 
prolonged time in bed, and respiratory 
complications such as pneumonia, particularly 
patients with quadriplegia [ 18 – 21 ]. All this is 

  Fig. 32.10    Young Kenyan man involved in high-energy 
trauma who presented with C5–6 bilateral facet disloca-
tion. He was reduced closed and underwent open posterior 
stabilization with plate and screw fi xation. Patient was 
neurologically intact postoperatively and note the restora-
tion of alignment of the anterior and posterior vertebral 
body lines (Courtesty of Dr Daniel Galat, MD)       
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a

c

b

  Fig. 32.11    ( a ) A 63-year-old male with unstable T8–T9 
three-column fracture through the disk space who pre-
sented neurologically intact after a high-speed MVA with 
other abdominal injuries. ( b ) MRI of 63-year-old male 

with an unstable T8–9 three-column fracture. ( c ) A 
63-year-old male with an unstable T8–T9 chance fracture 
who underwent T6–T11 posterior spinal fusion with T8 
laminectomy       
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further complicated by the state of poverty that 
many of the patients come from which is often 
associated with poor hygiene and malnutrition. 
Contractures and joint stiffness are also common 
in patients that are confi ned to bed for prolonged 
periods of time.  

32.10     Pediatric Spinal Injuries 

 Pediatric spinal column injuries are thankfully 
uncommon injuries though potentially 
devastating. Although an in-depth assessment of 
pediatric spinal injuries is outside the scope of 
this chapter, the primary difference between 
pediatric and adult spinal injuries is the 
disproportionately large head of the child in 
relation to the rest of the body. When children are 
transported to clinics or hospitals with suspected 
spinal injuries, it is vital to allow a recess in the 
board to prevent unintended fl exion of the 
cervical spine and thus continued neural 
compression while en route. Of note, children 
may also have a spinal cord injury without any 
radiographic abnormality, commonly known as 
SCIWORA. As with most pediatric spinal 
injuries, treatment is conservative with serial 
examinations.  

  Fig. 32.12    The three columns of the lumbar spine 
include the anterior (ALL, anterior vertebral body), mid-
dle (PLL, posterior vertebral body wall), and posterior 
(pedicles, lamina, spinous processes, transverse pro-
cesses, posterior ligamentous complex)       
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  Fig. 32.13    L2 vertebral body compression fracture – no involvement of the middle column. Patients with compression 
factors typically do very well when treated nonoperatively       
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    Conclusion 

 Traumatic spine injuries, especially those with 
spinal cord injuries, are often devastating inju-
ries to both the patient and their family. Such 
injuries require urgent identifi cation and trans-
fer to a hospital capable of caring for complex 
injuries, including any associated injuries in 
addition to the spinal injuries. Developing 
countries are seeing an increase in the number 
of traumatic spinal cord injuries, mostly due to 
road traffi c accidents, and yet too often lack 
the infrastructure and resources to adequately 
manage these patients and their morbidity. 
Despite signifi cant limitations, basic principles 
of patient management and conservative treat-
ment can help eliminate many unnecessary 
complications associated with these injuries.     
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      Shoulder Girdle Injuries                     

     Peter     A.     Cole       and     Ryan     Horazdovsky    

       The shoulder girdle is a complex osseous chain 
consisting of the clavicle, scapula, and humerus, 
linked by ligamentous and capsular structures 
which collectively provide the origins and inser-
tions for over twenty muscles which allow for 
coordinated movement of the upper extremity. 
Dysfunction therefore follows disruption or 
deformity in this linkage; however, since the ster-
noclavicular joint allows for 45° of motion, the 
acromioclavicular joint 20° of motion, and the 
glenohumeral joint up to 170° of motion in mul-
tiple planes, there is also more forgiveness for 
deformity than in any other anatomical region. 
This fact allows different interpretations of thresh-
olds for operation based on the resources avail-
able in a particular underdeveloped hospital 
setting. Malunion in the clavicle or scapula, for 
example, is not generally as morbid as a malunion 
of the femur and tibia, and therefore the technical 
expertise must be balanced with the risks of sur-
gery, and the baseline function of the patient. 
Nevertheless, if the goal is optimal function rather 
than reasonable function, and the likelihood of 

surgical success is great based on available exper-
tise and management of risks, then there are 
plenty of reasons to operate. In this chapter, we 
will review diagnosis and management of the ster-
noclavicular, acromioclavicular joint, and gleno-
humeral joint, as well as the clavicle and scapula 
in the context of austere conditions. 

33.1     Sternoclavicular Injuries 

 The sternoclavicular joint is a diarthrodial joint 
between the medial clavicle and the clavicular 
notch of the sternum. The sternoclavicular joint 
allows for motion in all planes and is where the 
majority of scapulothoracic motion occurs. 
Because of strong ligamentous support, injuries 
to the sternoclavicular joint are rare, representing 
only 3 % of shoulder girdle injuries [ 1 ]. A sterno-
clavicular injury is always a high-energy event, 
and, therefore, exploration for other injuries is 
paramount. Due to the posterior proximity of 
structures such as the great vessels, phrenic and 
vagus nerves, trachea, and esophagus, associated 
injuries should be suspected and diagnosed 
promptly. 

 The mechanism of injury can either be from a 
direct blow to the clavicle, or an indirect force 
applied to the shoulder. The sternoclavicular joint 
may sustain a simple sprain characterized by a 
non- or minimally displaced injury, in which 
there is a lack of deformity in the setting of pain 
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and possibly swelling. This injury is stable, but 
frank dislocation is associated with complete 
ligament disruption which warrants surgical 
consideration [ 2 ]. Sternoclavicular dislocations 
are described according to the direction of 
dislocation, anterior or posterior. Anterior 
dislocations being more common because they 
result from a posterolateral blow to the shoulder. 

 A medial clavicular physeal fracture, which 
can displace anteriorly or posteriorly as well, 
mimics a dislocation and is common under the 
age of 25 as this the last epiphysis to close (23–25 
years) [ 3 ]. Most of these injuries heal and remodel 
without surgical intervention [ 1 ]. 

33.1.1     Initial Management 

 Given the assumption of a higher-energy mecha-
nism, the patient should be asked about diffi culty 
breathing or swallowing, particularly upon rec-
ognition of a posterior dislocation. Hoarseness, 
persistent cough, or stridor should be docu-
mented. Patients may have distended neck veins 
and surrounding tissues secondary to local 
venous congestion (Fig.  33.1 ). Pain localized to 
the sternoclavicular joint is associated with swell-
ing and possibly ecchymosis. There is usually a 
palpable and mobile prominence just anterior and 
lateral to the sternal notch in the case of an ante-

rior dislocation, or a puckering of the skin with a 
sense of fl uctuance in the posterior dislocation. 
Chest auscultation and a thorough neurovascular 
exam to the ipsilateral extremity are important.

   Anteroposterior radiographs of the chest or 
clavicle are of limited usefulness when assessing 
for sternoclavicular joint injuries. A serendipity 
x-ray view of the shoulder is a 40° cephalic tilt 
view centered on the manubrium [ 3 ]. In this view, 
an anterior dislocation will be manifested with a 
superior appearing clavicular head. If a posterior 
dislocation is suspected, a computed tomography 
(CT) examination with 2 mm interval cuts is 
helpful to visualize the location and extent of dis-
location, evaluate the retrosternal region for soft 
tissue injury, or elucidate a physeal injury. If a 
vascular injury is suspected, the CT scan should 
be combined with an arteriogram of the great 
vessels if possible.  

33.1.2     Nonoperative Treatment 

 The majority of sternoclavicular injuries are 
anterior dislocations, and these should be 
treated nonoperatively with the expectation of a 
cosmetic manifestation of a large bump, resolu-
tion of pain, and restoration of good function 
[ 4 ]. Closed reduction can be attempted; how-
ever, the joint will not remain reduced. This 

  Fig. 33.1    Posterior 
sternoclavicular 
dislocation with 
impingement of 
posterior great vessels 
and signifi cant venous 
congestion as 
evidenced by local soft 
tissue swelling. This 
patient was treated with 
an open reduction and 
suturing fi xation 
through drill holes       
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expectant result also holds true for the medial 
clavicle physeal injuries that are displaced 
anteriorly.  

33.1.3     Operative Treatment 

 Surgical intervention of anterior sternoclavicular 
joint dislocations is usually unwarranted given 
the high failure rates from open reduction [ 2 ]. A 
symptomatic posterior dislocation should 
undergo a manipulative reduction to unlock the 
retrosternal clavicular head to relieve impinge-
ment on critical structures and avoid late sequelae 
compression on critical structures [ 5 ]. 

 A pointed bone tenaculum may be useful to 
grasp the head of the clavicle and pull it back to its 
proper manubrium relation (Fig.  33.2a ). A roll 
between the shoulder blades while the patient is 
supine, in combination with lateral traction of the 
abducted arm, is a helpful adjunctive maneuver. A 
closed reduction maneuver is not always success-
ful. Due to possible violation of critical structures 
in the mediastinum, it has been recommended to 
have anesthesia on hand to manage the airway and 
a thoracic surgeon on standby during the proce-
dure for the unlikely event of disrupting a pseudo-
aneurysm or clot at the level of the great vessels.

   Transfi xing wires across the sternoclavicular 
joint is ill advised throughout the literature due 

to the reported problem of wire migration. In 
posterior dislocations or physeal injuries, a 
reduction of the dislocated distal fragment can 
be reinforced with heavy braided suture through 
drill holes in the distal fragment (Fig.  33.2b ). A 
medial clavicle resection is the best option for 
symptomatic unstable posterior dislocations or 
painful chronic anterior dislocations. In such 
cases, the remnant scar tissue and capsule should 
be imbricated and tethered to the clavicle to help 
prevent instability.  

33.1.4     Complications 

 Retrosternal dislocations are frequently 
missed, likely due to the lack of physical exam 
fi ndings in the context of a multiply injured 
patient [ 6 ]. Missed or late diagnosis of associ-
ated injuries of the mediastinum and brachial 
plexus is well documented. Failure of fi xation, 
hardware migration, and redislocation have 
also been reported after operative stabilization 
and are likely due to the high forces acting on 
this main articulation between the upper 
extremity and the axial skeleton [ 7 ]. Lastly, 
arthritic symptoms of the sternoclavicular joint 
are not uncommon, and many authors have 
described resection of the clavicular head to 
address refractory pain [ 8 ].   

a b

  Fig. 33.2    ( a ) This is the medial clavicle grasped by a 
pointed bone reduction forceps to reduce it from its 
posterior dislocated position. To the right side of the 
incision next to the arrow is the heavy capsular tissue of 

the SC joint. ( b ) Is the repair of the unstable SC joint with 
drill holes through the clavicle repaired to the capsule 
with heavy braided suture       
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33.2     Acromioclavicular Joint 
Dislocation 

 The prominence of the acromioclavicular (AC) 
joint makes it vulnerable to dislocation from a 
direct blow to the shoulder, such as during a fall 
or lateral impact in a motor vehicle crash. The 
AC joint is a synovial joint that contains a 
fi brocartilage meniscus that is surrounded by 
capsule strongest at its superior and posterior 
margin [ 9 ]. The upper extremity is suspended in 
part by its connections to the lateral clavicle 
through the coracoclavicular (CC) and 
coracoacromial (CA) ligaments and AC joint 
capsule. The acromioclavicular AC joint 
dislocation occurs when there is at least partial 
disruption of these structures. This articulation 
may allow for up to 20° of rotation [ 10 ] and is 
further affected by the weight of the upper 
extremity as well as large muscular forces that 
act across a small surface area. These factors help 
to explain why internal fi xation failures are 
common and why there are so many described 
techniques to repair fractures and dislocations of 
the AC joint: because, most have been associated 
with a high failure rate. 

 Distal clavicle fractures will be handled 
separately at the end of this chapter; however, 
much of the same discussion regarding the 
diagnosis and treatment of AC dislocations is 
relevant to the displaced or intraarticular distal 
clavicle fracture as well since fi xation strategies 
are very similar and the use of distal clavicle 
resection for salvage. 

33.2.1     Classifi cation 

 Tossy et al. [ 11 ] and Allman et al. [ 12 ] developed 
classifi cation systems for AC dislocations based 
on the degree of ligament injury and radiographic 
evidence of displacement and classifi ed these as 
types I–III. A  type I  injury is a nondisplaced. The 
 type II  injury is incompletely displaced and 
associated with complete tearing of the 
acromioclavicular ligaments and sparing of the 
coracoclavicular ligaments. The  type III  
dislocation represents complete disruption of the 

coracoclavicular ligaments and acromioclavicular 
joint capsule with superior displacement. 
Rockwood et al. [ 13 ] later described three 
additional types of more severe injury (types IV 
through VI) based on the direction as well as the 
amount of dislocation. Rockwood’s  type IV  AC 
dislocation is complete, and the clavicle is 
displaced posteriorly. The  type V  injury is an 
extreme variation of type III, where the clavicle 
buttonholes through the trapezius into the 
subcutaneous tissue (High FIVE), whereas the 
 type VI  dislocation is dislocated inferiorly (Deep 
SIX).  

33.2.2     Initial Management 

 Usually, there is history of a direct blow to the 
shoulder in which the patient presents with a 
swollen and painful AC joint. Evaluate the patient 
for other chest, neck, or brachial plexus injuries 
that may be associated, including the sternocla-
vicular joint since bifocal injury has been observed 
many times by the senior author (PAC). If a visual 
or palpable step off exists, or the distal clavicle 
feels unstable, then there is at least a type II injury. 
It is not uncommon for type I and II injuries to 
have a longer duration of pain than type III inju-
ries due to residual articular contact and tethering 
of partially torn ligamentous structures. Ice 
relieves pain and swelling in the acute setting. A 
sling is useful for support of the upper extremity 
against gravity, but the joint cannot be maintained 
in a reduced position with any orthosis, including 
a fi gure-of-eight sling because of the deforming 
forces of the sternocleidomastoid and strap mus-
cles of the neck. 

 Diagnosis can be confi rmed by including both 
AC joints on one large x-ray cassette 
demonstrating relative displacement on one side, 
as well as anatomical variations of the AC facets.  

33.2.3     Nonoperative Treatment 

 Type I and II AC injuries should be treated non-
operatively with the expectation of excellent 
short- to midterm results [ 14 ]. In the event that 
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late, symptomatic AC arthrosis occurs, elective 
distal clavicle excision can predictably relieve 
pain and restore function [ 15 ]. Nonoperative 
management of type III AC dislocations is most 
appropriate in the austere environment as the 
collective weight of evidence reveals no clear 
benefi t from surgical treatment [ 16 ,  17 ].  

33.2.4     Surgical Treatment 

33.2.4.1     Indications for Surgical 
Treatment 

 Surgical reconstruction should be considered in 
patients with type IV to VI AC injuries to prevent 
chronic dysfunction and pain. These injuries are 
associated with grotesque deformity which is 
uncomfortable and unacceptable by most 
reasonable standards (Fig.  33.3 ).

33.2.4.2        Surgical Techniques 
 Many surgical procedures have been described to 
repair AC dislocations, which belies the fact that 
until recently failure rates have been high. The 
strategies have included temporarily fi xing the 
distal clavicle to the acromion, along with repair 
or augmentation of the CC ligaments. Each 
strategy can be employed in the acute or delayed 
setting. If a late reconstruction is done, it is 
usually combined with a distal clavicle resection. 

 The most widely known historical procedure 
is that described by Weaver and Dunn, in which 
the CA ligament is released from the acromion 
and transferred through the end of a resected 
distal clavicle [ 18 ]. The CA ligament plays a role 
in maintaining the concentricity of the humeral 
head, however, and its mobilization may lead to 
superior escape of the humeral head [ 19 – 21 ]. 
Today, some surgeons prefer either allograft or 
autograft tendon reconstructions to replace the 
CC ligaments. These are typically reinforced 
with a strong nonabsorbable suture such as 
Fiberwire® or Mersilene® tape preferably 
passed around the base of the coracoid process 
and then through a boney tunnel in the clavicle. 
In either case, fi xation across the AC joint or into 
the coracoid base can be added to augment the 
soft tissue repair during healing. A 6.5 mm 

partially threaded screw from the clavicle to 
coracoid can be used for this purpose, so that 
with the lag effect, the Mersilene tape is off- 
loaded to help prevent erosion. K-wires and a 
tension band wire/suture technique have also 
been used. Plan for elective removal of the 
hardware 3–4 months postoperatively after CC 
ligament healing is important to prevent erosion 
of the bone and is paramount for fi xation which 
crosses a joint. 

 The hook plate (Synthes USA, Westchester, 
PA) is gaining popularity as an option for acro-
mioclavicular joint stabilization after dislocation 
[ 22 – 26 ]. If unavailable locally, a hook plate can 
be fashioned out of a 3.5 recon plate in the shop 
and sterilized prior to surgery. The plate is fi xed to 
the cephalad border of the distal clavicle, and a 
terminal hook sweeps under the acromion so the 
clavicle is restrained from springing superiorly 
(Fig.  33.4a–d ). To do this, the terminal hook 
should angle 90 and 90°, be at least 2.0 cm, and 

  Fig. 33.3    A clinical image of a patient with a type IV AC 
dislocation and the resultant grotesque deformity       
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have a depth of approximately 1.5 cm for an aver-
age-sized individual, so the implant can make the 
turn posterior to the clavicle and under the acro-
mion along its inferior surface (Fig.  33.4c ). An 
attempt to repair the acromioclavicular joint as 
well as the coracoclavicular ligaments should 
accompany the use of the Hook Plate. These ele-
ments are torn, but approximation forms a scaf-

fold for scarring back down. It is necessary to 
remove the plate at 3–4 months after surgery to 
prevent the complication of acromial osteolysis 
and possibly acromial fracture [ 23 ,  27 – 29 ] and 
impingement [ 30 ,  31 ]. The necessity of a second 
operation for hook plate removal may make this 
an inappropriate implant if a patient’s ability to 
follow up is uncertain.

a

c d

b

  Fig. 33.4    ( a ) Grashey and ( b ) scapula Y radiographs 
showing a displaced and comminuted distal clavicle 
fracture. The surgeon opted to perform ORIF with a hook 
plate. ( c ) This hook plate can be fashioned in the hospital 
workshop out of a 3.5 mm recon plate preoperatively and 
sterilized for surgery (courtesy of Dr. Tul Bdr Pun, Tansen 

Mission Hospital, Nepal). It’s “depth” from the distal 
clavicle to the inferior acromion should be approximately 
1.5 cm ( thin arrow ) and the length of the hook no less than 
2.0 cm ( fat arrow ). ( d ) Shown is a bone model which 
shows the hook plate design and its relationship to the 
clavicle and acromion       
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   Another form of fi xation which has become 
popular recently is the “tightrope” technique 
(Arthrex, Naples, FL, USA) which is an 
approximation of the clavicle to the coracoid 
using heavy braided suture and suture buttons 
which lie down on the clavicle and under the base 
of the coracoid (Fig.  33.5 ). Though this 

technology is prepackaged for surgery, and rather 
slick, it can be mimicked easily with heavy #5 
braided suture and minifragment plates to serve 
as the buttons (Fig.  33.6 ).

    The beach chair position is utilized draping the 
entire forequarter onto the neck. The entire 
extremity should be prepped to allow for 

a b

  Fig. 33.5    ( a ) Grashey radiograph demonstrating an 
acromioclavicular dislocation as well as a comminuted 
extraarticular scapula fracture. ( b ) Postoperative image 
showing the reduced acromioclavicular joint with a 

Tightrope (Arthrex Inc., Naples, Florida) construct. This 
construct can be mimicked with heavy #5 braided suture 
and minifragment plates to serve as the buttons       

  Fig. 33.6    Shows a 
heavy braided suture 
with minifragment 
plates which can be used 
to mimic the tightrope 
technique, which allows 
for execution in settings 
without the prepackaged 
technology. 
Minifragment plates can 
be used to reproduce the 
“tightrope” concept with 
the plates substituting 
for the buttons to 
dissipate stress on the 
clavicle and coracoid       
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 manipulation of the arm aiding in evaluation of 
rotational nuances and reduction of the disloca-
tion. A 6 cm incision centered over the anterior 
edge of the distal clavicle is made to expose the 
dislocated AC joint. The incision is made in 
Langer’s lines and thus is vertically oriented, 
allowing for direct exposure of the torn ligaments 
and an adequate exposure of the coracoid. In dis-
tal clavicle fracture variants, a horizontal incision 
can be made over the distal clavicle and AC joint 
for easier exposure. Develop the fl aps between the 
deltoid and trapezius for later closure of the delto-
trapezial tissue plane. After the distal clavicle and 
AC joint are exposed, an evaluation of the articu-
lar integrity is made, removing pieces of detached 
articular cartilage if present. In the acute setting, 
the clavicle should be noted to reduce rather read-
ily by an inferior directed force on it (in a type 
III), or pistoning the arm cephalad to meet the 
clavicle. The CC ligaments are then inspected and 
repaired if possible, but only after fi xation of the 
AC joint with the technique of choice.  

33.2.4.3     AC Ligament Tips 
•     Augmentation of a ligament reconstruction 

with some type of fi xation to off-load the 
repair is prudent to take the stress off of any 
one point of fi xation. A screw, such as the his-
torical “modifi ed Bosworth screw” described 
by Rockwood, or a partially threaded 6.5 mm 
screw, from the superior clavicle down into 
the coracoid, is stronger than Kirschner wires 
that cross the AC joint or a plate that traverses 
(bridges) the AC joint because the fi xation is 
perpendicular rather than parallel to the 
deforming force. Any hardware which crosses 
a joint should be removed after 3–4 months.  

•   Due to the curved and slender shape of the dis-
tal coracoid, the surgeon should dissect along 
the proximal and posterior edge to appreciate 
the broader base into which fi xation can be 
more securely attained. The screw vector from 
this position will be in a vector heading 
slightly lateral to purchase the bone of the gle-
noid neck. If the surgeon directs the drill 
directly inferior or medial, the bone is thin and 
diffi cult to purchase. If such screws are too 
distal on the coracoid, it is not uncommon to 

either fracture the coracoid or simply obtain 
poor purchase.  

•   Draping the arm free during the reconstruction 
of an AC joint (and clavicle fracture) allows 
aid for reduction and minimizes soft tissue 
stripping with repeated clamp applications.      

33.2.5     Outcomes 

 The prognosis for type I injuries managed nonop-
eratively is excellent, whereas type II injuries 
have a good to excellent long-term prognosis 
[ 13 ]. A small percentage of patients, mostly with 
type II injuries, will develop symptomatic AC 
joint arthritis, requiring a distal clavicle resection 
[ 13 ,  32 ]. If conservative management of this fails, 
resection of the distal clavicle can be done by 
removing the distal 1.5 cm of bone, and results 
have generally been favorable [ 13 ,  33 – 35 ]. In 
such cases, after distal clavicle resection, a cora-
coclavicular ligament augmentation should be 
performed to mitigate the superior migration and 
instability of the distal clavicle.  

33.2.6     Complications 

 Most of the complications related to surgery 
involve fi xation failure resulting in recurrent 
prominence of the distal clavicle, instability, and 
pain. All described techniques can have hardware 
failure including slippage of Kirschner wires, 
cutout of CC screws, failure of grafts, or suture 
cutting through the distal clavicle or coracoid. 
Acromial erosion and fracture from retained 
hook plates, as well as fracture at the proximal 
end of the plate, are known. These various modes 
of failure underscore the technically demanding 
nature of the reconstruction.   

33.3     Scapula Fractures 

 Scapula fractures represent about 5 % of all 
fractures about the shoulder girdle [ 36 – 42 ]. A 
study of 6986 fractures found that 52 (0.7 %) 
involved the scapula, which made it more 
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common than distal humerus and distal femur 
fractures [ 43 ]. Scapula fractures are evidence that 
considerable energy has been imparted to the 
body. Large forces are required to cause a 
displaced scapula fracture because of the 
muscular envelope in which it lies, the mobility 
of the scapula on the thoracic cage, and 
surrounding musculoskeletal structures (proximal 
humerus, AC joint, and clavicle), which usually 
yield fi rst [ 38 ]. Approximately 90 % of these 
patients have associated injuries highlighting the 
high-energy mechanisms generally involved [ 36 , 
 39 ,  40 ,  44 ]. 

33.3.1     Initial Management 

 A thorough physical examination is important to 
detect these commonly associated injuries, 
particularly those that are life threatening. A 
majority of these patients have multiple broken 
ribs and resultant hemopneumothorax, 15 % have 
cervical spine injuries, 15 % have a traumatic 
brain injury, and 15 % have brachial plexus and 
peripheral nerve injury, and many of these 
injuries often mandate greater diagnostic and 
treatment urgency. 

 Radiographic evaluation of a scapula fracture 
includes three views of the shoulder, including an 
axillary view to assess the glenoid and its humeral 
relationship. Obtain an opposite shoulder AP 
radiograph to compare to the normal side if there 
is any doubt as to the interpretation of deformity. 
If available, a 3-D CT scan can be helpful to 
understand the deformity, take measurements, 
and place the surgical decision-making process 
in proper context. It is not uncommon to see 
worsening angulation and medialization over the 
fi rst few weeks on radiographic examination, so 
serial x-rays are warranted [ 45 ].  

33.3.2     Nonoperative Treatment 

 Moderate scapular displacement is well tolerated 
since the shoulder has such great motion in many 
planes. It is estimated that 90 % of scapula 
fractures are minimally displaced and therefore 

should be treated expectantly [ 40 ,  41 ,  46 – 54 ]. 
Treatment emphasizes early motion with 
symptom relief. After motion is restored in the 
fi rst 4–6 weeks, therapy is directed at 
rehabilitating the rotator cuff and strengthening 
parascapular musculature. 

 If nonoperative treatment is chosen for 
severely displaced scapula fractures, there may 
be some consolation in the fact that it is almost 
reportable that a scapula fracture does not unite. 
And, if there is felt to be no expertise for scapula 
fracture ORIF, malunions can be dealt with at a 
later timing when an expert arrives to the mission 
hospital setting.  

33.3.3     Surgical Treatment 

 Severe scapula fracture displacement is associ-
ated with symptoms of stiffness, pain, and dys-
function as evidenced by subsets of patients in 
many studies who have fared poorly. 

 A summary of our relative operative 
indications is based on educated conjecture and 
limited evidence in the literature on patients who 
have not fared well. The term relative indications 
is used, because it is reasonable to expect that any 
scapula fracture will unite, and maximizing 
function needs to be balanced with baseline 
function and future expectations. 

 Operative indications for open reduction and 
fi xation of scapula fractures include [ 55 – 57 ]:

    (a)    Lateral border displacement (medialization) 
of >2 cm   

   (b)    Angulation as determined by a scapula Y 
view of >45°   

   (c)    Medialization plus angulation of >15 mm 
and 30°, respectively   

   (d)    A glenopolar angle of <20°   
   (e)    Displacement of a clavicle and scapula frac-

ture of >1 cm (or complete disruption of an 
AC joint)   

   (f)    Intraarticular step-off or gap of the glenoid 
>4 mm   

   (g)    Displacement of the scapular spine, cora-
coid, and acromion process fractures greater 
than 1 cm    
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  These indications are based on measurement 
techniques shown in Fig.  33.7 .

33.3.3.1       Surgical Anatomy 
 The scapula is largely fl at and triangular, with a 
thin body, surrounded by thicker borders that 
refl ect the stresses from muscular origins and 
insertions. The scapular spine separates the 
superior and inferior fossae of the scapula, 
which are origins for their respectively named 
muscles. The subscapularis muscular origin 
occupies the concave anterior surface of the 
scapula. 

 The pear-shaped glenoid fossa has a periph-
eral margin covered by fi brocartilaginous labral 
tissue deepening the glenoid by 50 %. The 
intraarticular long head of the biceps tendon 
inserts at the supraglenoid tubercle.  

33.3.3.2     Surgical Techniques 
 Most scapula fractures are best operated through 
some modifi cation of the posterior approach of 
Judet or the anterior deltopectoral approach.  

33.3.3.3     Posterior Approach 
 This is the approach best used for the majority of 
operative scapular fractures. The patient is placed 
in the lateral decubitus position, slightly forward 
facing for better access to the posterior scapular 
surface. A bump must be appropriately positioned 
on the contralateral side under the latissimus to 
protect the brachial plexus. The entire forequarter 
should be prepped and draped, including the arm, 
and the patient’s neck superiorly, the vertebral 
column medially, and the latissimus fold caudally. 
Palpate the prominent posterolateral acromion 
and follow it medially along the spine of the 

a b

c d

e f

  Fig. 33.7    Operative indications, x-ray and 3-D recon-
structed CT images illustrating displacement measurement. 
( a ,  b ) Measurements of lateral border offset ( yellow arrow ) 
and glenopolar angle (blue angle), which are measured on 
the Grashey x-ray view and 3-D oriented in the true AP 

plane. ( c ,  d ) Measurement of angulation (blue angle), 
which is measured on the scapula Y x-ray and 3-D CT 
views. ( e ,  f ) Intraarticular step-off and gap. These measure-
ments can be performed on axial, sagittal, coronal, or 3-D 
CT reformats, depending on orientation of fracture line       
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scapula and then caudad along the medial border. 
Shuck the shoulder to feel the landmarks better. 

 A Judet posterior incision is made using these 
landmarks, with the horizontal limb slightly cau-
dad to the scapular spine and the vertical limb 
1 cm lateral to the medial border. Incise through 
subcutaneous tissue and then come directly down 
onto the bony ridge of the scapula spine around to 
the medial angle and down the vertebral scapular 
border. A generous incision allows for easy fl ap 
retraction and access to the lateral scapular bor-
der. The fascial incision along the acromial spine 
and medial border should provide a cuff of tissue 
to suture back to its bony origin at closure. 

 The muscle plane entered at the spine of the 
scapula is between the trapezius and the deltoid 
at the inferior margin. A Cobb elevator is used to 
elevate the infraspinatus from its origin in the 
infraspinatus fossa from the acromial superior 
border or at the medial vertebral border. At the 
vertebral border of the scapula, the intermuscular 
plane is between the infraspinatus and the rhom-
boids which are left attached. Look for a subtle 
fat strip to identify the important window between 
the infraspinatus and teres minor. This interval is 
developed to access the lateral border of the scap-
ula, the scapular neck, and the glenohumeral 
joint.   

33.3.4     Reduction Technique 

 The lateral border of the scapula and glenoid 
neck provide the best bone stock, so manual 
reduction maneuvers and fi xation are best per-
formed at these locations. Schanz pins can be 
used to manipulate main fragments. 

 A combination of clamps on the lateral and 
medial border and acromion is what it takes to 
perfect the reduction before a straight 2.7 mm 
plate application along the lateral border should 
be executed. Optimally, there should be at least 
four screws distal to the fracture along the lateral 
border and two in the glenoid neck to obtain bal-
anced fi xation for a simple fracture pattern 
(Fig.  33.8a ). Contour a second plate to fi t along 
the superomedial border where the plate often 
spans two fracture lines (Fig.  33.8b ). Strive to 

place six screws on either side of the fracture in 
this region as each screw is typically 8–10 mm 
long with limited purchase. If these are not 
locking screws, then every screw should be 
angled in a different direction. In the most com-
mon fracture pattern extending from the lateral 
border to the superior angle, commonly two 
plates suffi ce for fi xation (Fig.  33.8c, d ).

33.3.5        Closure 

 Manipulate the shoulder to free adhesions, espe-
cially in patients whose care has been delayed. 
Repair the muscular origin with heavy, braided, 
nonabsorbable, no. 2 suture, through 2.5 mm drill 
holes in the scapular spine and medial border to 
prevent detachment during rehabilitation. A drain 
should be placed under the fl ap and exit proximal 
and anterior to the wound through a long subcu-
taneous tunnel to lessen persistent drainage due 
to dependency in the supine position. 

33.3.5.1     Anterior Approach 
 A deltopectoral approach with the patient in a 
beach chair position is used for the fi xation of 
anterior glenoid fractures, making an intraarticu-
lar assessment possible. An arthrotomy can be 
performed just lateral to the palpable glenoid rim 
just over the labrum. If there is articular 
comminution, then capsulotomy is mandatory, 
and work can be executed on either side of the 
capsule. A retractor can be placed on the posterior 
edge of the glenoid, to lever the humeral head 
laterally away from the glenoid articular surface. 
Reduction can be effected with a dental pick or 
shoulder hook, and provisional fi xation with 
Kirschner wires is performed. Use screws (2.0–
3.5 mm) and/or a mini buttress plate along the 
anteroinferior edge of the glenoid.   

33.3.6     Scapular Tips 

33.3.6.1     Straight Incision 
 A posterior glenoid or an intraarticular glenoid 
fracture with involvement of the glenoid neck, 
with minimal involvement or displacement of the 
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scapular spine and vertebral border, can be 
approached with a simple straight posterior inci-
sion. Reduction maneuvers and fi xation can then 
be achieved through the interval between the 
teres minor and infraspinatus.  

33.3.6.2     Infraspinatus Tenotomy 
 If greater exposure to the glenoid fossa or supe-
rior glenoid is desired, an infraspinatus tenot-
omy can be performed. Leave a 1 cm of cuff 
insertion at the greater tuberosity for repair. 
This allows the musculotendinous portion of 
infraspinatus to be retracted off the superior 

glenoid and neck region for access to the gleno-
humeral joint. This maneuver is particularly 
helpful in large muscular patients with commi-
nuted glenoid fractures.  

33.3.6.3     Border Reduction 
 Manipulate the lateral border (distal fragment) 
with a shoulder hook through a drill hole. 
Medially, use pointed bone reduction forceps into 
small drill holes through the posteromedial aspect 
of the body, rather than clamping the medial bor-
der itself, to facilitate plate application without 
clamp removal.   

a b

c d

  Fig. 33.8    ( a ) Intraoperative image of Judet approach 
with medial and lateral border plating. ( b ) Though a Judet 
incision was made, intermuscular windows were 
developed to access the borders for reduction and fi xation. 
The lateral border is accessed through the interval between 
teres minor and infraspinatus. ( c ) An AP injury x-ray 

showing a highly displaced and medialized glenoid in an 
extraarticular scapula body and neck fracture. ( d ) A 
postoperative AP image showing a simple two-plate 
fi xation strategy which was applied to allow for immediate 
active and passive range of motion       
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33.3.7     Complications 

 The most serious complications associated with 
scapular fractures pertain to accompanying inju-
ries of adjacent and distant structures that 
occurred at the time of injury. 

 Complications from a fracture of the scapula 
itself are rare. A robust blood supply in this 
region likely contributes to nonunion and 
infection rates which are almost reportable. Other 
reported complications include malunion, 
glenohumeral degenerative joint disease, shoul-
der stiffness, and instability from poorly fi xed 
glenoid fractures.  

33.3.8     Rehabilitation 

 Postoperatively, after stable fi xation of the scap-
ula, a sling may be given to the patient for com-
fort, but immediate active and passive range of 
motion should begin on post-op day 1 as allowed 
by their pain. After one month, 3–5 lb. weights 
and resistance can be started, increasing gradu-
ally through the 2-month period at which time 
endurance activities begin. After 3 months, 
restrictions can be removed.   

33.4     Scapulothoracic Dissociation 

 Scapulothoracic dissociation is a condition in 
which the forequarter dissociates from the tho-
racic cage from a traction injury. This injury 
almost never occurs with a scapula fracture and 
does not need to be suspected in the setting of 
scapula fractures since their injury mechanism is 
almost opposite – traction vs. lateral compres-
sion. The scapulothoracic dissociation has a high 
correlation with catastrophic injuries, including 
subclavian thrombosis or avulsion, plexus 
lesions, and cervical nerve root avulsion. 

33.4.1     Initial Management 

 Physical exam reveals a boggy mobile posterior 
scapula region with swelling, pain, and at times 

ecchymosis. A detailed neurological exam and 
pulses of the extremity should be documented 
and recorded on a serial basis in the setting of 
detected lesions. Generally, appropriate workup 
should include an MRI or cervical myelogram to 
assess the integrity of the nerve roots and bra-
chial plexus. Furthermore, a CT angiogram, or 
arteriogram, should be obtained to assess integ-
rity of the subclavian vessels if asymmetric 
pulses are detected. These tests are generally not 
possible in an austere setting, and therefore care-
ful documentation of serial exams is important. If 
there are dense neurologic lesions, then brachial 
plexus or nerve root lesions can be assumed, and 
the prognosis for recovery is poor, especially if 
there has been no return of function by 6 weeks 
post-injury. If there has been partial recovery 
detected in that time, then greater hope can be 
rendered to the patient, but expectations that it 
will take months to achieve ultimate results are 
important, and full recovery may never occur. 
Younger patients have much better prognoses, as 
do patients with partial lesions or lesions with 
evidence of early return of function. 

 A chest x-ray will reveal one scapula more 
lateralized from the midline than the other side. 
Measurements can be taken from the midline 
spinous processes for comparison. CT scans will 
reveal massive hematoma around the thorax and 
adjacent to the scapula. 

 In the developed world, an EMG and nerve 
conduction study would be performed to establish 
baseline nerve and muscle function between 6 
and 12 weeks, which can be used as a basis for 
prognostication and surgical decision making, 
but this study is generally not available in an 
austere setting. Likewise, advanced nerve 
transfers for cervical avulsions and brachial 
plexus exploration and muscle transfers around 
the shoulder are done in only a few centers in 
countries with advanced medicine.  

33.4.2     Surgical Indications 

 Salvage procedures should be executed for dense 
or complete brachial plexus lesions, because a 
“dead arm” or fl ail extremity is very morbid and 
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will cause chronic pain in the neck. In these cases, 
there is little to no function below the elbow. This 
is a highly debilitating condition. The two salvage 
options for the austere setting which can provide 
great advantage to the patient include a glenohu-
meral disarticulation or a glenohumeral arthrode-
sis with an above-elbow amputation. The ladder is 
favored when motor function of the scapula is 
possible, because the stump can then be used as 
an adjunctive appendage.  

33.4.3     Operative Management 

 The position for arthrodesis of the proximal 
humerus to the scapula should include 5° of 
abduction and 10–15° of forward fl exion. Double 
plating should be performed across the joint, and 
iliac crest bone graft considered to augment the 
site of arthrodesis. The patient should be oper-
ated in the beach chair position with a large roll 
posterior to the shoulder to thrust the shoulder 
forward and help gain access to the spine of the 
scapula posteriorly. 

 An incision is executed one centimeter off the 
scapular spine and extending distally over the 
anterolateral proximal humerus down along the 
upper brachium over the deltopectoral interval. 
This interval is used to access the joint in order to 
denude all cartilage from the glenohumeral joint. 
Compression across the glenohumeral joint should 
be accomplished with a large fragment lag screw 
from the proximal humerus at the greater tuberos-
ity into the glenoid neck. A large fragment plate 
and screws should then be used, extending from 
the humeral shaft across the glenoid neck where 
excellent fi xation can be obtained. A second small 
fragment plate can be used along the scapula spine, 
extending down over the neck of the acromion to 
the humeral shaft adjacent to the fi rst plate. This 
second plate provides a tension band for fi xation 
which is a great mechanical advantage. 

 If there is no ability to protract or retract the 
scapula after many months, then the surgeon 
should proceed to a forequarter amputation. 
However, one of the advantages to saving the 
scapula includes shoulder symmetry for clothing 
wear which is not a small detail for the patient.   

33.5     Fractures of the Clavicle 

 Clavicle fractures are the most common fracture, 
constituting 5–10 % of all fractures [ 58 ] and 
accounting for about 35 % of all injuries to the 
shoulder [ 59 ]. Functional results and symptoms 
are measurably improved in the correctly 
stabilized fracture, so the risk and reward ratio 
must be assessed based on the context of the 
hospital and OR setting. However, in the austere 
environment with limited resources, it must be 
remembered that reasonable function after 
clavicle fracture is possible in the setting of 
malunions and nonunions and that these 
conditions are rarely debilitating. In regard to 
operative vs. nonoperative management of 
displaced midshaft clavicle fractures – the 
clearest difference shown in a number of studies 
is a higher rate of nonunions in the nonoperative 
group [ 60 ,  61 ]. The number needed to treat is 
between 4 and 7 patients depending on the study 
to prevent a nonunion [ 60 ]. In the truly austere 
environment, a reasonable algorithm would be to 
treat nearly all displaced midshaft clavicle 
fractures with a sling and reserve operative 
treatment of clavicle fractures for open injuries, 
severe displacement, or symptomatic nonunions. 

33.5.1     Initial Management 

 Pain and deformity localized to the clavicle is the 
typical presentation. Ecchymosis and tenting of 
the skin may be recognized and physical exam will 
detect bony crepitus. Inspection of the skin should 
rule out punctures or lacerations. Due to its prox-
imity to the brachial plexus and the subclavian 
vessels, physical examination should also include 
neurovascular assessment, particularly in injuries 
associated with high- energy mechanisms. 

 Open wounds should be emergently managed. 
In the case of a distracted clavicle fracture, con-
sider the diagnosis of scapulothoracic dissocia-
tion, which may be associated with vascular injury 
that demands immediate attention. Whereas 
orthogonal views of the clavicle have not been rec-
ommended, workup should include clavicle x-rays 
done at different angles, such as a 20° caudal and a 
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20° cephalic tilt view. A bilateral clavicle AP view 
allows measurement of relative shortening.  

33.5.2     Nonoperative Treatment 

 The mainstay of treatment for proximal and mid-
dle one-third clavicle fractures which have bony 
contact is nonoperative. Middle one-third frac-
tures should be followed closely until consolida-
tion begins, because these injuries can displace 
substantially [ 62 ]. With distal third clavicle frac-
tures, there will not be much displacement of the 
clavicle shaft if the CC ligaments are intact. 
Extraarticular fractures, displaced less than 1 cm, 
are treated with a simple sling or a sling-and-
swath immobilizer for comfort. 

 Intraarticular distal clavicle fractures most 
often also warrant nonoperative treatment, 
particularly if comminuted, but the patient should 
be warned of the possibility of arthritic symptoms 
if there is step-off or comminution at the AC 
joint. A distal clavicle resection can be performed 
later if arthrosis ensues. In children, 2 weeks of 
relative immobilization is required before callus 
forms and pain resolves, a period which is longer 
by a couple of weeks in the adult. 

 Though some orthopedists favor a fi gure-of- 
eight sling [ 63 – 65 ], it is generally well accepted 
that this modality offers no advantage over simple 
support with a sling. Comparative studies have 
demonstrated no difference in shoulder function, 
residual deformity, or time to return to full range of 
motion with either modality [ 64 ,  66 ]. Evidence 
also suggests that patient satisfaction is higher with 
simple sling treatment [ 66 ]. The fi gure-of- eight 
bandage or sling may be discontinued at 2 weeks 
for young children and 4 weeks for adults [ 67 ].  

33.5.3     Indications for Surgical 
Treatment 

 The clearest indication for surgical treatment is 
the case of an open fracture, which requires 
irrigation, debridement, and fi xation. The most 
common form of internal fi xation is with plate 
and screws. Fractures lateral to the coracoid may 

be associated with torn CC ligaments, in which 
case the shaft of the clavicle displaces proximally, 
while the distal fragment remains anchored to the 
acromion and coracoid. This injury variant is 
associated with a higher rate of nonunion and 
consideration should be given to open reduction 
internal fi xation in displaced distal clavicle 
fractures. 

 Another relative indication for surgery is 
medialization of the distal clavicle by more than 
2 cm, as indicated by the amount of overriding 
(shortening) of the shaft. McKee et al. documented 
poorer performance on endurance testing, as well 
as on a validated outcome test, in patients with 
more than 2 cm of shortening and showed that 
operative correction of malunions can improve 
function and strength [ 68 ]. The Canadian 
Orthopaedic Trauma Society performed a 
randomized controlled trial comparing 
nonoperative treatment to plate fi xation in 
patients with a completely displaced, middle 
third clavicle shaft fracture with no bony contact 
[ 69 ]. Operative treatment was associated with 
better outcomes as assessed by function and 
strength, complications, malunion, nonunion, 
and patient satisfaction [ 69 ]. 

 Functional results and symptoms are 
measurably diminished from the correctly 
stabilized fracture, so the risk and reward ratio 
must be assessed based on the context of the 
hospital and OR setting. However, in the austere 
environment with limited resources, it must be 
remembered that reasonable function after 
clavicle fracture is possible in the setting of 
malunions and nonunions and that these 
conditions are rarely debilitating. In regard to 
operative vs. nonoperative management of 
displaced midshaft clavicle fractures – the 
clearest difference shown in a number of studies 
is a higher rate of nonunions in the nonoperative 
group. The number needed to treat is between 
4–7 patients depending on the study to prevent a 
nonunion [ 60 ]. In the truly austere environment, 
a reasonable algorithm would be to treat nearly 
all displaced midshaft clavicle fractures with a 
sling and reserve operative treatment of clavicle 
fractures for open injuries, severe displacement, 
or symptomatic nonunions.  
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33.5.4     Surgical Treatment 

33.5.4.1     Surgical Technique 
 Make a straight horizontal incision approxi-
mately 1 cm inferior to the palpable clavicle, cen-
tered over the fracture. In the subcutaneous 
tissue, there are two or three supraclavicular 
nerves, which can be preserved; however, mor-
bidity from their ablation is nearly absent and 
limited to a patch of numbness. 

 After the superfi cial dissection, the platysma 
is divided along the anterior border of the clavicle. 
A supraperiosteal dissection of the anterior or 
superior margin of the clavicle is performed and 
the fracture appreciated. In simple oblique 
fractures, reduction is easily obtained with a 
pointed bone tenaculum, followed by a 2.7 or 
3.5 mm lag screw placed perpendicular to the 
fracture. A clamp is strategically placed out of 
the way of the proposed plate position. A 
neutralization plate is then applied with at least 
six cortices of purchase on either side of the 
fracture, though in comminuted patterns, a longer 
plate is desired and the zone of comminution 
bridged with butterfl y fragments simply 
approximated to the plate with #1 braided suture. 
A 3.5 mm dynamic compression plate is preferred 
for its strength in most, though a 2.7 mm dynamic 
compression plate or 3.5 mm reconstruction plate 
may be suffi cient in smaller or younger patients. 

 Fracture reduction is particularly diffi cult 
when there is signifi cant intercalary comminution. 
Rather than attempting to put together a 
comminuted segment, which will promote 
devitalization of the bone and compromise blood 
supply, a bridge plate should be used. 
Manipulation of the shoulder through the arm 
can be used to reduce the lateral fragment. 
Fixation can be achieved without “touching” the 
fracture. Fixation is then performed with no less 
than six cortices of purchase on the proximal and 
distal fragments. 

 Some authors have reported favorable results 
with intramedullary fi xation [ 70 – 72 ]. Obtain 
fracture reduction and then displace the fracture 
and predrill the clavicle each way with a 2.5 mm 
drill to ream the medullary canal. Then starting at 
the fracture, drill a 3/16 threaded pin laterally 

until it exits the skin. Move the drill to the 
opposite end of pin and continue to advance pin 
by drilling in reverse until pin clears the medial 
fragment enough to reduce fracture. Observe 
visible portion of pin to determine depth into 
medial fragment if C-arm is not available with a 
goal of 3–5 cm of pin on each side of the fracture. 
Cut off pin at lateral clavicle leaving enough to 
grab for removal 3 months later. 

 The same procedures have been employed for 
AC disruption can be employed for distal clavicle 
fractures, specifi cally those in which the shaft 
displaces superiorly due to ruptured CC ligaments 
(see  AC section ). The fi xation and repair 
challenges of distal clavicle fractures, regarding 
maintaining reduction, are similar to the surgical 
challenges of AC dislocations due to the 
deforming force of the sternocleidomastoid 
muscle on the proximal clavicle shaft. However, 
in the case of distal clavicle, eventual bony union 
helps to maintain reduction after plate removal.   

33.5.5     Clavicle Tips 

•     The push-pull technique is a helpful reduction 
technique for clavicle fractures treated in a 
delayed fashion. A blocking screw is placed 
on the medial aspect of the clavicle and the 
plate is fi xed to the lateral shaft. A lamina 
spreader is then placed between the plate and 
blocking screw and leverage is used to disrupt 
callus and bring the clavicle out to length with 
reduced periosteal stripping. Do not over- 
lengthen because this can promote nonunion.  

•   Prep the arm free, because manipulating the 
arm can greatly simplify obtaining a reduction 
without directly handling the fractured site.     

33.5.6     Complications 

 Patients managed nonoperatively should be 
counseled to anticipate a lump in the region of 
the fracture if treated nonoperatively. Earlier 
reports of nonunion rates were less than 1 %, 
although more recent studies show higher rates in 
the range of 15 %, possibly refl ecting different 
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fracture patterns from higher-energy mechanisms 
[ 58 ,  67 ]. Studies have shown higher nonunion 
rates for the distal clavicle in the range of 30 %. 
Identifi ed risk factors for nonunion include 
displacement, advancing age, female, and 
displaced distal clavicle fractures [ 73 ]. 
Complications associated with nonunion and 
symptomatic malunion include limited function 
of the shoulder, neurological symptoms, thoracic 
outlet syndrome, and arterial ischemia, though 
the latter is very rare [ 74 – 76 ]. 

 The clavicle superfi cial location causes high 
rates of symptomatic hardware necessitating 
implant removal. Wait for a minimum of 1-year 
post-fi xation before removal is performed on a 
united clavicle. Less common complications 
include infection, implant failure, and nonunion. 
The greatest risk for catastrophic injury is medially 
since at times the subclavian vessels can be touch-
ing the posterior surface of the clavicle. Newer 
implants and techniques have reduced the rates of 
pin migration and soft tissue breakdown for intra-
medullary devices, but these alarming complica-
tions have been widely reported in the literature 
both in the developing and developed world.  

33.5.7     Follow-Up in Shoulder Girdle 
Injuries 

 Nonoperatively managed patients with scapula 
and clavicle fractures must be followed closely 
until consolidation begins, because these injuries 
can displace substantially in the fi rst 3 weeks 
[ 62 ]. If they do displace, it is possible that 
operative intervention may become warranted. 
We routinely see both our operatively managed 
patients at 2, 6, and 12 weeks postoperatively, 
whereas when managed nonoperatively, x-rays 
are obtained each week for the fi rst three. Patients 
with limited motion are more common after 
brachial plexus injury, a head injury, a halo vest 
for spine injury, or complex associated fractures 
of the ipsilateral extremity. This is an excellent 
time for a manipulation under anesthesia to jump- 
start the motion for the patient. If range of motion 
is not regained during this period, the patient may 
have permanent loss of function. 

 After nonoperative management, in the fi rst 2 
weeks, patients are encouraged to perform 
pendulum activities, but after this juncture, 
passive and gentle active-assisted range of motion 
should be encouraged up to the sixth week. 
Pulleys and push-pull sticks powered by the 
opposite extremity, and supine-assisted motion, 
are effective modalities. Ipsilateral elbow, wrist, 
and hand exercises using 3–5 lb. weights (on a 
supported elbow) are encouraged. These 
exercises will lessen upper extremity muscular 
atrophy and promote edema reduction. After 6 
weeks, the patient can then begin more aggressive 
active range of motion and light lifting, starting 
with 3–5 lb. repetitions, advancing as tolerated. 
Good function is usually restored by 3 months 
post-injury, at which time restrictions can be 
lifted. 

 In the operative patient properly stabilized, 
immediate passive and active range of motion is 
begun after surgery and ramped up with a goal of 
full motion after a month. In the second month, 
3–5 lb weights and resistance is begun, ramping 
up to full strength in the 2–3-month time frame. 
Restrictions are lifted after 3 months.   

33.6     Shoulder Dislocation 

 The management of shoulder dislocation is an 
important consideration for medical caretakers in 
the developing world setting because it is a 
common injury. The rehabilitation from this 
injury differs from the above regimen because 
longer periods of immobilization are necessary to 
allow for capsular healing and stability to be 
restored. The patient with an acute shoulder 
dislocation presents with pain, swelling, 
deformity, and decreased range of motion. 
Perform a thorough neurovascular examination. 
A most often transient injury to the axillary nerve 
is present in 5 % of patients. A posterior 
dislocation will present adducted and internally 
rotated with limited external rotation. An anterior 
dislocation will present externally rotated with a 
block to internal rotation. Obtain a trauma series 
of the shoulder including an AP of the shoulder, 
scapular Y, and an axillary view to demonstrate 
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the humeral head is located within the glenoid. 
Missing a posterior dislocation is common due to 
failure to obtain an axillary view. The shoulder 
dislocation must be diagnosed and reduced to 
prevent permanent disability. 

 Injecting 10 cc of 1 % lidocaine into the 
glenohumeral joint and waiting 5 min before a 
reduction attempt while gently applying traction 
is an effi cient, effective, and safe way to address 
this problem. This technique has been successful 
for dislocations presenting a week out. 
Alternatively, the patient can be sedated. Traction 
counter traction is necessary to reduce these 
injuries. An assistant holds a sheet passed through 
the axillae while traction is applied to through the 
forearm. It can be helpful to have another assistant 
pass a towel around the proximal humerus to 
apply lateral traction while directly pushing on 
the humeral head in the desired lateral and 
anterior/posterior direction to disengage the 
humeral head from the glenoid. For posterior 
dislocation, traction is applied with the arm held 
in adduction and internal rotation. With reduction, 
there is a palpable or audible clunk, decrease in 
pain, and improved passive range of motion. 
Post-reduction assess the stability of the shoulder 
and then obtain x-rays to confi rm reduction and 
evaluate for fractures of the glenoid or humeral 
head. If closed methods fail, the patient will 
require an open reduction. Patients younger than 
40 are immobilized for 3–6 weeks in a sling 
while those older than 40 are immobilized for 
1–2 weeks. 

 Because of the lack of access to appropriate 
facilities and lack of education, patients not 
uncommonly present with chronic dislocations 
which manifest in a stiff, painful, dysfunctional 
shoulder. Posterior dislocations are characterized 
by an internally rotated shoulder which is stuck, 
and anterior dislocations are characterized with 
an inability to internally rotate. Forward elevation 
is minimal and the limited arc of motion is 
overcompensated by the patient’s scapulothoracic 
motion. 

 These circumstances can be managed with a 
proximal humeral resection through a deltopec-
toral approach. The goal of this surgery is to 
provide pain relief and a better arc of motion, 

though even this is limited to below shoulder 
plane function. Nevertheless, patients are much 
happier with this enhanced arc of motion which 
is often enough for employment opportunities 
or the simple abilities needed to provide for a 
family. 

 The deltopectoral interval is developed down 
to the subscapularis and capsule. This is often a 
mass of scar, which should be incised and tagged 
with heavy braided suture to allow for open 
access to the glenohumeral joint. The scar tissue 
needs to be resected, as well as fracture remnants 
from the anterior or posterior glenoid (bony 
Bankart fragments). The dislocated humeral head 
needs to be resected with an osteotome and 
rongeur until it is evacuated from its dislocated 
position. A “joystick” will never be possible to 
simply pop the humeral head out because of 
chronic scarring. A piecemeal dissection will be 
necessary with the goal to leave the greater and 
lesser tuberosities intact (Fig.  33.9a ). Once the 
humeral head is resected at the anatomical neck, 
the remnant capsule and scar tissue are imbricated 
with heavy braided suture. If the greater tuberosity 
is taken, the supraspinatus is advanced through a 
drill hole at the surgical neck to provide an anchor 
for healing. The reattachment of the supraspinatus 
and infraspinatus is important for upper extremity 
function, and these steps are critical for best 
success in this procedure. The pseudo-joint now 
is not under great tension and mobility is now 
possible.

   A postoperative sling and early pendulum 
exercises, advancing to gentle passive- and 
active-assisted range of motion, are encouraged 
as allowed by symptoms. No resistive activities 
with weights are done until 6 weeks postopera-
tive. All restrictions can be removed at 3 months.  

33.7     Tutorial 

 A 26-year-old male laborer was involved in a 
motorcycle accident in a remote part of Nepal. 
He presented to a mission hospital one week later 
with left shoulder pain. On exam he had intact 
skin, tenderness to palpation, signifi cant 
deformity, pain with range of motion, and intact 
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motor, sensation, and normal pulses distally. 
X-rays revealed a signifi cantly displaced distal 
clavicle fracture. Risk, benefi ts, and alternatives 
were explained and the patient elected to proceed 
with open reduction and internal fi xation with 
hook plate with a planned plate removal 3 months 
after initial operation. The patient healed, had 
removal of hardware, and was able to return to 
work (Fig.  33.4 ).     
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      Fractures of the Proximal Humerus                     

     Paul     S.     Whiting     

       Proximal humerus fractures occur most 
commonly in the elderly as the result of falls or 
other low-energy mechanisms of injury. Most 
fractures of the proximal humerus can be treated 
nonoperatively with good outcomes. However, 
the twenty-fi rst century has seen a dramatic trend 
toward increasing surgical treatment of these 
fractures in the developed world, whether by 
internal fi xation or arthroplasty [ 1 ]. Signifi cant 
geographic variation in rates and type of surgical 
treatment underscores the lack of consensus 
regarding the optimal management of these 
injuries [ibid]. Emerging literature has reignited 
the debate regarding the appropriate indications 
for operative treatment as well as the role of 
nonoperative management for proximal humerus 
fractures. 

34.1     Epidemiology 

 Although fractures of the proximal humerus 
account for only 5 % of all appendicular skeletal 
injuries, they represent a disproportionate num-
ber of fractures in the elderly [ 2 ,  3 ]. Unlike many 
fractures that follow a bimodal age distribution, 
the incidence of proximal humerus fractures in 

adults increases with age [ 4 ]. Roughly 75 % of 
these fractures occur in patients over 60 years of 
age [ 3 ] and 77 % occur in women [ 5 ]. The annual 
incidence of proximal humerus fractures in the 
developed world has been estimated between 63 
and 105 per 100,000 population [ 6 ], with the 
highest incidence (294 per 100,000) occurring in 
women 80 years of age and above [ 7 ]. Annual 
incidence tripled between 1970 and 2002, and 
current epidemiologic trends predict proximal 
humeral fracture incidence to triple again by 
2036 [ 7 ]. 

 The vast majority of these injuries (75–87 %) 
occur as the result of simple falls or other 
 low- energy mechanisms of injury [ 2 ,  4 ], making 
them the third most common osteoporotic frac-
ture [ 8 ]. Conversely, high-energy injuries are 
much more common in adolescents and young 
adults and result from road traffi c accidents, falls 
from a height, athletic injuries, and gunshot 
wounds [ 4 ,  6 ].  

34.2     Review of the Evidence 

 There is a paucity of literature specifi c to the 
treatment of proximal humerus fractures in the 
developing world. However, a critical evaluation 
of the best available literature from the developed 
world is instructive and can offer guidance in the 
treatment of these injuries in the austere environ-
ment (see Sect.  34.2.3  below). 

        P.  S.   Whiting ,  MD      
  Department of Orthopaedics and Rehabilitation , 
 University of Wisconsin ,   Madison ,  WI ,  USA   
 e-mail: whiting@ortho.wisc.edu  

  34

mailto:whiting@ortho.wisc.edu


454

34.2.1     Operative 
Versus Nonoperative 
Treatment 

 A randomized controlled trial by Boons et al. 
[ 9 ] comparing hemiarthroplasty to nonopera-
tive treatment for four-part proximal humerus 
fractures in patients 65 years and older found 
no differences in 12-month functional out-
comes or pain scores. Patients in the nonopera-
tive group actually had improved abduction 
strength at 3 and 12 months compared with 
those who underwent hemiarthroplasty. A simi-
lar randomized controlled trial by Olerud et al. 
[ 10 ] found a statistically signifi cant difference 
favoring hemiarthroplasty in the EuroQol 
(EQ)-5D index but not the Constant or DASH 
scores at 24 months. Fjalestad et al. [ 11 ] ran-
domized patients 60 years and older with dis-
placed three- or four-part fractures to locking 
plate fi xation or nonoperative treatment. There 
were no signifi cant differences between groups 
in Constant score or patient self-assessment 
(ASES) score at 12 months. Olerud et al. [ 12 ] 
also performed a randomized controlled trial 
comparing locked plating to nonoperative treat-
ment for displaced three-part fractures. The 
authors found no difference between groups in 
EQ-5D, Constant, or DASH scores at 24 
months. The most recent Cochrane database 
systematic review found insuffi cient evidence 
to demonstrate that surgical treatment provided 
consistently better outcomes in the long-term 
compared with nonoperative treatment [ 13 ]. 
For isolated greater tuberosity fractures dis-
placed more than 5 mm, surgical reduction and 
fi xation has been shown to produce improved 
outcomes compared with nonoperative treat-
ment [ 14 ].  

34.2.2     Comparison of Surgical 
Treatments 

 A multicenter prospective study comparing locked 
intramedullary nailing and locked plating for dis-
placed proximal humerus fractures found equiva-
lent 12-month outcomes scores in both groups 

[ 15 ]. A randomized controlled trial comparing 
these same two methods of fi xation found no dif-
ference in clinical outcomes scores, pain, or range 
of motion at 3 years [ 16 ]. In a study comparing 
hemiarthroplasty to locked plating, complication 
rates were high for both procedures (77.2 % and 
63.6 %, respectively), and there were no differ-
ences in 12-month functional outcomes between 
groups [ 17 ]. A prospective randomized multicenter 
trial  comparing hemiarthroplasty, open reduction 
internal fi xation (ORIF) with a locking plate, and 
nonoperative treatment is currently underway, with 
results expected in 2017–2018 [ 18 ]. 

 Several recent studies have investigated the 
role of reverse total shoulder arthroplasty 
(rTSA) in the treatment of acute proximal 
humerus fractures. A prospective cohort study 
comparing rTSA to hemiarthroplasty demon-
strated improved functional outcome scores, 
patient satisfaction, and forward elevation in 
the rTSA group with no differences in external 
or internal rotation or complications [ 19 ]. 
Using data from the New Zealand Joint 
Registry, a multicenter study found that 
patients treated with rTSA achieved better 
functional outcomes at 5 years than patients 
treated with hemiarthroplasty for acute proxi-
mal humerus fractures [ 20 ]. However, a sys-
tematic review comparing these two procedures 
with a minimum follow-up of 6 months found 
no signifi cant differences in functional out-
comes or range-of-motion parameters, and 
odds of a postoperative complication were 
4 times higher for rTSA than for hemiarthro-
plasty [ 21 ]. Furthermore, studies demonstrat-
ing a signifi cant improvement in functional 
outcomes between rTSA and nonoperative 
treatment are lacking. In the austere environ-
ment, reverse total shoulder arthroplasty 
implants are not readily available. And even if 
such technology becomes available in the 
developing world, where considerations of cost 
are paramount, the higher cost of rTSA 
(roughly twice that of hemiarthroplasty) com-
bined with the higher likelihood of revision 
surgery is a signifi cant barrier to its use, espe-
cially in the absence of clear data supporting 
its superiority.  
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34.2.3      Summary of Evidence 

 Although the twenty-fi rst century has witnessed a 
dramatic trend toward increasing surgical 
management of proximal humerus fractures in 
the developed world, several recent randomized 
controlled trials have demonstrated equivalent 
functional outcomes when comparing 
nonoperative treatment with either locking plate 
fi xation or hemiarthroplasty for displaced three- 
and four-part proximal humerus fractures. In the 
absence of clear evidence demonstrating superior 
outcomes with operative treatment using state- 
of- the-art implants (e.g., locking plates and 
modular hemiarthroplasty components), surgeons 
in the austere environment who may not have 
access to such implants should exercise judicious 
surgical indications for proximal humerus 
fractures and utilize sound surgical techniques 
when appropriate. Doing so will maximize 
clinical outcomes of these injuries while 
minimizing complications and need for revision 
surgery.   

34.3     Author’s Preferred Approach 
or Treatment Algorithm 

34.3.1     Initial Management 

 As with any fracture, careful history and detailed 
physical examination of the injured extremity 
are essential. Particular attention should be paid 
to the neurovascular status of the limb. Despite 
the proximity of the axillary nerve and artery to 
the surgical neck of the proximal humerus, neu-
rovascular injuries are uncommon following 
proximal humerus fractures [ 22 ]. Vascular inju-
ries occur more commonly in the setting of 
severe displacement or fracture-dislocation of 
the proximal humerus, and rich collateral blood 
supply around the shoulder can make the initial 
diagnosis of these injuries challenging [ 23 ]. 
Doppler ultrasonography or, if available, angi-
ography can assist in identifying and localizing 
the vascular injury. Nerve injuries can occur 
either as direct injuries to branches of the bra-
chial plexus or from traction on the axillary 

nerve [ 24 ]. With high-energy mechanisms 
of injury, the presence of associated injuries 
should be investigated, particularly of the chest 
(pneumo or hemothorax, rib fractures) and 
 cervical spine [ 6 ]. 

 Standard radiographs are usually suffi cient to 
diagnose and classify proximal humerus 
fractures. Ideal radiographic imaging includes 
three views: true AP, scapular Y, and axillary (or 
Velpeau view if the axillary view is too 
uncomfortable to obtain acutely). Though not 
typically required, CT scan if available can 
further clarify the fracture pattern and assist in 
preoperative planning, especially in the setting of 
comminution or head-splitting fractures. While 
ultrasound is not routinely used in the diagnosis 
of proximal humerus fractures, a promising 
sonographic fi nding termed the “double-line 
sign” has been shown to be reliable in diagnosing 
proximal humerus fractures [ 25 ]. The role of 
musculoskeletal ultrasound in the setting of 
trauma has yet to be determined but holds 
promise for resource-poor settings, where X-ray 
may not always be readily available. 

 The Neer classifi cation system, introduced in 
1970, is still the most widely used for proximal 
humerus fractures. Neer’s system [ 26 ] defi nes 
fractures as one-, two-, three-, or four-part based 
upon the number of segments that are displaced 
>1 cm or angulated >45° (Fig.  34.1 ). Other 
classifi cation systems have been proposed 
including that of Resch et al. [ 27 ], which divides 
fractures into varus and valgus types, and the AO/
OTA classifi cation [ 28 ], which divides fractures 
into a total of 27 subtypes. Perhaps the most 
clinically useful classifi cation system is that of 
Hertel et al. [ 29 ], a binary system which used 
Codman’s original description of fracture lines 
[ 30 ] but also identifi ed reliable radiographic 
predictors of humeral head ischemia. Short 
metaphyseal extension of the head fragment 
(<8 mm), disruption of the medial calcar hinge 
(>2 mm), and fracture types with an anatomic 
neck component were good predictors of humeral 
head ischemia. When combined, these three 
factors have a positive predictive value for 
ischemia of 97 %. Other radiographic parameters 
were found to be only moderate (four-part 
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  Fig. 34.1    The Neer classifi cation for proximal humerus fractures       
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fracture type, head angulation >45°, and 
tuberosity displacement >10 mm) or poor 
(glenohumeral dislocation, head-split component, 
and three-part fracture type) predictors of 
ischemia. The Codman-Hertel classifi cation 
system was also found to have the highest 
interobserver score [ 31 ].

34.3.2        Decision-Making 

 Selecting an appropriate treatment plan for a 
proximal humerus fracture must involve con-
sideration of several important variables 
including the patient’s age, functional capacity, 
medical comorbidities, fracture pattern, bone 
quality, surgeon’s experience, and availability 
of implants. It is critical to understand that 
nonoperative management is appropriate for 
the vast majority of proximal humerus frac-
tures, especially those that are minimally dis-
placed. Radiographic characteristics of 
stability include cortical contact between the 
shaft and head fragments, fragment impaction, 
and minimal displacement (<5 mm) of the 
tuberosities [ 6 ]. 

 Although there are no evidence-based indica-
tions for surgical treatment, reasonable criteria 
for considering operative fi xation in adults 
include varus or valgus angulation >20° (from 
the physiologic head-shaft angle of 130°), head-
shaft displacement greater than 50 % of the shaft 
diameter, fracture-dislocations not reducible by 
closed means, and isolated greater tuberosity 
fractures displaced >5 mm [ 22 ]. The full 
armamentarium of surgical treatment for 
proximal humerus fractures includes 
interfragmentary suture, percutaneous pinning or 
screw fi xation, intramedullary nailing, non- 
locking or locking plates, and primary arthro-
plasty – both hemiarthroplasty and reverse total 
shoulder arthroplasty. In the austere environment, 
however, availability of implants may be limited. 
As a result, it is critical to exercise judicious sur-
gical indications, choosing surgical management 
only when the available implants offer a distinct 
advantage to nonoperative treatment for the frac-
ture in question. 

 In pediatric patients, due to the signifi cant 
remodeling potential of the proximal humerus, 
the vast majority of fractures in this region can be 
managed nonoperatively with immobilization in 
a simple sling or sling and swathe. Depending on 
the patient’s age, angular deformity ranging from 
45° to upwards of 70° is acceptable (Table  34.1 ). 
Closed manipulation followed by immobilization 
in a sling and swathe is usually successful in 
achieving an acceptable reduction [ 32 ]. If there is 
signifi cant instability of the fracture, two or three 
K-wires placed percutaneously under fl uoro-
scopic guidance is typically suffi cient to stabilize 
the fracture and obviates the need for cumber-
some immobilization techniques such as a 
Velpeau bandage or shoulder spica cast.

34.3.3        Equipment 

 For operative fi xation of proximal humerus frac-
tures in adults, fl uoroscopy is an extremely 
important tool for assessing fracture reduction 
and ensuring extra-articular placement of 
implants in the humeral head fragment. A pro-
posed modifi cation to the surgical technique for 
locations without access to fl uoroscopy is dis-
cussed below. Arthroplasty can generally be per-
formed without the use of fl uoroscopy. The 
appropriate implant system, including any 
required power instrumentation, must be 
available.  

34.3.4     Techniques (Tips/Pitfalls) 

 Regardless of the surgical technique planned, 
patient positioning will be dependent upon the 

   Table 34.1    Acceptable angulation by age in pediatric 
proximal humerus fracture treatment   

 Age (years)  <8  8–11  >11 

 Acceptable angulation (degrees)  <70  <60  <45 

  If initial fracture angulation is not acceptable, closed 
reduction should be performed followed by sling-and- 
swathe application. If acceptable alignment cannot be 
maintained by closed means, percutaneous pinning or 
ORIF must be considered  
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availability of operative tables. Beach chair posi-
tioning is commonly used for surgery of the 
proximal humerus and provides excellent access 
to the shoulder for both the surgeon and the 
assistant. However, supine positioning with the 
patient as proximal and lateral on the table as 
possible provides a viable alternative when 
specialized tables are not available and may even 
be preferable due to the relative ease of obtaining 
intraoperative AP and axillary lateral views. A 
piece of plexiglass or wood can be placed under 
the operating table pad, providing a radiolucent 
surface to support the injured arm [ 33 ]. The 
C-arm is brought in from the head of the bed, 
parallel to the long axis of the table, and the arm 
is prepped and draped free (Fig.  34.2 ). Regardless 
of the position selected, it is essential to obtain 
fl uoroscopic imaging prior to prepping and 
draping to ensure that the required views can be 
obtained intraoperatively.

