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 Surgeons have always wanted to do the best for their patients. However, determining what is 
best for the patient is not always clear leading to many treatments options for most orthopaedic 
conditions. Moreover, because Paediatric Orthopaedics is one of the most varied of the 
Orthopaedic disciplines due to the many rare conditions with myriad presentations often 
affl icting the entire child, deciding with the child and parents among the many treatment 
options is particularly complex. 

 Treatment options need to provide on average better health outcomes than alternative or no 
treatment. Each treatment option comes with a range of benefi ts and risks, dependant on the 
child, setting, skill and experience of the surgeon. To make these complex decisions surgeons 
and families need the best evidence. While there are many factors that enter into critical 
appraisal of research studies and deciding what constitutes best evidence, surgeons recognise 
that, in general, randomised are better than non-randomised studies, prospective are better than 
retrospective studies, and controlled are better than uncontrolled studies. 

 In recent years there has been a focus on Evidence-based Orthopaedics. Evidence-based 
orthopaedics, with an emphasis on systematic overviews and randomized clinical trials, uses 
the best evidence to make the decisions with families. However, randomised trials are diffi cult 
in Paediatric Orthopaedics for several reasons including the rarity of many conditions there-
fore requiring multicentre studies that further increases the complexity of any trial. However, 
the quality of orthopaedic literature continues to improve and this should result in better out-
comes for children. 

 While not every condition is covered and not every area has defi nitive evidence, this text will 
provide surgeons with practical advice on the best treatment, or treatment options, for most 
paediatric orthopaedic conditions. The key to each chapter is found at the end where treatment 
recommendations are provided with an attached strength of recommendation. Not only will this 
book be an invaluable and useful text for practising surgeons, it also highlights areas of research 
for the future. Please enjoy reading this book as much as I have enjoyed being a part.  

    James     G.     Wright   
   Oxford University Hospitals NHS Foundation Trust ,

  Oxford ,  UK     

   Foreword   
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    Abstract  

  Practising surgeons may be unable to keep up with current practice – what seems up to date 
today can be redundant tomorrow. In paediatric orthopaedics, and the setting of a busy clini-
cal practice, it is challenging to fi nd time to retrieve the best available studies, let alone 
analyse them, or synthesise the resulting information into a form applicable to one’s own 
practice. We are hardly alone in this regard (eg, Narayanan and Wright [1]), so this book is 
a collective effort to probe the common questions arising in our speciality – and look criti-
cally for answers within the literature. In this work, we are proud to have brought together 
the thinking of more than fi fty leading paediatric orthopaedic surgeons to assemble the 
evidence underpinning elements of current practice. The approach has been that of the 
‘evidence- based medicine’ pragmatist, written by frontline practitioners.  

  Keywords  
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   Practising surgeons may be unable to keep up with current 
practice – what seems up to date today can be redundant 
tomorrow. In paediatric orthopaedics, and the setting of a 
busy clinical practice, it is challenging to fi nd time to retrieve 
the best available studies, let alone analyse them, or synthe-
sise the resulting information into a form applicable to one’s 
own practice. We are hardly alone in this regard (eg, 
Narayanan and Wright [ 1 ]), so this book is a collective effort 
to probe the common questions arising in our speciality – 
and look critically for answers within the literature. In this 
work, we are proud to have brought together the thinking of 
more than fi fty leading paediatric orthopaedic surgeons to 

assemble the evidence underpinning elements of current 
practice. The approach has been that of the ‘evidence-based 
medicine’ pragmatist, written by frontline practitioners. 

 Evidence-based medicine is  ‘the conscientious, explicit, 
and judicious use of current best evidence in making deci-
sions about the care of individual patients’  (Sackett et al. 
[ 2 ]). Therefore, it involves the thoughtful integration of the 
best available research, the clinical circumstances and 
patients’ own values and preferences. A clearly defi ned rel-
evant question is required, followed serially by (i) identifi ca-
tion of the studies/evidence by a thorough search of the 
literature, (ii) a critical appraisal of available evidence and its 
applicability to the clinical situation, and (iii) a balanced 
conclusion to the clinical problem and particular patient. 
A mnemonic for the process is the 5 ‘A’s (Wright et al. [ 3 ]): 
 Assess  the patient to determine the clinical issues.  Ask  a clear 
question to be pursued.  Acquire  the evidence.  Appraise  the 
evidence for its worth/validity.  Apply  the evidence to the par-
ticular patient. Broadly, this has been the suggested approach 
for the text, albeit with generalisation of the patient, and 
followed by a synthesis of the conclusions according to both 
level of evidence and grade of recommendation. 
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 Editing this book has been a challenge on several levels. 
Authors vary in their understanding, experience of evidence- 
based medicine and modes of analysis of the literature. As 
far as possible we have sought to maintain the general format 
and quality of questions and chapters, whilst recognizing 
that, as with most multi-author texts, there are bound to be 
differences in emphasis, analysis and style. We have tried not 
to allow our own prejudices to infl uence the authors’ ‘open 
hand’ to potentially contentious areas of practice. 

 In some areas, rather than there being a defi nitive guide to 
practice, it is clear that there is a lack of evidence; ‘confu-
sion’ may simply represent the current state of knowledge, 
not least because:  ‘development of new treatment choices has 
far outpaced our capacity for determining what procedures 
are benefi cial…’  (Wenger [ 4 ]). Paediatric orthopaedics, as a 
fi eld of endeavour, has moved forward at a rapid pace over 
the last two decades, often outstripping our abilities to defi ne 
best practice  per se . Defi ning a dearth of evidence is a natu-
ral pre-requisite to addressing it in the future. Conversely 

where evidence does exist, it is vital that those who care for 
children keep up to date. 

 We are immensely grateful to all the authors who have 
given so generously of their time, effort and expertise in 
assembling the material for this book.     
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      Critical Appraisal of a Published Paper                     

     Raymond     Pollock      and     Arkan     S.     Sayed-Noor    

    Abstract  

  Critical appraisal is a systematic process used to identify the strengths and weaknesses of a 
research article. It enables the validity of research fi ndings to be determined. It is just one 
step in the process of evidence based medicine – the use of best evidence in making deci-
sions about patient care. The validity of a research study depends on its design and quality. 
Study designs are classifi ed according to a hierarchical ranking called levels of evidence. To 
facilitate critical appraisal, checklists that ask questions about the research have been devel-
oped enabling the reader to judge its validity. Critical appraisal checklists can be divided 
into generic and study type specifi c lists. In this chapter a generic tool is described that is 
appropriate for the novice reviewer. For the experienced reviewer study specifi c checklists 
for each of the main study types are then described. Not only does this chapter provide the 
tools needed for critical appraisal of published work, it should also be of help when con-
ducting and publishing research by ensuring that the checklists for that study type are taken 
into account during the design phase.  

  Keywords  

  Critical appraisal   •   Evidence based medicine   •   Hierarchy of evidence   •   Checklist   •   Case 
report   •   Case series   •   Cross-sectional study   •   Case control   •   Cohort   •   Randomized controlled 
trial   •   Systematic review   •   Meta-analysis  

   Critical appraisal (CA) is a systematic process used to iden-
tify the strengths and weaknesses of a research article and 
thereby determine the study’s validity. It is important when 
reading a published paper to keep a degree of skepticism. 
This means being open-minded and willing to be convinced 
but only if authors can adequately back up their claims. The 
critical reader is not put off by the limitations of a study but 
will expect authors to interpret their results in a way that 
takes account of the limitations. 

 The validity of a research study depends on its design and 
quality. Study designs are classifi ed according to a hierarchi-
cal ranking called levels of evidence. The classifi cation var-
ies depending on whether the study type is therapeutic, 
prognostic, diagnostic or economic/decision analysis. 

 For therapeutic studies randomized controlled trials 
(RCTs) and meta-analyses of RCTs are at the top of the hier-
archy and can be considered best evidence. Descriptive stud-
ies (qualitative studies, case reports, case series, cross 
sectional studies) are the lowest level of evidence. 
Observational studies (case-control and cohort) are in the 
middle (Fig.  2.1 ). These study types will be described in 
detail later.

   Low-level evidence is more likely to be subject to bias. 
Bias is a systematic error that can make the results invalid. 
There are many kinds of bias but important ones in orthope-
dics are selection bias, response bias, recall bias and bias due 

        R.   Pollock      (*) 
  University Hospital of North Tees and Hartlepool , 
  Hardwick Road ,  Stockton on Tees ,  TS19 8PE ,  UK   
 e-mail: raypoll@pollock.org.uk   

    A.  S.   Sayed-Noor      
  Department of Surgical and Perioperative Sciences , 
 Umeå University ,   90187   Umeå ,  Sweden   
 e-mail: arkansam@yahoo.com  

  2

mailto:raypoll@pollock.org.uk
mailto:arkansam@yahoo.com


6

to confounding. These will be explained later on. This sys-
tematic error only results in bias when the inaccuracy affects 
comparison groups unequally. In theory a well conducted 
RCT should be free of bias because the process of randomi-
sation is used to assign patients to treatment groups and this 
should result in the groups being balanced in all factors. 

 As the level of evidence hierarchy is descended, bias is 
increasingly likely and you need to be aware of this when 
you critically appraise articles. 

 Selection bias, sometimes referred to as sampling bias is 
error due to the improper process of selecting a study popu-
lation i.e. the way subjects were identifi ed, selected and 
included in a study. 

 Response bias or loss to follow-up bias can result in differ-
ences in the characteristics e.g. socio-demographic characteris-
tics, of patients included in a study and those excluded or 
between selected comparison groups e.g. case and control. For 
example, response to follow-up may be dependent on socio-
demographic characteristics of patients (sex, age, ethnicity, 
social class). Those who respond may be different from those 
who do not, leading to bias in the results. Response bias is com-
mon in case series and cross sectional study types. Wherever 
possible, analysis of the demographics of non-responders 
should be carried out to determine if they differ signifi cantly 
from responders. In all study types response rates should be 
high, at the very least 70 % to minimize this type of bias. 

 Another type of bias is recall bias. This is particularly 
common in cross-sectional and case-control studies. Patients 
may not be able to remember correctly past events. Wherever 
possible any information obtained from patients should be 
verifi ed from other sources such as patient records. 

 Confounding bias occurs when part of an observed rela-
tionship between 2 variables or factors involved in a disease 

is due to the action of a third, which is the actual factor 
responsible. Confounding arises because many aspects of 
behavior and health are related. Frequent confounders are 
gender, age, socio-economic status and co-morbidity. In 
RCTs randomisation ensures that potential confounding fac-
tors, known or unknown are evenly distributed among the 
study groups. This is why this study type is highly regarded. 

    The Process of Critical Appraisal 

 Critical appraisal to determine the validity of research fi ndings 
is an established method used in evidence-based medicine 
(EBM). It is just one step in the process of EBM – the use of 
best evidence in making decisions about patient care. To facili-
tate CA, checklists that ask questions about the research have 
been developed enabling the reader to judge its validity. 

 Critical appraisal checklists can be divided into generic 
and study type specifi c lists. For the novice reviewer a 
generic tool is appropriate until more experience is gained. 
When you are confi dent and able to identify the study type, 
you will be able to progress to using the study specifi c check-
lists described later in this chapter. The checklists in this 
chapter are generally from our own experience.  

    The Anatomy of a Scientifi c Manuscript 

 Manuscripts in orthopedic journals have a standard format as 
follows but with minor variations depending on the particu-
lar journal:

•    Abstract (structured or unstructured with Medical Subject 
Heading (MeSH) keywords – keywords are sometimes at 
the end of the article before the references instead). MeSH 
keywords are used to describe precisely the content of 
journal articles  

•   Sponsorship/competing interests (usually on the title 
page).  

•   Introduction.  
•   Methods (or materials and patients, materials and meth-

ods, patients and methods).  
•   Results.  
•   Discussion.  
•   Conclusion (sometimes absent).  
•   References.     

    Appraisal for the New Reviewer 

 For those new to CA it may be best to start with a more gen-
eral appraisal until confi dence is gained. Read through the 
whole paper quickly fi rst. Does it seem clearly written and 
easy to understand or does it appear that it has been rushed? 

  Fig. 2.1    Levels of evidence hierarchy for therapeutic studies       
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You will probably fi nd papers describing RCTs and meta- 
analyses the most structured because journals usually have 
guidelines as to how they should be formatted. 

 Next, you should be aware of the quality of the journal in 
which the research is published. This is partly measured by 
its impact factor (IF). Because it is based upon the number of 
citations of its papers it is not a fi xed value but can vary from 
year to year. 

 For orthopedic journals an IF of 2.8 is regarded as high 
(e.g. JBJS (Br), recently renamed as The Bone & Joint 
Journal). For general medical journals it is much higher – the 
BMJ is currently about 16. 

 Basically a journal is considered to be of good quality if 
is peer reviewed – that is each paper is reviewed by at least 
one expert in the subject area prior to acceptance of publica-
tion in the journal. In the higher impact journals it is often 
reviewed independently by 3 experts including a statistician 
if the work involved statistical tests. 

 To be accepted, a paper usually has to be approved by all 
reviewers although the editor does have the fi nal decision, 
for example if one of the reviewers is doubtful. 

 Look also at the author names as given on the title page. 
You may be familiar with certain authors from your atten-
dance at conferences etc. Related to the authors, is the insti-
tution – is it a center of excellence in orthopedics? This will 
give you more confi dence in the validity of the research. 

 Confl ict of interest is particularly important to look out 
for. This is usually at the bottom of the title page along with 
authors’ affi liations. The most common confl ict of interest is 
that the authors have a fi nancial affi liation with a company 
that manufactures the products used in the research. For 
example many orthopedic surgeons are actively involved in 
design of new implants for which they get remuneration or 
gifts (e.g. holidays) for their involvement. This is an impor-
tant part of the evolution of new devices for patient benefi t. 
But it can lead to conscious or unconscious behavior that 
undermines the integrity and validity of research that involves 
such appliances. 

 When there is confl ict of interest it is important that it has 
been recognized and dealt with. For example it might be 
stated that sponsors had no input into the protocol or conduct 
of the study. The reader must then decide whether any con-
fl icts are important and might have infl uenced the validity of 
the study fi ndings. 

 After reading through the whole paper, look in detail at 
each section as follows: 

    Introduction 

 What were the aims of the study? Look for this in the intro-
duction or discussion (where it is often reiterated). It may be 
stated as a formal hypothesis (the null hypothesis). For 
example “there is no difference in outcome between patients 

in the two treatments” that the study aims to reject. More 
usually it is stated as a general research question such as “the 
purpose of this study was to determine if treatment A is more 
effective than treatment B”. 

 Papers that do not have a clearly focused research ques-
tion may be data dredging i.e. performing multiple statistical 
tests on the resulting data to see if anything of signifi cance 
surfaces. This is bad science.  

    Methods 

 How were the patients selected for the study? Remember 
selection/sampling bias here. What were the exclusion 
criteria? 

 Are the details of statistical analysis described and appro-
priate? If so, what types of tests were used e.g. t-test, 
Pearson’s, and were they the most appropriate for the data 
types? For continuous data were efforts made to check the 
data for normality and if they were then a parametric test 
should have been used. If the data were non-normal, then the 
median rather than the mean should be quoted and non- 
parametric tests used. Statistical signifi cance should be 
stated and is almost always given as P < 0.05 with confi dence 
intervals (CI) at 95 %. 

 Was a sample size calculation made? This will not be rele-
vant for case reports and series but applies for cross sectional 
and other studies higher in the hierarchy of evidence. If the 
sample size is too small for the effect size difference expected, 
then the study is unlikely to show statistical signifi cance. 
A sample size calculation estimate should include the size of 
the minimum difference between the groups that is considered 
clinically signifi cant (the effect size). For example, a 3-point 
decrease on the 0 to 10 visual analogue scale (VAS) for pain, 
would be regarded as clinically signifi cant. 

 In case series, where a number of patients are reviewed 
and comparisons are made between subgroups of patients, it 
is possible to perform a post-hoc (after the analysis) power 
analysis. This may show that the results of no difference in 
the groups for a particular outcome may be due to insuffi -
cient sample size rather than the difference does not actually 
exist. 

 Other things to look out for in the methods are details of 
the surgical or other interventions used. Are they adequately 
described? What about the measures used to assess outcome? 
For example, if questionnaires have been used are they 
 established ones or did the authors use their own question-
naires specifi cally designed for the study that may have not 
been validated? 

 Methods of measurements should be described in detail 
e.g. was a goniometer used for measuring straight leg raise or 
the less reliable visual estimation. 

 Be particularly critical of cross sectional survey type 
studies that the questions used are valid and reliable. How 
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was the questionnaire developed? Was it piloted for reliabil-
ity and validity? For example does the questionnaire have 
content validity i.e. are the questions asked relevant and how 
did the results compare with similar validated questionnaires 
(criterion validity)? Did the same questionnaire give similar 
results when repeated soon after on the same patients (reli-
ability)? Where standard questionnaires have been used (e.g. 
SF-36) then this should not be a problem assuming they have 
been used before in that particular patient group: question-
naires designed for adults may not be valid and reliable when 
used with children. Were answers to questions involving 
recall verifi ed using other data sources such as patient 
records? This raises confi dence in the results.  

    Results 

 Are the demographics of patients described in detail (age, 
sex, pathology etc) and a breakdown for the groups where 
relevant e.g. study and control groups. Remember confound-
ing factors. 

 What was the response rate? It is recommended to be at 
the very least 70 %, otherwise there could be sampling bias. 
Were the demographics of the non-responders, where known, 
given and were they similar to the responders. Otherwise this 
means the responders may be atypical and the results will be 
biased. 

 Are any deviations from the protocol described e.g. unex-
pected events, patient drop out? 

 Are confi dence intervals (CI) given for values? These are 
more informative than just P values as they indicate the pos-
sible range of values in the general population. Just a note 
here: if a P value is not signifi cant then the CI should include 
zero (i.e. no difference) so just check these – It may be that 
the statistics are not up to scratch. Always look at the statisti-
cal tables and fi gures carefully (e.g. graphs – see below on 
interpreting tables and graphs) and see if there are unusual 
values that don’t quite (metaphorically) add up (e.g. CI and 
P values – see above). Concerning P values, the smaller the 
value the less likely the result is due to chance, e.g. a P < 0.01 
rather than P = 0.048 which is only bordering on signifi -
cance. Not all papers quote the exact P value but use the 
expression P < 0.05. 

 Look for data dredging involving post-hoc analysis where 
tests are done on the data to look for interesting results – only 
tests should be performed that were stated in the original 
hypothesis e.g. to look for age or sex differences. Otherwise 
some of the signifi cant results may be due to chance. This is 
because P = 0.05 signifi es that chance could create the result 
1 time in 20. 

 Do the tables, fi gures and graphs match up with any 
description in the main text? Do the values add up within the 
tables, fi gures and graphs?  

    Discussion 

 Have the authors discussed how their fi ndings fi t in with 
what is already known about the subject? Do the results fi t in 
with previous fi ndings and if not is there an explanation by 
the authors. Are you aware of similar studies that have been 
omitted and are contradictory to their fi ndings? Do the fi nd-
ings appear plausible from a medical viewpoint. 

 Look for any overstatement of the fi ndings i.e. over- 
extrapolation of the results which may only be the authors 
opinion. 

 Have they discussed the strengths and weaknesses of their 
fi ndings?  

    Interpreting Figures, Tables and Graphs 

 Tables and graphs are time consuming and diffi cult to pro-
duce. Even with the help of word processor templates it is 
easy for errors to creep in. But they often improve the clarity 
of a paper. Tables often contain a lot of information and may 
be diffi cult to decipher. Look for:

•    Self-explanatory title with units of measurements.  
•   Labelling of rows and columns.  
•   Are the rows/columns ordered e.g. by age.  
•   Numbers rounded to 2 signifi cant fi gures e.g. 72.8 not 

72.799. This will give you some indication of the standard 
of statistical input to the paper.    

 For fi gures make sure the appropriate type of fi gure has 
been used, that is graphs, histograms, bar charts, scatter plots 
or box plots. The axes should be labeled with the units. 

 With graphs watch out for scales that don’t start at zero – 
this may deceptively emphasize an effect. Histograms are for 
continuous grouped data e.g. age groups. They show the sym-
metry of the data and give some indication of the normality. 
This symmetry is related to the use of an appropriate statisti-
cal test. Parametric tests should be used for normal (symmet-
rical) data and non-parametric for non-normal (skewed) data. 

 Scatter plots and graphs show how 2 variables relate to 
each other. Bar charts are for discrete data e.g. blood groups, 
whereas graphs are for continuous data e.g. blood pressure or 
age. When data is grouped e.g. age in 5-year intervals, infor-
mation is lost within the groups and this may hide important 
information that was in the original raw data. Scatter plots are 
for showing the relationship between 2 variables and often a 
correlation coeffi cient is given for the strength of the relation-
ship. With scatter plots look out for outliers (extreme values 
e.g. age 99 instead of 9) that may have distorted summary 
values (e.g. means) listed in tables. Such outliers may be erro-
neous values that should have been screened out during data 
cleaning or an explanation given for their inclusion.   
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    Advanced Critical Appraisal 

 Although the foregoing generic appraisal guidelines are rel-
evant for the less experienced reader, detailed study specifi c 
checklists are needed for a more robust critical appraisal. 

 The main epidemiological study types are:

•    Qualitative research.  
•   Case reports.  
•   Case series.  
•   Cross sectional.  
•   Case control.  
•   Cohort.  
•   RCT.  
•   Systematic review/meta-analysis.    

 Advanced critical appraisal necessitates identifying the 
study type used in the paper. This may be given in the title or 
in the introduction or methods section. Often apart from 
RCTs and systematic review/meta-analyses it may not be 
explicitly mentioned and you will need to decide for your-
self. This will only come from experience. 

 If the paper has keywords and these are MeSH terms, then 
the type of study should be stated so it is best to look their 
fi rst. But not all study types have a MeSH term e.g. case 
series is not given a term although case report is. 

 Most of the checklists detailed below are the ones we use 
from our own experience of carrying out research and publi-
cation. Before submission we ensure that we have covered 
the relevant check points mentioned for each study type.  

    The Study Types 

    Qualitative Research 

 This is rarely found in the orthopedic literature. 
 It provides information on qualities that are diffi cult to 

measure for example patient experience, emotions, social 
interactions, attitudes, and behaviour. Qualitative studies 
have their own study types such as descriptive, phenomenol-
ogy and ethnography. Qualitative studies are often combined 
with quantitative methods. 

 Qualitative studies are prone to bias and for this reason 
are at the bottom of the hierarchy. A description of these and 
their detailed appraisal is beyond the scope of this chapter.  

    Case Reports 

 This type of study is common in orthopedics. It is a type of 
qualitative research and in the hierarchy of evidence it is at a 
low level. This study type is easy to identify as often they are 

in a separate section of a journal. They are regarded as hav-
ing low validity but have been important in alerting clini-
cians to unusual events such as adverse reactions to treatment 
or conditions not seen before. 

 They are communicated in a narrative fashion e.g. “a 11 
year old girl suffered a fall from standing and subsequently 
developed pain and …” that has unusual or novel outcome. 
They often do not have the standard format of research 
papers, usually having a discussion and conclusion after the 
case report itself. 

 Case reports can lead to generation of new hypotheses 
that can be tested using a study higher in the hierarchy of 
evidence for example by an RCT. They also have a strong 
educational component providing unusual things to watch 
out for in your own patients. This is enhanced by the fact that 
many case reports also include a literature review of the 
subject. 

 There are journals (such as Case Connector of the JBJS 
(Am), www.caseconnector.jbjs.org) entirely devoted to case 
reports while some other journals do not include them at all 
e.g. International Orthopaedics. Because there publication 
adversely affects impact factor, their numbers are restricted. 
Because of their simplicity case reports usually do not have 
confl ict of interest statements. 

 The following checklist for the CA of a case report is 
modifi ed from Chan and Bhandari [ 1 ]:

•    Does the case report include a literature review usually in 
the discussion section?  

•   Does it describe how its fi ndings fi t in with what is already 
known?  

•   What makes this case different from other cases? How is 
it unusual?  

•   Does the case challenge or confi rm currently held beliefs?  
•   Are the results biologically plausible?  
•   Does the study reveal principles that might be applied to 

other patients?  
•   How was diagnosis made? How were treatments chosen?  
•   How accurate and thorough was the data collection and 

reporting?     

    Case Series 

 This is another common type of study in orthopedics and is an 
extension of case reports but of multiple patients. Again, it is 
low level evidence due to lack of any controls. Because of its 
frequency in the orthopedic literature, it is important to be 
able to appraise these articles. Many case series reports are 
quite large with hundreds of cases but they are prone to bias, 
particularly selection bias, as they are not a random sample of 
all cases. For example, a female clinician may attract more 
female patients who feel more comfortable with her. 
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 Case series are easy to conduct and require less time and 
fi nancial resources than other studies higher in the hierarchy, 
hence their popularity. In most cases they are the only practical 
way to determine the effectiveness of surgical procedures 
because of the impracticality of conducting a RCT, for example 
comparing a surgical procedure with no (sham) procedure. 

 Case series can either be prospective in which patients are 
followed through their treatment while outcomes are 
recorded or retrospective in which archived records of patient 
outcomes are correlated with their treatment. They may 
describe the outcomes of a particular method of treatment or 
of complications related to treatment for example. 

 Case series should be reported scientifi cally based on a 
protocol with a hypothesis. They are of value by acting to 
generate hypothesis that can be tested using other studies 
higher in the hierarchy of evidence. 

 This study type can be identifi ed by not having controls 
and either follows consecutive patients through their treat-
ment prospectively or looks back at their treatment retro-
spectively using patient records. There is no MeSH term for 
case series. 

    Checklist for Case Series 

   Introduction 
 Is there a clear study aim or research question (this may be 
stated as a null hypothesis)?  

   Methods 
 Is the study prospective or retrospective? The former is less 
liable to recall bias. 

 Are the inclusion/exclusion criteria there? 
 What was the time interval for recruitment? This should 

be over a short time as possible to minimize the effect of 
changes in care. For example pre and post-operative care 
may change over time even though the surgical procedure is 
the same. 

 There should be consecutive patient enrollment to avoid 
selection bias. 

 Full details of the intervention(s) used. 
 Details of outcome measure(s) used – were they validated 

ones? 
 Details of statistical methods and were they appropriate 

for that data type?  

   Results 
 Demographics analysis such as age and sex included often in 
a table? 

 Look for a high follow-up rate. This avoids selection bias.  

   Discussion 
 Are the strengths and weaknesses of the study listed? How 
do the authors interpret and discuss their results in relation to 

those of related studies. Are the conclusions justifi ed consid-
ering the inherent limitations of this type of study?    

    Cross-Sectional Studies 

 These are commonly called surveys and measure the preva-
lence of a problem at one particular period in time, which 
may be a single day or the time period it takes to collect the 
data. Surveys take a sample of the population and the results 
should be representative of the wider population providing 
the survey has been carried out correctly. The way the sam-
ple is obtained is crucial to the validity of the results. Look 
for the MeSH term “cross-sectional”. 

    Checklist for Cross-Sectional Studies 

   Introduction 
 Is the reason why the survey is being carried out clearly 
stated? 

 Are there any hypotheses that the survey will answer? 
There should be clear questions about what the survey hopes 
to answer. This will avoid data dredging during the analysis 
phase.  

   Methods 
 Is the sampling frame (i.e. population from which sample is 
taken) and sample described? This is important to minimize 
selection/sampling bias. 

 How was the sample selected? Were patients selected 
from a register and if so, how complete was it? Ideally the 
register should contain the majority of patients who have 
undergone that procedure or with that disease. For example 
if the trust/hospital records for that region were used, it is 
important that efforts were made to check on the complete-
ness and validity of the data. 

 Was a sample size calculation included? This is important 
and although for surveys it is a relatively crude calculation – 
it should be included. It is usually calculated on the basis of 
an expected minimum response rate (e.g. 70 %) and power to 
detect a yes/no response to questions of 50 %. This ensures 
that negative results to questions will not be due to an under-
powered study. 

 Was the method used to obtain the sample from the larger 
population (e.g. a register) described – was some form of 
random selection used (e.g. using a random number table/
generator). This means a probability sample has been used. 
If a convenience sample has been used then it is unlikely the 
results can be relied upon. For example interviewing people 
who only attend a private clinic will recruit atypical patients. 

 Surveys are usually carried out using questionnaires 
which may be self-administered or by an interviewer. Is the 
questionnaire a validated one? If not was the development of 
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the questionnaire described and how was it tested for reli-
ability and validity. Was it piloted on a small sample fi rst? If 
physical measurements were made e.g. muscle strength, was 
the technique standardized among investigators?  

   Results 
 What was the response rate? It should be at least 70 %. 
Lower than this suggest the results cannot be relied on. 

 Demographics of both responders and non-responders 
should have been compared to determine if selection bias has 
occurred e.g. non-responders may be of lower socioeco-
nomic status. If so, this should be acknowledged in the dis-
cussion on how this may have affected the results. Was a 
sensitivity analysis performed in order to determine the 
effect on the results? 

 Surveys are prone to data dredging; performing numerous 
statistical tests to see if anything interesting drops out. Look 
out for this. 

 Confi dence intervals in addition to P values should be 
included for all statistical tests performed. The CI gives an 
idea of the range in the general population so is more infor-
mative than a P value.  

   Discussion and Conclusion 
 Are the weaknesses of the study discussed e.g. possible 
selection bias? How do the results compare with previous 
studies? If similar, this instills confi dence in the study.    

    Case Control Study 

 A case control study is a study that starts from the outcome 
(disease) and looks backwards to see what may have caused 
this. Patients with a disease (the cases) are compared to those 
without the condition (the controls) but are as similar as pos-
sible to the cases (e.g. age, sex, i.e. are matched) in order to 
determine what (exposure) may have caused the disease. It 
attempts to elucidate a potential cause from observing an 
effect (the disease). 

 Case control studies are appropriate when the disease has 
a long latency period because the study looks backwards 
making it unnecessary to wait for the disease to develop. It 
is also suitable for rare diseases because the investigator 
selects patients on the basis of their disease status rather 
than having to follow a large number of people and wait for 
the disease to develop as in cohort studies. It is also suitable 
for investigating outbreaks e.g. infections as it enables a 
quick answer to be found. It cannot be used for looking at 
the possible causes of multiple diseases – for this a cohort 
study should be used. 

 As with other study types, case control studies are suscep-
tible to bias, the main ones of which are selection and recall 
bias. 

 Selection bias can arise if the diagnostic criteria used to 
identify the cases are not precisely defi ned. Selection bias 
can also arise if the corresponding controls are not represen-
tative and dissimilar to the cases. These must be selected 
from a similar population as the cases. For example hospital 
cases should have hospital controls (i.e. patients with other 
illness) and be similar in age, sex, socioeconomic status and 
other possible confounding variables. 

 In this type of study patients often have to recall past 
events from memory such as medication use or dietary habits 
or the data can be obtained from records. Both these sources 
of information may be inaccurate or incomplete leading to 
recall bias. 

 To identify this type of study look for the MeSH term 
“case-control study” in the keywords if it is not explicitly 
stated in the title or introduction. Be aware though that case- 
control study is used loosely in orthopedics and what is 
stated as a case-control study is actually only comparing a 
case series with a few unmatched controls. It is really only a 
case series study. 

    Checklist for Case Control Studies 

   Introduction 
 Again as with all epidemiological studies a hypothesis or 
aim of the study should be stated here. 