34.3.5        Percutaneous Fixation 

 Percutaneous fi xation using cannulated screws or 
K-wires is best reserved for minimally displaced 
fractures that can be closed reduced [ 22 ] and 
when fl uoroscopy is available. A 2.5 mm 

terminally threaded pin inserted through the 
greater tuberosity into the head can be used as a 
joystick to reduce the head fragment, and other 
instruments including bone tamps, elevators, and 
hooks can also be used percutaneously to aid in 
reduction of the tuberosities, if necessary [ 34 ] 
(Fig.  34.3 ). Placing three or four 2.5 mm 
terminally threaded pins in parallel fashion along 
the humeral neck provides favorable 
biomechanical fi xation of the head fragment [ 35 ]. 
Tuberosity fractures, if present, can be fi xed 
percutaneously with K-wires or with 3.5 mm or 
4.0 mm cannulated screws using appropriate 
guidewires from the set. Antegrade placement of 
K-wires through the proximal segment and into 
the intramedullary canal is an alternative 
construct.

34.3.6        Intramedullary Nail Fixation 

 Locked intramedullary nail fi xation is effective 
for surgical neck fractures with metaphyseal 
comminution or extension into the diaphysis 
and minimal tuberosity displacement but should 
not be used in fractures involving the anatomic 
neck [ 22 ]. A longitudinal incision is made just 
lateral to the acromion, and the deltoid is split 

  Fig. 34.2    Supine 
positioning with the 
injured arm on a 
plexiglass or wood 
board makes it much 
easier to obtain an 
axillary lateral view 
intraoperatively       
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no more than 4–5 cm distally to avoid injury to 
the axillary nerve. The supraspinatus tendon is 
incised longitudinally to allow insertion of the 
guide pin or awl into the intramedullary canal. 
Though the desired entry point varies by implant 
system, it is generally located between the 
greater tuberosity and the articular margin [ 34 ]. 
Proximal and distal interlocking screws are 
inserted using mini-open techniques and/or pro-
tection sleeves to avoid neurovascular injury 
[ 36 ]. The Surgical Implant Generation Network 
(SIGN) nail is an intramedullary implant that 
can be used for fi xation in the femur, tibia, and 
humerus and does not require fl uoroscopy for 
insertion. However, since it only has two proxi-
mal interlocking holes, it is not an ideal implant 
for proximal humerus fractures and is best 
reserved for fractures of the humeral diaphysis 
requiring fi xation.  

34.3.7     Open Reduction and Internal 
Fixation 

 Although deltoid-splitting and two-incision 
lateral techniques have been developed to provide 
access to the proximal humerus, only the classic 
deltopectoral approach exploits a truly 
internervous plane between the deltoid (axillary 
nerve) and pectoralis major (medial and lateral 
pectoral nerves) [ 37 ]. The cephalic vein is 
retracted laterally to preserve its branches from 
the deltoid muscle and dissection continues 
through the clavipectoral fascia lateral to the 
conjoint tendon (coracobrachialis and short head 
of the biceps). The tendon of the long head of the 
biceps is identifi ed in its intertubercular groove 
and followed proximally to where it enters the 
glenohumeral joint. A biceps tenotomy or 
tenodesis to the pectoralis muscle is often 
performed so that the intra-articular tendon does 
not become a source of pain postoperatively [ 34 ]. 

 Once the tuberosity fragments are identifi ed 
and tagged with nonabsorbable suture at the 
bone-tendon interface, reduction of the head 
fragment onto the shaft is performed both 
indirectly by manipulating the arm and directly 
by disimpacting the head fragment with elevators. 
To counteract the medial pull of the pectoralis 
major on the shaft fragment, the proximal 
humerus plate can be placed on the lateral surface 
of the proximal fragment and secured with one or 
more K-wires. Next, a non-locking cortical screw 
can be placed in the distal portion of the plate to 
reduce the fracture by pulling the shaft fragment 
laterally to the plate (see Fig.  34.4 ). Care should 
be taken to place the plate 1–2 cm lateral to the 
bicipital groove and approximately 1.5–2 cm 
below the greater tuberosity (with slight 
variations depending on the implant system). 
This helps avoid subacromial impingement from 
placement of the plate too far proximally and 
ensures adequate fi xation in the head fragment, 
which can be compromised with plate placement 
too far distally [ 22 ]. Depending on bone quality 
and plate characteristics (locking or non-locking), 
at least two additional bicortical screws are 
placed in the shaft fragment, ensuring fi xation in 
a minimum of six cortices in the shaft.

  Fig. 34.3    Using fl uoroscopy, an elevator or bone tamp 
can be used percutaneously to elevate the humeral head 
fragment while a sharp bone hook can be used percutane-
ously to reduce the greater tuberosity fragment. 
Percutaneous pinning or screw fi xation can then be 
performed       
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   Because the proximal fragment is comprised 
of cancellous bone and bicortical fi xation is not 
possible (the second cortex would be the 
subchondral bone of the humeral head), fi xation 
in the proximal fragment is less robust than in the 
shaft. If only non-locking plates are available, 
screw trajectory is not constrained and can be 
planned to maximize fi xation in the head 
fragment. Utilizing cancellous screws will 
increase screw purchase in the proximal segment. 
If available, locking plates provide an angular 
stable construct with improved fi xation in poor- 
quality bone. Most locking plate sets contain 
locking drill guides that determine the trajectory 
of the head screws, which further underscores the 
importance of proper plate positioning [ 37 ]. 
Regardless of the implants used, the humeral 
head must be taken through a range of motion 
(internal and external rotation) with multiple 
fl uoroscopic views obtained to ensure that none 
of the screw tips have been placed intra- 
articularly. If fl uoroscopy is not available, safe 
screw placement must be confi rmed by direct 
inspection of the joint. This can be accomplished 
by making a small incision in the rotator interval 
and visually inspecting the humeral head or by 
feeling the entire humeral articular surface with a 
blunt instrument. Any prominent screws must be 
replaced with shorter ones. Finally, previously 
tagged tuberosity fragments are reduced 

anatomically and tied in place using their tagging 
sutures, which can be passed through small holes 
or eyelets in the plate (see Fig.  34.5 ) or through 
drill holes in the bone. Isolated fractures of the 
lesser and/or greater tuberosity that are too small 
to accommodate a 3.5 mm screw can be reduced 
and fi xed with suture alone. This can be 
accomplished by passing suture in a mattress 
fashion through the respective tendon 
(subscapularis or supraspinatus) adjacent to its 
bony insertion. Suture ends are then passed 
through drill holes in the intact bone and tied over 
a bony bridge.

34.3.8        Biomechanical Considerations 

 Locking plates provide angular-stable fi xation of 
displaced two-, three-, and four-part proximal 
humerus fractures. The biomechanical stability 
afforded by locked plates effectively counteracts 
the bending and rotational forces that cause 
proximal humerus fractures to fail [ 34 ]. Several 
studies have demonstrated the importance of 
obtaining fi xation in the inferomedial portion of 
the proximal segment, often referred to as the 
“calcar” [ 38 ,  39 ]. In a well-designed 
biomechanical study of locking plate fi xation, 
removal of a 10 mm wedge of bone at the calcar 
to simulate medial comminution signifi cantly 

a b

  Fig. 34.4    ( a ) To overcome the medial pull of the pectora-
lis major muscle, the plate is positioned laterally on the 
proximal fragment, where it can be temporarily fi xed with 
K-wires. Next, a 3.5 mm non-locking cortical screw can 

be inserted into the shaft through the fi rst hole distal to the 
fracture. ( b ) As the screw is tightened, the shaft is pulled 
laterally to the plate, effecting reduction of the fracture       

 

P.S. Whiting



461

decreased the mean load to failure (by 48 %) and 
the mean energy to failure (by 44 %) [ 40 ]. 
However, locking screw fi xation across this gap 
(so-called medial calcar restoration) signifi cantly 
increased the mean load and energy to failure by 
31 % and 44 %, respectively. Newer locking 
plates with polyaxial screws offer even more 
options for humeral head fi xation without 
compromising biomechanical stability [ 41 ].  

34.3.9     Shoulder Arthroplasty 

 Certain fracture patterns not amenable to internal 
fi xation can be managed with shoulder 
arthroplasty if the proper implants and 
instrumentation are available. Suggested 
indications for hemiarthroplasty include fractures 
with short (<8 mm) extension of the head 
fragment into the metaphysis, disruption of the 
medial periosteal hinge, or severe damage to the 
head fragment, including head-splitting, head 
impaction, or a shell-like residual head [ 22 ]. 
Important intraoperative considerations include 
restoration of humeral height, offset, and 
retroversion, but these parameters are often 
diffi cult to determine in the setting of severe 
fracture displacement and comminution. The 
upper edge of the pectoralis major tendon 

insertion sits an average of 5.6 mm below the top 
of the humeral head and has proven to be a 
reliable reference point for restoring both humeral 
height and retroversion in patients undergoing 
hemiarthroplasty [ 42 ]. Fixation of the humeral 
stem with cement is standard in the setting of 
osteoporotic bone. A large retrospective 
multicenter study of hemiarthroplasty for four- 
part proximal humerus fractures found that both 
subjective patient satisfaction and functional 
outcomes scores were signifi cantly higher if 
anatomic tuberosity healing had occurred [ 43 ]. 

 Recently, reverse total shoulder arthroplasty 
(rTSA) has been utilized increasingly for the 
acute treatment of proximal humerus fractures 
with signifi cant comminution in which the 
fractured tuberosities are unlikely to heal, in the 
setting of pre-existing rotator cuff defi ciency, or 
as a salvage procedure after failed nonoperative 
treatment, ORIF, or hemiarthroplasty [ 22 ]. A 
standard deltopectoral approach to the shoulder 
is used for both hemiarthroplasty and rTSA.  

34.3.10     Complications 

 Whether nonoperative or operative treatment is 
chosen, numerous complications can occur in the 
management of proximal humerus fractures. 
Depending on the degree of displacement, 
osteonecrosis develops in 6.5–21.6 % of fractures 
treated nonoperatively [ 22 ]. Reported rates of 
osteonecrosis range from 8 to 26 % [ 44 ,  45 ] 
following percutaneous fi xation and from 10.8 to 
16.4 % following open reduction with locking 
plate fi xation [ 34 ,  46 ]. Implant loosening and 
migration can occur in up to a third of cases fi xed 
with K-wires or non-locking intramedullary 
implants [ 34 ]. Posttraumatic arthritis occurred in 
37 % of proximal humerus fractures treated 
percutaneously at minimum 3-year follow-up 
[ 47 ]. Intra-articular screw penetration is the most 
common complication of locking plate fi xation, 
affecting 13.7–23.0 % of cases [ 34 ]. Overall 
reported complication rates following locked 
plate fi xation range from 28 to 48 % [ 16 ,  46 ]. 

 Complications following hemiarthroplasty for 
proximal humerus fractures can be categorized as 

  Fig. 34.5    Provisional fi xation of the plate can be per-
formed with K-wires. Some plates have eyelets ( small 
holes ), through which sutures can be passed that can help 
to secure the tuberosity fragments in place. If no eyelets 
are available, the suture can be passed through drill holes 
that can be made in the distal fragment       
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intraoperative (including iatrogenic fracture and 
malpositioned components), early postoperative 
(such as tuberosity pull-off, instability, and 
infection), or late postoperative (which includes 
tuberosity nonunion, glenoid arthrosis, loosening, 
infection, heterotopic ossifi cation, and 
periprosthetic fracture) [ 34 ]. Patients with 
proximal humerus fractures complicated by 
tuberosity nonunion have signifi cantly lower 
outcomes scores than patients whose tuberosities 
heal [ 43 ,  48 ]. Scapular notching, acromial stress 
fractures, and iatrogenic lengthening of the 
injured arm are common complications following 
rTSA [ 34 ].  

34.3.11     Follow-Up 

 For fractures treated nonoperatively or with inter-
nal fi xation, weekly radiographic evaluation is 
recommended for the fi rst several weeks in order 
to monitor fracture reduction and alignment as 
well as hardware position. Percutaneously placed 
K-wires can typically be removed after 6 weeks, 
provided that radiographic evidence of healing is 
present. Regular radiographic follow-up should 
continue until fracture healing has occurred, fol-
lowed by yearly X-rays for the fi rst few years. 
Certain complications may not become apparent 
radiographically for several years. In one series 
of proximal humerus fractures treated with per-
cutaneous fi xation, osteonecrosis was fi rst seen 
an average of 50 months postoperatively (range 
11–100 months) [ 47 ]. Regular follow-up also 
permits monitoring of wound healing and pain 
and is essential for determining when to initiate a 
rehabilitation program.  

34.3.12     Rehabilitation 

 Nonoperative treatment involves rest and immo-
bilization of the injured arm in a standard sling. 
Hanging-arm casts have not been found to 
improve outcomes and may even increase the 
likelihood of nonunion due to excessive 
distraction at the fracture site [ 6 ]. A systematic 
review of proximal humerus treatment found 

consistently favorable results with earlier 
mobilization of proximal humerus fractures [ 34 ]. 
In one series of patients with minimally displaced 
proximal humerus fractures managed 
nonoperatively, outcomes were signifi cantly 
better when physical therapy was initiated within 
2 weeks of the injury compared with therapy 
initiation after 2 weeks [ 49 ]. A comprehensive 
rehabilitation regimen for nonoperative treatment 
includes early pendulum exercises started within 
2 weeks (or as early as pain permits) followed by 
active and active-assisted range-of-motion 
exercises and fi nally progression to strengthening 
exercises between 6 and 12 weeks [ 45 ]. In 
fractures treated with internal fi xation, a similar 
rehabilitation regimen can be followed, provided 
the stability of the construct will permit early 
motion [ 34 ]. Rehabilitation after shoulder 
arthroplasty is dependent upon the stability of the 
tuberosity repair and surgeon preference. In 
general, rehabilitation can commence sooner 
after reverse total shoulder arthroplasty compared 
with hemiarthroplasty. Regardless of the 
treatment modality employed, immediate 
mobilization of the elbow, wrist, and hand is 
encouraged to prevent stiffness.   

34.4     Tutorial/Case Presentation 

 A 39-year-old right-hand dominant female was 
involved in a motor vehicle accident and sustained 
an isolated left shoulder injury. The skin is intact 
and she has normal neurovascular function in the 
injured arm. X-rays (AP and Velpeau views) are 
shown (Fig.  34.6a, b ). Your hospital is equipped 
with the capacity to perform surgery, and standard 
pins/plates/screws and intraoperative fl uoroscopy 
are available. However, site-specifi c (proximal 
humerus) plates are not available, nor is shoulder 
arthroplasty. What is the most appropriate 
treatment plan?

34.4.1       Discussion 

 The patient has sustained a two-part proximal 
humerus fracture involving the surgical neck as 
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well as a non-displaced greater tuberosity frac-
ture. There is displacement of the head fragment 
of approximately 100 % of the shaft diameter and 
no signifi cant angulation. The Velpeau view 
shows that the glenohumeral joint is reduced. 
With the available equipment, treatment options 
include closed reduction and immobilization 
with a sling and swathe, percutaneous pinning 
with K-wires, or percutaneous screw fi xation. 
Due to the relatively transverse fracture pattern, 
two K-wires were placed through the proximal 
fragment and into the intramedullary canal to 
maintain reduction. A third K-wire was passed 
obliquely through the greater tuberosity fragment 
and into the medial calcar. The K-wires were 
bent and cut outside the skin for later removal in 
the clinic. Immediate postoperative AP X-ray 
shows acceptable reduction of the fracture 
(Fig.  34.7 ).
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      Diaphyseal and Distal Humerus 
Fractures                     

     Paul     S.     Whiting     

       In adults, 47 % of all humeral fractures occur in 
the proximal portion (see Chap.   34    ), 20 % occur 
in the shaft, and 33 % occur in the distal portion 
[ 1 ]. In his classic publication, John Charnley 
remarked that the humerus “is perhaps the easiest 
of the major long bones to treat by conservative 
methods” due to its robust blood supply, generous 
soft tissue envelope, ease of splinting, and status 
as a non-weight-bearing bone [ 2 ]. As such, the 
vast majority of humeral shaft injuries can be 
managed nonoperatively. Specifi c indications for 
operative treatment have been established, and 
fi xation can be performed using a plate and screws 
or intramedullary nailing. Fractures of the distal 
humerus are often intra-articular and typically 
require anatomic reduction and internal fi xation 
in order to restore elbow function. The majority of 
humerus fractures in children occur in the supra-
condylar region. This distinct fracture pattern is 
typically managed with closed reduction and 
either long-arm casting or percutaneous pinning, 
depending on the fracture pattern. 

35.1     Epidemiology 

 Although humeral shaft fractures have been 
reported in the literature to represent approxi-
mately 3–5 % of all fractures [ 3 – 5 ], more recent 
reports suggest that 1 % is a more accurate esti-
mate [ 6 ,  7 ]. As is the case with many injuries, 
fractures of the humeral shaft follow a bimodal 
age distribution; the fi rst peak occurs in young, 
primarily male adults, aged 21–30, and the sec-
ond occurs in older, primarily female patients 
over 60. The estimated annual incidence among 
these two demographic groups is 25 and 100 per 
100,000 population per year, respectively. 

 The majority of humeral shaft fractures, espe-
cially in the elderly, occur as the result of low-
energy falls, but higher-energy mechanisms of 
injury are more common in younger patients [ 4 ]. 
Approximately 15 % of humeral shaft fractures 
are associated with other orthopedic injuries, the 
most common of which are fractures of the proxi-
mal humerus, distal radius, and pelvis [ 6 ]. 
Fractures of the distal humerus represent approx-
imately 2 % of all fractures, with an estimated 
annual incidence of 5.7 per 100,000 population 
[ 8 ]. These injuries follow a similar bimodal age 
distribution. 

 In children, humeral shaft fractures represent 
between 2 and 5 % of all children’s fractures and 
occur most commonly before age 3 and after age 
12 [ 9 ]. Fractures of the distal humerus represent 
approximately 6 % of all fractures in children and 
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occur most commonly between the ages of 5 and 
10 [ 10 ]. Supracondylar humerus fractures 
account for approximately 75 % of fractures of 
the distal humerus and 58 % of fractures about 
the elbow in children [ 11 ].  

35.2     Review of the Evidence: 
Humeral Shaft Fractures 

35.2.1     Nonoperative Treatment 

 Nonoperative management has long been the 
mainstay of treatment for humeral shaft fractures. 
Multiple techniques of immobilization have been 
utilized for humeral shaft fractures including 
hanging arm casts, coaptation splints, sling and 
swathes, long-arm or shoulder spica casts, and 
skeletal traction [ 7 ]. However, with the advent in 
1977 of the functional brace and its associated 
treatment protocol by Sarmiento et al. [ 12 ], this 
method of treatment has become the standard of 
care for fractures of the humeral shaft. The rigid 
walls of the functional brace provide fi rm 
compression of the soft tissues surrounding the 
fractured bone which, combined with the pull of 
gravity, maintains “suffi cient stability to permit 
uninterrupted osteogenesis” [ 12 ]. 

 Sarmiento’s original case series included 51 
fractures managed with a functional brace after 
being initially immobilized for an average of 11 
days. Patients used the brace an average of 10 
weeks (range 3–22.5 weeks). One nonunion 
occurred in a pathologic fracture, and union 
occurred in the remaining 50 fractures. 82 % of 
patients achieved full shoulder and elbow range 
of motion, and the remaining 18 % lacked less 
than 15° of shoulder abduction or external 
rotation. 84 % of patients healed with an angular 
deformity of less than 5°, and the remaining 16 % 
had deformity less than 20°. In a follow-up series 
of 922 patients, 620 of whom followed up, 
Sarmiento et al. reported nonunion in 1.5 % of 
465 closed fractures and 5.8 % of open fractures 
[ 13 ]. In adults, posttreatment deformities 
including shortening of 2–3 cm, angulation up to 
20° in the sagittal plane, and varus or valgus 
malunion of up to 30° are well tolerated and do 

not compromise functional outcomes [ 14 ]. In 
children, nonoperative management of humeral 
shaft fractures is the preferred method of 
treatment, and a variety of techniques for 
immobilization have proven to be successful [ 9 ].  

35.2.2     Comparison of Surgical 
Treatments 

 Due to the high rates of success with functional 
bracing and limited indications for surgical 
management, relatively few studies have directly 
compared operative and nonoperative treatment 
of humeral shaft fractures. A retrospective 
comparative study demonstrated one case of 
nonunion among 45 patients treated with locked 
intramedullary nailing and two cases among 44 
patients treated in a functional brace [ 15 ]. 
However, 52 % of patients in the nailing group 
had restricted shoulder ROM at fi nal follow-up, 
compared with only 14 % in the nonoperative 
group. A similar retrospective study comparing 
functional bracing to ORIF with compression 
plating found a signifi cantly higher rate of 
nonunion (20.6 vs. 8.7 %) and malunion >20° 
(12.7 vs. 1.3 %) with functional bracing, but 
there were no differences in rates of infection, 
iatrogenic nerve palsy, or fi nal elbow ROM, and 
functional outcomes were not reported [ 16 ]. 

 A study comparing ORIF with compression 
plating and functional bracing of distal 1/3 
diaphyseal humerus fractures found no difference 
in union rates, shoulder, or elbow ROM at 6 
months [ 17 ]. Several studies have compared 
plating and intramedullary nailing of humeral 
shaft fractures. A randomized controlled trial 
comparing these two methods of fi xation found 
no difference in fi nal elbow or shoulder ROM or 
ASES functional outcome scores, but IM nailing 
was associated with signifi cantly higher 
complication and reoperation rates compared 
with plating [ 18 ]. Another RCT also found a 
signifi cantly higher complication rate with IM 
nailing but no difference in union rates or ASES 
scores [ 19 ]. No differences in rate of union, 
infection, reoperation, or nerve palsy was found 
between these techniques in a recent 
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 meta- analysis, although there was a trend toward 
a higher rate of complications with IM nailing 
( p  = 0.07) [ 20 ].  

35.2.3     Summary of the Evidence: 
Humeral Shaft Fractures 

 The vast majority of humeral shaft fractures in 
adults and children can be managed 
nonoperatively. After initial immobilization, 
functional bracing is the preferred method of 
defi nitive treatment with expected union rates 
approaching 98 %. Specifi c indications for 
operative treatment of humeral shaft fractures are 
detailed below. When required, surgical fi xation 
with IM nailing or compression plating leads to 
predictable rates of union and favorable functional 
outcomes, although IM nailing is associated with 
a higher rate of total complications.   

35.3     Review of the Evidence: 
Distal Humerus Fractures 

 Fractures of the distal humerus generally require 
surgical reduction and fi xation. Although multiple 
surgical approaches to the distal humerus have 
been described [ 21 ], olecranon osteotomy pro-
vides the most reliable visualization of the distal 
humeral articular surface, facilitating anatomic 
reduction and stabilization of articular fractures. 
In a comprehensive review of 67 distal humerus 
fractures in which olecranon osteotomies were 
performed and repaired with a tension band wire 
or plate fi xation, there were no cases of osteotomy 
nonunion, and there was an 8 % rate of symptom-
atic hardware requiring removal [ 22 ]. Another 
study using a specifi c tension band wire technique 
in 45 consecutive patients reported a union rate of 
98 %, and only 13 % of patients required hard-
ware removal for symptomatic hardware [ 23 ]. 

 Dual plating is recommended for distal 
humerus fractures that extend into the articular 
surface or for extra-articular distal humerus frac-
tures with poor bone quality. The optimal plate 
confi guration (“parallel plating” – plates applied 
on the medial and lateral surfaces – or “orthogo-

nal plating” – with plates applied on the postero-
lateral and medial surfaces) has remained a topic 
of controversy and has been investigated in sev-
eral biomechanical studies. Although one study 
found no difference between these confi gurations 
in axial compression or torsional strain [ 24 ], 
another study found signifi cantly higher strength 
and stiffness with parallel plating in sagittal bend-
ing, a biomechanical model that more closely 
approximates physiologic forces [ 25 ]. 

 Although locking plates have been found to be 
more stable than non-locking plates in 
biomechanical testing [ 26 ], a large retrospective 
multicenter study comparing locking and non- 
locking plates for intra-articular distal humerus 
fractures found no difference in rates of nonunion, 
infection, and reoperation at 6 weeks and 6 
months [ 27 ]. The authors found that locking plate 
constructs were 3.5 times more expensive than 
non-locking constructs. In the austere 
environment, where precontoured locking plates 
are not readily available or are cost prohibitive, 
by using sound surgical techniques [ 28 ], excellent 
radiographic and functional outcomes can still be 
achieved with lower cost 3.5 mm DCP or 
reconstruction plates. 

 In the pediatric population, the optimal 
management of type II supracondylar fractures 
has been a subject of controversy. Support for 
nonoperative management of these injuries 
comes from two separate studies, which reported 
successful radiographic and clinical outcomes in 
77 and 72 % of type II fractures with closed 
reduction and casting [ 29 ,  30 ]. However, in two 
large clinical series totaling 260 patients with 
type II fractures treated operatively, there were 
no cases of cubitus varus, loss of reduction, or 
malunion, and pin tract infection occurred in only 
2 % of patients [ 31 ,  32 ]. Such favorable results 
and low associated complication rates with CRPP 
have led most pediatric orthopedic surgeons to 
recommend CRPP for all type II supracondylar 
fractures. 

 The optimal pin confi guration for supracondylar 
fractures has also been a controversial topic in the 
literature. Both  lateral- entry and crossed (medial 
and lateral) pin confi gurations have good clinical 
track records, but iatrogenic injury to the ulnar 
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nerve with medial pin placement has an incidence 
of 5 and 6 % in the two largest series of supracondy-
lar fractures reported in the literature [ 11 ]. Two ran-
domized controlled trials comparing these two 
techniques showed no signifi cant differences in 
clinical or radiographic outcomes [ 33 ,  34 ]. 
Biomechanical testing has demonstrated that two 
divergent lateral-entry pins were equally stable in 
valgus and stronger in varus and extension than 
crossed pins [ 35 ]. Finally, a protocol has been 
described for sequential pin placement based on 
intraoperative assessment of construct stability [ 11 ]. 
Two divergent lateral-entry pins are placed followed 
by fl uoroscopic stress views in internal and external 
rotation. A third lateral-entry pin is inserted if nec-
essary, and stress views are again obtained; a medial 
pin is added only if rotational instability persists. 

35.3.1     Summary of the Evidence: 
Distal Humerus Fractures 

 Distal humerus fractures in adults generally 
require operative reduction and stabilization with 
dual plating, and following sound surgical 
principles can lead to excellent results with 
standard, low-cost implants. Triceps-splitting or 
sparing approaches may be suffi cient for some 
fracture patterns, but olecranon osteotomy 
provides the best visualization of the articular 
surface. A carefully performed tension band wire 
construct is a low-cost method of osteotomy 
fi xation with excellent clinical results. Closed vs. 
open reduction and pinning is required for type 
III and IV supracondylar humerus fractures. 
Surgical management of type II fractures leads to 
more predictable outcomes, but closed reduction 
and casting may still be considered, especially in 
centers without fl uoroscopy.   

35.4     Author’s Preferred Approach 

35.4.1     Initial Management 

 As with any fracture, careful history and detailed 
physical exam of the injured extremity is 
essential. Particular attention should be paid to 

the neurovascular status of the limb. Radial nerve 
palsy is relatively common in association with 
humerus fractures, affecting 11 % of mid-shaft 
and 26 % of distal diaphyseal fractures in adults 
[ 36 ] and 4.4 % of diaphyseal fractures in children 
[ 37 ]. Most radial nerve palsies are neurapraxias, 
and spontaneous resolution can be expected in 
70 % of adults [ 38 ] and 78–100 % in children [ 9 ]. 
Vascular injuries in adults are more common in 
high-energy injuries, and a high index of 
suspicion is required. With high-energy 
mechanisms of injury, the presence of associated 
injuries to the chest (pneumo- or hemothorax, rib 
fractures) and cervical spine should be 
investigated. 

 Special attention must be paid to the vascular 
status of the injured limb in children with 
supracondylar humerus fractures. A palpable 
pulse is reassuring. If the radial pulse cannot be 
palpated, perfusion of the hand must be assessed. 
If the hand is well perfused as judged by warmth, 
color, and arterial capillary refi ll <2 s, the patient 
should be splinted in 20–40° of fl exion and 
observed closely in the hospital, but no immediate 
intervention is required. In a large-scale review 
of 1255 pediatric supracondylar fractures by 
Choi et al. [ 39 ], of the 33 patients who presented 
with absent radial pulses, none of the 24 patients 
with well-perfused hands developed compartment 
syndrome or required vascular repair. However a 
pulseless, poorly perfused hand requires emergent 
reduction and fi xation. In the above-referenced 
study, fi ve of the nine patients with poorly 
perfused hands had adequate perfusion restored 
with fracture reduction and pinning alone and did 
not require vascular repair. 

 Standard radiographs are usually suffi cient to 
diagnose and classify diaphyseal and distal 
humerus fractures in adults and children. AP and 
transthoracic lateral views are adequate for the 
humeral shaft. Internal and external rotation 
views should be avoided as these maneuvers 
simply rotate the distal arm through the fracture 
site. For fractures of the distal humerus, AP and 
true lateral views of the elbow should also be 
obtained. Even if CT scanning is available, this 
modality is rarely required for treatment deci-
sions and the added expense is not justifi ed.  
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35.4.2     Decision-Making 

 The functional brace is the mainstay of treatment 
for the vast majority of humeral shaft fractures in 
adults. As discussed above, posttreatment 
deformities including shortening of 2–3 cm, 
angulation up to 20° in the sagittal plane, and 
varus or valgus malunion of up to 30° are well 
tolerated and do not compromise functional 
outcomes [ 14 ]. Indications for surgical treatment 
of humeral shaft fractures in adults include failure 
to achieve or maintain acceptable alignment (20° 
in the sagittal plane, 30° of varus/valgus) with 
closed reduction; open, segmental, or pathologic 
fractures; associated brachial plexus or vascular 
injury; ipsilateral forearm, elbow, or shoulder 
fracture (fl oating elbow or shoulder); fractures 
extending into the shoulder or elbow; high- 
velocity gunshot injuries; bilateral humerus 
fractures; and polytrauma with lower extremity 
fractures requiring upper extremity weight 
bearing [ 7 ]. Since the majority of radial nerve 
palsies recover spontaneously, early exploration 
does not improve outcomes except in certain 
situations, such as open fractures, concomitant 
forearm injury, or fl oating elbow; these injuries 
have less than a 40 % chance of spontaneous 
recovery, so early exploration is advised [ 40 ]. 

 In children, due to the signifi cant capacity of 
growing bones to remodel, signifi cant amounts of 
humeral shaft angulation are well tolerated. 
Acceptable angulation by age includes 70° or 
more in children younger than 5, 40–70° in 
children 5–12, and up to 40° in children older 
than 12 [ 41 ]. Operative indications for humeral 
shaft fractures in children are similar to those in 
adults [ 9 ]. 

 The Gartland classifi cation system is the most 
widely used for supracondylar humerus fractures 
in children (Table  35.1 ). Type I fractures are 
managed nonoperatively with a long-arm cast for 
3 weeks. Type III and IV fractures require 
reduction and pinning. If fl uoroscopy is not 
available, open reduction must be performed 
prior to pinning. Although management of type II 
fractures remains somewhat controversial, better 
outcomes can be expected with reduction and 
pinning. In the austere environment, however, if 

fl uoroscopy is not available, treatment of type II 
fractures must be determined on a case-by-case 
basis, and the proposed benefi t of improved 
alignment and stability with surgery must be 
weighed against the potential risks associated 
with open reduction.

35.4.3        Equipment 

 If functional bracing will be used, prefabricated 
braces can be applied off the shelf. Thermoplastic 
materials enable custom-made functional braces 
to be made for patients whose arms are too large 
or too small to accommodate a prefabricated 
brace. Fluoroscopy is not generally required for 
functional brace application, but the availability 
of X-rays immediately after brace application 
ensures adequate fi t and proper reduction. Should 
operative management be required, fl uoroscopy 
allows intraoperative assessment of length, 
alignment, and rotation of humeral shaft fractures 
and is helpful for determining the starting point 
and for distal interlocking of intramedullary 
nails. While typically not necessary for ORIF of 
the distal humerus in adults, fl uoroscopy is 
essential for closed reduction and percutaneous 
pinning of supracondylar humerus fractures in 
children. Any available orthopedic implants, 
including external fi xation equipment, K-wires, 
plate and screw sets, and IM nail systems, may 
prove useful for specifi c fracture patterns (see 
Sect.  35.4.4  below).  

   Table 35.1    Modifi ed Gartland classifi cation of supra-
condylar humerus fractures   

 Type  Description  Radiographic features 

 I  Non-displaced  Posterior fat pad sign 

 II  Displaced with intact 
posterior periosteal 
hinge 

 Capitellum posterior to 
anterior humeral line 

 III  Completely 
displaced, no 
posterior periosteal 
hinge 

 Complete absence of 
cortical continuity 

 IV  Completely 
displaced, unstable 
in extension and 
fl exion 

 Intraoperative 
determination (fl uoro 
views) 

35 Diaphyseal and Distal Humerus Fractures



472

35.4.4      Techniques, Tips, and Pitfalls 

 Provisional reduction and immobilization of 
humeral shaft fractures in adults can be accom-
plished using the same methods used in children 
(see below). Functional brace fi tting is generally 
better tolerated if the fracture is provisionally 
immobilized for 7–14 days [ 12 ]. Sarmiento and 
Latta have described the functional bracing tech-
nique in detail in their monograph, which is an 
invaluable tool for the management of this com-
mon injury in the resource-poor setting [ 42 ] (See 
Fig.  35.1 ). The following is a summary of the key 
principles of management [ 43 ]:

•     Shoulder pendulum exercises begin immedi-
ately after injury (once provisional immobili-
zation is applied) and are continued after brace 
application.  

•   Brace is fi rst applied approximately 7–10 days 
post-injury. Cuff and collar sling is used.  

•   Position of the brace is from 5 cm distal to the 
axilla to 5 cm proximal to the olecranon, 
allowing for complete ROM of the shoulder 
and elbow.  

•   Active and passive ROM of the elbow (several 
times a day) starts immediately after brace 
application.  

•   Patients instructed to avoid active shoulder 
elevation/abduction and to avoid leaning the 
elbow on a chair, table, or lap.  

•   Adjustable straps are tightened progressively 
(several times a day) as swelling resolves.  

•   Brace should be worn at all times except for 
hygiene.  

•   Cuff and collar discontinued during ambula-
tion once full elbow extension achieved (but 
maintained during recumbency).  

•   Passive shoulder fl exion permitted after 1 
week in the brace.    

 In children, humeral shaft fractures can be 
managed nonoperatively using a variety of 
techniques for immobilization [ 9 ]. In newborns 
with humerus fractures from birth trauma, 
wrapping the injured extremity to the chest 
with an elastic bandage results in acceptable 
reduction and facilitates feeding and patient 

mobilization. For older children, the sling and 
swathe is the simplest form of immobilization 
but is the least powerful in controlling apex 
anterior angulation and varus malalignment. A 
“hanging arm cast” is accomplished by apply-
ing a long-arm cast followed by fashioning a 
cloth “cuff and collar” sling around the 
patient’s neck and around the wrist of the cast 
(Fig.  35.2a ). The cast’s weight provides axial 
traction but does not provide any resistance to 
apex anterior angulation, especially during 
sleep. The U-shaped plaster (or “coaptation”) 
splint is placed inside a cloth stockinette, 
applied from the axilla, around the elbow, and 
up to the tip of the acromion, and secured in 
place with an elastic bandage (see Fig.  35.2b ). 
Extending the plaster more proximally over the 
ipsilateral shoulder and neck prevents slippage 
and allows for a more proximal mold to pre-
vent varus malalignment. The major challenge 
in treating pediatric humeral shaft fractures 
with a prefabricated functional brace is size 

  Fig. 35.1    Application of a functional brace. At follow-up 
visits, the brace must be appropriately tightened in order 
to maintain proper fi t and function       
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mismatch. However, if thermoplastic equip-
ment is available, a low-cost customized brace 
can be made for pediatric patients.

   If surgical management is required, ORIF 
with a plate and screw construct can be per-
formed using either an anterolateral or posterior 
approach. The anterolateral approach is a con-
tinuation of the deltopectoral approach and is 
preferable for proximal and mid-shaft fractures. 
Distal extension is carried out by splitting the 
brachialis, which is dually innervated by the 
musculocutaneous nerve (medially) and the 
radial nerve (laterally). The posterior approach 
requires either splitting the triceps or using a 
paratricipital approach in which the triceps is 
mobilized from lateral to medial. Regardless of 
the approach used, the radial nerve should be 
identifi ed and protected while the plate is placed 
under the nerve, directly on the bone surface. At 
a distance 14 cm proximal to the lateral epicon-
dyle, the radial nerve is located directly posterior 
to the humeral shaft in the spiral groove. As it 
courses distally and laterally, it pierces the lateral 
intermuscular septum approximately 10 cm prox-
imal to the lateral epicondyle [ 44 ]. Taking care to 
document in the operative note the exact location 
where the nerve crosses over the plate will assist 
in fi nding the nerve should exploration for neu-
rolysis become necessary. 

 In adults, 4.5 mm dynamic compression plates 
provide suffi cient stability for ORIF. If the frac-
ture pattern permits, placing a lag screw perpen-
dicular to the fracture can increase the construct 
stability by 30–40 %. Three bicortical screws (or 
four if no lag screw was used) should be placed 
on either side of the fracture for adequate neutral-
ization [ 7 ]. Patients are positioned supine with an 
arm board or in a beach chair position for the 
anterolateral approach. If the posterior approach 
is used, the patient must be placed prone with a 
small arm board or in the lateral decubitus posi-
tion with the arm positioned over a bolster. 

 Intramedullary nails can be placed antegrade 
via a longitudinal incision through the distal 
fi bers of the supraspinatus tendon or retrograde 
through an osseous portal made just proximal to 
the olecranon fossa. The Surgical Implant 
Generation Network (SIGN) intramedullary nail 
permits locked intramedullary nailing of 
diaphyseal humerus fractures even in the absence 
of fl uoroscopy and power instrumentation [ 45 ]. If 
a retrograde approach is chosen, an 8–10 cm 
posterior triceps-splitting approach is made just 
proximal to the olecranon fossa, and care is taken 
to avoid entering the elbow joint capsule [ 46 ]. 
The bony triangle between the olecranon fossa 
and the medial and lateral supracondylar ridges is 
identifi ed, and three 3.2 mm drill holes are made 

a b

  Fig. 35.2    ( a ) Coaptation splint with “cuff and collar” sling. ( b ) The medial limb of the coaptation splint must be placed 
as high in the axilla as possible       
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in a triangular confi guration with the apex 
proximally (see Fig.  35.3a ). The holes are 
enlarged with a 4.5 mm drill, and an 8.5–9 mm 
power reamer or large drill bit is then used to 
remove the remaining bone in the triangle, thus 
creating a portal to the intramedullary canal 
(Fig.  35.3b ). IM nailing proceeds according to 
the system’s specifi cations. All proximal and 
distal interlocking screws are placed using open 
techniques to avoid iatrogenic neurovascular 
injury.

   In children, 3.5 mm (dynamic compression, 
pelvic reconstruction, or even double stacked 
1/3 tubular) plates provide adequate stability for 
ORIF of humeral shaft fractures [ 9 ]. Several 
techniques of intramedullary nailing are useful 
in children. One or more Rush rods or Enders 
nails can be placed retrograde from a starting 
point just proximal to the olecranon fossa using 
a posterior triceps-splitting approach [ 47 ]. The 
Hackenthal method involves a similar starting 
point, but multiple blunt-tipped Steinman pins 
of progressively smaller sizes are passed until 
the intramedullary canal is fi lled [ 48 ]. Pin ends 
are bent 90° and cut for later removal in the 
operating room. Insertion of large pins from the 
medial and lateral epicondyles should be 
avoided due to high rates of pin backout [ 49 ], 
but smaller diameter titanium fl exible nails or 
blunt-tipped Steinman pins can be placed from 

the medial and lateral epicondyles [ 50 ]. Placing 
a bend in the pins prior to insertion (with the 
apex at the level of the fracture) more effec-
tively reduces the fracture. The combined diam-
eter of the two pins should be approximately 
80 % of the canal diameter. Intramedullary nails 
should not be placed in an antegrade manner in 
children so as to avoid injury to the proximal 
humeral physis [ 51 ]. 

 For ORIF of distal humerus fractures, a mid-
line posterior incision is used almost universally. 
Multiple approaches to gain access to the distal 
humerus for reduction and fi xation have been 
described, including the triceps splitting, triceps 
sparing (paratricipital), and triceps refl ecting 
(Bryan-Morrey) [ 21 ]. Olecranon osteotomy pro-
vides the best intraoperative visualization. Ring 
et al. described a successful technique of repair-
ing a chevron-shaped osteotomy with a tension 
band wire construct [ 23 ]. Directing the K-wires 
toward and through the anterior ulnar cortex dis-
tal to the coronoid process provides extra fi xa-
tion. Pins are backed out a few millimeters, bent 
to 180°, cut, and impacted into the olecranon 
proximally. Two 22-gauge, fi gure-of-eight, stain-
less steel tension wires are passed through a 
medial-to-lateral drill hole made in the dorsal 
ulnar cortex. Creating two wire loops that are ten-
sioned simultaneously generally leads to less 
hardware prominence. 

a b

  Fig. 35.3    ( a ) Three holes are made with a 3.2 mm drill in 
the posterior humerus proximal to the olecranon fossa. As 
the holes are enlarged with a 4.5 mm drill, the drill bit 
should be angled proximally to enter the intramedullary 

canal. ( b ) An 8.5 or 9 mm straight reamer or larger drill bit 
is used to convert the three holes into a single portal giving 
access to the intramedullary canal (Courtesy of Dr. 
Hedayatullah Hedayat)       
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 Either an orthogonal (“90–90”) plating or par-
allel plating confi guration can be used success-
fully. Both confi gurations include a 3.5 mm DCP 
or pelvic reconstruction plate, which must be 
contoured to the medial column. Semi-tubular 
plates provide insuffi cient stability and should 
not generally be used. In parallel plating, another 
3.5 mm plate would be placed on the lateral col-
umn. A more robust 4.5 mm plate can be placed 
posterolaterally if orthogonal plating is chosen. 
Since parallel plating was found to be superior 
biomechanically, patients with poor bone quality 
should be fi xed with this confi guration, espe-
cially in the austere environment, where locking 
plates are not readily available. Applying the fol-
lowing principles outlined by O’Driscoll [ 28 ] 
will optimize construct stability:

•    Place as many screws as possible in the distal 
fragments.  

•   Each screw should pass through a plate and be 
as long as possible.  

•   Each screw should engage as many articular 
fragments as possible.  

•   Each screw in the distal fragment should be 
anchored in a fragment on the opposite side 
that is fi xed by a plate.  

•   Distal screws lock together by interdigitation 
(thus creating a fi xed-angle construct).  

•   Plates should be applied with compression at 
the supracondylar level.  

•   Plates must be strong and stiff enough to resist 
bending/breakage until the bone heals.    

 The articular surface should be reduced and 
provisionally fi xed with small K-wires, followed 
by provisional reduction of the articular block to 
the shaft using cortical reads from the fracture 
line. Care should be taken not to change the 
geometry of the distal humerus; in the setting of 
bone loss or comminution, the olecranon can 
serve as a template on which the distal humeral 
articular surface can be anatomically 
reconstructed. 

 For closed reduction and pinning of supracon-
dylar humerus fractures, fl uoroscopy is essential. 
The injured arm may be placed on a radiolucent 
arm board and draped free. Alternatively, if 

brought in from the foot of the bed, parallel to the 
operating table, the image intensifi er of the C-arm 
can be utilized as a table to support the fractured 
arm. Standing near the patient’s head, the surgeon 
has access to the injured arm for reduction and pin 
placement. The reduction maneuver for extension 
type supracondylar fractures involves longitudi-
nal traction, correction of medial/lateral transla-
tion or rotation, and fi nally elbow fl exion while 
pushing on the olecranon with the thumb [ 52 ]. 
Taping or holding the elbow in a hyperfl exed posi-
tion maintains fracture reduction during pin 
placement. Oblique views in slight internal and 
external rotation of the humerus permits better 
visualization of the lateral and medial columns, 
respectively [ 52 ]. As discussed previously, lateral 
entry pinning is safer than crossed pinning and 
provides equivalent stability if proper pin diver-
gence is achieved [ 28 ]. Maximum pin separation 
at the fracture improves stability and achieves 
fi xation in both the lateral and medial columns 
[ 31 ] (Fig  35.4 ). If a medial pin is required for 
added stability, making a small incision, dissect-
ing bluntly down to the medial epicondyle, and 
passing the pin with the elbow extended can all 
decrease the likelihood of iatrogenic injury to the 
ulnar nerve. For open reduction or exploration of 
a neurovascular injury, a transverse incision at the 
antecubital fossa provides the most direct access 

  Fig. 35.4    Two or three divergent lateral-entry pins are 
the preferable construct, providing equivalent stability to 
a crossed pinning construct with a signifi cantly lower risk 
of iatrogenic ulnar nerve injury       
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to the fracture site as well as the neurovascular 
structures. The brachial artery is located at the 
medial edge of the biceps tendon, and the median 
nerve is just medial to the artery. After pinning 
and closure, a long-arm, bivalved cast should be 
applied in no more than 70° of fl exion in order to 
decrease the risk of compartment syndrome.

35.4.5        Complications 

 Radial nerve palsy after humeral shaft fracture 
was discussed previously. Humeral shaft 
nonunion is rare, but when it occurs, radiographs 
can classify the nonunion as hypertrophic or 
atrophic/oligotrophic. Hypertrophic nonunions 
require added stability, whereas oligotrophic 
nonunions require biologic stimulation (typically 
iliac crest bone graft) in addition to rigid fi xation. 
Metabolic or endocrine abnormalities [ 53 ], 
smoking, or infection may also be a cause. Elbow 
stiffness following distal humerus fractures is 
common but can be avoided with early ROM. 

 Following pediatric supracondylar fracture, 
hyperextension and cubitus varus deformities are 
the most common types of malunion. Although 
neither of these complications typically leads to a 
functional defi cit, correction can be achieved by 
osteotomy or by hemiepiphysiodesis. Vascular 
injury was discussed in detail above.  

35.4.6     Follow-Up 

 In fractures treated nonoperatively, weekly 
radiographs should be obtained to assess 
alignment and maintenance of reduction. 
Functional brace treatment requires close 
follow-up (every 1–2 weeks) with proper brace 
adjustment at each visit. In general, all fractures 
should be followed to radiographic union.  

35.4.7     Rehabilitation 

 The rehabilitation plan for functional bracing is 
detailed above. After ORIF or IM nailing of 

humeral shaft fractures, immediate shoulder and 
elbow ROM motion should be initiated. Fixation 
constructs should be strong enough to permit 
upper extremity weight bearing if needed for 
transfers or crutch use. Depending on stability 
and radiographic evidence of healing, 
strengthening exercises can be initiated between 
6 and 12 weeks post-op. Distal humerus fractures 
should not be immobilized for more than 7–10 
days in order to prevent elbow stiffness. Active 
ROM is encouraged, but strengthening should 
not begin until 12 weeks post-op. Fractures in 
pediatric patients rarely require formal physical 
therapy.   

35.5     Tutorial/Case 1 (Case 
Courtesy of Dr. Hedayatullah 
Hedayat) 

 An 18 year-old right-hand dominant male sus-
tained an isolated gunshot wound to the left 
humerus. There is a 12 cm wound over the 
anterolateral arm with exposed bone and minimal 
contamination. He has a palpable radial pulse and 
brisk capillary refi ll. He is able to make a fi st and 
cross his fi ngers but cannot actively extend his 
wrist or digit, and he has numbness in the fi rst 
dorsal webspace. AP and lateral X-rays of the 
humerus are shown in Fig.  35.5a, b . Your hospital 
is equipped with the capacity to perform surgery, 
and standard pins, plates, and screws are 
available, as is the Surgical Implant Generation 
Network (SIGN) nail. Intraoperative fl uoroscopy 
is not available. What is the most appropriate 
treatment plan?

35.5.1       Discussion 

 The patient has a type III open humeral shaft 
fracture. The patient underwent urgent irriga-
tion and debridement, exploration of the trau-
matic wound, and primary closure. The radial 
nerve was contused but was in continuity. The 
arm was provisionally immobilized in a coapta-
tion splint. Due to the comminution at the frac-
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ture site, IM nailing was chosen as the method 
of defi nitive stabilization. A SIGN nail was 
placed via a retrograde approach without the 
use of fl uoroscopy. One interlocking lateral to 
medial screw was placed proximally and dis-
tally using open techniques to avoid neurovas-
cular injury. Satisfactory alignment in the 
coronal and sagittal planes was achieved 
(Fig.  35.6a, b ).

35.6         Tutorial/Case 2 

 A 23 year-old right-hand dominant male sus-
tained an isolated left elbow injury during a 
sporting activity. The skin is intact and he has 
normal neurovascular function in the injured 
arm. AP and lateral X-rays of the humerus are 
shown in Fig.  35.7 . Your hospital is equipped 
with the capacity to perform surgery, and stan-
dard pins/plates/screws are available, but intra-
operative fl uoroscopy and site-specifi c 

(precontoured distal humerus) plates are not 
available. What is the most appropriate treat-
ment plan?

35.6.1       Discussion 

 The patient has sustained an extra-articular distal 
humerus fracture at the junction of the diaphysis 
and metaphysis. With the available equipment, 
treatment options include posterolateral plating 
alone or dual plating (either orthogonal or parallel). 
In this young patient with excellent bone stock, pos-
terolateral plating was performed with a 4.5 mm 
dynamic compression plate using a posterior tri-
ceps-splitting approach. The radial nerve was iden-
tifi ed at the proximal extent of the triceps split and 
protected. Anatomic reduction was achieved, and 
the single 4.5 mm DCP provided adequate stability, 
so a second plate was not required. A postoperative 
splint was applied, but elbow ROM was permitted 
at 1 week (Fig.  35.8 ).

a b

  Fig. 35.5    Preoperative ( a ) AP and ( b ) lateral X-rays of patient discussed in Case 1       
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a b

  Fig. 35.6    Postoperative ( a ) AP and ( b ) lateral X-rays of patient discussed in Case 1       

  Fig. 35.7    Preoperative X-ray of patient discussed in Case 2       
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      Elbow Injuries in the Austere 
Environment                     
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       The function of the elbow joint is to position the 
hand in space in order for it to perform its tactile 
and grasping functions. To perform each function 
well, it requires a good range of fl exion, extension, 
pronation and supination, reasonable comfort, 
strength and stability. 

 The elbow joint comprises of three closely 
related individual articulations. The humeroulnar 
joint between the articulations of the olecranon 
process of the ulnar and the trochlea of the distal 
humerus is essentially a hinged joint allowing a 
free range of fl exion extension. A small amount 
(5–10°) of abduction/adduction and pronation/
supination takes place at this articulation between 
extension and fl exion. The radiocapitellar joint 
between the concave surface of the proximal 
radius and the convex surface of the capitellum 
on the lateral portion of the distal humerus allows 
the radius to pronate and supinate with a chang-
ing centre of rotation from elbow fl exion to 
extension.

  In combination with the medial collateral liga-
ment, it provides a signifi cant contribution to sta-
bility against valgus forces. Most studies suggest 
that the radius transmits over 50 % of the com-
pressive force of the forearm. The proximal 

radioulnar joint is an articulation between the 
cylindrical portion of the radial head and the con-
cave cylindrical facet on the lateral surface of the 
coronoid process. Stability to this joint is pro-
vided by the annular ligament. The proximal 
radioulnar joint is part of the general articulation 
in the forearm between the radius and ulna with 
stability for the overall complex being provided 
by the interosseous ligament of the forearm and 
the distal radioulnar joint. 

 The main motors that move the elbow joint 
along with their nerve supply are located some 
distance away from the joint and rarely directly 
involved in elbow trauma. However, the main 
fl exor and extensor muscles of the wrist and hand 
and pronators and supinators of the forearm have 
their origins close to the elbow joint, many of 
them crossing the joint. In addition the nervous 
and arterial supply of the forearm, wrist and hand 
pass in close proximity to the elbow joint and can 
be damaged by elbow trauma. 

 The articular surfaces of the overall elbow 
joint make it a fairly constrained joint, well able 
to resist loads placed across it through a wide 
range of positions. This degree of constraint con-
tributes to the tendency for the elbow to develop 
stiffness following trauma and subsequent 
immobilisation. 

 The fully functioning upper limb undoubtedly 
requires a mobile, comfortable, strong and stable 
elbow. Many basic activities of daily living require 
the hand to be able to reach both ends of the 
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 gastrointestinal tract thereby requiring almost a 
full range of fl exion and extension (Table  36.1 ). 
Loss of elbow motion means that the limb tends to 
become the assisting limb being used to support, 
stabilise or carry in order to help the other normal 
limb being the prime performer of these tasks. A 
rather stiff, comfortable elbow still allows that 
limb to contribute to overall function.

   The most disabling elbow is an unstable “fl ail” 
that can be seen following an un-united fracture. 
In this type of scenario, the other good limb has 
to be used to position the hand of the bad limb in 
space. Whilst the goal of elbow trauma manage-
ment is to preserve as much function as possible, 
realistic goals should be set giving consideration 
to the status of the other upper limb and the lower 
limbs as it must not be forgotten that the injured 
limb may be required for weight- bearing 
purposes. 

 In a heavy manual worker with a normal other 
limb, it may be better to go for strength and sta-
bility at the expense of some motion, particularly 
if the injured elbow is in the non- dominant arm. 
The table attempts to summarise the balance of 
motion, pain, strength and stability required in 
different types of tasks and further emphasises 
the importance of preserving hand function. 

36.1     Basic Principles 
and Management 

 These principles apply mainly in the situation of 
acute trauma and should be considered in the 
context of the patient’s pre-injury status, health 

status, occupation, social needs and any other 
injuries sustained in the accident.

    1.    Ensure that airway, breathing and circulation 
are all secured and stabilised [ 1 ].   

   2.    Ensure vascularity of hand.   
   3.    Consider associated neurological injuries.   
   4.    Open wound management.   
   5.    Joint reduction and primary skeletal 

stabilisation.   
   6.    Defi nitive management.   
   7.    Rehabilitation including where possible, early 

motion.     

 All of the above represent a logical order of 
priorities. It should not be regarded as a rigid, 
chronological order of management. A full, well- 
documented initial assessment allows construc-
tion of a logical management plan aiming for 
realistic, long-term goals. In an austere environ-
ment, full consideration will have to be given to 
expertise and resources available. The primary 
focus will be on limb preservation and reducing 
the risk of long-term complications such as infec-
tion or impaired distal neurovascular function. 

 Primary management, including preservation 
of life and limb and initial wound management, 
will have to be performed as soon as possible. 
Defi nitive management will be able to wait allow-
ing possible patient transfer to the required exper-
tise and resource. Ideally, the acute management 
will be planned with full awareness and under-
standing of likely defi nitive management to avoid 
early decisions being made that compromise sub-
sequent management and the fi nal outcome. 

   Table 36.1    Elbow function required for different activities   

 Activities of daily 
living (mouth, 
perineal hygiene)  Non-manual job 

 Light manual job 
(driving, machine 
operator) 

 Heavy manual job 
(agriculture, 
construction) 

 Motion  +++  +  ++  ++ 

 Comfort  +  +  ++  +++ 

 Strength/stability  +  +  ++  +++ 

 Intact hand neurovascular 
function 

 +++  ++  ++  +++ 

  Key: 
 + desirable 
 ++ useful 
 +++ essential  
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36.1.1     Advanced Trauma Life 
Support 

 In all patients with acute elbow trauma, consider-
ation should be given to the presence of other 
injuries [ 1 ]. This is more likely with a  high- energy 
mechanism of injury. A primary survey to iden-
tify life-threatening conditions should be per-
formed simultaneously. Initial focus is on A 
(airway maintenance with cervical spine control), 
B (breathing and ventilation), and C (circulation 
with haemorrhage control). Only once it is satis-
fi ed that the elbow trauma is the dominant prob-
lem should attention focus on the elbow injury. 
On very rare occasions such as a partial amputa-
tion, the elbow injury may be the source of life-
threatening haemorrhage. In an austere 
environment, emergency amputation may be the 
only therapeutic option available to save life.  

36.1.2     Distal Vascular Status 

 The brachial artery lies close to the anterior 
aspect of the distal humerus and elbow joint, 
meaning elbow trauma can cause distal vascu-
lar compromise which is most likely with 
severely displaced supracondylar fractures or 
penetrating trauma [ 2 ]. An open injury with a 
history of signifi cant bleeding and distal vascu-
lar compromise should raise a high index of 
suspicion of vascular injury. If the patient is 
stable and the limb cold and pulseless, this 
would be an indication for vascular exploration 
if resources for repair are available. In a closed 
injury with a pulseless hand, the risk of a sev-
ered artery is much less, the vascular compro-
mise being more likely to be due to kinking of 
an artery over a displaced bony fragment. 

 In this situation with a pulseless hand, if the 
hand is cold with poor capillary fi lling, reduction 
of the bones into good alignment is an emergency 
(see supracondylar fracture section). If this 
restores good capillary fi lling and warmth to the 
hand though the radial pulse is still absent, there 
is good evidence that the hand will survive and 
that acute vascular exploration is not required. 
Where there has been a period of vascular com-

promise, a high index of suspicion of the devel-
opment of forearm compartment syndrome 
should be present and, if suspected, fasciotomy 
performed.  

36.1.3     Distal Neurological 
Compromise 

 All three major nerves that cross the elbow 
joint (ulnar, median and radial) are at some risk 
in elbow trauma [ 3 ]. Distal neurological func-
tion should be documented. That is an indica-
tion for reduction of joint or bony displacement 
as soon as possible. In an austere environment, 
exploration of the nerves is not always 
advisable.  

36.1.4     Open Wound Management 

 The presence of an open wound should be docu-
mented and the wound cleaned and covered with 
an antiseptic dressing. Broad-spectrum antibiot-
ics should be administered intravenously. The 
basic principle of open wound management in 
addition to antibiotics is early wound debride-
ment and lavage, ideally within 12 h (Fig.  36.1 ). 
If delayed beyond 12 h, the risk of deep infection 
increases. The more severe and contaminated the 
wound, the more urgent the formal debridement. 
At the time of wound debridement, the primary 
skeletal stabilisation should be secured.

36.1.5        Joint Reduction/Primary 
Bony Stabilisation 

 In the presence of distal neurovascular compro-
mise or an open wound, this should be provided 
with urgency. In the absence of distal neurovas-
cular compromise with a closed injury, joint 
reduction and primary stabilisation may well be 
the defi nitive management of the injury. Useful 
methods of primary stabilisation include longitu-
dinal traction, splintage with either a cast or sling 
or in extreme circumstances, if available, exter-
nal fi xation.  
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36.1.6     Defi nitive Management 

 The goal of defi nitive management is to restore 
anatomy and provide enough stability to allow 
early motion. Relatively conservative methods of 
closed reduction and then a short period of immo-
bilisation in a plaster of Paris cast remains a safe 
method of treatment with predictable results for 
many types of elbow trauma. Where it is not pos-
sible to achieve good bony reduction via closed 
methods, operative treatment should be consid-
ered depending on the available expertise and 
resource.  

36.1.7     Early Motion 

 Given the importance of a good range of elbow 
motion to overall upper limb function, prolonged 
periods of immobilisation post-injury should be 
avoided where possible, but this is always a 
balanced judgement taking into consideration 
factors such as realistic goals for the injury, the 
risk of loss of joint or fracture reduction and 
access to supervised rehabilitation and likely 
patient compliance.   

36.2     Surgical Approaches 

 Treating elbow trauma in an austere environment 
requires a sound anatomical knowledge and, in 
particular, a full understanding of the path of the 
three main nerves (median, ulnar and radial/

posterior interosseous) and brachial artery as 
they cross the elbow region [ 4 ]. The author would 
not recommend attempting elbow surgery with-
out this knowledge which is beyond the scope of 
this chapter. 

 Structures most at risk in surgical approaches 
to the elbow are the ulnar and radial/posterior 
interosseous nerves. The ulnar nerve is most at 
risk in the cubital tunnel passing very close to the 
medial capsule of the elbow joint. The author 
would recommend identifying it early in the sur-
gical exposure performing a limited gentle 
mobilisation and, if felt necessary, widening the 
tunnel between the two heads of the fl exor carpi- 
ulnaris muscle. Regular checking its location 
during the surgical procedure is recommended. 
Routine anterior transposition is usually not 
necessary. The radial nerve is vulnerable to over 
enthusiastic retraction for approximately 10 cm 
above the elbow joint to where it passes from 
medial to lateral just below the midpoint of the 
humerus. The posterior interosseous nerve is at 
risk in lateral approaches beyond three fi ngers 
breadths distal to the lateral joint line and lies 
close to the anterior capsule. 

 When planning a surgical approach, it is 
important to appreciate the likely degree of 
exposure required and whether triceps may need 
to be lengthened. Most elbow trauma can be dealt 
with using either variations of the posterior 
approach or a lateral approach. 

 The posterior approach is the most versatile 
for elbow trauma, a triceps splitting variation 
being used for extra-articular distal humeral 

a b

  Fig. 36.1    ( a ) Gunshot wound to elbow causing an open very comminuted fracture to elbow ( b )       
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fractures and open reduction of elbow disloca-
tions. The better exposure of the articular sur-
faces offered by an olecranon osteotomy 
makes it the approach of choice for intra-artic-
ular fractures. The author favours the patient 
being positioned laterally with the arm over a 
support such as an ether screen so that it hangs 
free at 90°. The use of a tourniquet is 
recommended. 

 The initial incision is longitudinal, centred 
on the olecranon. It should not pass directly 
over the olecranon. Curving to the radial side of 
the joint ensures good vascularity to the medial 
fl ap. The skin incision is deepened through the 
superfi cial fascia and then fl aps refl ected out to 
the medial and lateral condyles. The ulnar nerve 
should be identifi ed. Although there are many 
modifi cations of triceps splitting or refl ecting 
deep exposures, a distally based ‘V’ is simple 
and can be extended down either side of the 
olecranon. When treating a chronic dislocation, 
this also allows to lengthen triceps by closing in 
a ‘V’ to ‘Y’ fashion. 

 When treating an intra-articular fracture, after 
the superfi cial dissection, the author would 
recommend performing a Chevron osteotomy of 
the olecranon, having pre-drilled a hole for 
subsequent fi xation using a partially threaded 
cancellous screw if necessary supplemented by a 
fi gure of eight tension bands. The Chevron should 
be performed with a fi ne sawblade, sawing 
through 90 % of the bone before completing the 
osteotomy with an osteotome. The proximal 
olecranon can be retracted proximally with the 
whole triceps to offer excellent exposure to the 
whole of the distal humerus. 

 The lateral approach allows good exposure of 
the lateral condyle, including shear fractures of 
the anterior capitellum, and is the exposure of 
choice for radial head fractures and delayed 
radial head excision. This approach is best 
performed with the patient supine with the arm 
on an arm table, the elbow fl exed approximately 
70° and the forearm pronated. Again, a tourni-
quet is recommended. An incision approximately 
10 cm long is centred on the lateral joint line. 

 After superfi cial dissection, the exposure is 
between triceps and anconeus posteriorly and 
brachial radialis and extensor carpi radialis ante-
riorly. The extensor origin can be elevated off the 
humerus to allow wide exposure of the lateral 
portion of the joint. The posterior interosseous 
nerve is at risk during dissection of the proximal 
radius beyond three fi nger breadths below the lat-
eral condyle. This risk can be reduced by ensur-
ing that the forearm is pronated.  

36.3     Elbow Dislocations 

 Elbow dislocations occur in both children and 
adults, in children usually in later childhood/
adolescence. Posterior and posterolateral 
directions of dislocation are the most common, 
the usual mechanism being a fall onto the 
outstretched hand often with a valgus and external 
rotation force. This mechanism of injury damages 
the medial collateral ligament complex which is 
the key to elbow joint stability. A clinical 
diagnosis is usually fairly straightforward with 
obvious deformity, loss of the normal triangle 
between the two condyles and the olecranon. The 
elbow is usually in an extended posture. 
Neurovascular complications are very rare. The 
diagnosis should be confi rmed by plain x-rays 
looking carefully to identify any associated frac-
tures (Fig.  36.2 ).

   Closed reduction, either under sedation or 
general anaesthetic, should be performed 
using hyper-supination and longitudinal trac-

  Fig. 36.2    Elbow dislocation       
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tion. The main obstacle to reduction is muscle 
spasm. If the reduction is felt to be stable, 
immobilisation in a plaster of Paris backslab 
in a mid-pronated position for 1 week is rec-
ommended. If the reduction is felt to be unsta-
ble, then immobilisation for 3 weeks is 
recommended. Immobilisation longer than 4 
weeks has been shown to increase risks of 
long-term stiffness and is not recommended. It 
may take patients up to 6 months to reach an 
end point of recovery. Long- term studies have 
shown an average loss of 12° of extension at 2 
years post dislocation. More serious, long-
term problems such as chronic instability are 
uncommon. 

 In an austere environment, unfortunately not 
all elbow dislocations present acutely. Chronic 
elbow dislocation rarely seen in the western 
world is commonly seen in the austere environ-
ment. Beyond 1 week post-injury, the chances of 
a successful closed reduction begin to diminish, 
and certainly beyond 3 weeks post- injury, there is 
a fair likelihood that closed reduction will not be 
successful and that open reduction should be 
considered (Fig.  36.3 ). Most patients with a 

chronic posterior dislocation have very poor 
elbow function.

   Although the acute pain usually settles, the 
elbow becomes stiff in the extended posture. 
There is an extensive literature describing very 
satisfactory results from open reduction of 
chronic elbow dislocations [ 5 – 8 ]. These four 
papers cover a total of 175 patients aged from 
6 to 76 with durations of dislocation ranging 
from 1 week to 24 months with a preoperative 
range of movement of approximately 35° from 
the extended position. With a less than 3-month 
duration of dislocation, a lateral excision allowed 
satisfactory exposure, clearance of scar tissue 
and reduction of the joint. Beyond 3 months post- 
injury, a V to Y triceps splitting approach was 
required. If the elbow was stable once reduced, 
immobilisation for 3 weeks in a cast was recom-
mended. If unstable, temporary transfi xion with 
a thick K-wire for a period of 2–3 weeks is rec-
ommended. Post-operatively, patients regained 
a very functional range of movement of typi-
cally 35–115° with a low risk of complications. 
The fi ndings of these papers are summarised in 
Fig.  36.4 .

  Fig. 36.3    Chronic 
dislocation presenting 
6 weeks late       
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36.4        Distal Humeral Fractures 
in Paediatrics 

 Supracondylar fractures of the distal humerus 
are the most common elbow fractures in chil-
dren. They most commonly occur between the 
ages of four and ten due to a fall on the out-
stretched hand with a hyperextension force, 
often with a varus/valgus and rotational ele-
ment. As a result, 95 % are posteriorly dis-
placed. They have the potential for vascular 

compromise which if not dealt with urgently 
can result in serious long-term impairment of 
upper limb function. 

 There is an extensive body of evidence regard-
ing management though much of this is from 
individual case studies or comparative trials with 
small numbers of patients. The evidence is best 
summarised by the American Academy of 
Orthopaedic Surgeons’ new Paediatric 
Supracondylar Humerus Fracture Clinical 
Practice Guidelines published in 2011 [ 9 ]. 

  Fig. 36.4    Evidence-based recommendations for elbow dislocation management       
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Recommendations worthy of note are as 
follows:

    1.    We suggest non-surgical immobilisation of 
the injured limb for patients with acute 
Gartland type I fractures.   

   2.    We suggest closed reduction with pin fi xation 
for patients with displaced Gartland II and III 
fractures.   

   3.    We are unable to recommend for or against a 
time threshold for reduction of displaced 
supracondylar fractures of the humerus with-
out neurovascular injury.   

   4.    In the absence of reliable evidence, the opin-
ion of the work group is that closed reduction 
of displaced paediatric supracondylar humerus 
fractures be performed in patients with 
decreased perfusion of the hand.   

   5.    In the absence of reliable evidence, the opinion 
of the work group is that open exploration of the 
antecubital fossa be performed in patients who 
have absent wrist pulses and are under perfused 
after reduction and pinning of displaced paediat-
ric supracondylar humerus fractures. They were 
unable to make recommendations regarding 
exploration of the antecubital fossa with absent 
wrist pulses and a well-perfused hand.    

  The most widely accepted classifi cation sys-
tem for children’s supracondylar fractures is that 
of Gartland.

•    Gartland I undisplaced fractures  
•   Gartland II displacement though still some 

bony contact  
•   Gartland III complete displacement    

 When presenting acutely, the pain and 
deformity usually make the diagnosis simple. It 
is vital to assess for capillary fi lling in the hand, 
presence of the radial pulse and neurological 
status. Vascular compromise makes fracture 
reduction an emergency. Plain x-rays will reveal 
the degree of displacement. 

 Gartland type I fractures do well with 
conservative management consisting of a splint 
and sling for 2–3 weeks. Treatment options for 
Gartland type II and III fractures will depend 

upon the resources available. They range through 
blind reduction and cast immobilisation, 
reduction under X-ray control and either cast 
immobilisation or percutaneous pinning. An 
alternative to operative intervention is elevated 
straight arm traction as a means of defi nitive 
management. 

 The technique for closed reduction of supra-
condylar fractures remains best described by 
John Charnley in his book “The Closed Treatment 
of Common Fractures” [ 10 ]. He stresses the 
importance of focusing on the attached soft tis-
sues, namely, the triceps muscle and posterior 
periosteum. These can be kept tight by longitudi-
nal traction in the axis of the arm to draw the dis-
tal fragment into a reduced position. With the 
elbow still in a position of extension and then 
after a pause to allow correction of the extension 
component of the deformity, it is then possible to 
correct any lateral displacement and rotation 
before fl exing the elbow, now applying traction 
in the axis of the forearm to lock the fragments in 
position. 

 In the absence of X-ray facilities in the 
operating theatre, a plaster of Paris backslab 
should be applied. This has been shown to give 
very reasonable results for Gartland type II 
fractures [ 11 ]. The results are much better for 
Gartland type II fractures with 64 % good- 
excellent results compared with Gartland type II 
fractures where 47 % of patients achieved a 
good-excellent result. If there is an image 
intensifi er present in the operating theatre, the 
results are improved by inserting percutaneous 
K-wires to stabilize the fracture reduction [ 12 ]. 
Closed reduction and long-arm slab stabilization 
showed 68 % good-excellent results, while closed 
reduction and percutaneous K-wire fi xation 
showed 87 % good-excellent results (Fig.  36.5 ).  