 Was a case control study appropriate? Or maybe a RCT 
would have been better?  

   Methods 
 There should be a sample size calculation. This should be 
based on the minimum odds ratio (OR) to be detected. For 
example an OR of 1.5 means the cases are 1.5 times more 
likely to develop the disease than controls.  

   Selection of Cases 
 The diagnostic criteria for selecting the cases should be pre-
cisely defi ned, for example the stage or grading of the illness. 

 Were the majority of the cases who were contacted 
included in the study? Otherwise bias may arise because 
patient’s who do not consent to inclusion tend to differ from 
those who do. So 90 % inclusion should be the minimum.  

   Selection of Controls 
 Were the controls selected from a similar population as the 
cases e.g. if hospital cases then the controls should be hospi-
tal patients with unrelated disease. 

 Were they similar in e.g. age, sex and time of hospitalisa-
tion …etc. (matched) to the cases except for not having the 
outcome? This will be given in the tables in the results sec-
tion so look these over to determine this. 

 How was the exposure identifi ed, from records or inter-
views/questionnaires? Interviewers/data collectors should be 
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blinded to patient status (i.e. case or control). This eliminates 
interviewer bias in which interviews or record searches may 
be infl uenced by knowledge of whether a patient is case or 
control.  

   Results 
 Are the demographics of cases and controls included? Also 
demographics of those cases and controls that refused to par-
ticipate, where known, should be given in order to determine 
if selection bias had occurred. Data dredging is indicated if a 
large number of possible causative agents have been tested 
for signifi cance and the same problem of chance signifi cance 
occurs as it does with cross sectional studies. 

 The results should be expressed as odds ratio (OR). This 
compares the odds of the disease/outcome occurring in the 
cases and controls. A CI for the OR should be included. The 
tested association is not signifi cant if the CI includes 1.0.    

    Cohort Studies 

 In epidemiology, this is a group of people with a common 
characteristic e.g. exposure, followed up over time to deter-
mine what illness happens to them because of this. 

 There are 2 ways of conducting a cohort study. 
Prospectively, in which study participants e.g. patients who 
have had metal implants, are followed up over time and 
observed as to whether the outcome e.g. cancer, occurs. This 
rate can be compared to the known rate in a similar general 
population (the control group). In retrospective cohort stud-
ies exposure and outcome has already occurred. Therefore, 
from medical records, patients with metal implants would be 
identifi ed and if they developed cancer, again determined 
from records e.g. the cancer registry and whether this inci-
dence was higher than in a similar population (e.g. matched 
for age, sex etc). Often a prospective study is carried out after 
a retrospective study has provided evidence of a link between 
exposure and outcome. 

 The main bias that cohort studies are susceptible to is loss 
to follow-up and this can severely affect the validity of the 
results. In any cohort study whether retrospective or prospec-
tive, it is necessary to exhaustively trace all patients e.g. from 
records or by following all members of the cohort from point 
of exposure to development of the outcome disease. This 
needs to be done for all members otherwise the results could 
be invalid. This can be diffi cult as cohort members may 
migrate, die or decide not to continue participation in the 
study. 

 To identify this type of study, look in the keywords for the 
MeSH term “cohort study”. Again beware that cohort study 
is used loosely in the orthopedic literature to mean a case 
series with follow-up either prospectively or retrospectively. 

    Checklist for Cohort Studies 

   Introduction 
 There should be a clear hypothesis either as the null hypoth-
esis or as a statement of the aim of the study e.g. in patients 
who had a prosthesis made of metal (the cohort) is there an 
increased risk of cancer (the outcome) compared to the gen-
eral population (the control group). 

 Was a cohort study appropriate or would a case control 
have been better? Case control studies provide much greater 
power than cohort studies to detect differences and thus need 
fewer participants. Would a RCT have been better if this was 
ethically possible, for example comparing non-metal vs. 
metal implant?  

   Methods 
 A sample size calculation should be given so that the study 
has suffi cient power to detect the outcome of interest. The 
sample size depends on the incidence in the non-exposed 
population and the minimum relative risk (RR) regarded as 
important. 

 Were the data sources (e.g. registers) complete and accu-
rate so that they can be relied on? Was data cleaning and 
checks for the correct diagnostic coding done? When using 
death certifi cates the recorded cause of death may hide the 
outcome of interest. 

 Were the appropriate data sources for assessing the out-
come used? For cancer or death this will be less of a problem 
but for other outcomes such as juvenile arthritis a variety of 
data sources will have to be used e.g. GP records, hospital 
admissions. 

 Was the comparison (control) group of non-exposed indi-
viduals appropriate? Often the control group can be the gen-
eral population providing the demographics are similar. 

 Was the follow-up time long enough for the outcome to 
develop? For cancer this will be many years. For treatment 
side effects this may only be months.  

   Results 
 The major bias in cohort studies will be due to loss to follow-
 up. Were the majority of participants followed up with every 
effort made to contact all patients using multiple sources? 
A follow up of less than 70 % is liable to have seriously 
affected the validity of the results. Where there was loss to 
follow-up, was a sensitivity analysis performed? For exam-
ple, assuming those lost to follow-up all developed the out-
come – the effect on the results can be determined.  

   Discussion and Conclusion 
 Is there a discussion of the limitations of the study, particu-
larly the comparison group used and how they may differ 
from the cohort?    
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    Randomized Controlled Trials 

 These are high in the hierarchy of the evidence pyramid and if 
done properly will provide results that are free of all bias. RCTs 
are essentially experiments in which patients are allocated to a 
treatment by the investigator. There are a variety of trial designs 
but the most common in therapeutic interventions is the paral-
lel 2-arm trial in which patients are allocated to one of 2 treat-
ments or to a placebo. The essence of RCTs is random 
assignment of patients to the intervention. This has the effect of 
balancing out all known and unknown confounders. However 
just because a study is randomized does not mean it is unbi-
ased. If they lack methodological rigor, a variety of types of 
bias such as selection or loss to follow-up can creep in. 

 The CONSORT statement was published in 1996 with an 
update in 2010 [ 2 ] in order to improve the reporting of RCTs 
and prevent bias during trial conduct. It includes a checklist 
of points that should be reported so that it is possible to 
determine to what extent the results are valid. Although 
CONSORT was designed to improve the reporting of trials 
and was mainly developed for assessment of pharmacologi-
cal treatments, it can be used as a CA tool for all types of 
RCTs. The checklist presented below is based on CONSORT 
together with that of the Cochrane bone, joint and muscle 
trauma group [ 3 ]. 

 In general the quality of reporting of orthopedic trials is 
poor [ 4 ] so it is important to be critical when appraising 
them. Conducting surgical orthopedic trials presents special 
problems such as with blinding of treatments and surgeon 
learning curve when comparing a novel treatment to the tra-
ditional method for example. This is particularly true for 
multi-center trials. 

 Although randomisation should eliminate bias due to 
selection (allocation) and confounding, it is possible during 
the trial for other types of bias to creep in. In orthopedic tri-
als, the possible sources of bias are due to lack of blinding, 
loss to follow-up, learning curve and surgeon expertise bias, 
bias due to patient crossover (when patients have a prefer-
ence for one treatment over another e.g. surgery vs. conser-
vative therapy) or patients not included in a study due to their 
severe illness or old age. In addition surgical orthopedic 
interventions are complex and usually consist of several 
components such as pre-treatment, anesthesia and rehabilita-
tion such as physiotherapy. These may not be standardized 
between the groups and/or the participating centers in the 
trial thereby introducing further bias. These points need spe-
cial attention when an orthopedic trial is critically appraised 
in addition to those that generally apply such as the details of 
randomisation. 

 Because of the logistical and practical diffi culties of con-
ducting orthopedic surgical trials, they are less commonly 
reported than in other fi elds such as drug treatments. 

 RCTs are easily identifi ed from the title and MeSH key-
words but it is important to be aware that not all reported trials 
have used randomization but are “quasi-randomized” or 
“stratifi ed”. This uses, for example, date of birth or medical 
record number, to allocate patients to the intervention and as 
such are prone to selection bias and therefore confounding. 

    Checklist for RCTs 

   Introduction 
 A clear hypothesis should be stated preferably as a null 
hypothesis.  

   Methods 
 The following should be provided: 

 Type of trial such as parallel with 2 arms and equal alloca-
tion to each group. 

 Trial setting, location and time period. 
 A detailed description of inclusion/exclusion criteria. 
 A sample size calculation including power of the study to 

detect a difference in the primary outcome. This is very 
important. Otherwise the study may not have had suffi cient 
power to detect a difference in outcome where one actually 
exists. 

 Description of primary and secondary outcomes and 
details of how they were measured e.g. with questionnaires. 

 Details of the minimum clinically signifi cant change in 
outcome measures. This is required for the sample size cal-
culation. Were these outcome measures validated and clini-
cally relevant for this study or would alternative ones have 
been more appropriate? 

 How was randomisation achieved? This is important and 
should always be included. For example, use of a random 
number table with the numbers concealed in consecutive 
envelopes or a telephone randomisation service. Use of any 
form of quasi-randomisation or stratifi cation puts the valid-
ity of the whole study in doubt. 

 Were participants blinded to their assignment status? This 
is not always possible in orthopedic trials. 

 Were the treatment providers blinded? The surgeon, nurs-
ing staff, the outcome assessors and data analyst ideally should 
all be blinded as to allocation of patients. In surgical trials it 
almost impossible for the surgeon to be blinded, but it is pos-
sible for the nurses, outcome assessor and data analyst to be. 

 Was there a description of how patients in the groups were 
cared for before (e.g. pre-operative education) and after the 
intervention (e.g. rehabilitation regimes) and were these 
identical for the trial arms? 

 Was follow up of suffi cient duration to measure the 
outcome? 

 Were the intervention procedure(s) described and details 
of surgical expertise for the procedure(s) given? 
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 There should be full details of statistical analysis e.g. 
checking for normality of the data and the tests that were 
used.  

   Results 
 Look for a chart showing the fl ow of participants through the 
trial. This should include numbers allocated to each intervention 
and any loss to follow-up with reasons and numbers analyzed. 
Check all patients have been accounted for in the fl ow chart. 

 Were baseline characteristics of the groups given and are 
they comparable? Although randomisation should result in 
the groups being very similar at the start of the study, this is 
not guaranteed so it is best to check they were. Possible con-
founders are age, sex, acute/chronic condition. 

 Were results analyzed by intention to treat (ITT)? Patients 
may change treatments during the trial or withdraw part way 
through. Even though this may seem illogical, they should be 
included in the analyses under the original arm they were 
randomized to. Failure to follow this rule can invalidate the 
randomization process and thereby introduce bias. 

 Were there any side effects that were different between 
the groups? This could affect the outcome of one group and 
negate any benefi cial effects.    

    Systematic Reviews and Meta-Analysis of RCTs 

 These are at the top of the levels of evidence hierarchy and 
therefore should have least bias. 

 As the name suggests, a systematic review is simply a 
review of the literature, which may be observational studies 
or trials, that has been conducted in a systematic way by fol-
lowing an organized protocol usually that of the Cochrane 
collaboration [ 5 ]. 

 Meta–analysis goes one step further and uses statistical 
methods to combine the results of selected studies that meet 
strict inclusion criteria in order to give an overall result that is an 
“average” of the individual results of the included studies. The 
general aim of meta-analysis is to increase the overall power by 
using results from what may be underpowered studies. 

 Not all systematic reviews include a meta-analysis, for 
example if the reviewed studies are of insuffi cient quality or 
few in number, but a meta-analysis cannot be done without 
an initial systemic review. Meta-analysis has become increas-
ingly common in the orthopedic literature, as the quest for 
EBM has intensifi ed. In addition, reviews have become an 
important way of keeping up to date with research output in 
orthopedics without having to read every new article 
published. 

 In orthopedics, meta-analysis plays an important part. 
They are conducted where there is doubt about alternative 
procedures for example minimally invasive vs. standard 
methods in surgery. Individual research papers may provide 
an inconclusive answer often due to their small sample sizes. 

 Systematic review and meta-analysis can be performed 
for all study types not just RCTs. In orthopedics they are 
increasingly being done on observational studies such as 
case series. Most commonly though they combine the out-
comes of RCTs and this is what we will concentrate on. 
These are generally conducted according to the guidelines in 
the Cochrane handbook for systematic reviews of 
Interventions [ 5 ] and reported according to the PRISMA 
statement (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) [ 6 ]. 

 The most important thing in a meta-analysis is that apples 
are not combined with oranges, in other words, the trials 
combined are of high quality, have a similar hypothesis and 
the results reported are generally similar i.e. the studies are 
homogenous (see later). The aim of PRISMA is to ensure 
that only similar high quality studies are combined so that 
the conclusion will be valid. 

 Publication bias can be an important source of bias in 
meta-analyses. Unpublished studies (e.g. internal reports 
from companies, dissertations) may report different fi ndings 
from published ones so it is important to exhaustively search 
the literature. Often RCTs that show no effect are less likely 
to be published, again leading to publication bias. There are 
ways of detecting this bias either using a graphical method 
(funnel plot) or with statistical tests (see later). 

 Once the research question has been formulated, the pro-
cedure of performing a meta-analysis essentially involves:

•    Carry out an exhaustive literature research.  
•   Select those studies that meet the study selection criteria.  
•   Critically appraise the methodological quality of included 

studies.  
•   Extract the outcome data from included studies.  
•   Determine publication bias using a funnel plot if there are 

suffi cient studies.  
•   Perform the meta-analysis for example using Review 

Manager (RevMan) software. A simplifi ed descrip-
tion of this can be found at: http://www.mtm.uoi.gr/
PracticalRevMan.pdf  

•   Present the data using forest plots.    

 These steps form the basis for the critical appraisal of a 
meta-analysis. 

 Meta-analyses are easily identifi ed as they are always 
stated in the title. 

    Checklist for Systematic Reviews and Meta- 
Analysis of RCTs 

   Introduction 
 This should include why the analysis is being done espe-
cially if there has been a previously published one with 
inconclusive results. Often as more trials on a particular sub-
ject accumulate then there is justifi cation for performing a 
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new meta-analysis to see if earlier conclusions have changed. 
It should be stated in the methods section that a search was 
made for previous similar meta-analyses on the subject.  

   Methods 
 How was the analysis conducted and reported, e.g. using 
Cochrane and PRISMA guidelines? 

 Are there details of the literature search? This should 
include the search strategy, bibliographic databases 
searched (e.g. Medline, Embase) and the MeSH terms 
used. Were efforts made to fi nd unpublished and ongoing 
studies e.g. by searching the current controlled trials reg-
ister? Also look in relevant orthopedic journals for articles 
“published ahead of print” – these are available on the 
journal website and may have not yet have been indexed 
in the bibliographic databases. Were efforts made to 
search the grey literature i.e. unpublished reports, of lim-
ited (in-house) distribution and that are not included in 
bibliographic databases e.g. dissertations, literature from 
health departments? Also abstracts presented at confer-
ences may give a clue to work that is in progress and that 
may be published soon. The important thing is that an 
exhaustive search was made to locate all relevant mate-
rial. If there is an acknowledgement of librarian help this 
should instill confi dence in the search. 

 Were the study inclusion criteria given? This is needed for 
selecting relevant articles from the literature search for fur-
ther detailed appraisal and suitability for inclusion. This 
should include types of patients e.g. adolescents undergoing 
treatment for idiopathic scoliosis, types of intervention e.g. 
bracing vs. surgery and types of outcome measures e.g. dura-
tion of surgery, questionnaires used. This step results in a 
large number of abstracts that will need to be fi ltered for pos-
sible inclusion in the analysis. 

 Once the abstracts have been reviewed for inclusion, full 
text articles of those papers for possible fi nal inclusion will 
need to be assessed for methodological quality. Were their 
details of how this was done? What basis was a study deemed 
to be fi t to be included in the analysis e.g. was each paper 

given a numerical score? This can be done with a formal 
checklist as described in the critical appraisal of RCTs e.g. 
that of the Cochrane bone joint and muscle trauma group [ 3 ] 
mentioned earlier. 

 There should be details of the statistical analysis and the 
software used e.g. RevMan (see above). Sometimes data e.g. 
standard deviations, that are needed for the meta-analysis are 
missing from a paper. In this case did the authors attempt to 
contact the authors or calculate it from other data (e.g. the 
range) given in the results?  

   Results 
 A description of the number of studies identifi ed, the number 
excluded and the number of full text articles selected should 
be described. Ideally there should be a fl ow chart of the 
whole process from record identifi cation to the number of 
studies included. 

 Details of all included studies together with the data on 
the selected outcome measures for each study should be pre-
sented in a table. 

 Was a funnel plot or a statistical test included to determine 
if publication bias was present? This is a graph that plots the 
size of the treatment effect against the standard error (SE). 
This is normally plotted for the most frequently cited outcome 
measure (e.g. duration of surgery) when there are multiple 
outcomes measures. In the absence of publication bias, this 
plot should be funnel shaped with the neck of the funnel at the 
top of the graph and the included trials approximately sym-
metrical about the zero point of the x-axis. This plot is only 
relevant when there are about 10 or more studies. 

 The results of a meta-analysis are expressed graphically 
as a forest plot with an accompanying table describing the 
statistics of the outcome in detail for the treatment groups. 
There should be a forest plot for each outcome. For a meta- 
analysis with a large number of outcomes not all forest plots 
will be included due to editorial space limitations. The plot 
(Fig.  2.2  shows an example) essentially shows the value of 
the treatment effect for each study as a square, the size of 
which depends on the statistical weighting given to the study 
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  Fig. 2.2    An example forest plot of a meta-analysis of randomized controlled trials for total knee arthroplasty with and without a tourniquet and 
outcome of duration of surgery [ 7 ].  Weighted mean difference: −0.36: 95 % CI: 4.6 to 3.8; n = 299; P = 0.87        
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together with its CI as a horizontal line. A diamond summa-
rizes the treatment overall for all the studies and whether it 
favors one treatment over the other. Its lateral points are its 
CI. The vertical line corresponds to no effect.

   The treatment effect should be expressed as mean differ-
ences (MD) or odds ratio (OR) for continuous data e.g. dura-
tion of surgery and risk difference (RD) for dichotomous 
data e.g. number of complications. Look for the position of 
the diamond shape on the plot and check its position as to 
whether it favors one treatment or the other and that this cor-
relates with its value and CI. 

 Are the included studies homogenous? Statistical hetero-
geneity arises from differences in socioeconomic factors 
such as age or gender, disease factors such as severity and 
duration and completeness of follow-up between the differ-
ent studies. This can be assessed using the result of the chi- 
square test (also called Cochrane Q test) that will be given in 
the forest plot’s accompanying table. A p value of <0.1 
(rather than the usual 0.05) is considered suggestive of het-
erogeneity. Whenever heterogeneity is present, the analysis 
for that outcome may be invalid. 

 Because of the complex statistical methods involved in 
meta-analysis, it is important that all data and the forest plots 
are carefully checked over before the results are accepted as 
valid. This also applies to those studies included in the analy-
sis – it may be that the authors have omitted a study that you 
are aware off. 

 A meta-analysis is a major project and it is easy for mis-
takes to creep in, so it is important that the conclusions are 
interpreted with caution.  

   Discussion 
 Did the authors mention any shortcomings in their analysis 
that may affect the validity of their conclusions? There may 
language bias if the literature search included English lan-

guage studies only. Were there any defi ciencies in the detailed 
aspects of included studies (e.g. randomization, blinding, 
variations in operative technique)? How did the fi ndings 
compare with any previous meta-analyses on the subject? If 
they disagree, has an explanation been given? It may be that 
more recent studies are methodologically more rigorous than 
those in a previous meta-analysis. 

 What are the strengths? Was the aim of the analyses 
achieved e.g. for or against a procedure? Did the authors give 
a recommendation from their results so that an informed 
decision as to whether to change practice can be made? 

 This chapter has hopefully provided the tools that you 
need for critical appraisal of published work. It should also 
be of help when you conduct and publish your own research 
by ensuring that the checklist questions for your study type 
are taken into account during the design phase.         
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      Clinical Surveillance, Selective 
or Universal Ultrasound Screening 
in Developmental Dysplasia of the Hip                     

     Jonathan     Wright      and     Deborah     M.     Eastwood    

    Abstract  

  Early detection of the child with developmental dysplasia of the hip (DDH) allows treat-
ment to be commenced promptly, with potentially fewer requirements for surgical interven-
tion and a better fi nal outcome. Clinical examination has been the mainstay of early 
detection but the introduction of ultrasound examination provided the possibility for greater 
sensitivity. The ideal process for detection is still a subject of debate, with surveillance 
practices varying both between and within countries. Most screening programmes attempt 
to fi nd a balance between missing a dislocated hip and overtreatment of ultrasonographic 
fi ndings. This chapter considers the evidence related to screening programmes for DDH and 
looks at the effi cacy of each method of detection, the risks of a screening programme and 
the question of whether late presentation of developmental dysplasia is a preventable 
occurrence.  

  Keywords  

  Developmental dysplasia of the hip   •   Congenital dislocation of the hip   •   Screening   • 
  Surveillance   •   Clinical examination   •   Selective or universal ultrasound  

      Introduction 

 Developmental dysplasia of the hip (DDH) represents a 
spectrum of disorders in which the normal relationship 
between the femoral head and the acetabulum is disturbed, 
leading to abnormal development of the joint. This can range 
from mild dysplasia to complete dislocation of the hip. 
Persistent subluxation and dysplasia is associated with an 
increased risk of early osteoarthritis [ 1 ,  2 ]. 

 Neonatal hip instability is common and it is assumed that 
many such cases are associated with hip dysplasia. Clinical 
and ultrasound assessments of the infant hip have differing 
abilities to detect dysplasia and/or instability and the sensi-
tivity of the examination changes according to its timing. 

Most neonatal instability is physiological with spontaneous 
resolution by 6–8 weeks of age [ 3 ]. 

 The reported incidence of DDH varies, not only through 
well-documented geographic and racial backgrounds [ 4 –
 6 ], but also through the means of detection. Use of ultra-
sound facilitates detection of immaturity related “dysplasia” 
which, similar to clinical neonatal instability, may resolve 
without treatment and lead to normal or near normal hip 
development [ 7 ]. Within a northern European population 
the incidence of hip dysplasia has been estimated as 
between 120/1000 live births [ 8 – 11 ]. The incidence of a 
disease within a population is essential information when 
developing a screening test, as for a rare disease, even with 
high levels of specifi city, a number of false positive results 
will be expected. 

 The basic principle of treatment for DDH is that place-
ment and maintenance of the femoral head within the acetab-
ulum restores the normal conforming forces, which will 
encourage normal joint development. As the remodelling 
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potential of the acetabulum is greatest in the early months of 
life [ 12 ,  13 ], timing of any intervention is important. The aim 
of early detection is to commence simple treatment such as 
the Pavlik harness [ 14 ] at an appropriately early time, avoid-
ing the increased risks of surgical intervention with later 
diagnosis [ 15 ].  

    Clinical Examination 

 It is a legal requirement in the UK that all newborns are 
examined according to the NIPE protocol [ 16 ]. Clinical 
examination is based on the Ortolani [ 17 ] and Barlow 
manoeuvres [ 3 ] and aims to detect instability by asking the 
following questions.

    1.    Is the hip dislocated at rest?
    (a)    If so, is it reducible?   
   (b)    If it reduces, it is Ortolani positive, if it does not do 

so, it is Ortolani negative. 
  If it is not dislocated then:        
   2.    Is the hip dislocatable/subluxatable at rest?

    (a)    If so, it is Barlow positive 
  If it is not dislocatable then:        
   3.    Is the hip clinically normal?    

    (a)    If so, are there suffi cient risk factors in the history 
that mandate further assessment of the hip despite the 
negative clinical fi ndings?    

  Both the Barlow and Ortolani tests become less sensitive 
in the older infant: it becomes more diffi cult to detect insta-
bility (in an otherwise neurologically normal child) and the 
dislocated hip is now often irreducible (Ortolani negative). 
Over the age of 2–3 months, examination includes assess-
ment of leg length discrepancy, asymmetry of thigh creases 
(unreliable [ 18 ]) and most importantly limitation and/or 
asymmetry of abduction in fl exion [ 19 ,  20 ].  

    Ultrasound Examination 

 A static demonstration of hip joint anatomy uses the ‘stan-
dard plane’ described by Graf [ 21 ] whilst a dynamic assess-
ment will demonstrate joint instability [ 22 ,  23 ]: a combination 
of both methods is often helpful [ 23 ]. Both techniques may 
identify hip abnormalities that would not have been detected 
on clinical examination alone. The management of minor 
degrees of instability and/or anatomical dysplasia remains 
controversial [ 24 ]. Dynamic ultrasound assessment could be 
considered an extension of the clinical examination for 
instability.  

    Screening or Surveillance? 

 The WHO criteria for a screening programme were described 
by Wilson & Jungner [ 25 ] in 1968 but the current screening 
systems for the early detection of DDH only fulfi l some of 
these criteria. The condition is “important” with an accepted 
treatment and suitable facilities available for that treatment. 
There is an early stage in which DDH can be picked up, with 
the test (both clinical and ultrasound) being acceptable to the 
population. However, there is no universal agreement as to 
what is the best screening test. The natural history is not fully 
understood, and thus there is no universal agreement on who 
should receive treatment and who should not. Finally, the 
cost of the screening programme in comparison to the full 
costs of delayed detection (including medicolegal costs) has 
not been established for any individual country. 

 The severity of DDH can change over time with come 
cases improving and others deteriorating and the serial 
examinations required to assess this would be better 
described as “a surveillance process”, rather than a true 
screening test. In each case the examination fi ndings must be 
related to the clinical history. 

 There are many questions to be asked in relation to the value 
of the current DDH screening programmes and the following 
discussion aims to address the points outlined in Table  3.1 .

       Has the Presence of a Screening Programme 
Improved Outcomes for Patients with DDH? 

 There is no evidence that the current or historical screening 
programmes for DDH have improved the functional out-
comes of adult patients with DDH partly because there has 
never been a clear gold standard defi nition of what consti-
tutes a case of DDH. 

 Rates of surgery have been used as a surrogate endpoint 
for the effectiveness of a screening programme with the 
assumption that early diagnosis and treatment of DDH will 

   Table 3.1    Value of the current DDH screening programmes   

 Has the presence of a screening programme improved outcomes for 
patients with DDH? 

 How effective is clinical examination in the early detection of DDH 
and who should be performing the clinical examination? 

 What is the effect of a universal ultrasound surveillance programme 
on the detection of DDH? 

 Is selective ultrasound surveillance as effective as universal at 
detection of DDH? 

 Who is at highest risk of DDH and who is at risk of being missed? 

 Can late presentation of DDH be prevented? 
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allow stabilisation through conservative measures, reducing 
the requirement for surgical management at a later date. 
However, as the indications for surgical intervention are not 
universally agreed, results may be affected by changing 
thresholds for surgery over a period of time, or in different 
geographic regions. 

 Similarly, the incidence of “late presenting” DDH in a 
screened population has been used as an endpoint, where late 
presentation represents a failure of screening: again, there is 
signifi cant variability in the defi nition of ‘late’ and in how 
long the follow up is. Observational studies, assume a “cap-
tive population” or at least one in which children moving 
into the geographic area are of similar number and have the 
same rates of late presentation to those leaving the area. 

 Finally, rates of splintage/treatment have been used to judge 
the success of surveillance programmes based on the assump-
tion that an increased splintage rate should be refl ected in a 
subsequent decrease in the rates of late presenting 
DDH. Historically, some programmes saw an increased treat-
ment rate with little reduction in late presentation [ 26 ,  27 ], rais-
ing concerns about a high false positive rate and over treatment, 
with a potential risk of resultant AVN. More recent trials have 
gone on to demonstrate the opposite [ 28 ,  29 ], perhaps refl ect-
ing improved implementation of screening programmes.  

    How Effective Is Clinical Examination Alone 
in the Early Detection of DDH and Who 
Should Be Performing the Clinical 
Examination? 

 There are no studies directly comparing an unscreened 
cohort with that of a cohort undergoing a clinical screening 
programme alone. Table  3.2  lists a number of observational 
studies that have reported the rates of late presenting DDH 
in different patient populations. These studies suggest that 
the effectiveness of a clinical screening programme is 
improved when the person performing the examination has 
experience. Hadlow [ 30 ] demonstrated reductions in the 
rates of late presentation of DDH when a Consultant 

Orthopaedic surgeon, rather than a junior paediatrician per-
formed clinical examination. These rates remained low 
when experienced paediatricians performed the examina-
tions in subsequent years. This work was supported by simi-
lar studies from Krikler [ 31 ] and Tegnander et al. [ 32 ]. 
Interestingly, Moore hypothesised that the act of examina-
tion itself may cause instability through forceful or repeated 
attempts to dislocate an otherwise stable hip [ 33 ]. There was 
no evidence in this paper (and none since) to support this 
hypothesis.

       What Is the Effect of a Universal Ultrasound 
Surveillance Programme on the Detection 
of DDH? 

 The use of ultrasound as part of surveillance for DDH is well 
established, with certain centres electing to use universal sur-
veillance of newborns. A number of observational studies 
have compared the introduction of universal surveillance to 
that of historic controls in order to estimate the effect on 
rates of late presentation and splintage [ 27 ,  28 ,  37 – 40 ]. 
These demonstrate a variable increase in splintage rates, 
with improvement in the rates of late presenting DDH, with 
one study stating that no cases have presented late since the 
introduction of universal screening [ 39 ]. There are presently 
only two controlled trials (level II evidence) comparing the 
techniques directly. 

 Two arms of the 1994 Rosendahl et al. [ 41 ] controlled 
trial compared clinical examination alone to clinical exami-
nation and universal ultrasound in neonates. The study 
reported increased rates of splintage in the universal ultra-
sound group without a statistically signifi cant reduction in 
the rates of late diagnosed DDH (Table  3.3 ). **Even with the 
large numbers used in this study, due to the low rates of late 
presentation, later power calculations suggested that the 
original study was underpowered to demonstrate signifi -
cance in late diagnosis [ 42 ].

   In 2002, Elbourne [ 29 ] compared the use of ultrasound vs 
serial clinical examination in patients with clinical instability 

   Table 3.2    Summary of late presentation rates for clinical screening programmes   

 Authors  Study type  Type of screening  Patients,  n   Results 

 MacKenzie and Wilson [ 34 ]  Observational  Clinical by physician  53,033  Late presentation rate: 1.1/1000 

 Dunn et al. [ 35 ]  Observational  Clinical by junior paediatrician  103,431  Late presentation rate: 0.88/1000 

 Macnicol [ 36 ]  Observational  Clinical by junior paediatrician  117,256  Late presentation rate: 0.5/1000 

 Hadlow [ 30 ]  Observational  Clinical by experienced orthopaedic surgeon  20,657  0.2/1000 

 Krikler and Dwyer [ 31 ]  Cohort study  Clinical by junior paediatrician  or  
experienced physiotherapist 

 68,861  0.35/1000 
 0.1/1000 

 Tegnander et al. [ 32 ]  Cohort study  Clinical by experienced paediatrician  or  
inexperienced clinician 

 363,508  2.6/1000 
 5.3/1000 

3 Clinical Surveillance, Selective or Universal Ultrasound Screening in Developmental Dysplasia of the Hip



22

as part of a multicentre randomised controlled trial. The 
study demonstrated lower rates of splintage in hips, which 
were initially clinically abnormal, when ultrasound was used 
as part of the assessment. There was no difference seen in 
later surgery rates, suggesting that the ultrasound group was 
not undertreated.  