 The most challenging situation in the 
management of supracondylar fractures in 
children is the presence of vascular compromise. 
Cold pulseless hand is an indication for 
emergency reduction of the fracture. In most 
cases, fracture reduction allows a good recovery 
of circulation. However, in the operating theatre 
with the fracture reduced, there may still be 
concerns regarding the vascularity of the hand. 
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This may be due to elbow fl exion in the presence 
of signifi cant soft tissue swelling causing exter-
nal compression on the brachial artery or, more 
rarely, actual damage to the artery by the initial 
injury. 

 Absence of a radial pulse in the presence of a 
well-perfused hand post-reduction can be man-
aged conservatively without vascular exploration 
[ 13 ]. In this series, the radial pulse returned by 
6-week follow-up with no long-term dysfunction. 
Surgical exploration should be recommended 
only if there is either severe pain in the forearm 
persisting for more than 12 h after the injury or if 
there are signs of deteriorating neurological func-
tion. This would require the presence of a sur-
geon competent in vascular reconstructive 
surgery and would often have to be combined by 
a fasciotomy of the forearm muscles. 

 In the situation where circulation is compro-
mised with the elbow fl exed but present with 
the elbow extended, a period of longitudinal 
skin traction is a very reasonable option. This 
maintains the fracture is an aligned position 
with good circulation. Indeed, this is a valid 
method of defi nitive management of Gartland 
type III fractures. The most common method of 
traction is that described by Dunlop with skin 
traction applied to the forearm and a counter-

weight over the upper arm. This has shown very 
good results for the defi nitive management of 
Gartland type III fractures with up to 93 % 
good-excellent results that compare very 
favourably with closed reduction and percuta-
neous pinning [ 14 ,  15 ].

  Interestingly, although this method of treat-
ment has continued to be used in the western 
world, in spite of an extensive literature search, 
the author was unable to fi nd any references to 
the results of its use in the austere environment. 
This suggests that the resource of 2–3 weeks in a 
hospital bed can be as limiting a factor as surgical 
resources. However, it does offer a safe predict-
able method of managing these injuries where 
surgical resources are extremely limited. 

 In addition to vascular complications, some 
patients have neurological defi cits at presenta-
tion, most commonly the ulnar and median 
nerves. These can be managed expectantly as 
they carry an excellent prognosis. Due to the 
young age of patients and the extra-articular 
nature of these fractures, the prognosis for 
recovery of a good range of motion is excel-
lent. Mal-union is fairly common but, whilst 
cosmetically unsightly, does not compromise 
upper limb function. If these injuries present 
beyond 1–2 weeks post-injury, mal-union is 

a b

  Fig 36.5    ( a ) Gartland III supracondylar fracture and ( b ) open reduction and K-wire fi xation of a neglected supracon-
dylar fracture       
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likely and should be accepted. It is hard to see 
any justifi cation for operating on a mal-union 
of the distal humerus in a child in an austere 
environment. 

 In summary, the key to management of supra-
condylar fractures in children is to avoid vascular 
compromise and be prepared to tolerate a degree 
of mal-union being confi dent that when the bone 
unites, stiffness will rarely be a problem. The 
defi nitive surgical management needs to be tai-
lored to the resources available.  

36.5     Intra-articular Elbow 
Fractures in Children 

 The complete ossifi cation of the bones around 
the elbow until 10–11 years of age makes the 
diagnosis of intra-articular fractures in children 
diffi cult. Knowledge of the order of ossifi cation 
is helpful (mnemonic = CRITOE – capitellum, 
radial head, internal (medial) epicondyle, troch-
lea, olecranon, external epicondyle lateral). 
Prompt diagnosis requires a high index of suspi-
cion. Oblique images will help diagnose lateral 
condyle fractures. X-rays of the uninjured elbow 
can be helpful. 

 Most intra-articular fractures occur in older 
children. The most diffi cult fractures are the lat-
eral condylar (Milch) fractures that occur in 
younger children. Oblique x-rays help identify 
the common rotational displacement that is a 
relative indication for operative treatment. The 
other indication is associated elbow subluxation. 
Open reduction is best performed through an 
anterolateral approach with internal fi xation with 
one or two k-wires.  

36.6     Distal Humeral Fractures 
in Adults 

 Compared with supracondylar fractures in chil-
dren, these are relatively rare injuries. They are 
mostly intra-articular in nature, the transverse 
supracondylar component being associated with 
a T or Y extension into the elbow joint. 
Undisplaced or minimally displaced fractures 

can be treated in a cast and sling for 3 weeks and 
then early mobilisation with the expectation of a 
very reasonable result. 

 The gold standard of treatment for displaced 
fractures is open reduction and internal fi xation 
to allow early mobilisation [ 16 ]. This requires 
complex equipment and a high level of surgical 
expertise. The basic principles consist of an 
olecranon osteotomy to obtain good exposure to 
the articular surfaces, provisional reduction of 
the articular component of the injury with 
temporary K-wires, reduction of the articular 
component to the shaft and then defi nitive fi xation 
using two plates. These can be placed medial and 
lateral or medial and posterolateral. The aim is to 
achieve rigid enough fi xation to allow early 
mobilisation and reduce the risks of long-term 
stiffness. 

 In the absence of the availability of this type 
of resource and expertise, closed reduction and 
percutaneous K-wire fi xation will achieve a 
reasonable position for bony union. It is likely 
that this will require protection in a cast for a few 
weeks, leading to some inevitable elbow stiffness. 
In the absence of any methods of fi xation, cast 
immobilisation of a short period of time and then 
early mobilisation is the chosen method of 
treatment though carries a high risk of mal- or 
non-union and long-term stiffness.  

36.7     Radial Head Fractures 

 These are common injuries, occurring more com-
monly in women with a peak incidence between 
30 and 40 years of age. Classifi cation [ 17 ,  18 ]:

•    Mason type I – undisplaced segmental 
fracture  

•   Mason type II – displaced segmental fracture  
•   Mason type III – displaced comminuted 

fracture  
•   Mason type IV – displaced comminuted 

fracture associated with elbow dislocation    

 Whilst in the western world type II and III 
fractures tend to be treated operatively, the 
results of conservative management are very 
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reasonable. The author would recommend a 
sling for comfort and then early mobilisation. A 
small number of patients may be left with some 
long-term discomfort and diffi culty with prona-
tion and supination. These could be treated 
beyond 3–6 months post-injury with a radial 
head excision (Fig.  36.6 ). A Mason type IV 
fracture represents an unstable type of elbow 
dislocation. If it is not possible to hold the 
reduction closed, percutaneous pinning should 
be considered.

36.8        Proximal Ulna/Olecranon 
Fractures 

 Fractures of the proximal ulna may be intra- 
articular (olecranon fractures), associated with 
radial head dislocation (Monteggia fractures) or 
both. The mechanism of injury is usually either a 
direct blow such as landing on the point of the 
elbow or an avulsion fracture when landing with 
the elbow slightly fl exed. Displacement is com-
mon due to the pull of the triceps muscle. 

 Conservative management is recommended 
for undisplaced fractures and in elderly patients. 
Undisplaced fractures should be immobilised for 
2–3 weeks and monitored for displacement. In 
the elderly, displacement can be accepted as long 
as the elbow is not subluxed. Early motion is rec-
ommended, the loss of extension strength being 
tolerated well. 

 If surgical skills and equipment is available, 
operative management is recommended for dis-
placed fractures. This author recommends paral-
lel 1.2 mm k-wires supplemented by a fi gure of 
eight tension band wire on the extensor surface 
for avulsion fractures without comminution 
(Fig.  36.7 ). This should be successful without 
intraoperative x-rays if care is taken to avoid pen-  Fig. 36.6    Radial head fracture seen intraoperatively       

a b

  Fig. 36.7    ( a ) Olecranon fracture. ( b ) Placing of wires for tension band wire       
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etrating the elbow point with the wires. It is worth 
taking care to bury the ends of the wires to reduce 
the need for subsequent wire removal.

   Fractures in the distal third of the olecranon, 
with associated comminution or Monteggia frac-
tures, require open reduction and internal fi xation 
with a plate and screws.  

36.9     Summary 

 Prompt, safe competent management of elbow 
trauma is important to preserve overall function of 
the upper limb. Early diagnosis and management 
gives far superior results to delayed management. 
In an austere environment, equal effort should be 
given to encouraging early presentation as to 
developing operative resources and expertise. In 
any setting, a clinician with sound anatomical 
knowledge and a good understanding of the treat-
ment options available by setting reasonable out-
come goals can achieve good results. The keys to 
management consist of avoidance of neurovascu-
lar and infective complications, prompt joint 
reduction and aiming for maintenance of reduc-
tion in a way that allows early motion.  

36.10     Elbow Trauma Case Report 

36.10.1     Situation and Resources 
Available 

 The location was a small hospital in Makeni, 
Sierra Leone. Full surgical team include 
orthopaedic surgeon, anaesthetist, scrub nurse 
and therapist. Hospital possessed a well-equipped 
operating theatre and a limited plain x-ray facility. 
After the 2-week visit, any post-operative 
supervision is to be provided by a local nurse and 
physiotherapist.  

36.10.2     Clinical Case 

 On the fi rst day of our visit, we were presented 
with a 37-year-old female who worked as a sec-
retary, complaining of pain in her dominant right 

elbow. There was a history of a fall from a moped 
3 weeks previously with ongoing pain and loss of 
function. Treatment from local healers had con-
sisted of application of medicinal herbs. On 
examination there was a clinical deformity con-
sistent with a posterior dislocation. There was no 
wound. Movements were from 10° to 30° with 
associated pain. There was no distal neurovascu-
lar defi cit. X-rays showed a posterior dislocation 
without any associated fractures (see Fig.  36.3 ).  

36.10.3     Treatment Rationale 

 Without intervention this lady would be con-
demned to a very poor result. Overall, the post-
injury pain would be expected to reduce over the 
next few months. She would be left with signifi -
cant loss of motion. The elbow would be fi xed in 
a fairly extended posture, seriously compromis-
ing her ability to position her still very functional 
hand in space. 

 Although there were some concerns regarding 
supervision and compliance with a post-operative 
rehabilitation during the fi rst 2–3 months post- 
surgery, these were felt to be acceptable. Although 
the local team had no experience of managing 
patients following open elbow surgery, they were 
capable of managing a surgical wound, fabricating 
a splint and constructing and supervising an 
exercise programme. The patient was educated 
and demonstrated a strong commitment to 
obtaining a good result. She lived within reach of 
the hospital. 

 The decision was made to plan surgical 
intervention under general anaesthetic. This 
would consist of an initial attempt at a closed 
reduction though with a low threshold for an 
open reduction. As there was only 3 weeks since 
injury, this would be through a lateral approach.  

36.10.4     Procedure 

 Under general anaesthetic, it was not possible to 
obtain a closed reduction. Through a lateral 
approach, it was possible to achieve a fairly easy 
reduction after limited soft tissue mobilisation. 
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The lateral ligaments were found to be torn; they 
were in good condition and therefore repaired. 
The elbow was stable through a range of motion 
from 30° to 120°. The wound was closed, a plas-
ter of Paris backslab applied with the elbow at 
90° of fl exion. The plan was for 3 weeks of 
immobilisation and then supervised mobilisation 
from a collar-and-cuff-type sling which would 
be worn until 6 weeks post-injury. The patient 
was reviewed at 10 days post-surgery. The 
wound was healing well and sutures were 
removed. There was a range of movement from 
50° to 110°. A further plaster of Paris backslab 
was applied. 

 She was followed up locally until 3 months 
post-injury, at which stage she was found to be 
making reasonable progress. She had a comfort-
able elbow with a range of motion from 20° to 
130° and full pronation-supination.      
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      Forearm Injuries                     

     David     Solfelt     

       Forearm fractures present a unique challenge 
to the physician who must properly manage 
the alignment of two bones which function in 
concert to allow the important upper extrem-
ity motions of pronation and supination. While 
restoration of length, alignment, and rotation 
is the goal of all long bone fracture treatment, 
the physician treating forearm fractures should 
also strive to preserve the curvature of the radius 
and interosseous spacing. Without attention to 
these details, pronation and supination and 
the ability of the patient to position the hand 
in space may be restricted. Treatment of fore-
arm fractures will be different in children and 
adults as children heal quickly and those with 
greater than 2 years growth remaining retain the 
potential for signifi cant remodeling. Because 
of the potential for remodeling, most closed 
children’s both bone forearm fractures can be 
treated nonoperatively and perfect reduction is 
not required. In contrast, operative treatment 
to restore alignment is the standard of care for 
displaced and unstable adult forearm fractures 
where resources are available. 

 Preservation of full pronation and supination after 
forearm fractures is dependent upon achieving the 
correct rotational and angular alignment of both 
bones. Because the ulna is a straight bone and 
reduction is easier to achieve and assess, the criti-
cal reduction is usually dependent upon restor-
ing radial alignment, rotation, and curvature. 
Cadaveric studies have demonstrated that even a 
5° reduction in radial bowing will produce a 15° 
loss of rotation due to alteration of interosseous 
spacing [ 1 ]. Even after perfect reduction, however, 
restriction of motion is often observed perhaps 
due to prolonged immobilization and contrac-
ture of the interosseous membrane. Fortunately, 
patients are often unaware of minor decreases 
in motion, and function can be satisfactory even 
with some loss of pronation or supination due to 
compensatory rotation through the shoulder joint. 
Morrey et al. reported adequate forearm function 
to require 100° total rotation with 50° of prona-
tion and supination [ 2 ]. 

 The most common midshaft both-bone fore-
arm fracture mechanism of injury is a fall on the 
outstretched arm producing a combination of 
axial loading and rotation [ 3 ] (Fig.  37.1 ). 
Understanding of the mechanism of injury is 
important, as full reduction of angular deformity 
requires correction of rotational malalignment. 
Incomplete both-bone fractures demonstrating an 
apex-volar deformity result from supination 
forces, whereas the less common apex-dorsal 
deformity results from some component of 

        D.   Solfelt ,  MD       
  Department of Orthopedic Trauma , 
 Meriter Unity Point Hospital ,   Madison ,  WI ,  USA   
 e-mail: dsolfelt@yahoo.com  

  37

mailto:dsolfelt@yahoo.com


498

 pronation [ 4 ]. The fi nal position of completely 
displaced both-bone forearm fractures depends 
on the location of the fracture in reference to 
muscular deforming forces. Isolated fractures of 
the radial shaft are rare, whereas isolated frac-
tures of the ulna are common because of the sub-
cutaneous position of the ulna and its exposure to 
direct blows such as occur in a fall against a sharp 
object or when putting the arm up as a shield and 
under attack.

37.1       Treatment of Forearm 
Fractures in Children 

37.1.1     Greenstick Fractures 

 Incomplete fractures of the radial or ulnar shaft 
occur in children and are referred to as greenstick 
fractures. They feature an intact cortex and peri-
osteum on the concave side of the deformity and 
are therefore partially stable. Closed reduction is 
generally successful but requires reversal of mal-
rotation in addition to counterpressure at the apex 
of the deformity. The intact periosteum on the 
concave side of the deformity typically prevents 
overcorrection, but a crack through the remaining 
intact cortex is often heard or palpated during the 
reduction maneuver. Completion of the fracture 
without disruption of the intact periosteum has 
been recommended in order to decrease recur-
rence of deformity, delayed healing, and the risk 
of refracture [ 5 ]. Since most greenstick fractures 
result from supination and present with an apex-
volar deformity, full reduction will require a 
degree of pronation. A helpful tip when consider-

ing reduction of angulated both-bone forearm 
fractures is to rotate the palm toward the defor-
mity [ 6 ]. The forearm should be immobilized in 
the position required to reduce the fracture with a 
long-arm cast and three-point molding.  

37.1.2     Complete Pediatric Forearm 
Fractures 

 Reduction of displaced both-bone forearm frac-
tures in children is best preceded by longitudinal 
traction. With appropriate anesthesia producing 
muscle relaxation, the patient should be posi-
tioned supine with the affected arm supported in 
fi nger traps, if available, and with the elbow in 
90° of fl exion. A 4–5 kg counterweight can be 
placed around the upper arm with a cloth sling. 
Traction assists in the correction of malrotation 
due to longitudinal muscular tension on the frac-
ture fragments. When suffi cient mobility of the 
fracture is recognized by the ability to translate 
the bones at the fracture site, reduction of the 
fractures is accomplished by manipulation. 
Manipulation may require exaggeration of the 
fracture deformity to “hook on” displaced frac-
ture ends, one bone at a time, after which rotation 
can be adjusted. The traction counterweight is 
removed if exaggeration of the fracture deformity 
is required. While re-manipulation is acceptable 
for incomplete reduction, avoid iatrogenic injury 
produced by excessive manipulation attempts 
remembering that complete translation (bayonet 
apposition) can be accepted, particularly in the 
younger child, as long as rotation and angulation 
are minimized (Fig.  37.2 ).

  Fig. 37.1    Malunion of a forearm fracture. This patient with an 18° angulation of the ulna demonstrated full supination 
but only 8° of pronation       
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   Keys to assessing rotation include matching of 
cortical widths and bone diameters at the fracture 
site. If length and angulation of one bone are cor-
rected but the other remains displaced, then there 
may be a rotational malalignment. X-ray assess-
ment of midshaft fracture rotation is aided by ref-
erence to normal bony landmarks. On an AP 
image, the radial tuberosity should be 180° oppo-
site of the radial styloid process. When assessing 
the ulna on a lateral x-ray, the ulnar styloid pro-
cess should be 180° opposite of the coronoid pro-
cess [ 6 ]. Cast the forearm in the position that 
reduces the fracture. Pronation of the mid- to dis-
tal radius results from activity of the pronator 
quadratus and pronator teres and is opposed by 
supination forces from the biceps and supinator 
muscles proximally. Proximal radial fractures 
occurring between the supinator and pronator 
teres may therefore require some degree of supi-
nation. Fractures in the midshaft are generally 
placed in neutral to slight supination. Fractures 

distally generally require neutral rotation to slight 
pronation.  

37.1.3     Cast Technique 

 After reduction of the pediatric both-bone fore-
arm fracture, application of a long-arm cast is 
best performed in sections. The arm may be 
casted hanging or placed in the position where 
periosteal hinges maintain reduction while the 
upper arm is supported. The entire upper limb is 
prepared with cast padding, and I prefer 
application of the short forearm section fi rst. 
Interosseous molding (fl attening of the of the 
forearm section to a “fi gure 8” shape) is per-
formed to maintain radial bow and interosseous 
spacing with three-point molding to preserve the 
position that reduced the fracture. 

 After the forearm section of the cast is 
hardened, rotation can be fine tuned while a 

a b  Fig. 37.2    Pediatric 
remodeling potential 
demonstrated for 
residual fracture 
translation and 
shortening. ( a ) Best 
possible reduction 
of a distal both-bone 
forearm fracture 
accepted in a 9-year-old 
child. ( b ) Near 
complete remodeling at 
5 months post injury       
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long- arm extension is applied. When applying 
a cast in 90° of flexion at the elbow, a hand 
should flatten the posterior above elbow sec-
tion of the cast so that the arm does sink into 
the cast as swelling decreases. Mercer Rang’s 
discussion of pediatric reduction and casting 
techniques is an excellent resource, and I 
agree with his recommendation that the weight 
of the cast be supported by an incorporated 
mid-forearm loop and cloth collar which 
maintains support along the ulnar border [ 4 ] 
(Fig.  37.3 ). Some authors report excellent out-
comes with no loss of reduction by casting 
both-bone forearm fractures in extension [ 7 ]. 
This is particularly helpful in young children 
with fat arms or with very proximal forearm 
fractures. A cast in extension needs a supra-
condylar mold to prevent distal migration 
caused by gravity.

   When a child cannot be closely observed after 
casting, the cast should be bivalved and taped. 
The tape can easily be removed to allow later 
spreading with the turn of a fl athead screwdriver 
or edge of a coin if signs of neurocirculatory 
compromise develop. A bivalved cast can be 
overwrapped with plaster or fi berglass when a 
child leaves the hospital or at the fi rst clinic visit 
if reduction has been maintained and 
neurocirculatory status of the arm is intact. 
Alternatively, if excessive swelling is observed 
during reduction, a coaptation “U” splint can be 
applied extending from the metacarpal heads 
dorsally, around the elbow, and up the volar fore-
arm to the palmar fl exion crease. The splint of 
2–3 inch plaster or fi berglass is secured with Ace 
bandages and can be overwrapped with casting 
material if the reduction is maintained at the fi rst 
clinic visit or when discharged from the hospital. 

a b

  Fig. 37.3    In children, better support of fracture reduction 
in a long-arm cast can be achieved with the addition of a 
forearm loop and cloth collar as described by Rang [ 4 ]. 
( a ) Unsupported ulnar border allows sliding of the arm 

within the cast and angulation of the fracture as swelling 
decreases. ( b ) Cast loop and collar keeps cast tight against 
the ulnar border and helps prevent fracture angulation due 
to traction from the weight of the cast       
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Parents should be informed that re-manipulation 
for a lost reduction after splinting is preferable to 
development of compartment syndrome if a rigid 
cast becomes too tight.  

37.1.4     Acceptable Reduction 
in Children 

 What constitutes acceptable reduction in both- 
bone forearm fractures is age dependent. In 
young children, complete translation (bayonet 
apposition) can be accepted along with some 
residual angular or rotational deformity. Noonan 
and Price [ 6 ] reviewed the literature and reported 
angulation of 15° and malrotation up to 45° can 
be accepted in children 0–9 years of age. 
Angulation of 10° and malrotation of 30° can be 
accepted in children nine years of age and older. 
Reduction criteria should be more strictly applied 
to fractures in the proximal third of the forearm 
as these have less potential to remodel. 

 Wedging of a cast at the fi rst postreduction 
clinic visit remains an effective means of 
improving unacceptable angulation [ 8 ]. A near 
circumferential defect is made at the apex of the 
deformity preserving a hinge large enough to 
maintain stability when cracked and during 
opening with a cast spreader. The location for the 
opening wedge is planned on x-ray by 
measurement of the distance from the apex of the 
fracture deformity to a metallic reference marker 
taped on the cast. The opening wedge is fi lled 
with a fi rm material, such as felt, before 
overwrapping with cast material. This prevents 
sharp edges against the skin and herniation of the 
skin into the opening. 

 The duration of cast immobilization depends 
upon the age of the child and the appearance of 
bridging fracture callus. Long-arm cast 
immobilization is typically for 3–4 weeks in chil-
dren less than ten years of age and up to six weeks 
in older children. This is followed by a brief 
period of short-arm cast protection, the length of 
which is guided by clinical fi ndings and fracture 
maturation observed on x-ray. When possible, we 
prefer examination and x-ray reevaluation of the 
fracture within two weeks of injury which allows 

opportunity for cast wedging, recasting, and frac-
ture adjustment in all but the youngest patients.  

37.1.5     Operative Fixation 
of Pediatric Fractures 

 While operative fi xation of forearm fractures in 
children is seldom required, indications include 
open fractures requiring debridement, fractures 
in the older child nearing skeletal maturity, unre-
ducible fractures with interposed soft tissues, and 
inability to maintain acceptable reduction. 
Because perfect reduction is not required in chil-
dren, closed intramedullary rodding has become 
the fi rst choice for pediatric internal fi xation of 
unstable forearm fractures. The technique of 
elastic stable intramedullary nailing (ESIN) of 
forearm fractures has been well described [ 9 – 12 ]. 
As there is limited availability of fl exible nails in 
resource-poor areas of the world, potential intra-
medullary devices available to the surgeon 
include K-wires, Steinmann pins, Rush rods, or 
rods fabricated from commercially available 
stainless steel stock in various thicknesses [ 13 ]. 
Good results have been reported with no differ-
ence in outcomes comparing ESIN and intramed-
ullary nailing with K-wires [ 14 ]. At Soddo 
Christian Hospital, commercially available 316L 
stainless steel stock rods, 125 in (1/8″) thick, are 
cut to length. A Rush rodlike bend at one end 
allows control of rotation, while the insertion end 
is rounded on a grinder [ 15 ]. 

 Closed intramedullary fi xation is attempted, 
and control of radial and ulnar fracture fragments 
with the intramedullary rod tip facilitates 
reduction. The tip of the olecranon is opened 
with a straight awl or drill and the olecranon 
apophysis crossed by a smooth rod without fear 
of signifi cant growth disturbance. Alternatively, 
the ulna may be addressed from the lateral 
olecranon with an elastic nail, thus protecting the 
apophysis and ulnar nerve. Passage across the 
fracture can be guided fl uoroscopically or with a 
limited open approach. After reduction, the rod 
should be measured and advanced to end 
approximately 2 cm above the distal growth 
plate. The rod has a 90° bend at the olecranon and 
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can be buried or left external to the skin for easy 
removal in the clinic. 

 With elastic nailing, the radius is normally 
entered from the radial styloid process as a 
fl exible nail will “turn the corner” without 
penetrating the ulnar cortex. Alternative entry 
points for a radial intramedullary rod when using 
nonelastic devices are just radial to Lister’s 
tubercle or between the fourth and fi fth 
compartments with retraction of the contents of 
the fourth dorsal compartment. A starter hole is 
made with a 3.2 mm drill after palpation of the 
radiocarpal joint to insure positioning proximal 
to the growth plate. These approaches are more 
direct and avoid a distal turn but still require a 
central prebend of 15–25° to preserve radial 
bowing. A slight bend of the rod tip helps to 
avoid penetration of the volar-radial cortex during 
insertion after which the rod can be rotated to 
recreate the radial bow. The distal end of the 
radial rod is left subcutaneous for removal in the 
pediatric population. 

 The size of the rod selected (typically 2.0–
2.5 mm) should be large enough to preserve radial 
alignment while fl exible enough to remain intra-
cortical during insertion. Single-bone intramedul-
lary fi xation of the radius or ulna can be accepted 
if the other bone can be reduced and is stable with 
supplemental immobilization. Intramedullary fi x-
ation effectively controls angulation and  translation 
but does not control rotation well. For this rea-
son, supplemental external fi xation is required 
until suffi cient callus formation is formed. If 
one forearm bone is rodded, supplemental fi xa-
tion will be required for a longer period of time 
(typically 6 weeks). When both bones are rod-
ded, the time of immobilization can be short-
ened and range of motion initiated sooner (3–4 
weeks). Intramedullary rods in children should be 
removed after union is established. 

 Temporary percutaneous K-wire pin fi xation is 
often used in metaphyseal fractures but is rarely 
applicable in diaphyseal fractures as pins tend to 
defl ect off the cortical bone and appropriate angles 
are diffi cult to achieve in transverse fractures. 
There is also a risk that percutaneously placed pins 
will displace incomplete butterfl y fragments. 
Percutaneous K-wire pin fi xation remains an 

option, however, for fractures at the metaphyseal-
diaphyseal junction or as temporary unicortical 
“joysticks” for fracture manipulation. When plat-
ing forearm fractures in children for any reason, 
smaller 2.7 or 3.5 mm plates should be used. 
Dynamic compression plating produces stress 
shielding, however, and there is a risk of refracture 
after plate removal in adults and children [ 16 ]. 
After plating, a long-arm splint may be applied for 
several days for purposes of pain management and 
wound healing. Early range of motion is desirable, 
however, when fracture stability is achieved intra-
operatively. When the patient is compliant, a short-
arm splint provides supplemental protection and 
easy removal for early active range of motion of the 
wrist and elbow including pronation and supina-
tion. If the patient is young or unreliable, a supple-
mental short-arm cast is indicated for 3–4 weeks.   

37.2     Forearm Fracture Treatment 
in Adults 

 The principles of closed manipulation and casting 
of forearm fractures in children can also be 
applied to adults, but there is less margin for error 
in the absence of remodeling. In adults, up to 10° 
of angulation and malrotation can be accepted 
provided radial bow and interosseous spacing are 
preserved. Because this is diffi cult to achieve in 
adults, open reduction and internal fi xation is the 
standard of care where resources permit. Internal 
plate fi xation allows anatomic restoration of 
length, alignment, and rotation, limits the need 
for postoperative immobilization, and allows 
early range of motion (Fig.  37.4 ). Small (3.5 mm) 
dynamic compression plates are optimal, but 
other plating options can also be effective. The 
risk of infection and nonunion is minimized by 
good sterile technique, careful soft tissue 
dissection, and limited periosteal stripping.

   While 3.5 mm dynamic compression plates are 
ideal for the open treatment of forearm fractures, 
compression of radial and ulnar fractures can also 
be achieved by eccentric drilling away from the 
fracture in the screw holes of non-compression 
plates such as a semi-tubular plate. As the beveled 
head of a screw is tightened into the plate, it will 
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center itself in the hole and push the bone applying 
some degree of compression. Alternatively, inter-
fragmental screws can provide compression in 
oblique or spiral fracture patterns after which a 
non- compression neutralization plate is applied. A 
slight concave prebend of dynamic compression 
plates toward the opposite cortex will help prevent 
gapping of the far cortex. The soft tissue attach-
ments to butterfl y fragments should be preserved 
whenever possible and larger butterfl y fragments 
secured with inter-fragmental compression screws. 
When plating fractures where limited plate sizes 
are available, we have often cut plates or accepted 
plates that are long while placing only enough 
screws to fi x six cortices on either side of the frac-
ture. I have sometimes accepted less than six corti-
ces when stabilizing very proximal radius fractures 
rather than perform extensive dissection that might 
lead to a radioulnar synostosis. When faced with 

limited screw sizes, the surgeon can pre-tap screw 
holes and then cut excessively long screws with a 
pin or bolt cutter to the appropriate length. 

37.2.1     Operative Exposure 
of the Forearm 

 Operative exposure of the forearm, whether for 
plating or minimally open intramedullary nailing, 
is accomplished through three “workhorse” 
incisions that exploit the internervous planes. 
The anterior approach to the radius described by 
Henry allows exposure of the entire bone in the 
interval between the fl exor/pronator and mobile 
wad (brachioradialis, extensor carpi radialis 
brevis, and extensor carpi radialis longus) muscle 
groups. Any portion of the incision can be utilized 
depending upon the level of the fracture. In the 

a

b

c

  Fig. 37.4    ( a – c ) An 
example of a comminuted 
midshaft forearm fracture 
treated with plate fi xation. 
Given only these images, 
one might suggest that 
bending of the radial plate 
may have been helpful to 
preserve normal radial 
bowing. The necessity for 
additional plate contouring 
in comminuted fractures 
where anatomic reduction 
is not possible is best 
determined by 
intraoperative assessment 
of range of motion and 
imaging       
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distal forearm, the radial artery can be mobilized 
to the radial or ulnar side but is best mobilized 
ulnarly in the mid- and proximal forearm because 
it tracks to the ulnar side of the elbow. Branches 
of the radial artery to the brachioradialis are 
divided in the proximal forearm including the 
major radial recurrent branch near the elbow. 

 Distally, the radius is exposed in pronation by 
elevation along the radial attachments of the 
pronator quadratus and fl exor pollicis longus. In 
the midshaft portion of the radius, the pronator 
teres is elevated along with the radial attachment 
of the fl exor digitorum superfi cialis. The 
superfi cial radial nerve should be protected as it 
tracks under the cover of the brachioradialis 
muscle. In the proximal forearm, full supination 
of the radius is obtained prior to release of the 
supinator along its ulnar border to protect the 
posterior interosseous nerve. The posterior 
interosseous nerve lies within the supinator 
muscle and exits the muscle dorsally 
approximately 1 cm proximal to the distal border 
of the muscle. The anterior approach does not 
allow direct visualization of the posterior 
interosseous nerve, and therefore care must be 
taken to place retractors directly on the bone 
during exposure of the proximal radius. 

 The midshaft portion of the radius can be 
exposed dorsally through Thompson’s approach. 
The most useful portion of this incision is 
proximal to the thumb “outcroppers” (extensor 
pollicis brevis and abductor pollicis longus) in 
the interval between the mobile wad and wrist 
extensors. We fi nd this incision most useful for 
midshaft fractures and when a plate is desirable 
on the tension side of an apex-dorsal fracture 
pattern. While this approach is appealing because 
the radius can be palpated subcutaneously in the 
interval, the volar approach is more easily 
extended and cosmetic. 

 Exposure of the entire length of the ulna is 
accomplished along the subcutaneous border of 
the ulna between the fl exor and extensor carpi 
ulnaris muscles. Ulnar plates can be positioned 
volar or dorsal in the location best minimizing 
soft tissue damage and depending on the fracture 
pattern. 

 Any portion of the three common operative 
exposures can be utilized for limited exposure to 
facilitate open reduction and intramedullary 
rodding in adults. In a resource-poor environment 
where plate fi xation is not available, 
intramedullary rodding with Rush rods, or those 
fabricated from commercially available stainless 
steel stock, has been reported to be an effective 
treatment technique for displaced both-bone 
forearm fractures in adults [ 15 ]. In adults, the 
ulna is approached from the olecranon tip as in 
children. The radius is approached from a dorsal 
incision between the fourth and fi fth dorsal 
compartments. A rod placed through this interval 
follows the natural bow of the radius, but a central 
prebend and slight upturn of the tip is applied. An 
example of a patient treated with this technique is 
illustrated in Figs.  37.5  and  37.6 .

37.2.2         Treatment of Open Forearm 
Fractures 

 Open fractures of the forearm require urgent 
treatment to reduce the risk of infection 
(Fig.  37.7 ). Parenteral antibiotics and tetanus 
prophylaxis should be given upon admission 
and open wounds covered prior to transport to 
the operating room to reduce colonization with 
hospital-acquired organisms [ 17 ]. While there 
is controversy regarding choice of antibiotics 
and choices may be few in a resource-limited 
environment, a fi rst-generation cephalosporin is 
generally recommended for Gustilo type I and 
II open fractures with the addition of an amino-
glycoside for type III fractures [ 18 ]. Penicillin or 
ampicillin should be added for anaerobic cover-
age in fractures contaminated with soil or result-
ing from farm exposure. While the importance of 
immediate antibiotic treatment is well supported, 
the optimal duration of antibiotic coverage is less 
clear with some authors recommending a three-
day course of antibiotics with additional three-
day courses at the time of subsequent procedures 
[ 19 ]. Others have recommended 1 g cefazolin 
every 8 h until 24 h after wound closure with the 
addition of gentamicin (weight-adjusted dosing) 
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or levofl oxacin (500 mg every 24 h) for Gustilo 
type III fractures [ 20 ].

   Initial operative goals include meticulous 
and systematic debridement, irrigation, and pro-
visional stabilization. All devitalized and heav-
ily contaminated soft tissues are sharply excised 
beginning with the skin, continuing with subcu-
taneous tissue and muscle, and ending with the 
bone. The bone often requires debridement with 
a curette and rongeur to remove impregnated 
contamination. Bone fragments without soft 

 tissue attachment are discarded in an open frac-
ture with obvious contamination as they will 
become a nidus for infection and osseous defects 
can be reconstructed and grafted later. After 
debridement of highly contaminated wounds, an 
antibiotic bead pouch is useful for delivery of a 
high local antibiotic concentration and for fi ll-
ing of soft tissue voids pending defi nitive soft 
tissue coverage procedures. Antibiotic beads 
can be locally made with a batch of bone cement 
 incorporating powdered aminoglycoside or 

a

b

  Fig. 37.5    Case 1. 
( a ) 28-year-old East 
African male with a 
closed both-bone 
forearm fracture. 
( b ) Treatment with 
limited open 
intramedullary 
nailing utilizing 
“Rush-type” rods 
fabricated from 
stainless steel stock. 
Union occurred after 
initiation of early range 
of motion at 4 weeks       
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 vancomycin and molded like pearls along a 
small gauge wire with a knot at each end [ 21 ]. 
Smaller beads and smaller gauge wire allow 
fl exibility for conformity to soft tissue defects. 
The number of beads incorporated into each 
string should be recorded so that all beads are 

retrieved at the time of subsequent procedures. 
When using antibiotic beads, an occlusive seal 
is desirable utilizing a dressing such as Ioban or 
sterile plastic “cling” wrap in order to maintain 
a seroma with high antibiotic levels. During 
debridement, every effort is made to preserve 

a

b c

  Fig. 37.6    Clinical photographs for Case 1. ( a ) Photograph demonstrates limited ulnar incision and prominent rod tip 
at the olecranon. ( b ,  c ) Final range of motion achieved prior to rod removal in the clinic       

  Fig. 37.7    Open midshaft 
ulna fracture       
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the median, ulnar, and radial nerves. When there 
is traumatic nerve loss, nerve ends should be 
identifi ed and tagged with a colored monofi la-
ment suture to facilitate identifi cation for later 
reconstruction and nerve grafting. Vacuum-
assisted closure has been found to be effective 
in the management of open fracture wounds 
where resources for this technique are available 
or can be fabricated [ 22 ]. Negative- pressure 
wound care is reported to improve wound heal-
ing and decrease infection by reducing edema 
and bacterial counts, increasing blood fl ow, and 
stimulating granulation tissue [ 23 ]. 

 Gustilo type I and II open fractures can be sta-
bilized with the same fi xation options as closed 
fractures provided skin closure is possible and 

there is limited soft tissue contamination. For 
more serious grade II and grade III open frac-
tures, spanning external fi xation is the treatment 
of choice to preserve length and stability while 
awaiting soft tissue stabilization and skin cover-
age procedures. Defi nitive skeletal fi xation can 
often be performed at the time of soft tissue cov-
erage. Intramedullary fi xation is often preferable 
to plate fi xation in Gustilo grade II and III open 
fractures to avoid additional dissection in already 
compromised tissues. When the condition of the 
wound has stabilized without signs of infection, 
soft tissue defects can be treated with split-thick-
ness skin grafting and groin or abdominal fl aps 
when more extensive coverage is required 
(Figs.  37.8  and  37.9 ).

  Fig. 37.8    This 
teenager sustained a 
crush injury to the 
forearm, causing an 
open comminuted 
fracture and extensive 
soft tissue loss. An 
external fi xator was 
used to stabilize his 
forearm, while attempts 
were made to manage 
the soft tissue injuries 
and revascularize the 
hand       

  Fig. 37.9    An example 
of a delayed split-
thickness skin grafting 
and external fi xation 
for management of a 
type III open fracture 
following a gunshot 
wound to a child’s 
forearm       
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    External fi xation is the ideal solution for pre-
serving length and alignment in cases where soft 
tissue injury or contamination does not permit 
internal fi xation. External fi xation pins should be 
located with incisions large enough to protect the 
neurovascular structures and in the subcutaneous 
bone wherever possible. The skin around pin 
sites must be released fully to avoid tethering 
which can predispose to skin necrosis and infec-
tion. It is essential to prevent thermal necrosis 
during pin insertion in the cortical bone by pre-
drilling pin sites and cooling the pins during 
insertion with irrigation. After an initial period of 
compression wrapping while pin sites are stabi-
lized, pin sites are left open and daily pin care can 
be managed by cleansing with soap and water 
only. Pin tract infections can usually be managed 
by cleansing the involved pin site with sponges 
moistened with a dilute bleach solution (one capful 
in a large wash basin of water) and an antibiotic 
course of trimethoprim sulfamethoxazole. If the 
pin site infection does not clear, the pin will need 
to be relocated and the prior pin site curetted. 

 Where external fi xation is not available, pins 
and plaster can be applied on a temporary basis. A 
small transverse Steinmann pin in the hand is 
passed obliquely from the radial base of the sec-
ond metacarpal exiting dorsally the third metacar-
pal. A second transverse pin is placed from medial 
to lateral in the olecranon avoiding the ulnar nerve. 
Longitudinal traction is maintained while a cast is 
applied over the dressing and pins. This method 
can preserve length where there are no other alter-
natives or until soft tissues permit a defi nitive solu-
tion. A window can be placed in the cast to allow 
frequent dressing changes to an open wound. 

 When faced with bone loss in the treatment of 
an open fracture, consider early autologous bone 
grafting when the soft tissues permit. Only small 
amounts of the local bone can be harvested from 
the distal radius or olecranon, and iliac crest bone 
is better and necessary for larger defects. In frac-
tures that are extensively comminuted, avoid 
extensive soft tissue stripping required for ana-
tomic reduction and use a spanning plate to main-
tain length and preserve vascularity. Warn the 
patient that a secondary procedure may be 
required later.  

37.2.3     Delayed Presentation 
of Forearm Trauma 

 In a resource-poor environment, patients often 
take time to reach appropriate care. They may 
present days to weeks after the original injury. 
Preoperative elevation of the extremity is initiated 
on admission to reduce swelling and decrease dif-
fi culties with manipulation or operative exposure. 
The patient should be started on a program of 
therapy and self-directed exercises for hand, 
wrist, and elbow range of motion. Fracture align-
ment may be improved by manipulation under 
anesthesia but expect soft tissue shortening to pre-
vent anatomic reduction. The physician must then 
decide whether or not to allow the fracture to pro-
ceed to union with planned delayed osteotomy of 
a malunion or to attempt open reduction and inter-
nal fi xation. In a child with growth remaining, 
acceptance of a “best possible” reduction is pref-
erable with delayed osteotomy for those who end 
up with unacceptable alignment or function. In 
adults, open fracture reduction is feasible within 
3–4 weeks of injury. Judicious use of a lamina 
spreader is an effective tool to regain length. 
Callus that is removed during fracture exposure 
should be saved for grafting. Symmetrical and 
limited shortening of the radius and ulna is an 
acceptable solution if it avoids devitalization of 
the bone caused by excessive soft tissue stripping 
when struggling to attain anatomic “end to end” 
reduction. 

 When the presentation is very delayed, mal-
union or nonunion is common and the patient will 
present with severely restricted motion. Operative 
treatment of a malunion or nonunion will require 
preoperative planning not only to correct angular 
deformity but to restore radial bow and rotational 
alignment. Oblique osteotomies are effective 
because they allow inter-fragmental compression 
screw fi xation followed by neutralization plating. 
In the case of a nonunion, the intramedullary canal 
should be recannulated with a drill and the cortical 
bone lightly fi sh scaled with a small osteotome to 
stimulate a healing response. A hypertrophic non-
union requires primarily stability to heal, whereas 
an atrophic nonunion requires stability and reacti-
vation of a biologic healing response with autolo-
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gous bone graft. The patient should be counseled 
that the risk of infection and synostosis is higher 
after this type of reconstruction effort.  

37.2.4     Monteggia and Galeazzi 
Fractures 

 When evaluating the patient with a forearm 
injury, inspect for deformity at the wrist or elbow. 
Prominence of the radial head suggests a 
Monteggia fracture with fracture of the proximal 
ulna in association with a radial head dislocation. 
The Bado classifi cation for Monteggia fractures 
is widely referenced [ 24 ]:

   Type 1 – ulnar fracture with anterior dislocation 
of the radial head  

  Type 2 – ulnar fracture with posterior dislocation 
of the radial head  

  Type 3 – ulnar fracture with lateral dislocation of 
the radial head  

  Type 4 – dislocation of the radial head with 
fractures of the radius and ulna    

 In all Monteggia fracture types, the radial 
head will not reduce until the ulnar fracture is 
reduced. The radial head is typically stable after 
reduction of the ulnar fracture, and if not, the 
quality of the ulnar reduction should be 
reassessed. Radiocapitellar joint pinning should 
be avoided if at all possible as it invariably results 
in unacceptable elbow stiffness or fracture of the 
pin. If the radial head is pinned, it should be for 
no longer than ten days and the arm should be 
immobilized in a long-arm cast. 

 Deformity with prominence of the distal ulna 
may indicate a Galeazzi fracture with an isolated 
fracture of the radial shaft in association with dis-
tal radioulnar joint (DRUJ) dislocation or sublux-
ation. Anatomic reduction of the radius is required 
followed by assessment of distal radial ulnar joint 
stability. Immobilization in supination is often 
required to maintain reduction of the distal radio-
ulnar joint. If stability cannot be maintained, 
internal fi xation of the distal radioulnar joint with 
two pins placed proximal to the joint from the 
ulna into the radius is effective but fi xation should 

be limited to no more than two weeks. If the 
DRUJ is unreducible, open reduction and repair 
of capsular structures is required.  

37.2.5     Compartment Syndrome 

 Compartment syndrome of the forearm is infre-
quent but vigilance is required to prevent a cata-
strophic result. Of the fi ve “Ps” commonly 
referenced for the clinical diagnosis of compart-
ment syndrome (pain, pallor, paresthesia, pulsel-
essness, and pain with passive stretch), the most 
useful signs are pain unrelieved by appropriate 
narcotic medication and pain with passive stretch 
of the involved compartment muscles. By the 
time pallor, paresthesia, or pulselessness is 
observed, muscle tissue is already dying. 

 Compartment pressures can be measured by 
observation of the pressure required to move a fl uid 
meniscus in IV tubing connected to a large- volume 
syringe and a mercury-fi lled manometer via a three-
way stopcock. An 18-gauge or smaller needle is 
connected to the IV tubing and inserted in the com-
partment to be measured. The stopcock is opened 
and the air in the syringe injected until the sterile 
saline fl uid meniscus begins to move at which point 
the pressure is read off the manometer. While a 
measurement of greater than 30 mmHg is confi rma-
tory, the diagnosis of compartment syndrome is 
ultimately clinical, and the surgeon must be pre-
pared to act upon clinical fi ndings. Compartment 
releases can be performed at the time of internal 
fi xation, and wounds left open for delayed primary 
closure or split-thickness skin grafting (Fig.  37.10 ). 
If compartment syndrome is suspected, Henry’s 
anterior approach is suffi cient to release the volar 
forearm compartment, but a separate carpal tunnel 
incision should be considered to release the median 
nerve. A longitudinal dorsal approach is suffi cient 
to release the dorsal compartment.

37.2.6        Isolated Fractures of the Ulna 

 Isolated shaft fractures of the ulna are often 
referred to as “nightstick” fractures. Closed 
reduction of displaced fractures is diffi cult due to 
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the intact radius and interosseous membrane. 
Closed treatment is acceptable when there is 
minimal translation at the fracture site and angu-
lation of less than 10°. Because these fractures 
are typically stable, immobilization can be 
accomplished in a below elbow cast, splint, or 
functional Sarmiento-type sleeve. Fully displaced 
fractures of the ulna should be treated 
operatively.  

37.2.7     Amputation 

 When trauma is so severe that limb salvage is 
not an option, mid-level forearm amputation 
with length preservation may be necessary. 
Rounded bone edges and myodesis of fl exor and 
extensor muscle groups to stabilize the amputa-
tion stump are desirable. Forearm length is 
especially important for patients where access 
to prosthetic limb replacement is limited and is 
necessary to provide a strong lever arm for lift-
ing activity. In order to preserve length, soft tis-
sue coverage procedures may include abdominal 
or groin fl aps and split-thickness skin grafting. 
These procedures are well tolerated in the upper 
extremity as the limb will not be end weight 
bearing. The Krukenberg operation to provide a 
bifi d hand with “pincer”-type grip is an option 
for patients with bilateral upper extremity 
amputations where a functional prosthesis can-
not be obtained or is rejected [ 25 ,  26 ]. If a 
Krukenberg procedure is contemplated, every 

effort should be made to preserve length of the 
radius and ulna and the pronator teres muscle 
which provides the power for the pincer func-
tion. The ability to provide sensate skin at the 
tip of the “pincer” is also a requirement for con-
sideration of this procedure.      
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      Hand and Wrist Orthopaedic 
Injuries                     

     Rishee     Parmar     

       Hand and wrist injuries are fairly common around 
the world. The majority can be treated conserva-
tively, especially in an environment where the 
resources are limited. The main goal is to return 
the patient to a level of function that is accept-
able to them. Education about their injury and the 
prognosis will help them understand the rehabili-
tation process. Stiffness, mal-union and infection 
can lead to great functional loss. Operative fi xa-
tion can help with early mobility and avoid mal-
union but the risk and the diffi culties of dealing 
with an infection can be very considerable in the 
austere environment. Therefore, the decision to 
operate has to be based on careful consideration 
of the case and the local situation. A healed frac-
ture with an element of mal-union or stiffness 
will be better than an infected operative fi xation 
with a risk of amputation. 

38.1     Epidemiology 

 Hand and wrist injuries are common complaints 
in the austere environment. A study from Nigeria 
found the male/female ratio was 1.8:1, and the 
average age was 26.9 years. Engineers and 

technicians represented 27 % of patients with 
hand injuries. Most cases occurred because of 
road traffi c injuries, followed by machine inju-
ries. 57.1 % of patients with mechanical injuries 
were admitted to the hospital. The majority 
received minor surgical treatment, and 16.2 % 
had a digit amputated. Hand injuries are com-
monly seen amongst technicians and civil or pub-
lic servants; these people constitute the economic 
work force [ 1 ]. 

 Ooates et al. found 1130 upper extremity inju-
ries per 100,000 persons per year, meaning that 
the average American has a 1-in-88 chance of 
presenting to the emergency department with an 
upper extremity injury in a given year. Of those 
injuries the wrist accounted for 15.2 % and fi nger 
injuries 38.4 %. Fractures account for 40 % of the 
injuries [ 2 ], which is similar to prior reported 
incidences of fi nger fractures of 380 per 
100,000 in the UK [ 3 ]. 

 Angermann et al. reports the causes, charac-
teristics and treatment of injuries to the hand and 
wrist which presented to fi ve accident and emer-
gency departments in a 2-year survey of 13 % of 
the Danish population. The rate of injury to the 
hand or wrist was 28.6 % of all injuries, or 3.7 per 
100,000 inhabitants per year. 34 % of the acci-
dents were domestic, 35 % were leisure acci-
dents, 26 % were occupational and 5 % were 
traffi c accidents. The most frequent causes for 
admission were fractures (42 %), tendon lesions 
(29 %) and wounds (12 %) [ 4 ]. 
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 The economic impact is great. A study in 
Holland highlighted that hand and wrist fractures 
are ranked fi rst in injuries of this area for loss of 
productivity and healthcare costs [ 5 ].  

38.2     Management 

 Thankfully the management of hand and wrist 
injuries is not too reliant on equipment – except for 
an image intensifi er – for the best results, although 
plain fi lms can be used intraoperatively, or if this is 
not possible, your clinical acumen. A good knowl-
edge of surface anatomy and fracture pathoanat-
omy will get you very far in these situations. 

38.2.1     Conservative Treatment 

 The majority of fractures can be treated conserva-
tively with splintage or casting and hand therapy. 
This is a skill in itself and I would encourage you 
to spend some time with the therapists before you 
go on your missions, especially as you may not 
have any physiotherapists, hand therapists or plas-
ter technicians. Questions to ask yourself before 
embarking on conservative treatment are: Do you 
have the capacity for intensive follow-up? Can the 
patient attend? Have they travelled a large distance 
with money they really cannot afford to spend? Is 
your splint going to last the course of treatment? 

 You can make splints for fi ngers from many 
objects, from pieces of wood and cardboard to 
rolled-up pieces of plaster of Paris. Below elbow 
splinting can be achieved with similar materials. 
The plaster may be of poor quality which cracks 
very easily. One method to reinforce your casting is 
to roll up a piece into a snake-like structure and lay 
it on your cast and then roll a few more turns of 
plaster over the top, thereby incorporating a dowel-
like strut within your cast over potential stress areas.  

38.2.2     Operative Management 

 For the operative management of hand and wrist 
fractures, the gold standard should be attempted if 
resources are available. However, in an austere 

environment, the majority of fractures can be 
treated with Kirschner wires (K wires). Remember 
your K wires are precious and try and use the cut 
end as another implant. Sharpen pieces with an 
oblique cut at the end with your wire cutters to 
reuse the K wire. Check all your available 
resources before you start. These should include 
theatre and or capacity, anaesthetist, nurses, the-
atre runners, X-ray or image intensifi er, drugs 
including general or local anaesthetic agents, 
blood and antibiotics, tourniquet, preparation fl u-
ids, drapes, theatre and arm table, operative equip-
ment, power sources and suture material. Are 
there drills and saws and if so which type? Are 
there hand chucks available? Do you have any 
implants and if so are they sterile and the correct 
size and appropriate for the set you have? 

 In an ideal situation, you would be in a clean 
air theatre with a patient under a regional or 
general anaesthetic with a tourniquet applied and 
infl ated with a safe regulated pressure. The arm 
would be prepped with a chlorhexidine or 
Betadine with alcohol and draped with sterile 
impervious drapes. The reality may be very 
different. You may not have an anaesthetist but 
the advantage of the hand and wrist is that it is 
easily anaesthetised peripherally in the distal 
forearm, with a good knowledge of anatomy, but 
keep in mind the pain from a tourniquet will not 
be tackled unless it is a fi nger tourniquet. 

 The tourniquet may be hand pumped without 
a gauge or in absolute necessity a tight bandage 
after using it as an Esmarch-like device. The 
drapes may have huge holes in them in which 
case overlapping or folding them over is a way to 
minimise the holes. 

 Use the available resources to the best of your 
ability, and be sure you have done the most pos-
sible in that environment for that patient in terms 
of infection control using all your basic princi-
ples. Try and maintain your standards in an envi-
ronment where people around you may think it is 
futile, as they do not have resources. At the 
Queen Elizabeth Central Hospital (QECH) in 
Malawi, there were no differences in infection 
between HIV-positive and HIV-negative patients, 
and despite having cloth drapes and gowns and 
no laminar fl ow and using antiseptic bars of 
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soap, an infection rate of around 5 % was 
achieved [ 6 ]. A study also shows that union rates 
with HIV are no different if standards are main-
tained [ 7 ]. 

 In terms of equipment, using with K wires 
with a hand chuck is much more controlled than 
trying to use a hand drill to place them. The local 
environment may have engineered sterile cloth 
bags to drop battery-powered drills into which 
you can then use a long sterile chuck through a 
metal ring to allow use of a powered drill 
(Fig.  38.1a, b ).

   A spiked towel clip is an invaluable piece of 
equipment. It can act as a reduction tool for 
many a hand fracture and also to provide traction 
and rotational control on a fi nger by holding the 
distal bone through some stab incisions; this is 
much better than using a swab and sponge holder 
as it is less traumatic and gives much better 
control. 

 I generally fi nd with hand injuries that less 
is more. The less disruption of the soft tis-
sues you can achieve, the more likely you will 
have a good result especially in an environment 

a

b

  Fig. 38.1    ( a ) Sterile 
cloth bags to drop battery-
powered drills into. ( b ) A 
long sterile chuck through 
a metal ring to allow the 
use of a powered drill       
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where  rehabilitation specialists are not available. 
Attempt to achieve the best reduction and rota-
tional alignment possible with the least amount 
of soft tissue disruption to allow the most post-
operative movement. This is the art of hand 
injury management. For bone loss, K wires can 
be shaped to act as intramedullary spacers, or 
bones can be cross K wired to the adjacent nor-
mal bone to keep length if feasible, until defi ni-
tive management can be planned.   

38.3     Distal Phalanx 

 The majority of distal phalanx fractures can be 
treated with splinting for 2–3 weeks leaving the 
PIPJ free. Occasionally a displaced fracture may 
require a longitudinal K wire or screw, with a 
screw allowing faster return to function. Warn 
patients that tip pinch may take months to fully 
recover [ 8 ,  9 ]. 

38.3.1     Mallet Injuries 

 Simple mallet fi ngers can be managed with a 
mallet splint, ensuring hyperextension of the 
DIPJ for 6 weeks full time and 2–6 weeks at 
night. Simple bony mallet can be treated simi-
larly if the bone is reduced with splinting. 
However, if there is >1/3 articular surface with-
out subluxation or actual subluxation of the joint, 
then an extension block K wire with a trans-artic-
ular wire for maintaining joint reduction will be 
needed. The wires stay in for 6 weeks and the 
joint splinted to avoid K-wire complications [ 10 ]. 

 Screw fi xation does lead to earlier return to 
work but this has to be offset against higher com-
plications and longer operative time [ 11 ].   

38.4     Middle Phalanx 

 Treating middle phalanges is fairly similar to the 
proximal phalanx but there are more studies 
relating to the proximal phalanx. Stable injuries 
should be treated with splinting or buddy strap-
ping to the adjacent fi nger to allow early motion. 

 Intra-articular condylar injuries need fi xation 
in adults. There is some evidence to show chil-
dren can remodel [ 12 ]. The principle is to restore 
the articular surface and allow early movement. 
This is achieved with screws or K wires. The en 
bloc reconstruction of the articular surface has to 
be fi xed to the proximal part of the fracture to 
allow stability. There is no biomechanical differ-
ence in cadavers [ 13 ]. K-wire irritation may 
occur with early movement, whereas splinting 
may be protective against this [ 14 ]. 

 If K wires are used, splint the DIPJ but allow 
tendon gliding by allowing MCPJ and PIPJ 
movement. The wires stay for 4 weeks. 

 Neck fractures can be treated by extending the 
DP and placing a trans-articular wire retrograde 
through the base of the DP into the middle pha-
lanx head; then reduce the fracture and drive the 
wire into the bone [ 15 ]. 

 An alternative technique is to fl ex the DP after 
reducing the fracture. Insert a K wire through the 
head into the proximal part of the phalanx and 
then back out the wire until it sits just under the 
articular surface [ 16 ]. 

 Transverse fractures tend to angulate dorsally. 
These are diffi cult to reduce and hold. Flexing the 
PIPJ and DIPJ helps with the reduction. A plate 
can be used and has the advantage of early return 
to function [ 8 ]. 

 Cross K wiring is technically demanding as the 
bone is small. An image intensifi er would be helpful 
to ensure the joints are avoided. I would use a dou-
ble-ended K wire and place them retrograde from 
the condyles and then drive the wire out through the 
proximal bone and pull the wire back from there 
until the collaterals are no longer tethered. This is a 
very good technique to avoid the joint and be able to 
have more safety without image intensifi er. If you 
need to open the fracture to see the reduction, then 
you can drive a wire anterograde into the distal part 
of the fracture and then retrograde [ 9 ,  17 ]. 

 Unstable oblique fractures can be treated by 
screws or K wires as described in the proximal 
phalanx section [ 8 ]. 

 Unstable extra-articular base fractures may be 
treated with cross K wiring from the articular lip 
into the shaft, or if this is not feasible, then reduce 
the fracture with fl exion of the joint and place a 
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trans-articular wire through the head of the 
proximal phalanx down into the base and across 
the fracture site into the shaft [ 9 ].  

38.5     PIPJ 

 A recent Cochrane review of conservative 
treatment of hyperextension injuries stated there 
was a lack of robust evidence to state one method 
is better or worse than another between splinting, 
protected mobility and free mobility [ 18 ]. 
Therefore strapping the fi nger is probably the 
best combination of protection and mobility. 

 Intra-articular base fractures with greater than 
30 % fractured are potentially unstable. They can 
be treated conservatively but need very close 
monitoring. They can be fi xed with a screw if not 
comminuted to allow for early movement [ 8 ,  19 ], 
ideally percutaneously. If this is not feasible, K 
wires can be used with an extension block splint 
to allow some movement, while the K wire runs 
parallel to the joint to hold the fragment in place. 
Keep the wires for 3–4 weeks [ 20 ,  21 ]. A volar 
plate arthroplasty can be used for comminuted 
volar lip fractures [ 9 ,  20 ]. 

 As with the middle phalanx, condylar injuries 
need fi xation if possible and the principles are the 
same. If an open reduction is required because of 
the lack of image intensifi er or X-ray, then 
approach the PIPJ while respecting the central 
slip to avoid a deformity later. Numerous 
approaches are described. 

 Pilon-type injuries to the PIPJ are horrendous 
injuries and the patient must be given a guarded 
prognosis. The results are very variable and a rela-
tively stiff and non-painful joint is a good result. 

 There are a number of dynamic traction 
devices reported [ 20 ,  21 ]. These can be quite 
complicated to apply and require an image 
intensifi er to ensure the placement is correct, and 
the movement does not cause the joint to sublux. 
The various studies advocating these methods are 
usually small. A simple solution in an austere 
environment is to apply traction and reduce the 
joint and then apply a trans-articular wire for 3–4 
weeks and then allow movement once some cal-
lus has formed [ 20 – 22 ].  

38.6     Proximal Phalanx 

 The mainstay of treatment for proximal phalan-
geal fractures is conservative, either with buddy 
taping, dynamic splinting or static splinting. 
Dynamic splinting with the wrist included in the 
intrinsic plus position yields excellent to good 
results in the majority, with some results up to 10 
years [ 23 ,  24 ]. Extra- articular fractures may be 
left with the wrist free [ 25 ]. 

 For oblique or spiral shaft fractures, there 
have been many studies that state that screw 
fi xation is biomechanically stronger than K wires 
and therefore allows earlier rehabilitation [ 8 ]. 
However, Horton et al. ran a RCT of K-wire 
fi xation and splinting for 4 weeks versus open 
reduction and screw fi xation with early 
mobilisation. An independent observer assessed 
function, pain, movement, grip strength and 
intrinsic muscle function. There was no 
signifi cant difference in the functional recovery 
rates or in the pain scores for the two groups. 
X-rays showed similar rates of mal-union and 
there were no statistically signifi cant differences 
in range of movement or grip strength. There is 
no mention of analysis earlier in the study to see 
if there is a signifi cant difference earlier in the 
post-operative period [ 26 ]. 

 The operative method for closed reduction and 
K wiring is similar to the middle phalanx. If an 
open reduction is required, a lateral approach, 
while respecting the intrinsics proximally, is used.  

38.7     Metacarpal 

 The majority of metacarpal fractures can be 
treated conservatively, even if the fracture 
requires a manipulation under local anaesthesia. 
A moulded splint yields good results [ 9 ,  27 ,  28 ]. 

 Head-splitting fractures require fi xation and a 
similar approach to the phalanges should be 
taken. 

 An ulna collateral ligament injury of the thumb 
should always be looked for in thumb injuries. An 
avulsed thumb UCL should be fi xed if complete 
and also if a Stener lesion is present. Partial inju-
ries can be treated conservatively [ 29 ,  30 ]. In the 
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absence of bone anchors, a pull- through suture 
technique can be used. 

 With unstable injuries of the shaft, more angu-
lation, in the fl exion/extension plane, can be 
accepted in the little and ring fi ngers due to a 
mobile CMCJ. ORIF leads to an earlier return to 
sport [ 19 ]. This can be undertaken with lag 
screws or a plate [ 27 ,  28 ]. This does risk stiffness 
without a rehabilitation programme. 

 In an austere environment, K wires can be 
used in a multitude of ways with good results 
with all [ 28 ]. Cross pinning to uninjured meta-
carpal is one accepted method. Intramedullary 
K wires can also be used either anterograde or 
retrograde, single or multiple [ 27 ,  28 ]. Rotational 
control is not as great with intramedullary K 
wires. The entry point is the most important fac-
tor in intramedullary K wiring; so knowledge of 
anatomy is extremely important in the absence of 
an image intensifi er. Making a larger skin inci-
sion to view your anatomy may be required. 

 Wires should be removed at 4 weeks for meta-
carpal shaft fractures or cut fl ush to bone for 
intramedullary wires, if they cannot be removed 
in the future for any reason.  

38.8     CMCJ 

 The thumb CMCJ can sustain a Bennett or 
Rolando fracture depending on the degree of 
comminution. A completely undisplaced fracture 
can be treated conservatively; however, the 
majority requires a closed reduction and K-wire 
placement. For a Bennett fracture, the wires can 
be placed into the trapezium or one in the 
trapezium and one across to the index metacarpal 
[ 9 ,  27 ]. This may be more diffi cult without image 
intensifi er, although not impossible, due to the 
relationship of the index to the thumb metacarpal. 
For a Rolando fracture, the aim is to maintain the 
length and ensure the articular surface is reduced 
and has nutrition. The ideal method would 
involve open reduction, internal fi xation, bone 
grafting and enough stability to allow early 
movement. This risks devascularising the 
fragments and in the austere environment may 
not be possible. Length can be maintained by 

cross K wiring to the index metacarpal; a mini 
open incision will allow a periosteal elevator to 
reduce the articular surface with autograft to 
support the reduction and maybe a subchondral 
cross K wire [ 9 ]. The wires for both fracture 
patterns should be kept for 6 weeks and then 
movement started. 

 CMCJ injuries of the index through to little 
fi ngers are fairly rare. There is no consensus in 
the treatment. Articular congruency seems to be 
less important than originally thought. A lot of 
these patients have long-term residual pain even 
with congruent joints. Closed reduction and 
trans-articular wiring for displaced fractures 
seem to be the accepted treatment. Wires are kept 
for 6 weeks. Open reduction may be necessary to 
remove soft tissue interposition or very small 
fragments. However, in simple fractures a stable 
reduction can sometimes be achieved and 
maintained with a cast [ 9 ,  31 ].  

38.9     Carpal Bones 

 The scaphoid is the most common carpal bone 
fractured. It is notoriously diffi cult to diagnose 
on X-rays at times. An early MRI to detect the 
fracture is cost saving in terms of socio-economic 
impact, assessment and treatment costs [ 32 ]. 

 Minimally displaced or undisplaced waist 
fractures should be treated conservatively as level 
1 evidence showed no signifi cant difference in 
union rates, at over 90 %, between conservative 
and operative treatment. However, there was a 
greater rate of complications with operative 
management [ 33 ]. However, another systematic 
review suggested percutaneous fi xation leads to 
an earlier return to work and sports [ 34 ]. 

 A meta-analysis of displaced waist of scaphoid 
fractures showed four times nonunion rate with 
conservative management and therefore should be 
fi xed, although they still achieved a union rate of 
80 % with conservative management [ 35 ]. 

 A meta-analysis of proximal pole fractures 
shows that over a third do not unite with 
conservative treatment and have a seven times 
relative risk of nonunion compared to more distal 
fractures [ 36 ]. 
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 In an austere environment, the majority of these 
can be treated conservatively unless there is access 
to headless compression screws and an image 
intensifi er is available. As a last resort, K wires can 
be used for a scaphoid fracture, but an image 
intensifi er is required as open reduction in acute 
situation can further disrupt the blood supply. 
Insertion through the non-articular portion of the 
scaphoid is performed. A lag screw can also be 
used although this is technically demanding. 

 Fractures of the rest of the carpus are relatively 
rare. If they do occur, they tend to be avulsion frac-
tures, which can be treated conservatively as long 
as the fragments are not too displaced or large. 

 Perilunate injuries are rare and high-energy 
injuries, which require expertise to manage. They 
can be debilitating if missed. Mayfi eld described 
the injury patterns and the progressive nature of 
injury. The rate of force decided whether a greater 
arc or lesser arc injury was sustained [ 37 ]. Even 
with ideal management, these patients may have 
pain, weakness and stiffness. They should be 
informed of this. 

 Initial management is one of closed reduction 
under general anaesthesia with paralysis. These 
can be diffi cult to reduce. The lunate should be 
reduced onto the capitate fi rst with pressure on 
the lunate and a fl exion force on the capitate. The 
lunate is then reduced into its fossa on the radius 
with extension. 

 Ideal management is anatomical reduction and 
repair of all ligaments with anchors and protection 
of repairs with K wires. This is due to the fact that 
long-term results of conservative management 
have shown loss of reduction over time [ 38 – 40 ]. 

 In an austere environment, a closed reduction 
of a lesser arc injury with K wires to maintain 
alignment for 12 weeks would be a sensible 
approach. An image intensifi er or X-rays would 
be mandatory to assure correct alignment. If 
these are absent, an open placement of wires 
could be attempted but after a week or so to allow 
the soft tissue to settle but an immediate closed 
reduction should be made. 

 Greater arc injuries require anatomical reduc-
tion and internal fi xation of the fractures to main-
tain alignment as well as the ligament repairs and 
carpal realignment [ 38 – 40 ]. 

 There has been some work on delayed open 
reduction and internal fi xation. The mean time to 
operation was 29 weeks and the patients who could 
be reduced had satisfactory outcomes. The irreduc-
ible patients require salvage procedures [ 41 ].  

38.10     Distal Radius and Ulna 

 The management of distal radius and ulna 
fractures has changed over recent years. The 
trend is towards open reduction and internal 
fi xation. The evidence for this change is 
heterogeneous. There is a Cochrane review 
ongoing looking at the evidence. 

 Distal radius and ulna fractures can still be 
treated conservatively for acceptable positions. 
For the distal radius, this would be a 2 mm 
articular step or gap, normal carpal alignment 
and restoration of length to within 2 mm [ 42 ]. 
Kopylov showed that a 30-year follow-up of 
young distal radius fractures articular congruency 
was important [ 43 ]. This includes the distal 
radioulnar joint. 

 A Cochrane review showed weak evidence 
that hand therapy post cast removal was 
advantageous and that actual physiotherapy was 
better than an advice sheet [ 44 ]. In children a 
removable splint is better for return to function 
[ 45 ,  46 ]. 

 Various operative methods have been or are 
being used. These include closed reduction and 
moulded cast, closed reduction and K wiring and 
external fi xation and bridging or non-bridging, 
open reduction and internal fi xation either 
dorsally or volarly. 

 K wiring can be used in various techniques. 
There is evidence to say that when compared to 
external fi xation, there is little difference in 
radiological outcomes [ 47 ]. 

 External fi xation can be used in a non-bridging 
or bridging manner; a Cochrane review stated that 
there is insuffi cient evidence to show the superior-
ity of one method over the other [ 47 ]. Another 
Cochrane review looked at external fi xation and 
conservative management; this showed there 
is weak evidence that external fi xation gives 
 better radiological results at the expense of minor 

38 Hand and Wrist Orthopaedic Injuries



520

 complications. The evidence is lacking to support 
whether this translates into better clinical out-
comes [ 48 ]. There is evidence to show that exter-
nal fi xation can lead to more cases of complex 
regional pain syndrome [ 49 ]. A Cochrane review 
looking at K wiring and conservative management 
showed weak evidence supporting its use but the 
method of K wiring is in doubt. There were 
increased complications with the Kapandji tech-
nique. Early movement also leads to more compli-
cations [ 50 ]. As plaster may be of poor quality in 
austere environments, this may be the strongest 
evidence to support external fi xation or K-wire 
fi xation for distal radius fractures. Looking at 
external fi xation against K wiring in a RCT, they 
had similar results but external fi xation had greater 
costs and more minor complications [ 51 ]. 

 Operative reduction and fi xation leads to a bet-
ter radiographic outcome but this has not been 
shown to improve clinical outcomes at a year [ 52 ]. 

 A study looking at pin site care has found no 
difference between dry dressings, chlorhexidine- 
impregnated dressings or using saline with 
hydrogen peroxide pin site care [ 53 ]. 

 Dorsal plating was in vogue a few years ago 
due to its ease of application. Tendon problems 
led to the newer trend of volar locking plates 
[ 54 ]. Now low-profi le dorsal plating seems to 
have similar results to volar locking plate [ 55 ]. 

 Newer level 3 evidence comparing external 
fi xation against volar locking plates has shown 
better range of movement, function and grip 
strength with the plates [ 56 ]. 

 Elderly patients seem to do similar with 
conservative management when compared to K 
wiring in a RCT with respect to function and 
clinical outcomes [ 57 ,  58 ]. They also seem to 
lack improved clinical outcomes with locking 
plates in a more recent RCT with conservative 
treatment, but they had better grip strength [ 59 ]. 