    Is Selective Ultrasound Surveillance 
as Effective as Universal at Detection 
of DDH? 

 Ultrasound assessment programmes can either be universal 
or selective with the latter aiming to identify those patients at 
highest risk of DDH. Risk factors for DDH have been well 
described, with a recent meta-analysis demonstrating a sig-
nifi cant increase in relative risk for female infants, breech 
presentation, fi rst born and those with a positive family his-
tory [ 43 ]. Historically, a foot deformity has often been con-
sidered to have an association with DDH, but the 
meta-analysis in 2012 showed this did not reach statistical 
signifi cance [ 44 ]. Selective screening programmes reserve 
ultrasound examination for those infants who have an abnor-
mal clinical examination and/or one or more risk factors. The 
most frequently used risk factors are a positive family his-
tory, breech positioning and foot deformities [ 41 ,  45 – 49 ]: 
female gender is not considered a risk factor for screening 
programmes. 

 Two large controlled trials (Table  3.4 ) have compared 
selective ultrasound screening with universal ultrasound 
[ 41 ,  48 ]. Neither demonstrated statistically signifi cant dif-
ferences in the rates of late diagnosis between the two 
patient groups. In Holen’s study [ 48 ], 5 patients were 
diagnosed late in the selective group (all without risk fac-
tors) and one patient from the universal group (where the 
protocol was not adhered to and no ultrasound actually 
took place). The authors of both trials [ 41 ,  48 ] emphasise 
that their ultrasound surveillance programmes supple-
mented a clinical programme where the examination was 
performed by an experienced physician, suggesting that 
their results are dependent on a combination of clinical 
and ultrasound assessments. Inexperienced clinical exam-
ination may lead to a loss of patients from the selective 
ultrasound screening group [ 31 ,  32 ] and a higher late 
diagnosis rate.

       Who Is at Highest Risk of DDH and Who Is 
at Risk of Being Missed? 

 Three observational studies have considered the characteris-
tics of late presenting DDH/dysplasia, which require inter-
vention; all studies were carried out in areas with selective    Ta

b
le

 3
.3

  
  Su

m
m

ar
y 

of
 s

tu
di

es
 c

om
pa

ri
ng

 c
lin

ic
al

 e
xa

m
in

at
io

n 
al

on
e 

w
ith

 c
lin

ic
al

 e
xa

m
in

at
io

n 
su

pp
le

m
en

te
d 

by
 u

ni
ve

rs
al

 u
ltr

as
ou

nd
 s

cr
ee

ni
ng

   

 A
ut

ho
r 

 St
ud

y 
ty

pe
 

 C
lin

ic
al

 e
xa

m
in

at
io

n 
on

ly
 

 U
ni

ve
rs

al
 u

ltr
as

ou
nd

 

  n  
 Sp

lin
tin

g 
ra

te
, %

 
 L

at
e 

di
ag

no
si

s 
 Su

rg
ic

al
 

pr
oc

ed
ur

es
 

  n  
 Sp

lin
tin

g 
ra

te
, %

 
 L

at
e 

di
ag

no
si

s 
 Su

rg
ic

al
 

pr
oc

ed
ur

es
 

 C
on

cl
us

io
ns

 

 E
lb

ou
rn

e 
et

 a
l. 

[ 2
2 ]

 
 R

C
T

 o
f 

ch
ild

re
n 

w
ith

 
cl

in
ic

al
ly

 a
bn

or
m

al
 h

ip
 e

xa
m

 
 31

5 
 48

 
 n/

a 
 7.

9 
%

 
 31

4 
 37

 
 n/

a 
 6.

7 
%

 
 L

ow
er

 r
at

es
 o

f 
sp

lin
ta

ge
 in

 U
S 

gr
ou

p.
 

N
o 

di
ff

er
en

ce
 in

 r
at

es
 o

f 
su

rg
ic

al
 

pr
oc

ed
ur

es
 

 R
os

en
da

hl
 e

t a
l. 

[ 4
1 ]

 
 R

C
T

 o
f 

un
se

le
ct

ed
 n

ew
bo

rn
s 

 39
24

 
 1.

8 
 2.

6/
10

00
 

 1.
2/

10
00

 
(5

 h
 ip

s)
 

 36
18

 
 3.

4 
 1.

4/
10

00
 

 0.
3/

10
00

 
(1

 h
ip

) 
 H

ig
he

r 
sp

lin
ta

ge
 r

at
e 

in
 U

S 
gr

ou
p.

 
 L

ow
er

 r
at

es
 o

f 
la

te
 d

ia
gn

os
is

 (
N

S)
 

 R
oo

ve
rs

 e
t a

l. 
[ 4

0 ]
 

 C
oh

or
t s

tu
dy

 o
f 

un
se

le
ct

ed
 

ne
w

bo
rn

s 
 51

70
 

 2.
7 

 8/
10

00
 

 3/
10

00
 

 20
66

 
 4.

7 
 6/

10
00

 
 1/

10
00

 
 H

ig
he

r 
sp

lin
ta

ge
 r

at
e.

 
 L

ow
er

 r
at

es
 o

f 
la

te
 d

ia
gn

os
is

/s
ur

ge
ry

 

J. Wright and D.M. Eastwood



23

ultrasound screening [ 47 ,  49 ,  50 ]. Sanghrajka et al. [ 50 ] 
analysed 65 consecutive open reductions, demonstrating 
that 88 % of late presentations did not have any risk factors 
to trigger ultrasound screening. The remaining 12 % had 
risk factors, which should have triggered a scan but the 
screening programme failed to identify them. The study 
infers that in order to detect these cases early, universal 
good quality ultrasound screening was required. Similarly, 
Azzopardi et al. [ 51 ] suggested that the selection criteria 
used in a screening programme affected the risk factors for 
late presenting DDH: those presenting late had an absence 
of risk factors. 

 Laborie et al. [ 52 ] reported the long term follow up of a 
group of patients involved in the Rosendahl et al. [ 41 ] con-
trolled trial: they looked for residual dysplasia (due to under 
diagnosis) and avascular necrosis (as a sequela of the 
increased treatment rates associated with ultrasound screen-
ing). In these skeletally mature individuals, no signifi cant 
dysplasia was identifi ed and there was no statistical differ-
ence in the radiographic parameters used to defi ne hip dys-
plasia between the cohorts screened by different methods. 
The patients reviewed represented only 17 % of the original 
cohort and thus with a condition of low incidence, the risk of 
a Type II error is high. 

 Sink et al. [ 53 ] reviewed 68 adults with symptomatic 
hip dysplasia, requiring operative intervention. In this 
group, 85 % did not have risk factors that would have trig-
gered a scan in infancy, had they been born at the time of 
the study. The suggestion of the authors is that dysplasia in 
adulthood may be predicted by an abnormal ultrasound in 
infancy, although it is possible that dysplasia in adulthood 
may represent a disease process outside that which pres-
ents in infancy and can be detected by a screening 
programme.  

    Can Late Presentation of DDH Be Prevented? 

 Two papers have suggested that late presenting DDH can 
be prevented with universal ultrasound screening of cap-
tive/local populations. In their study over 5 years, Marks 
et al. [ 39 ] found no cases of late presentation of DDH fol-
lowing the introduction of universal ultrasound screening. 
Similarly, the only case of late diagnosed DDH in the uni-
versal arm of the controlled trial by Holen et al. [ 48 ] was 
due to a failure of the study protocol and no scan took 
place. Observational studies in countries where national 
universal ultrasound programmes are used [ 28 ,  54 ] have 
failed to completely eliminate late presentations, perhaps 
due to factors related to migration, and incomplete com-
pliance with the protocol. These studies highlight the dif-
fi culties of ‘rolling out’ a good regional programme to a 
national level.     Ta
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    Conclusions 

 Several recent systematic reviews [ 46 ,  47 ,  55 ] have at-
tempted to defi ne the value of the differing surveillance 
programmes for DDH: each has been limited in their 
conclusions. There is a lack of high-level evidence that 
demonstrates an improvement in clinical outcomes and 
alternative, often heterogenous, endpoints such as late 
presentation have been used to monitor effi cacy. The con-
clusions drawn must be made on the best evidence avail-
able, with the acceptance that sensible fi rst principles 
must be applied (Table  3.5 ).

   It is reassuring to see that the NIPE programme 
includes an emphasis on teaching and quality assurance to 
ensure that the clinical programmes are robust in terms of 
governance. Similar standards should also be applied to 
ultrasound programmes.      
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    Abstract  

  This chapter aims to summarise the best available evidence for decision making in treating 
children with developmental dysplasia of the hip. While the treatment of DDH is not with-
out risk, it is universally accepted that the clinician should do what is necessary to achieve 
and maintain a gentle, concentric and stable reduction. Several challenges became apparent 
during the preparation of this chapter. Many of the studies are retrospective case series with 
suboptimal methodology, small numbers and inconsistent treatment methods. Radiological 
appearance (using the Severin classifi cation and scores to identify the pattern of growth 
disturbance) are consistently used as surrogates for poor outcome. There are several aspects 
in the treatment of DDH where uncertainties remain. We hope that this chapter will help 
guide the surgeon through these controversies.  

  Keywords  

  Developmental dysplasia of the hip   •   DDH   •   Congenital dislocation of the hip   •   CDH   • 
  Infant hip   •   Dislocated hip   •   Baby hip   •   Pavlik harness   •   Von Rosen splint   •   Hip spica   • 
  Closed reduction   •   Open reduction   •   Avascular necrosis   •   Growth disturbance  

      Background 

 Developmental dysplasia of the hip (DDH) is a spectrum of 
disorders in the developing hip that encompass [ 1 ,  2 ]:

    1.    Hip abnormalities found on ultrasound and radiograph 
with no clinical abnormalities. If untreated this may pres-
ent later as a frank dislocation.   

   2.    Hip instability, such that the femoral head can be dislo-
cated partially or fully from the acetabulum by an exam-
iner but relocates spontaneously.   

   3.    Dislocated but reducible hip.   
   4.    Dislocated hip that cannot be reduced.    

  Accordingly, the incidence varies from 8/100 birth (as 
ultrasound abnormality), 3/100 birth (abnormal clinical 
fi ndings) to 1.4/1000 (as frank dislocation). Clinical 
examination of the newborn can detect hip instability but 
not acetabular dysplasia. The development of ultrasound 
has advanced our understanding of the normal develop-
ment of the hip and allows monitoring of the dislocated, 
unstable and dysplastic hip. Static ultrasound parameters 
of the neonatal hip have been classifi ed by Graf [ 3 ] (Table 
 4.1  and Fig.  4.1 ). Screening for dynamic instability is 
considered to be an important part of the assessment of 
the infant hip [ 4 – 7 ].
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    The principles of treating DDH can be summarised in 4 steps:

    1.    Achieve a concentric reduction without excessive force.   
   2.    Maintain the concentric reduction for an optimum time.   
   3.    Promote the normal growth and development of the hip.   
   4.    Minimise complications.     

 Although surgeons around the world agree on the above 
principle, they adapted different approaches to achieve the 
above principles. In this chapter, we have explored the evi-
dence behind these approaches concentrating on the com-
mon questions that clinicians face in the management of 
children with DDH. 

   Table 4.1    Graf sonographic grading for DDH (see Fig.  4.1 )   

 Type  Alpha angle (α)  Beta angle (β)  Descriptions 

 I  > 60°  <55°  Ia  Normal hip (at any age). This grade is further divided into (Ia; β < 55°) and (Ib; 
β > 55°). The signifi cance of this subdivision is not yet established. Patient does 
not need follow-up. 

 > 55°  Ib 

 II  50–59°  IIa  < 77°  If the child is <3 months. This may be physiological and does not need treatment; 
however, Follow up is required. 

 IIb  < 77°  > 3 months, delayed ossifi cation. 

 43–49°  IIc  Stable  < 77°  Critical zone, labrum not everted. This is further divided into stable and unstable 
by provocation test.  Unstable 

 D  43–49°  > 77°  This is the fi rst stage where the hip becomes decentred (subluxed). 

 III  <43°  IIIa  Dislocated femoral head with the cartilaginous acetabular roof is pushed  upwards . 
This is further divided into IIIa and IIIb depending on the echogenicity of the 
hyaline cartilage of the acetabular roof (usually compared to the femoral head) 
which refl ects the degenerative changes. 

 IIIb 

 IV  <43°  Dislocated femoral head with the cartilaginous acetabular roof is pushed 
 downwards  

Graf I Graf II

Graf III Graf IV

  Fig. 4.1    Hips ultrasound; Graf 
hip types       
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 The hip continues to develop throughout childhood and 
complications of treatment in the young child may not become 
evident for many years. Large prospective studies with long-
term outcomes are scarce and the majority has used surrogates 
such as avascular necrosis (AVN), failure of treatment, re-dis-
locations or further surgery etc. AVN is a major cause of long-
term disability and is directly related to the treatment – it does 
not occur in untreated DDH. There are several classifi cations 
of AVN including Kalamachi and MacEwen [ 8 ], Bucholz and 
Ogden [ 9 ] and Salter’s classifi cation [ 10 ]. 

 The Severin classifi cation (Table  4.2 ) describes the radio-
graphic appearance of the hip 5 years after treatment for dis-
locations. It has been used by many authors as a surrogate for 
clinical outcome [ 11 ]. Several studies have questioned the 
reliability [ 12 ,  13 ] and showed unacceptably low levels of 
inter- observer and intra-observer reliability and agreement.

      DDH Management in the Infant (0–6 months 
of Age) 

    Is Universal Ultrasound Screening Program 
to Detect Hip Dysplasia Necessary? 
 This question was addressed in Chap.  3    .  

    When Should Treatment Be Commenced 
for the Dislocatable Hip? 
 While it is accepted that treatment should not be delayed 
with the dislocated but reducible hip but should the same 
apply to the neonate with a dislocatable hip or a stable but 
dysplastic hip? When should ‘watchful waiting’ be applied? 
Treatment with abduction splintage is not entirely benign 
with a 2–3 % rate of avascular necrosis (AVN) reported in 
children treated at less than 2 months of age, compared with 
1 % after 6 months [ 14 ,  15 ]. Furthermore, AVN has also been 
shown to occur in the contralateral hip [ 16 ,  17 ]. 

 It has been established that many unstable hips at birth 
will stabilise without the need for abduction splintage [ 18 ]. 
The fi xed fl exion contracture of the neonatal hip spontane-
ously resolves and rapid resolution of acetabular dysplasia 
also occurs in the majority of cases [ 19 ]. Therefore, at what 
age should treatment be initiated to avoid over-treatment in 
the clinically unstable hip? 

 Gardiner and Dunn [ 7 ] randomised 79 neonates with unsta-
ble (dislocatable) hips to receive either immediate splinting or 
ultrasound surveillance. At 2 weeks follow-up, 60 % of hips in 
the surveillance group had no further sonographic signs of hip 
instability. The remainder with persistent instability or acetabu-
lar dysplasia underwent abduction splinting at this stage. At 6 
and 12 months follow-up, there was no difference in clinical or 
radiological appearance in the two initial groups. They recom-
mended that a 2-week delay, prior to initiating treatment for the 
dislocatable hip is advisable to minimize over treatment. 
However, due to the small sample size, it would have required 
a major adverse outcome to be statistically signifi cant. 

 Elbourne et al. [ 20 ] undertook a multi-centre randomised 
trial to determine whether ultrasonographic surveillance 
could reduce the number of children undergoing abduction 
splintage for hip instability, without resulting in a signifi cant 
increase in the incidence of late treatment. Following a clini-
cal diagnosis of hip instability, infants were randomised to 
receive treatment based on clinical examination alone 
(n = 315) or treatment decision based on a hip ultrasound at 
2 weeks of age or older (n = 314). In the ultrasound group, 
those hips that were signifi cantly displaced or unstable were 
splinted, while minor displacement or instability was moni-
tored. If abnormality persisted until 8 weeks of age, splintage 
was initiated. In the clinical examination group, abduction 
splintage was prescribed based on clinical suspicion. 
Splintage was undertaken earlier in the clinical examination 
group (81 % by 2 weeks of age vs. 63 % in the ultrasound 
group) with more hips requiring treatment with clinical 
examination alone (50 vs. 40 % respectively). Radiographic 
parameters at 2 years of age and the need for surgical inter-
vention were similar in both groups. The study concluded that 
ultrasound examination reduced the rate of abduction splint-
age by a third without increasing the need for late treatment. 

 While the study does not directly address the age at which 
treatment should be initiated in the unstable hip, it suggests 
that the decision on abduction splintage should be based on 
the ultrasound appearance, not just clinical examination. 
Furthermore, immediate abduction splintage (<2 weeks of 
age) was not deemed to be necessary. 

 These studies indicate that the decision on whether to 
treat the unstable hip should include ultrasound examination. 
Treatment prior to 2 weeks of age does not appear to be nec-
essary as many hips will spontaneously stabilise. Grade of 
recommendation: B.   

    Should an Ultrasound-Confi rmed Dysplastic 
but Stable Hip Be Treated? 

 Ultrasound examination allows us to quantify the degree of 
acetabular dysplasia, but should all neonates with stable 
dysplastic hips be treated? Neonates that have evidence of 

   Table 4.2    Severin classifi cation   

 Group  Description 

 I  Well developed hip joint 

 II  Moderate deformity of the femoral head, neck or 
acetabulum in otherwise well developed joint 

 III  Dysplasia, but not subluxation 

 IV  Subluxation 

 V  Femoral head is articulating with secondary acetabulum 

 VI  Re-dislocation 
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acetabular dysplasia at birth can demonstrate rapid remodel-
ing over the fi rst few weeks of life, without the need for 
abduction splinting [ 15 ]. There are four relevant studies: 

 Wood et al. [ 5 ] reported on a study with 44 infants aged 
2–6 weeks with dysplastic stable hips (<40 % coverage on 
ultrasound examination). Random allocation was used to allo-
cate patients to receive splintage or surveillance. At 3 months 
the acetabular coverage measured by ultrasound improved in 
both groups but the greatest improvement was found in those 
infants placed in an abduction splint (36.7–54.3 % in the 
splinted group and 32.8–48.6 % without splint, p < 0.03). 
However, at 3 months the acetabular index on plain x-ray was 
similar (24.79 vs. 24.28). There was a 69 % follow-up at 
24 months – mean acetabular index 21.6° (splinted) and 23.5 
(no splint). They concluded that in the 2–6 week old child with 
dysplastic but stable hips, abduction splinting confers no ben-
efi t. However, the sample size in the study was small. 

 Sucato et al. [ 21 ] investigated the predictive value of an 
abnormal ultrasound in an infant under 1 month of age. They 
performed a retrospective review of 112 infants (192 hips) 
less than one month of age with a normal hip examination 
but abnormal hip ultrasound (Graf IIa-III). Pavlik harness 
treatment was selected at the discretion of the treating physi-
cian allowing review of two groups: those treated (43 hips) 
and untreated (149 hips). The two groups had similar demo-
graphics and Graf classifi cation, but the treated group dem-
onstrated less femoral head coverage on stress maneuvers. At 
fi nal follow-up (15.9 months), in the treated group, no hip 
had evidence of dysplasia while 2 hips (1.3 %) were consid-
ered dysplastic in the untreated group. These 2 hips were 
initially classifi ed as Graf IIc and it was reported that other 
more dysplastic hips (Graf IId/III) in the untreated group had 
normal acetabular indices at fi nal review. They concluded 
that Pavlik harness management did not appear to infl uence 
the incidence of acetabular dysplasia in the stable hip. 

 Rosendahl et al. [ 22 ] conducted a blinded RCT involving 
128 neonates (less than 2 weeks of age) with mild hip dyspla-
sia (alpha angle 43–49°). Patients were allocated to receive 
6 weeks of abduction splinting or ultrasound surveillance 
alone. There was no loss to follow-up. 29 children (47 %) in 
the ‘active-surveillance’ group received abduction splinting at 
6 weeks of age due to persistent dysplasia. At 12 months of 
age, the mean acetabular inclination was 24.2° in both groups. 
The authors concluded that in the dysplastic stable hip, an 
active surveillance policy reduces the need for treatment by 
50 % compared with immediate abduction splintage. 

 In a prospective study of 8638 hips (4319 neonates 
assessed in the immediate postnatal period) from Israel [ 23 ], 
8030 hips (93 %) were normal by clinical examination and 
ultrasound fi ndings. These babies were discharged when 
they did not have risk factors. Babies with clinically stable 
hips but with either risk factors or with a Graf type IIa or IIc 
sonographic appearance were re-examined clinically and 

sonographically at 6 weeks of age. Those neonates with 
unstable hips or a stable hip with Graf type D appearance (or 
worse) were re-examined at 2 weeks of age. If the sono-
graphic appearance showed no improvement of the unstable 
hips at 2 weeks, treatment with the Pavlik harness was 
commenced. 

 There were 479 hips (5.53 %) with abnormal sono-
graphic fi ndings placing them in Graf class IIa or worse; 
of these 81 hips (0.9 %) were unstable on clinical 
examination. 

 At the end of the established waiting periods, 90 % of the 
abnormal hips had become normal without treatment. Less 
than 3 % of the Graf IIa hips failed to normalise without 
treatment, whereas 17 % of Graf III hips and 80 % of Graf IV 
hips failed to normalise (Table  4.3 ).

   These studies suggest that immediate abduction splintage 
in the dysplastic hip could result in some hips being unneces-
sarily treated. In the infant with a stable but dysplastic hip, 
the decision to treat may be delayed to 6 weeks of age 
 without risk of unsatisfactory outcome. Grade of recommen-
dation: B.  

    How Should a Dysplastic or Dislocated 
Hip Be Treated in Children Who Are Less 
Than 6 Months of Age? 

 The Pavlik harness is the most widely used method of treat-
ment in this age group. The reported success rate ranged 
from 59 % to 97 % (Table  4.4 ). Likely reasons for such 
variation are the threshold for treatment, the length of treat-
ment and defi nition of failure by reporting authors. As noted 
previously, 93 % of Graf IIa hips resolve spontaneously 
without any treatment. If these hips are included in a treat-
ment protocol the reported success will be high.

   A variety of other splints and braces have also been used 
to treat DDH. Comparable success rates have been reported 
in treating DDH with the Von Rosen splint (Table  4.5 ). 
Comparative studies between the above braces are contradic-
tory and most are suboptimal.

   These studies suggest that the dislocated or dysplastic hip 
can be treated with a Pavlik harness or a Von Rosen splint 
with a high success rate and low incidence of AVN. Grade of 
recommendation: B.  

   Table 4.3    Summary of Bialik’s study fi ndings   

 Type  Stable  Unstable  Total  Needed treatment (%) 

 Type IIa  255  6  261  7 (2.6 %) 

 Type IIc  93  19  112  12 (10.7 %) 

 Type D  24  28  52  12 (23 %) 

 Type III  4  13  17  3 (17.6 %) 

 Type IV  1  14  15  12 (80 %) 
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    Does Weaning the Pavlik Harness Treatment 
Provide an Advantage Over Immediate 
Discontinuation? 

 Pavlik harness treatment is usually discontinued when ultra-
sound examination confi rms a normal hip morphology and 
the clinical examination is negative. However, some authors 
prefer to wean the infant from the harness with a period of 
part-time wear that occurs over several weeks or months. 

 Westacott et al. [ 35 ] compared the outcome of Pavlik har-
ness treatment between two centres. Eighty children in 
Centre A underwent staged weaning of the Pavlik harness 
once three consecutive weekly ultrasounds demonstrated a 
Graf Grade I hip. Forty-eight children were treated in Centre 
B where Pavlik harness treatment discontinued immediately 
with no weaning period. No statistically signifi cant differ-
ence was found in the success rate (88 % vs. 71 %) although 
there was a non-signifi cant trend towards higher intervention 
when the harness was immediately stopped. While there was 
also no signifi cant difference in AVN rate, there was a trend 
towards a lower AVN rate with the immediate cessation (9 % 
vs. 4 %). 

 This single study suggests that there is no obvious advan-
tage of weaning the Pavlik harness treatment over the imme-
diate cessation and there may be an associated higher AVN 
rate. Grade of recommendation: C.  

    How Should Femoral Nerve Palsy During 
Pavlik Harness Treatment Be Managed? 

 Femoral nerve palsy is an uncommon complication of 
Pavlik harness treatment. In a study [ 32 ] of 1218 patients 

treated by Pavlik harness, 30 cases of femoral nerve palsy 
were identifi ed (incidence of 2.5 %). 87 % presented 
within one week of application of the harness. Femoral 
nerve palsy was more likely in older, larger patients in 
whom the developmental dysplasia of the hip was of higher 
severity. Nineteen patients were treated with temporary 
suspension of harness treatment and subsequent reapplica-
tion when femoral nerve function returned, 6 were treated 
with adjustment of harness to reduce hip fl exion, 5 were 
managed with complete abandonment of the harness, with 
4 requiring subsequent closed or open reduction of the hip. 
There was no correlation between the method of manage-
ment of the femoral nerve palsy and the success of treat-
ment. Of those 19 patients who did have reinstitution of 
harness therapy, only 3 developed a recurrence of the 
palsy. Pavlik harness treatment was abandoned in all 
patients who demonstrated recurrence of femoral nerve 
palsy. All patients had eventual complete return of full 
quadriceps function, with no clinically evident long-term 
motor or sensory defi cit. Patients whose femoral nerve 
palsy resolved within 3 days had a 70 % chance of having 
successful treatment with harness, whereas those who had 
not recovered by 10 days had a 70 % chance of having 
treatment failure. Notably, the success rate associated with 
treatment with a Pavlik harness was 94 % in the control 
group and 47 % in the palsy group. 

 The published evidence to guide on the best treatment for 
femoral nerve palsy associated with Pavlik harness is lim-
ited. The above study suggested that it is reasonable to tem-
porarily stop the Pavlik harness treatment until the nerve 
recovers or alternatively reduce the amount of hip fl exion. 
The presence of femoral nerve palsy is associated with a 
higher failure rate. Grade of recommendation: C.  

    What Is the Next Step in the Hip That Fails 
to Reduce and Stabilise in a Pavlik Harness? 

 Several factors have been associated with failure of Pavlik 
harness management: breech presentation, bilateral disloca-
tion, age at application, incorrect application, poor parental 
compliance and an initially irreducible hip [ 42 – 46 ]. 

   Table 4.4    Summary of Pavlik Harness treatment   

 Study  Hips 
 Success 
rate (%) 

 AVN 
rate (%)  LOE 

 Pavlik [ 24 ]  1912  84  0  IV 

 Wada [ 25 ]  2481  80  14.3  IV 

 Walton [ 26 ]  123  90  2.4  IV 

 Cashman [ 27 ]  546  97  1  IV 

 Grill [ 28 ]  3611  92  2.4  IV 

 Johnson [ 29 ]  91  90  0  IV 

 Filipe [ 30 ]  74  NR  5.4  IV 

 Santos [ 31 ]  159  93.7  16  IV 

 Murnaghan [ 32 ]  1218  94  9  IV 

 Nakamura [ 33 ]  130  81.6  12.3  IV 

 van der Sluijs [ 34 ]  62  60  16  IV 

 Walton [ 26 ]  123  95.2  2.3  IV 

 Westacott [ 35 ]  a   Groups A  80  88  9  III 

 Group B  48  71  4 

 Wilkinson [ 36 ]  43  76.7  0  III 

   a See the text in question 5 for details  

   Table 4.5    Summary of Von Rosen splint treatment   

 Study  Hips 
 Success 
rate (%) 

 AVN 
rate (%)  LOE 

 Finlay [ 37 ]  56  93  1.7  IV 

 Fredensborg [ 38 ]  111  98  0.9  IV 

 Heikkila [ 39 ]  180  98.3  0.6  IV 

 Mitchell [ 40 ]  100  95  2  IV 

 Wilkinson [ 36 ]  26  100  0  III 

 Lauge-Pedersen [ 41 ]  247  97.5  NR  III 
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 The clinically irreducible hip can be successfully treated 
in a Pavlik harness, but close monitoring is essential. The 
harness can gradually reduce the abduction contracture and 
with ongoing active motion and fl exion, the femoral head 
can relocate. It is the most commonly used device in the 
early management of DDH [ 27 ,  47 ,  48 ]. However, prolonged 
positioning of the dislocated hip in adduction and fl exion can 
potentiate femoral head and posterolateral acetabular dyspla-
sia causing greater diffi culty in successfully obtaining stabil-
ity with future closed or open reduction [ 49 ]. 

 If the hip is reducible but fails to stabilise in a Pavlik har-
ness, many specialists will elect to proceed with closed 
reduction ± adductor tenotomy and spica cast. However, 
there are increasing concerns on the effect of general anaes-
thesia on the developing brain [ 50 ,  51 ] and a viable alterna-
tive to a procedure under anaesthesia is appealing. 
Furthermore, closed reduction has been associated with a 
highly variable rate of AVN (see next section). Semi-rigid 
abduction bracing is an alternative and several authors have 
reported their experience in using the orthosis in those hips 
that fail to stabilise in a Pavlik harness. In particular the 
Ilfi eld orthosis is gaining in popularity. The Ilfi eld orthosis 
holds the hip in less fl exion than in a Pavlik harness and in 
50° abduction. It reduces the amount of hip motion com-
pared to the Pavlik harness. Sankar et al. [ 47 ] postulate that 
the semi-rigid device may be particularly effective in those 
hips that are reducible and lie inferiorly or are excessively 
lax. Parental compliance due to ease of re-application may 
also be a factor. 

 Sankar et al. [ 47 ] reviewed two retrospective cohorts of 
patients who had failed Pavlik harness management at the 
same institution. Nineteen infants who had undergone Ilfi eld 
bracing following persistent hip instability following Pavlik 
harness management were compared to a consecutive retro-
spective cohort of 16 infants who had a closed reduction and 
spica cast application. The groups were comparable prior to 
the secondary intervention. The hips stabilized in 82 %vs 
91 % of cases respectively and radiographic appearance was 
similar at one year. Notably, hips that were dislocated and 
irreducible were excluded from the study. Three hips in the 
closed reduction cohort had evidence of AVN at 12 months 
follow-up. 

 Hedequist et al. [ 52 ] reviewed their experience of using 
an abduction orthosis after failed Pavlik management in 14 
infants. At the time of brace application, 12 of the hips were 
dislocated but reducible and 2 hips were unstable. There 
were no irreducible hips. 12/14 hips successfully stabilized 
in the abduction orthosis and 2 hips failed, requiring closed 
reduction. One of these developed radiographic evidence of 
grade 1 AVN at 3-year follow-up. The mean time for the hip 
stabilisation was 24 days (14–63) with duration in the splint 
of 46 days (18–91). 

 Swaroop et al. [ 53 ] performed a retrospective review of 
their experience in managing the dislocated but reducible 
hip. In the cohort 41/44 hips were successfully stabilised in a 
Pavlik harness and of the remaining 3 hips who failed Pavlik 
harness, 2 (67 %) were successfully treated in an abduction 
orthosis. 

 Ibrahim et al. [ 42 ] performed a retrospective review of 7 
patients at a single institution who had failed Pavlik harness 
management and were then treated in an Ilfi eld abduction 
brace. In contrast to the experience of the previous authors, 
all hips failed to stabilize with the abduction splint and thus 
closed or open reduction was then required. Of note, three of 
the patients had a dislocated irreducible hip at initial presen-
tation (unchanged post-Pavlik management) and one patient 
could not tolerate the brace and it was discontinued after 
three days. The remaining hips were unstable on commence-
ment of the brace. 