 Rozental et al. performed a RCT looking at 
younger patients and found locking plates led to 
an earlier return of function when compared to 
external fi xation or K wiring at 6 and 12 weeks, 
but this evened out at a year [ 60 ]. Grewal et al. 
found similar results with open reduction and 
internal fi xation of the surgeon’s choice and 
external fi xation [ 61 ]. 

 Taking all this into consideration, treatment of 
distal radius fractures can be performed to the 
standards of the developed world. External 
fi xation or K wiring is perfectly acceptable, and 
although they may not lead to an early return to 
function, they will have good results with less 
major complications like fl exor tendon ruptures. 
K wiring and external fi xation can also be 
performed without image intensifi er if surface 
anatomy is taken into consideration. 

 I fi nd the intra-focal technique dorsally with a 
trans-styloid wire very easy to perform without 
image intensifi er. A bridging external fi xator is 
also easy to perform without image intensifi er but 
hardware may be an issue in an austere 
environment and resulting stiffness from the 
ligamentotaxis.  

38.11     Background 

 My experience of the austere environment was a 
year volunteering as a Consultant at the Queen 
Elizabeth Central Hospital (QECH) in Blantyre, 
Malawi. Malawi is consistently one of the ten 
poorest countries in the world. However, QECH 
has an orthopaedic department with two consul-
tants overseeing care. There was a theatre/OR 
image intensifi er but it goes out of action fairly 
frequently and was out of action during my expe-
rience. There were basic instruments and sets. 
Non-locking plates, screws, external fi xators and 
Kirschner wires (K wires) were available as they 
were either donated or purchased from develop-
ing world suppliers with donated money. The 
nailing system was the SIGN nail as described in 
the SIGN-system chapter. Any implant that could 
be resterilised was reused. 

 The austere environment is very variable and 
your treatment will depend heavily on what is in 
your environment. Learning to adapt to your 
environment is the greatest skill you will need to 
develop. The voice of the experienced is a gold 
mine of information and do not hesitate to use it 
when available. There will be absolute pearls that 
you may not heard of. There will be many in this 
book and I hope this chapter will give you some 
helpful tips and tricks.  
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38.12     Case Tutorial 

 A male in his young twenties attended from a 
local biscuit factory after an industrial accident. 
His hand was crushed in a machine. He was 
brought to the on-call team’s attention within 1 h 
of his accident. There is no accident and 
emergency department at the hospital. 

 What else would you like to know from this 
patient’s history to help with your management? 

 As in all cases, the patient’s history is of para-
mount importance. What is it like to be that 
patient in that environment? How far did they 
travel? Do they have to walk 10 km for a local 
health centre for dressing changes? What do they 
need to do with his hands? Is this his dominant 
hand? Do they need to farm or build to stay alive? 
All these aspects may be overlooked when you 
are used to patients being able to get to healthcare 
easily with a fantastic transport and healthcare 
infrastructure. The outcome of your surgery may 
be the difference between this patient feeding 
their family and not being able to work in a coun-
try without a social security system. 

 This patient had a young family. He has 
injured his dominant hand and is the only earner 
in the family. He is otherwise fi t and well, HIV 
negative, nonsmoker or drinker and has no 
allergies. Except being wrapped in a sheet, there 
has been no fi rst aid administered. 

 What aspects of his examination would you 
like to know? 

 He has sustained a large amount of skin injury 
over the hand with obvious crushing. There is a 
large fl ap laceration over the palm extending from 
the distal end of the carpal tunnel to the metacarpal 
joints. He has a decreased capillary refi ll to the fi n-
gers but not the thumb. Sensation was intact. He 
has generalised tenderness over the whole hand in 
the zone of injury. He has deformed and rotated 
fi ngers and thumb. This is an isolated injury. 

 What investigations would you like? 
 Unfortunately there are no fi lms available due 

to the lack of water; therefore, you are unable to 
get X-rays. There is no CT or MRI at the hospital. 
How would you like to proceed? 

 The patient actually presented late in the eve-
ning and was taken to theatre by the paramedical 

staff (clinical offi cers) for a debridement and 
washout; there was no formal exploration or 
stabilisation. 

 The next morning, X-rays were obtained and 
his capillary refi ll was still very sluggish 
(Fig.  38.2a, b ).

   What is your management plan? What do you 
need to consider before proceeding? Remember 
the environment you are in and the resources you 
have available. 

 This gentleman seemed to have a vascular 
injury but we did not know the level or extent. We 
did not have a vascular surgeon. I had a pair of 
loupes but no microscope. With respect to 
sutures, we did not have formal vascular sutures 
but managed to ask the paediatric surgeon for 
some vascular sutures he had for cases like this. 

 The patient came in the day before my list so I 
could rearrange it to take him for a formal explora-
tion, stabilisation and potential vascular repair if I 
was able with the resources and skills I had. 

 We had an anaesthetist, capacity and antibiot-
ics. We had a table with an arm board and a tourni-
quet with a hand pump without a working gauge. 

 On formal exploration, it was found that this 
man had severed his arteries at the level of the 
carpal tunnel to all fi ngers. The nerves were 
intact. The tips of his fi ngers were dusky but the 
fl ap laceration seemed to bleed. 

 What are your options? 
 The options I thought about were:

    1.    Arterial repair   
   2.    Amputation at the level of arterial damage   
   3.    Stabilisation of fractures and await demarca-

tion with the potential for infection   
   4.    How to get skin coverage as the whole area 

was crushed     

 I did not have the necessary skills or resources 
for an arterial repair. The warm ischaemic time 
was also very long. If I amputated it, it would 
leave the man with a useless hand but the level of 
arterial damage could also leave him with a 
useless hand as it may demarcate at that level. I 
thought that I could not consider an amputation 
until I had spoke to some colleagues and the 
patient and watched his level of demarcation 
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while hoping he did not get infected. I stabilised 
all the fi nger fractures with single K wires as we 
had no image intensifi er and washed out the 
wounds and sutured the lacerations. 

 I spoke to the plastic surgeon we had in the 
department regarding skin cover with a crush 
injury and the vascular injury. He agreed that 
allowing demarcation was a good idea with the 
hope that some dorsal supply would be suffi cient 
to save some of his fi nger and palm length. After 
reviewing the patient, he thought we could cover 
with a reverse radial fl ap depending on the 
amount of skin loss at the next operation. 

 After a day or two, we took the patient back to 
theatre with my plastic surgery colleague. Photos 

were taken of his hand’s look at that time (Fig.  38.3a, b ). 
We operated without a tourniquet this time.

   We were hopeful that we could try and save 
his index and little fi nger to allow him to have 
some sort of grip and cover the remainder with a 
reverse radial fl ap. 

 On testing bleeding, we found that the index 
fi nger bled at the level of mid-proximal phalanx 
only and the middle and little bled at MCPJ and 
the little had a little bleeding all the way up. 

 The patient’s hand at the end of this operation 
is seen in Fig.  38.4 .

   Unfortunately the little fi nger became dusky 
after a couple of days. The rest of the hand 
seemed to have a good vascular supply. 

a b

  Fig. 38.2    ( a ,  b ) X-rays of patient in case       
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a b

  Fig. 38.3    ( a, b ) Photographs of patient’s hand       

  Fig. 38.4    Patient’s hand at 
the end of surgery       
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 What is your plan now? 
 We took the man back to theatre and ampu-

tated the little fi nger as the blood supply had been 
lost. 

 He went on to heal very well with a minor 
wound infection, which was treated with dress-
ings and antibiotics. His fi nal result is shown in 
Fig.  38.5 .

   He had function of his hand, and due to the 
communication that had taken place, he was 
extremely aware of his situation and the potential 
for complete functional loss. He was very happy 
with his fi nal result and was able to get back to 
his vocation.  

38.13     Further Reading and Advice 

 I would ensure you have a copy, whether elec-
tronic or paper, of a good trauma book, an anat-
omy text and an approach book. Having a 
plastic surgery book with reconstructive tech-
niques is extremely helpful. Make sure you 
have contact details of senior consultants at 
home to ask advice and if possible contact 
details of people who have been in an austere 
environment. Remember there is always help 
whether locally or internationally.     
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      Pelvis and Acetabular Fractures                     

     Richard     A.     Gosselin     

       Although still relatively rare, pelvic injuries are on 
the rise as the developing world motorizes and 
high-energy road traffi c crashes increase. 
Pedestrians, cyclists, and motorcyclists are partic-
ularly vulnerable road users. High-energy pelvic 
ring injuries are commonly associated with other 
injuries: head, chest, abdomen, lower urinary tract, 
and limb injuries [ 1 ]. The ABCs of resuscitation 
always are priorities.  T he initial or secondary sur-
veys will raise suspicion of a pelvic ring injury, 
and compressive hemorrhage control can be insti-
tuted early, if not already done in the fi eld. 

39.1     Physical Examination 

 Inspection of the pelvic area will reveal gross 
deformity, wounds, bruises, or ecchymoses. 
Swelling and/or ecchymosis of the penis and 
scrotum in the male or labia in the female should 
elicit a high index of suspicion of an anterior 
pelvic ring injury, with possible involvement of 
the lower urinary tract. Examination of the lower 
back and perineum is more diffi cult because of 
pain but should nevertheless be systematic to rule 

out wounds that may suggest an open pelvic 
injury. Obvious deformities of the limbs such as 
shortening, asymmetrical position of the greater 
trochanters, fl exion, or external rotation of the 
thigh are all suggestive of associated fractures/
dislocations of the acetabulum or proximal femur. 
Palpation of the pelvic ring may reveal crepita-
tion, gaps, or step-offs over the iliac wing or the 
symphysis pubis. It is mandatory to palpate both 
posterior sacroiliac areas, as this may provide 
important information regarding the stability of 
the injury. It is also mandatory to do a rectal 
examination to rule out a protruding spike of the 
bone through the rectal mucosa or a high-riding 
prostate in the male. Inability to void, in the con-
scious patient, especially if associated with blood 
at the meatus, a high-riding prostate, and/or blad-
der distension, is a ruptured urethra until proven 
otherwise and a contraindication to retrograde 
Foley catheterization. A thorough neurovascular 
examination of both lower limbs is necessary to 
assess potential vascular injuries or injuries to the 
lumbosacral plexus or peripheral nerves. All the 
physical fi ndings need to be clearly recorded in 
the patient’s chart.  

39.2     Imaging 

 A plain AP pelvis X-ray is all that is needed ini-
tially [ 2 ]. Always keep in mind that the AP pelvis 
shows the amount of residual displacement, not 
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necessarily the amount of initial displacement. If 
a lower urinary tract injury is suspected, this is a 
good opportunity to perform a retrograde ure-
throgram with whatever water-soluble contrast 
medium is available: iodine-based products (all 
the “grafi ns”) or even diluted barium sulfate. 
Obvious bony injuries will be evident, but subtle 
fi ndings need close scrutiny in comparing both 
hemi-pelvises for asymmetry of the lower border 
of the sacroiliac (SI) joints, the iliac wings, the 
obturator foramen, the tear drop, and the superior 
border of the pubic rami. If the spinous processes 
line up in the center of the pedicles of the lower 
lumbar spine, then the X-ray is a true AP view. If 
not, caution is required to interpret fi ndings 
(Fig.  39.1 ). Indirect signs of instability include 
fracture of the transverse processes of the lower 
lumbar spine, avulsion of the ischial spine, ischial 
tuberosity, or lateral border of the sacrum [ 3 ]. 
Proximal femur injuries should be visible, but 
true AP and lateral views of the hip may be nec-
essary if clinically suspicious. If available, inlet/
outlet (Pennal) views can add valuable informa-
tion and are painless. Iliac and obturator oblique 
(Judet) views are painful and not indicated unless 
acetabular surgery is contemplated. Push-pull 
maneuvers can be useful in determining the 
extent of instability but are painful and have a 
slight risk of increase in hemorrhage [ 4 ]. CT 
scans are rarely available and do not add much 
valuable information if conservative manage-
ment is the only option.

39.3        Classifi cation 

 If conservative management is the only option, 
the duration and type of bed rest are the only 
issues. This is determined by the degree of insta-
bility, which relies on the integrity of the posterior 
sacroiliac ligamentous complex (PSILC), the 
strongest in the body. The Bucholz classifi cation 
is the simplest and the most useful [ 5 ]:

   Type 1 – vertically and rotationally stable: avul-
sion fractures, isolated fractures of the iliac 
wing, or rami fractures.  

  Type 2 – vertically stable but rotationally 
unstable: the PSLIC is intact but structures 
anterior to it may be disrupted to varying 
degrees allowing rotation, mostly around the 
 Y -axis. These include open book and latero- 
lateral compression injuries.  

  Type 3 – vertically and rotationally unstable: the 
PSLIC is disrupted allowing rotation in all 
planes but also translation of the hemi-pelvis 
along the  Y - and  Z -axes. These are truly unsta-
ble injuries that usually involve a signifi cant 
shear component along the  Y -axis (Malgaigne 
pattern) and less frequently an anteroposterior 
force along the  Z -axis. The resulting instability 
is almost always multiplanar, and all combina-
tions of ligamentous and bony injuries to the 
anterior ring, sacrum, or contralateral hemi-
pelvis can be seen.     

39.4     Management 

 Even an isolated pelvic ring injury can lead to 
hemodynamic instability from bleeding in the 
retroperitoneal or the pelvic fl oor spaces [ 6 ]. 
Most often the source is venous, but this is 
irrelevant in austere environments since arterial 
embolization is not an option. A pelvic binder 
with a folded sheet or towel properly applied over 
the greater trochanters can be life-saving, 
particularly where blood products are scarce [ 7 ] 
(Fig.  39.2 ).

   If the patient does not stabilize after adequate 
pelvic binding, other sources of bleeding need to 
be ruled out: chest, abdomen, closed femur 

  Fig. 39.1    Anteroposterior X-ray of the pelvis showing 
diastasis of the symphysis pubis and a left sacro-iliac joint 
disruption       
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fracture, or deep wounds of the limbs. A chest 
X-ray and/or peritoneal tap/lavage may determine 
the need for chest drainage or laparotomy. 
Peritoneal lavage needs to be interpreted with 
caution if performed later than 24–48 h after the 
injury as red cells may suffuse from the 
retroperitoneal hematoma into the abdominal 
cavity and give false-positive results. The pelvic 
wrap is usually well tolerated for up to 24 h if 
needed. If hemodynamic instability recurs when 
the wrap is released, and other sources of 
hemorrhage have been ruled out, a pelvic external 
fi xator can be applied “electively” in the operat-
ing room [ 8 ] (Fig.  39.3 ). I prefer the open tech-

nique where the iliac crest is exposed enough to 
allow access of thumb and index fi ngers on both 
inner and outer tables, and the pins inserted under 
direct vision, between the two tables. Since 
external fi xators are almost always loaded in 
compression, protrusion of a pin medially is 
acceptable, but not protrusion laterally [ 9 ].

   When a laparotomy is performed, external 
fi xation may be done before, leaving enough 
room for the midline incision, or after, depending 
on intraoperative fi ndings. Some authors advocate 
retroperitoneal packing at the time of mini- 
laparotomy/ laparotomy if no active bleeding 
source is identifi ed [ 10 ]. This requires a return to 

  Fig. 39.2    Pelvic binder       

  Fig. 39.3    External 
fi xation of pelvis and 
Foley catheter in situ       
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the operating room at 24–48 h to remove the 
packing and has no obvious advantage over 
external fi xation when it’s available. If a 
laparotomy is performed, and the anterior ring 
injury is amenable to it (pubic dislocation through 
or near the symphysis), the lower part of the 
incision can be extended to perform an ORIF of 
the pubis using one or two plates with three 
screws on each side. Whatever is done anteriorly 
will only partially stabilize a type 3 injury. Open 
pelvic fractures through the rectum or perineum 
require a diverting left colostomy with washout 
of the distal fragment and appropriate antibiotic 
coverage, including metronidazole [ 11 ]. 

 As stated above, lower urinary tract injuries are 
common with pelvic ring disruptions. Gross 
hematuria is suggestive of a bladder injury (more 
common in a full than an empty bladder), but 
again, results need to be interpreted with caution 
after 48 h from the injury. If contrast is available, 
a retrograde urethrogram will rule out a urethral 
injury, and a Foley catheter can be inserted and 
used for a cystogram. Retroperitoneal or more 
rarely intraperitoneal extravasation will confi rm a 
bladder tear, and surgery may be indicated. If the 
urethrogram shows a partial or more commonly a 
complete urethral tear, a cystostomy is done ini-
tially, without any attempt at Foley catheter inser-
tion. Further management will depend on the 
availability of local skills and resources (urology 
expertise and equipment) [ 12 ]. In many LMICs, it 
is also important to reassure females and their 
families that their pelvic injury is very unlikely to 
create fertility or vaginal delivery problems.

   Type 1 injuries: they are stable and require only 
symptomatic treatment, with mobilization and 
weight bearing as tolerated. Many elderly 
osteoporotic patients are still treated 
unnecessarily with 4–6 weeks of bed rest for 
rami fractures.  

  Type 2 injuries: these are still relatively stable, but 
not enough for immediate weight bearing. 
Open book fractures with pubic diastasis than 
2–3 cms can benefi t from postural reduction by 
having the patient lie on one side or the other, 
according to pain. There is NO indication to 
suspend a patient in a pelvic sling or hammock. 

This is extremely uncomfortable and a night-
mare for nursing care. External fi xation or ante-
rior plating is relatively straightforward surgical 
alternatives. Skin (only very temporarily) or 
preferably skeletal traction is used for comfort 
for more severe latero-lateral compression frac-
tures, and 2–3 weeks is usually suffi cient before 
starting partial toe-touch weight bearing on the 
involved side. Sitting and rolling in bed should 
be allowed as soon as tolerated.  

  Type 3 injuries: these unstable fractures have the 
potential to displace even further if loaded pre-
maturely, particularly proximally along the 
 Y -axis or posteriorly along the  Z -axis. Skeletal 
traction may be necessary for 3–6 weeks depend-
ing on fracture pattern and pain tolerance. 
Traction may even partially reduce the displaced 
hemi-pelvis, but other than elevating the foot of 
the bed, there is no really effi cient countertrac-
tion, so the main goal is mostly pain manage-
ment. When pain allows, the patient should be 
encouraged to move as tolerated in bed, sitting 
and rolling, fi rst with traction then without. 
When there is no pain while sitting without trac-
tion and with active ROM of the ipsilateral hip, 
the patient can be mobilized out of bed, but 
needs to remain non- weight bearing for at least 6 
weeks after the injury. An anterior external fi x-
ator may partially stabilize a type 3 injury and 
decrease the amount of needed bed rest or trac-
tion, but is never suffi cient to completely stabi-
lize a complete disruption of the PSILC [ 13 ]. In 
rare cases, when all the stated requirements are 
met, ORIF allows earlier mobilization and pos-
sibly better long-term functional results [ 6 ].    

 Long-term complications include painful mal-
unions or nonunions, leg length discrepancy, 
chronic neurologic defi cits, and/or chronic low 
back pain. Their management is beyond the 
scope of this chapter.  

39.5     Acetabular Fractures 

 Acetabular fractures are relatively rare [ 14 ]. They 
occur when force is transmitted through the hip 
joint either from a direct blow to the trochanteric 
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area or from axial loading of the femur in differ-
ent degrees of fl exion and rotation. They may be 
associated with a hip dislocation (posterior, ante-
rior, or “central”), a fracture of the femoral head 
or neck or an injury to the ipsi- or contralateral 
pelvic ring (Fig.  39.4 ).

   Judet and Letournel have identifi ed fi ve simple 
fracture patterns and fi ve complex patterns com-
bining two or more of the simple ones [ 15 ]. The 
“both column” fracture pattern stands alone in 
that no intact acetabulum is left in continuity with 
the proximal pelvic segment (giving the “gull 
sign” on the obturator oblique view). The poste-
rior wall fracture, with or without posterior dislo-
cation of the femoral head, is the most common. 
Posterior instability occurs depending on frag-
ment size and location. After reduction of a dislo-
cation, it is essential to determine the “safe zone” 
of stability. Re-dislocation between 0° and 45° of 
fl exion usually requires open reduction if the pos-
terior wall fragment is big enough for fi xation It 
is always essential after reduction to obtain a 
good AP pelvis X-ray that shows both hips so one 
can assess and compare the width of the joint line 
and the congruency of the reduction. Any asym-
metry within the joint or compared to the oppo-
site one is highly suggestive of an interposed 
intra-articular fragment and is an indication for 
ORIF. These procedures are done through a pos-
terior approach and are relatively straight for-
ward, even with only standard instruments and 

plates. Surgical management of more complex 
acetabular fractures is technically diffi cult and 
requires adequate imaging, special instrumenta-
tion and implants, and often two separate 
approaches. An intraoperative injury to the glu-
teal or femoral vascular bundles can be life-
threatening. In austere environments, conservative 
treatment with skeletal traction is preferred, 
accepting the fact that malunion with an articular 
incongruity of more than 2–3 mm will likely lead 
to premature degenerative joint disease as a result 
of accelerated cartilage wear from the prominent 
ridges. Four to six weeks of traction through the 
distal femur or proximal tibia will allow the frac-
ture to be “sticky” enough to start gentle ROM 
exercises and patient mobilization. A below-knee 
“airplane” cast can be used to control rotation as 
needed. Only toe- touch weight bearing is allowed 
initially, progressing to full weight bearing at 3 
months. “Both column” fractures showing “neo- 
congruency on all three views are a rare occur-
rence, but they should be treated with simple bed 
rest, without traction. The so-called central dislo-
cations occur when the femoral head displaces 
medially through the acetabulum which occurs 
most commonly with transverse and T-type frac-
ture patterns. Longitudinal traction (Fig.  39.5 ) 
will improve the reduction by ligamentotaxis, but 
rarely to near anatomical level. The goal is to at 
least bring the femoral head back under what is 
left of the acetabular dome. Lateral traction with 
devices such as a T-handle corkscrew positioned 
in the cervico- trochanteric area is still commonly 
used. In our opinion  there is no indication for this 
technique : accurate positioning of the device is 
diffi cult, especially without a C-arm, reduction is 
rarely improved signifi cantly compared to longi-
tudinal traction only, the entry site rapidly 
becomes “soupy”, it is diffi cult to apply counter-
traction, and most importantly it confi nes the 
patient to the supine position. The alleged bene-
fi ts have never been a match for the known 
disadvantages.

   It is not unusual to see chronic posterior frac-
tures/dislocations, sometimes of many months or 
even years. Not all femoral heads undergo avas-
cular necrosis (AVN), and open reduction, either 
extemporaneously or after a period of skeletal 

  Fig. 39.4    AP of the pelvis showing a minimally displaced 
transverse fracture of the acetabulum, anterior wall fracture 
of the left acetabulum with anterior dislocation of the left 
hip. There may also be a fracture of the left femoral head       
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traction, has been reported successfully as late as 
6 years. This has the obvious advantages of 
restoring leg length and improving range of 
motion and gait. It is not indicated with an ace-
tabular malunion or if AVN has deformed the 
femoral head [ 16 ]. 

 Late complications of neglected acetabular 
fractures are painful malunions or nonunions and 
premature degenerative joint disease: replacement 
arthroplasty is rarely an option in austere environ-
ments, leaving only arthrodesis or Girdlestone 
resection arthroplasty as alternatives.      
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       Hip fractures represent a global public health 
issue, as worldwide incidence is rising while the 
long-term sequelae of pain, functional decline, 
and increased mortality associated with this 
injury continue to persist [ 1 ]. Of concern is that 
1-year mortality rates have been estimated to 
reach nearly a third of all hip fracture patients [ 2 ] 
(Fig.  40.1 ).

   It is projected that the annual global incidence 
of hip fractures will surpass 6 million by the year 
2050 [ 3 ]. Although musculoskeletal injury and 
mortality due to trauma are highest in low- and 
middle-income countries—in large part due to 
road traffi c accidents and underdeveloped trauma 
care systems—hip fracture rates are at odds with 
this statistic and highest in developed countries 
[ 4 ,  5 ]. In particular, Northern Europe carries the 
highest hip fracture rate in countries including 
Denmark, Norway, Sweden, and Austria [ 5 ]. The 

hip fracture rates in these regions are more than 
tenfold greater than developing regions such as 
Latin America and Africa [ 1 ,  5 ]. Such geographic 
variations may be explained by decreased life 
expectancy in developing countries, genetic fac-
tors, geographic latitude, and environmental dif-
ferences (i.e. physical activity) [ 1 ]. 

 Despite lower incidence rates, a substan-
tial portion of the world’s hip fracture burden 
is still comprised by the developing world 
due to the magnitude of its population. In 
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fact, it is  anticipated that three-quarters of the 
global population aged 65 or over will reside 
in Asia, Africa, and Latin America by 2050. 
Collectively, these three regions will be respon-
sible for nearly two-thirds of all hip fractures 
by 2050, with Asia solely carrying over 50 % 
of the burden [ 1 ,  3 ]. 

 The incidence of hip dislocations has also 
been on the rise and increasingly occurring in the 
younger population as a result of motor vehicle 
accidents. As with hip fractures, these injuries 
have devastating consequences. This damaging 
injury in the setting of a young patient population 
may lead to prolonged disability from osteoar-
thritis and osteonecrosis. Degenerative arthritis 
following hip dislocation is estimated at 24 % for 
simple dislocations and up to 88 % for disloca-
tions associated with acetabular fractures [ 6 ] 
(Fig.  40.2 ).

   As with the management of any medical 
condition, hip injury care should follow the 
principles of evidence-based medicine. As 
such, treatment decisions must combine the 
best  available evidence, a judgement of clinical 
resources, and patient preferences [ 7 ]. A par-
ticular challenge for clinicians working in the 
austere environment will likely include both a 
paucity of high-quality evidence and limited 
clinical resources. This chapter will explore the 
evidence-based treatment of hip fractures and 
dislocations and practical approaches to the 
management of these injuries in the austere 
environment. 

40.1     Hip Fractures 

40.1.1     Presentation and Diagnosis 

 The majority of hip fractures occur as a result of 
a low-energy fall from standing height. Those 
experiencing higher energy mechanisms should 
be initially evaluated and managed per the 
advanced trauma life support (ATLS) protocol 
[ 8 ]. A full history should be obtained, eliciting 
both the details surrounding the injury mechanism 
and medical comorbidities. The most common 
presenting history includes proximal thigh pain 
and an inability to ambulate subsequent to a fall. 
Medical comorbidities are important, as they 
may have precipitated the fall or have important 
implications for management [ 9 ,  10 ]. 

 Examination of patients with hip fractures 
may reveal no gross deformity on inspection of 
patients with non-displaced fractures. However, 
shortening and external rotation of the affected 
extremity are commonly observed in the setting 
of displaced fractures. Range of motion testing 
will typically elicit pain in all motions and for 
such reasons should generally be avoided. 
Neurovascular injuries are rare with low-energy 
mechanisms, but full neurovascular examination 
must always be performed, in particular with 
high-energy injuries [ 9 ]. 

 A defi nitive diagnosis of hip fracture can 
routinely be made with plain radiographs, and 
imaging should include an anteroposterior (AP) 
view of the pelvis and both AP and lateral views 
of the affected hip. The diagnosis is most easily 
made with the AP views. Distal extension of an 
intertrochanteric hip fracture warrants full-length 
AP and lateral views of the affected femur. 
Although magnetic resonance imaging (MRI) 
may not be accessible in the austere environment, 
it is the preferred imaging modality if radiographs 
remain equivocal. Fortunately, however, most hip 
fractures can be routinely diagnosed with plain 
radiographs [ 9 ,  10 ]. 

 Decisions surrounding defi nitive hip fracture 
management must take into account both fracture 
characteristics (fracture type, displacement) and 
patient characteristics (age, cognitive status, 
ambulatory status) [ 11 ]. An important approach   Fig. 40.2    Left posterior dislocation of the hip       
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to categorizing hip fractures with important 
implications for management is the distinction 
between femoral neck (intracapsular) and 
intertrochanteric fractures (extracapsular). The 
surgical management of hip fractures according 
to this classifi cation scheme is discussed below.  

40.1.2     Femoral Neck Fractures 

 A commonly used classifi cation for femoral neck 
fractures is the Garden classifi cation, which 
subdivides these fractures into four categories 
based on displacement. The classifi cation scheme 
progresses as follows [ 8 ]:

    Type 1 : incomplete fracture and valgus impacted  
   Type 2 : complete fracture, non-displaced  
   Type 3 : compete fracture, partially displaced  
   Type 4 : completely displaced    

 Non-displaced fractures (Garden 1 and 2) 
account for only 15 % of all femoral neck frac-
tures. Although there remains a paucity of high-
quality evidence to guide the management of 
non-displaced femoral neck fractures, in practice, 
the majority of these injuries are treated with inter-
nal fi xation [ 9 ,  11 ] (Fig.  40.3 ). Surgical manage-
ment allows for earlier mobilization and carries a 
decreased risk of nonunion compared to nonoper-
ative management. However, it inevitably poses 
the risks inherent to surgery, including the risks of 
anaesthesia [ 12 ]. Patients with medical comorbidi-
ties that place them at high risk of such surgical 
complications and those suffering from severe 
cognitive impairment with an inability to ambulate 
preinjury are the few for which non- surgical man-
agement should be considered [ 11 ,  12 ].

   For all other patients with non-displaced frac-
tures, internal fi xation can be successfully accom-
plished with either cannulated screws or a sliding 
hip screw. In a recently updated Cochrane review 
that identifi ed eight randomized trials comparing 
the sliding hip screw to cancellous screw fi xation, 
pooled analysis demonstrated no difference in 
non-union rates, (RR 0.94; 0.57–1.57), an insig-
nifi cant trend towards lower avascular necrosis 
rates with the sliding hip screw (RR 0.62; 0.38–1.01), 

and no difference in mortality (RR 1.25; 0.83–
1.89). It must be noted, however, that the major-
ity of these trials also included patients with 
displaced femoral neck fractures [ 13 ]. 

 Albeit the more common fracture pattern, the 
management of displaced femoral neck fractures 
remains varied amongst surgeons [ 9 ,  14 ]. 
Conventionally, younger patients (<60 years of 
age) are treated with reduction and internal 
fi xation, with no signifi cant difference between 
cannulated screws or sliding hip screw as noted 
in the above-mentioned review [ 9 ,  13 ]. When 
using cannulated screws in the setting of displaced 
fractures, it is suggested that a minimum of three 
screws be utilized, typically in a triangular 
confi guration with parallel placement. In all 
patients undergoing internal fi xation, a particular 
emphasis must be placed on ensuring an adequate 

a

b

  Fig. 40.3    ( a ) Anteroposterior and ( b ) lateral views of a 
right intracapsular fracture of the neck of the femur       
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reduction, as varus alignment considerably 
increases the risk of fi xation failure [ 9 ]. 

 In patients above 60 years of age, hemiarthro-
plasty or total hip arthroplasty is the preferred 
treatment option for displaced femoral neck frac-
tures (Fig.  40.4 ). In a comprehensive review of 
20 randomized trials comparing internal fi xation 
to arthroplasty in elderly patients (11 HA, 4 
THA, 5 HA + THA), Gao et al. demonstrated a 
signifi cant reduction in major surgical complica-
tions at 5 years (RR 0.22; 0.16–0.31), fewer reop-
erations at 5 years (RR 0.13; 0.08–0.24), and 
improved function in those treated with arthro-
plasty [ 15 ].

   There is ongoing debate, however, as to 
whether the optimal form of arthroplasty is hemi-
arthroplasty or total hip arthroplasty. Proponents 
of hemiarthroplasty cite the decreased complex-
ity of surgery, reduced operating time, and lower 
dislocation rates as key reasons to favour such 
treatment [ 16 ]. Amongst such advocates of hemi-
arthroplasty, cemented fi xation in particular has 
gained attention for the prospect of offering a 
more secure fi xation with less post- operative 
thigh pain as compared to uncemented arthro-
plasty. Despite this, pooled analysis from ran-
domized trials has shown no substantial difference 
between cemented and uncemented hemiarthro-
plasty with respect to post-operative complica-
tions, residual pain, and mortality [ 17 ]. 

 There is accumulating evidence that total hip 
arthroplasty is superior in improving functional 
outcomes compared to hemiarthroplasty alto-
gether. In a systematic review of eight random-
ized trials comparing these two interventions in 
cognitively intact and ambulatory patients, there 
was no signifi cant difference with respect to 
reoperation, 1-year mortality, or major compli-
cation rates. There was an increased risk of dis-
location with total hip arthroplasty (THA) (9 % 
THA vs. 3 % HA) but also superior functional 
outcomes, pain scores, and quality of life [ 16 ]. 
Accordingly, THA is becoming the favoured 
treatment option for displaced femoral neck 
fractures in healthy, mobile, and cognitive intact 
elderly patients [ 9 ].  

40.1.3     Intertrochanteric Fractures 

 Intertrochanteric fractures are extracapsular and 
extend between the greater and lesser trochanter 
[ 18 ] (Fig.  40.5 ). The most popular classifi cation 
scheme for these injuries is based on the OTA/
AO classifi cation that divides them into three 
main groups [ 10 ]:

•      Group 1 : simple, two-part fractures with 
typical oblique fracture line and an intact 
lateral cortex  

•    Group 2 : comminuted fractures with a 
posteromedial fragment and an intact lateral 
cortex  

•    Group 3 : fractures with fracture line passing 
through both the medial and lateral cortex 
(include reverse obliquity)    

 Fractures that are comminuted in the 
posteromedial cortex (Group 2) or reverse 
obliquity (Group 3) or have subtrochanteric 
extension are considered unstable [ 10 ,  18 ]. As 
non-union and avascular necrosis are of less 
concern with intertrochanteric fractures, the 
majority of these injuries are managed with 
internal fi xation. Nonoperative management is 
rarely indicated and reserved for those patients 
whose medical comorbidities place them at an 
unacceptable risk for surgery [ 18 ]. The most 

  Fig. 40.4    Right cemented Thompson’s hemiarthroplasty       
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commonly used implants are the sliding hip 
screw (SHS) with a side plate or an intramedullary 
nail (IM) with a sliding hip screw component. 
Purported benefi ts of the cephalomedullary nail 
include decreased surgical dissection and 
buttressing to prevent both fracture collapse and 
medialization of the distal fragment [ 18 ]. In a 
Cochrane review of 42 randomized trials 
comparing femoral nails to the sliding hip screw, 
there was no signifi cant difference with respect to 
mortality, nonunion, pain at follow-up, deep 
infection of the wound, or femoral head cut-out 
between these two types of implants. However, 
the femoral nails were associated with a 
signifi cant increase in operative and post- 
operative femoral fractures and, thus, a higher 
reoperation rate. The large majority of studies 
( n  = 22) evaluated the gamma nail specifi cally 
[ 19 ]. Given these fracture rates, it was deemed 
that the SHS was favourable to intramedullary 
nails in managing most intertrochanteric 
fractures. Although IM nailing is likely superior 
in the setting of subtrochanteric and unstable 
fractures, the evidence remains equivocal [ 19 ].   

40.2     Hip Fracture Care 
in the Austere Environment 

 High-quality evidence conducted in the austere 
environment is unfortunately scarce. The 
majority of randomized clinical trials informing 
the surgical care of hip fractures have emanated 
from Europe. A recent study evaluating the 
geographic distribution of hip fracture 
randomized trials was unable to identify a single 
study from the developing regions of Africa and 
Latin America, let alone the austere environment 
[ 20 ]. This is likely attributable to the fact that 
organized clinical research is diffi cult to conduct 
in a resource-limited, nonacademic, and 
unpredictable environment. Despite the paucity 
of hip fracture research in the austere environment, 
certain diagnostic modalities, management 
principals, and surgical techniques are either 
universal or of particular importance for a 
resource-limited environment. 

 As mentioned, the diagnosis of hip fractures 
can typically be suspected based on history (fall, 
pain in the hip region, inability to weight-bear) 
and physical examination (shortened and 
externally rotated extremity, pain with ROM 
testing) [ 9 ]. Although radiographs are the 
mainstay of diagnosis, other tests to aid in hip 
fracture diagnosis have been described that may 
be of value in the fi eld or when immediate 
imaging is not available.  The Lippmann test  is a 
test of auscultation, in which the bell of a 
stethoscope is placed over the pubic symphysis 
while the examiner percusses the patella of both 
extremities. 

 A decreased pitch results from cortical 
discontinuity and suggests a proximal femur or 
pelvic fracture [ 10 ]. Furthermore, portable 
ultrasound has demonstrated high sensitivity 
(100 %) and specifi city (94 %) in diagnosing 
fractures in a study conducted in the austere 
environment using emergency physicians trained 
in ultrasonography. Importantly, however, this 
study did not evaluate all patients with gold 
standard imaging (radiographs) to verify the 
accuracy of ultrasound. Furthermore, there were 
no hip injuries evaluated, as the fractures studied 
involved bones in more superfi cial anatomic 

  Fig. 40.5    Intertrochanteric fracture       
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locations (distal fi bula, distal radius, fi fth 
metatarsal, etc.) [ 21 ]. As such, the use of 
ultrasound may have potential in diagnosing hip 
fracture in the austere environment, although 
there is a lack of evidence at present. 

 Fortunately, patients with isolated and closed 
hip fractures are generally stable and do not 
require emergent fi eld management or damage 
control interventions prior to defi nitive surgery. 
For patients sustaining high-energy injuries, how-
ever, unstable pelvic injuries and femoral shaft 
fractures should be ruled out, as these injuries can 
result in haemodynamic instability requiring 
emergent management, such as the application of 
a pelvic binder or extremity traction. 

 In circumstances where surgeons are able to 
offer the evidence-based surgical interventions 
discussed above—but must nevertheless be 
cognizant of limited healthcare resources—
optimization of techniques and perioperative 
management to reduce complications and costs 
should be a priority. In patients with displaced 
femoral neck fractures who are candidates for 
internal fi xation (sliding hip screw or cancellous 
screws), emphasis should be placed on achieving 
anatomic reduction, as varus malreduction has 
been associated with an increased rate of fi xation 
failure [ 9 ]. 

 Furthermore, in patients with hip fractures 
being treated with internal fi xation, there is strong 
evidence to suggest a combined tip-to-apex 
distance of >25 mm on the AP and lateral views 
leads to increased rates of hardware failure (lag 
screw cut-out) [ 22 ]. In the post-operative period, 
it is has been estimated that nearly 50 % of hip 
fracture patients require allogeneic blood 
transfusions [ 23 ]. As the availability of blood 
products may be limited in the austere 
environment and transfusions must be given 
judiciously, it is important to highlight that recent 
evidence supports the use of a restrictive 
transfusion protocol that utilizes a transfusion 
trigger of <80 g/L in the absence of hypoxic 
symptoms (chest pain, tachycardia, unresponsive 
hypotension, congestive heart failure) [ 24 ,  25 ]. 

 In regions where resources are further limited, 
unconventional surgical strategies have been 
described. It is important to note, however, that 

these strategies are largely based on the experi-
ences of individual practitioners or the results of 
small series of patients. Thus, these techniques 
cannot be recommended for routine application, 
as evidence on outcomes is insuffi cient. 
Nevertheless, they are presented here as exam-
ples of techniques historically used in dire 
circumstances. 

 Internal fi xation of femoral neck fractures has 
been accomplished using the  Smith-Petersen tri-
fl ange nail ,  Knowles pins , and threaded 
 Steinmann pins . If intraoperative radiography is 
not available, direct visualization of the head and 
neck should be made with the use of a lateral 
incision extended anteriorly [ 26 ]. In patients with 
ongoing pain due to non-union or avascular 
necrosis, reoperation with arthroplasty is the 
conventional approach after failed internal fi xa-
tion. In settings where arthroplasty is not a feasi-
ble option, excision arthroplasty (Girdlestone 
procedure) has shown satisfactory results with 
respect to healing, pain, and function in a small 
series of patients [ 27 ] (Fig.  40.6 ).

   Various methods of nonoperative manage-
ment of intertrochanteric fractures using  traction  
have been described, including modifi ed Russell’s 
traction and skeletal traction (tibial pin with plas-
ter antirotation boot) (Fig.  40.7 ).

   Neurovascular function should routinely be 
evaluated in patients treated with traction, as 
there is some evidence to suggest that sciatic 
nerve palsy may be an associated complication [ 28 ]. 

  Fig. 40.6    A failed fi xation of a NOF in a young patient       

 

R. Mundi et al.



541

Internal fi xation can be achieved with  Jewett 
nails —a fi xed angled device with the nail welded 
to the plate—if sliding hip screws or cephalom-
edullary nails are unavailable [ 26 ]. Unfortunately, 
however, the Jewett nails have been associated 
with a higher rate of cut-out into the joint com-
pared to sliding hip screws [ 10 ,  29 ] (Table  40.1 ).

   Another option in resource-constrained set-
tings and for elderly patients with high surgical 
risk is  external fi xation . Multiple studies in 
Egypt, India, and Greece have demonstrated 
relatively short operative times and hospital 
stays with external fi xation [ 30 – 32 ]. Other 
advantages include application of the external 
fi xator under local anaesthesia for many high-
risk patients. 

 During follow-up of up to 3 years, a high per-
centage of patients ambulated with support or 
better and managed ADLs [ 31 ]. Union rates on 
average varied from 2 to 6 months across the 
different studies. The mortality rates were 
comparable to a series of open reduction and 
internal fi xation [ 31 ]. However, the three studies 
also consistently reported complications related 
to either pin tract infections, or superfi cial skin 
infl ammation, which was as high as 39 % in one 
study [ 32 ]. Other concerns include inadequate 
stability through the external fi xator in unstable 
fractures and knee stiffness [ 31 ]. 

 While conservative treatment with traction 
might be suitable for high-risk patients, it is likely 
not feasible for a developing country setting given 
high bed occupancy rates [ 30 ]. In addition, there 

may be further complications related to recumbence 
such as thromboembolism, UTI, and pneumonia. 

 As such, external fi xation may be a viable 
option for elderly patients with numerous medi-
cal comorbidities since there is minimal surgical 

  Fig. 40.7    Derotation 
cast (Courtesy of 
Konstantinos 
Doudoulakis)       

   Table 40.1    Diagnostic and treatment options for hip 
fractures in the austere environment   

 Clinical evaluation  History: fall, pain in hip, 
inability to weight-bear 

 Examination: shortened and 
externally rotated extremity, 
pain with range of motion 

 Diagnostic modalities  Radiographs (AP and lateral) 

 Lippmann test 

 Optimize conventional 
surgery 

 ORIF for femoral neck fracture 

   Anatomic reduction; avoid 
varus malreduction 

 Internal fi xation 

   Tip-to-apex distance 
<25 mm (AP + lateral) 

 Transfusion trigger 

   80 g/L (higher if 
symptoms of anaemia) 

 Unconventional 
surgical techniques 

 Femoral neck 

   Internal fi xation with 
Smith-Petersen trifl ange 
nail, Knowles pins, 
threaded Steinmann pins 

   Arthroplasty or Girdlestone 
if failed fi xation 

 Intertrochanteric fractures 

   Traction 

   Jewett nails 

   External fi xation 
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trauma, negligible blood loss, early ambulation, 
shorter hospital stay, decreased expense of the 
procedure, and simple outpatient removal of the 
implants.  

40.3     Hip Dislocations 

40.3.1     Classifi cation and Diagnosis 

 Hip dislocations usually occur by way of an 
axial load through high-energy trauma such as 
MVA or fall from height. Depending on the 
direction of dislocation, the clinical presenta-
tion of a posterior dislocation includes a fl exed, 
internally rotated, and adducted leg (Fig.  40.8 ), 
while an anterior dislocation involves a slightly 
fl exed, externally rotated, and abducted leg 
(Fig.  40.9 ).

    A hip dislocation constitutes an orthopaedic 
emergency and reduction should ideally be per-
formed within 6 h of injury to reduce risks of 
osteonecrosis of the femoral head [ 33 ]. The clas-
sifi cation of hip dislocation is based on the direc-
tion of dislocation and presence or absence of 
associated acetabular or femoral head fracture [ 34 ]. 
 Thompson and Epstein  have classifi ed posterior 
dislocations into fi ve types:

   Type I: with or without a minor fracture  
  Type II: with a large single fracture of the poste-

rior acetabular rim  
  Type III: with a comminuted fracture of the rim of the 

acetabulum, with or without a major fragment  
  Type IV: with fracture of the acetabular rim and fl oor:  
  Type V: with fracture of the femoral head.    

 Anterior dislocations have also been classifi ed 
by  Epstein  as follows:

   Type  I : superior dislocations, including the pubic 
and subspinous
    IA : no associated fractures  
   IB : associated fracture or impaction of the fem-

oral head  
   IC : associated fracture of the acetabulum     

  Type  II : inferior dislocations, including the 
obturator and perineal
    IIA : no associated fractures  
   IIB : associated fracture or impaction of the 

femoral head  
   IIC : associated fracture of the acetabulum       

 Posterior dislocations are most common and can 
be associated with posterior wall acetabular frac-
tures and anterior femoral head fractures given that 
the leg is internally rotated, fl exed, and adducted 
at the hip on impact. Anterior dislocations are 

a b

  Fig. 40.8    ( a ,  b ) The typical position of a posterior fracture dislocation of the hip is internally rotated and shortened. An 
anterior dislocation may present with external rotation       
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 uncommon (<10 %), which occur with the leg exter-
nally rotated, extended, and abducted at the hip, but 
are associated with a higher incidence of femoral 
head fracture. There is also about a 30 % rate of 
ipsilateral meniscal tear injury to the knee associ-
ated with dislocations overall [ 35 ]. Figure  40.2b  
shows the patient in Fig.  40.2a  after reduction; the 
attitude of the limb has been re-established. 

 For diagnosis, AP and lateral views of the hip 
are needed to exclude the hairline or undisplaced 
femoral neck fracture [ 36 ]. The direction of dis-
location can be determined based on the size of 
the femoral head and the projection of the lesser 
trochanter compared with the contralateral side. 
For a posterior dislocation, the femoral head is 
smaller and the lesser trochanter is less visible 
because of internal rotation whereas it is opposite 
for an anterior dislocation. Loss of concentricity 
of the femoral head with the acetabulum can also 
be seen with dislocation [ 37 ].  

40.3.2     Management 

 The aim of treatment is anatomic reduction of the 
dislocated hip to restore articular congruency [ 36 ]. 
Treatment involves emergent closed reduction 
under sedation. Numerous reduction techniques 
for posterior dislocations all involve traction 
in line with the femur in a fl exed and adducted 
position, including the  East Baltimore lift , 

 Allis ,  and Bigelow  manoeuvres (Fig.  40.10a–c ). 
In the presence of a femoral neck fracture, reduc-
tion should be attempted in the operating room 
after fi xation of the fracture [ 6 ].

   Once the femoral head has been reduced, 
the hip can then be abducted, extended, and 
 accompanied by external rotation, which will 
restore leg length [ 38 ] (Fig.  40.11 ). Anterior hip 
dislocations can be reduced with longitudinal trac-
tion, laterally directed force on the thigh, and inter-
nal rotation with progressive fl exion. Regardless 
of the method, only two or three attempts should 
be made with closed reduction to minimize iatro-
genic fractures or cartilaginous injury [ 37 ].

   The AP pelvis and Judet views after reduction 
are obtained to evaluate for associated femoral 
head, neck, and acetabular fractures, incongruence 
between the femoral head and acetabulum, and 
retained osteochondral fragments [ 35 ,  38 ]. Cross- 
table lateral view of the hip can be obtained to 
assess adequacy of the reduction [ 38 ]. Although 
a CT scan can ideally be performed to evaluate 
for associated acetabular and/or femoral head 
fractures, hip joint incongruence along with 
intra-articular loose bodies [ 37 ], this may not be 
feasible in the austere environment. 

 After closed reduction, a neurovascular exam 
should be performed. The hip should then be 
examined for stability by gently fl exing the hip 
from 0° to 90° in neutral rotation. Those patients 
who have a stable hip to 90° of hip fl exion must 
avoid putting the hip in the position of the disloca-
tion – excessive fl exion, adduction, and internal 
rotation. Immediately following the reduction and 
until the patient gains full consciousness, an 
abduction pillow can be fi tted or improvised 
(Fig.  40.12 ). The patient can weight-bear as toler-
ated while initiating hip abductor and fl exor 
strengthening, as well as gentle range-of-motion 
exercises. Posterior hip precautions should be 
maintained for at least 6 weeks post injury [ 38 ].

   Open reduction is reserved for irreducible 
closed reduction, a displaced femoral neck 
fracture, and intra-articular fragments from the 
posterior wall or femoral head that result in an 
incongruous reduction [ 38 ]. Patients with the 
latter can alternatively be placed in distal femoral 
skeletal traction. Posterior dislocations can be 

  Fig. 40.9    X-ray of a patient with an anterior fracture dis-
location of the hip       
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treated by the posterior Kocher-Langenbeck 
approach. For anterior dislocation, surgical 
approaches include the Smith-Petersen (direct 
anterior) for better access to femoral head frac-
tures or Watson-Jones (anterolateral) and 
Hardinge (direct lateral) for better access to the 
posterior capsule as needed [ 37 ] (Fig.  40.13 ).

   The main complication involved with hip dis-
location is osteonecrosis (up to 15 %), while 
post-traumatic arthritis, sciatic nerve injury 
 particularly in the peroneal distribution, femoral 

a c

b

  Fig. 40.10    ( a – c ) The patient shown in Fig.  40.8  following closed reduction of his dislocated right hip. Vectors of direc-
tion of pull when reducing the dislocated hip ( red arrows )       

  Fig. 40.11    Following reduction, the limbs’ attitude has 
been re-established. Limb in external rotation (normal 
attitude) following reduction of dislocated hip ( red arrow )       
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artery/nerve injuries (anterior dislocation), and 
instability are other considerations [ 35 ]. Rarely, 
recurrent instability occurs and is caused by cap-
sular or labral defects or capsular laxity [ 37 ].  

40.3.3     Delayed Management 

 It may not be feasible to attain reduction in the 
recommended time frame in developing 
 countries. One small case series in India applied 
traction for 5–17 days to patients who had old 
isolated posterior dislocations (up to 75 days) 
and found that for several patients, the femoral 

heads became fully concentric without avascular 
necrosis or osteoarthritis during follow-up of 
6 months to 3 years. However, heavy traction 
failed to reduce the hip in one patient with a very 
old dislocation of 9 months duration associated 
with a comminuted acetabulum fracture and 
other pelvis fractures [ 39 ]. 

 Although early reduction is ideal, in areas 
with medical care shortages, it appears that satis-
factory outcomes can still be achieved even with 
delay. Another study in India suggests that 
closed reduction under anaesthesia should gen-
erally at least be attempted in dislocations up to 
3 weeks old. Over 3 weeks but less than 1 year, 
heavy traction abduction or open reduction can 
produce decent outcomes [ 40 ]. In patients with 
neglected dislocations in a developing country, 
traction can be useful in that it causes less trauma 
to the femoral head, soft tissues, and articular 
cartilage of the acetabulum [ 40 ].  

40.3.4     Femoral Head Fractures 

 These types of fractures are relatively rare and 
associated with hip dislocations, although the 
incidence may be increasing due to the increase 
in road traffi c accidents. Five to fi fteen percent of 
posterior hip dislocations are complicated with a 
femoral head fracture. These fractures are classi-
fi ed using the Pipkin classifi cation:

  Fig. 40.12    Improvised 
abduction pillow to 
protect the patient and 
prevent redislocation of 
the hip until patient is 
fully conscious       

  Fig. 40.13    Kocher-Langenbeck approach for open 
reduction of unreducible posterior dislocation of the hip       
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    Type I : fracture below the fovea/ligamentum. 
These fractures do not involve the weight- 
bearing region of the femoral head.  

   Type II : fracture above the fovea/ligamentum and 
involving the weight-bearing portion of the head.  

   Type III : type I or II with an associated femoral 
neck fracture. These fractures have a high 
incidence of avascular necrosis.  

   Type IV : type I or II associated with an acetabular 
fracture, usually of the posterior wall.    

 For the purposes of management in the austere 
environment, Pipkin I and II with less than 1 mm 
step off can be treated conservatively in a stable 
hip. Pipkin III–IV will probably require some 
form of surgical intervention and transfer should 
be considered if possible. Displaced Pipkin I and 
II–IV may require arthroplasty (Fig.  40.14 ).

        Conclusion 

 As hip injuries represent a condition with 
ubiquitous prevalence across the globe, ortho-
paedists working in circumstances with vary-
ing resources are all confronted with the need 
to manage such patients. Although there 
remains some variation in the surgical man-
agement of hip fractures in developed regions, 
it is well accepted that these patients are best 

managed with timely surgical intervention 
using internal fi xations methods or joint 
arthroplasty. For practitioners working in the 
austere environment, several challenges exist, 
including the limited availability and quality 
of resources. As such, even nonoperative 
methods deserve consideration when surgical 
interventions may pose increased complica-
tion risks [ 26 ]. 

 In any circumstance, patients presenting 
with hip fractures should not be treated with 
prolonged bed rest. Prompt mobilization 
should be a goal for all hip fracture patients, 
so as to minimize complications associated 
with prolonged immobility [ 26 ]. Hip disloca-
tions can generally be treated initially through 
several nonoperative reduction techniques as 
described above. Even those patients with 
delayed presentation can achieve successful 
results through the use of heavy traction. 

 Ideally, surgeons working in the austere 
environment will have access to basic implants 
that will allow them to care for hip fracture 
patients in an evidence-based manner. As the 
global hip fracture burden continues to rise, 
there is a dire need for international collabora-
tive efforts in conducting hip fracture trials in 
the austere environment. It is only through such 
efforts that patients in these regions can be 
offered optimal care in the setting of a condition 
with unfortunate and often devastating sequelae.     
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      Femoral Injuries                     

     Sven     Young     

       As an orthopaedic surgeon working in a low- 
income country (LIC), you will see a lot of 
femoral fractures. Like open tibia fractures, 
they are usually the result of the increasing epi-
demic of road traffi c accidents (RTA) in low- 
and middle-income countries (LMIC). Even 
in confl ict areas, hospital wards are often full 
of RTA victims, and in civilian hospitals, they 
can even outnumber the blast injuries and gun-
shot wounds one might be expecting to see as 
a visitor. The treatment of femoral fractures in 
a limited resource setting, and your own role 
as a surgeon, is dependent on many factors. 
Some of these include the available resources 
and equipment, the availability of local staff to 
train and supply with equipment and the length 
and goals of your visit. A disaster relief mission 
is very different in its goal to an equally short 
visit to a Southern African hospital, for exam-
ple. Whereas after a disaster, one would want 
to treat as many injured people as possible in a 
short time to manage the spike in the incidence 
of trauma (Fig.  41.1 ); a planned visit to a hospi-

tal in a  low-income country should have a more 
sustainable approach.

   At a small district hospital in a low-income 
country, you might have very little equipment 
and will have to improvise to provide as good 
treatment as the local resources will allow 
(Fig.  41.2 ). At a central hospital in the same 
country, you might have all the equipment you 
need, but the huge burden of injuries in your ward 
and lack of theatre time might force you to priori-
tise quite differently than you would at home. In 
a military fi eld hospital, one would usually only 
debride, stabilise and send to a fully equipped 
facility away from the frontline.

   The same might apply to a businessperson, 
politician or tourist with full health insurance 
admitted to a local hospital in a LIC. However 
unfair this may seem, sending those that have the 
opportunity quickly on to a better-equipped and 
staffed hospital saves resources at the local hospi-
tal and probably helps those individual patients 
as well. In short, you need to know where you are 
going and to have realistic expectations of your 
own role. Though we all want to contribute and 
operate as much as possible, a short visit to some 
hospitals in LIC might be better spent teaching 
the staff in the outpatient department good reduc-
tion and casting techniques than doing surgery 
that is being done by others already anyway. In 
the following, I will try to outline some practical 
tips that may be useful as a visiting orthopaedic 
surgeon to a low-income country. 

        S.   Young ,  MD, PhD      
  Department of Orthopaedic Surgery , 
 Haukeland University Hospital ,   Bergen ,  Norway    

  Department of Surgery ,  Kamuzu Central Hospital , 
  Lilongwe ,  Malawi   
 e-mail: svenyoung@gmail.com  

  41

mailto:svenyoung@gmail.com


550

41.1     Epidemiology 

 Injury is the most common cause of death glob-
ally in young people between 10 and 24 years 
old, and the most common mechanism of injury 
is road traffi c accidents (RTA) [ 1 ]. Ninety- seven 
percent of these deaths occur in low- and middle-
income countries, and for every death we can 
expect another 3–10 people that survive with 
some disability [ 2 ,  3 ]. In Malawi, RTAs are the 
most common cause of injury overall [ 4 ]. 

 The global burden of injuries is growing very 
rapidly and almost entirely in LMICs. The main 
cause of this is the rapid increase in RTAs [ 5 ,  6 ]. 
By 2030, the World Health Organization (WHO) 
expects RTAs to have risen from the ninth to the 

  Fig. 41.1    Femoral fracture following a suicide bomber 
attack. A ball bearing used in suicide bomber vests can be 
seen       

  Fig. 41.2    Traffi c 
accident casualty on 
traction for bilateral 
femur fractures and a 
right tibia fracture. In 
the past several 
surgeons have called 
the use of traction for 
poly-trauma victims 
“horizontal 
crucifi xion”. This 
picture should explain 
why. This young man 
was on traction for 3 
months and ended up 
with nonunion of both 
femurs (© Sven 
Young, used with 
permission)       
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fi fth leading cause of all deaths globally, only 
surpassed by the diseases of old age such as car-
diovascular, cerebrovascular and pulmonary dis-
ease [ 7 ]. In high-income countries, the incidence 
of femoral shaft fractures is approximately 10–37 
per 100 000 person years [ 8 ]. The incidence of 
femoral fractures is bound to be many times 
higher in LMIC. In Malawi, we found that 87 % 
of femoral fractures were due to high-energy 
trauma, and 25 % of the patients were poly-
trauma victims [ 9 ]. 

41.1.1     Review of Evidence 

 There should be little doubt about what is the best 
available treatment for femoral shaft fractures 
today. Intramedullary (IM) nailing has been the 
established gold standard of treatment for over 
half a century [ 10 ]. However, as the technique 
has evolved in high-income countries, we now 
use a lot of expensive equipment to do 
intramedullary nailing. In most low-resource 
settings, you will not have access to a modern 
traction table, a C-arm image intensifi er (II) or 
fl exible motorised reamers. Most likely, you will 
not have autoclaveable surgical power tools. As a 
consequence, there has been a need for new 
technology specifi cally designed for use under 
these conditions, and over the last decade, this 
has gradually been emerging. 

 SIGN Fracture Care International (SIGN) 
have designed an interlocking IM nail that can be 
used without a C-arm [ 11 ]. More importantly, 
SIGN supplies replacement nails and instruments 
to the hospital free of charge once the fi rst set has 
been paid for, effectively solving the common 
problem of sustainable implant replacement in 
LICs. Using an IM nail without a C-arm usually 
means having to do open reduction of the frac-
ture. This is not something surgeons are used to 
in high-income countries, and some surgeons feel 
strongly that this should be avoided. Küntscher 
emphasised as early as 1940 the importance of 
closed reduction and nailing under x-ray guid-
ance to avoid infection and to improve healing 
[ 12 ]. However, he did not have access to 
antibiotics. 

 After the Second World War, IM nailing rap-
idly became used in many countries, but because 
of the questionable safety for the surgeon with 
the use of the early head worn fl uoroscopy, most 
surgeons used open reduction instead [ 10 ]. With 
the use of prophylactic antibiotics, infection rates 
were still low enough after open reduction for the 
technique to be widely used for many years until 
the new C-arm image intensifi ers were more 
available. We now have evidence that this is also 
the case with the use of open reduction with the 
SIGN nail in LMICs. In several recent reports, 
infection rates have been shown to be low after 
IM nailing in LMIC [ 13 – 15 ], and open reduction 
does not seem to increase the risk of infection 
signifi cantly [ 15 – 18 ]. What does increase risk of 
infection is; failing to use preoperative prophy-
lactic antibiotics [ 15 ,  16 ], the degree of soft tis-
sue damage and operating neglected femoral 
fractures [ 15 ]. The possibility for increased risk 
of venous thromboembolism (VTE) because of 
the unavailability of low molecular weight hepa-
rin is probably no argument against IM nailing in 
LMIC either, as VTE, including pulmonary 
embolism (PE), occurs also while on traction for 
femoral fracture [ 13 ]. 

 In many sub-Saharan countries, the preva-
lence of HIV is very high. HIV status should not 
be used as a contraindication to surgical treat-
ment of femoral fractures. HIV-positive trauma 
patients have similar outcomes to HIV-negative 
patients [ 19 – 21 ]. Infection rates are not signifi -
cantly increased, and they are mobilised just as 
quickly postoperatively [ 9 ]. HIV-positive patients 
do, however, have an increased risk of VTE [ 22 ] 
and possibly an increased risk of postoperative 
mortality after femoral nailing [ 9 ]. It is therefore 
probably even more important for HIV-positive 
trauma patients to receive some kind of VTE 
prophylaxis (e.g. Aspirin and/or compressive 
stockings) if possible; whether they are being 
treated on traction or by IM nailing. 

 If acceptable infrastructure and well-trained 
personnel are available, there is no doubt that IM 
nailing is the best treatment for femoral fractures. 
However, these important prerequisites for 
surgery are not always present in LIC. In these 
circumstances one is forced to use traction, and 
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this is unfortunately still the case in the majority 
of hospitals in many LICs. However, despite the 
obvious inconvenience and discomfort for the 
patient, acceptable end results can be achieved 
with traction [ 23 ]. Traction times can be reduced 
signifi cantly if followed up closely, especially 
with Perkins traction [ 24 ]. Contrary to what 
many surgeons think, however, traction is not 
without its risks. Up to 42 % of the patients get 
pin tract infection, 10–14 % end up with a 
nonunion or refracture, 12–14 % with malunion 
and 6 % with pressure sores [ 24 ]. pulmonary 
embolism (PE) can occur while on traction [ 13 ] 
and pin tract infection can spread to the fracture 
site [ 25 ]. In Malawi, we have also seen gangrene 
of the foot in an old man with arteriosclerosis as 
a complication to skin traction, and if you do not 
have the staff or the necessary beds to do Perkins 
traction, patients invariably end up with a stiff 
knee for months or even permanently. As sur-
geons in a setting with limited resources, we need 
to know about these risks and try to avoid them.   

41.2     Treatment 

 Treatment protocols must, of course, be adapted 
to the resources available and the training and 
skills of the available staff. If infrastructure, 
equipment, operating capacity and the skill of the 
surgeon allows, then IM nailing should be the 
treatment of choice. However, in a low-income 
country, taking a patient with a fractured femur 
straight to theatre for an IM nail is usually not 
possible. X-rays and an Hb might not be available 
at night or at all, and blood is usually not available 
on short notice. As such, you probably will not 
know when you will be able to do this surgery. If 
you do not expect the patient to wait long for sur-
gery, it makes sense to use skin traction to avoid 
pin tract infection while waiting for surgery. 
However, skin traction does not allow suffi cient 
weight to be applied to the traction and if you 
expect the patient to be waiting for a long time, or 
there is a possibility that traction will be the defi n-
itive treatment, skeletal traction should be used. 

 Open femoral fractures are emergencies and 
should go to theatre for thorough debridement 
and irrigation of the wound at the fi rst pos-

sible opportunity. Give IV prophylactic antibi-
otics upon arrival to casualty (e.g. ceftriaxone 
1 g IV OD); do not just order it in the fi le and 
hope the only nurse in the ward will have time 
to read it. Depending on the severity of the soft 
tissue injury, and position of the wound, you 
can choose to stabilise the fracture with traction 
or an external fi xator while waiting for defi ni-
tive surgery with an IM nail or put straight on 
skeletal traction or external fi xation as defi nitive 
treatment. 

41.2.1     Initial Management 

 In LMICs, femoral fractures in adults are usu-
ally the result of high-energy trauma. They are 
often associated with other injuries. Never for-
get the basics: The ABCDE of the ATLS! Get IV 
access and start IV fl uids. Morphine is usually 
available. There is no reason to leave the patient 
in pain! Stabilise the fracture with skin traction 
or (if traction is the defi nitive treatment or the 
wait for surgery likely to be long) skeletal 
traction.  

41.2.2     Skin Traction 

 Skin traction is usually only used as temporary 
stabilisation for femoral fractures while waiting 
for surgery. The exception is in children (see 
Sect.  41.2.3 ). It is usually applied as extension 
traction with the leg straight and fl at on the bed. 
The main reason skin traction is not good enough 
for defi nitive treatment is that it will not allow 
enough weight to be applied. Applying any more 
than 5–7 kg will often end with blistering of the 
skin or loosening of the strapping. As a rule of 
thumb, 1/7 of bodyweight is needed to correct 
and hold the deformity in a femoral shaft frac-
ture, i.e., usually 10–14 kg in a young man and 
7–10 kg in a woman. 

 For skin traction to work, you will need:

    1.    Good, nonelastic, adhesive strapping (“sticky 
plaster”) 50 mm wide.   

   2.    Wooden “spreaders”; pieces of wood 5 by 
5 cm (2″ × 2″) preferably with a hole in the 
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middle for the traction cord (Fig.  41.3a ). If 
spreaders are not available, a tightly folded 
piece of thick cardboard etc can be used.

       3.    Crepe/elastic bandage to hold the plaster on 
the skin. If crepe bandages are not available, 
strapping/sticky plaster can be used, but must 
not be applied circumferentially. Apply it 
around half the limb only at different levels or 
in a spiral/fi gure-of-eight confi guration to 
avoid compromising circulation.   

   4.    Traction cord. Any nonelastic string, washing 
line, etc. can be used. If none is available, 
gauze bandage is usually strong enough if 
unrolled and twisted into a cord (Fig.  41.3a ).   

   5.    1, 2 and 5 kg weights. These are often not 
available. A pillowcase, sheet or even plastic 
bag fi lled with sand, rocks or bricks will do 
the trick (Fig.  41.3c ). Use scales to check the 
weight (Fig.  41.3b ). Scales are usually avail-
able in paediatric wards at least. Needing to 

a

c

b

  Fig. 41.3    ( a ) Straightly skin traction with spreader and 
anti-rotation rock used on a patient. ( b ) Dr. Kumbukani 
Manda weighing a rock for use as a traction weight on the 

paediatric ward’s scales and ( c ) inappropriate skin traction 
(( a ,  b ) © Sven Young, used with permission. ( c ) © Lasse 
Efskind, used with permission)       
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 improvise does not mean you can get away 
with anything (Fig.  41.3c ). The traction on 
this patient is obviously done by someone 
who does not understand the principles that 
apply. A disposable syringe has been used as a 
spreader. Putting it in the sagittal plane only 
gives a point of fi xation for the cord; it does 
not spread the strapping to protect the foot and 
ankle. It might have worked if it could be 
fi xed transversely. No anti-rotation “device” 
has been used, and there is obvious external 
rotation of the limb. A bed without an end 
board or bar has been used leaving the cord on 
the mattress. This reduces the effect of trac-
tion due to friction. In this case, you can also 
see from the size of the bundle used for trac-
tion that a much too small weight must have 
been applied.   

   6.    Pulleys or at least a bar on the end of the bed 
to run the traction cord over (Fig.  41.5 ). If the 
traction cord lies on the mattress, the friction 
is too high for traction to be effective 
(Fig.  41.3c ).   

   7.    Blocks to place under the legs of the bed to 
raise the end for counter-traction (Fig.  41.4 ).      

41.2.3      Paediatric Femoral Fractures 

 Children under 12 kg (often about two years old 
in high-income countries, but can vary a lot in 
LICs) are best treated in Gallows traction. Skin 
traction is applied to both legs all the way up to 
the proximal thigh, and the traction cords are tied 
to a bar above the bed. The buttocks of the child 
should only just be lifted off the bed. 

 Children above 12 kg were traditionally 
treated in 90-90 traction in high-income countries 
before the widespread introduction of elastic sta-
ble intramedullary nailing (ESIN) from the 
1990s. 90-90 traction, however, necessitates the 
use of skeletal traction, and in children that means 
the use of ketamine or General Anesthesia 
(GA). The main argument for the use of 90-90 
traction is the good control of rotation it offers. 
However, this can be solved in other ways. 
Straight leg extension traction does not lead to a 
permanently stiff knee in children under the age 

of 14 or so. Also, because less weight is needed 
to reduce and hold the fracture and less time is 
needed until union in children, skin traction 
works well. We usually use 10 % of the child’s 
weight for traction. The rotation is controlled by 
placing an anti-rotation block (usually a litre of 
IV fl uid or a brick wrapped in some cloth) on 
each side of the child’s foot and instructing the 
guardian to make sure the big toe is always point-
ing at the ceiling. Skak and Jensen [ 26 ] showed 
that a femoral fracture in a child heals roughly in 
as many weeks as the child’s age in years. This 
can be a good rule of thumb to inform the parents 
of the expected length of stay. When the fracture 
is no longer mobile or painful on manipulation 
and the child can lift the limb from the bed, the 
child is discharged home. The parents are 
instructed not to force the kid to try to stand or 
walk until the child does so on his/her own.  

41.2.4     Skeletal Traction 

 Skeletal traction (Fig.  41.4 ) is still the most 
widely used treatment for femoral fractures in 
district hospitals in LICs and many places; it will 
remain so for many years until enough fully 
trained orthopaedic surgeons are available for the 
introduction of IM nailing outside the central 
hospitals. However, do not be fooled into think-
ing skeletal traction is an easy option. For good 
results with treating femoral fractures in traction, 
you need to pay meticulous attention to detail and 
follow up the patients very closely. To avoid stiff-
ness of the knee and promote rapid healing, early 
mobilisation of the knee is needed. The most effi -
cient way of attaining this is probably the use of 
Perkins traction [ 24 – 27 ] (Fig.  41.4 ).

   A normal hospital bed can be modifi ed to 
allow exercises of the knee joint. Daily exercises 
must be encouraged from around three days after 
the injury. However, this requires a dedicated 
health worker with time to follow up these 
patients daily. In many hospitals, that will be dif-
fi cult. Often straight leg extension traction is 
what is available. If this is the case, make sure 
that it at least is done as well as possible [ 23 ]. 
Some important points are:
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    1.    Give some form of pain relief and sedation 
(e.g. pethidine and diazepam) as well as 
local anaesthetic when inserting the traction 
pin. Use sterile technique, preferably in a 
minor theatre or treatment room, and try to 
fi nd someone to assist you.   

   2.    Use a large enough Steinmann or Denham 
traction pin, usually (at least) 4 mm thick, so 
it will not bend. Thinner K-wires need to be 
tensioned with a tensioning clamp/stirrup.   

   3.    Place the pin in the proximal tibia parallel to 
the knee joint and the posterior condylar 
plane ensuring correct rotation and angula-
tion of the fracture with the pin parallel to the 
surface of the mattress and the end of the bed.   