 The experience of these authors suggest that while an 
abduction orthosis will not successfully stabilize the irreduc-
ible dislocated hip, it can be considered for the dislocated but 
reducible or unstable hip that fails Pavlik harness manage-
ment. The evidence thus far are level 3 and 4 studies. 
Prospective trials are needed to further clarify the indica-
tions. Grade of recommendation: B/C.   

    Failure of Early Treatment or Late 
Presentation Between 6–18 Months of Age 

    When Should a Closed Reduction 
Be Considered? 

 Closed reduction of the dislocated hip with adductor +/− 
psoas tenotomy and spica cast is an accepted technique in the 
management of DDH. It can be performed as the initial pro-
cedure in the child over 6 months of age, or following failure 
post Pavlik harness/abduction brace management. However, 
it is not a benign procedure with wide variation in AVN rates 
reported from 4 % to 60 % [ 54 – 60 ]. Case selection, surgical 
technique, pre-operative traction and the presence of the 
ossifi c nucleus are thought to be the contributive factors. 
Excessive hip abduction in the post-operative spica is likely 
to be a cause of AVN, due to vascular occlusion and dimin-
ished blood supply to the femoral epiphysis – care should be 
taken to keep the degree of hip abduction within the ‘safe- 
zone’, as described by Ramsey [ 61 ]. 

 Senaran et al. [ 62 ] hypothesised that reducing dislocated 
hips which fail Pavlik harness treatment within 3 months of age 
will result in a lower incidence of AVN. To support their 
hypothesis, they reviewed 21 consecutive cases (35 hips) that 
failed Pavlik harness treatment and underwent closed reduction 
before the age of three months. Successful closed reduction 
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was achieved in 33 (94 %) of 35 hips, and open reduction 
required in 2 (6 %) of 35 hips. At latest follow-up, one (3 %) of 
35 hips had AVN – it should be noted that follow-up duration 
was just 36 months. At the time of reporting, 1 (3 %) of the 35 
hips has required an additional procedure (Pemberton osteot-
omy) for residual dysplasia. They concluded that the study sup-
ports their hypothesis that an early closed reduction following 
Pavlik harness management minimizes the rate of AVN. 

 Novais et al. [ 63 ] recently published a systematic review 
and meta-analysis (level III) which provided some answers 
to our question. They included 66 studies in the systematic 
review and 24 in the meta-analysis. Data on 481 hips treated 
by closed reduction and 584 hips treated by open reduction 
were available to evaluate the association between AVN and 
age. The association between AVN and operative approach 
was assessed using data on 364 hips treated by medial open 
reduction and 220 hips treated by anterior open reduction. 
Novais reported that the overall, adjusted incidence of AVN 
(≥ Grade II) was 8.0 % (95 % CI, 2.8 %–20.6 %) among 
patients who underwent closed reduction at or before 
12 months of age and 8.4 % (95 % CI, 3.0 %–21.5 %) among 
those who had closed reduction after 12 months. The differ-
ence between the two age groups was not signifi cant (OR, 
1.1; 95 % CI, 0.4–3.2; p = 0.9). 

 It is of note that this meta-analysis was based on the results 
of observational studies and potential confounding variables 
such as failure of previous treatment, associated procedures 
including adductor tenotomy, length of immobilisation, and 
degree of abduction in a spica cast were not accounted for. 

 The authors conducted a systematic review of the litera-
ture to investigate the incidence and predictors of AVN and 
the radiographic outcome in children who had a closed 
reduction under 2 years of age (unpublished) [ 64 ]. The study 
included 7 papers that had a 5-year minimum follow-up. The 
review included 539 hips across the studies. At a mean fol-
low- up of 7.6 years there was a 10 % rate of AVN. 

 Although these studies indicate that a closed reduction is 
not a benign procedure with 8–10 % rate of AVN, it remains 
an effective treatment for the hip that fails to stabilise in a 
Pavlik harness. While careful positioning of the hip in a 
spica is important to minimize AVN, age at reduction is not 
conclusively associated with AVN.  

    Is Preliminary Period of Traction Necessary 
Before Closed Reduction of a Dislocated Hip? 

 Proponents of preliminary traction claim that traction reduces 
the risk of AVN and the need for open reduction. To reduce 
the cost and inconvenience of hospital admission, portable 
home traction devices may be used. Opponents cite the 
increased cost for this additional step in the management and 

argue that the evidence for reducing the risk of AVN has not 
been substantiated in recent studies. Several comparative 
studies (level III) have been identifi ed and their fi ndings have 
been summarised in Table  4.6 . Crude pooling of the AVN 
rate is slightly lower with traction. Some retrospective case 
series tried to address the value of the preliminary traction in 
treating DDH but their fi ndings were inconclusive [ 56 ,  70 ].

   The published evidence for the value of traction prior to 
closed reduction is inconclusive. The potential benefi t should 
be weighed against the cost and inconvenience of the trac-
tion. Grade of recommendation: C.  

    Should Treatment Be Delayed Until the Ossifi c 
Nucleus Is Visible? 

 In his above mentioned study [ 65 ], Segal also investigated the 
effect of several factors that might infl uence the rate of AVN 
including the presence of the ossifi c nucleus (ON). The study 
included 49 children (57 dislocated hips) who were 
<12 months old. Eighteen hips developed AVN. There was no 
signifi cant difference in the occurrence of AVN with respect 
to variables such as preliminary traction, closed  versus open 
reduction, Pavlik harness use, and age at the time of operative 
intervention. However, the presence of the ossifi c nucleus 
before reduction, detected either by radiographs (p < 0.001) 
or sonography (p = 0.033) was statistically signifi cant in pre-
dicting AVN; one (4 %) of 25 hips with an ossifi c nucleus 
developed AVN, whereas 17 (53 %) of 32 hips without an 
ossifi c nucleus before reduction developed AVN. 

 Another study [ 71 ] of 48 patients who underwent success-
ful closed reduction showed similar fi ndings. At 2 years fol-
low up, AVN was noted post-reduction in 17 hips (35 %): 4 of 
23 hips that had a visible ossifi c nucleus prior to reduction 
(17 %), compared with 13 of 25 hips reduced before the 
ossifi c nucleus was visible (52 %). 

   Table 4.6    AVN rate and traction   

 Study  Traction  Hips  AVN 

 Segal et al. [ 65 ]  Yes  48  16 

 No  6  1 

 Langenskiold et al. [ 66 ]  Yes  176  65 

 No  86  33 

 Sibinski et al. [ 67 ]  Yes  66  20 

 No  31  20 

 Brougham et al. [ 68 ]  Yes  42  19 

 No  168  80 

 Kutlu [ 69 ]  Yes  89  4 

 No  52  0 

 Crude pooled  Yes  421  124 (28 %) 

 No  343  134(37 %) 
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 Clarke et al. [ 72 ] conducted a prospective study of 50 hips 
that presented late or had failed conservative treatment. In 28 
hips treatment was intentionally delayed until either ossifi c 
nucleus became visible or the child reached 13 months of 
age. In 22 hips the ossifi c nucleus was present at clinical pre-
sentation and treatment proceeded without delay. Six hips 
reached the age of 13 months without an ossifi c nucleus 
appearing and so underwent to treatment. The signifi cant 
AVN rate (more than grade 1) was 7 % for closed reduction 
and 14 % for open reduction. The authors concluded that the 
presence of the ossifi c nucleus is an important factor in the 
prevention of AVN and delaying the surgical intervention 
until it either appears, or the child reaches 13 months of age, 
is justifi ed. However, there was a higher AVN rate (14 % vs. 
4.5 %, not statistically signifi cant) and higher open reduction 
rate (61 % vs. 23 %) in the delayed group vs. immediate 
treatment group, indicating that the benefi t of delaying treat-
ment is far from clear. 

 Several other studies did not support the notion that the 
visibility of the ossifi c nucleus has a protective effect against 
the development of the AVN. Findings from these studies 
have been summarised in Table  4.7 .

   Our literature search has identifi ed an ongoing phase III 
randomised trial to assess the effect of timing of surgical 
intervention on the occurrence of AVN in children with 
DDH. The target number is 636 children and 3 % have been 
recruited. The anticipated completion date is 30/6/2024 [ 78 ]. 

 The current evidence does not support delaying DDH 
treatment until the ossifi c nucleus becomes visible. Grade of 
recommendation B/C.  

    When Should a Medial Open Reduction 
Be Considered? 

 Open reduction of the dislocated hip through a medial 
approach was initially described by Ludloff [ 79 ]. He 
described using the interval between adductor brevis and 
pectineus to allow direct access to the structures that prevent 
reduction – the anteromedial capsule, psoas tendon and 
transverse acetabular ligament. Ferguson [ 80 ], followed by 
Weinstein and Ponseti [ 81 ] described alternative surgical 
approaches – between adductor brevis and gracilis and 
between pectineus and the neurovascular bundle respec-
tively. The approach is cosmetically acceptable and avoids 
disturbing the abductor muscles and iliac apophysis. 
Capsulorraphy cannot be performed, thus it is predominantly 
used in children prior to walking age (<18 months). 

 The reported incidence of AVN following medial open 
reduction varies widely from 0–67 % [ 82 ,  83 ,  84 ]. It is pos-
tulated that this could be due to injury of the medial femo-
ral circumfl ex artery as it passes over the anteromedial 
capsule of the hip. Type 2 AVN (similar in the Bucholz and 
Ogden [ 9 ] and Kalamchi and MacEwen [ 8 ] classifi cations) 

appears to be the most common. It represents a growth dis-
turbance due to a tether to the lateral physis of the femoral 
head causing a late-onset progressive coxa valga and caput 
valgus. 

 A recent systematic review investigated the incidence of 
AVN following the medial open reduction [ 85 ]. Studies 
included had >5 years follow-up to minimize the under- 
diagnosis of late-onset growth disturbance and ten or more 
cases in the series [ 73 ,  86 – 98 ]. Type 1 AVN (temporary, 
irregular ossifi cation with minimal clinical signifi cance in 
the adult hip) was not included in the analysis. The 14 papers 
that met the inclusion criteria included 734 hips. Detailed, 
individual information was available on 221 hips allowing 
further analysis. With a mean follow-up of 10.9 years 
(2–28 years), the rate of AVN was 20 %. 

 The analysis of those hips on which specifi c data was 
available, type 2 AVN predominated and the rates increased 
with duration of follow-up (up to 24 % at skeletal maturity). 
Considering Severin grades 3–6 as an unsatisfactory out-
come at skeletal maturity, 55 % of hips with AVN were 
unsatisfactory compared to 20 % without AVN. Post- 
operative immobilization, revision surgery and age 
<12 months at the time of the initial surgery were associated 
with increased rates of AVN. 

 This review has limitations – all identifi ed studies were 
case series and there was variability in the data recorded. 
There are signifi cant challenges to performing a long-term 
randomized controlled trial in the operative management of 
DDH and, for the majority; most evidence is level 3 or 4. In 
conclusion, MOR is an effective technique of reducing the 
dislocated hip following failure of Pavlik harness manage-
ment, or in late diagnosis of DDH <18 months of age. 
However, the incidence of late onset growth disturbance in 
>20 % of patients is of concern.  

    Table 4.7    Association of the presence of ossifi c and AVN   

 Study  ON  Hips  AVN 

 Segal et al. [ 65 ]  Yes  25  1 

 No  32  17 

 Carney et al. [ 71 ]  Yes  23  4 

 No  25  13 

 Konigsberg et al. [ 73 ]  Yes  13  4 

 No  27  7 

 Sllamniku et al. [ 74 ]  Yes  84  12 

 No  150  4 

 Roposch et al. [ 75 ]  Yes  63  20 

 No  42  17 

 Luhmann et al. [ 76 ]  Yes  90  1 

 No  63  4 

 Cooke [ 77 ]  Yes  24  2 

 No  24  2 

 Crude pooling  Yes  322  44 (13.6 %) 

 No  363  64   (17.6 %) 
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    When Should Anterior Open Reduction 
Be Considered? 

 The anterior approach to perform open reduction of the hip 
has withstood the test of time [ 2 ] and it allows excellent 
access to the hip, the obstacles to reduction and permits cap-
sulorraphy. It is usually used as a primary treatment for the 
dislocated hip after 18 months [ 99 – 103 ] or revision surgery 
for failed closed or medial open reduction of the hip [ 104 ]. 
The reported AVN rates ranged from 6–23 % and re- 
dislocation rate ranged 1–11 % (Table  4.7 ).  

    Closed Reduction Treatment in Comparison 
to Open Reduction? 

 Although closed reduction can be a technically easy pro-
cedure, it is not benign and requires experience and atten-
tion to the detail. Cooper et al. [ 105 ] reported a wide 
variation in failure rate (0–25 %), AVN rates (0–14 %) 
and re-dislocation rate (2–60 %) [ 54 – 60 ,  105 ,  106 – 109 ]. 
The above variations do not come as surprise given the 
spectrum of the condition, the different surgeon experi-
ence, treatment rationales, thresholds for surgical inter-
vention, differences in the defi nitions of AVN and the 
timing of follow-up evaluation. 

 Novais et al. [ 63 ] reported a higher incidence of AVN in 
open reduction in comparison to closed reduction. For open 
reduction the incidence of AVN (≥Grade II) was 18.3 % 
(95 % CI, 11.7 %–27.4 %) among patients who had open 
reduction at or before 12 months of age and 20.0 % (95 % 
CI, 13.1 %–29.4 %) among those who had index open reduc-
tion after 12 months of age. 

 Interestingly, they found no difference in the risk of 
AVN between the medial and the anterior approaches (OR, 
1.1; 95 % CI, 0.5–2.2; p = 0.9). After controlling for age at 
reduction, the incidence of AVN (≥ Grade II) after open 
reduction was 18.7 % (95 % CI, 11.0 %–30.0 %) for 
patients treated using a medial operative approach and 
19.6 % (95 % CI, 12.4–29.5 %) for those who had an ante-
rior approach. The role of pelvic osteotomies in treating 
dislocated hips.  

   The role of pelvic osteotomies in treating 
dislocated hips 

 Several pelvic osteotomies have been described to treat DDH 
depending on several factors such as age of the child (skele-
tal maturity), size and orientation of the acetabulum and con-
gruency. In the context of early treatment for DDH, the most 
frequently used pelvic osteotomies are the Salter Innominate 
osteotomy [ 110 – 114 ], Pemberton osteotomy [ 115 – 118 ] and 
Dega osteotomy [ 119 ,  120 ] (Fig.  4.2 ).

   The Salter osteotomy is a complete transiliac reorienta-
tion osteotomy that hinges on the symphysis pubis and pro-
vides anterolateral coverage at the expense of posterior 
coverage. It is advocated as part of the surgical treatment of 
DDH in children over the age of 18 months – after this age 
adequate acetabular remodeling may not occur [ 110 ]. 
Thomas et al. [ 111 ] reviewed the hip survivorship (hip 
arthroplasty defi ned as the end point) at 30, 40 and 45 years 
after reduction with survival rates of 99 %, 86 % and 54 % 
respectively. Barrett et al. [ 114 ] and Haidar et al. [ 121 ] 
reported good outcomes following a combined open reduc-
tion and Salter osteotomy while Bohm et al. [ 112 ] reported a 
higher probability of a better long-term result when the open 
reduction was performed separately prior to the Salter 
osteotomy. 

 The Pemberton and Dega osteotomies are incomplete 
transiliac osteotomies. They are volume-reducing osteoto-
mies that are held open by either iliac crest graft or bone 
taken from a femoral shortening. The intrinsic elastic recoil 
obviates the need for fi xation. Advocates highlight improved 
superior cover due to the proximity of the osteotomy to the 
origin of the acetabular dysplasia [ 116 ,  118 ]. 