   4.    Though this is often called “tibial tuberosity 
traction”, the pin should be placed posterior 
to the tibial tuberosity to avoid pull-out and 
damage to the extensor mechanism. Insert 
the pin from the lateral side to avoid peroneal 
nerve injury.   

   5.    Don’t cut the pin. It can be sharpened, steril-
ised and used again.   

   6.    If a traction stirrup is not available, one can 
easily be made out of plaster of paris (POP) 
(Fig.  41.5 ). Tying the cord straight to the pin 
does not work well. It will slip and press on 
the skin. If corks are available (and POP is 
not), they can be threaded onto the pin and be 
used to tie the cord on. This will stop the cord 
from slipping. They can also be used to cover 
the point of the pin to protect staff and the 
patient’s other leg from injury. An empty 
medicine vial can also be used to cover the 
point of the traction pin.

       7.    Use enough traction weight (approx. one- 
seventh of body weight) to clinically correct 
the shortening and angulation of the fracture. 
Remember to raise the bed end to provide 
counter-traction (Fig.  41.4 ).   

   8.    The pins should be cleaned daily by the 
patient or a guardian with methylated spirits 
or chlorhexidine.   

   9.    Use an anti-rotation device of some kind. 
This can be a POP boot with a stick attached 
distal to the heel to prevent rotation or just 
some objects on either side of the foot to keep 
the big toe pointing at the ceiling (Fig.  41.3a ). 
Inform the patient why this is important.   

   10.    Patients should be taught quadriceps exer-
cises early and encouraged to pull against the 
traction weight. If a physiotherapist or reha-
bilitation technician is available at your hos-
pital, ask for them to follow up the patient 
several times a week.   

  Fig. 41.4    Perkins traction. Notice the front legs of the 
bed have been elevated on wooden blocks       

  Fig. 41.5    Traction stirrup made of plaster of paris ban-
dage. (© Sven Young, used with permission)       
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   11.    When the fracture is clinically stable and 
painless, and the patient can straight leg 
raise, traction can be removed.    

  The patient should be on non-weight bearing 
crutches for at least 6 weeks, depending on 
fracture confi guration and healing, and only 
gradually increase weight bearing after this. 
Inform the patient to return if increasing 
deformity arises after discharge. Encourage range 
of motion (ROM) exercises for the knee, and 
enlist the help of a physiotherapist or rehabilitation 
technician if available to instruct the patient 
thoroughly about these exercises on discharge.  

41.2.5     IM Nailing 

 Preparing for surgery should be much the same 
as in a high-income country. Don’t compromise 
with the safety of the patient. Before surgery, you 
should know the patient’s Hb and save 2 pints of 
blood. Unfortunately, this is not always possible. 
If an Hb is not possible to do, you can get a good 
impression if a patient is anaemic or not by 
examining the conjunctiva and tongue of the 
patient. In LIC, we are usually doing open 
reduction with some extra risk of blood loss 
compared to closed reduction. If blood is not 
available, you should consider postponing the 
case, especially if it is a neglected case with a 
higher risk of blood loss. If the patient has been 
on skeletal traction, the wounds should be 
completely healed before IM nailing. Any 
infection, any place on the body surface, is a 
contraindication to surgery. Any scabs should be 
removed to ensure there is no pus underneath. 
Give prophylactic antibiotics IV (e.g. ceftriaxone 
1 g IV stat) preoperatively as soon as the patient 
is in theatre [ 18 ]. 

 For antegrade IM nailing of the femur without 
a traction table or C-arm, the lateral decubitus 
position provides the best access and sterility 
[ 28 ]. The lateral position can even be used with a 
C-arm if one is available, but a traction table is 
not [ 29 ]. Make sure the patient is securely 
positioned with side supports. Flex the 
contralateral leg for better stability. Thoroughly 

clean the whole leg from the ankle to above the 
iliac crest and from the groin to the rima inter-
nates. Also clean the exposed surface of the con-
tralateral leg. We do not usually have nonabsorbent 
disposable drapes, and cotton drapes will quickly 
absorb any dirt when wet. 

 For retrograde nailing, the patient should 
be in the supine position. Retrograde nailing is 
often used in bilateral femoral fractures, so both 
femurs can be fi xed without changing the posi-
tion of the patient. Distal femoral fractures are 
also fi xed with greater stability and control of 
angulation with retrograde nailing. If you have 
II available, use it to get the entry point exactly 
right. Also the use of II can make closed reduc-
tion possible in reasonably fresh distal femoral 
fractures. However, there are reports of increased 
complications after retrograde nailing, and this 
technique should only be used when necessary 
and only by surgeons experienced in the use of 
retrograde nails [ 13 ,  30 ]. 

 Put the towel clips through the skin to hold the 
drapes in place. Try never to touch the metal 
implant with your gloves or let it touch the skin 
of the patient. Think infection prevention 
throughout the procedure. 

 Do not rush cleaning, draping or surgery. It is 
over a century since the best surgeon was the 
fastest surgeon. Just because we have to 
compromise on the choice of treatment or 
improvise when missing equipment, you should 
never compromise on getting as good results as 
possible. 

 The operating technique is of course dependent 
on the implant being used. If you are operating 
without a C-arm, you will probably be using the 
SIGN IM nail. If you are not familiar with this 
implant, make sure to read the manual very 
carefully before doing any surgery. Even if you 
are very experienced with other IM implants, 
there are several important differences that you 
need to be aware of. Take your time fi nding and 
preparing the correct entry point for the nail! 
Save bone from the reamers and any resected 
bone. Hard cortical bone should probably not be 
used, but all bone that can be mashed nicely to a 
pulp with a rongeur or similar can be returned to 
the fracture site before closing the wound. Even 
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in nonunions, you usually get enough bone from 
the reamers and resected callus to graft the 
fracture site without the need to harvest bone 
from the iliac crest. 

 Getting used to placing distal interlocking 
screws without a C-arm can take some time. If 
you know you will be using the SIGN IM nail 
system for the fi rst time on a planned visit, I 
recommend bringing a few saw bones to practise 
using the instruments used to fi nd the slots in the 
nail. Drill some holes purposely out of place, and 
practice aligning the nail with the help only of the 
tactile sense of your fi ngers and the “slot fi nder” 
instruments. Once you have the feel of this in 
your hands, you will “never” miss an interlock.  

41.2.6     External Fixation 

 External fi xation is an alternative to IM nailing 
either as temporary treatment in open fractures, 
as defi nitive treatment in infections or if good 
quality fi xators are available and IM nails are not. 
If you are planning to use an external fi xator as 
defi nitive treatment for a femoral fracture in an 
adult, you must ensure the fi xator you plan to use 
is stable enough for the fracture constellation you 
are treating. Many simple monoplanar trauma 

fi xators were designed mostly for stabilisation 
before transport and are not very strong. Good 
placement of pins and adequate reduction of the 
fracture should be ensured by using C-arm II (or 
intraoperative conventional x-rays) if available or 
a mini open reduction if needed. An anatomically 
reduced transverse fracture might be stable 
enough to partially weight bear on with a simple 
trauma fi xator. However, a severely comminuted 
fracture might need a strong monolateral or a 
circular fi xator to hold it. Make sure there is full 
ROM at the knee intraoperatively without tenting 
of the skin around the pins (see Chap.   26    , on 
External Fixation) (Fig.  41.6 ).

41.2.7        Distal Femur Fractures 

 Intraarticular fractures of the distal femur should 
be treated the same way as in high-income coun-
tries if resources are available, the fracture is dis-
placed and you have experience with this surgery. 
Large fragment screws can be used to repair the 
condyles, and a blade plate or retrograde nail can 
be used to fi x the condyles to the shaft. If a large 
fragment set is not available to fi x the condyles, 
closed manipulation and skeletal traction, or a 
bridging external fi xator, can produce acceptable 

a

  Fig. 41.6    ( a ) A 
“diamond” frame 
confi guration (as 
described in the chapter 
on damage control) and 
( b ) x-ray showing early 
healing of a femoral 
fracture with bone loss         
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functional results (Fig.  41.7 ). Some surgeons 
have described success with the use of limited 
open reduction and fi xation of the joint surface 
with K-wires and stabilisation with a bridging 
external fi xator. However, open reduction of the 
knee joint combined with insuffi cient fi xation 
should be avoided.

41.3         Complications 

 Infection rates after IM nailing of the femur 
in most LMIC lie somewhere between 1 and 
5 % [ 9 ,  15 ]. This might sound too much to sur-
geons from  high-income countries; however, 

 considering the spectrum of serious trauma 
and the environment the surgery is being done, 
these are quite  acceptable rates. The deep infec-
tion of an IM nail is a serious complication and 
often leads to some degree of permanent knee 
stiffness, but it can usually be treated well by 
debridement and washout followed by suppres-
sive antibiotics until the fracture has healed [ 31 ]. 
On removal of the nail, the IM canal should be 
reamed to remove as much infected tissue as 
possible [ 32 ]. 

 Sudden death due to venous thromboembo-
lism (VTE) does occur after surgery and on trac-
tion. Mechanical VTE prophylaxis in the form of 
exercises to use the muscles of both legs regularly 

b

Fig. 41.6 (continued)
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every day (and if available compressive stock-
ings) should be used. Aspirin 75–100 mg OD for 
a week postoperatively is also recommended, 
though the evidence for the effect of this is rather 
thin. As blood is hard to come by in our setting in 
Malawi, we do not give aspirin preoperatively for 
fear of increased bleeding. 

 Infections, mechanical complications and 
hardware failure all arise from poor use of sound 
mechanical and surgical principles (Fig.  41.8 ). 
Having to improvise in a resource-constrained 
environment does not mean we can ignore these 
principles. If our skills, equipment or the setting 

does not allow us to follow this, it is better for 
the patient that we use nonoperative methods of 
treatment.

   Pin site infections are common with external 
fi xators in all settings, possibly even more so in 
resource-constrained settings. Advise washing 
the pins with chlorhexidine or methylated spirits 
daily and cover pin sites with clean gauze. Treat 
pin site infection with a two-week course of oral 
cloxacillin early if available. Very infected or 
loose pins should be removed, and the pin hole in 
the bone curetted. Give a long course of cloxacil-
lin to try to avoid chronic osteomyelitis.  

  Fig. 41.7    A distal femoral fracture was stabilised with an external fi xator spanning the knee. Excellent alignment was 
achieved and maintained until bony union       
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41.4     Rehabilitation 

 Rehabilitation after IM nailing depends on 
the fracture confi guration (“the personality of 
the fracture”), the quality of the bone, patient 
 compliance and the quality of the surgery. A 
patient with a stable transverse fracture with a 
well-placed IM nail of the right size and length 
can weight bear as tolerated day 1 postop. In a 
very unstable comminuted fracture, we would 
normally advise 6 weeks partial weight bearing 
to start with. In all cases, encourage full active 
ROM exercises for the knee while standing on 
the good leg with support and/or while sitting on 
a chair. This is especially important with infected 

nails. In these cases, it is useful enlisting the help 
of a physiotherapist as early as possible. 

 For rehabilitation after traction, please see 
above. 

41.4.1     Follow-Up 

 Follow-up can be a challenge in LIC. Many 
patients do not return even if encouraged to. 
Often the reason for this is the cost and avail-
ability of transport [ 33 ,  34 ]. However, probably 
most of the patients that have serious problems 
will return for review [ 9 ]. Inform the patients and 
the guardians of the most common complications 
and that they can be helped if they return.   

41.5     Case Study 

 A 40-year-old Chinese businessman was brought 
to casualty at Kamuzu Central Hospital in 
Malawi after having been shot in the thigh with 
a handgun. He had tried to refuse to give up his 
wallet when his car was hijacked by armed rob-
bers. The laboratory machine for full blood count 
(FBC) had broken down and there was no way 
to get an Hb. His conjunctiva and tongue were 
pale; he was tachycardiac but BP was normal. 
No other injuries were found. There was a small 
entry wound on the anterior aspect of the right 
distal thigh (Fig.  41.9a ) and a small 4 by 4 cm 
exit wound on the posterior aspect of the thigh. 
Distal pulses were present and neurological func-
tion was intact. The x-rays showed a comminuted 
distal femoral shaft fracture (Fig.  41.9b ). He was 
taken to theatre and debridement was done with 
the help of an Esmarch rubber bandage tourni-
quet. Small fragments that were not attached to 
soft tissue were removed along with all dead or 
dirty tissue. The wound was also mechanically 
cleaned by pulling gauze through the wound 
canal and irrigated with many litres of saline. 
What would you do next?

   Gunshot wounds (GSWs) can be treated with 
traction only [ 35 ]; however, external fi xation 

  Fig. 41.8    A femoral fracture nonunion with failure of the 
plate fi xation       
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offers better stability and ease of wound care if 
the equipment and a surgeon experienced with 
the technique is available. A wound on the pos-
terior aspect of the thigh is especially diffi cult to 
care for on traction. We were lucky to have an 
external fi xator available, but the C-arm was out 
of order (Fig.  41.10 ).

   After 3 weeks, the fracture was still completely 
loose. The wounds were dry but one of the pin 
sites was red and painful and the ex fi x was not 
stable enough for him to be mobilised comfort-
ably. The ex fi x was removed and replaced by skin 
traction, and the patient was put back on IV anti-
biotics while waiting for surgery. He was taken to 
theatre a week later. The pin sites were dry and a 
retrograde SIGN IM nail was placed. The C-arm 
was still not working and a limited open reduction 
through a small lateral incision was done. He was 
kept on IV antibiotics for another 2 weeks. The 
fracture healed without infection. Eight weeks 
later he was walking normally without a limp. 
The end result at 2 years can be seen in Fig.  41.11 . 
Retrograde nailing after GSW involving the distal 
femur has been shown to be successful also when 
nailing within 7 days [ 36 ].

a b

  Fig. 41.9    ( a ) Clinical picture of entry point gunshot wound and ( b ) x-ray of comminuted femoral fracture (© Sven 
Young, used with permission)       

  Fig. 41.10    External fi xation stabilising comminuted 
femoral fracture. Only small, loose fragments were 
removed. Yet again only one projection was taken (© 
Sven Young, used with permission)       
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  Further Reading and Training 

  Attend the annual SIGN conference in Richland, 
Washington State, USA, if you have the opportunity.  

  Doorgakant A, Mkandawire N, editors. Orthopaedic Care 
at the District Hospital. This is a pocket-sized hand-
book mainly intended for orthopaedic clinical offi cers 
working in district hospitals in Malawi, but should be 
a handy guide for anybody working in the districts in a 
low-income country.  

  Giannou C, Baldan M, Molde Å. War surgery. Working 
with limited resources in armed confl ict and other situ-
ations of violence, vol. 2. International Committee of 
the Red Cross. Good guide to war surgery. Must be 
read with the situation of armed confl ict in mind. In 
other situations with limited resources one might not 
need to be quite so conservative with the use of IM 
nailing or other internal fi xation. Can be downloaded 
from the ICRC:   http://www.icrc.org/eng/resources/
documents/publication/p4105.htm    .  

  King M, editor. Primary surgery, vol. 2, Trauma. Chapters 
70 and 78 contain good descriptions of and many good 
tips about treatment in traction, as well as many tips on 
what to do when you are missing important equipment 
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or consumables. How do you make a POP bandage 
or convert a normal hospital bed to a bed suitable for 
Perkins traction? The trauma chapters can be down-
loaded as pdf-fi les from:   http://www.primary- surgery.
org/download.html    .  

  The  SIGN IM nail manual  is absolutely essential to read 
thoroughly if you are going to be using SIGN IM nails. 

You can download it by contacting SIGN Fracture Care 
International at:   http://signsurgeons.org/publications/    .  

  WHO. Surgical Care at the District Hospital. Chapters 17 
and 18 contain some tips on orthopaedic care, includ-
ing tips on treatment with traction. It can be down-
loaded as a pdf-fi le from:    http://www.who.int/surgery/
publications/scdh_manual/en/    .       

S. Young
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      Distal Femoral Fractures 
and Knee Injuries in the Austere 
Environment                     

     James     Shelton      and     Steve     Mannion     

       Although knee injuries are relatively common, 
a serious knee injury is relatively rare with an 
extrapolated incidence of 1 in 800 per year in the 
developed world [ 1 ]. In an austere environment, 
with poor infrastructure and the additional bur-
den of war and natural disasters, it is reasonable 
to assume that knee injuries will form a signifi -
cant part of the caseload. 

 In this chapter, knee injuries will be divided 
into fractures without soft tissue compromise, 
soft tissue injuries, combined injuries and dis-
locations. Distal femoral fractures will be dealt 
with as well, as they can present together follow-
ing high-energy mechanisms. 

42.1     Anatomy 

 The knee joint comprises of a number of impor-
tant structures. The bony anatomy consists of the 
distal femur, proximal tibia and the patella. The 
articulation between the femoral trochlea and the 
medial and lateral facets of the patella form the 

patellofemoral joint. The articulation between 
the medial and lateral femoral condyles and the 
medial and lateral tibial plateau forms the tibio-
femoral joints.  

42.2     Supracondylar Femoral 
Fractures 

 Supracondylar femoral fractures have a bimodal 
distribution, classically seen in low-energy trauma 
to elderly osteoporotic females or in high- energy 
trauma to young men as a result of axial load-
ing to a fl exed knee [ 2 ]. An increased incidence 
of high-energy injuries in developing nations due 
to poor road safety will likely skew this distribu-
tion towards young males [ 3 ]; all patients with 
high-energy fractures should be managed as 
per the Advanced Trauma Life Support (ATLS) 
approach as there is a high chance of concurrent 
injuries. 

 Radiographic classifi cation of this fracture 
uses the AO classifi cation: A (extra-articular), B 
(partial articular [unicondylar]) and C (complete 
articular [bicondylar]) [ 4 ]. 

 The equipment available at your facility will 
limit the management choices of these inju-
ries. Indications for nonoperative management 
in developed nations include up to 10° of angu-
lar deformity in the sagittal plane and <2 mm 
step in articular surface [ 2 ]. Dependent on your 
 equipment availability, skill set and available staff, 
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the conventional criteria for fi xation in the deve-
loped world may not be relevant to your setting.  

42.3     Nonoperative Management 

42.3.1     Indications 

 Distal femoral fractures may be treated nonop-
eratively, provided the lasting deformity would not 
result in signifi cant and life-long loss of function. 
Up to 15° of internal/external rotation is relatively 
well tolerated; however, once past this thresh-
old, patients report pain and limitation of higher-
demand activities such as running and climbing 
stairs. Interestingly, those with an external rotation 
deformity of over 15° have reported more symp-
toms than those with internal malrotation [ 5 ]. With 
respect to sagittal plane deformity, if the lateral dis-
tal femoral angle has less than 5° of deformity in 
valgus or varus, it is generally well tolerated. More 
than 5° of varus or valgus deformity will result in 
signifi cant symptoms. The same is true for ante-
recurvatum. A deformity of more than 5° gives 
a poorer outcome [ 6 ]. Hence, if you are able to 
achieve an end product with less than 15° of mal-
rotation and less than 5° of sagittal and/or coronal 
plane malalignment, casting or manipulation under 
anaesthetic casting may be appropriate. Patient fac-
tors are important in choosing a nonoperative treat-
ment pathway – if they are medically unfi t for an 
operation or non-ambulant, the risks may outweigh 
the benefi ts.  

42.3.2     Reduction and Casting 
Technique 

 A manipulation under anaesthetic or sedation 
may improve sagittal malalignment and hence 
the patient’s outcome. These patients can be 
immobilised in an above knee cast including the 
foot at 20–30°of fl exion for 6–8 weeks [ 7 ]. 

42.3.2.1     Follow-Up 
 Initially weekly radiographs should be per-
formed, as with all casting techniques, to monitor 
for any loss in reduction. The priority is to try to 

prevent a nonunion. Nonunions in these environ-
ments can be incredibly diffi cult to manage [ 2 ].  

42.3.2.2     Complications 
•     Tight cast  
•   Compartment syndrome  
•   Non-/malunion  
•   Poor mobility/stiffness     

42.3.2.3     Rehabilitation 
 After 6–8 weeks (or until radiographic evidence 
of union), these patients can be taken out of cast 
and must adhere to protected weight bearing for 
a further 4–6 weeks until clinical union has been 
achieved. Whilst in this period, it is essential to gain 
full knee extension and fl exion to at least 90° as this 
is the functional range of movement at the knee [ 7 ].   

42.3.3     Thomas Splint Application 

 An alternative to cast immobilisation in frac-
tures of the distal femur or proximal tibia is the 
Thomas splint, a low-cost, balanced traction 
device which is widely available, even in austere 
settings (Figs.  42.1  and  42.2 ):

      1.    Select the correct size of Thomas splint for 
the patient.   

   2.    Under general anaesthesia/sedation, apply 
steady longitudinal traction to the leg.   

   3.    Apply the sticky skin traction on the leg and 
reinforce it with dressing.   

   4.    Gently slide a Thomas splint under the thigh 
and attach the slings between the side bars to 
support the region of the knee.   

   5.    With an assistant applying longitudinal trac-
tion to the foot, compress the knee from side 
to side and lower the limb on to the slings of 
the splint.   

   6.    Attach the traction cords to the foot of the 
splint.   

   7.    Once an acceptable reduction has been 
obtained, the traction can be eased, with a 
view to maintaining the limb at the same 
length as the uninjured side.   

   8.    Encourage quadriceps contraction and watch 
for the fi rst signs of the patient being able to 
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lift the knee and inch or so off the splint – 
this will be about 3 weeks after the injury.   

   9.    When signs of active knee lifting are seen, 
untie the traction cords daily and encour-
age active fl exion exercises with the knee 
supported.   

   10.    Abandon the splint when active straight-leg 
raising is easy (4–8 weeks) and rest knee on 
a pillow.   

   11.    Do not worry if a little valgus deformity 
recurs in elderly patient, it is unlikely to be 
of functional signifi cance.   

   12.    Permit weight bearing between 9 and 12 
weeks [ 8 ].    

42.3.4       Skeletal Traction 

42.3.4.1     Indications 
 Skeletal traction can be helpful in patients who 
cannot tolerate a Thomas splint; this may be due 
to blistering of the skin over the lower leg or pres-
sure sores where the splint abuts the pelvis [ 9 ,  10 ].  

42.3.4.2     Technique 
 If the fracture confi guration permits, a distal fem-
oral traction Schanz pin is inserted through the 
distal femur a couple of centimetres proximal to 
the intercondylar axis identifi ed by palpating the 
femoral epicondyles. This is to ensure you stay 

  Fig. 42.1    Distal femoral fracture in Thomas splint with poor traction       
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extra-articular. Once your pin is in position, dress 
it with gauze soaked in antiseptic and affi x a stir-
rup to the pin, you can now start to add traction 
weights until the leg length had been restored. 

 If the fracture is too distal to insert a femoral 
pin, a proximal tibial pin is a good alternative. 
However, you may fi nd you require more weight 
as some of the force is absorbed by the soft tis-
sues of the knee. Insert the pin 2.5 cm posterior 
and 2.5 cm distal to the tibial tubercle [ 11 ,  12 ].  

42.3.4.3     Follow-Up 
 Weekly radiographs must be taken to ensure no 
loss of alignment and to see evidence of callus 
formation; this can often be palpated as well.  

42.3.4.4     Complications 
  Femoral Pin     Must be cautious of entering the 
intercondylar notch if too potentially causing a 
septic arthritis. 

 To prevent injury to the femoral artery as it 
passes through Hunter’s canal the Schanz pin 
should be inserted medial to lateral with opening 
dissection to the bone medially.  

  Tibial Pin     Ensure no concomitant ligamentous 
damage to the knee. Insert  from the lateral with 
opening dissection to the bone to minimise risk to 
the peroneal nerve [ 11 ].   

42.3.4.5     Rehabilitation 
 This also allows closed chain exercises at 3–4 
weeks which will reduce stiffness and improve 
function [ 7 ]. Equally once there is evidence of 
union at around 6–8 weeks, the patient may be 
able to start protected weight bearing without trac-
tion and follow standard knee rehabilitation [ 2 ].   

42.3.5     External Fixation 

42.3.5.1     Indications 
 Severe swelling or injuries to the soft tissue 
envelope are indications for a temporary span-
ning external fi xator which will provide stabil-
ity whilst the soft tissue injury heals. External 
fi xators can be used as defi nitive management 
of fractures around the knee. However, due to 
the cantilever loading that takes place in these 
devices, there can be too much motion, thus cre-
ating a poor biological environment for fracture 
healing. A more advanced technique would be 
the use of a ring fi xator. The advantage of these 
ring fi xators is the ability to beam load the frac-
ture causing uniform compression as opposed to 
the compression and tension sides seen in canti-
lever loading [ 11 ]. These techniques require spe-
cialised training and are beyond the scope of this 
chapter.  

  Fig. 42.2    Distal 
femoral fracture in 
Thomas splint with 
optimal traction; this 
has improved the 
position of the 
fracture. This patient 
underwent ORIF; 
however, in the austere 
environment, a 
manipulation under 
sedation or anaesthetic 
could improve the 
position       
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42.3.5.2     Technique 
 The basic principles for fi xators are to use a ‘near-
near, far-far’ confi gurations to provide maximal 
stability. Remember that pins should be placed 
outside the zone of injury and away from areas 
where a surgical approach may take place. 

 Femoral half pins should be placed anterolat-
eral on the femur in order to facilitate patient care 
and avoid important anatomical structures. Tibial 
pins are placed anteromedially down the tibial 
crest. These are then joined by affi xing bars to 
the pins in a stable confi guration. There are some 
self-drilling, self-tapping systems now in use in 
austere environments, but do not expect the sys-
tem available to you have these features [ 12 ].  

42.3.5.3     Complications 
•     Pin site infection  
•   Neurovascular injury  
•   Loosening  
•   Non-/malunion [ 12 ]  
•   Arthrofi brosis  
•   Stiffness     

42.3.5.4     Follow-Up 
 Weekly follow up for evidence of union clinically 
and radiographically and for pin site wound checks. 
Tightening of the external fi xator may be necessary 
when planning a medical excursion to an austere 
environment an adjustable wrench is a key necessity.  

42.3.5.5     Rehabilitation 
 Whilst the patient could theoretically weight bear 
on a strong frame, micromotion at the fracture 
site in conjunction with the cantilever loading 
should be avoided if possible. Hence, we would 
recommend protected or non-weight bearing for 
the fi rst 6–8 weeks at least.   

42.3.6     Intramedullary Nailing 

42.3.6.1     Indications 
 A closed fracture that is extra-articular and is 
>7 cm from the intercondylar line [ 12 ]  

42.3.6.2     Technique 
 If available, retrograde femoral nailing involves 
closed reduction of the fracture followed by 

 opening the knee joint through a medial parapa-
tellar approach to expose the intercondylar 
notch – using Whiteside’s line and the intercon-
dylar axis to achieve access to the intramedullary 
canal, this is then reamed to an appropriate size 
and a retrograde nail passed over the fracture 
site, this is then locked both proximally and dis-
tally in order to achieve coronal, sagittal, axial 
and rotational stability – it may be necessary to 
insert Poller (blocking) screws to ensure satisfac-
tory position of the nail as the wide metaphysis 
particularly in the elderly can cause malposition 
of the nail. A secondary caution is in the anterior-
posterior angulation on these fractures; they can 
easily end up fl exed if utmost care is not taken 
[ 12 ]. The SIGN nail is a good option in the aus-
tere environment (see the chapter on SIGN nails).  

42.3.6.3     Complications 
•     Infection (septic arthritis)  
•   Malunion particularly in fl exed fracture site  
•   Quadriceps/patellar tendon injury [ 12 ]     

42.3.6.4     Follow-Up 
 A wound check at 10–14 days and a check x-ray 
at 6 weeks should be suffi cient for this form of 
fracture fi xation.  

42.3.6.5     Rehabilitation 
 The benefi t of intramedullary nailing (IM) of 
these extra-articular fractures is the ability to 
immediate risks weight bear after the operation 
which will reduce the medial risks of venous 
thromboembolism signifi cantly; however, cau-
tion should be taken if you suspect the fracture 
extends into the joint itself.   

42.3.7     Plates and Screws 

42.3.7.1     Indications 
 Open reduction internal fi xation of distal fem-
oral fractures remains the gold standard for 
reconstruction of intraarticular fractures; this 
can range from simple lag screws for an inter-
condylar split through fi xed angle blade plates 
and dynamic condylar screws to anatomic con-
toured locking plates for complex fractures – the 
implants available to you and access to an image 
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intensifi er will be the limiting factors in this form 
of fi xation [ 11 ,  12 ].  

42.3.7.2     Technique 
 Open reduction internal fi xation of the distal 
femur can be performed through anterolateral, 
medial or lateral parapatella or medial or lateral 
posterior approaches depending on the fracture 
confi guration. Reduction clamps or K-wires 
can be used to hold the fracture reduced whilst 
defi nitive fi xation is implanted. Fixed angle 
blade plates and dynamic condylar screw plates 
have fallen out of favour in recent years owing 
to them being technically challenging, remov-
ing a large amount of bone stock and being con-
traindicated in AOC3 type fractures. Non-fi xed 
angle plates have also fallen out of favour as they 
have a tendency to fall off into varus alignment. 
Fixed angle-locking plates have become the 
mainstay of modern orthopaedic fi xation often 
used in ‘hybrid’ mode combining the locking 
screws with lag screws to provide compression 
at the fracture site [ 11 ,  12 ]. If you do not have 
the appropriate staff, facilities or training,  do not 
attempt internal fi xation .  

42.3.7.3     Complications 
•     Infection  
•   Nerve or vessel damage  
•   Further fractures  
•   Compartment syndrome  
•   DVT/PE  
•   Symptomatic metalwork – classically lateral 

plates on fl exion due to the iliotibial band 
moving over the plate  

•   Mal-/nonunion     

42.3.7.4     Follow-Up 
 Wound check and x-ray at 10–14 days to ensure 
satisfactory position of the hardware at the sur-
geon’s discretion thereafter.  

42.3.7.5     Rehabilitation 
 Initially non-weight bearing until some radiologi-
cal evidence of healing working up to full weight 
bearing at 12 weeks – unilateral fi xations can 
fail through cantilever bending just as in external 

 fi xators, for this reason we would recommend the 
above regime.    

42.4     Tibial Plateau Fractures 

 Tibial plateau fractures have a bimodal distribu-
tion with high-energy injuries in young patients 
and low-energy falls in the elderly and osteopo-
rotic. It is a result of axial loading with varus or 
valgus stress [ 2 ,  7 ]. Tibial plateau fractures fre-
quently have concomitant ligamentous or menis-
cal injuries [>50 %] [ 7 ,  13 ] which may become 
apparent upon fracture healing and mobilisation. 
This injury also has a high incidence of compart-
ment syndrome affecting up to 11 % of cases 
[ 2 ] which must be treated as a priority over the 
fracture. 

 Radiological classifi cation of tibial plateau 
fractures is classically performed using the 
Schatzker classifi cation [ 14 ] which describes 
the location, cleavage, depression and extension 
of the fracture. Although in developed nations a 
preoperative CT scan will be obtained in order 
to better classify the fracture, such will usually 
not be available in the austere setting (Fig.  42.3 ). 
The goal of management in these fractures is to 
restore normal alignment, with articular step-off 
not having been shown to be a prognostic factor 
in posttraumatic osteoarthritis [ 11 ].

42.4.1       Nonoperative Management 

42.4.1.1     MUA and Casts 
  Indications     Indications for nonoperative man-
agement would include a stable knee with <10° 
malalignment in the coronal plane with the knee 
in extension, condylar widening [<5 mm] and 
<3 mm step in the articular surface [ 11 ]. If your 
facility does not have the resources for operative 
management, your criteria for nonoperative man-
agement will have to be expanded.  

  Technique     Nonoperative management consists 
of immobilisation and strict non-weight bear-
ing for 6 weeks followed by protected weight 
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bearing until union in all cases. This can be 
achieved through a plaster of Paris cast or a 
functional brace, dependent on the availability 
of equipment [ 2 ].  

 Traction (ligamentotaxis) as above, for distal 
femoral fractures.  

42.4.1.2     External Fixation 
(Ligamentotaxis) 

  Indications     External fi xation of tibial pla-
teau fractures performs a variety of functions. 
Spanning external fi xators would classically be 
used in order to provide temporary stabilisa-
tion in patients who have grossly swollen legs 
precluding immediate fi xation. In developed 
healthcare environments, fi xators would usually 
be taken off and exchanged for internal fi xa-
tion once the soft tissues were amenable to open 
reduction and internal fi xation. External fi xation, 
as discussed above, can be a defi nitive treatment 

modality, but you will have to accept signifi cant 
knee stiffness when the fi xator comes off. Ring 
fi xators can often be used as defi nitive manage-
ment of tibial plateau fractures, the wires of the 
top ring acting as raft screws in internal fi xation. 
However, if these wires are placed within the 
capsule, patients can develop septic arthritis.  

  Technique     Spanning external fi xators are 
applied in the classical ‘near-near, far-far’ con-
fi guration – it is preferable to have anteromedial 
tibial half pins and anterolateral femoral pins in 
order to make a stable ‘diamond’ linkage over 
the knee – this is demonstrated in the radiographs 
below [ 15 ] (Fig.  42.4 ).

    Ring fi xators, whilst an excellent option particu-
larly in highly comminuted fractures too frag-
mented for open reduction and internal fi xation 
in the right hands, are beyond the scope of this 
chapter [ 16 ].  

  Fig. 42.3  
  AP radiograph and 
coronal CT images of 
what may appear to be 
a Schatzker 2 fracture 
but is in fact a 
Schatzker 5; we would 
advise caution in areas 
without CT scanners 
as the true severity is 
often worse than that 
which can be seen on 
plain fi lms       
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42.4.1.3     Complications 
•     Pin site infections  
•   Loosening of half pins  
•   Loosening of frame  
•   Mal-/nonunion [ 15 ]    

  Follow-Up     As above to monitor malalignment, 
displacement, loosening, pin site infections and 
healing.  

  Rehabilitation     Intensive physiotherapy may be 
required to address the stiff knee following a pro-
longed period of immobilisation with a spanning 
external fi xator.   

42.4.1.4     Open Reduction and Internal 
Fixation 

  Indications     Open reduction internal fi xation of 
tibial plateau fractures has become the main-
stay of treatment for patient with an articular 
step of >2 mm, condylar widening of >5 mm, 

coronal plane instability, medial or bicondylar 
fractures [ 11 ].  

  Technique     The proximal tibia can be approached 
via lateral ‘hockey stick’ incisions, posteromedial 
and posterior or combined approaches dependent 
on fracture confi guration. There has been con-
troversy over the use of a single midline incision 
for dual plating due to the signifi cant soft tissue 
stripping, but it is argued that it is benefi cial if the 
patient requires arthroplasty in the future. In the 
context of the austere environment, we feel this 
should be avoided as arthroplasty is not likely a 
feasible and as such promoting boney union is 
the main priority [ 11 ].  

 Reduction of the fracture involves restora-
tion of the articular surface by reduction of any 
articular splits and using a punch to elevate any 
depressed areas. The void created by this process 
must be grafted usually with autologous graft in 

  Fig. 42.4    Spanning 
external fi xator for 
Schatzker 5 tibial 
plateau fracture with 
profound soft tissue 
swelling later 
converted to internal 
fi xation; we can see in 
this instance whilst the 
articular surface is not 
reduced; the coronal 
and sagittal planes are 
in satisfactory 
alignment as such if 
this was treated in 
external fi xation alone, 
they should have a 
functional limb       
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order to prevent collapse of the depression back 
down, hence causing coronal plane deformity – 
the worst predictor for long-term function. 

 Fixations can range from simple raft screws 
through non-locking buttress plates to fi xed and 
locking plates giving the stiffest constructs [ 11 ].  

42.4.1.5     Complications 
•     Post-traumatic arthritis  
•   Compartment syndrome  
•   Stiffness  
•   Loss of function  
•   Instability  
•   Malalignment – most commonly varus align-

ment due to medial plateau collapse [ 11 ]    

  Follow-Up     10–14 days for wound check and 
check x-rays.   

42.4.1.6     Rehabilitation 
 Non-weight bearing for a minimum of 8 weeks, 
partial weight bearing for 4 weeks and full weight 
bearing at 12 weeks [ 11 ].   

42.4.2     Tibial Spine Fractures 

 Tibial spine avulsions/fractures most commonly 
happen in children aged 8–14 [ 2 ] as a result of 
a tieh avulsion of the anterior cruciate ligament 
(ACL) on the tibial spine. Common mechanisms 
include a fall from a bicycle, as a result of forced 
hyperextension of the knee, or direct trauma to 
the distal femur with the knee fl exed. 

 Tibial spine fractures are classifi ed using the 
Meyers and McKeever classifi cation [ 17 ], which 
describes the degree of displacement [I (non-dis-
placed), II (partially displaced [anterior elevation 
with posterior hinge], and III (fully displaced: A 
as elevated above the tibial bed and B as rotated 
and hence non-reducible]. 

 Management of these fractures is dependent 
on the degree of displacement and rotation of the 
fragment. Types I and II may be treated nonop-
eratively [ 18 ] dependent on satisfactory position 
with the leg in extension [ 2 ,  11 ]. There is con-
troversy over the preferred position of immobili-
sation in these fractures. Traditionally the leg is 
 immobilised in extension in order to keep the 

fracture reduced; however, it has been suggested 
by biomechanical studies that the ACL is at its 
most relaxed at 20° of fl exion; hence, to mini-
mise the displacing forces on the avulsed frag-
ment, the leg should be immobilised in 20° of 
fl exion [ 2 ,  18 ]. 

42.4.2.1     Operative Fixation 
  Indications     In Myers and McKeever classifi ca-
tion III A and B where the tibial spine has become 
fully avulsed and non-reducible in extension, the 
fragment must be keyed back into its origin and 
fi xed in place whilst it heals [ 18 ].  

  Technique     A medial parapatellar arthrotomy is 
required for this procedure. This does not need to 
be as extensile as for a total knee replacement and 
a window the length of the patellar tendon will 
be suffi cient. The fragment once identifi ed must 
be reduced and fi xed in place. This would clas-
sically be performed using cannulated headless 
screws, two if there is space to achieve rotational 
stability. Fixation can also be achieved by the use 
of ‘hooked’ K-wires [ 11 ,  18 ,  19 ].   

42.4.2.2     Complications 
•     Loose bodies  
•   Stiffness  
•   Loss of extension  
•   ACL instability  
•   Follow-Up  
•   Wound check and x-rays at 10–14 days.    

  Rehabilitation     Immobilisation in extension cast 
for 6 weeks non-weight bearing followed by par-
tial weight bearing for 4 weeks.    

42.4.3     Patella Fractures 
and Quadriceps Mechanism 
Injuries 

 Patella fractures are predominantly as a result 
of either direct trauma or unexpected fl exion of 
the knee against contracted quadriceps. They 
are more common in men than in women with 
a 2:1 ratio [ 11 ]. Radiographic classifi cation is 
purely descriptive and describes non-displaced, 
 transverse, pole or sleeve, vertical, marginal, 
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osteochondral and stellate [ 11 ]. Management of 
these fractures can be nonoperative or operative. 

42.4.3.1     Nonoperative Management 
  Indications     Nonoperative indications would be a 
minimally displaced, less than 2 mm fracture, with 
an intact extensor mechanism [able to straight leg 
raise] [ 11 ]. In the austere environment, displaced 
transverse or polar fractures may be treated in a 
cylinder cast in full extension, with a check x-ray 
to ensure closing of the fracture gap.  

  Technique     This technique comprises of encasing 
the leg in plaster from the hip to ankle, keeping 
the foot free in order to allow weight bearing; as 
long as no force is put through the patellar ten-
don, union should be achieved. It is vital to take 
a check x-ray in cast to ensure the fragments are 
within 2 mm of one another [ 8 ].   

42.4.3.2     Complications 
•     Pressure areas/skin necrosis  
•   Nonunion  
•   Stiffness    

  Follow-Up     See at 6 weeks out of cast if clini-
cally united, start rehabilitation.  

  Rehabilitation     Can mobilise full weight bear-
ing in the cast. Once out, the patient will need to 
work on range of motion as the knee will be stiff.   

42.4.3.3     Operative Management 
  Indications     Patella fractures that are displaced 
and cannot be reduced closed.  

  Techniques     In a transverse displaced fracture, the 
extensor expansion anterior to the patella will usu-
ally also have been torn. Suture repair of this using 
strong absorbable suture will help reduce and 
hold the fracture. This repair can be augmented by 
a cerclage suture around the patella, incorporating 
both the quadriceps tendon and patellar tendon. If 
available, bony wire fi xation is preferable, form-
ing a tension band construct around the patella. 
This can be achieved with tensioned wire loops 
with or without the use of K-wires dependent on 
availability [ 2 ] (Figs.  42.5  and  42.6 ).

     All efforts must be made to preserve the 
patella; if this is impossible due to a severely 
comminuted fracture, excision of the peripheries 
and preservation of the largest fragment for reat-
tachment of the patella and quadriceps tendon is 
recommended. If this is impossible, medial and 
lateral retinacula repair is vital to have any func-
tion of the extensor mechanism [ 11 ,  15 ].  

42.4.3.4     Complications 
•     Symptomatic metalwork  
•   Non-/malunion  
•   Stiffness  
•   Osteonecrosis of proximal fragment    

  Follow-Up     Wound check and x-ray at 10–14 
days to ensure no loss of reduction.  

  Fig. 42.5    Lateral radiograph demonstrating a transverse 
fracture of the patella suitable for cylinder casting in 
extension or tension band wiring       
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  Rehabilitation     These patients, depending on 
quality of fi xation, may be able to mobilise full 
weight bearing postoperatively. However, they 
should avoid any strenuous activity for 6 weeks 
postoperation.    

42.4.4     Soft Tissue Extensor 
Mechanism 

 Injuries to the extensor mechanism of the knee 
can also be in the form of rupture of the quad-
riceps or patellar tendons. Typical mechanisms 
include a fall onto the knee at the same time as 
the quadriceps is contracting. A palpable gap 
can often be felt at the site of the rupture and the 
patient will be unable to straight leg raise. 

42.4.4.1     Nonoperative Management 
  Indications     Where tears are partial, or with a 
minimal gap, conservative treatment in a plaster 
of Paris cylinder cast can be adopted.  

  Technique     See conservative management of 
fractures.   

42.4.4.2     Complications 
•     Stiffness  
•   Soft tissue/skin breakdown    

  Follow-Up     Patients should be assessed periodi-
cally to protect their skin. Following 6 weeks in 
cast, early rehabilitation may commence.  

  Rehabilitation     Knee stiffness will have to be 
managed with intensive physiotherapy, as well as 
muscle disuse atrophy.   

42.4.4.3     Operative Management 
  Indications     Ruptured extensor mechanism with 
a palpable gap in the tendon and an inability to 
straight leg raise.  

  Technique     A longitudinal incision is made 
and the tendon ends are visualised. The two 
ends are then sutured together using a robust 
absorbable suture. If the rupture is close to the 
tendon’s insertion into bone, then it may be 
necessary to drill holes through the patella are 
required to pass sutures through, which, can 
be tied around the medial and lateral border of 
the patella firmly affixing the avulsed tendon. 
We would also recommend over-sewing this 
repair [ 15 ].   

42.4.4.4     Complications 
•     Infection  
•   Stiffness  
•   Failure of repair    

  Follow-Up     
 Wound check at 10–14 days. Protected weight 
bearing for 6–8weeks.  

  Rehabilitation     Gradual mobilisation of the knee 
after 6–8 weeks. On removal of the cast, the knee 
is often stiff with limited fl exion. Full fl exion 
may not return for several months.    

  Fig. 42.6    Plain radiograph, coronal CT and 3D reconstruction of a stellate [comminuted] fracture of the patella       
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42.4.5     Soft Tissue Injuries 

 Whilst management of fractures around the knee 
may be frustrating due to lack of equipment or 
advanced imaging, diagnosis of the majority of 
bony injuries is straightforward by virtue of radio-
graphs, which are usually available even in the 
many austere environments. In contrast, soft tissue 
injuries of the knee can be extremely challenging 
due to the absence of ultrasound or MRI. It is very 
important to take a good history and conduct an 
appropriate examination of the knee. 

42.4.5.1     Anatomy 
 The relevant soft tissue anatomy of the knee con-
sists of the medial and lateral menisci, medial 
and lateral collateral ligaments and anterior and 
posterior cruciate ligaments and, for injury clas-
sifi cation, the posterolateral corner.  

42.4.5.2     Assessment 
 A detailed history and special tests can help dif-
ferentiate various ligamentous injuries to the 
knee in lieu of more advanced imaging; however, 
these have to be after the acute phase when the 
patient is comfortable enough to be examined.   

42.4.6     Meniscal Injuries 

 A classical history of a twisting mechanism of 
injury with the foot planted and feeling painful. 
The patient will usually have been able to con-
tinue the activity; however, over the next few 
hours, the patient may have an increasingly pain-
ful and swollen knee. They may also complain of 
locking of the knee and mechanical impingement 
as pain on walking. On examination the patient 
may have an effusion, but usually has a full range 
of movement unless there is a large bucket-han-
dle tear locking the knee. Palpation may reveal 
tenderness over the affected side at the joint line, 
and McMurray’s test may be positive in up to 
70 % of patients [ 11 ,  20 ]. 

 Radiographs taken acutely in an isolated 
meniscal injury should not show any fractures, 
but may, however, show a haemarthrosis. If this 
is a lipohaemarthrosis, suspicion of fracture may 
be raised and alternate views may be requested. 

42.4.6.1     Nonoperative Management 
  Indications     In an austere environment, the 
majority of knee injuries that have no bony com-
ponent should be managed nonoperatively in the 
initial stages until reliable clinical examination 
can be performed particularly without advanced 
imaging techniques or arthroscopic stacks. This 
may require the patient to remain weight bearing 
as tolerated with crutches and return for further 
assessment in 2 weeks when pain and swelling 
will have subsided.  

  Technique     Weight bearing as tolerated with 
crutches for up to 6 weeks will let the injured 
knee settle. Signs and symptoms that remain after 
this time are likely to persist.   

42.4.6.2     Complications 
•     Failure to resolve  
•   Undiagnosed fracture  
•   Pain and stiffness    

  Follow-Up     Two weeks for reassessment if nec-
essary and 6 weeks for assessment of the knee.   

42.4.6.3     Operative Management 
  Indications     If the knee remains highly symp-
tomatic as a result of a suspected meniscal tear, 
for example, a permanently ‘locked’ knee with 
an inability for fully extend, then surgery might 
be contemplated [ 21 ].  

  Technique     The operation of subtotal meniscec-
tomy, via a lateral or medial parapatellar incision, 
depending on the suspicion of which meniscus is 
injured, should only be undertaken if the symp-
toms make it necessary. Although routinely 
performed for suspected meniscal tears in the 
pre-arthroscopic era, it is now recognised that the 
absence of a meniscus, especially on the lateral 
side, predisposes the knee to the early onset of 
osteoarthritis [ 20 ,  21 ].   

42.4.6.4     Complications 
•     Unnecessary operation (wrong diagnosis)  
•   Infection  
•   Nerve and vessel damage  
•   Arthritis  
•   Pain and stiffness    
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  Follow-Up     10–14 days for wound check.  

  Rehabilitation     Can weight bear as tolerated and 
early range of motion exercises.    

42.4.7     Collateral Ligament Injuries 

 These injuries are as a result of valgus or varus 
stress to the knee. Pain will classically be exhib-
ited on varus or valgus stressing of the knee 
fl exed at 30°. Gapping and pain with the knee 
in full extension is suggestive of additional liga-
mentous injury such as ACL or PCL injury [ 11 ]. 
Tenderness on palpating the origin, insertion and 
course of the medial collateral ligament (MCL)/
lateral collateral ligament (LCL) may be evident. 
Collateral ligament injuries are graded according 
to the severity of injury to the ligament:

   Grade I – Sprain, the ligament is stretched but 
will continue to act as a knee stabiliser.  

  Grade II – Partial tear, some gapping on stress-
ing, may suffer some instability.  

  Grade III – Complete tear, gapping with no end 
point on stressing [ 22 ].    

42.4.7.1     Nonoperative Management 
  Indications     There have been a variety of trends 
in management of collateral ligament injuries; 
however, there is a consensus that all grade I and 
II injuries should be treated nonoperatively in 
a hinged knee brace of cylinder cast [ 23 ]. With 
regard to grade III injuries, after a number of 
comparative studies showing no subjective or 
objective difference in outcome for surgical ver-
sus nonsurgical treatment, current opinion would 
favour nonsurgical treatment of isolated collat-
eral ligament injuries. In an austere environment, 
we would also recommend nonoperative man-
agement, unless the symptoms are very severe.  

  Technique     Coronal plane stability is achieved 
through the use of a hinged knee brace which 
allows fl exion and extension whilst negating the 
varus and valgus forces on the knee. However, 
such devices are expensive and may not be avail-
able. If this is the case, it is acceptable to treat 

these injuries in a cylinder cast from the ankle to 
the hip; this again stabilises the coronal plane at 
the expense of keeping the knee moving; these 
patients will have a much higher chance of stiff-
ness once out of cast.   

42.4.7.2     Complications 
•     Stiffness  
•   Failure to heal ligament  
•   Chronic collateral ligament injury after con-

servative management may indicate concomi-
tant ACL or PCL injury.    

  Follow-Up     Time in cast is dependent on the 
severity of the original injury. In grade I and II 
injuries, Derschied and Garrick [ 24 ] describes 
a mean time of return to playing football of 20 
days in comparison to potentially 6 weeks immo-
bilisation for grade III tears, particularly if con-
comitant ACL injury is suspected [ 25 ]. Based on 
current evidence, the safest option is to take your 
patient out of cast at 3 weeks and examine him/
her. This will allow you to make a decision on 
whether to continue immobilisation or to start 
exercising the knee.  

  Rehabilitation     Mobilise full weight bearing in a 
cylinder cast once out of cast; range of movement 
exercises are imperative to regain knee function.  

 Chronic or missed MCL injury may result in 
the radiographic fi nding of a Pellegrini-Stieda 
lesion on plain fi lms – this is caused by calci-
fi cation of the proximally avulsed MCL. This 
could be confused with an avulsion fracture of 
the medial femoral epicondyle, however tends 
to be well rounded hence indicative of an old 
injury [ 2 ].   

42.4.8     Cruciate Ligament Injuries 

 The cruciate ligaments are responsible for the 
anterior/posterior stability of the knee. The ACL 
is commonly injured during noncontacting pivot-
ing movements of the knee and is associated with 
an audible crack or popping noise, an immedi-
ate haemarthrosis and cessation of activity [ 11 ]. 
Concomitant meniscal injuries are common with 
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up to 75 % of ACL ruptures having a meniscal 
injury, the lateral more common than medial. 
Radiographic assessment of the knee may reveal 
a Segond fracture – a small avulsion fragment 
from the lateral tibial condyle which is pathogno-
monic for ACL injury [ 2 ]. 

 In the immediate aftermath of an acute injury, 
it may be extremely diffi cult to assess for the pres-
ence of knee instability associated with cruciate 
ligament rupture. A period of time in a support 
bandage and weight bearing as tolerated with 
crutches allows the knee swelling and tenderness 
to subside, at which point stability can be assessed. 
Signs of ACL rupture include a positive  anterior 
draw test  or a positive  Lachman’s test  [performed 
in 15° of fl exion and internal rotation]. 

42.4.8.1     Nonoperative Management 
  Indications     Nonoperative management of ACL 
injuries in developed healthcare systems is 
reserved for low-demand patients in whom quad-
riceps and hamstring strengthening exercises 
are able to compensate for the majority of their 
lifestyle activities. The knee will only buckle 
whilst performing strenuous tasks such as jump-
ing, cutting side to side during sports or heavy 
manual labour. High-demand young patients 
would normally be considered for ACL recon-
struction; however, in the austere environment 
without access to allograft or tendon stripping 
implements, it is reasonable to extend the indica-
tion of nonoperative management to encompass 
the majority of patients.  

  Technique     The ACL is highly vascular, owing to 
a rich supply from the middle geniculate artery; 
hence when it ruptures, it causes a rapid and tense 
haemarthrosis. It is advisable to see patients 2 
weeks after the injury to assess the ligaments 
once they are over the acute episode. At this 
stage advice on strengthening of the quadriceps 
should be given in addition to advice on lifestyle 
modifi cation to avoid exacerbating movements 
described above.  

  Complications      Failure to stabilise the knee 
leading to frequent buckling.   

42.4.8.2     Operative Management 
  Indications     ACL reconstruction is indicated 
in young patients including children in whom 
activity modifi cation is diffi cult to justify or 
symptoms or instability cannot be controlled 
nonoperatively. It can be performed in athletic 
patients of any age, but this would be con-
sidered on a case by case basis. In an austere 
environment, nonoperative measures are more 
likely to form the mainstay of management, but 
in exceptional cases where the skills and equip-
ment are available, reconstruction may be a 
viable option.  

  Technique     A hamstring tendon autograft ACL 
reconstruction involves harvesting the semiten-
dinosus and gracilis tendons from the pes anse-
rinus of the ipsilateral limb using a specially 
designed tendon stripper. These tendons are then 
doubled up and sutured together under tension 
to form a ‘quadruple strand graft’. A ‘bone-
tendon- bone’ graft may also be obtained in the 
patellar tendon graft technique. Both of these 
can be used to reconstruct the ACL through an 
open approach. Following a medial parapatellar 
approach, a femoral tunnel is drilled in the lateral 
intercondylar notch at the 10 o’clock position, 
leaving a 1–2mm shell of cortex posteriorly. The 
tibial tunnel is drilled from the anterior tibia at an 
angle of <75° entering the joint at the ACL inser-
tion point 10 mm anterior to the PCL insertion. A 
button is used at the proximal end of the graft to 
brace the graft at the lateral femoral cortex, and 
under tension an interference screw (absorbable 
or nonabsorbable) is screwed into the tibal tun-
nel to fi x the graft in position. The knee is then 
cycled 40 times to ensure correct tension and no 
impingement [ 2 ].   

42.4.8.3     Complications 
•     Failure of graft  
•   Tunnel malposition  
•   Inadequate fi xation  
•   Infection  
•   Arthrofi brosis  
•   Patella fracture or tendon rupture  
•   Symptomatic hardware    
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  Follow-Up     Immediate postoperative x-ray to 
check tunnel position, then 6 weeks in clinic to 
adjust rehabilitation protocol.  

  Rehabilitation     The performing surgeon can 
decide the best and most practical rehabilitation 
regime given staff and resources. Need to empha-
sise full extension and perform closed chain 
exercise.  

 Posterior cruciate ligament injury is much 
rarer than ACL rupture. There are very limited 
indications for PCL reconstruction, even in the 
developed world, such that conservative treat-
ment is always adopted in an austere healthcare 
setting. In very symptomatic, unstable cases, the 
limb can be immobilised in 60° of fl exion for 2–6 
weeks.    

42.5     Dislocations 

 Dislocations around the knee joint consist of 
patella dislocation and dislocation of the knee 
itself. 

42.5.1     Patella Dislocations 

 Patella dislocations can be grouped into recur-
rent dislocations and traumatic dislocations. 
Recurrent dislocators generally dislocate due 
to an anatomical predisposition, e.g. hypoplas-
tic lateral femoral condyle, dysplastic trochlea, 
patella mal-tracking or failure of the medial patel-
lofemoral ligament (MPFL). These patients tend 
to have a strongly positive patellar apprehension 
test. The second group of patella dislocators tend 
to be sportsmen suffering an acute traumatic dis-
location [ 15 ]. 

42.5.1.1     Nonoperative Management 
  Indications     Patella dislocations should be 
treated as any other dislocated joint with imme-
diate closed reduction. The secondary aims of 
treatment are to rehabilitate the knee and pre-
vent further dislocations. Operative  management 

of patella dislocations is a specialist fi eld, and 
as such, the majority of patella dislocations 
in the austere environment would be treated 
nonoperatively.  

  Technique     Reduction is performed by extension 
of the knee; if this manoeuvre alone does not 
reduce the patella, grip both the thigh and leg 
whilst placing your thumbs under the lateral sur-
face of the dislocated patella and push anterior 
and medial. This should reduce the patella back 
into the trochlea. Once reduced, many patients 
feel the benefi t of an extension brace; however, 
be wary of a cylinder cast as this will cause 
unnecessary stiffness of the knee. Immobilisation 
should be performed for 2–3 weeks [ 15 ].  

  Complications     Failure to reduce the patella may 
require sedation/general anaesthetic.  

  Follow-Up     No requirements for formal follow-up.  

  Rehabilitation     Rehabilitation centres on reduc-
tion of risk of further dislocations. There is no 
way to treat hypoplastic femoral condyles, rup-
tured medial patellofemoral ligaments or shal-
low trochlea nonoperatively; however, improving 
the patella tracking through strengthening the 
vastus medialis has merit. This can be achieved 
by externally rotating the foot and performing 
straight leg raises.   

42.5.1.2     Operative Management 
  Indications     Operative management of recurrent 
patella dislocations whether posttraumatic indi-
cating rupture of the MPFL or due to a congeni-
tal hypoplasia of the lateral femoral condyle, 
shallow trochlea or an incompetent MPFL such 
as is seen in patients with joint hypermobility 
syndromes confi rmed by high Beighton hyper-
mobility score are a specialise area of practice in 
developed healthcare systems. If patella disloca-
tions are so frequent that the patient is unable 
to perform activities of daily living or work, a 
medial patellofemoral ligament reconstruction 
may be indicated. In the austere environment, 
there is no place for trochleoplasty.  
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  Technique     This reconstruction would require an 
autograft, most commonly the hamstring tendons 
described and harvested above. A medial parapa-
tellar approach is made to expose the medial 
tibia, medial femoral epocondyle and patella. A 
drill is used to make two tunnels in the patella. 
The graft is then anchored into the femoral epi-
condyle, passed through the patella and anchored 
under tension into the tibia [ 26 ].   

42.5.1.3     Complications 
•     Infection  
•   Failure of the reconstruction  
•   Dislocation  
•   Patella fracture [ 26 ]    

  Follow-Up     Wound check and x-ray at 10–14 
days in order to ensure the patella has no frac-
tures and tunnel placement is satisfactory.  

  Rehabilitation     Mobilise full weight bearing 
postoperation and start closed chain exercises; 
building up medial quadriceps is imperative.    

42.5.2     Knee Dislocations 

 Knee dislocations are by defi nition a high-
energy injury that has ruptured both cruciate 
ligaments and often the joint capsule as well. 
This injury requires emergency reduction with 
inline traction. Careful assessment of the distal 
pulses is required; due to the relatively fi xed 
position of the popliteal artery as the genicu-
late vessels branch off, it is at particular risk 
of injury that can lead to an ischaemic leg. 
Dependent on the surgeon’s skills, this may 
necessitate a shunt, embolectomy, grafting or, 
if you are isolated without access to vascu-
lar services and no other options, an amputa-
tion. Another major risk on knee dislocation 
is that of compartment syndrome. The joint 
capsule is frequently breached and the highly 
vascular ACL stump can bleed profusely into 
the compartments of the leg. If there is clini-
cal suspicion of compartment syndrome, urgent 
fasciotomies must be performed [ 15 ]. 

42.5.2.1     Nonoperative Management 
  Indications     Management of knee dislocations is 
an emergency. Anyone presenting with a dislo-
cated knee must have it reduced and stabilised. 
Blood and neurological supply must be assessed 
and the patient monitored for compartment 
syndrome.  

  Technique     Once reduced, the limb should be 
rested in a backslab and neurovascular assess-
ment performed regularly for 48 h postinjury. 
It is important to splint the knee in neutral posi-
tion – hyperextension can cause further vascular 
compromise by creating traction on the popliteal 
artery [ 15 ].  

  Complications     Complications arising from this 
injury can be categorised into early and late. 
Early complications include common personal 
nerve injury, if injured has a 20 % chance of 
recovery, and vascular injury previously covered. 
Late complications are that of anterior-posterior 
instability of the knee caused by rupture of both 
ACL and PCL and stiffness of the knee due to 
prolonged immobilisation in plaster [ 15 ]. There 
have been moves to combat this by using a hinged 
external fi xator instead of plaster or a standard 
spanning ex-fi x. This has shown a reduction in 
failure of ligament reconstructions after knee dis-
locations [ 27 ]. However, this is unlikely to have 
great relevance in the austere environment.  

  Follow-Up     Knee dislocations have the poten-
tial energy transfer to damage any of the liga-
ments of the knee; once the patient is over the 
initial injury, careful assessments of all ligaments 
should be undertaken.  

  Rehabilitation     Careful assessment and treatment 
of injuries must be undertaken; once the injury is 
quantifi ed in the context of ligamentous injuries, 
a rehabilitation plan can be made.   

42.5.2.2     Operative Management 
  Indications     Knee dislocation with signifi cant 
soft tissue compromise is an indication for a 
spanning external fi xator across the knee joint. 

J. Shelton and S. Mannion



581

Not only does this method of fi xation provide a 
rigid construct on which the patient can mobilise; 
it also allows ready access to the soft tissues for 
assessment of wounds and monitoring of com-
partment syndrome.  

  Technique     A standard spanning knee external 
fi xator is applied in the ‘near-near, far-far’ con-
fi guration. Anteromedial tibial half pins and 
anterolateral femoral halfpins with a diamond 
cross-linking confi guration are best.   

42.5.2.3     Complications 
•     Compartment syndrome  
•   Pin site infection  
•   Vascular compromise  
•   Unstable knee requiring ligamentous 

reconstruction    

  Follow-Up     Immediately postoperative, careful 
monitoring for compartment syndrome and vas-
cular compromise is imperative for at least 24 h.  

  Rehabilitation     As above, for knee dislocations, 
it is imperative to assess the residual ligament 
damage once the acute infl ammation settles in 
order to enact a rehabilitation plan.        
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43.1           Epidemiology 

 The available knowledge regarding tibia frac-
tures is based on research carried out in the 
developed world. Tibial fractures are the most 
common long-bone fracture with a reported fre-
quency of 26 fractures per 100,000 populations 
per year. Because one third of the tibial surface 
is subcutaneous throughout most of its length, 
open fractures are more common in the tibia than 
in any other major long bone [ 1 ,  2 ]. Males suf-
fer three times more tibial fractures than females 
and the average age is 37. There is a bimodal age 
distribution, with the adolescent age group gen-
erally associated with higher-energy trauma. The 
frequency increases again later in life with the 
development of osteoporosis [ 3 – 5 ]. In this chap-
ter, we will review the immediate and defi nitive 
management of closed tibial shaft fractures.  

43.2     Diagnosis and Initial 
Management 

43.2.1     ATLS 

 Whether you are dealing with a closed fracture or 
a mangled extremity, it is mandatory to assess the 
patient’s airway, breathing and circulation  before  
being distracted by the tibial fracture. Having 
ensured that the patient is stable, we can then turn 
our attention to the secondary survey and exam-
ine the patient from top of the head to tip of toes.  

43.2.2     Initial Management 
of a Closed Tibia Fracture 

 As with any other fracture, your mission can be 
summarised by:

    1.    Reduce the fracture the best you can (do not 
forget to give the patient adequate analge-
sia). Your goal is to achieve as an anatomi-
cal reduction as possible, paying attention to 
length, varus and valgus alignment, procurva-
tum and recurvatum and rotation. Ensure that 
the soft tissue cover does not suffer further 
insult by allowing a deformity to impinge on 
the skin, as this could result in a soft tissue 
defect where there was none before.   

   2.    Stabilise the reduced fracture (a long-limb 
backslab, including the foot in neutral and 
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reaching just distal to the buttock crease). 
Ensure the ankle is in neutral and not in 
equinus. Remember the limb will swell. The 
patient may present with provisional splint-
ing that has been fi tted elsewhere. In some 
countries, materials such as carton or wood 
are used to splint the fracture with  very 
tight circumferential dressings which are 
very dangerous to the viability of the limb. 
Release these dressings immediately or you 
will have a gangrenous limb to amputate  
(Fig.  43.1 ).

       3.    Rehabilitate (start thinking what the patient’s 
rehabilitation and follow-up needs will be). 
How can you prevent muscle wasting? Joint 
stiffness?      

43.2.3     Immediate Assessment 

 Asses the vascular supply to the limb. Feel for 
the dorsalis pedis and posterior tibial pulses and 
assess capillary refi ll. Next asses the nerve sup-
ply to the foot by assessing sensation to the dor-
sum of the foot (superfi cial peroneal nerve), fi rst 
web space (deep peroneal nerve), heel and sole 
of the foot (posterior tibial nerve, sural nerve, 
saphenous nerve, medial plantar and lateral 
plantar nerves). The assessment should be done 
before and after reducing the fracture. Assess the 
patient for a potential developing compartment 
syndrome. 

 Now that the patient’s clinical stability has 
been confi rmed and that the soft tissue structures 

  Fig. 43.1    Unstable tibia 
and fi bula fracture splinted 
with a wire splint in an 
MSF trauma centre       
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are not under immediate threat, you must make 
sure you obtain a full history and physical exami-
nation. The mechanism of injury and the timing 
of the injury should also be elicited. By now you 
should know whether the mechanism of injury 
was high or low energy. This is important as 
high-energy injuries have signifi cant soft tissue 
injuries associated with them, while low- energy 
injuries may be associated with pathologic condi-
tions, such as osteoporosis. 

 In the unconscious patient, a high index of 
suspicion for compartment syndrome should be 
maintained for at least 48 h after the fracture, and 
compartment monitoring should be used where 
possible. If a specifi c device is not available, you 
can improvise one as suggested in the compartment 
syndrome chap.   28    . You must maintain very close 
clinical observation of the patient, and fasciotomies 
must be performed if you suspect compartment 
syndrome. On the other hand, as mentioned above, 
patients may arrive to you with tight bandages from 
traditional bone setters, and you must not waste any 
time in releasing these bandages.  

43.2.4     Radiographic Evaluation 

 Orthogonal tibial X-ray views (anteroposterior 
and lateral) of the full length of the tibia should be 
obtained (Fig.  43.2 ). The knee and ankle should be 
included. This is because proximal third fractures 
or distal third shaft fractures can be associated with 
intra-articular fracture line extension [ 6 ]. This is 
important, because it may determine the weight-
bearing status of the patient, as you may need to keep 
the patient non- weight- bearing for longer if there is 
intra-articular extension, or it may even change the 
management to an operative plan. Oblique views 
can elicit a non-displaced spiral fracture.

43.3         Defi nitive Treatment 
of a Closed Tibial Shaft 
Fracture 

 The aim of the defi nitive treatment is to obtain 
a healed, well-aligned tibia which is pain-free, 
can bare weight and has good functional range of 

  Fig. 43.2    AP and lateral 
views of a tibia fracture 
with segmental fi bula 
fracture       
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motion of the knee and ankle joints. The optimal 
treatment method will depend on the personal-
ity of the fracture (comminuted, stable) and the 
personality of the patient (co-morbidities, com-
pliance, age). 

 Broadly speaking, there are fi ve methods of 
treating closed tibial shaft fractures;

    1.    Casting, which includes long-limb cast-
ing, followed by a patellar tendon-bearing 
Sarmiento cast and fi nally a below-knee cast 
or functional bracing.   

   2.    Traction – used mainly in proximal tibia 
fractures.   

   3.    External fi xation using either a uniplanar, 
multiplanar or circular tensioned fi ne-wire 
fi xator.   

   4.    Plate fi xation, which can be either compres-
sion plating or bridge plating – not usually 
recommended as primary treatment due the 
thin soft tissue cover over the tibia and the 
relatively high risk of infection and wound 
breakdown when compared to a nail. Plate 
fi xation is used most frequently in distal or 
proximal fractures.   

   5.    Intramedullary nailing – the preferred option 
in diaphyseal fractures which cannot be 
treated nonoperatively.     

43.3.1     Nonoperative Management: 
Casting 

 In resource poor environments, nonoperative 
management should be strongly considered in all 
cases, due to the potential risks for infection fol-
lowing operative treatment. Nonoperative treat-
ment is most appropriate when the tibia fracture 
is closed and the fracture can be reduced into an 
acceptable position and maintained reduced until 
there is enough callous formation to allow for 
partial weight-bearing. 

 The results of nonoperative management 
depend on the amount of initial displacement and 
the degree of comminution. You should aim for 
less than 5° of varus-valgus angulation, less than 
10° of anteroposterior angulation, less than 10° of 
rotation and less than 15 mm of shortening [ 1 ,  7 ]. 

43.3.1.1     Closed Reduction and Cast 
Immobilisation Technique 

 In adults, a long-leg cast is used initially for 6 
weeks.

    1.    The patient should be positioned supine. 
Adequate analgesia must be provided. The 
leg may be hanging with the knee fl exed at 
90° so that gravity assists in reduction, as 
well as relaxing the gastroc-soleus complex 
which may otherwise displace the fracture 
indirectly.   

   2.    The lower limb is covered in a stockinette 
and wrapped in wool or cotton. Make sure the 
material touching the skin is not creased as 
this may be a source for pressure sores.   

   3.    A preliminary reduction is carried out. A 
couple of layers of plaster are applied to the 
leg below the knee and moulded to encourage 
stability and maintenance of the reduction.   

   4.    Confi rm the reduction with an X-ray if pos-
sible. Then apply the fi nal coat of cast mate-
rial or fi breglass.   

   5.    Once the leg portion of the cast has been com-
pleted, the thigh portion is done, extending 
from just distal to the crease of the gluteus 
maximus to below the knee.   

   6.    A small sandbag, kidney dish or bottle can be 
placed behind the knee to encourage about 
10–15° of fl exion. Take care not to indent the 
plaster against the popliteal fossa.   

   7.    The plaster is reinforced as necessary from 
top to bottom.   

   8.    Allow the plaster to be dry, and obtain X-rays 
as necessary after the procedure to confi rm 
reduction and alignment.     

 If the reduction is stable, the patient may par-
tially weight bare from the outset. If the fracture 
is likely to displace, the patient should be non-
weight-bearing for the fi rst 6 weeks, mobilising 
with crutches. During this time, especially if the 
fracture is deemed unstable, the patient may need 
closer supervision as the fracture may displace. 
X-rays should be done weekly until there are 
signs of callus formation, at which time the frac-
ture may be deemed “sticky” enough to assume 
that displacement is unlikely. 
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 If the fracture displaces, re-manipulation may 
be necessary. You may not need to remove the 
cast to achieve realignment. You can determine 
where the point of deformity or angulation is 
with an X-ray and mark the level on the cast. The 
cast is then  cut circumferentially  at the marked 
level, and this is used to correct the deformity. 
Once the correct alignment is achieved, the cut 
ends of the cast are repaired and reinforced with 
new plaster layers. A check X-ray is necessary. 

 Another technique if malalignment is elicited 
during the early treatment of a tibial fracture is 
 wedging the cast . This is achieved by again deter-
mining the level of the cast to be cut by marking 
the level and opposite to where the angulation is 
most pronounced. On this situation, however, the 

cast is not cut circumferentially, only have way. A 
wedge of cork-like material or anything similar is 
then wedged into the cut section to encourage the 
desired change in shape of the cast, and thus the 
alignment of the fracture ends. After a check X-ray, 
if the position is satisfactory, this area is reinforced 
with plaster to secure the wedge (Fig.  43.3 ).

   Following this initial period and when there 
is evidence of callus formation on AP and lateral 
X-rays, you can then change to a Sarmiento or 
patellar-bearing cast.  

43.3.1.2     Application 
of a Sarmiento Cast  

     1.    After applying the below-knee cast as just 
described, carry the padding and plaster 5 cm 

a b

  Fig. 43.3    ( a ,  b ) An above-knee cast with knee fl exion and ankle in neutral. There is slightly too much fl exion in this 
cast       

 

43 The Management of Closed Tibia Shaft Fractures in the Austere Environment



588

proximal to the patella. Mould the leg portion 
of the cast and extend the knee to 45° of fl exion.   

   2.    Mould the plaster to the fl ares of the tibia and 
over both femoral epicondyles. Mould the cast 
to gently grip the epicondyles, thereby creat-
ing an anterior channel for the patella and 
patellar tendon and a posterior channel for the 
hamstrings. Flatten the popliteal fossa to keep 
the leg against the anterior aspect of the cast.   

   3.    Trim the cast. Notice that it is above the patella 
to avoid patellar impingement and give good 
support. Trim out the popliteal fossa to allow 
the amount of fl exion desired. You may choose 
to limit fl exion to 45° initially and then gradu-
ally increase it as fracture stability increases.     

 Another simpler option if possible is to simply 
cut and fashion the long-leg cast into a Sarmiento 
cast. However, this should only be done if the 
cast is well fi tting and in good shape (Fig.  43.4 ).

43.3.2         External Fixation 

 A further option is to treat the tibial shaft frac-
ture with an external fi xator for the fi rst 6 weeks, 
instead of a long-leg cast, and then changing or 
removing the ex fi x and treating the patient with a 
Sarmiento cast for the rest of the treatment. This 
avoids the inconvenience of the long-leg cast, 
stiffness and decrease in muscle bulk as physio-
therapy can be started immediately while at the 
same time minimising the risk of pin-site infec-
tion. Children can sometimes be better managed 
with an external fi xation as well. Careful follow-
up of the patient is necessary to succeed with 
these techniques. Read the chapter of external 
fi xation and damage control orthopaedics. 

43.3.2.1     Follow-Up 
and Rehabilitation 

•     If the fracture confi guration is stable, there is 
no need to follow up the patient weekly. A fi rst 
check X-ray at 4–6 weeks may be adequate 
to assess healing. For unstable confi gurations, 
weekly follow-up with X-ray check to confi rm 
alignment until evidence of callus formation 
may be required. Non-weight-bearing for 
6 weeks in unstable patterns is also necessary. 
Partial weight-bearing in stable well-reduced 
patterns, such as a transverse fracture with no 
displacement.  

•   Six weeks reduce long-limb cast to Sarmiento 
patellar-bearing cast. Depending on callus 
and stability, partial to total weight-bearing 
may be initiated. Start physiotherapy for knee 
range of motion and strengthening of quads 
and hamstrings.  

•   Twelve weeks. Examine the patient for radio-
logical signs of healing progression, tender-
ness and pain on weight-bearing. If there is no 
pain and no tenderness, and there is obvious 
callous and cortical bridging, consider increas-
ing weight-bearing status to full weight-bear-
ing if not yet done. A functional brace to 
protect the tibia may also be prescribed.     

43.3.2.2     Complications 
•     Clots: There is no strong evidence guiding 

anti-DVT prophylaxis. In the UK, the National 
  Fig. 43.4    A Sarmiento patellar-bearing cast. This one 
was adapted from the above-knee cast       
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Institute for Clinical Evidence has recently 
recommended that patients with lower limb 
fractures who are managed non-weight- 
bearing in a cast should be offered anti-DVT 
prophylaxis in the form of low-molecular- 
weight heparin subcutaneous injections 5000 
units daily. Patients should be assessed for 
their personal risk to develop clots as far as 
possible. Obviously, the local material reali-
ties will dictate what anti-DVT prophylaxis, 
if any, can be offered to patients. At the very 
least, make sure that patients are non-weight- 
bearing only when necessary and that they 
remain well hydrated.  

•   Compartment syndrome: Even low-energy 
fractures can develop compartment syndrome. 
You must remain vigilant to this serious 
complication. If a patient complains of pain 
which is beyond that you would expect for 
the injury and is not responsive to adequate 
analgesia, you must think “compartment 
syndrome”. 

•  If the patient complains of pain due to a tight 
cast:
    (i)    Split the plaster in two planes and cut the 

cotton, stockinette, etc., until the skin is 
visible. If this relieves the pain, maintain 
close observation.   

   (ii)    If you have removed all possible sources 
of external pressure, such as the cast, ban-
dages, and the pain is still present, stretch 
the muscles in the posterior and anterior 
compartment by fl exing and extending 
the ankle and toes. If this elicits increased 
pain, you must prepare the patient for a 
fasciotomy. See the chapter on compart-
ment syndrome (Fig.  43.5 ).

•          Skin and soft tissue injury: If fracture defor-
mity is compromising the skin or there is 
decrease perfusion to the foot, the fracture 
needs urgent reduction and splinting.  

•   Vascular Injury: There are reports of pseudoa-
neurysms secondary to tibia shaft fractures.  

•   Pulmonary embolism: Shortness of breath, car-
diovascular collapse, neurological disturbance.  

•   Fat embolism: Fat emboli may be the result of 
fat globules entering the bloodstream through 
tissue that has been disrupted by trauma. 
Shortness of breath, tachypnoea, tachycardia, 
petechial rash (look in the axilla), neurologi-
cal disturbance.  

•   Complex regional pain syndrome: Even minor 
trauma can set off this strange condition when 
patients develop a constellation of symptoms 
including stiffness, hypersensitivity, pain, 
 discolouration and skin temperature changes. 

  Fig. 43.5    A fasciotomy 
for compartment syndrome 
following tibial fracture       
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Look for this if patients complain of the above 
symptoms after cast removal. Management is 
mainly symptomatic with aggressive physio-
therapy, simple analgesia, anti- infl ammatories 
and psychological support.  

•   Arthrofi brosis: Following prolonged knee 
immobilisation, scar tissue may form in the 
knee joint, causing severe stiffness. The pri-
mary treatment is aggressive physiotherapy 
and serial splinting to achieve fl exion. Only 
as a last resort is debridement of the scar tis-
sue indicated, especially in the austere envi-
ronment. This can be a complication not only 
of prolonged casting but also of traction and 
external fi xation. Thus, as soon as it is clini-
cally possible, the knee should be mobilised 
and range of motion exercises prescribed.  

•   Malunion: If malalignment is not corrected 
early (within the fi rst 2 weeks), then a mal-
union will occur. You can prevent this compli-
cation by being vigilant and having a proper 
follow-up system that monitors patients 
closely over the fi rst few weeks following a 
tibial fracture. If the fracture is not reduced or 
reducible in the fi rst place, then you must con-
sider if the predictable malunion will trans-
late into a functional defi cit for the patient 
and if the patient will cope with this defi cit. 
Otherwise, operative reduction may have to be 
considered. See the chapter on malunion.  

•   Delayed union  
•   Nonunion: Nonunion is a very serious prob-

lem in the austere environment, due to the lim-
ited options for management available.    

 According to Hoaglund et al. [ 2 ], fractures 
with 50–90 % of normal apposition heal sig-
nifi cantly faster than fractures in which contact 
was less. Displacement of more than 50 % of 
the width of the tibia at the fracture site was a 
signifi cant cause of delayed union or nonunion 
according to Suman et al. If fractures had more 
than 50 % initial displacement, reduction was 
diffi cult to maintain according to Böstman et al. 
[ 8 ]. This group also found that comminution 
delayed fracture healing. There is a debate on the 
effects of an intact fi bula on healing of a tibial 
fracture. However, Nicoll [ 9 ] found that this did 

not infl uence prognosis. On the other hand, other 
authors such as Teitz et al. [ 10 ] did fi nd that frac-
ture healing was inhibited in 26 % of closed tibial 
fractures with an intact fi bula.   

43.3.3     Operative Management 

 As described previously, nonoperative manage-
ment is the preferred method of treatment in the 
austere environment because it avoids the risk of 
infection. Unfortunately, nonoperative manage-
ment is sometimes not adequate to manage high-
energy, unstable fractures. In these situations, 
operative treatment allows early motion, provides 
access to the soft tissues and avoids complica-
tions associated with immobilisation. 

43.3.3.1     External Fixation 
 External fi xation has been used for the tempo-
rary and defi nitive fi xation method of tibial shaft 
fractures. The advantages are that they allow soft 
tissue management and monitoring and a more 
stable construct around the fracture and thus 
can be used instead of a long-limb cast which in 
turn allows knee mobilisation avoiding stiffness. 
External fi xation is also an option when manag-
ing paediatric fractures avoiding intramedullary 
nails or plates.  

43.3.3.2     Indications 
 External fi xation is indicated in high-energy 
comminuted fractures, open fractures, following 
fasciotomy for compartment syndrome second-
ary to a fracture. External fi xation can be used 
to span the joint in cases of tibia and femur frac-
tures (a fl oating knee). External fi xation can also 
be used instead of a long-leg cast.  

43.3.3.3     Preoperative Planning 
 Make sure you have all your equipment and that 
you are familiar with the external fi xation system 
you are going to use. Have the available imaging 
accessible so that you can consult regularly dur-
ing the procedure as necessary. Make a plan A, a 
plan B and a plan C. Have enough assistants to 
help you reduce the fracture, and maintain reduc-
tion while you tighten the ex fi x. How are you 
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going to dress the pin sites? Will you need pad-
ding under the knee? A triangle or knee support?  

43.3.3.4     Positioning 
 Patients should be supine. Make sure you do a 
preliminary skin wash. The full leg should be 
painted/prepped with chlorhexidine or Betadine, 
well above the knee and including the foot. No 
tourniquet is necessary, unless there is a com-
bined vascular approach or a fasciotomy, in 
which case you can fi t a tourniquet but do not 
infl ate it. Make sure you keep more than the area 
you think you will need sterile.  

43.3.3.5     Approach Technique 
•     Often, you will not have intraoperative imag-

ing, so you must be very familiar with the 
equipment you are using and how the pins 
work, as you will be using tactile feedback to 
place your pins.  

•   Chose the area where you want your pin to 
go. Remember the basics of “far-far/near-
near” confi guration, and  stay away from the 
zone of injury. Do not introduce a pin through 
the wound of an open fracture, but go through 
intact skin instead.   

•   Once you have selected your placement, make 
a 1 cm incision in an oblique fashion, as this 
will allow the skin to mobilise and not be tight 
once the fi nal construct is secured.  

•   The tibia is roughly a triangle-shaped bone. 
You may have seen pins placed in an AP ori-
entation, which is fi ne, but is not the easiest 
orientation, as this may cause the tip of the 
pin to skid off the medial surface. I prefer to 
place the long axis of the pin obliquely to the 
medial surface of the tibia. This provides the 
largest surface area for placement and helps 
prevent this sudden slipping off the medial 
slope.  

•   You may need to tap gently the head of the 
pin to create a small indentation for the tip to 
engage and thus make it easier to start screw-
ing in the pin. This should be done by hand, in 
slow but fi rm movements.  

•   You want to avoid jerking movements because 
this may cause pin loosening. Also, by going 
slowly, your tactile feedback is maximised.  

•   After you free the fi rst cortex, you will get 
a sensation that the pin is screwing in much 
easier. Continue to introduce the pin in a 
controlled fashion until you meet resistance 
again. This is the far cortex. Continue as you 
did for the near cortex. However, you must 
take care not to go through the far cortex more 
than a couple of turns. I tend to wait until I feel 
twisting the wrist is getting diffi cult, and then 
do another two and a half turns. This helps 
to place the threaded part of the tip in the far 
cortex. Again, the turning movement must be 
controlled and slow.  

•   Place your second pin and subsequent pins in 
a similar fashion.  

•   I like constructing units which I can then 
use to manipulate the fracture ends. Fix a 
medium- or long-size bar to the proximal two 
pins and another medium to the distal two 
pins. Place a bar-to-bar clamp between the 
proximal and distal bars. Ask your assistant 
to put some traction to achieve length gen-
tly, while, based on your preoperative plan, 
you reduce the two ends, gently feeling for 
the friction between the bone ends. Ask your 
other assistant to secure the clamp once you 
are happy that you have achieved the reduc-
tion. You can run your fi nger up and down the 
tibia crest to confi rm if there are any steps and 
alignment (Fig.  43.6 ).

•      Place a second bar-bar parallel to the fi rst one 
to increase the stability of the construct. Make 
sure all the clamps are nice and tight.  

•   Clean the entire construct and leg thoroughly.  
•   Dress the pin sites. I do this by applying paraf-

fi n gauze around the pin wound, then a small 
gauze square, and then I dress the leg with a 
crepe bandage. In reality, there are many pin 
sites regimens and not much evidence as to 
which is the best one.  

•   Obtain a check X-ray.     

43.3.3.6     Complications 
 The complications of external fi xation include:

    1.    Fracture – from selecting the wrong diameter 
pin, too close to the fracture, through fracture 
extensions, forcing the pin, etc.   
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   2.    Pin loosening – from hurried, uncontrolled 
pin placement, not tightening the construct, 
lack of stability, premature weight-bearing, 
infection   

   3.    Nerve damage – unusual but possible from 
excess traction, drilling over a nerve, drilling 
through the far cortex and injuring a nerve, 
uncontrolled pin placement   

   4.    Infection – damaging the skin during place-
ment or too tight after reduction, lack of pin 
care, poor sterile technique during placement, 
not treating aggressively at the fi rst sign of 
erythema   

   5.    Malunion – not following up patients closely 
enough, premature weight-bearing, unbal-
anced external fi xation, unstable constructs   

   6.    Nonunion – all of the above, distracting the 
fracture, too rigid, too unstable       

43.3.4     Intramedullary Nail 

 Intramedullary nailing is the gold standard for 
tibial shaft fracture fi xation. This does not mean 
that it is essential in all cases. As we have said 
previously, nonoperative methods with good 
casting techniques will suffi ce to manage the 
majority of closed tibial fractures. Nevertheless, 

there are cases when casting will not be suffi cient 
and an intramedullary nail is the best option. 

 If your facility has the ability to use the SIGN 
nail, then you have a very powerful tool to treat 
tibial shaft fractures with no need for fl uoroscopy 
(Fig.  43.7 ) (see Chap.   32    ). I strongly recommend 
that you become acquainted with this technique 
as it has the longest track record in the austere 
environment, as well as one of the most com-
plete databases on results and cases. If you have 
access to other equipment, make sure you are 
completely familiar in how to use it (see Chap. 
  31    ). It is beyond this chapter to provide a detailed 
description of surgical techniques. What follows 
is a list of important points to remember.

43.3.4.1       Preoperative Planning 
 Obtain AP and lateral X-rays. Make a plan as to 
the best way to achieve reduction and make sure 
you have all the equipment you will need. Do not 
forget about antibiotic prophylaxis at induction.  

43.3.4.2     Positioning 
 You can position the patient supine on a traction 
table with leg on traction knee bent at 90° or free 
with a triangle under the knee to achieve fl exion 
of the knee to at least 90°. Some surgeons have the 
leg hanging over table to achieve 90° of  fl exion. 

  Fig. 43.6    A surgical team 
in an austere environment 
applying an external fi xator 
bridging the knee joint       
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Make sure you wash the limb before formal 
scrubbing. Tourniquets are not required. If you 
have fl uoroscopy available, incorporate this into 
your positioning planning so that you know you 
can achieve satisfactory views in AP and lateral.  

43.3.4.3     Approach 
 Can make an incision through the patella tendon 
or medial parapatellar approach. Make sure not 
to damage the patella tendon!  

43.3.4.4     Techniques 
 In the AP plane, the entry point is located in line 
with the medullary canal (3 mm medial of the tibial 
crest). In the lateral plane, the entry point should 

be located just inferior to the angle between tibial 
plateau and anterior tibial metaphysis.  

43.3.4.5     Pearls and Pitfalls 
 Remember to try to introduce your guide wire as 
vertical as possible to avoid hitting the posterior 
wall of the tibia. 

 Make sure you measure for length and width. 
If you have reaming equipment, start small and 
increase in 1 mm steps until you detect good con-
tact throughout the shaft and you hear chatter at 
the isthmus. Insert a nail that is 1–1.5 mm smaller 
than your last reaming size. 

 After haemostasis and washout, take care to 
close the soft tissues appropriately. Place the leg 
either in a well-padded back slab to rest the leg 
for a day or two with the foot plantigrade or a 
bulky dressing.  

43.3.4.6     Postoperative Care 
 Do not forget thromboprophylaxis for 6 weeks. 

 Plan follow-up including for wound check and 
removal of sutures or clips. 

 Check X-rays post-op, at 4 weeks and then as 
necessary. 

 Weight bare as tolerated from day 1 post-op 
and physiotherapy.  

43.3.4.7     Complications 
 Immediate:

•    Nerve damage  
•   Compartment syndrome  
•   Bleeding  
•   Malreduction    

 Early

•    Compartment syndrome  
•   Infection  
•   DVT, PE    

 Late

•    Malunion  
•   Nonunion  
•   Failure of nail  
•   Anterior knee pain      

  Fig. 43.7    Intramedullary nail of a tibia fracture using the 
SIGN nail       
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43.3.5     Plates and Screws 

 Plating requires good levels of surgical skills, 
availability of equipment, properly trained staff, 
sterilisation equipment, intraoperative imaging 
and the ability to deal with complications. Plating 
is indicated in more distal and proximal tibial 
fractures where a nail may not have suffi cient 
area for locking. It is also used in tibia shafts, but 
it usually means more soft tissue stripping, and 
nails are preferred. Again, a detailed description 
of the techniques and different types of plates is 
beyond this chapter. Below is a summary of the 
most important points. 

43.3.5.1     Preoperative Planning 
 As in the case of nailing, make an operative plan 
and confi rm the availability of all required equip-
ment and imaging.  

43.3.5.2     Positioning 
 It is advisable to place the leg over a cushion 
or wrapped pillow to elevate the leg facilitat-
ing taking X-rays if available. Tourniquet in 
situ. Infl ate tourniquet to 250–300 mmHg after 
elevating the limb. Tourniquet time should be a 
maximum of 2 h. If more time is needed, release 
the tourniquet and allow the leg to perfuse for at 
least 10 min.  

43.3.5.3     Approach 
 Make sure the soft tissues are healthy. Plan your 
incisions to facilitate fi xation and do not under-
mine the skin. Thick fl aps are necessary. Review 
your surgical anatomy before every case. Beware 
of neurovascular bundles. Closure should not be 
too tight. If possible, use a minimally invasive 
approach or MIPO technique.  

43.3.5.4     Pearls and Pitfalls 
 Comminuted fractures should not be reduced 
anatomically at the expense of biology and blood 
supply to the bone and soft tissues. Bridge the 
comminuted section and focus on alignment, 
rotation and length. If anatomical reduction is 
possible, aim for absolute stability with compres-
sion. Always respect the soft tissues. Be aware 
of the length of the crews you use, and do not 

use more implants or screws that are absolutely 
 necessary to achieve stability. When fi xing a long-
bone comminuted fracture, one of the diffi culties 
is determining length and rotation. Radiographs 
of the contralateral tibia can help [ 6 ].  

43.3.5.5     Postoperative Care 
 Antithrombotic prophylaxis as per nailing. Post- 
operative X-ray. Weight-bearing depends on 
stability of the construct, but usually not weight- 
bearing for 4 weeks, touch weight-bearing for 4 
weeks. Physiotherapy referral for strength and 
range of motion early. Wound check at 5 days 
and removal of sutures at 12 days.  

43.3.5.6     Complications 
 Immediate

•    Nerve damage  
•   Vessel damage  
•   Compartment syndrome  
•   Malreduction    

 Early

•    Infection  
•   Compartment syndrome  
•   Failure of fi xation  
•   DVT, PE    

 Late

•    Malunion  
•   Nonunion  
•   Failure of implant  
•   Pain  
•   Stiffness          

   References 

     1.    Anderson LD, Hutchin WC. Fractures of the tibia and 
fi bula treated with casts and transfi xing pins. South 
Med J. 1966;59:1026.  

     2.    Anderson LD, Hutchins WC, Wright PE, et al. 
Fractures of the tibia and fi bula treated by casts and 
transfi xing pins. Clin Orthop Relat Res. 1974;105:179.  

    3.    Court-Brown CM. Fractures of the tibia and fi bula. In: 
Bucholz R, Heckman J, Court Brown C, et al.,  editors. 

S. Ayobi and J.D. Robinson



595

Rockwood and Green’s fractures in adults. 6th ed. 
Philadelphia: Lippincott Williams and Wilkins; 2005. 
p. 2079–146.  

   4.    Court-brown CM, McBirnie J. The epidemiol-
ogy of tibial fractures. J Bone Joint Surg Br. 
1995;77(3):417–21.  

    5.    Court-Brown CM, Caesar B. Epidemiology of adult 
fractures: a review. Injury. 2006;37(8):691–7.  

     6.    Bostman OM. Displaced malleolar fractures associ-
ated with spiral fractures of tibial shaft. Clin Orthop 
Relat Res. 1988;228:202–7.  

    7.   Rockwood CA, Green DP, Bucholz RW. Rockwood 
and Green’s Fractures in adults. 7th ed. Philadelphia: 
Lippincott Williams and Wilkins; 2010.  

    8.    Bostman OM. Spiral fractures of the shaft of the tibia: 
initial displacement and stability of reduction. J Bone 
Joint Surg. 1986;68:462.  

    9.    Nicoll EA. Closed and open management of tibial 
fractures. Clin Orthop Relat Res. 1974;105:144.  

    10.    Teitz CC, Carter DR, Frankel VH. Problems associ-
ated with tibial fractures with intact fi bulae. J Bone 
Joint Surg. 1980;62A:770.      

43 The Management of Closed Tibia Shaft Fractures in the Austere Environment



597© Springer International Publishing Switzerland 2016 
J.D. Robinson (ed.), Orthopaedic Trauma in the Austere Environment: 
A Practical Guide to Care in the Humanitarian Setting, DOI 10.1007/978-3-319-29122-2_44

      The Management of Ankle Injuries 
in the Austere Environment                     

     Jesse     Alan     Slade     Shantz     ,     Juan de Dios     Robinson     , 
and     Ralph     Richard     Coughlin    

44.1           Epidemiology 

 No signifi cant epidemiological data regarding 
ankle fractures has been collected in the austere 
environment. Experience demonstrates that the 
full gamete of low-energy injuries can be found, 
from sporting injuries to osteoporotic fractures. 
In addition, socioeconomic and cultural charac-
teristics can conspire to increase the burden of 
trauma. For example, the frequent use of bicycles 
for transport, carrying a child in the back, gives 
rise to frequent bicycle spoke injuries, where the 
child’s foot gets trapped in the wheel (Fig.  44.1 ).

   High-energy mechanisms of injury include 
road traffi c accidents and pedestrians hit by vehi-
cles. Other mechanisms of injury include work-
related crush injuries, falls from heights, animal 

attacks and, in confl ict zones, fi rearm and blast 
injuries, among others.  

44.2     Assessment 

44.2.1     History 

 A good patient history should include the pre-
senting complaint, history of presenting com-
plaint including the mechanism of injury, past 
medical history including any diabetic vascular 
complications, medications, allergies, relevant 
family history and a social history to include 
family structure, occupation and consumption 
of any drugs and smoking. Patients with ankle 
injuries broadly fall into one of the following 
presentations. 

44.2.1.1     Low-Energy Sports Injuries 
 These ankle injuries are the result of twisting the 
joint at low speed. Patients typically describe 
rolling the ankle when tripping on uneven ground 
or stepping downstairs or on a curb. Injury pat-
terns are associated with specifi c foot positions 
and rotational movements. Although it appears 
complex, the Lauge-Hansen classifi cation of 
ankle fractures is a useful tool to understand 
the mechanics of ankle injuries [ 1 – 3 ]. The 
most important difference to determine, how-
ever, is whether a fracture is stable or unstable 
(Fig.  44.2 ).
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44.2.1.2        High-Energy Rotational 
Injuries 

 Patients commonly present with gross deformity 
of the ankle, often after motorcycle accidents or 
motor vehicle crashes (Fig.  44.3 ). Subluxation 
or dislocation of the tibiotalar joint requiring 
reduction is common. In addition, wounds over 
the medial malleolus in these injuries are usually 

open fractures communicating with the medial 
malleolar fracture and hence the tibiotalar joint 
and require urgent washout.

44.2.1.3        High-Energy Axial Load 
Injuries 

 Falls from height result in a different subset of 
injuries: tibial plafond injuries. Falls from greater 

  Fig. 44.1    Road traffi c 
accidents and unregulated 
transport practices result in 
many severe injuries       

  Fig. 44.2    Low-energy 
ankle fracture with 
signifi cant swelling       
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than 3 m result in a transfer of force from the foot 
to the distal tibial articular surface through the 
relatively dense talar body. This results in a typi-
cal injury pattern consisting of a split of the distal 
tibia into three fragments with associated com-
minution at the metaphyseal-diaphyseal junction 
[ 4 ]. Care should be taken in these patients to rule 
out associated injuries of the knee, femoral neck 
and lumbar spine. Close attention to the soft tis-
sue envelope is essential. These injuries can be 
very different in nature from ankle fractures and 
the soft tissue integrity and safety is paramount!  

44.2.1.4     Blast and Fire Arm Injuries 
 Blast and fi rearm injuries can cause catastrophic 
injuries involving extensive bone and soft tissue 
loss. As in any other trauma scenario, the patient 
must fi rst be treated for life-threatening injuries. 
A thorough debridement of nonviable tissue is 
carried out, and bony stability must be estab-
lished with an external fi xator to stabilise the soft 
tissues. There is a very high risk of infection, and 
as with all open injuries, adequate antibiotic and 
tetanus cover is mandatory.  

44.2.1.5     Delayed Presentation 
 Patients often present in a delayed fashion due to the 
large travelling distances and poor  transportation 

links. Reducing dislocations and displaced frac-
tures in delayed presentations can be much more 
diffi cult, often requiring open reduction.  

44.2.1.6     Open Fractures 
 Again, obtain a full medical history, including 
tetanus vaccinations and antibiotic allergies. 
Assess the soft tissues and soft tissue defi cit, 
pulses and nerve supply (Fig.  44.2 ).   

44.2.2     Examination 

 Always follow the mantra: ‘Look, feel, move’.

•    Look: Deformity, asymmetry, bruising and 
skin integrity (any pressure on the skin from 
deformity? Reduce fracture ASAP)  

•   Feel: skin temperature, infection blood sup-
ply (pulses, capillary refi ll) and compartment 
syndrome  

•   Move:
    (i)    Active: What can the patient do? Is the 

problem only a painful fracture or is there 
motor nerve injury?   

   (ii)    Passive: Every joint! Have a system that 
will allow you to assess the ankle and foot 
for range of motion, crepitus and stability.        

  Fig. 44.3    Open ankle 
fracture       
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44.2.2.1     Vascular Assessment 
 Look at the colour of the skin. Is it pale or bluish? 
Feel the temperature. Is it cold? Palpate the dor-
salis pedis and posterior tibial pulses (Fig.  44.4 ) 
and check for distal capillary refi ll which should 
be less than 2 s.

44.2.2.2        Neurological Assessment 
 Neurologic examination involves confi rming sen-
sation in the nerve distributions of the foot: saphe-
nous, deep peroneal, superfi cial peroneal, sural 
and tibial. Motor testing is done by document-
ing patient’s active movements and opposing the 
action of muscles. The muscles to test include the 
tibialis posterior (resist inversion, tibial nerve), tib-
ialis anterior (ankle dorsifl exion, peroneal nerve), 
extensor hallucis longus (extensor of the great toe, 
deep peroneal nerve) and the peroneal muscles 
(foot eversion, superfi cial peroneal nerve).  

44.2.2.3     Soft Tissues Assessment 
 The ankle is a subcutaneous joint and is prone 
to soft tissue complications if due care is not 
observed. Delayed manipulation and closed 
reduction of a skin tenting deformity, poor 
maintenance of reduction or poorly performed 
surgery, especially in the face of swelling and 
angry blistering, risks breakdown of the soft tis-
sue envelope, dehiscence of surgical wound and 
infection. 

 The formation of blisters is relatively common 
in this area and should prompt a delay in any sur-
gical treatment until the blisters have resolved 
completely. Silver sulfadiazine has been found to 
result in improved cosmetic results in one study 
[ 5 ]. No difference could be found in the infection 
rates when blisters are drained versus those that 
were left intact [ 6 ].  Tight bandages and plasters 
should be avoided , the limb should be placed in 
strict elevation (at least two pillows when patient 
sitting), and if available, ice compressions should 
be applied regularly with the aim to reduce 
 swelling. This will also help with pain control.  

44.2.2.4     Ligaments and Tendons 
 Look for obvious deformity; abnormal position 
of the toes may suggest abnormal tendon tension 
from tibiotalar dislocation. Feel and move for 
stability. Stability of the ankle is done through an 
anterior drawer test to test the anterior talofi bular 
ligament (more that 8 mm movement compared 
to the other ankle?) and external rotation stress 
test to assess the syndesmosis. If in doubt, these 
stress tests can be done with X-rays and both 
sides can then be compared. 

 Ligament assessment, particularly the deltoid 
ligament in rotational ankle fractures, has been 
found to be unreliable in the assessment of tibiota-
lar stability. Medial bruising and tenderness should 
not be relied upon to guide ankle fracture treatment.    

a b

  Fig. 44.4    The vascular and tendon surface anatomy of the foot and ankle. Tendons are denoted in black with vascular 
structures outlined in red. ( a ) Posterior tibial artery, ( b ) dorsalis pedis from the anterior tibial artery       
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44.3     Investigations 

 In the austere environment, you are often limited 
to your clinical acumen and skills. However, if 
you have even the basics of an imaging depart-
ment, you must have a rational system to deter-
mine what patients require an X-ray; otherwise, 
you may overwhelm the service and gather an 
infi nite collection of useless plain fi lms. Ankle 
ligament injuries represent 14–21 % of total sport 
lesions. Close to 18 % of patients have an associ-
ated foot and/or ankle fracture. The application 
of the Ottawa Ankle Rules [ 3 ] can provide guid-
ance on the necessity for radiographic evaluation 
in these patients. 

44.3.1     Ottawa Ankle Rules [ 3 ,  7 ] 

 Ankle X-ray is only required if there is any pain in 
the malleolar zone and  any one  of the following:

•    Bone tenderness along the distal 6 cm of the 
posterior edge of the tibia or tip of the medial 
malleolus  

•   Bone tenderness along the distal 6 cm of the 
posterior edge of the fi bula or tip of the lateral 
malleolus  

•   An inability to bear weight both immediately 
and in the emergency department for four 
steps    

 An X-ray series is indicated if there is any pain 
in the midfoot zone and  any one  of the following:

•    Bone tenderness at the base of the fi fth meta-
tarsal (for foot injuries)  

•   Bone tenderness at the navicular bone (for 
foot injuries)  

•   An inability to bear weight both immediately 
and in the emergency department for four 
steps 

•  Again, your clinical acumen is paramount as 
some patients, such as those with head injuries 
or under the infl uence of drugs, or very young 
children, will not be able to help you. 

•  A radiographic examination of the ankle, con-
sisting of anteroposterior, lateral and oblique 
(mortise) views, remains the gold standard 

investigation for the formulation of treatment 
plans for ankle injuries.    

 Several key factors should be noted about the 
X-rays:

    1.    The presence of talar shift suggests that the 
rotational ankle fracture is unstable and 
requires close radiographic follow-up to avoid 
missing subsequent displacement.   

   2.    The talar dome should be scrutinised as there 
is a high association of talar osteochondral 
lesions with rotation ankle fractures. Some 
lesions may not appear radiographically so 
direct visualisation should be attempted dur-
ing medial malleolar fi xation in wherever open 
reduction and internal fi xation is feasible.   

   3.    Tibiofi bular instability, or syndesmotic injury, 
should be ruled out by the measurement of 
tibiofi bular overlap on the AP view and tib-
iofi bular clear space on the mortise view 
(although each of these measurements has 
poor correlation with MRI fi ndings of syn-
desmotic injury). In addition, palpation of the 
entire length of the fi bula, as well as a proxi-
mal plain fi lm, can identify Maisonneuve 
fractures, which may be associated with syn-
desmotic injuries. Conversely, if you diagnose 
a Maisonneuve fracture, make sure you do not 
miss a bony injury in the medial ankle.   

   4.    In tibial plafond fractures, both the complex-
ity of the fi bular fracture and the axial stabil-
ity of the tibial fracture should be considered. 
Fibular fi xation can provide axial stability to 
the injured limb segment during external fi x-
ator or cast immobilisation. However, it is best 
to leave any form of internal fi xation to the 
surgeon who  will be carrying the defi nitive 
fi xation . Making an incision in a suboptimal 
location and inadequate reduction of length 
and rotation of the fi bula acutely will lead to 
great diffi culties during the defi nitive fi xation.       

44.4     Acute Management 
C2845, 2910 

 Remember, “life before limb”. Assess the patient 
following swiftly your ATLS protocol. 
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 As with all fractures you will manage, remem-
ber to:

    1.    Provide effective pain relief.   
   2.    Prevent ischaemia, both to the soft tissues and 

the foot as a whole.   
   3.    Remove any potential sources of infection.   
   4.    Reduce the fracture (which needs to be done 

often to ensure preventing ischaemia and fur-
ther soft tissue damage).   

   5.    Stabilise the fracture.     

 The primary goal of the initial management of 
ankle injuries is pain control and to preserve the 
integrity of the soft tissue envelope. The ultimate 
goal of treatment is a stable ankle with a good 
range of motion. Irrespective of the resources 
available, it is important to expediently provide 
relative stability to the injured limb segment. In 
addition to the reduction of gross deformity and 
splinting, any open soft tissue wounds should 
receive antibiotic and tetanus prophylaxis, be 
covered with a sterile dressing and not uncov-
ered until a more formal debridement is per-
formed. In fact, repeated assessment of open 
fracture wounds has been suggested as a factor 
in increased infection rates in open fractures (see 
Chap.   28     on management of open fractures). 

44.4.1     Closed Reduction 

 The closed reduction of ankle injuries provides 
a simple method for the preservation of soft tis-
sue integrity about the ankle. The goal of closed 
reduction is to restore the talus to the anatomic 
position under the tibial plafond. An excellent 
coverage of this principle-based closed man-
agement algorithm is given by Charnley in  The 
Closed Treatment of Common Fractures  [ 8 ]. To 
achieve this goal, the practitioner needs to create 
an environment that maximises the possibility of 
successful reduction by supplying adequate pain 
relief, optimising positioning and having casting/
splinting supplies close at hand. All ankle inju-
ries should receive maximal attempts to achieve 
and maintain a closed reduction given the rate of 
successful treatment of ankle injuries using this 
method in austere environments and the risks 
associated with operative treatment (Fig.  44.5 ).

44.4.2        Analgesia and Anaesthesia 

 Pain relief can be supplied locally through the use 
of a hematoma block in acute injuries. Generally, 
this technique works best when employed in the 
fi rst 48 h after fracture to avoid hematoma con-
solidation. Systemic opioids can also improve 
patient comfort but will not provide the relax-
ation of complete analgesia. Conscious sedation 
with ketamine or other dissociative parenteral 
medications provides both pain relief and relax-
ation of spastic muscles. This approach is more 
resource intensive though, requiring monitoring 
equipment and a second provider to manage the 
airway and breathing of the patient during reduc-
tion and splinting. No difference in the ability 
to achieve a closed reduction in rotational ankle 
fractures could be found between a group offered 
sedation and a group provided an intra-articular 

  Fig. 44.5    Closed manipulation of an ankle fracture. 
Ensure the knee is fl exed to relax the Achilles tendon. 
Make sure the hindfoot, not the forefoot, is plantigrade. 
Apply a posterolateral directed force on the tibia proximal 
to the medial malleolus with one hand and an anteromedi-
ally directed force with the opposite hand on the heel dis-
tal to lateral malleolus. Aim to reproduce a ‘mortise view’ 
position, with slight internal rotation of the foot       
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lidocaine block in a recent study [ 9 ] (see Chap. 
  18     on Anaesthetics). 

 Optimal positioning during reduction requires 
minimising the displacing forces of the fracture. 
Typically, the triceps surae provides the bulk of the 
deforming force, both shortening the facture and 
posteriorly translating the hindfoot. Decreasing 
the infl uence of the gastrocnemius muscle can be 
achieved through fl exion of the hip and knee but 
requires an assistant to provide countertraction. In 
the situation where a patient is on a stretcher or 
bed, the affected limb can be dangled off the side 
achieving 90° of knee fl exion without hip fl exion. 

 Another method of reduction was proposed by 
Quigley and involves hanging the affected limb 
with the hip and knee at 90° of fl exion [ 10 ]. The 
simultaneous relaxation of the gastrocnemius and 
anteriorly directed force on the foot provide the 
reduction force. Improvisation of the methods for 
securing the foot exists for instances where gauze 
bandages are scarce (Fig.  44.6 ).

44.4.3        Splinting, Casting and Bracing 

 Once reduction has been attempted, defi ni-
tive stabilisation is accomplished using splints, 
circumferential casts or braces. The goal of 
immobilisation is to maintain the reduction of 
the fracture or dislocation during healing and to 

allow mobilisation of the patient. The choice of 
immobilisation should be based on the stability 
of the reduction and the chronicity of the injury 
including the risk of ongoing swelling as a cir-
cumferential cast does not allow for subsequent 
soft tissue swelling and may result in compart-
ment syndrome. 

 Many complications are seen which are related 
to the application of tight circumferential casts 
by traditional healers. When swelling makes a 
backslab necessary, a cast can be applied 3–7 
days later for defi nitive management. This can be 
done by ‘completing the cast’ to avoid disturbing 
the position achieved after the manipulation. If a 
second manipulation is necessary to improve the 
position, this can also be achieved at that point as 
well. In addition, attention should be paid to plac-
ing the foot at 90° to the tibia after reduction to 
prevent equinus contracture by shortening of the 
Achilles tendon. If blisters are present, or there 
is a suspect area of skin which may suggest pos-
sible breakdown, the cast must not be completed, 
until the soft tissues are healthy, and there is no 
danger of necrosis (Fig.  44.7 ).

44.4.4        Skeletal Traction 

 Skeletal traction, in the form of a transfi xion 
pin inserted in the calcaneus or talus, allows for 

a b

  Fig. 44.6    Quigley reduction method. ( a ) Lateral and ( b ) 
anterior views. The Quigley method of ankle reduction 
with traction and internal rotation at the ankle combined 
with relaxation of the gastrocnemius. This suspension 

technique can be employed to attempt closed reduction in 
subacute fractures. In addition, the technique can be used 
to maintain grossly unstable fractures in a reduced 
position prior to casting after soft tissue healing proceeds       
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the restoration of length in axial load injuries. 
Administering traction generally necessitates the 
availability of a bed in order to allow suspen-
sion of a weight from the transfi xion pin or a 
Bohler frame. Also, careful clinical assessment, 
either visually or radiographically, is necessary to 
ensure that appropriate alignment is maintained. 
Also, the risk of distraction-induced nerve dam-
age mandates close follow-up of neurovascular 
function. 

 In patients managed acutely using skeletal 
traction, it may be possible to transition to outpa-
tient management by incorporating the transfi x-
ion pin into a plaster cast. This ‘pins and plaster’ 
technique provides additional stability to the 
injured leg and may aid in the maintenance of 
length in tibial plafond injuries with metaphyseal- 
diaphyseal comminution (Fig.  44.8 ). Still, the 
pins and plaster technique does prevent the 
assessment of underlying soft tissues which are 
often tenuous in injuries requiring the additional 
stability of a transfi xion pin.

44.4.5        External Fixation 

 In many settings external fi xation provides a sta-
ble and available means of maintaining a reduc-
tion in the ankle. External fi xation is particularly 
useful in treating ankle injuries associated with 
severe soft tissue injuries as it allows access to the 

a

c

b

  Fig. 44.7    ( a ) Plaster of Paris and ( b ) whether POP or 
fi bre glass, appropriate moulding is essential to maintain 
reduction. The ankle must be in neutral as prolonged 
equinus will cause tendoachilles contracture. ( c ) A 

fi nished fi breglass cast with a walking sandal. These 
sandals can be improvised with rubber tyre segments 
strapped to the soul of the foot       

  Fig. 44.8    Position for placement of traction pin and 
external fi xation in calcaneus       
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wound and avoids incisions in the zone of injury. 
Additionally, fractures that cannot be maintained 
in a reduced position with external immobilisa-
tion may be stabilised using external fi xation, 
particularly length-unstable fractures (Fig.  44.9 ).

   Resource constraints mandate that the con-
struct used for stabilisation should utilise the 

minimal amount of components to provide sta-
bility to the limb segment. Some authors employ 
a construct of two Steinman pins passed retro-
grade from the plantar fi rst and fi fth metatarsal to 
the diaphyseal tibia [ 11 ] (Fig.  44.10 ). Steinman 
pins passed retrograde through the calcaneus and 
transfi xing the ankle provide another means to 

a b

  Fig. 44.9    ( a ) External fi xation of a degloved open fracture in the fi eld and ( b ) even when using external fi xators, all 
effort must be made to prevent equinus, which was not achieved in this case       

a

c

b

  Fig. 44.10    ( a – c ) A low-resource technique to improvise an ‘external fi xator’       
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prevent instability after reduction of extremely 
unstable ankle injuries and pose less soft tissue 
risk than open approaches and internal fi xation 
(Fig.  44.11 ).

44.5          Defi nitive Treatment 
Strategies 

44.5.1     Nonoperative Treatment 

 Despite a recent trend towards the anatomic 
reduction of all malleolar fractures, uncontrolled 
historical studies suggest that nonoperative 
management can result in durable and satisfac-
tory function [ 12 ]. These results are echoed in a 
recent Cochrane Review which failed to show a 
superiority of nonoperative or operative manage-
ment of ankle fractures [ 13 ]. 

 Although admittedly less consistent in provid-
ing uneventful healing of fractures, nonoperative 
management avoids the potential complications 
of wound breakdown, infection and implant 
prominence that can become limb threatening. 
This provides more impetus to attempt nonop-
erative treatment given the scarcity of appro-
priate antibiotics, plastic surgeons and other 
resources needed for limb salvage in the case of 
complications. 

 Nevertheless, whether operative or nonopera-
tive treatment of ankle fractures is carried out, 
adequate follow-up is essential. In order to con-

fi rm the maintenance of reduction, frequent radio-
graphic follow-up is also necessary. Makwana 
et al. [ 14 ], in determining the effi cacy of open 
reduction and internal fi xation of the ankle in 
patients 55 years old or greater, found that only 
57 % of manipulated ankles treated nonopera-
tively were reduced anatomically. In addition, 
these investigators found that 38 % of ankles man-
aged with immobilisation changed position dur-
ing radiographic follow-up. Therefore, in order to 
avoid debilitating deformity, skilled follow-up and 
potentially repeated manipulation under anaesthe-
sia are necessary to achieve satisfactory healing. 

 In resource-constrained environments, it is 
only in the treatment of grossly unstable or irre-
ducible ankle injuries not maintained in a reduced 
position that percutaneous or open treatment 
should be undertaken in the author’s opinion. A 
late fusion with a plantigrade foot will be more 
advantageous to a patient than an amputation in 
the setting of a severe wound complication after 
acute surgery.  

44.5.2     Percutaneous Treatment 

 Treatment of ankle fractures using percutaneously 
inserted wires, although underutilised in modern 
fracture treatment algorithms, can be a useful 
method in low-resource settings. Given the limited 
availability of fl uoroscopy and X-ray equipment, 
such treatment should not be undertaken lightly. 
The use of Steinman pins to hold a subluxed talus 
reduced within the mortise is an exception and 
should be a technique familiar to all surgeons 
treating unstable ankle injuries (Fig.  44.10 ).  

44.5.3     Limited Open Reduction 
and External Fixation 

 Advocates for limited open reduction and exter-
nal fi xation focus on the restoration of the joint 
surface as the main goal of open surgery. The joint 
surface can be stabilised with K-wires and the 
alignment of the limb maintained using an exter-
nal fi xator. This approach avoids multiple skin 
incisions and associated complications. Given an 
anatomically reduced joint surface, even angular 

  Fig. 44.11    Location of insertion of retrograde transfi xion 
pin. This technique can be utilised to maintain the 
reduction of a grossly unstable ankle fracture. The pin can 
then be incorporated into a cast to allow the discharge of 
the patient from hospital       
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malalignment of the limb can be corrected through 
the use of supramalleolar  osteotomy  performed 
electively. Other possible interventions include 

reduction of malleolar fractures, securing with 
K-wires and holding the entire construct with an 
external fi xator (Figs.  44.12  and  44.13 ).

a

b

  Fig. 44.12    ( a ) A bimalleolar displaced ankle fracture and ( b ) AP and lateral X-ray showing fracture reduced indirectly 
and stabilised with an external fi xation       
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44.5.4         Open Reduction and Internal 
Fixation 

 If there are facilities with better equipment and 
skills than yours,  transfer the patient . ORIF must 
only take place if the material and staff condi-
tions allow for patient safety and successful inter-
ventions. The availability of an image intensifi er, 
by enabling the surgeon to obtain intraoperative 
images, can help to limit the surgical exposure. A 
detailed description on appropriate internal fi xa-
tion is beyond the remit of this chapter. Before 
attempting any internal fi xation, you must be well 
versed in the basics of osteosynthesis. Assuming 
that you are, what follows is a brief description 
of key points not to neglect when fi xing ankles:

    1.    The soft tissues must be ready and any swell-
ing must have subsided. This can be checked 

by examining the foot and ankle for skin 
wrinkles and absence of blisters. No inci-
sions must be made through blisters.   

   2.     Always use antibiotic prophylaxis at induction .   
   3.    Always be mindful of the  superfi cial pero-

neal nerve  when exposing the fi bula.   
   4.    There is no point in doing an ORIF if you 

fail to restore length and rotation of the fi bula 
and a well-reduced syndesmosis. If neces-
sary, you can compare with the other ankle 
to gain a better idea of length and rotation.   

   5.    Only use implants you are familiar with, and 
keep it simple!   

   6.    Make sure you are profi cient with lag screws. 
Do not use a lag screw in comminuted frac-
tures. If you use a lag screw, the fi bula only 
requires 1/3 semitubular plate with six corti-
ces above and below the fracture to neutral-
ise rotation.   

a b

  Fig. 44.13    ( a ) A displaced Harris II/triplanar fracture? And ( b ) the same fracture reduced and stabilised with an 
external fi xator. Callous can be seen in the fi bular fracture       
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   7.    The screws should be bicortical, except 
the distal screws which usually are cancel-
lous and do not need to engage the second 
cortex.   

   8.    You can also use a large K-wire, a Rush rod 
or the guide wire for a tibia nail as a rod for 
the fi bula.   

   9.    For more proximal fi bular fractures, a 
stronger plate, like a DCP, may be required 
(Fig.  44.14 ). Again, if the fracture is very 
comminuted, your plate will be used to 
bridge the comminution, and your construct 
should not be too stiff (too many screws) or 
the fracture will not unite.

       10.    For syndesmosis, remember that the screw 
goes from posterolateral (the fi bula) to 
anteromedial (the tibia) at a 30° angle.   

   11.    The medial malleolus can be fi xed with 
screws. If the purchase is poor, you can use 
long screws and gain purchase by engaging 
the lateral cortex of the tibia.   

   12.    A tension band wire can be used in smaller 
medial malleolar fragments, or a tension 

band plate can be made with a 1/3 semitubu-
lar plate cut to size.   

   13.    Always irrigate profusely with copious 
amounts of sterile fl uid at the end of the 
operation. You have created an open frac-
ture, treated as such!   

   14.    Closure must ensure that the  metal work is 
covered  and that the sutures in the  skin are 
not too tight , as this will lead to skin necrosis, 
wound breakdown or dehiscence. This does 
not mean that your knots are inadequate. 
 Respect the soft tissues  and you will mini-
mise the risk of soft tissue complications.   

   15.    Do not use a drain. Minimise the use of tour-
niquets but have one in place.    

  Place the limb in a below knee  well - padded 
backslab  with the ankle  in neutral. Do not accept 
plantar fl exion . The limb should be placed on 
several pillows or a frame to maintain elevation 
above the level of the heart. Prescribe two more 
doses of cephalosporins 8 and 16 h postopera-
tively (or whatever the local protocol dictates) 

a b

  Fig. 44.14    ( a ) AP and lateral of a trimalleolar fracture 
and ( b ) AP of fi bular plate fi xation and mortise view 
showing medial malleolus screws. The posterior malleolus 
has been reduced by fi xing the fi bula. Notice the thick 

plate bridging the long comminuted fi bular fracture. The 
syndesmosis was reduced and stable under stress, so no 
syndesmosis screws were required       
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and adequate analgesia. Monitor the patient 
for compartment syndrome and obtain a check 
X-ray to confi rm anatomic reduction, especially 
if no II images available. Prescribe physio-
therapy for the knee fl exors and extensors. The 
backslab should be converted to a complete cast 
before discharge, once the risk of swelling has 
subsided, and a check X-ray has confi rmed ade-
quate reduction.   

44.6     Rehabilitation 
and Follow-Up 

44.6.1     Nonoperative Follow-Up 

 The nonoperative management of ankle fractures 
requires absolute non-weight bearing for 4–6 
weeks or until clinical and radiographic union 
of the fracture. It may take longer in diabetic 
patients or secondary to malnutrition or other 
chronic diseases. If there is evidence of callous 
at 4 weeks, partial weight bearing with crutches 
may be allowed, as this will improve rehabilita-
tion and proprioception. 

 Crutches and other mobility aids allow 
patients to maintain weight-bearing restrictions 
when discharged. In general, a well-fi tting cast 
or splint can be left in place for several weeks 
with weekly radiographs to confi rm maintenance 
of reduction up to week three. By week 4, there 
should be evidence of callous formation. As 
rehabilitation services are not routinely avail-
able, it is necessary to examine the patient dur-
ing follow-up for range of motion and prescribe 
and demonstrate simple exercises to return the 
range of motion and strength to the injured limb. 
This promotes the expedient return to work for 
the patient.  

44.6.2     Operative Management 
Follow-Up 

 The patient should return for a wound check and 
removal of sutures or staples 10–12 days postop-
eratively. A check X-ray should be done and if 

everything is fi ne, placed in a below knee cast for 
a minimum of 4 weeks. It is advisable to bring 
the patient back after 2 weeks to make sure all 
is in order and answer any questions the patient 
may have, as well as to reinforce the treatment 
plan to increase compliance. 

 When there is evidence of callous forma-
tion, and examination elicits no bony tenderness, 
the patient can start a physiotherapy regimen to 
recover range of motion and gradual return to full 
weight bearing. 

 If you know you will not be available for 
follow-up, make sure you document clearly the 
diagnosis, treatment and detailed plan to fol-
low and that there is proper handover to the next 
responsible surgeon.   

44.7     Early Complications 
and Management 

44.7.1     Loss of Reduction 

 As discussed above, the early loss of reduc-
tion should be looked for and managed with a 
repeat manipulation under anaesthesia in order 
to provide the best chance of successful healing. 
Grossly unstable fractures may require percuta-
neous fi xation of the talus in a reduced position 
prior to casting in order to maintain the position 
of the talus. Only do ORIF if it is safe for the 
patient.  

44.7.2     Infection 

 Any sign of infection – pain, erythema, discharge 
and swelling – requires immediate attention. 
Antibiotic therapy and wound debridement are 
the mainstays of treatment. If intact, any fi xa-
tion should be maintained until bone healing is 
achieved. Supplementary stabilisation with a 
splint or external fi xator may also be necessary 
if implants are not stable. If the treatment is suc-
cessful in suppressing infection until bony union, 
implants should be removed along with any 
infected tissue. In such cases, familiarity with 
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local soft tissue coverage methods is essential 
given the likelihood soft tissue defects.  

44.7.3     Deep Vein Thrombosis 

 Do not forget that patients must be assessed for 
their risk for deep vein thrombosis (DVT) and 
appropriate prophylaxis must be administered 
(see Chap.   21     on clots). All patients who have 
been operated on need prophylaxis for 3 weeks.  

44.7.4     Complex Regional Pain 
Syndrome (CRPS) 

 If the patient begins to experience pain out of 
proportion within 3 months of the fracture, the 
problem may be the acute phase of CRPS. You 
must fi rst rule out a DVT or compartment syn-
drome. To treat CRPS:

    1.    NSAIDs   
   2.    Aggressive physiotherapy   
   3.    Nerve block   
   4.    Psychosocial support       

    Conclusion 

 Ankle fractures are common. Soft tissue integ-
rity is paramount, so make sure closed frac-
tures remain closed by prompt reduction and 
stabilisation and do not forget to manage the 
swelling. Most fractures can be treated with a 
well-moulded cast. Other options are traction 
and external fi xation, especially when there is 
soft tissue damage. ORIF should only take 
place when the surgical team and resources 
allow for a safe intervention. There is no point 
in doing an internal fi xation if you fail to 
reduce the fracture and re-establish fi bular 
rotation and length as well as the mortise view. 
Never operate on an ankle which is swollen or 
through damaged tissues. Never forget antibi-
otic cover and proper irrigation. Administer 
appropriate antithrombotic prophylaxis. Make 
sure you can follow up patients and that there 
is a system for handover so that these patients 

can be followed up effectively when you have 
left the area and do not neglect rehabilitation.     
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45.1           Epidemiology 

 Epidemiological studies on foot injuries in the 
developing world are very scarce. Research from 
a high-income developing country showed that 
the majority of foot injuries were sustained in 
falls from a signifi cant height [ 1 ]. More than half 
of the injuries reported in that single-centre study 
were work related. Other mechanisms of injury 
include road traffi c accidents, as the increasing 
motorisation of LMICs means that a raise in the 
number of foot injuries. Motorcycle accidents 
where bony and soft tissue injuries threaten the 
viability of the foot are common. Ballistic inju-
ries are also common, and explosive devices such 
as mines continue to maim well after the confl ict 
is over. 

45.1.1     Low-Energy Injuries: Twisting 
Injuries 

 Although less likely to present acutely, low- energy 
injuries represent the majority of foot injuries sus-
tained. Common injuries encountered will be liga-
ment sprains and stress fractures from poorly fi tting 
shoes and long walking distances. A common 
example is the “Jones” fracture. During a forced 
inversion of the foot/ankle, the peroneus brevis 
pulls on its insertion at the base of the 5th metatar-
sal, causing an avulsion fracture (Fig.  45.1 ).

45.1.2        High-Energy Injuries 

 The foot can experience axial loads during falls 
from height or as the footplate of cars intrude 
during motor vehicle crashes, for example. In 
such situations, the foot often experiences loads 
resulting in the failure of bony elements with 
subsequent shortening (Fig.  45.2 ).

45.1.3        Penetrating Injuries 

 Injuries ranging from puncture wounds from 
rusty nails to high-velocity gunshot wounds 
occur, each with its own treatment considerations. 
Puncture wounds often present late due to com-
plications given that they are relatively  common 
in places where shoes are not worn regularly. 
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Blade-related foot wounds resulting from acci-
dents or violence are also more commonly seen. 
In such cases, an accurate survey of the damaged 
structures is important after initial removal of 
contamination. Gunshot wounds often result in 
the loss of soft tissue and bone requiring careful 
treatment planning and diffi cult decisions about 
the viability of limb reconstruction (Fig.  45.3 ).

45.1.4        Crush Injuries and Soft Tissue 
Degloving 

 Crush injury commonly occurs to pedestrians or 
in occupational situations. Shoes may partially 

protect the foot from contamination in these situ-
ations, but these injuries can be devastating if 
they disrupt the nervous and vascular supply to 
the foot, resulting in chronic wound healing dif-
fi culties and ongoing pain.  

45.1.5     Plantar and Heel Pad Avulsion 

 A specifi c presentation of soft tissue deglov-
ing encountered is plantar and heel pad avul-
sion. The specifi c mechanism for these injuries 
relates to the use of motorcycles with minimal 
shoe wear. These injuries are best managed with 
serial debridements, if contaminated, followed 
by reattachment of the plantar pad to the plan-
tar fascia with multiple sutures over skin but-
tons or gauze pads. This technique prevents the 
hematoma formation and encourages scarring of 
the plantar pad to the fascia providing a stable 
weight-bearing platform. In such cases of motor-
cycle riders experiencing foot injuries, special 
care should be taken to debride any chain grease 
from the wound as the foot is often caught in the 
bike chain depositing debris in the soft tissues 
(Fig.  45.4 ).

45.1.6        Blast Injuries 

 Given the proliferation of landmines in LMICs, 
it is not surprising that blast injuries are a com-
mon mechanism of foot injuries in the austere 
environment. Confl ict zones will also present 
other similar mechanisms of foot injuries such as 
improvised explosive devices (IEDs) (Fig.  45.5 ).

45.2         Assessment 

 See Chap.   44    , for full assessment description. 

45.2.1     Vascular Status 

 The most important predictor of successful 
treatment for foot injuries is the vascular sup-
ply. Assessing and documenting the presence 
or absence of dorsalis pedis and posterior tibial 

  Fig. 45.1    A Jones fracture. Treatment is nonoperative with 
a cast to prevent further displacement by stopping the ankle 
from inverting again. The patient may heel weight bare       
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  Fig. 45.2    Divergent Lisfranc fracture dislocation secondary to high-energy injury       

a b

  Fig. 45.3    ( a ) AP view of fi rst metatarsal fracture secondary to a gunshot wound. ( b ) External fi xation maintaining 
length and alignment       
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pulses is specifi c for the identifi cation of arterial 
compromise proximal to the foot. More subtle 
signs such as skin and nail changes, hair loss and 
neurologic abnormalities point to the presence 
of microvascular changes in the foot. Doppler 
assessment also provides a means of confi rming 
arterial fl ow in larger arteries; however, the pres-
ence of Doppler signal should not be interpreted 
as a sign of adequate tissue perfusion in the face 
of other signs of relative ischemia.  

45.2.2     Neurologic Status 

 Nerves in the foot occupy a relatively superfi cial 
location predisposing them to injury, particularly 
with penetrating trauma. Five main nerves sup-
ply the foot including superfi cial peroneal, deep 

peroneal, saphenous, sural and tibial. The tibial 
nerve is further divided at the medial malleo-
lus into calcaneal, medial and lateral branches. 
Documentation of nerve function is an important 
part of the ongoing assessment for compartment 
syndrome and should be routine in all patient 
encounters. In addition, the anatomic severance 
of plantar sensory nerves has a major impact on 
the success of limb salvage [ 2 ].  

45.2.3     Soft Tissue Injury Assessment 

 Reconstruction of the foot relies on both bony scaf-
fold stability and soft tissue integrity. Large plantar 
wounds, including plantar pad avulsions, threaten 
the viability of the foot for locomotion. Soft tis-
sue assessment combines the estimation of several 
related elements: amount of contamination, viabil-
ity of tissue bed and probability of tensionless clo-
sure. By simultaneously considering these factors, 
the treating surgeon is able to predict the success 
of a repair of the underlying structures and can bet-
ter choose an appropriate treatment modality (e.g. 
avoidance of implants in a contaminated bed).  

45.2.4     Tendon and Ligament Injury 

 Although diffi cult to examine acutely, injuries to 
tendons and ligaments should be suspected during 
assessment. In terms of treatment, the presence of a 
ligament disruption may not alter the surgical man-
agement of a foot injury; however, tendon disrup-
tions of the ankle and hallux fl exors and extensors 
might prompt an acute repair (Fig.  45.6 ). In such 
situations, an ultrasound, if available, can identify 
the retracted tendon end which can be marked for 
easier retrieval during surgery. Otherwise, a larger 
proximal incision may become necessary to allow 
identifi cation of the tendon end.

45.3         Acute Management 

45.3.1     Closed Reduction 

 The thin soft tissue coverage of the foot reduces 
the tolerance to deformity and displacement. 

  Fig. 45.4    A calcaneal fracture with degloving of the heel 
pad. This type of injury can endanger the entire foot if soft 
tissue cover fails to be re-established (See case tutorial)       

  Fig. 45.5    This unfortunate man stepped on a small mine       
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Fractures and dislocations often tent the skin 
causing blanching and bruising at the apex of 
deformity. If left in an unreduced or malreduced 
position, the foot may progress to blistering and 
eventually to skin breakdown. It is therefore 
imperative that closed reduction be performed 
expediently with maintenance of reduction with 
plaster, smooth wires or an external fi xator as 
appropriate. When using plaster casts, particular 
attention should be given to the moulding of the 
arches to preserve the architecture of the foot.  

45.3.2     Acute Pain Management 

 Foot injuries lend themselves to regional anaesthesia 
for immediate pain relief. This is particularly useful 
in paediatric patients and in those patients requiring 
reductions and debridements acutely. Anaesthesia 
of the foot can be provided by the injection of local 
anaesthetic at the level of the ankle joint in the 
vicinity of the fi ve nerves supplying the foot. Care 
should be taken as long-acting local anaesthetics 
could obscure the early assessment for compart-
ment syndrome (see Anaesthetics, Chap.   18    ).  

45.3.3     Principles of Defi nitive 
Management 

45.3.3.1     Maintenance of Column 
Length 

 The foot is composed of a rigid medial and a 
more fl exible, compliant lateral column. The 

bony architecture of these columns forms a tri-
pod-like weight-bearing structure with points at 
the fi rst metatarsal head, the fi fth metatarsal head 
and the os calcis. The balance and dynamic func-
tion of the foot is infl uenced by the maintenance 
of the length of each column. In order to preserve 
the normal function of the foot after trauma, the 
columns must be brought into proper balance to 
provide proper alignment of the remainder of the 
limb. This refl ects the importance of the fi rst ray 
in the gait cycle as the main weight-bearing con-
duit during toe-off phase. This infl uences treat-
ment in that fusion of the medial Lisfranc joint 
(fi rst through third tarsometatarsal joint) has been 
shown to have benefi t in certain Lisfranc liga-
ment and joint injuries [ 3 – 5 ].  

45.3.3.2     Calcaneocuboid Joint 
 The calcaneocuboid joint is relatively constrained 
providing the opportunity to bridge severely com-
minuted calcaneal fractures with relatively little 
effect on foot function and good maintenance of 
lateral column length.  

45.3.3.3     Lateral Lisfranc Joint 
 The lateral Lisfranc joint requires mobility to 
allow the foot to establish full contact with 
uneven ground. Constraining the motion of the 
fourth and fi fth tarsometatarsal joints through 
fusion, therefore, is contraindicated.  

45.3.3.4     The Hindfoot 
 In addition to maintaining column length, the 
biomechanics of the foot require the treating 
physician to consider the alignment of the hind-
foot during treatment. Hindfoot varus results in 
the failure to unlock the transverse tarsal joint 
severely limiting the ability of the foot to accom-
modate to uneven ground. Neutral alignment 
should be the goal of immobilisation.   

45.3.4     Treatment Strategies 

45.3.4.1     Nonoperative Management 
 Undisplaced fractures should be managed 
nonoperatively. Hindfoot injuries should be 
immobilised only to facilitate soft tissue pro-
tection as necessary. Early range of motion and 

  Fig. 45.6    Extensive tendon damage secondary to gun-
shot injury       
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 sensitisation therapy with water soaks can ben-
efi t soft tissue recovery and ready the patient for 
protected weight-bearing. Midfoot and forefoot 
injuries should be approximately reduced and 
immobilised in a well-moulded splint maintain-
ing the longitudinal arch of the foot to facilitate 
foot function after healing. Finger traps can be an 
excellent adjunct to the reduction of midfoot and 
forefoot fractures and dislocations and provide a 
means to maintain column length during pinning 
and plaster application.  

45.3.4.2     Flexible Fixation 
and Percutaneous Methods 

 The use of smooth wires in the foot and ankle 
provides surgeons with a minimally invasive way 
of maintaining closed or open reductions of frac-
tures or dislocations. Although helpful in these 
applications, smooth pins are less effective in 
the maintenance of column length, particularly 
when inserted longitudinally. Pins incorporated 
into plaster can be successfully used to main-
tain column length when inserted perpendicular 
to the longitudinal axis of the foot and pushed 
apart prior to the setting of the plaster. This is 
particularly useful when treating cuboid crush 
injuries. In some injuries, smooth wires can be 

inserted through an injured bony segment and 
into an intact segment to maintain length, such as 
in a blast injury with metatarsal defect where pins 
could hold the viable distal segment at length 
by transfi xing intact and fractured metatarsals 
(Fig.  45.7 ).

   Shanz pins are particularly useful to achieve 
and maintain the reduction of a tongue-type cal-
caneus fracture with skin tenting (see below). 
Given the risk of skin necrosis, the failure to 
maintain reduction of the Essex-Lopresti frag-
ment with plantar fl exion should prompt imme-
diate percutaneous manipulation and fi xation 
before skin integrity is compromised.  

45.3.4.3     External Fixation 
 External fi xation provides the surgeon with the 
ability to maintain column length without the 
need for large incisions or indwelling implants 
[ 6 ]. For many foot applications, small pins and 
bars facilitate the use of external fi xators. The 
primary sites of application in the foot are on 
the medial and lateral sides with pins generally 
placed in the calcaneus, fi rst or fi fth metatarsal 
and talar neck as needed. Such frames can be 
connected to ankle-spanning frames to control 
ankle motion. Under austere conditions, a simple 

a b

  Fig. 45.7    ( a ) AP and ( b ) lateral of pin fi xation of the 
divergent Lisfranc fracture dislocation in Fig.  45.2 . A 
complex fracture dislocation of the midfoot resulting from 
a motor vehicle crash. A closed reduction and moulded 

cast failed to maintain the reduction of the injury, and 
therefore multiple smooth Kirschner wires were employed 
to maintain the reduction until scarring had provide stabil-
ity allowing casting until healing       
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version of an external fi xator can be fashioned 
by employing two Steinmann pins. These pins 
are inserted retrograde through the plantar foot, 
through the fi rst and fi fth metatarsal and into the 
tibia [ 7 ] (see Chap.   44    ). During use of an external 
fi xator, patients are customarily kept non-weight- 
bearing to allow healing of bone and soft tissue 
components of the injury and to prevent pin loos-
ening and implant breakage (Fig.  45.8 ).

45.3.4.4        Open Reduction and Internal 
Fixation 

 There is a limited role for open reduction and 
internal fi xation in the austere environment. In 
too many cases, a well-meaning surgical reduc-
tion can be converted into a chronic osteomyeli-
tis with skin defect that will haunt a patient for 
the rest of their life. The type of scenarios where 
the balance should be tipped towards operative 
management includes an irreducible fracture and 
dislocation, where the skin is at risk such as with 
talar body extrusions and subtalar dislocations 
with interposed tibialis posterior tendon. In such 
cases, open reduction with percutaneous pinning 
relieved skin tenting and preserves the soft tissue 
envelope (see case tutorials). Always ensure the 
skin and soft tissues are fi t for surgery.  

45.3.4.5     Amputations 
 Amputations are a very sensitive topic. Despite 
the fact that in many situations local resources 
and injury characteristics suggest that early 

amputation should be the treatment of choice, 
this may not be the wishes of the patient or the 
family [ 8 ]. The level of amputation will be deter-
mined by the injury, but it may also be infl uenced 
by the local resources for prosthetic fi tting, with 
a lower level being chosen despite increasing 
risk of wound complications due to soft tissue 
concerns. In addition, the lack of prosthetists 
demands careful planning of amputation level to 
allow patients to maximise function postopera-
tively (see Chap.   30     on amputations)    

45.4     Rehabilitation, Prosthetics 
and Orthotics 

45.4.1     Rehabilitation 

 The rehabilitation of foot injuries, particu-
larly those with a severe soft tissue component, 
requires a balanced approach between non- 
weight- bearing and early re-sensitisation to pres-
sure on the plantar surface.  

45.4.2     Desensitisation 

 Foot injuries, and particularly those with crush 
injuries, can be complicated by complex regional 
pain syndrome (CRPS), a syndrome character-
ised by nonanatomic severe pain in the recu-
peration period. Early recognition and treatment 

a b

  Fig. 45.8    ( a ) An external fi xation maintaining length in 
this foot following a gunshot injury. ( b ) Oblique view of 
the same injury. Also see Fig.  45.6 . The external fi xator 

confers stability and length while facilitating debridement 
and soft tissue management       
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of CRPS is essential to shortening duration and 
reducing the associated disability. In austere envi-
ronments, the opportunity to follow up patients 
may be limited, and therefore, communication of 
the diagnosis and some strategies for treatment 
are essential. These strategies include aggressive 
physiotherapy and NSAIDs.  

45.4.3     Complications 

45.4.3.1     Neuroma Formation 
 The foot has an abundant supply of subcutaneous 
sensory nerve branches which may be encoun-
tered during surgical approaches. The incidence 
of symptomatic neuromas is compounded by 
the thin subcutaneous tissue envelope. Although 
a percentage of patients will develop neuromas 
after operative treatment, several principles theo-
retically lower the risks. Marking branches of the 
superfi cial peroneal nerve distal to the ankle can 
allow the surgeon to identify and protect these 
nerves. They are often visible in thin patients 
when the foot is plantar fl exed and supinated. 
Careful use of dissecting scissors with mini-
mal soft tissue spreading causes less stretch and 
injury to nerves.  

45.4.3.2     Infection 
 Infection risk is high following open fractures, 
inappropriate internal fi xation or the complica-
tions of blast and gunshot injuries. Infection in 
areas with scarcity of antibiotics, surgical care 
and other measures such as vacuum dressings 
are limb and life-threatening. The treatment of 
ulcers and open foot wounds can incur a signifi -
cant expense to the patient given the intensity of 
treatments [ 9 ]. At the earliest signs of infection, 
the wound must be treated aggressively with 
incision and drainage, debridement and copious 
washout and IV antibiotics. All affected tissue 
must be removed.  Tissues must never be closed in 
the presence of infection or contamination . The 
patient must undergo a second look, often after 
48 h, and the process repeated until any signs of 
infection are absent. The foot must be splinted 
to rest the soft tissues and elevated to reduce 
swelling. 

 If cavities exist (dead space), these must be 
fi lled with a sponge or preferably with antibiotic 
beads, which can be made locally with cement 
and powdered antibiotics. A homemade suction 
device can also be applied by applying a saline- 
soaked sponge or gauze, applying some tubing 
or even a catheter, covering all this with another 
gauze and an occlusive dressing and connecting 
the catheter or tubing to a suction device (wall 
suction, portable suction or even a large syringe 
with its plunger held in suction with smaller 
plungers from other syringes).   

45.4.4     Salvage Procedures: Fusion 

 Acute trauma may have caused extensive articu-
lar damage or bone loss. In this case, a fusion as 
a primary treatment may be considered. The aim 
is to achieve a plantigrade, painless foot that is 
functional. External fi xation and k-wires may be 
used, but the most effective technique of fusion 
involves compression, so screws may be required. 

 Fusion is also the primary method of salvage 
in post-traumatic foot pain. The results of fusion 
are best when symptoms can be isolated to a spe-
cifi c joint. 

 The primary evaluation requires the careful 
palpation and movement of surrounding joints 
to identify the source of pain. In addition, lido-
caine injection can provide an indication of the 
amount of pain and disability caused by a given 
joint if injected intra-articularly. Corticosteroid 
injection should be avoided if fusion is planned 
imminently due to the effect on bone healing. Of 
primary importance is the adequate preparation 
of the joint for fusion through removal of carti-
lage and subchondral bone. Care also needs to be 
taken in maintaining the length of columns of the 
foot when decorticating subchondral bone. 

 Most forefoot and midfoot fusions can be 
achieved with the use of local bone graft from 
the distal tibia, calcaneus or proximal tibia. 
Compression and fi xation can generally be 
accomplished using fully threaded screws placed 
using lag technique or with dynamic compres-
sion plates. Subtalar fusion is performed using 
partially threaded screws, when available, to 
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 provide compression across the joint. When 
combined with tibiotalar fusion, a retrograde nail 
can be used to fuse subtalar and tibiotalar joints 
simultaneously.  

45.4.5     Specifi c Injury Management 

45.4.5.1     Calcaneal Fractures 
     (a)    Nonoperative management: 

 Extra-articular and either undisplaced or 
minimally displaced fractures should be man-
aged nonoperatively in a cast or even without 
a cast. Maintaining ankle joint movement as 
tolerated is important for early rehabilitation.   

   (b)    Operative management:
   (i)    Indications:

•    Joint depression type with signifi cant 
varus position of the tuberosity  

•   “Tongue type”, with or without skin 
compromise        

 Skin compromise (contusion, tight tent-
ing, blanching) is an emergency, and the frac-
ture should be reduced as soon as possible. 
Manipulate the foot/hindfoot into plantar 
fl exion, carefully attempting to bring the frag-
ments together. If the fracture is not reducible 
manually, then an Essex-Lopresti manoeuvre 
is indicated.     

   Essex-Lopresti Manoeuvre 
     1.    The patient must be given adequate analgesia/

anaesthetic.   
   2.    The foot is thoroughly cleaned and draped 

appropriately.   
   3.    A Shanz pin or long screw is inserted into 

the tuberosity, taking care not to fracture the 
fragment or to damage the skin any further. 
A small puncture incision with the blade will 
suffi ce.   

   4.    Make sure the Achilles tendon is relaxed by 
bending the knee.   

   5.    The pin is used as a joy stick to manipulate 
the fragments together, reducing the varus and 
restoring Bohler’s angle, height and alignment 
as much as possible.   

   6.    The pin/screw can be incorporated into a cast 
to maintain the position, or K-wires can be 

used to secure the fragment to other bones in 
the foot.   

   7.    After 3–4 weeks, when the fracture is “sticky” 
enough, the position of the foot is changed 
to a more plantigrade orientation to prevent 
equinus deformity.   

   8.    Patients must be mobilised as soon as toler-
ated and safe to maximise function. A weight- 
bearing cast may be helpful, but some patients 
may be able to mobilise with a plaster cast 
booty. It is important to initiate ankle joint 
rehabilitation and Achilles stretching exer-
cises early (Fig.  45.9 ).

45.4.5.2             Talar Fractures/Dislocations 
(Subtalar, Talonavicular) 

     (a)    Nonoperative management: 
 Non-displaced intra-articular and extra- 

articular talus fractures can be treated non-
operatively with a cast.   

   (b)    Operative:
   1.    Indications:

•    Hawkins type 2 talar neck fractures or  
•   Neck fractures with subtalar and 

ankle joint dislocation (Hawkins 
type 3) which have higher rates of 
avascular necrosis (AVN)      

  Fig. 45.9    Lateral view pre-op. A calcaneus fracture with 
proximal migration of the proximal fragment placing the 
skin over the Achilles tendon insertion at risk. A 
Steinmann pin has been used to secure the displaced frag-
ment and protect the soft tissues during healing       

 

45 Foot Injuries in the Austere Environment



622

   2.    The patient must be fully anaesthetised to 
enable reduction.   

   3.    This is achieved by plantar fl exion to bring 
in the body of the talus into the ankle joint 
and re-establish the subtalar joint as well.   

   4.    The fracture usually has a varus posi-
tion, and thus the Lisfranc joint must be 
everted.   

   5.    Traction may be required to increase the 
space in the joint, and this can be achieved 
by introducing a traction pin through the 
calcaneus.   

   6.    If the fracture cannot be reduced by this 
means, an open reduction is necessary. 
This can be achieved through an antero-
medial and anterolateral incisions.   

   7.    If reduction is still diffi cult, consider a 
medial malleolar osteotomy. This must 
only be done if you have the means to fi x 
the medial malleolus back securely.   

   8.    Once the fracture is reduced, the posi-
tion can be fi xed by transfi xing with 
K-wires (multiple if necessary), and addi-
tional stability can be achieved with an 

external fi xator. If screws are available, 
two lag screws can be used to achieve 
 compression if the fracture is not com-
minuted. If extensive comminution exists, 
the screws should be fully treaded and 
serve as holding screws (Fig.  45.10 ).

       9.    Ensure the patient has adequate follow-
up, and look for Hawkins’ sign in the 
AP X-ray 6–8 weeks post-operatively, 
a subchondral radiolucency in the dome 
of the talus which indicates resorption of 
the bone, which only occurs if there is an 
adequate blood supply.          

45.4.5.3     Peri-talar Dislocations 
     1.    The patient must be adequately sedated.   
   2.    Knee fully fl exed.   
   3.    Percutaneous pinning can be used to hold the 

reduction if necessary.     

   Midfoot, Navicular, Cuboid, Cuneiforms 
Fractures and Dislocations 
     1.    Rest the foot in elevation.   
   2.    Apply traction if reduction is necessary.   

a cb

  Fig. 45.10    ( a ) Lateral ( b ) AP of talar fracture disloca-
tion. ( c ) Post-operative X-ray. The anterolateral and 
anteromedial incisions can be appreciated as well as the 

screws securing the medial malleolus back following a 
medial malleolar osteotomy have facilitated the reduction 
of this diffi cult fracture       
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   3.    Weight until swelling has subsided.   
   4.    Can use K-wires to achieve fi xation and main-

tain reduction. Additional support can be 
achieved with an external fi xator or a plaster 
(see case tutorials).       

45.4.5.4     Lisfranc Joint Fracture 
Dislocations 

 Again, soft tissue integrity is paramount. The 
majority of these injuries will be able to be man-
aged closed. Traction with “Chinese” fi nger 
straps can help re-establish alignment. K-wires 
can be used to achieve stability, and again this 
can be supplemented with cast or external 
fi xation. 

 If closed reduction is not successful, a one- 
or two-incision approach can be used to reduce 
the joint, and K-wires can be used to achieve 
fi xation. Patients most remain protected in a cast 
for 3 months and remain non-weight-bearing to 
give a chance to the joint to stabilise (see case 
tutorials).  

45.4.5.5     Metatarsals 
 Nonoperative: Undisplaced or minimally dis-
placed fractures can be treated nonoperatively 
in a cast, heel weight-bearing, for 4–6 weeks. 
Additional protection can be given in the form 
of neighbour strapping of the toe of the affected 
metatarsal to the neighbouring toe. This can help 
as an indirect splint and prevents rotation. 

 If the metatarsal is grossly displaced and 
closed attempts to reduce fail, a limited incision 
can be made dorsally to free the fragments and 
reduce them, while securing the reduction with a 
K-wire. The K-wire can transfi x from one meta-
tarsal to another, or it can be introduced from the 
distal to the proximal fragments. This can then be 
protected with a cast for 4–6 weeks.  

45.4.5.6     Phalangeal Fractures 
 Toe fractures need to be treated symptomatically. 
adequate analgesia should be provided, manipu-
lation of gross deformities, neighbour strapping 
to prevent rotation and protected with a weight-
bearing cast or hard sole shoe. Intra-articular 

fractures of the IPJ will result in stiff joints and 
may cause pain in the future.  

45.4.5.7     Achilles Tendon Rupture 
and Serial Casting 

 Treat acute presentations in an full equinus 
cast for 2 weeks, a 30° of plantar fl exion cast 
for another 2 weeks, 15° of plantar fl exion for 
another 2 weeks and then in a neutral cast for 
2 weeks for a total of 8 weeks (see Chap.   48    ). 
Intensive rehabilitation will be required fol-
lowing the end of this treatment to achieve 
full ankle range of motion and tendoachilles 
strengthening.       
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      Soft Tissue Management 
and Reconstructive Options 
in the Austere Environment                     

     Tom     Potokar     

       As it is the case with orthopaedic trauma any-
where, appropriate and timely management of the 
surrounding soft tissues is critical to a successful 
outcome. However, in an austere environment, 
there are many factors that need to be considered. 
There may be an infl ux of casualties all at once 
requiring care, limited technical expertise, insuf-
fi cient time available for prolonged procedures, 
and the absence of rehabilitation and follow-up. 
In addition, potential language and communica-
tion barriers, cultural differences, an insecure 
environment, media interest and perhaps other 
teams with a less than professional attitude can 
add to the diffi culty and it is easy to then see how 
a crisis can become a disaster. 

 Adhering to basic principles, avoiding a ‘have 
a go’ attitude, and doing simple things well are 
the key to success. It is important to accept your 
limitations, understand that different situations 
and environments demand different approaches 
and that whilst you must always endeavour to 
do the best for your patient, you must also con-
sider the needs of the majority. Spending the 
whole day doing a complex reconstruction in the 
acute stages of a disaster when there are numer-
ous other patients waiting for urgent life and/or 

simple limb saving procedures such as a fasci-
otomy is not appropriate, and sometimes tough 
decisions need to be made to ensure the greatest 
good for the largest number of patients. 

 We must remember that working in an aus-
tere environment can represent many different 
situations, from a remote mountainous area suf-
fering from a massive earthquake in North- West 
Pakistan, to providing routine care for an isolated 
population in rural India, to dealing with victims 
of a road traffi c accident in the desert of North 
Africa. One must gain a rapid appreciation of the 
local conditions and what is possible and safe to 
achieve (Fig.  46.1 ).

46.1       Getting the Basics Right 

 Before discussing any surgical options and tech-
niques, it is vital that you step back and take 
some time to get as much information as possible 
to guide your decision making process. Even if 
working in a highly pressurised environment, it is 
essential to remain calm and not forget the basics 
of good medical practice – taking a proper history 
and physical examination. If this is done well, it 
makes the subsequent decision making easier, 
more logical and based on facts, thus enhancing 
the likelihood of making the right choice in terms 
of management. In all cases you should follow 
the mantra, ‘It is not what could be done, but 
what should be done’.  

        T.   Potokar ,  FRCS(Ed), FRCS(Plast), DA, DTM&H     
  Welsh Centre for Burns & Plastic Surgery , 
 Morriston Hospital, Heol Maes Eglwys , 
  Morriston, Swansea ,  Wales ,  UK   
 e-mail: tom.potokar@wales.nhs.uk  
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46.2     History 

 Factors pertinent in the history relate to both 
the wound and the patient. You cannot properly 
assess a wound if you do not assess the whole 
patient. Contrary to a high-income well-resourced 
environment, in an austere environment, patients 
often arrive days or even weeks after an injury, 
and the patient may well be suffering from medi-
cal problems such as malnutrition, chest infec-
tion, undiagnosed diabetes, etc. 

 The fi rst priority is to fi nd out what happened, 
when, where, how and why and any treatment 
they have had to date. Then focus on any signifi -
cant past medical history, medications and aller-
gies and most importantly their family and social 
background (including occupation and handed-
ness) as this can have a signifi cant infl uence on 
the management plan.  

46.3     Examination 

 As with the history, the examination is not com-
plete unless both the patient in general and the 
wound have been thoroughly examined. General 
examination should include a rapid assessment of 
the general health status of the patient – fi rstly, 
are they acutely unwell (perhaps due to shock or 
sepsis) or are they stable. Evidently in an acute 
situation with a patient arriving soon after an 
incident, it would be appropriate to perform a full 
assessment based on protocols such as the ATLS 
or PTC system. However, as mentioned, patients 
often arrive a long time after the initial injury so 
it is important to see if they appear anaemic, mal-
nourished, etc. With limb involvement as well as 
examining the wound itself, you must not for-
get to assess the neurovascular status on every 
patient. 

 Finally, once this has been done, move on 
to assessing the wound itself, paying particular 
attention to wound characteristics as shown in 
Table  46.1 .

46.4        Fundamental Principles 

 There are a number of guiding principles that 
should be adhered to when making decisions 
and planning care as well as a number of con-
founding factors that need to be taken into 
 consideration [ 1 ];

  Fig. 46.1    This man was hit by a truck and suffered exten-
sive circumferential de-gloving of his lower limb – what 
could you do here? You could harvest as much skin as 
possible from the de-gloved area. But could you store it? 
How will you prevent infection?       

   Table 46.1    Important wound characteristics   

 Size of the wound  Is the wound small, medium or 
large? 

 Shape of the wound  Circular, longitudinal? 

 Site of the wound  Over a joint, anterior or 
posterior surface, 
circumferential? 

 Depth of the wound  Superfi cial or deep? 

 State of the wound  Clean, contaminated, mucky or 
frankly infected? 

 Tissues and 
structures damaged 

 Skin, muscle, tendon, nerve or 
vascular damage. Underlying 
fracture or dislocation? 

 Surrounding area  Healthy or unhealthy tissue? 
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    1.     All devitalised  (dead, devascularised and 
necrotic) tissue needs to be thoroughly 
debrided.   

   2.     All foreign  material needs to be removed 
(including dirt, debris, mud, gravel, etc.).   

   3.    The wound bed needs to be clean and healthy 
 before  any soft tissue cover is attempted.   

   4.    The best reconstructive option is the one 
that is most likely to be successful in your 
hands.    

  We will now discuss each of these in turn in 
more detail, expanding on the issues and discuss-
ing the compounding factors.

    1.    All devitalised (dead, devascularised and 
necrotic) tissue needs to be thoroughly 
debrided.     

 This is a critical phase of management, and 
often, especially in a disaster situation, patients 
arrive late with heavily contaminated wounds and 
extensive necrosis and infection. Debridement of 
limbs is best done  under tourniquet control , but 
it is important to remember that the tourniquet 
is on and therefore presence of bleeding is not a 
reliable indicator of tissue viability at this stage. 
Always do a  thorough cleaning  of the wound, 
removing any obvious gross contamination pre- 
sterile scrub. 

 This can be with clean water, sterile saline, 
or soap and water. Once this is done, use stan-
dard sterile scrub (Betadine or chlorhexidine) 
and a brush [ 2 ]. Obvious necrotic tissue needs 
to be sharply debrided and any pus removed 
(and sent for microbiology if available). Nerves, 
tendons and vessels  should be preserved  unless 
already cut or avulsed. It is very important to 
 remove all devitalised muscle  (non-twitching, 
dark red or grey in colour, non-bleeding) [ 3 ]. 
When happy with the debridement, let the tour-
niquet down and reassess. If there is evidence 
of further areas of devitalised tissue,  re-excise  
these areas [ 1 ].

    2.    All foreign material needs to be removed 
(including dirt, debris, mud, gravel, etc.)    

  Gross contamination can be removed in the 
pre-wash phase; then once the wounds have been 
scrubbed meticulously, remove all contaminants, 
including grass, gravel, clothing remnants, shrap-
nel fragments, etc. Make sure tissue planes are 
opened to ensure foreign material is not lurking 
deep in the wound, between muscles, etc. 

 Once all foreign material has been removed 
and devitalised tissue excised, copiously irrigate 
the area with normal saline using a bladder syringe 
or directly from the bag ( at least 3 l ). If saline is 
too precious for irrigation, do the following:

    1.    Boil water for 15 min in a covered container 
and add 1 teaspoon of salt. Keep in a safe place 
with a tight lid on.  Do not use for eyewash.    

   2.    Make some  Dakin’s solution  by adding 1½ 
teaspoons of household liquid bleach. This 
will give you ¼ strength solution. If double 
the strength is required, add 3 teaspoons to 
one litre of saline. Make sure you use this 
solution within three days, and keep away 
from sunlight.    

  Then apply saline- or Betadine-soaked gauze 
directly to the wound bed, followed by a dry 
dressing, wool and a fi rm (but not tight) crepe 
bandage. Alternatively, if a negative-pressure 
dressing is available, this can be utilised [ 4 ]. It is 
best not to apply Vaseline dressing fi rst, as when 
the soaked gauze directly against the wound dry 
out, it provides a useful physical debridement 
at the next dressing change. However, this can 
be painful; so if the dressing is not going to be 
under an anaesthetic, it might be necessary to use 
Vaseline dressing fi rst. Under no circumstances, 
try and close the wound at this stage.

    3.    The wound bed needs to be clean and healthy 
before any soft tissue cover is attempted.    

  If the initial debridement has been thorough, 
hopefully the fi rst dressing change (which should 
be 48–72 h later) will reveal a clean healthy 
wound bed with no further necrosis. However, if 
the wound was a delayed presentation and espe-
cially if there was a crush injury, it may take more 
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than one debridement to render the wound bed 
healthy. The same principles apply to a second or 
third debridement.

    4.    The best reconstructive option is the one that 
is most likely to be successful in your hands.     

 There are often a number of soft tissue recon-
structive options, and the one that is chosen 
should be the one that is most likely to be suc-
cessful in your hands. If there is nothing suitable 
within your capability, you should endeavour to 
either transfer the patient or seek assistance. The 
simplest option is not necessarily the best option, 
but neither is the most complex.  

46.5     Surgical Techniques 

46.5.1     Debridement 

 This is the key initial procedure. If debridement 
is not done properly, the rest of the management 
of the patient is put at risk. Its aim is to render 
a dirty, contaminated or frankly infected wound 
into a clean healthy wound ready for the second 
stage of reconstruction [ 1 ]. 

46.5.1.1     Tips and Pitfalls 
•     Irrigate and scrub the wound prior to the ‘offi -

cial’ sterile scrub and remove any gross con-
tamination – this is best done with sterile saline.  

•   During the surgical debridement,  open up the 
tissue planes  as dirt and foreign material can 
often fi nd its way between muscle planes.  

•   Particularly in the lower limb, be aware of 
 de-gloving injuries  where the blood supply 
to the skin coming from the perforating blood 
vessels through the fascia has been disrupted. 
Initially, the skin may appear viable, but it will 
not bleed from the edges, and over a few days, 
it will show signs of progressive necrosis.      

46.5.2     Delayed Primary Closure 

 This is only likely to be possible for relatively 
small wounds. If the skin edges are healthy and 
opposable  without tension , and the deeper parts 

of the wound are clean, then the edges can be 
directly sutured. In general, simple skin sutures 
or mattress sutures are more appropriate than a 
subcuticular closure [ 5 ]. 

46.5.2.1     Tips and Pitfalls 
•     Always give the wound a thorough clean 

before the fi nal closure and excise the edge of 
the skin wounds by  one or two millimetres .  

•   Because of the risk of infection, it is best to 
use a monofi lament, unbraided suture both for 
the deeper tissue and the skin itself [ 5 ].  

•   Closing a wound that is still dirty, has any 
retained foreign material, or is under too much 
tension will inevitably lead to breakdown.      

46.5.3     Healing by Secondary 
Intention 

 Small wounds that have been heavily contami-
nated or infected are often best left to heal by 
secondary intention, with alternate day dressings. 
When limbs are involved, be sure to splint them 
appropriately and encourage mobilisation and 
activity when possible [ 6 ]. 

46.5.3.1     Tips and Pitfalls 
•     Sometimes larger wounds can be partially 

closed and the rest left to heal by secondary 
intention.  

•    Do not leave any large dead spaces  where 
bacteria will grow. Make sure any large cavi-
ties are packed well.  

•   Moist dressings can become quite mucky 
and smelly. However, upon removal when 
they dry up, there is also a degree of physi-
cal debridement that will then leave behind a 
healthy base. Crush injuries can look reason-
ably healthy but then deteriorate and require 
multiple debridements [ 3 ].      

46.5.4     Vacuum-Assisted Closure 

 When available, vacuum-assisted closure (VAC) 
can be a very useful technique. The VAC can help 
shrink the size of the wound, encourages vascu-
larisation and prevents infection. It can be used 
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as a defi nitive procedure or as a temporising pro-
cedure whilst the patient awaits defi nitive closure 
[ 7 ,  8 ]. 

46.5.4.1     Tips and Pitfalls 
•     If a VAC system is not available, it is possible 

to use wall suction and gauze dressings cov-
ered by an impermeable layer. You can impro-
vise a suction apparatus with fl exible tubing. 
Apply sponge or gauzes or other absorbing 
material over the wound and wrap it with 
Opsite. Connect the tubing to a wall suction or 
a portable suction device. Getting a seal can 
be diffi cult, especially in certain areas such as 
around the anus. However, it is worth perse-
vering as once in place the VAC system can be 
left for 5 days, and it is a very effective device 
to manage wounds.      

46.5.5     Split Skin Grafting 

 Split skin grafting is probably the most use-
ful skill to have in your armamentarium. Many 
wounds can be closed by the application of a sim-
ple split skin graft. These can be harvested either 
with an electric or air-driven dermatome or with 
a simple Watson knife. For a skin graft to take, 
the recipient bed must be well vascularised and 
clean. The commonest causes of graft failure are 
haematoma, infection and shearing; therefore, 
ensure the wound bed is dry and utilise a fi rm 
conforming dressing. 

46.5.5.1     Tips and Pitfalls 
•     Always check the Watson knife or dermatome 

before using it to ensure that the depth is cor-
rectly set. A standard depth would be 10–12 
thousandths of an inch for a medium- depth 
skin graft. Children and the very elderly may 
require 8–10 thousandths of an inch due to the 
thinner skin (Fig.  46.2 ).

•      The assistant is as important as the surgeon 
taking the graft as they can ensure the skin is 
appropriately stretched and put under tension 
which makes harvesting of the graft much eas-
ier. The skin can be taken from more or less 
anywhere, but always think of the impact of 
the donor site (Figs.  46.3  and  46.4 ).

  Fig. 46.2    Using a 
Watson knife to harvest a 
skin graft. Make sure the 
area to harvest is well 
lubricated and the skin is 
kept under tension 
between you and your 
assistant       

  Fig. 46.3    Donor site. The area can be infi ltrated with 
local anaesthetic and adrenaline prior to the harvesting. 
Following the harvesting of the graft, dress the area with 
sterile bulky dressing and leave untouched for ten days, 
unless evidence of infection       
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•       For facial skin grafts, the scalp is a good 
donor, but always mark the edge of the hair- 
bearing area so that you do not go beyond this 
when taking the graft. Remember that a split- 
thickness skin graft from a hair-bearing area 
will NOT produce hair once it has been trans-
ferred as the hair follicles are deeper.  

•   Skin graft donor sites are not invisible, 
although with time, they tend to fade and leave 
only a pale area. Donor sites can be harvested 
more than once, although usually take a cou-
ple of weeks to heal in between.  

•   The securing and dressing of skin grafts is 
important; the commonest causes of fail-
ure are haematoma, shearing and infection. 
Meshing or fenestrating the skin graft not 
only allows a piece of skin graft to cover a 
larger area but also allows exudates and blood 
to evacuate rather than building up under the 
graft preventing adherence.  

•   Meshing is done with a specifi c meshing 
device, and the standard ratio would be 1:1.5 
or 1:2. However, a size 10 or 15 blade can also 
be used to make regular cuts (fenestrations) in 
the skin graft. These should be spaced regu-
larly about 1 cm apart and 0.5–1 cm in length 
(Fig.  46.5 ).

•      Infi ltration with local anaesthetic solution 
containing adrenaline to the donor site can 
help with postoperative analgesia as well as 
reducing bleeding. The donor site must be left 
undisturbed for ten days.  

•   At the recipient site, ensure the wound bed is 
dry, use quilting stitches when necessary and 
use a Vaseline gauze dressing covered by fi rm 
gauze, wool and crepe dressing.  

•   Plaster of Paris can help to immobilise the area 
and maintain the correct position. Normally, 
grafts are best left for 5 days before removing 
the dressings.      

46.5.6     Local Flaps 

 A local fl ap transfers tissue from the immediately 
adjacent area, based on its own blood supply. 
This tissue can compromise skin, fascia, muscle 
or even bone depending on the requirement and 
the possibilities. They are less reliable if there has 
been extensive soft tissue injury surrounding any 
actual defect. The base of the fl ap needs to be 
wide in a ‘random’ pattern fl ap. However, if there 
is a known blood vessel that is included, then the 
base can be thinner [ 9 ] (Figs.  46.6  and  46.7 ).

  Fig. 46.4    Applying a 
split skin graft over a 
forearm following skin 
loss due to a gunshot 
wound       
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  Fig. 46.5    Child’s 
forearm with a gunshot 
wound following 
debridement and skin 
graft. Notice fenestration 
and suturing of graft 
which must be carried 
out in an ‘inside to 
outside’ direction, 
preferably with 
dissolvable sutures       

a

b

  Fig. 46.6    ( a ) Right forefoot soft tissue defi cit secondary 
to gunshot wound and ( b ) a local transposition fl ap       

a

b

  Fig. 46.7    ( a ) A chronic scalp wound with exposed skull 
and ( b ) soft tissue cover achieved local transposition fl ap 
and split skin graft       
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46.5.6.1        Tips and Pitfalls 
•     Local fl aps are particularly useful on the limbs 

as the fasciocutaneous blood supply lends 
itself to elevating and transposing both small 
and large skin paddles.  

•   A small handheld Doppler device is 
extremely useful for checking the patency 
of perforating blood vessels. It is important 
to think of the blood supply of skin fl aps in 
the initial debridement, especially if skin 
extension incisions are used to make sure 
they do not jeopardise future reconstructive 
options [ 10 ].  

•   Do not excise dog ears at the initial operation 
as this will risk the blood supply of the fl ap. 
The initial procedure is to ensure safe and 
robust coverage of soft tissue defects; tidying 
up of the fl ap, debulking and improving the 
appearance can be done at a later stage.  

•   It is better to leave a small area to heal by sec-
ondary intention or add a small skin graft than 
trying to advance or transpose a fl ap too far, 
putting it under undue tension which is likely 
to lead to partial necrosis.      

46.5.7     Examples of Local Flaps 

46.5.7.1     Sural Flap 
 The sural fl ap is a versatile and simple fl ap that 
allows soft tissue coverage around the ankle and 
heel as well as distal part of the leg.  

46.5.7.2     Technique Summary 
     1.    If available, use a handheld Doppler to detect 

the vessel which lies two to three fi nger-
breadths superior and approximately halfway 
between the lateral malleolus and the Achilles 
tendon.   

   2.    Mark out the size of the fl ap required and 
ensure that the pedicle length is long enough 
to reach defect (Fig.  46.8 ).

       3.    Use a curved or zigzag incision and lift up thin 
skin fl aps for 2 cm on either side of the inci-
sion over the pedicle.   

   4.    Raise the subcutaneous tissue and fascia on a 
4 cm pedicle up to the skin paddle.   

   5.    Elevate the skin paddle subfascially (Fig.  46.9 ).

       6.    Divide the sural nerve and associated vessel 
proximally and transfer the fl ap to the defect 
(Fig.  46.10 ).

       7.    Use a skin graft to cover the pedicle.   
   8.    Close the donor site primarily if small or else 

with a split skin graft.      

46.5.7.3     Key Points 
•     Explain to the patient that they will have 

some numbness along the lateral border of 
the foot.  

•   Make sure you include a wide pedicle (4 cm) 
and that you include the sural nerve in the 
fl ap right up to the proximal part of the skin 
paddle.  

•   If the skin paddle is very proximal, this some-
times means taking a small cuff of gastrocne-
mius as well.  

•   Beware of this fl ap in obese patients as the 
pedicle will be very thick and not so mobile.      

  Fig. 46.8    Markings for sural fl ap       
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46.5.8     Gastrocnemius and Soleus 
Muscle Flaps 

 This is a robust and simple fl ap that is excellent 
for coverage of the upper third of the leg and 
around the knee joint. 

46.5.8.1     Technique Summary 
     1.    The easiest way to approach the muscle is 

through a midline posterior skin incision. 
Some surgeons also approach medially fol-
lowing a line parallel to the tibia from the 
medial tibial plateau to 10 cm proximal to the 
medial malleolus (Fig.  46.11 ).

       2.    Identify and preserve the sural nerve which 
runs in the midline.   

   3.    Approach the muscle from the external side 
fi rst and enter the plane between gastrocne-
mius and soleus which is relatively bloodless 
proximally (Fig.  46.12 ).

       4.    Distally the plane is harder to identify, and it is 
necessary to peel off the superfi cial tendinous 
extension of the muscle, making sure to pre-
serve the deeper contributions to the Achilles 
tendon from the soleus.   

   5.    Then elevate from distal to proximal, dividing 
the medial attachments (Fig.  46.13 ).

       6.    Transfer the fl ap to the defect either by tun-
nelling under the skin or incising the skin 
(Fig.  46.14 ).

       7.    Apply a meshed or fenestrated split skin graft 
over the muscle and close directly the donor 
defect in the calf over a drain (Fig.  46.15 ).

       8.    Splint the leg with POP to avoid movement 
and plan the fi rst dressing change for 5 days 
time.      

46.5.8.2     Key Points 
•     The medial head of gastrocnemius is sim-

pler (the lateral involves dissection around 

  Fig. 46.9    Sural fl ap elevated with 4-cm-wide pedicle and 
demonstrating sural nerve in fl ap       

  Fig. 46.10    Sural fl ap transposed to defect over lateral 
ankle. Pedicle will be covered with skin graft       
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the common peroneal nerve) and usually has 
slightly more length.  

•   When the defect to be covered is more proxi-
mal around the knee, it is sometimes neces-
sary to divide the origin of the muscle to allow 
it to reach the defect.  

•   For small middle third defects, the  hemi- 
soleus fl ap  can be used. This is elevated in 
similar fashion to the gastrocnemius being 

deep to gastrocnemius, however, is slightly 
less reliable and best reserved for relatively 
small middle third defects.      

46.5.9     Regional and Distant Flaps 

 Regional and distant fl aps transfer tissue from a 
nonadjacent area (either within the same region 

  Fig. 46.11    Harvesting of medial head of gastrocnemius 
to cover a soft tissue defi cit over an open tibia fracture       

  Fig. 46.12    A 5-week-old open upper third tibial fracture       

  Fig. 46.13    Medial gastrocnemius fl ap elevated       

  Fig. 46.14    Muscle fl ap transposed to defect       
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such as the same limb or from another area), 
but they still maintain their own blood supply 
and do not require microsurgical skills. An 
example is the pedicled latissimus dorsi fl ap 
which can be used to cover large defects over 
the shoulder. 

46.5.9.1     Tips and Pitfalls 
•     Regional and distant fl aps require more in-

depth knowledge of the anatomy and blood 
supply, and you must consider the position 
that the patient will have to maintain until the 
fl ap is divided which may not be for 2 or 3 
weeks.  

•   The groin fl ap is an excellent example which 
is very useful for coverage of hand defects as 
it is simple and the hand rests in a reasonably 
comfortable position.  

•   The radial forearm fl ap is another good exam-
ple of a very versatile and robust fl ap that 
can even be used as a pedicled fl ap to cover 
defects of the face, although maintaining the 
fl ap in position for a few weeks can be chal-
lenging (Fig.  46.16 ).
      These fl aps can be divided after approxi-

mately 3–4 weeks. However, a proper exami-
nation of the fl ap must be carried out to ensure 
an adequate blood supply before the pedicle is 
divided.   

46.5.10     Free Flaps 

 A free fl ap or free tissue transfer involves remov-
ing tissue from one area of the body, transferring 
it to another area and then anastamosing it to the 
local blood vessels. This requires microsurgical 
skills, loupe magnifi cation as a minimum, but a 
microscope in most instances. It is an extremely 
versatile technique but highly demanding and 
necessitates specifi c training, expert anaesthe-
sia and close postoperative monitoring.  Do not 
attempt this technique if you are not fully trained 
in how to do it and have suffi cient staff and 
resources to manage the patient.   

46.5.11     A Note on Dressings 

 There are many different types of dressing avail-
able today, although what is important is not the 
name nor the price of the dressing, but  its proper-
ties . A dressing has several different objectives, 
and different types of wound require dressings 
with different properties. For a fresh wound that 
has undergone early debridement, applying dry 
gauze directly to the wound followed by bulky 
absorbent dressing and a crepe bandage is simple 
and useful. This can be left on for 48 h and then 
removed (which will require  analgesia /anaes-
thetic). Applying the gauze to the wound allows it 
to act as a  physical debriding  agent upon removal. 

  Fig. 46.15    Muscle fl ap in situ with skin graft applied       

  Fig. 46.16    Medial leg cross fl ap secured with an external 
fi xator. These types of fl aps are very powerful tools but 
can be diffi cult to tolerate for the patient       
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 For wounds that have been open some time 
and are either sloughy or infected, then a dressing 
with antimicrobial properties such as Betadine- 
soaked gauze or an absorbent silver dressing 
can be useful. If a skin graft has been dressed, 
then a nonstick layer should be applied such as 
Vaseline- soaked gauze, followed by dry gauze 
and then an absorbent layer. This needs to be held 
in place by a fi rm crepe layer with splinting if 
necessary. 

 In a situation where there are many casualties 
and the opportunity to review patients and their 
wounds regularly might be diffi cult, then it is best 
to apply a dressing with antimicrobial properties. 
Topical antimicrobials such as silver sulphadi-
azine can be very useful but needs to be changed 
every 48 h at least. Some of the newer silver 
dressings such as Acticoat can be left on for up 
to 5 days which can be very useful although are 
expensive. 

 Another type of dressing that has been applied 
with good results historically is sugar or honey. 
The mode of action is not fully understood, but 
it may be through pH, osmotic effects or pro-
moting epithelialisation. Moisten some gauze 
with saline- or iodine-based solution (Betadine). 
Cover with 0.5 cm of sugar. The sugar will 
absorb moist from the wound. However, the 
dressing needs to be changed regularly as it 
can paradoxically become a good medium for 
bacteria.  

46.5.12     Complications 

 Flaps may become swollen or develop a bluish 
tinge, indicating possible venous congestion.

    1.    Ensure the pedicle of the fl ap is not kinked.   
   2.    Loosen all dressings.   
   3.    It may be necessary to remove every other 

suture to decrease the pressure on the fl ap.   
   4.    Ensure there are no sources of pressure such 

as clots or haematoma beneath the fl ap.   
   5.    Ensure the patient is warm and properly resus-

citated and has adequate analgesia.       

46.6     Case 1: Wound Debridement 

 This is the typical appearance of an acute highly 
contaminated wound that includes skin and soft 
tissue loss, as well evidence of friction burn to 
the skin edges (Fig.  46.17 ). Going back to our 
fi rst principles, the fi rst thing to do is assess the 
wound (Table  46.2 ). Next, the wound needs to 
undergo comprehensive debridement including 
removal of all devitalised (dead, devascularised 
and necrotic) tissue and all foreign material.

    This will need to be done under a general or 
regional anaesthetic and tourniquet control. The 
resultant wound should look healthy with bleed-
ing skin edges and no evidence of any dead tissue 
or foreign material. It is then ready to be dressed 
(a dry gauze dressing applied directly followed 
by absorbent layer and crepe) which can be left 
for 48 h before review and defi nitive closure 
(Fig.  46.18 ).

  Fig. 46.17    Highly contaminated open knee wound 
pre-debridement       

   Table 46.2    Case example   

 Size of the wound  Medium (about 10 × 12 cm) 

 Shape of the wound  Circular 

 Site of the wound  Over right knee joint 

 Depth of the wound  Deep 

 State of the wound  Highly contaminated 

 Tissues and 
structures damaged 

 Skin and soft tissue including 
muscle, possible underlying 
bony injury 

 Surrounding area  Devitalised skin 

 

T. Potokar



637

46.7        Case 2: Wound Closure 

 A six-year-old boy with a chronic wound associ-
ated with an open fracture of the middle third of 
tibia and fi bula (Fig.  46.19 ).

   The problems here can be summarised as:

•    Exposed fracture  
•   No soft tissue cover  
•   Partial malunion  
•   Dirty wound    

 Both the bony injury and the soft tissue defect 
need to be addressed which when available will 
require the services of both an orthopaedic and 
plastic surgeon. The principles remain the same; 
however, the fracture site needs to be thoroughly 
debrided and realigned with antibiotics given; 

then stable soft tissue cover needs to be achieved 
which could be in a number of ways including 
local fasciocutaneous fl ap or muscle fl ap. In this 
instance, a medially based fasciocutaneous fl ap 
was used with skin graft to the secondary defect 
(Figs.  46.20  and  46.21 ). Note the date for the next 
change of dressing written on the plaster as well 
as the indication that this should be done under a 
general anaesthetic.

        Conclusions 

 Managing the soft tissues is as important as 
any underlying bony injury, and often even 
more so, as a healthy soft tissue envelope is 
essential for bony healing and prevention of 

  Fig. 46.18    Highly contaminated open knee wound 
post-debridement       

  Fig. 46.19    Five-week-old open middle third tibial frac-
ture with leg deformity       

  Fig. 46.20    Five-week-old open fracture after debride-
ment, manipulation and local fasciocutaneous fl ap       

  Fig. 46.21    POP applied with date of dressing change 
written on to plaster       
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infection. In an austere environment, wounds 
of all types can be very challenging, especially 
when there are chronic wounds that may be 
colonised with resistant bacteria in patients 
that are malnourished, anaemic and in a cata-
bolic state. It is vital to address the whole 
patient and not ‘just the wound’, this means all 
factors that might lead to delayed wound heal-
ing as well as social and psychological factors. 
Without specialist plastic surgery support, it is 
far better to adhere to tried and tested basic 
principles rather than undertaking complex, 
time-consuming and high-risk procedures. 

 Inadequate initial debridement and closing 
wounds too early are typical mistakes that will 
lead to signifi cant problems, with delayed heal-
ing, multiple procedures and perhaps even con-
demn someone to an unnecessary amputation. 

 The important thing to remember is not what 
can be done, but  what should be done , and this 
refl ects the condition of the patient, the physi-
cal environment and the experience of the team. 
Make sure you become familiar with the tech-
niques described and the indications.     
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      Vascular Injuries                     

     Martial     Ledecq     

       In a recent study [ 1 ],  civilian vascular injuries  
were present in 4.4 % of the total trauma admis-
sions. Penetrating trauma caused 53 % of vascu-
lar injuries, whilst the remainder resulted from 
blunt trauma. Compared to penetrating vascular 
trauma, patients with blunt trauma were more 
severely injured and had greater mortality (26 % 
vs. 10 %) and higher limb amputation rates (12 % 
vs. 0 %). 

 The reported incidence of  combat vascular 
trauma  has been low in the past, with a range of 
only 0.2–4 %. This was probably due to excessive 
mortality during prolonged evacuation time. In 
more recent reports from the wars in Afghanistan 
and Iraq, this incidence has increased to 6.8 %, 
[ 1 ] probably due to better immediate resuscita-
tion and evacuation from the battleground. 

 Whether in civilian or military practice, lower 
extremities are involved in two thirds of all 
patients with vascular injuries [ 2 ]. Therefore, this 
chapter will focus on peripheral vascular inju-
ries, excluding thoracic and abdominal vascular 
trauma. 

47.1     Temporary Measures 

47.1.1     Immediate Haemorrhage 
Control 

 Immediate control is usually achievable by 
direct pressure over the site of injury. This pres-
sure does not need to be great (systolic pressure 
is often around 100 mmHg), but it does need to 
be directed over the site of haemorrhage. Large 
bandages and pads applied over the wound, with 
more and more bandaging applied as the ban-
dages soak with blood, are not controlling haem-
orrhage. It is better to dedicate one individual to 
manually compress the site of haemorrhage until 
the patient reaches the operating room. In that 
case, the compressing hand will be prepared as 
part of the operative fi eld. 

 Where haemorrhage is welling up from a deep 
knife or gunshot track, control may be temporar-
ily achieved by passing a urinary catheter into 
the track as far as possible, infl ating the balloon, 
and then applying traction to the catheter. The 
catheter can be sutured in place if the patient is 
to be transferred to another department or hos-
pital. Blind clamping in the depths of a wound is 
dangerous, likely to fail and likely to injure other 
structures. 

 The use of tourniquets, whilst helpful in the 
operating room, should be limited to patients at 
risk for exsanguination in the prehospital and 
fi eld environments who are not responsive to 
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direct pressure for haemorrhage control. The 
use of tourniquets, especially those left for pro-
longed periods, markedly increases the inci-
dence of amputation of an injured extremity. 
Keep in mind that an infl ated tourniquet cuts 
off collateral circulation. Some authors strongly 
suggest 30 min as the time limit for replacing 
a tourniquet with a pressure dressing. Although 
most of the studies indicate 2 h to be a safe 
limit, 30 min is recommended as a protocol 
guideline to ensure a wide margin of safety [ 2 ]. 
Any medical personnel applying a prehospital 
tourniquet for extremity vascular injury should 
clearly document its necessity as a lifesaving 
anti-exsanguination device when direct pressure 
fails and should understand that, in many cases, 
a tourniquet saves a life but results in loss of an 
extremity.  

47.1.2     Shunting 

 Intraluminal shunt may be employed to tempo-
rarily restore fl ow when there is a signifi cant 
risk of limb loss due to a major vascular trauma. 
Temporary vascular shunts in wartime casual-
ties were used benefi cially [ 2 ]. Many commer-
cial plastic intraluminal shunts are available. 
However, plastic IV tubing, or connecting tubing 
that accompanies many closed suction drains, 
is suffi cient if irrigated with heparinised saline 
before use.  

47.1.3     Technique 

 Injuries are exposed, proximal and distal control 
is achieved, vessel edges are debrided, throm-
bectomy is performed, and then the ends of the 

tubing are placed in the proximal and distal seg-
ments of the injured artery, secured by a silk 
suture tied around the vessel over the shunt and 
then also tied directly on the shunt itself to pre-
vent dislodgement (Fig.  47.1 ). Flow through the 
shunt should be monitored regularly by palpating 
distal arterial pulsation and/or using a Doppler 
device to detect fl ow signals through the shunt or 
distal vessel.

   Consider the use of a shunt in the following 
situations:

•    Damage control surgery that supposes a 
prompt transfer of the patient to the ICU  

•   Transfer from a remote facility to a third-level 
hospital  

•   Maintenance of perfusion whilst skeletal 
alignment is accomplished      

47.2     Defi nitive Repair 

47.2.1     Minimum Equipment 

 Vascular repair requires minimum equipment:

•    Unfractionated heparin  
•   Fogarty catheter (diameter of infl ated balloon 

5 and 9 mm)  
•   Polypropylene sutures 5–0 and 6–0  (synthetic, 

monofi lament, nonabsorbable, double 
needled)  

•   A few vascular clamps, notably DeBakey 
Clamps and Bulldogs [ 1 ]  

•   Vessel loops if vascular clamps not available 
or improvised Rummel tourniquets using 
Penrose drains [ 2 ]  

•   Delicate needle holder (Fig.  47.2 ) and vascu-
lar forceps

  Fig. 47.1    The shunt for vascular injuries       
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47.2.2           Technique of Arterial Repair 

     1.    Preparation and draping of the entire injured 
extremity.   

   2.    Draping of the uninjured extremity in order 
to harvest an autogenous vein graft (great 
saphenous vein or cephalic vein). Avoid 
 harvesting the vein graft from the injured 
limb to preserve the maximum venous 
 drainage system of this side.   

   3.    Incision: Obtaining proximal and distal 
control for vascular reconstruction requires 
intimate knowledge of vascular, muscular 
and bony anatomy to allow rapid access 
to the arterial tree proximally and distally. 
Operative identifi cation of arterial and venous 
injury requires proximal and distal control of 
the artery or vein, which may require extend-
ing the wound in both directions or making 
counter incisions (e.g. clamping the exter-
nal iliac artery to control a complex wound 
of femoral triangle, the superfi cial femoral 
artery to control a popliteal injury).   

   4.    Proximal and distal control. Blind clamping 
is dangerous. If the haemorrhage is profuse, 
proximal control is best achieved through 
a separate incision away from the site of 
injury. If bleeding is modest, use a suction 
machine and apply a digital pressure on 
the haemorrhagic site. Once the extremities 
are identifi ed, a temporary control can be 

achieved by endoluminal balloon occlusion 
with a Fogarty catheter.   

   5.    Debridement. The fi rst step is to cut off the 
necrotic surrounding tissues. This is particu-
larly important after a penetrating wound 
by a high-energy missile (Fig.  47.3 ). High-
velocity projectiles cause signifi cant soft tis-
sue injury that can extend well beyond the 
zone of obvious injury. Careful debridement 
will guard against repair in the setting of late 
infection from devitalised and contaminated 
soft tissues.

   The second step is to cut the extremities of the 
damaged artery to a macroscopically normal 
arterial wall (Fig.  47.4 ). Keep in mind that a 
gunshot wound results not only in tissue loss 
but also in microscopic changes to all layers 

  Fig. 47.2    Delicate needle holder and vascular forceps       

  Fig. 47.3    Gunshot fracture of the femur with transection 
of the superfi cial femoral artery. The fi rst step is to debride 
the wound       
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of the arterial wall in a variable length of the 
vessel, up to 2 cm and more at both cut ends.

       6.    Remove thrombi using a Fogarty catheter. 
If the back bleeding or infl ow is weak or 
absent, this step is crucial. If you do not have 
Fogarty, it is possible to remove any throm-
bus by squeezing muscles repeatedly in the 
direction of the wound.   

   7.    Flush proximally and distally with heparin-
ised saline solution. Inject 10–20 ml of a 
solution of 200 ml saline containing 5000 IU 
heparin. Do not use systemic heparinisation 
in case of multiple trauma (head injury) and 
if you cannot check the activated cephalin 
time (ACT).   

   8.    Suture technique:
    (a)    In most cases in which the injured seg-

ment is 1 cm or less, dissection proxi-
mally and distally along the artery with 
division and ligation of nearby branches 
may provide enough mobility for a suc-
cessful tension-free primary end-to-end 
anastomosis.   

   (b)    If the patient’s condition and haemody-
namic status allow prolonged operative 
intervention, general replacement of 
an injured peripheral arterial segment 
is accomplished with an autologous 
vein. To restore the arterial fl ow, use a 
reversed saphenous or cephalic veins 
harvested from the contralateral unin-
jured limb (Figs.  47.5  and  47.6 ). Using a 
“parachute technique” to start the anas-
tomosis can be very helpful (Fig.  47.7 ).

         (c)    Lateral repair can be accomplished quickly 
in the particular case of a partial transec-
tion after a stab wound. Nevertheless, 
direct suture can result in constriction of 
the lumen. This can be avoided by using a 
venous patch (Fig.  47.8 ).

       Most of the time, a simple repair is usually 
not realistic in wounds from high-energy 
missile, as segmental loss is very common.   

   9.    All vascular repairs must be covered by 
viable soft tissue. A myocutaneous fl ap is to 
be considered (see Chap.   46     on soft tissue 
techniques).   

   10.    Postoperative anticoagulation.     

 Anticoagulation by low-molecular weight 
heparin after vascular repair is recommended [ 2 ]. 
The usual dose of enoxaparin is 1 mg/kg every 
12 h. Half of this dose must be considered for a 
patient with a high risk of bleeding. 

  Fig. 47.4    Extremities of the damaged artery are cut off. 
Note the extraction of a thrombus from the arterial lumen       

  Fig. 47.5    The proximal anastomosis is completed       

  Fig. 47.6    Arterial fl ow is restored. Note that venous 
repair was deliberately neglected in this case       
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 In a precarious or austere environment, 
LMWH treatment is maintained as long as the 
patient is hospitalised. When discharged, aspirin 
(300 mg daily for an adult) is prescribed for a 
few months. 

 The superiority of clopidogrel over aspirin for 
optimising graft patency after coronary artery 
bypass grafting has not yet been established, and 
thus, aspirin should be regarded as the drug of 
fi rst choice (grade B recommendation based on 
individual level 1b studies).  

47.2.3     Venous Injury 

 Repair of major venous injuries of the extremi-
ties has been advocated to improve limb salvage 
rates and to prevent the early and late sequelae 
of venous interruption, but the contribution of 
venous repair to the surgical outcome remains 
controversial: limb salvage does not seem to be 
adversely infl uenced by an unexpectedly high 
rate of venous repair thrombosis [ 3 ]. 

 Many injured veins can be ligated with impu-
nity due to the richness of the venous system. 

 Two exceptions, the common femoral and the 
popliteal veins, which represent a bottle neck in 
the drainage system of the lower limb, are worth 
repairing if the patient’s condition is stable. 

 In all cases, care must be taken to postural drain-
age during the immediate postoperative phase.  

47.2.4     Combined Vascular 
and Skeletal Trauma 

 The question is: fracture immobilisation fi rst 
 versus vascular repair? 

 When dealing with a combined vascular, skel-
etal and soft tissue trauma, treatment priorities 
are dictated by limb ischemia. These injuries, 
especially when involving the popliteal artery, 
are associated with high limb loss rates. As a 
rule, restoration of limb perfusion takes prior-
ity on bone fi xation. This is particularly true for 
a stable fracture: the vascular surgeon can per-
form the defi nitive repair followed by fracture 
immobilisation. 

 This is still true if the fracture is unstable 
and the limb ischemic: the fear that orthopaedic 
manipulation may disrupt the vascular repair is 
unfounded. The risk to the graft can be reduced 

  Fig. 47.7    Anastomosis using parachute technique       
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if it is fashioned slightly longer than necessary 
and if it is guarded by the active presence of the 
vascular surgeon during the orthopaedic proce-
dure [ 3 ]. 

 If, however, the fracture is unstable or the 
orthopaedic surgeon needs to shorten the limb or 
there is a clear risk of orthopaedic manoeuvres 
disrupting an arterial repair, a temporary vascular 
shunt is needed, and the defi nitive vascular repair 
will be performed after the orthopaedic treatment. 
The presence of an external fi xator does not make 
it more diffi cult to access major vessels, at least 
for the humerus or the femur, as the fi xator is gen-
erally located in the lateral aspect of the limb.   

47.3     Late Complications 
of Vascular Injury 

 False aneurysm and arteriovenous fi stula are 
both complications that usually develop weeks 
or months after the causative trauma. Even if 
they can represent a life-threatening condition 
in the long term, the treatment is not an emer-
gency. Ideally, both require routine angiography 
at the time of presentation. Today, endovascular 
 techniques play an important role in treating most 
of pseudoaneurysms and arteriovenous fi stulae 
using stent graft repair and coil embolisation. 

 Unfortunately, angiogram and endovascular 
techniques are outside the possibilities encoun-
tered in the fi eld. Therefore, it is wise to consider 
fi rst the possibility of referring the patient to a 
tertiary level facility if possible. 

47.3.1     False Aneurysm (or 
Pseudoaneurysm) 

 False aneurysm is the result of an unnoticed 
lateral wound of the arterial wall at the time 
of the initial trauma. It represents a pulsating, 
growing, encapsulated haematoma communi-
cating with a ruptured artery. False aneurysm 
often presents with pain, bruising and a pulsa-
tile swelling. Diagnosis can be confi rmed by 
Doppler ultrasound. 

 After a significant trauma, a false aneu-
rysm does not respond to ultrasound-guided 
compression therapy, as it usually does after 
a post puncture iatrogenic one, and a simple 
suture of the lateral wound is rarely possible. 
Therefore, if a false aneurysm develops from 
a major vessel, it needs to be excluded from 
the arterial tree. The parietal haematoma of 
the false aneurysm is removed, and the arterial 
continuity has to be restored by a reversed vein 
graft bypass. 

  Fig. 47.8    Lateral repair of a partial 
transection, without and with the use of 
a venous patch       
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 Here is an example of a false aneurysm that 
developed a few weeks after a lateral wound of 
the femoral artery by a pellet. It was classically 
treated by a femoro-popliteal bypass (Figs.  47.9  
and  47.10 ).

    A false aneurysm growing from a non-vital 
artery can simply be excluded by a proximal 
and distal ligation. Here is an example of a 
false aneurysm originating from the anterior 

tibial artery developing insidiously under a cast 
(Fig.  47.11 ).

47.3.2        Arteriovenous Fistula 

 An arteriovenous fi stula is an abnormal commu-
nication between the venous and arterial system. 
Arteriovenous fi stula is rare after trauma. It may 
be secondary to piercing injury, such as a gunshot 
or a stab wound, or bony fragments of a fracture, 
which damage adjacent veins and arteries. Classic 
clinical manifestations include pain, varicosity, 
palpable thrill or audible bruit locally and dimin-
ished pulses distally. Colour Doppler duplex 
sonography is a non-invasive and accurate tech-
nique for confi rming the fi stula in most patients, 
but angiography is a gold standard. The earlier 
treatment is instituted, the better the results. 

 As to therapy – in contrast to the older qua-
druple ligature (Fig.  47.12a ) – the separa-
tion method should be the method of choice. 
Following debridement, if end-to-end anasto-
mosis is not possible, a saphenous vein segment 

  Fig. 47.9     On the left , Doppler ultrasound shows the 
lesion partially thrombosed along the course of the femo-
ral artery.  On the right , the pellet at the origin of the lesion 
is clearly visible as well as the shadow of the pseudoaneu-

rysm behind the femur. The  arrow  shows the segment of 
the femoral artery, longitudinal sectional view, at the ori-
gin of the pseudoaneurysm       

  Fig. 47.10    The distal anastomosis of the femoro- popliteal 
bypass is completed       
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from the uninjured leg is used to restore arterial 
and venous continuity (Fig.  47.12b ). (Remember 
most of the veins can simply be ligated.) A small 
strip of muscle is interposed between two repair 
vessels to prevent re-fi stulisation.

47.4         Summary and Conclusion 

 The basic principles for the management of 
injury to peripheral blood vessels could be sum-
marised as follow:

•    Prehospital control of haemorrhage and rapid 
evacuation.  

•   Defi nitive haemorrhage control in the operat-
ing theatre/room.  

•   Resuscitation and management of all life- 
threatening injuries must take priority over 
any extremity problems.  

•   Early arterial repair.  
•   Coverage of the arterial repair with appropri-

ate soft tissue.  
•   Repair of venous injury when possible.  
•   Low threshold to perform a fasciotomy at the 

time of initial revascularization.  
•   Proper wound care (debridement and irri-

gation), stabilisation of any fractures and 
physiotherapy        

a

b

  Fig. 47.12    In contrast to the older quadruple ligature for 
arteriovenous fi stula ( a ), the separation method should be 
the method of choice. ( b ) Following debridement, if end- 
to- end anastomosis is not possible, a saphenous vein seg-
ment from the uninjured leg is used to restore arterial and 
venous continuity       

  Fig. 47.11     From left to right , the causal pellet on the X-ray fi lm, the clinical picture and the false aneurysm dissected. 
After proximal and distal ligation of the anterior tibial artery, the parietal haematoma was simply removed       
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      Tendon Injuries                     

     Thamer     A.     Hamdan       and     Juan de Dios   Robinson    

       It is good practice to examine for nerve, vessel, 
and tendon injury after any trauma no matter how 
trivial. Early diagnosis is very important because 
the outcome of treatment is directly related to 
the time delay before treatment. The mechanism 
of injury usually involves machinery whether in 
an industrial or agricultural setting. Sadly, in our 
locality, children are often involved by inserting 
their hands inside a meat cleaver or food process-
ing machine. Grenade injuries are another cause 
of severe hand injuries in war zones. 

48.1     Incidence of Tendon Injuries 

 Tendon injuries a common problem faced in the 
accident and emergency department. Angermann 
et al. [ 1 ] proved that 28.6 % of patients in the 
emergency care were hand injuries; on average, 
hand injuries account for 14–30 % of all patients 
in the emergency care. Fracture comes fi rst with 

incidence of 42 %, followed by tendon injury 
(29 %), and skin injury comes third [ 2 ]. Tendon 
injuries play a major rule in the surgical treat-
ment of hand injury. 

 The site of injury means a lot for the treat-
ment; both dorsal and palmar aspects of the hand 
are divided into two zones. Norman’s zone II is 
known as the “critical zone” due to its special 
anatomical structures.  

48.2     Diagnosis of Tendon Injury 

48.2.1     History 

 A proper history taking in regard to the time of 
injury, the magnitude of the force, mechanism of 
injury, associated injury in other structures, and 
the general medical condition like diabetes, col-
lagen disease, immune-compromised condition, 
drug intake, and systemic hypertension should be 
done because all of the above affect the line of 
treatment and the outcome of treatment.  

48.2.2     Physical Examination 

 The injured tendon is part of a human body so 
looking for associated injuries far apart is prob-
ably as vital as the local examination of the 
injured part. All vital signs should be examined 
and recorded in the case note, that is, the local 
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physical examination for the wound status, the 
extent of the injury, and the associated local 
injuries for the soft tissue, joints, and fracture. 
Muscle power and movements of the fi ngers, 
toes and  movement is necessary. The size of the 
external wound does not refl ect the extent of 
damage to the deep structures. Partial injury of 
the tendon may lead to misdiagnosis; each ten-
don should be examined separately according to 
its function. 

 Local examination at the site of injury may 
reveal swelling, tenderness, and change in shape, 
palpable tendon interruption, and weakness in the 
muscle power [ 3 ].  

48.2.3     Investigations 

 A plain X-ray is required to exclude associated 
fracture even if the injury was minor.  

48.2.4     Misdiagnosis of Tendon Injury 

 The common sites of tendon injuries as in the 
hand can be diagnosed easily, though partial 
injury may escape diagnosis. Rare sites of tendon 
injury as the peroneal tendons in lateral aspect of 
ankle may be diagnosed as ankle sprain. Rupture 
of triceps tendon is another site of misdiagnosis; 
it is uncommon injury, probably the rarest of all 
tendinous rupture [ 4 ]. Distal biceps tendon injury 
is a relatively rare injury [ 5 ] so there is a risk of 
misdiagnosis. Rupture of the pectoralis major is 
another uncommon injury [ 6 ] because it occurs 
usually in active athletic young patients and may 
be a site of misdiagnosis.  

48.2.5     Macroscopic Structure 
of Tendons 

 The tendon may be surrounded by:

    1.    The fi brous sheaths or retinacula   
   2.    The pulleys   
   3.    The synovial sheaths   
   4.    Peritendinous sheet (paratenon)   
   5.    The tendon bursa      

48.2.6     Blood Supply of Tendons 

 Three sources of blood supplying the tendon with 
almost one third from each are as follows:

    1.    Musculotendinous junction. Small blood ves-
sels divide at the junction and supply both 
muscle and tendon. There is no direct capil-
lary circulation between muscle and tendon, 
but there are small vessels in the outer cover-
ing of the muscle traversing the junction.   

   2.    Along the length of the tendon. This blood 
comes either from the paratenon or the syno-
vial sheath.   

   3.    Some blood supply comes from the junction 
between the tendon and the bone [ 7 ].   

   4.    Vascularity of the tendon is reduced in site 
of friction, compression, and excessive wear; 
this makes the tendon easily ruptured by even 
minor force.       

48.3     Repair and Regeneration 
of the Injured Tendon 

 Three phases are required for tendon healing:

    1.    In the fi rst week, it is the infl ammatory phase.   
   2.    The proliferative phase happen between the 

2nd and 4th weeks.   
   3.    The remodeling phase which occurs between 

the 2nd and 6th months [ 8 ].     

 Several factors may affect the healing pro-
cess, which include the anatomical site of the 
injury, magnitude of the injury, and postoperative 
rehabilitation.  

48.4     Treatment of Tendon Injuries 

 To achieve the best therapeutic regimen, we need 
to answer the following before drawing the lines 
of treatment:

•    The site of injury  
•   Duration since injury  
•   Associated local or distal injuries  
•   Patient’s general condition  
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•   Mechanism of injury  
•   The pattern of injury, e.g., clean cut or 

laceration  
•   Clean or contaminated wound    

 Early repair of any ruptured tendon is the goal. 
Early repair is required for a good functional out-
come. It is a well-known fact that the outcome 
of treatment is always better with extensor ten-
don injuries than with fl exor tendon injuries; this 
is related to anatomical facts, but the extensor 
tendon is more vulnerable to injuries than fl exor 
tendons [ 9 ] because of the lack of soft tissue 
coverage. 

 Usually the extensor tendon repair can be 
achieved as a primary procedure if the wound is 
not contaminated, while the fl exor tendons repair 
may be performed as a second or third stage 
depending on the wound status and other factors, 
but the best result is always with primary repair 
of both tendons. 

 It is always preferable to do a  primary repair  if:

•    The joints are free to move  
•   No trace of contamination  
•   No contracture or scarring  
•   Intact neurovascular structures    

  Secondary tendon repair  may be performed in 
the following conditions:

•    Failure of primary repair  
•   Neglected injury  
•   Heavily contaminated wound  
•   Segment loss of tendon  
•   Complicated injuries    

 It is vital to adhere to the strict surgical tech-
nique of minimal tendon dissection and han-
dling and preservation of the pulleys and tendon 
sheath. All scars should be excised; if excessive 
scarring was noticed, a third-stage surgery may 
be required. 

48.4.1     Tendon Graft 

 Grafting is required to bridge a defect in the 
tendon which is either due to primary loss or 

secondary loss because of ischemia or infec-
tion. Common tendons used as a graft include 
plantaris, palmaris longus, to a lesser extent 
the toe extensor tendons, and flexor digito-
rum longus of the second toe. Extensor indicis 
proprius can be useful particularly if palmaris 
longus and plantaris are absent. Lewis et al. 
[ 10 ] used allograft for the treatment of chronic 
patellar tendon with gratifying short-term 
success.  

48.4.2     Suture Material Used 
in Tendon Surgery [ 11 ] 

 1) Stainless steel and monofi lament polygly-
conate have been found to be the most suitable 
with high tensile strength with good knot-holding 
security. Steel is diffi cult to use and makes bulky 
knots. Polyglyconate is absorbable and may not 
last long enough for the tendon to heal. 

 2) Polypropylene and braided polyester 
exhibit lower tensile strength and good knot- 
holding security; they are nonabsorbable and 
have low tissue reaction.  

48.4.3     Techniques of Tendon Suture 

     1.    Core suture techniques [ 12 – 14 ] (Figs.  48.1 , 
 48.2 ,  48.3 , and  48.4 ).
       1.    Kessler repair: 2 strand, knot outside the 

tendon.   
  2.    Modifi ed Kessler repair: 2 strand, knot 

inside.   
  3.    Four-strand cruciate repair: knot inside.   
  4.    Tsuge: 2-, 4-, and 6-strand suture technique.   
  5.    Savage 6-strand core suture: the knot 

inside tendon, more core strands, 
decreased incidence of repair site rupture 
with programs of early active exercises. 
But more strands result in a more bulky 
repair site, with decrease in glide and 
increase possibility of adhesions. (Knot 
outside interfere with glide. Knot inside 
interfere with healing).    

      2.    Epitendenious circumferential suture: it 
increases repair strength and improves 
gliding.      
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48.4.4     Splinting 

 Evans [ 15 ] advocates early passive controlled 
motion for a complex tendon injury because it 
is a safe and effective rehabilitation technique 
and will reduce the complications. Movement 
enhances tendon repair by reducing edema which 
in turn reduces adhesions. Mobilization after 3–5 
postoperative days is benefi cial. Klienert’s [ 16 ] 
elastic band traction has been used by most hand 

surgeons for a long time, but it may induce con-
tracture of the small joints if used throughout the 
day. Narender Saini et al. [ 17 ] advocated a spe-
cial static splint to be used intermittently for the 
extensor tendon, and he claims equal results if 
compared with the dynamic splints. Parakash [ 18 ] 
advocated the use of the dorsal splint involving the 
wrist in 20–30 degrees of fl exion with the meta-
carpophalangeal joint at 80–90 degree of fl exion 
and keeping the proximal interphalangeal joint 

  Fig. 48.1    This 
patient suffered a 
gunshot wound that 
perforated the palm of 
the right hand. The 
middle fi nger is 
extended as the fl exor 
tendon has been 
lacerated and the 
extensor tendons are 
unopposed.       

  Fig. 48.2    The palm 
skin is incised, and the 
fl exor tendon proximal 
and distal stumps are 
exposed and secured 
with a couple of blue 
needles in preparation 
to repair the tendon 
with a modifi ed 
Kessler technique with 
no tension       
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in extension during the night and during the day 
controlled active extension with passive fl exion.   

48.5     Complications of Tendon 
Injury 

     1.    Infection. In contaminated or infected wounds, 
aggressive wound excision is required.   

   2.    Re-rupture or failure of repair. May be due to 
subclinical infection or faulty suture technique 
or even aggressive uncontrolled rehabilitation.   

   3.    Joint contracture and stiffness. This complica-
tion is related to the loss of movement, lack of 
exercise, and immobilization. The joint may 
become stiff whether it is injured directly or it 
was not injured.   

   4.    Tendon adhesion and loss of tendon gliding 
is probably the commonest complications 
following tendon injury. If the limitation is 
minor, conservative treatment is suffi cient, 
but if the loss of movement is major, tenolysis 
may be required.      

48.6     Rehabilitation After Tendon 
Repair 

 Postoperative rehabilitation is as important 
as a good repair. There is a delicate balance 
between rest for tendon healing and movement 
to prevent scarring and stiffness. There is insuf-
fi cient evidence to defi ne the best mobilization 
strategy [ 19 ]. Early motion of the repaired ten-
dons will prevent the formation of scarring and 
adhesion.     

  Fig. 48.3    This patient suffered a laceration of the extensor 
tendons of the fi ngers. The image shows a 5.0 nonabsorb-
able nylon suture being used to repair the tendons. A sim-
ple mattress suture can be done in the fl at extensor 
tendons       

  Fig. 48.4    A serious 
laceration of the fl exor 
tendons of the thumb 
has been repaired in 
this case. A Kirschner 
wire has been used to 
stabilize a fracture as 
well       
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      So What Happened Then? 
Follow-Up and the Challenge 
of Measuring Results                     

     Johan     von     Schreeb     

        The real impact of International Emergency 
Medical Teams (EMTs) will be measured not 
only by their willingness and readiness to help in 
a crisis or disaster but by the results and conse-
quences of their member’s actions. Thus, among 
the several challenges faced by EMTs, providing 
international surgical relief is to have an effi cient 
system to ensure accountability and measure 
their results and patient outcomes (Fig.  49.1 ).

   It may be argued that the provision of surgery 
in a context where there is lack of resources 
should not be assessed using the same profes-
sional standards as in a society with suffi cient 
resources. Nevertheless, whilst the equipment, 
local training, and technology may be found 
wanting in an austere and diffi cult environment, 
all health care workers should aim to maintain 
the same standards of professionalism expected 
from them back in their countries of origin. 

 The available resources may be limited, but the 
principles of ensuring as good a service as possi-
ble, including the appropriate follow-up of patients, 
should be adhered to in any setting (Fig.  49.2 ). 
There should be no escape from professional stan-

dards even if the care is provided on a “charitable 
basis” and the health worker or surgeon is working 
for free. It is the context and not the individual sur-
geon’s professional attitude that changes. We need 
to ensure that the surgical care we provide refl ects 
our best ability. If not, we should stay at home.

   In this chapter, I will focus on the results from 
International Emergency Medical Teams’ 
(EMTs) (Formerly known as Foreign Medical 
Teams, FMTs) surgical performance; what was 
left behind once these teams went home and what 
can be done to improve outcome measures and 
accountability. I will specifi cally explore:

    1.    Why is a system for assessing surgical out-
come and patient follow-up essential?   

   2.    The role for a timely and thorough handover 
between health providers   

   3.    Methods and systems to ensure accountability 
and measure results and outcomes     

49.1     Why is a System Needed for 
Assessing Surgical Outcome 
and Patient Follow-Up? 

 Following a disaster, whether natural or human- 
made, with injured patients everywhere, the fi rst 
instinct is to start operating. After all, we are 
there to help! During the fi rst days, there is lim-
ited time and energy to think about “data collec-
tion”, “accountability”, “follow-up”, “handover” 

        J.   von   Schreeb ,  MD, PhD    
  Specialist in General Surgery, Department of Public 
Health ,  Karolinska Institute ,   Stockholm ,  Sweden   
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and “exit strategy”. Nevertheless, such aspects 
are all essential and part of the surgeon’s respon-
sibility when working in an austere environment. 
Surgery is not only what happens inside the oper-
ation theatre. A system for effi cient follow-up of 
patients is fundamental. Before signing in with 
an organisation or EMT, ask if there is a system 
for patient follow-up, and how surgeons are held 

accountable for their actions. The system does 
not need to be overly complex or sophisticated, 
but it has to be there. 

 In an attempt to improve accountability and 
increase professionalisation of EMTs, the World 
Health Organization (WHO) and the Global 
Health Cluster (GHC) have published the 
“ Classifi cation and minimum standards for 
foreign medical teams in sudden onset disasters ” 
[ 1 ]. This document is a product of the “EMT 
Working Group” process that aims at improving 
performance and accountability of EMTs [ 2 ]. 
Adherence to these minimum standards will 
serve as basis when EMTs register their capaci-
ties before deployment. This fi rst sets of stan-
dards are focused on Sudden Onset disaster but in  
due time, minimum standards for other type of 
disaster and outbreak, to which EMTs are 
deployed are being produced. 

 The development of EMT standards is one 
part of several initiatives to improve the quality 
of services provided by EMTs [ 3 ]. This develop-
ment was accelerated following the criticisms 
that were raised against the performance of 
EMTs following the 2010 Haiti earthquake. 
Terms such as “disaster medical tourism” have 
been used to describe the situation [ 4 ]. Some of 
the most serious criticisms were that many sur-
geons did not have proper training for the context 
and teams stayed for a short time and had no sys-
tem for follow-up. Further, lack of data regarding 
patient outcomes made it impossible to evaluate 
EMT performance [ 5 ]. One study compiled for-

  Fig. 49.1    Unskilled 
amputation in Haiti       

  Fig. 49.2    Scarce resources is not a licence to relax high 
professional standards       
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eign fi eld hospital surgical output data from 80 % 
of the 44 hospitals identifi ed on Haiti. Based on 
extrapolations, it was estimated that around 
12,000 surgeries were done at these hospitals 
during the fi rst 30-days following the disaster 
(Fig.  49.3 ).

   The study poses several questions. How many 
of the operated got well? What happened to the 
reported 300,000 injured? [ 6 ] How many injured 
does 12,000 operations correspond to? Important 
questions that unfortunately are impossible to 
answer. There is a severe scarcity of data on the 
types and volume of surgical output and no data 
on outcome. We can sadly conclude that, 
although the Haiti earthquake triggered a mas-
sive solidarity movement in terms of thousands 
of foreign medical staff deployed, we do not 
have suffi cient data to conclude to what extent 
our well- intentioned efforts were benefi cial. The 
follow-up studies from Haiti are few. MSF 
reported on its activities in an infl atable hospital 
that was erected within 2 weeks of the earth-
quake. A total of 248 earthquake-injured with 
264 fractures were included in the study. There 
were 204 long bone fractures (87 % of the lower 
limb) [ 7 – 9 ]. 192 long bone fractures were treated 
with surgery (94 %), 36.5 % received external 
fi xation, whilst traction was applied in 16.7 %. 

 Intramedullary nailing was done for 15.1 %, 
open reduction and internal fi xation with plates 
in 9.9 %, whilst amputations were carried out in 
14.6 % of cases. Two out of 36 patients (5.5 %) 
with closed femur fractures treated by IM nailing 
developed an infection. At 90 days follow-up, 
31.6 % of the femur-fractured patients returned, 
and in total 42.2 % of the 192 patients with long 
bone fractures operated on returned for follow-
up. Due to lack of data documentation, only 96 
patients (103 fractures) could be evaluated for 
outcome. In total 68 of these fractures (66 %) 
were recorded to have callus. 

 Other outcome measures such as return to pro-
fessional life, strength and mobility were only 
available for less than one third of these fractures. 
It should be noted that MSF has been working on 
Haiti for 20 years and already before the earth-
quake was offering trauma orthopaedic care. The 
pre-earthquake staff included nine Haitian ortho-
paedic specialists. 

 Another study of outcomes of surgeries done 
in Haiti concluded that only half of the patients 
with severe limb injuries, whether amputated or 
managed by limb salvage, classifi ed their 
functional status as “satisfactory” 2 years after 
the earthquake [ 10 ]. It is diffi cult to attribute the 
results to the quality of care alone, as the initial 

  Fig. 49.3    Local 
facilities are often 
destroyed. EMTs must 
contribute to 
re-establishing quality 
medical care       
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injury also infl uences outcome. However, it has 
been shown that lower limb reconstruction is 
more acceptable psychologically to patients with 
severe trauma compared to amputations even if 
the physical outcome for both treatments was 
comparable [ 11 ]. 

 Stump revision was estimated to be necessary 
for 30 % of those amputated in Haiti. This rate far 
exceeds the 5.4 % revision amputation rate 
among patients with severe lower extremity 
trauma in high-income settings [ 12 ]. There are 
several limitations of this study, fi rst of all the 
diffi cult context that led to a 24 % drop out rate, 
but also the lack of medical records and the 
variability of both the wounds and their initial 
treatment that made it diffi cult to analyse 
outcomes in relation to initial injuries. 

 Another study measured the surgical out-
comes in a 2-year follow-up of operated casual-
ties of the 2001 Gujarat Earthquake. The study 
found a 10 % incidence of missed injuries, 19 % 
infection rate, 12 % restricted range of motion 
and 23 % non-union rate and revision surgeries 
were done in 30.5 % of the patients over a period 
of 2 years [ 13 ]. 

 What can be expected from surgery in the aus-
tere setting? What is an acceptable result? The 
results from the above studies are diffi cult to 
interpret. If the incidence of postoperative 
infections ranges from 5 to 19 %, given the 
diffi cult conditions faced, is that acceptable? The 
relatively low follow-up rate of operated patients 
makes it diffi cult to judge the results. There are 
so many variables, including the selection of, 
type and severity of trauma, timing of operations 
and hygiene conditions in the OT as well as dur-
ing the postoperative period. All of these factors 
can be blamed for non-satisfactory results. There 
is always an excuse that can be found outside our 
own immediate area of responsibility. Established 
benchmark levels for outcome and complication 
rates are unlikely due to the diversity of context 
and fracture type severity as well as incomplete, 
non-uniform data. Nevertheless, it may be safe to 
conclude that if close to one third of all amputa-
tions needed stump revision and if close to one 
fourth of all fractures did not heal, not all compli-
cations will be due to the environment alone, and 

some of these complications will be due to poor 
surgical, orthopedic training for the context, 
judgement and follow-up. It highlights the fact 
that the treatment strategy must be adapted to the 
context, to what extent similar treatment practice 
can be applied as in a stable high-income country 
must be carefully defi ned. It remains diffi cult to 
determine when it remains safe to use internal 
fi xation for fracture. At this stage, the availability 
of high-quality studies is so limited that we can-
not make fully informed judgements. This calls 
for EMTs to systematically collect data and to 
attempt to measure outcome. There are several 
ways to do this as suggested below. 

 No study that quantifi es the volume of surgery 
done by national hospitals in Haiti has been 
identifi ed, but lack of resources before and after 
the earthquake in combination with the 
destruction of health facilities and injury and 
death of hospital staff suggests that the capacity 
was severely hampered.  

49.2     The Role for a Timely 
and Thorough “Handover” 
Between Health Providers 

 “Handover” include anything between donating 
the EMT facility to ensuring that patients are 
cared for after departure. This does not only 
include taking over hospitalised patients but also 
to guarantee the follow-up of patients treated, 
including rehabilitation. “Handover” may be to 
the existing health system or to other EMTs that 
plan to stay for a signifi cant time period. 
Currently, there is no clear system for how this 
should be done. It remains largely context 
specifi c, i.e. to who “handover” can be done 
depend on resources and capacities in the existing 
health system. For example, in Haiti 2010, 
handover was to a large extent made to other 
EMTs, whilst on the Philippines 2013, available 
health system resources were suffi cient to man-
age handover from departing EMTs (Fig.  49.4 ).

   However, in recent SODs, most EMTs func-
tioned independently rather than as part of a 
health system. “Handover” of patients were not 
considered until late, just before departure and 

J. von Schreeb



661

was often ad hoc. Already on arrival, all EMT 
must have a clear exit plan and strategy. To plan 
their work and focus their work and not make 
promises they cannot keep, EMT staff must from 
the start know how long the EMT intend to stay 
and what type and level of services that will be 
provided. Plans for all patients need to be devel-
oped and communicated to the patients. For 
example, if an amputation is done, who will 
arrange for prosthesis? How will the patient be 
rehabilitated? And who will ensure this? This 
becomes especially important for EMTs that only 
stay for a few weeks or even shorter. As soon as 
possible after arrival, a system for rehabilitation 
and handover of patients should be developed. 
Partners within the local health providers, 
Ministry of Health or from other EMTs that stay 
for longer time should be identifi ed and agree-
ments made. In upcoming SODs, EMT coordina-
tion (WHO and affected country agencies such as 
Ministry of Health) will be an important part of 
the response to ensure that resources are opti-
mally used, standards met and that referral 
between EMTs as well as the national health ser-
vices is working as a system. The EMT exit plan 
has to be clear and announced to the local author-
ities as well as to the EMT coordination team. 
The exit plan should also include information to 

what extent materials and medicines will be 
donated and left behind. If so, WHO guidelines 
should be followed [ 14 ]. 

 In an ideal setting, the EMTs form a surge 
function, an extension of the local health system. 
Requests for surge capacities can be based on 
estimated need for EMTs on different levels, 
using the classifi cation mentioned above.  

49.3     Methods and Systems 
to Ensure Accountability, 
Measure Results 
and Outcomes 

 Without a system that measure results and out-
comes, it is impossible to ensure accountability. 
For surgery, this is even more pertinent, as we 
subject patients to potentially dangerous pro-
cedures. However, there is a long-standing per-
ception that humanitarian work in low resource 
settings is beyond considerations of malprac-
tice and negligence. Words such as liability and 
indemnity, representing the legal consequence of 
 accountability, have not been used in connection 
with  humanitarian surgery until recently. It is likely 
that humanitarian organisations increasingly will 
be held accountable to their actions. In the future, 

  Fig. 49.4    Lack of 
planning may cause a 
sense of chaos. All 
aspects of an EMT 
intervention must be 
as planned as possible       
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it is not unlikely that there may be legal claims of 
indemnity from patients operated on by EMTs. To 
face that challenge, EMTs must have systems to 
document practice and monitor performance. As 
surgeons, we must strive for accountability for our 
work, not only to avoid legal consequences but to 
not cause unnecessary suffering. 

 One way to ensure professional accountability 
is to adhere to and follow the EMT minimal stan-
dards that were introduced in the beginning of the 
chapter [ 15 ]. The standards build on a simple 
classifi cation system that is based on the level of 
services (EMT I, II, III + specialized cells). This 
corresponds to different levels of medical ser-
vices provided. EMT I offer basic, outpatient 
care, whilst EMT III offer advanced facility-
based services that include a sterile environment 
enough to perform internal nailing of fractures 
services for EMTs. This means that orthopedic 
care should be available at all levels from fracture 
splinting to advanced surgical care, adapted to 
the level of care provided. 

 For each level of EMT, there are minimal 
technical standards, i.e. what type of service and 
equipment that must be available. In addition, 
there are common core standards for all EMTs 
that include reference to medical ethics as well as 
Sphere standards, which are standards developed 

for agencies providing relief in the humanitarian 
setting [ 16 ]. Updates of the standards and the 
process accompanying them will be available on 
the WHO’s homepage [ 17 ]. 

 A fi rst test of the relevance of the EMT clas-
sifi cation and standards was typhoon Haiyan that 
hit the Philippines in November 2013 (Fig.  49.5 ). 
The government of the Philippines, with support 
from the WHO, rapidly imposed the EMT clas-
sifi cation system. EMTs arriving had to classify 
their teams as either EMT 1–3. In a review based 
on WHO data om EMTs arriving before day 30, a 
total of 108 EMTs were on ground, 91 of these 
were classifi ed. A total of 76 as Type I, 12 as II 
while 3 as III [ 18 ].

   Although the level of EMTs were based on 
self- classifi cation and that adherence to the EMT 
standards were not assessed, the EMT classifi ca-
tion and standards were widely acknowledged for 
being simple and serving a purpose that allowed 
improved coordination and overview of available 
EMT capacity [ 19 ]. Following the 2015 Nepal 
earthquake, based on WHO data, a total of 148 
EMTs with close to 3000 staff from 36 counties 
were dispatched to Nepal out of which 120 were 
registered by the strong MoH-WHO led EMT 
coordination unit. A total of 17 of these teams 
were classifi ed as type II while only one was a 

  Fig. 49.5    An 
outdoors clinic in the 
Philippines following 
Typhoon Haiyan       
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type III. An evaluation of the performance of 
these teams are yet to be done while it remains 
clear that there were more EMT capacity avail-
able than needed. More efforts are needed to rap-
idly defi ne the surge needs adapted to the context 
and the severity of the SOD. 

 So how can EMTs set up systems to measure 
results and outcome? In the non-disaster but aus-
tere setting, foreign plastic surgeons operating 
cleft lips have proposed systems to monitor qual-
ity of care and follow-up [ 20 ]. Photographs are 
taken and entered into a database before surgery, 
right after surgery and at the follow-up consulta-
tions, 6–9 months after the operation. The photo-
graphs and data from postoperative consultations 
as well as complications are used to evaluate 
surgical outcomes objectively by independent 
unbiased evaluators. Data from a total of 562 out 
of 4100 patients (13 %) was evaluated. Despite 
the fact that the operations were done in a non-
disaster area and that results of a cleft lip opera-
tion may be evaluated from a photograph, only a 
minority of these was evaluated. 

 Among global health-interested general 
surgeons, a system that assesses outcome of 
emergency intra-abdominal surgery across inter-
national settings is being tested. It builds primar-
ily on one indicator, Peri Operative Mortaility 
(POM) mortality 24-h post- surgery. In addition, 
it promotes data collection on any in-hospital 
complications by 30 days [ 1 ]. 

 There are thus ways to set up systems to moni-
tor and assess quality of care. One method that 
has been proposed for assessing quality of surgi-
cal care is the Donabedian’s framework of quality 
of care. In this framework, the three components 
of health care quality are structure, process and 
outcome [ 21 ]. This framework has been used to 
assess the quality of surgery [ 22 ]. “Structure” is 
the environment in which surgery is provided 
and comprises that certain equipment, materi-
als and human resources should be available. 
“Process” includes the method and techniques 
by which surgery is provided and include that 
equipment should be functioning, that staff are 
trained and have activated treatment protocols 
and that evidence-based surgical techniques are 
implemented and that follow-up of patients is 

included in protocols. “Outcome” is the result of 
surgery and may be captured by mortality levels 
and that morbidity is actually decreased by the 
surgical intervention, both in the short as well as 
long-term perspective. 

 For each of the three domains, benchmark 
performance indicators should be set and defi ned 
based on feasibility of actually collecting them. 
The focus should be on indicators that are pos-
sible to collect rather than those we want to col-
lect. This framework is not dependent on context, 
whilst the performance indicators may be adjusted 
for the austere setting. One article has outlined 
some key recommendations based on the above-
mentioned framework, adapted to the humani-
tarian setting [ 23 ]. In this paper, Medecins Sans 
Frontieres (MSF) outlines a set of minimum cri-
teria for structural inputs that should be in place 
before surgery can be delivered. MSF suggests 
availability of the following minimal structures; 
a safe structure, electricity, clean water, a blood 
bank, sterilisation equipment, a post-anaesthesia 
recovery unit, anaesthetics, analgesics, antibiot-
ics and qualifi ed surgery and anaesthesia provid-
ers. In addition, the MSF authors highlight the 
need for specifi c training for surgeons in the fi eld 
of surgery in the austere setting. 

 However, professional organisations, such as 
societies for trauma and orthopaedics as well as 
the various colleges of surgeons, have been limit-
edly involved in developing specifi c trainings in 
the fi eld of surgery and trauma care in the austere 
setting (Fig.  49.6 ). There is a signifi cant need for 
training curriculum and practical courses. Some 
of the few courses offered include the STAE or 
“Surgery Training in the Austere Environment” 
a 1-week training offered by the Royal College 
of Surgeons of England. In this course, the par-
ticipants are trained to perform life-saving basic 
procedures as well as context- adapted orthopae-
dic procedures such as applying external fi xators. 
Another example is the Disaster Preparedness 
and Response Training course for orthopae-
dic surgeons offered by the Society of Military 
Surgeons in the USA.

   Thus, among the process indicators, a check 
list that include the basic trainings needed for the 
austere environment can be used to assess EMT 
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staff quality. In addition, the staff competencies 
should be assessed by also including previous 
experience in the austere disaster setting. Another 
process quality indicator is the availability and 
use of evidence-based treatment protocols. 

 Care should be well thought out and adapted 
to the place and timing of a situation. The 
fact that EMTs become operationally too late 
(after 72 h of SOD onset [ 5 ,  8 ]) to provide emer-
gency care for the most critically injured chal-
lenges existing treatment protocols that are based 
on patients arriving to emergency centres shortly 
after injury. 

 For example, a patient with crush injury that 
is suspected to have a compartment syndrome 
should undergo a fasciotomy urgently. However, 
a systematic review found no evidence for per-
forming fasciotomies after 72 h of injury [ 7 ]. 
This means that treatment protocols for EMTs 
should not only be adapted to the austere context 
but also to EMT time of being operational [ 5 ,  8 ]. 
It is recommended that protocols are developed 
and implemented for common procedures such as 
caesarean section, burn care, open fractures, and 
amputations in addition to protocols for antibiotic 
prophylaxis and postoperative pain management. 
This becomes especially important in a setting 
where the turnover of surgeons is very high. 

 Few studies have attempted to critically 
assess the outcome of surgery done in the aus-
tere setting. One may argue that the diffi cult 
context, chaos and often short time on ground 
limit the ability to collect follow-up data, but 
instead these challenges should trigger EMTs to 
ensure the quality of care offered and that their 
services are adapted to the demanding con-
text. Some lateral thinking may be necessary 
to achieve better data collection. For example, 
EMTs could send researchers back later to col-
lect follow-up data. In the absence of outcome 
indicators, it is suggested to implement a modi-
fi ed version of WHO safe surgery checklist 
[ 24 ] that takes into account the austere context 
(Table  49.1 ).

   It may thus be assumed that minimum stan-
dards for structure and process may be relatively 
easy to reach. In the EMT standards, a number 
of benchmarks levels for structure and process 
has been defi ned (e.g. number of staff in rela-
tion to hospital beds that staff must have train-
ing and experience and data is collected). This 
means that EMTs adhering to the standards in 
its current form are likely to be well equipped to 
carry out their work; they have the right mate-
rial, medicines and staff that are trained and 
have experience; and data is collected. What 

  Fig. 49.6    The various 
colleges of surgeons 
have been limitedly 
involved in developing 
specifi c trainings in 
the fi eld of surgery 
and trauma care in the 
austere setting       
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remains is to demonstrate that quality of care is 
acceptable. 

 Even if, as shown above, this is diffi cult, the 
fact that data is systematically collected is a sign 
of quality. It could be that the collection of data 
is more important that the data itself. If you know 
your actions are monitored, you may likely per-
form better. There is no consensus on what type 
of indicators should be collected in the austere 
setting. Several authors have suggested lists of 
indicators [ 25 ] to be collected, whilst experi-
ence from the disaster setting show that data is 
not systematically collected or at least not shared, 
which makes it impossible to evaluate EMT per-
formance [ 5 ,  8 ]. 

 Until there is a set of uniform outcome indi-
cators agreed upon, it remains the responsibility 
for each EMT to implement a systematic and 
rigorous data collection system including indica-
tors that are feasible to collect. They may include 
complication rates including 24 h peri-operative 
mortality, postoperative infections, length of hos-
pital stay, readmission rates, patient satisfaction, 
functional health status, and other types of mea-
sures for health- related quality of life. For ortho-
paedic surgery, a “blunt” indicator such as 24 h 
perioperative mortality may not be a apropriate  
indicator, but it nevertheless remains a good 

 indicator on the overall performance of the EMT 
and is relatively easy to collect. 

 The lack of data on outcome remains a main 
challenge in the austere setting. However, in due 
time, it must be tackled to ensure accountability 
of EMTs and to allow comparison between dif-
ferent EMT providers and also serve as a tool 
to improve the care provided. In addition to the 
practical challenges with data collection in the 
austere environment, there are also ethical con-
cerns. For example, mobile telephone number of 
discharged patients may be collected and use for 
follow-up. In a confl ict setting, this may cause 
security problem for the patients. Besides col-
lecting data on outcome and introducing check-
lists, innovative, simple measures are needed to 
improve the performance of surgical care in the 
austere settings. 

 Lessons may be learned from trauma research 
that has made signifi cant steps to improve qual-
ity of care. Among the successful tools has been 
the introduction of trauma registers and bench-
marking of performance indicators such as injury 
severity- adjusted mortality rates. However, the 
only valid performance indicator that had evi-
dence for validity or reliability was the use of 
peer review of deaths [ 26 ]. This suggests that, 
besides from documenting mortality and post-
operative infections rates, qualitative processes 
that include structured peer discussions on avoid-
able and potentially avoided deaths (prevent-
able deaths panels) could be a valuable tool to 
improve quality of care for EMTs.  

49.4     Recommendations 

 Surgeons considering working in austere set-
tings are strongly advised to join an international 
register for humanitarian action in their respec-
tive country, such as the one maintained by the 
American College of Surgeons (  http://www.
operationgivingback.facs.org/    ) or the United 
Kingdom International Emergency Trauma 
Register (  http://www.uk-med.org/    ). These reg-
isters provide guidance, training and certifi ca-
tion to be as well prepared as possible to work 
in a humanitarian setting. Specifi c competence 

   Table 49.1    Elements of humanitarian surgery checklist   

  1. Perform anaesthesia preoperative evaluation 

  2. Pulse oximetry is available and working 

  3.  Procedure explained to patient and written consent 
signed 

  4. Confi rm patient identifi cation 

  5. Mark operative site 

  6.  If signifi cant fl uid/blood loss is expected, obtain 
appropriate intravenous access and ensure 
availability of fl uid/blood products 

  7.  The appropriate surgical instruments are available 
to perform procedure 

  8.  Antibiotics have been given if wound is expected 
to be contaminated 

  9. Post-anaesthesia care is available 

 10. Postoperative care protocol is established 

 11.  In a mass casualty, the procedure performed, date 
of dressing change or re-intervention are written 
on the bandage 

 12. Patient and surgical data entered into a database 
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in global health gives valuable insights in under-
standing the challenges low and middle-income 
countries face. Moreover, clinicians are required 
to participate in trainings that teach them how to 
adapt clinical practice to make them adequate 
to a context dominated by lack of resources. It 
is a signifi cant problem for clinicians trained in 
advanced, high tech health care to adapt their 
practice of working unless they have specifi c 
training for this. 

 Teams of surgeons who are available for 
deployment need to register as an EMT with the 
WHO and adhere to the minimum standards. It is 
also important that the surgeons ensure that the 
EMT they work for has a system for account-
ability that includes data collection and ways to 
document follow-up. If this is not available, the 
surgeon should question why this is the case? 

 Disaster response is multi-speciality and mul-
tidisciplinary, and it is mandatory to build this 
into EMT surgical disaster planning. We need to 
work alongside with public and global health spe-
cialist and epidemiologists to develop and design 
outcome models that are based on data that are 
feasible to collect. The minimum standards of 
surgical record-keeping and handover protocols 
to the local healthcare system and between all 
healthcare workers involved in the patient’s man-
agement are available in the forms of various 
competency guidelines, and surgeons are advised 
to read them before deployment. 

 Surgical EMTs need to have a holistic per-
spective of the role they may play. The activities 
in the operating room/theatre (OT) are obviously 
important, but it is only one part of the system 
process that leads to a patient outcome. Once the 
patient leaves the OT, there must be services to 
assist the rehabilitation of the injured, such as 
physiotherapists. Surgeons working in the austere 
setting should have understanding of what goes 
on outside the OT, including cultural and gender 
issues, and take that into account when planning 
surgery. We must remember that we are guests 
and we must respect and work alongside and on 
request of our hosting colleagues. They will stay; 
we will not. If we do not apply a respectful atti-
tude, our good intended actions may turn out to 
hurt the patient more than it helps them.     
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         When one teaches, two learn
Robert A. Heinlein 

   Natural disasters have affected more than 200 mil-
lion people a year in the last 10 years [ 1 ]. The 
stages of a natural disaster have been defi ned in 
different ways by different agencies. The United 
Nations Educational, Scientifi c and Cultural 
Organization (UNESCO) names these stages as 
prevention, preparedness, response, and recovery 
[ 2 ]. In the UK, the Department for International 
Development (DFID) talks of context, disturbance, 
capacity to deal with disturbance, and reaction to 
the disturbance [ 3 ]. Perhaps the most frequently 
terminology used is as follows: preparedness, 
response, reconstruction, and mitigation [ 2 ]. 

 The effectiveness and speed of the initial 
response to a disaster are largely infl uenced by the 
degree of local preparedness and the physical, geo-
graphical, and economic challenges of the region 

[ 2 ]. Following the initial emergency response, the 
efforts for rebuilding and reconstruction begin. 
The lessons learned from the acute phase are 
noted during the mitigation phase in an effort to 
eliminate mistakes and better prepare for future 
disasters [ 2 ]. Thus, volunteer trauma care should 
be thought of as a number of stages leading to the 
“mitigation phase” which involves establishing 
effective continuity of care. It is this fi nal phase, 
continuity of care – or perhaps the lack of it – 
which often causes a barrage of criticism directed 
at international relief organizations and has lead 
many institutions to reconsider the approach to 
resilience and capacity building [ 1 – 3 ]. 

 During the response phase, the primary focus 
is on rescue and fi rst aid. This phase often involves 
national, international, and military organizations 
supplying relief and aid to the affected areas [ 1 ]. 
With respect to trauma care, the focus remains on 
rescue and treatment of acute injuries sustained 
in the natural disaster. This often occurs without 
access to medical infrastructure or appropriately 
trained personnel. The triage of injuries becomes 
paramount. Injuries largely dealt with are life and 
limb threatening and the treatment plan should be 
largely based on damage control principles. 

 As organizations assist with the response phase 
of disaster relief, the reconstruction phase becomes 
more urgent [ 2 ]. Some organizations begin to estab-
lish makeshift hospitals and treatment centers to 
deal with ongoing medical issues such as non-life-
threatening injuries and diseases related to lack of 
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clean water and sewage. In developed countries 
this phase may occur rapidly, but in a developing 
country, this process can take much longer [ 2 ]. 
International relief efforts generally work with local 
organizations to establish a working environment in 
order to meet on going healthcare needs with limited 
access to facilities and medical supplies. Volunteers 
and volunteer task forces must consider what effect 
any plans have on the local government, healthcare 
system, and any future disaster preparations [ 2 ]. 

 Although strategies such as the UN International 
Decade for Disaster Response [ 4 ], the Yokohama 
strategy [ 5 ], the HYOGO framework for action 
2005–2015 [ 6 ], and the work by the Pan American 
Health Organization [ 7 ], among others, have 
improved performance during the mitigation 
phase, questions remain as to the effectiveness of 
establishing continuity of medical and trauma care. 

 As humanitarian surgeons, we have been 
privileged to be allowed to volunteer in areas of 
great need, and we must ensure these are left in 
a better situation than the one we arrived to. By 
this stage, the world’s media has probably turned 
its attention to the next war or natural disaster. 
However, although less dramatic, this is the time 
when humanitarian organizations can have their 
greatest impact, by assisting the country’s capac-
ity to respond to the next disaster or  resilience . 

 In humanitarian work, resilience can be 
defi ned as “the ability of countries, communities 
and households to manage change by maintain-
ing or transforming living standards in the face 
of shocks or stresses without compromising their 
long term prospects”[ 3 ]. Resilience can be pro-
moted through improving training of medical 
and paramedical personnel, infrastructure devel-
opment, effective communication protocols, and 
interdisciplinary relations and networking. 

50.1     Education and Training 

 The World Health Organization (WHO) has 
reported that one of the greatest disease burdens 
among younger individuals is trauma and injury 
[ 8 ]. As the demand for and use of motor vehicles 
in the developing nations continues to increase, 
this burden will continue to rise. In East Africa, for 
example, without improved surgical services, up 
to 10 % of the population will die from trauma [ 9 ]. 

One barrier to preventing such a tragedy is the lack 
of trained medical professionals. While volunteer 
surgical teams can assist in the delivery of trauma 
care, especially in the face of a disaster, intermit-
tent and staggered surgical and acute care teams 
are insuffi cient to build local capacity and estab-
lish a legacy of improved healthcare delivery. To 
achieve the latter, cooperation must exist between 
local authorities and international organizations, 
and systems for training of local medical staff and 
personnel must be established (Fig.  50.1 ).

a

b

  Fig. 50.1    ( a ,  b ) Training of local staff       
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   In Haiti, there are very few orthopedic sur-
geons to service a population of 10.4 million 
people [ 10 ]. As in East Africa, recruitment and 
retention of junior surgeons are often diffi cult as 
they are attracted to higher-income employment 
opportunities [ 9 ]. Often the best surgical care is 
provided in private and nongovernment organi-
zation (NGO) hospitals [ 9 ]. While providing a 
service to the population, it is essential that these 
hospitals take more active leadership roles in 
promoting education and help to develop well-
trained surgeons. 

 The most direct way that surgical training and 
support can occur on the ground is with volun-
teers directly teaching local staff in the operat-
ing room [ 4 ,  11 ]. Local staff can also take part in 
courses, such as those offered by the International 
Committee of the Red Cross in areas of war and 
post-confl ict areas [ 9 ] or the Orthopedic Trauma 
Symposium in Haiti. These courses provide short 
duration but high impact teaching on a variety of 
skills. The next logical step to ensure capacity 
building and advancing care of trauma patients is 
establishing a curriculum that meets the needs of 

the local health staff (Fig.  50.2 ). One such pro-
gram is being actively developed in Haiti and is 
called the Orthopedic Trauma Care Specialist 
(OTCS) program for Haitian physicians [ 12 ]. 
This program aims to create surgeons for Haiti 
in cooperation with the local Haitian Orthopedic 
Societies. Participants do not graduate as tradi-
tional orthopedic surgeons capable of performing 
all orthopedic procedures. The focus is on recently 
graduated interns to become able to manage acute 
orthopedic injuries [ 12 ]. A 3-year program would 
offer a series of lectures, laboratories, and train-
ing in teaching skills, thereby creating the future 
trainers that are so needed in Haiti.

   When implementing such a program, levels 
of costs and benefi ts should be always exam-
ined. The OTCS program is projected to have a 
cost- effectiveness ratio of $133.97 per disability- 
adjusted life years (DALY) averted, well below 
the threshold for Haiti of an estimated $1200 per 
DALY [ 12 ]. Whether it is a short-term or a long- 
term educational programs and curricula, volun-
teering in trauma surgical teams should involve 
training of local future educators.  

  Fig. 50.2    Training of 
future trauma carers       
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50.2     Infrastructure 

 Volunteer trauma teams should be encouraged and 
challenged to promote local resilience and to leave 
a positive legacy. Often in a disaster, there is an 
immediate collapse of the public health infrastruc-
ture (Fig.  50.3 ). More people may die as a result of 
the ensuing chaos than from the disaster itself [ 10 ]. 
Medical facilities are frequently lacking, with poor 
working conditions as reported by the Ptolemy 
Project [ 13 ]. Volunteer trauma teams should liaise 
with local administrators to determine the local 
needs of the population. A very important contri-
bution may also be to engage in direct fundrais-
ing and grant applications to be used to improve 
local medical infrastructure [ 14 ]. Adequate facili-
ties will allow for continued delivery of care in 
the absence of volunteers, continued education 
and improved public health delivery to facilitate 
future projects. In addition to the immediate medi-
cal benefi ts of improved facilities, engaging local 
contractors and private sector and government 
agencies will foster shared responsibility and own-
ership of the new and improved facilities [ 1 ].

   The WHO recognized the importance of estab-
lishing appropriate health facilities in their posi-
tion paper from 2011. They urge the development 
of safe and prepared facilities built and located 
safely and for existing facilities to be examined 
for safety concerns and updated if required [ 15 ].  

50.3     Communication 

 Communication is a critical component to suc-
cess of volunteer trauma care [ 16 ]. In a disaster, 
communications are hampered initially by the 
effects of the disaster itself. However, commu-
nications between NGOs and agencies can also 
be affected negatively by perceived rivalries and 
lack of cooperation [ 16 ]. This is a hurdle that 
must be overcome in order to establish effective 
continuity of care of trauma patients. 

 In the initial response phase in Haiti, for exam-
ple, when relief workers and NGOs arrived, they 
assumed that the UN, who had been involved 
in Haiti for years prior to the 2010 earthquake, 
would have substantial information and data about 
existing infrastructure and operations [ 16 ]. Many 
assumed they would have access to the data and 
demographic information on health facilities and 
available systems. Instead there was a void of 
information, resulting in relief agencies starting 
the collection of data from the beginning [ 16 ]. 
This not only highlighted the importance of com-
munication in the effective delivery of an early 
response, but more importantly, it highlighted the 
need for an adequate system for sharing informa-
tion (Fig.  50.4 ). The rapid exchange of relevant 
information and data among agencies and organi-
zations is of critical importance [ 17 ]. Agencies and 
NGOs often conduct  reconnaissance  missions on 

  Fig. 50.3    A total loss 
of local infrastructure 
undermines local 
resilience       
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health facilities, water centers, etc., but the data is 
often not shared, resulting in a lack of coordina-
tion, duplication of services, and ineffi cient use of 
time [ 17 ]. Some relief databases have been created 
in an attempt to address this issue, but they have 
not been met with great success. For example, the 
UN’s established Relief Web has suffered from 
a lack of submissions from NGOs and academ-
ics [ 17 ]. This lack of data can not only lead to a 
reduced level of care but in fact hamper the deliv-
ery of care [ 18 ].

   Volunteer trauma missions should be will-
ing to share trauma databases and information. 
Sharing information will minimize redundancies 
and maximize the effi cient use of limited funds.  

50.4     Interdisciplinary 
Cooperation and Networking 

 Operating in isolation will not allow a volunteer 
medical project to be sustainable. Creating strategic 
relationships is an integral part of building the capac-
ity to ensure a positive legacy. The interdisciplin-
ary nature of this approach requires cross-sectional 
cooperation and interdisciplinary partnerships, in 
order to achieve maximal  benefi t [ 1 ] (Fig.  50.5 ). 
Creating an adequate trauma care infrastructure 
and educational opportunities cannot take place in 
a vacuum. All stakeholders must be involved in the 
process of attempting to advance local healthcare 
delivery. It is necessary to integrate government 

  Fig. 50.4    International 
teams must establish 
effective communication 
systems between 
agencies and with local 
offi cials       

  Fig. 50.5    Interdisciplinary cooperation and networking       
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departments, private sector investors, contractors, 
small business, healthcare administrators, uni-
versity administrators, and national/international 
support agencies to create a shared framework 
and responsibility [ 1 ]. There is often the criticism 
that volunteer missions implement their strategy 
without the transfer of knowledge or the consider-
ation of the local management skills or strategies 
[ 1 ]. The WHO suggests that in order to strengthen 
the role of local healthcare authorities, these must 
be provided with leadership roles and access to 
resources and enhanced training and planning [ 15 ]. 
Communities and local and national governments 
are empowered at all levels by their involvement in 
the development of a sustainable effort and process. 
The UN, recognizing the importance of sociopo-
litical relationships in order to achieve a sustainable 
approach to relief and development, has suggested 
several guidelines, many of which emphasize the 
importance of capacity building within local com-
munities and governments [ 1 ].

50.5        Economics of Building 
a Legacy in Trauma Care 

 Surgical disease has not been a main focus for aid 
or political attention in developing countries. Yet 
surgical conditions often lead to permanent dis-
ability or death and contribute to the economic bur-
den of illness of any country. Four major types of 
surgery have been identifi ed as critical for saving 
lives: trauma, obstetrics, acute abdominal surgery 
(e.g., appendicitis), and elective care for relatively 
simple procedures (e.g., cleft lip repair) [ 19 ]. There 
is an abundance of evidence suggesting that pro-
viding surgical care is cost- effective by limiting the 
disability of surgical conditions such as trauma. 

 Given that treating surgical injuries and dis-
eases can be cost-effective lifesaving measures 
in developing countries, one must consider how 
the economics of these programs can assist in 
developing resilience and legacy building. The 
answer to this lies in the cost-effective analysis 
of  training local medical professionals to treat 
injuries surgically. As previously mentioned the 
benefi ts of this have been suggested in a cost- 
effective analysis of a new orthopedic surgical 
residency training program for Haiti OTCS [ 12 ].  

50.6     A Case Study: Team Broken 
Earth-Project Medishare 

 Haiti’s health indicators published by the WHO 
are alarming [ 20 ]. Medecins Sans Frontieres 
(MSF) has reported that Haiti has a public health 
crisis [ 21 ]. One of the notable issues contribut-
ing to the crisis is the insuffi ciency of numbers 
of trained medical professionals, and the weak-
nesses in the training programs that exist, with 
only 25 doctors per 100,000 people [ 22 ]. 

 The current mission of Project Medishare [ 14 ] 
and Team Broken Earth is to train physicians, 
nurses, and allied healthcare professionals in the 
proper medical procedures for trauma, critical 
care, and rehabilitation in order to provide services 
on par with the World Health Organization (WHO) 
critical care standards in Haiti [ 20 ]. These specially 
trained personnel are expected to become leaders 
in their fi eld and will proceed to train and instruct 
the next generation of healthcare providers. 

 Team Broken Earth was founded following 
the 2010 earthquake with the intention to provide 
a fully self-contained multidisciplinary team to 
provide medical aid in a hospital setting. The con-
cept was to provide a team of nurses and doctors 
in fi elds including ICU, family practice, pediatrics, 
emergency medicine, internal medicine, surgery, 
orthopedic surgery, plastic surgery, anesthesia, and 
rehabilitation medicine. Since its inaugural trip, 
multiple full teams from across Canada, with 26–30 
professionals per team, have traveled and worked in 
one of the few trauma critical care hospitals in Port-
au-Prince. With the support initially of Memorial 
University and now other Canadian medical 
schools  residents have become key team members, 
highlighting bi-directional clinical service  learning. 

 Each team has four distinct tasks: to help 
local staff provide care to the patients of Port-
au- Prince; to provide education to local staff; 
to work with them to develop safer policies, 
 protocols, and procedures; and fi nally to provide 
resources to improve facilities within the hospital 
infrastructure. 

 Education remains one of the key mandates for 
every team. Team members are involved with work-
ing closely with local staff to ensure that practical 
skills are passed on to them through each proce-
dure and facet of patient care. Training takes place 
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through a series of lectures on a variety of topics in 
trauma and acute pediatric care. In addition the team 
has provided local simulation training for emer-
gency situations and an orthopedic lecture series. 

 The team has secured funds to build new infra-
structure and water treatment facilities on site. The 
team sits on the administrative board of the hos-
pital working with local administration and staff 
to establish working guidelines and a common 
approach to fundraising, grant writing, and pro-
gram management. Information and data are also 
shared with multiple agencies. The team has devel-
oped and maintained close relationships with local 
universities and the Ministry of Health to ensure 
it is providing a desired partnership that is being 
delivered in a way that is mutually benefi cial. 

 Beyond direct patient care, the most signifi -
cant contribution has been teaching and training. 
Team Broken Earth works with the local doctors 
and nurses to build their capacity and expertise 
to deal safely and effectively with patients who 
require major medical and surgical care. The 
management of logistics is also vitally important. 
Each team must ensure maximum effectiveness 
and effi ciency but also safety and security.  

    Conclusion 

 When considering the delivery of volun-
teer trauma care in austere environments, 
it is essential that more than the immediate 
needs following a disaster are planned for. 
Humanitarian organizations must develop a 
plan to build local capacity and resilience. 

 Education and training, infrastructure, 
economics, communications, and interdis-
ciplinary relations should all be considered. 
Employing this framework will allow for 
effective continuity of care of trauma patients 
and ensure a positive legacy.     
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      Telemedicine and Smartphones: 
Is There a Role for Technology 
in the Austere Environment?                     

     Brian     P.     Cunningham       and     Breanna     Bolley    

       Mobile phones are the most ubiquitous type of 
equipment in the world [ 1 ], and smartphones are 
on pace to be the most rapid adoption of tech-
nology ever [ 2 ]. There are currently more cell 
phones in the world than people, and the latest 
statistics from the UN annual report support what 
has been a decade-long revolution (Fig.  51.1 ). 
The driving force for the continued growth in 
the number of cellular phones is the developing 
world. Recent reports illustrate the trend as the 
worldwide market begins to saturate the demand 
for mobile devices has fallen to record lows in 
both developed countries 4 % and developing 
counties 6 % [ 3 ]. The cellular divide between the 
developed and developing world has shrunken. 
77 % of all devices are in the developing world 
[ 3 ]. Other reports show that mobile penetration 
rates in Africa, Asia-Pacifi c, and Latin America 
are expected to reach 82 %, 98 %, and 120 %, 
respectively, in 2014 [ 4 ]. Cisco reports worldwide 
48 million people without electricity and landline 
Internet access have a mobile phone, showing 

that mobile use outpaces basic infrastructure in 
many rural and developing areas [ 5 ]. An example 
of this is seen in Senegal, who has been classi-
fi ed in the category of least developed country 
(LDC). The 48 countries that compose the LDCs 
comprise more than 880 million people (about 
12 % of world population), but account for less 
than 2 % of world GDP and about 1 % of global 
trade in goods [ 3 ]. Senegal recently reported that 
mobile penetration in the country has passed the 
88 % mark with more than 10 million devices [ 6 ].

   While a growing majority of the world has 
access to a mobile phone, smartphones make up 
only 15 % of the global market [ 7 ]. Although 
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technological advances in hardware often occur 
in developed countries, advances in software are 
more widespread [ 1 ]. A number of software plat-
forms have been developed to close this gap such 
as biNu, a platform that allows those with fea-
ture phones to have a smartphone-like experience 
through cloud-based apps and services, provid-
ing them with immediate access to e-mail, news, 
books, health information, and social features. 

 The proliferation of broadband Internet has 
been seen a more traditional spread across the 
Atlantic. The classic barriers to stand-alone 
Internet connection have slowed the penetra-
tion into resource-limited areas secondary to a 
lack of infrastructure and logistical challenges 
associated with large land areas with well-
dispersed small populations. Current estimates 
show that 39 % of the world’s population has 
Internet access with large discrepancies existing 
between demonstrated by the 77 % of the devel-
oped world compared to 31 % of the developing 
world with Internet access [ 3 ]. The development 
of 3G wireless Internet has dramatically changed 
the landscape in resource poor countries. Let 
us use Senegal again as an example where the 
country had 528,358 Internet subscribers by the 
end of June this year – most of them using 3G 
accounts. There were 375,556 mobile Internet 
users, and 95,412 people were connected to DSL 

lines [ 8 ]. Both the number of fi xed and mobile 
broadband subscriptions in developing countries 
surpassed those in developed countries, but pen-
etration rates in the developing world continue 
to lag behind comparing 27 % and 75 % in the 
developed world versus 6 % for fi xed and 20 % 
for mobile broadband subscriptions in the devel-
oping world. While the proliferation of high-
speed Internet continues to make inroads into 
the developing world, some areas continue to 
remain isolated like sub-Saharan Africa where 
the broadband penetration is below 1 % [ 3 ]. 

51.1     Application 

 The potential for the use of mHealth and tele-
medicine for orthopedic care of patients in the 
developing world is extensive, although largely 
untested and extrapolated from other medical 
specialties and resource settings (Table  51.1 ). The 
introduction and application of clinical decision 
support via multimedia or interactive discussion 
with a remote expert demand much more than 
technology. The success of this process depends 
on the integration of the system into the envi-
ronment and society of the geographic location 
where it is being implemented. This integration 
process quickly becomes more important than 

   Table 51.1    Terminology appendix   

 Telemedicine: Evolved over the last two decades from essentially video conferencing to smartphone application 
and cloud-based software on mobile or fi xed devices. For the purposes of this article, we defi ne telemedicine as the 
utilization of information and communications technology to provide medical services between patients and 
providers separated by a geographic distance 

 mHealth: Although there is no uniform defi nition of “mHealth,” the term generally connotes mobile health as 
medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring devices, 
personal digital assistants (PDAs), and other wireless devices; mHealth involves the use and capitalization on a 
mobile phone’s core utility of voice and short messaging service (SMS) as well as more complex functionalities 
and applications including general packet radio service (PRS), third- and fourth-generation mobile 
telecommunications (3G and 4G systems), global positioning system (GPS), and Bluetooth technology 

 eHealth: eHealth covers all uses of network-based information and communication technology to promote longer, 
healthier lives 

 Informational privacy: an individual’s right to control the acquisition, use, and disclosure of identifi able health data 

 Confi dentiality: refers to the obligations of those persons who receive mHealth data to preserve secrecy of 
information entrusted to them and use it only as instructed by the patient and/or as necessary to provide the services 
for which the patient entrusted the information to this person 

 Information security: physical, technological, or administrative safeguards or tools used to protect identifi able 
health data from unwarranted access or disclosure, including security of wireless networks, security of devices, 
application security, back-end systems security, and secure user practices 
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the technology or infrastructure available. Once 
the environmental and societal barriers have been 
overcome, the potential applications broadly fall 
under one of three categories: clinical decision-
making, follow-up, and research. Each category 
will be briefl y discussed with case examples used 
to illustrate key points.

   Clinical decision-making is a collection of 
information from a patient history, a physician’s 
personal experience, and resources available to 
improve or augment this experience. A portion of 
the available resources include a personal network 
of contacts that a clinician can access when the 
diagnosis and management of cases exceeds the 
breadth of their own knowledge and experience. 
However, personal networks are not always suffi -
cient and have shown many limitations in practice 
[ 9 ]. Telemedicine networks provide access to a 
wider range of contacts and expertise, not readily 
available in a personal network, and this is par-
ticularly useful for rural or resource-challenged 
environments. Some argue that telemedicine is 
becoming a key aspect of providing expert sub-
specialty medical care in remote settings. The 
most basic form of this kind of resource realloca-
tion of expertise is the transmission of radiographs 
and clinical pictures. While digitized radiographs 
have been reported to have better image transmis-
sion, digital pictures of x-rays were still found 
to have a sensitivity and specifi city of 83 % and 
80 %, respectively, for fracture diagnosis [ 10 ]. 

 Clinical photographs have also been use-
ful in the evaluation of upper extremity trauma, 
allowing more detailed evaluations and reliable 
treatment plans [ 11 ,  12 ]. Previous studies have 
validated the use of telemedicine consultation in 
the fi eld of orthopedic surgery including a recent 
report from the US Army. This study reviewed a 
newly established program consisting of e-mail 
consultations from deployed health-care provid-
ers to subspecialty consultants. A total of 208 
consults were reviewed from Iraq, Afghanistan, 
and Navy medical ships. Of the 170 consults 
requesting specifi c treatment recommendations 
for patients who likely would have been evacu-
ated for further evaluation, surgical intervention 
or medical evacuation was only recommended in 
25 % and 16 % of the consultations, respectively. 
The authors concluded that deployed health-care 
providers located in austere combat environ-
ments can better determine both the necessity of 
medical evacuation and appropriate treatments 
for service members with musculoskeletal inju-
ries when aided by orthopedic surgery consul-
tants, thereby limiting the number of unnecessary 
medical evacuations [ 13 ] (Fig.  51.2 ).

   Numerous questions remain regarding the util-
ity and application of telemedicine to orthopedic 
surgery in the developing world. One recent study 
supported and highlighted the potential benefi t 
of telemedicine network in an austere environ-
ment. According to the International Monetary 
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Fund (IMF), Djibouti is one of the most poverty-
stricken places in Africa, with an unemployment 
rate estimated to be over 60 %. There is no pedi-
atric orthopedic department, and when pediatric 
cases arrive, they are either transferred to another 
country, to a specialized mission team brought in 
for treatment, or a local orthopedic surgeon man-
ages the patient. 

 The extreme poverty of part of the population 
of Djibouti often precludes the fi rst two options. 
A recent study examined 48 consecutive tele-
medicine consultations for 39 pediatric orthope-
dic patients. The results were very encouraging, 
with the diagnostic question resolved in 90 % of 
cases. Advice from the expert modifi ed the man-
agement in 37 (77 %) consultations. Overall, a 
change in surgical indication was seen in 18 
cases, the surgical technique in 13 cases, and 
both in six cases. The authors concluded that this 
study established the feasibility and usefulness 
of pediatric orthopedic telemedicine consulta-
tions in Djibouti [ 14 ]. Certainly the evidence is 
not overwhelming; however, there is growing 
optimism that with the ubiquity of cellular tech-
nology and 3G wireless networks, the ability to 
implement telemedicine programs will become 
less resource intense and benefi ts to improve 
patient more predicable. 

 Clinical follow-up remains challenging in all 
surgical fi elds particularly in low-income settings 
or communities without infrastructure to facili-
tate transportation. The setting in developing 
world is often the most challenging environment 
that providers face. Patients often have to travel 
hundreds of miles where there is little transpor-
tation available, typically supported by local or 
national governmental services. The ability to 
provide clinical follow-up in a patient’s local 
environment at the lowest possible cost would be 
transformational for the care of surgical patients 
in the developing world. 

 A recent study in Ecuador developed a mobile 
phone-based program as a method of delivering 
post-hospitalization care. Over a 1-month period, 
32 patients were enrolled and corresponded with 
a nurse via text messaging or phone calls. 99 % 
of eligible patients participated and nurses com-
pleted 262 contacts with 32 patients, clarifying 

discharge instructions, providing preventive edu-
cation, and facilitating clinic appointments. By 
this method, 87 % of patients were successfully 
linked to follow-up appointments. The authors 
concluded that “high levels of patient participa-
tion and successful delivery of follow-up services 
indicate the mobile phone program’s acceptabil-
ity and feasibility” [ 15 ]. 

 Another application for mHealth in the devel-
oping world is recruitment and human resources. 
A recent study evaluated the effectiveness of using 
text messages in the “Smile for You” campaign to 
provide cleft palate surgery for children in South 
Africa. A free text message was sent which said 
“Please Call Me,” to identify potential candidates 
for this free care. The results lead to phone and 
text message inquiries rising tenfold, and 42 chil-
dren were identifi ed for surgery – more than three 
times the number identifi ed during a traditional 
media campaign lasting 6 weeks [ 16 ]. 

 Other studies have also found promising 
results utilizing mHealth techniques of text 
message reminders and patient communication 
specifi cally citing “signifi cant improvements in 
compliance with medicine taking, asthma symp-
toms, HbA1C, stress levels, smoking quit rates, 
and self-effi cacy [ 17 ]”. Many of these studies 
show promise; however, they are not directly 
related to orthopedic surgery. Recently, more 
promising data has been generated examin-
ing follow-up for the treatment of nonunions, a 
particularly demanding condition regardless of 
resource setting. 

 Circular frame treatment for limb reconstruc-
tion involves repeated follow-up visits, and a 
substantial number of these appointments are 
for pin site review only. A small study out of the 
UK enrolled fi ve patients who have had their pin 
sites reviewed remotely using this method. The 
authors concluded that patients have expressed 
a high level of satisfaction and that these early 
results are encouraging [ 18 ]. The potential for 
exclusively utilizing electronic based follow-up, 
such as text messaging and clinical photographs 
or video, appears to be both feasible and effec-
tive. The system, however, has yet to be thor-
oughly validated in the developing world setting 
looking exclusively at orthopedic patients. 
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 Research in the developing world has a 
 number of unique challenges including poor 
follow-up rates, challenges identifying patients, 
and the acquisition of meaningful outcome data. 
Probably the best example of the power of tech-
nology in the developing world is the Surgical 
Implant Generation Network outcome network. 
This system has been utilized to track almost 
35,000 long bone fractures worldwide. The data-
base is called SIGN Online Surgical Database 
(SOSD). This system can be utilized with mobile 
technology updating data fi elds and uploading 
clinical and radiographic images. While currently 
no mobile application exist, the rapid expansion 
of 3G wireless technology has improved access 
for clinicians and decreased upload times [ 19 ]. 

 This database provides basic information for 
demographic and fracture characteristics, but the 
clinical outcomes are challenging to extrapolate. 
A recent study evaluated conducting validated 
clinical outcome surveys over a free software 
platform called Skype. Following Microsoft 
acquisition in 2011, Skype has surged to more 
than 300 million users worldwide through 
phones, computers, and tablets. A recent group 
in Ireland prospectively reviewed all acromiocla-
vicular joint hook plates for lateral- third clavicle 
fractures over a 5-year period. Functional assess-
ment with Oxford and Constant Shoulder Scores 
were carried out using Skype. 

 When compared to outpatient scores taken in 
offi ce, the results were not clinically signifi cant, 
confi rming that Skype can be used as an alternative 
to goniometry in this clinical setting. Patients also 
preferred the use of Skype for follow-up, mainly 
due to the convenience and cost saving involved. 
The authors concluded that this study demonstrates 
the potential for this new technique in providing 
patients with more options for follow-up [ 20 ].  

51.2     Privacy and Confi dentiality 

 Protection of health information is often cited 
as a concern for the utilization of technology for 
health care in the developing world. Certainly in 
the United States, most of the population has an 
understanding of HIPAA (the Health Insurance 

Portability and Accountability Act of 1996) and 
the broad sweeping ramifi cation related to the 
protection of personal health information. The 
developing world has variable standards on the 
protection of health information from country to 
country and even among various local areas [ 21 ]. 
This typically is a synthesis of a number of dif-
ferent inputs, most commonly from the culture 
of a specifi c area, the legal system that governs 
that area and the specifi c technology in question 
(Fig.  51.3 ).

   It is also important to understand that mobile 
security is itself a layered issue. There is security 
at the level of the application, the mobile operat-
ing software, the hardware device, the wireless 
network, and the wireless carrier, not to mention 
the servers that transmit, process, and store the 
data and the security practices of the mobile phone 
users themselves (e.g., setting strong passwords, 
storing the phone securely). Deciding where to 
place the obligation to maintain adequate security 
is a complex question. There are security options 
available at each of the layers shown below, 
including secure networks for transmission of 
data at the server and  network level, encryp-
tion and password protection at the device level, 

  Fig. 51.3    Framework to develop privacy standards for 
mHealth in the developing world. The development of 
standards for privacy, particularly with an unregulated 
entity like mHealth, varies widely between countries in 
the developing world; however, they consistently are 
developed from three core components       
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 fi rewalls and access controls at the operating soft-
ware level, and secure transmission and limited 
access to other functions of the mobile device at 
the application level [ 22 ] (Fig.  51.4 ).

   Ironically the perception is that the utilization 
of information technology to improve the deliv-
ery of care in the developing world is assumed to 
increase the risk of a breach in confi dential health 
information or lapse in patient privacy. A recent 
study from Pakistan suggested that this might not 
be the case. The principles of informed consent, 
confi dentiality, and privacy are often neglected 
during patient care in developing countries. 
Humayun et al. prospectively studied the degree 
to which physicians met common standard in 
patient privacy, confi dentiality, and informed 
consent at a large public hospital in Pakistan. 

 Some degree of informed consent was 
obtained from only 9.7 % patients in the public 
hospital, and confi dentiality was maintained only 
in 10.8 %. Informed consent and confi dentiality 
were better practiced in the private compared to 
the public hospital ( p -value < 0.05) [ 23 ]. Without 
question that application of new technology will 
demand careful attention and analysis, however 
the perception of increased patient vulnerability 
may not refl ect the reality of a carefully imple-
mented system.  

51.3     Future Directions 

 The question of whether mobile technology and 
telemedicine can be utilized to improve ortho-
pedic care in the developing world has rapidly 
transitioned to the question of how best to imple-
ment solutions. The rapid expansion of wireless 
connectivity, cloud data storage solution, and the 
mobile/smartphone revolution has dramatically 
closed the digital divide between the developed 
world and the developing world. Over 90 % of 
the world’s population lives within 2G wireless 
network area [ 24 ]. As the technology becomes 
more ubiquitous, the barriers transition from 
technical to cultural. While quality data does not 
exist in the orthopedic literature, evidence con-
tinues to mount from other specialties. One high-
quality trial has reported increased adherence 
to malaria treatment guidelines by health-care 
workers in Kenya [ 25 ]. However, the evidence 
from controlled trials to date is mostly from 
high-income countries where the control group 
“standard care” may be very different to “stan-
dard care” available in low- or middle-income 
countries [ 26 ,  27 ]. 

 Mobile technology-based diagnosis and 
management support may be most relevant to 
health-care providers in developing countries. 
Mobile phones allow the potential for remote 
follow-up, clinical support, and evidence-based 
guidance to be delivered to health-care profes-
sionals working remotely and in circumstances 
where senior health-care professional support 
or other infrastructure is lacking. The solutions 
are not obvious at this point; however, we must 
remember the advice of Albert Einstein, “The 
world we have made as a result of the level of 
thinking we have done thus far, creates prob-
lems we cannot solve at the same level of think-
ing at which we created them.” Telemedicine 
and mHealth will be the future of health care in 
the developing world, and exactly how the solu-
tions are developed and implemented remains 
to be seen.     

APPLICATION

OS

DEVICE

NETWORK

SERVER

  Fig. 51.4    The security that protects mHealth information 
has built in multiplicity that creates levels of security with 
overlapping layers of responsibilities with the end result 
of a fairly sophisticated system often more secure than 
paper charts in an offi ce       
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      Military Orthopedic Trauma 
Experience: Civilian Applications 
in an Austere Environment                     

     Tad     L.     Gerlinger     

       US military forces have been engaged in combat 
operations in Afghanistan, Iraq, and Africa since 
2001. These forces have experienced penetrating, 
blast, and burn injuries from modern and impro-
vised weapons, resulting in very severe injuries. 
Advances in military medicine have improved 
survival rates to the highest level ever attained, 
but this has subsequently presented unique chal-
lenges in reconstructive and rehabilitative care. 
These lessons learned can be applied to the 
care of civilian casualties in war zones, natural 
disasters, and the austere environments of devel-
oping countries (Fig.  52.1 ). Civilian providers 
employed in these environments can now benefi t 
from the wealth of severe trauma experience of 
military orthopedic surgeons.

52.1       Data Collection Systems 

 In order to develop a list of lessons learned, and 
to develop evidence-based treatment protocols 
with regard to the care of those injured in war and 
disaster, it is essential to fi rst collect data and then 
analyze it. Unfortunately, the nature of disasters 
and wartime health care is frequently not ame-
nable to continuity of patient care and standard 

data gathering. Surgeons are frequently tempo-
rary volunteers and patient follow-up is unreli-
able. Most scientifi c reports are epidemiologic in 
nature, and case examples prevail for treatment 
papers. Very little outcomes research is reported 
and it is almost entirely short term. 

 The US military employs several data collec-
tion tools. The Department of Defense Trauma 
Registry, Armed Forces Medical Examiner data 
set, Department of Defense Medical Metrics (M2) 
database, Military Orthopaedic Trauma Registry 
(MOTR) based at Brooke Army Medical Center, 
and the US Army Institute of Surgical Research’s 
Joint Theater Trauma Registry (JTTR) are some-
what overlapping databases that have allowed 
analysis of illness, wounding patterns, injuries, 
and outcomes. Of these, MOTR is specifi c to 
orthopedic injuries, procedures, and outcomes 
and has led to sound science in the treatment of 
extremity war trauma [ 1 ]. 

 Employment of these data collection tools 
and the development of registries to specifi cally 
track extremity trauma, treatment, and outcomes 
is potentially the greatest lesson learned from the 
military. Surgeons are obligated to log and track 
patients and their injuries to ensure the greatest 
quality of care through evidence-based medi-
cine. The advent of handheld electronic devices 
and user-friendly database software has made 
this signifi cantly easier; however, it still requires 
dedication on the part of the medical team and 
leadership emphasis on its importance.  

        T.  L.   Gerlinger ,  MD      
  Department of Orthopaedic Surgery , 
 Rush University Medical Center ,   Chicago ,  IL ,  USA   
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52.2     Damage Control 
Orthopedics 

 Damage control orthopedics, to include early 
debridement, external fi xation, and evacua-
tion for defi nitive care, has successfully been 
employed and studied by military surgeons in the 
recent confl icts. Debridement is the most basic 
of surgical techniques in dealing with traumatic 
wounds. However, it is diffi cult to quantify, 
study, and teach. 

 Animal models have been developed to study 
the effects of  early debridement, irrigation, and 
antibiotic administration in open wounds . Studies 
using these models have demonstrated the effec-
tiveness of this technique and validated the 
necessity of the basic concepts of early surgical 
debridement of wounds [ 2 ,  3 ]. Further research 
has demonstrated the deleterious effects of high- 
pressure irrigation on traumatic, contaminated 
wounds. This has been further evaluated with ani-
mal studies verifying these results and suggesting 
that low-pressure irrigation with basic cystoscopy 
tubing is less likely to create a rebound effect 
in the bacterial presence in wounds that sees 
a delayed increase in wound bacterial colony 
counts after higher-pressure irrigation [ 4 – 6 ]. 

 The  biomarkers  procalcitonin and cytokine 
have been identifi ed as potentially helping deter-
mine the timing of defi nitive wound closure [ 7 ]. 
Although not likely available in the austere envi-
ronment, advances in technology may someday 
allow for handheld blood analysis devices to 
assist with the determination of when traumatic 
wounds may be optimally closed. 

  External fi xation  has long been employed in 
the treatment of extremity trauma and fracture 
care. Some controversy exists in the austere 
environment employment of these devices, and 
data from the wartime use of temporary external 
fi xation in damage control has been evaluated. It 
appears that temporary external fi xation is safe to 
utilize in the combat environment and may likely 
be safely applied in many austere environments 
[ 8 ] (Fig.  52.2 ).

    Fasciotomy  for the prophylactic and thera-
peutic treatment of leg compartment syndrome 
in extremity trauma is a mainstay of military 
orthopedics. Decompression of damaged muscle 
compartments, with or without fracture, by fasci-
otomy prevents progression of soft tissue injury 
in these high-energy trauma wounds (Fig.  52.3 ). 
This treatment is the standard of care in civilian 
trauma as well as combat settings.

  Fig. 52.1    Land mine 
injury to the lower 
extremity       
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   The use of either single- or double-incision 
fasciotomy of the foot for prophylactic treat-
ment of foot compartment syndrome is con-
troversial and has been evaluated by military 
surgeons in the recent confl icts. It appears that 
foot fasciotomy is benefi cial in the face of 
major combat trauma to the foot with severe 
swelling and unremitting pain. Prophylactic 

fasciotomy of the foot in this setting is con-
troversial, and the data remains inconclusive 
as to its safety and effi cacy in preventing mor-
bidity. The recommendation is that prophylac-
tic fasciotomy of the foot be performed on a 
case by case basis, depending on factors that 
include access to continued care and defi nitive 
surgery [ 9 ]. 

  Fig. 52.2    External fi xa-
tion for a supracondylar 
femur fracture due to a 
Gun Shot Wound (GSW)       

  Fig. 52.3    Lower 
extremity fasciotomy       
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 Thigh compartment syndrome is reported to 
have a signifi cant mortality in the civilian lit-
erature, which is likely related to the associated 
injury patterns and not simply due to the compart-
ment syndrome in isolation. Thigh compartment 
syndromes, as reported in combat casualties, 
carried signifi cant morbidity which is consistent 
with that reported in civilian trauma publications 
and appears to confi rm the signifi cance of this 
injury [ 10 ]. The experience of military surgeons 
confi rms that a high index of suspicion should 
remain for the development of compartment 
syndrome in the combat casualty with extrem-
ity trauma. Similar experiences can be expected 
by surgeons serving in the austere environment 
treating high-energy extremity trauma. 

 Military surgeons have extensively used  nega-
tive pressure wound dressings  in the treatment 
of combat wounds since their advent. Combat 
wounds routinely see early debridement, extrem-
ity stabilization through external fi xation, and the 
application of negative pressure wound dressings. 
Military studies of this treatment protocol sug-
gest that this early application on open combat 
wounds reduces subsequent treatment complica-
tions and may lower the rate of infection [ 11 ,  12 ]. 

 Evacuation of casualties according to a theater 
evacuation policy optimizes return to duty for 
service members and facilitates effi cient com-
bat casualty care. Personnel requiring care that 
prevents them from effectively returning to their 
units for duty are evacuated to the level of care 
required to defi nitively care for their injuries. 
The safety of the temporary external fi xation and 
negative pressure wound dressings used in dam-
age control, during aeromedical evacuation, has 
been drawn into question. Furthermore, concern 
for the effects of altitude on the development of 
compartment syndrome has been raised. Military 
studies demonstrate that negative pressure dress-
ings may be safely used in fl ight and that they do 
not appear to harm wounds [ 13 ,  14 ]. Furthermore, 
three animal studies conducted by military 
researchers demonstrated that altitude may sub-
tly affect muscle physiology; however, there is no 
evidence that it causes compartment syndrome in 
injured or uninjured muscle [ 15 – 17 ].  

52.3     Defi nitive Care 

 The improvements in combat casualty care and 
early medical evacuation have led to increased 
survivability. Military orthopedic surgeons have 
been faced with signifi cant reconstructive chal-
lenges as a result. These challenges include timing 
of defi nitive care, management of bone loss, effec-
tive antibiotic treatment, and decisions regarding 
limb salvage versus amputation [ 18 ]. Level one 
and two data on the timing of soft tissue cover-
age for extremity wounds are lacking; however, 
guidelines have been developed based on military 
and civilian trauma data from the best information 
available. With 15 % of military combat extrem-
ity wounds developing osteomyelitis, aggressive 
management is required. The guidelines suggest 
that early debridement, application of antibiotic- 
impregnated materials, and administration of 
antibiotics to include gram-negative coverage, as 
well as early soft tissue coverage, are benefi cial 
for these high-energy extremity injuries [ 19 ]. It is 
reasonable to assume that the experience of sur-
geons in the austere environment will be similar. 

  Bone loss  is a signifi cant challenge in the limb 
reconstruction of combat casualties and is a deter-
mining factor in the decision of limb salvage versus 
amputation (Fig.  52.4 ). Bone transport, segmental 
grafting, and biomaterial application are treat-
ment options, all with unique risks and benefi ts. 
Bone transport is a challenging, resource intense 
process that requires a surgeon experienced in the 
technique, a medical system able to support this 
treatment, frequent and reliable patient follow-
up, and continuity of care. Although employed 
at some tertiary military treatment facilities, this 
technique may be diffi cult to safely employ in the 
austere environment with its limited resources and 
challenges in continuity of care [ 20 ,  21 ].

   Standard bone-grafting techniques, as well as 
the use of biomaterials, are also options and all 
have been collectively discussed in the military’s 
experience with limb salvage after combat trauma, 
the Military Extremity Trauma Amputation/
Limb Salvage (METALS) study [ 21 ]. Most 
importantly, the METALS study  suggests that 
better functional outcomes are achieved through 
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amputation rather than limb salvage. Although 
the study had a limited response rate that may 
imply bias, patients undergoing amputation 
had higher Short Musculoskeletal Functional 
Assessment (SMFA) scores in all domains and 
lesser incidence of post-traumatic stress disor-
der (PTSD) and were more likely to be involved 
in sports activities [ 21 ]. The recent develop-
ment of sophisticated lower extremity braces 
may impact the decision for limb salvage. The 
Intrepid Dynamic Exoskeletal Orthosis (IDEO), 
when used with a comprehensive return to run 
(RTR) clinical pathway, may improve functional 
outcomes and physical performance and decrease 
pain [ 22 ]. Furthermore, use of the RTR clinical 
pathway was responsible for allowing 19.5 % 
of wounded soldiers to return to a high enough 
functional level to deploy overseas [ 23 ]. 

 Management of segmental bone loss contin-
ues to be a focus of military extremity trauma 
research. The ideal material to use in these inju-
ries will facilitate limb salvage and would be 
effective in a contaminated wound. These stud-
ies are ongoing, and the ideal material has not 
been identifi ed. Surgeons in the austere environ-
ment need to consider many factors to include 
 effi ciency of resources, continuity of care, access 

to prostheses, and societal and cultural factors 
when deciding limb salvage and amputation.  

52.4     Antibiotic Management 

  Acinetobacter  took an early center stage as the 
pathogen of concern in the recent confl icts. 
Subsequent research revealed that the multidrug 
resistant organism might have been a result of 
broad-spectrum antibiotic treatment and nosoco-
mial transmission in the combat wounded [ 24 ]. 
Military experts now recommend that early treat-
ment consists of standard antibiotic coverage 
for extremity wounds and that late infections be 
treated based on culture-driven coverage. Infection 
control remains important during the care of the 
combat casualty, and the use of  indiscriminate 
broad-spectrum antibiotics is discouraged  [ 19 ].  

52.5     Amputee Care 

 Lower extremity amputation has long been associ-
ated with combat trauma (Fig.  52.5 ). Optimizing 
function of lower extremity amputations is multi-
factorial and remains a focus of study in  warrior 

  Fig. 52.4    High-velocity 
GSW resulting in seg-
mental bone loss       
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care. Stabilizing the residual fi bula through the 
use of a bridging synostosis to the tibia, the Ertl 
technique, has been studied in the contempo-
rary care of the military amputee. Comparing 
amputees who received a bridge synostosis with 
those treated with non-bone- bridging transtibial 
combat-related amputations, there appears to be 
no difference in functional outcomes [ 25 ]. The 
results in the young, active- duty military popu-
lation managed with transtibial amputation may 
assist surgeons in the austere environment when 
caring for a similar patient population.

   Reoperation rates were also studied in the 
care of the combat lower extremity amputee. It 
appears that the need to treat urgent surgical com-
plications in the combat-wounded amputee was 
similar to previous reports evaluating trauma- 
related amputations. Furthermore, patients with 
symptomatic amputations can expect a decrease 
in pain and improvement in ambulatory status 
when treated surgically [ 26 ]. The decision for 
amputation in severe hindfoot injuries as a result 
of combat trauma is a diffi cult. When comparing 
hindfoot reconstruction or ankle fusion to trans-
tibial amputation, military researchers found that 
return to function rates appeared better in the 
reconstruction and fusion patients. The data also 
suggested that this group had more psychiatric 

conditions and that both groups had relatively 
poor return to military duty [ 27 ]. 

 Fluid collections or seromas can represent a 
treatment dilemma in the care of combat-related 
amputations. Military surgeons studying this con-
dition reported that these fl uid collections in the 
immediate postoperative period became smaller 
and less frequent over time. Their recommenda-
tions were that amputations not presenting with 
erythema or wound drainage had little indication 
for surgical treatment and that imaging is likely 
unnecessary [ 28 ].  

52.6     Heterotopic Ossifi cation 

 Heterotopic ossifi cation (HO) is commonly seen 
in the high-energy combat wound, presenting in 
64 % of casualties. It is defi ned as the formation 
of mature lamellar bone in nonosseous tissue. 
The residual limbs of military amputees see a 
high incidence of HO, and military surgeons are 
presented with decreased function and increased 
disability in these patients. It is thought that the 
development of HO follows a similar course in 
the traumatized tissues ending in endochon-
dral ossifi cation. HO prophylaxis is diffi cult to 
employ in the combat casualty. Most commonly, 

  Fig. 52.5    Acute ampu-
tation for land mine 
injury       
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symptomatic HO is addressed after defi nitive 
reconstruction and rehabilitation of the patient. 
Surgical excision appears to be associated with 
low recurrence rates in the combat wounded [ 29 ]. 

 A study by military researchers found that risk 
factors for HO include high Injury Severity Score 
(ISS) and injury location to the shoulder, hip, 
and femur. The elbow, forearm, and hip were the 
anatomic locations with the greatest incidence of 
symptomatic HO and subsequently were the most 
commonly addressed with surgical excision. The 
results of excision in this study were somewhat 
inconsistent. They also reported that HO did not 
routinely occur in open high-grade tibia fractures 
[ 30 ]. HO remains a topic of signifi cant interest 
for military researchers and is the source of ongo-
ing research [ 31 ].  

    Conclusion 

 The experience of military orthopedic sur-
geons in caring for combat casualties from the 
confl icts in Afghanistan and Iraq has recon-
fi rmed the importance of early surgical treat-
ment of war- injured extremities. The 
mainstays of debridement, extremity stabili-
zation, and fasciotomy remain paramount. 
The development of data collection tools to 
track extremity trauma, treatment, and out-
comes has allowed for lessons learned to be 
developed from this military medical experi-
ence. Advances have been made in antibiotic 
treatment, defi nitive reconstruction, amputee 
care, and the understanding of HO. The les-
sons learned can be applied to the care of 
civilian casualties in war zones, natural disas-
ters, and the austere environments of develop-
ing countries. Civilian providers employed in 
these environments can learn from the experi-
ences of military orthopedic surgeons.     
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 epidemiology , 550–552  
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 acute management 
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