 The Pemberton osteotomy extends from 10 to 15 mm 
above the ASIS, curves posteriorly and ends at the ilioischial 
limb of the triradiate cartilage, midway between the sciatic 
notch and the posterior acetabular rim [ 117 ] . It hinges on the 
triradiate cartilage. The Dega osteotomy breaches a variable 
amount of the medial cortex depending on the degree of lat-
eral coverage required and hinges on the intact posterome-
dial cortex [ 122 ]. 

 Follow-up studies of the Pemberton and Dega osteoto-
mies report generally good outcomes. Acetabular indices 
show marked improvement for both osteotomies and vari-
able AVN rates [ 118 ,  122 – 124 ]. 

 In a review article, Cooper [ 105 ] showed that the pub-
lished AVN rates in Salter osteotomy ranged 3.8–44 %, 2.7–
51 % in Pemberton osteotomy and 8–25 % in Dega 
osteotomy. However, attributing AVN to the pelvic  osteotomy 
is diffi cult when confounding causes such as previous treat-
ment (e.g. Pavlik harness, closed reduction) open reduction 
technique and degree of abduction post-operatively have 
been clearly shown to be causative factors. 

 Comparison studies also show good outcomes for each 
pelvic osteotomy and offer little to choose one over another 
[ 125 ]. One study did note a difference: López-Carreño [ 126 ] 
reported on 93 children (99 hips) with developmental 
 dysplasia of the hip, retrospectively comparing the Salter 
osteotomy and the Dega. They noted a greater correction in 
acetabular indices with the Dega osteotomy as well as gait 
and joint mobility. 

 In conclusion, there is little evidence to recommend one 
osteotomy over another. The available studies are retrospec-
tive case series and show generally good outcomes with each 
osteotomy.  
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    The Role of Femoral Osteotomies in Treating 
Dislocated Hips 

 Several studies have reported the use of the femoral osteot-
omy in conjunction with open reduction for DDH – either as 
a shortening, derotation or varus osteotomy or as a combina-
tion. The indication is to reduce pressure on the reduced fem-
oral head and improve stability [ 2 ]. Schoenecker [ 127 ] 

analysed the complications and the radiographic and func-
tional outcomes of treatment in 39 hips comparing preopera-
tive traction to femoral shortening. All of the patients were 
three years or older and they had received no previous treat-
ment. From 1961 to 1975, 17 children (26 hips) were treated 
with preoperative skeletal traction prior to any operative pro-
cedures (group 1). From 1976 to 1980, 8 children (13 hips) 
were treated with a femoral shortening osteotomy at the time 

Pemberton Pelvic osteotomy

Salter Pelvic osteotomy

Dega Pelvic osteotomy

  Fig. 4.2    Pelvic osteotomies in 
treating dislocated hips       
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of open reduction (group 2). AVN was documented in 14 hips 
in Group 1 and none in Group 2. Re-dislocation occurred in 8 
hips in Group 1 and in 1 hip in Group 2. Similar outcomes 
were reported by Westin [ 128 ,  129 ]. Two groups (traction vs. 
femoral shortening) were again compared over two time 
frames. The incidence of AVN was 57 % vs. 0 % respectively 
and a poor Severin outcome was noted in 43 % vs. 0 % of 
cases respectively. Galpin [ 130 ] reported on 25 patients (33 
hips) who were two years or older with DDH. None of the 
patients had had previous treatment. Femoral shortening was 
used instead of traction and the results were good or excellent 
in 82 % of hips with an AVN rate of 9 %. 

 While there are no prospective studies available for analy-
sis, the current evidence is in favour of intra-operative femo-
ral shortening over pre-operative traction as a means of 
improving stability and minimizing the incidence of AVN in 
the older child.  

    What Is the Upper Age Limit for Reducing 
a Dislocated Hip? 

 Although it is well known that the outcome of reducing a 
dislocated hip becomes poorer with older age, the cut off age 
has not been agreed on. Several cases series and comparative 
studies demonstrated good results in children below the age 
of 8 [ 129 – 135 ,  136 ]. 

 Yagmurlu [ 131 ] reported on 21 children (27 hips) who 
had one stage open reduction, femoral shortening and Salter 
or triple pelvic osteotomy at older age. They were grouped 

into one older and one younger than 8 years of age with the 
were divided into two groups: those older than 8 years of 
age and those younger. The younger group fared better 
according to according to the Severin and Mc Kay classifi -
cations. Ning et al. [ 137 ] reported on a retrospective case 
series of 652 children who underwent hip reduction in 
China; all were above the age of 18 months and underwent 
a single stage open reduction, pelvic and femoral osteoto-
mies. Children were divided into 3 groups: young (1.5–
2.5 years), middle (2.5–8 years) and old group (>8 years). 
The worst clinical and radiographic outcomes were in the 
old groups (P < 0.001). Table  4.8  summarises their 
fi ndings.

   El-Tayeby [ 138 ] reported on his experience in treating hip 
dislocation in 16 patient who were above the age of 8 (range 
8–18 years). Fifteen hips (79 %) were clinically excellent to 
good, while four hips (21 %) were fair to poor according to 
the McKay modifi ed criteria. Sixteen hips (84 %) were 
excellent to good and 3 hips (16 %) were fair to poor accord-
ing to Severin classifi cation. 

 The above fi ndings should be contrasted with the natural 
history of a dislocated hip. Pain develops in approximately 
half of the patients with untreated DDH and in some indi-
viduals; fully dislocated hips may never become painful. The 
outcome is usually worse for a subluxated hip or unilateral 
dislocation [ 2 ]. 

 In summary, there is a reasonable evidence to support 
reducing congenital dislocation of a hip in children up to the 
age of 8 (grade B/C). Older children have a poorer outcome 
and may be worse than the natural history.   

   Table 4.8    Age and outcomes of hip reduction   

 Characteristics  Items 
 Young 
 (1.5–2.5 years) 

 Middle 
 (2.5–8 years) 

 Old 
 (> 8 years) 

 Baseline  Patients (hips)  183(206)  391(576)  78(82) 

 Age (y)  1.9 ± 0.23  4.6 ± 0.65  9.6 ± 1.2 

 Follow-up (y)  6.4 ± 2.81  6.12 ± 2.23  6.15 ± 2.45 

 McKay Clinical classifi cation 
 n (%) 

 Excellent  112 (54.4)  362 (62.8)  6 (7.3) 

 Good  62 (30.1)  137(23.9)  8 (9.8) 

 Fair  28 (13.6)  56(9.7)  43 (52.4) 

 Poor  4 (1.9)  21(3.6)  25 (30.5) 

 Severin classifi cation 
 n (%) 

 Ia  94(45.6)  196(34.5)  8(9.7) 

 Ib  36(17.5)  158(27.8)  13(15.9) 

 II  42(20.4)  177(30.7)  8(9.7) 

 III  25(12.1)  31(5.4)  13(15.9 

 IV  9(4.4)  8(1.4)  6(7.3) 

 V  0  0 6(1.2)  21(25.6) 

 VII  0  0  13(15.9) 

 Kalamchi and MacEwen AVN 
classifi cation 
 n (%) 

 Absent  393(68.3)  12(14.7)  494(57.2) 

 I  82(14.2)  5(6.1)  133(15.4) 

 II  74(12.8)  24(29.3)  136(15.7) 

 III  15(2.6)  26(31.7)  66(7.6) 

 IV  12(2.1)  15(18.2)  35(4.1) 
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    Authors’ Preferred Method of Management 

 In concluding this chapter, it is apparent that many contro-
versies remain. However, the underlying principle of manag-
ing a child with DDH is universally accepted: the clinician 
must do what is necessary to achieve and maintain a gentle, 
concentric and stable reduction. In this fi nal section, we have 
summarized our approach in managing the child with DDH 
(Table  4.9 ). We do appreciate that in some areas surgeons 
familiar with the management of DDH will take an alterna-
tive approach.

   We advocate that treatment should not be delayed in the 
neonate with a dislocated but reducible hip. However, the 
neonate with a dislocatable hip should be re-examined at 
2 weeks of age as many hips will stabilize during this period. 
If the hip remains unstable, we commence treatment with a 
Pavlik harness. When a neonate has been referred with ultra-
sonographic evidence of dysplasia, we delay treatment until 
6 weeks of age and commence a Pavlik harness for the IIb 
(and worse) hip. The harness is retained for 12 weeks until 
the hip is ultrasonographically normal. We do not wean the 
harness at the end of treatment. For the dislocated reducible 
hip that fails Pavlik harness we switch to a semi-rigid 
orthosis. 

 Should the child present after six months of age, or the hip 
fail to stabilize with the Pavlik harness (with or without a 
supplementary semi-rigid orthosis), we routinely proceed 
with a closed reduction. We perform an open adductor lon-
gus tenotomy and directly feel the femoral head reducing 
into the acetabulum via the Ludloff approach. The capsule is 
not opened. If the hip is unstable in less than 60° of fl exion, 
we perform a psoas tenotomy at the lesser trochanter via the 

same approach. The child is immobilized in a hip spica for 
12 weeks in 100° of hip fl exion and 50° (or less) hip abduc-
tion, depending on the safe-zone of the hip. 

 We do not delay treatment if the ossifi c nucleus is not vis-
ible and proceed when the child can be safely placed under 
general anaesthesia. Achieving a gentle, concentric and sta-
ble reduction remains the most important principle and we 
believe that delaying closed reduction may increase the pres-
sure on the vulnerable femoral head and increase the need 
for open reduction. 

 In the event of the hip failing to stabilize with a closed 
reduction, we do not proceed with a medial open reduction. 
The long-term studies demonstrate an unacceptably high 
level of type 2 AVN. We prefer to wait until the child is 
9–12 months of age and perform an open reduction and cap-
sulorrhaphy via an anterior approach. We then immobilise 
the child in a hip spica for 6–8 weeks in 20° of abduction, 
fl exion and internal rotation. 

 We do not use pre-operative traction but are judicious 
with the use of femoral shortening to avoid excess pres-
sure on the femoral head. In a child 18 months and older, 
we perform a Salter osteotomy in addition to the open 
reduction and capsulorrhaphy for two reasons – we recog-
nise that the remodeling capability of the acetabulum is 
often insuffi cient at this age and the osteotomy improves 
the antero-lateral cover to improve hip stability. In hips 
with more severe acetabular dysplasia with an acetabular 
index of >40° and a lateral trough via which the femoral 
head can be felt to slide out after open reduction, we per-
form an acetabuloplasty in preference to a Salter osteot-
omy due to the ability to achieve a greater magnitude of 
correction.      

   Table 4.9    Recommendations   

 Statement 
 Grade of 
recommendation 

 Hip ultrasound is important to guide DDH treatment. Treatment prior to 2 weeks of age does not appear to be necessary as 
many hips will spontaneously stabilise. 

 B 

 Dislocated or dysplastic hips can be treated with a brace with a high success rate and low AVN rate. Pavlik harness and the 
von Rosen splint are the most widely used. 

 B 

 Is the von Rosen splint better than the Pavlik harness?  I 

 There is no benefi t of weaning the Pavlik harness treatment over the immediate cessation. There may be a higher AVN rate.  C 

 When femoral nerve palsy developed in a child who is being treated with Pavlik harness, it is reasonable to temporarily stop 
the treatment until the nerve recover or reduce the amount of hip fl exion. The femoral nerve palsy was associated with a 
high failure rate. 

 C 

 If Pavlik harness fails to keep hip reduce, an abduction orthosis will not successfully stabilize the irreducible dislocated hip 
but it can be considered for the dislocated but reducible or unstable hip 

 B/C 

 Closed reduction should not be delayed until the ossifi c nucleus becomes visible.  B/C 

 The value of traction is inconclusive and the potential benefi t should be weighed against the cost and inconvenience of the 
traction 

 C 

 Surgical treatment of a dislocated hip should be considered in children younger than 8 years old  B/C 
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      What Is the Best Treatment for Perthes’ 
Disease?                     

     Daniel     Perry      and     David     Bodansky    

    Abstract  

  There are few more enigmatic conditions than Perthes’ disease. The aetiology, mechanisms 
and optimal treatments all remain the source of controversy. The wide variety of available 
treatments provides the clearest demonstration of the uncertainty amongst clinicians treat-
ing the disease. Treatment regimens vary considerably from years of not weight bearing, to 
months of abduction cast treatment, to femoral and pelvic surgical procedures, to observa-
tion alone without any specifi c intervention. The orthopaedic community has little under-
standing of how treatment infl uences the natural history of this disease. This review 
considers the best available evidence, to formulate an evidence-based approach.  

  Keywords  

  Perthes’ disease   •   Legg-Calvé-Perthes disease   •   LCPD   •   Osteonecrosis   •   Avascular Necrosis   
•   Hip   •   Arthritis  

      Introduction 

 Perthes’ disease of the hip was described independently by 
Arthur T Legg (USA), Jacques Calvé (France) and Georg 
Perthes (Germany) in 1910. It is an idiopathic avascular 
necrosis of the proximal femoral epiphysis, which results in 
fl attening of the femoral head. The child presents with a pain 
and/or a limp. Perthes’ disease has a cumulative incidence of 
approximately 1 in 1200 individuals with a male preponder-
ance (5 male: 1 female) [ 1 ,  2 ]. 

 A wide range of treatments have been used, from obser-
vation alone, to restrictions on weight bearing, to physio-
therapy, to a variety of braces to constrain the femoral 
head within the acetabulum, to surgery [ 3 – 6 ]. Surgical 
interventions most commonly include a femoral varus 
osteotomy, an innominate osteotomy or both. There is no 
treatment consensus and a lack of controlled or randomised 
studies. Most evidence is retrospective with few prospec-
tive studies. Here, we review the options for treatment, 

focusing primarily on studies with more robust methodol-
ogy, i.e. levels of evidence I or II.  

    The Radiographic Stage, Outcome 
and Grades of Disease 

 A clear awareness of the radiologic descriptors used is fun-
damental to understand the treatment of Perthes’ disease. 
The terms that describe the stage, grade and outcome should 
not be confused. Each radiographic term should be consid-
ered when considering the evidence and optimal treatment 
regimen. 

    Radiographic Stage 

 Perthes’ disease progresses through several radiologic stages 
in the disease cycle described by Waldenström: ‘initial’, 
‘sclerosis’, ‘fragmentation’, ‘reossifi cation’ and ‘healed’ [ 7 ]. 
The stage of disease is important because the head of the 
femur is plastic and deformable in the early stages of disease, 
and is not so once healing has occurred. Perhaps 
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 unsurprisingly there is evidence to suggest that intervening 
early in the disease (i.e. prior to deformation of the femoral 
head), has better outcomes than intervening late [ 8 ]. These 
stages have recently been further refi ned by a collaborative 
international group into subcategories of each stage, which 
are a useful research tool though should not detract from the 
day-to-day utility of Waldenström’s descriptions [ 9 ].  

    Radiographic Outcomes 

 The radiographic outcomes generally refer to the hip shape 
at skeletal maturity. Classically, hip shape is defi ned using 
the Stulburg classifi cation, a qualitative measure of hip 
shape that broadly divides hips into those that are ‘spheri-
cal’, ‘aspherical’ and ‘fl at’ [ 10 ,  11 ]. A simple algorithm to 
classify hips according to Stulberg is illustrated in Fig.  5.1 , 
however there remains debate about the reproducibility of 
Stulberg outcomes as inter-rater reliability is generally 
poor [ 10 ,  12 ].

   More recently, hip shape has been defi ned using a quanti-
tative measure of sphericity, termed the sphericity deviation 
score. This has been shown to closely correlate with the 
Stulberg outcome [ 13 ]. Quantitative measures of outcome, if 
reproducible, have particular advantages over qualitative 
measures in terms of greater effi ciency in powering future 
studies of outcomes.  

    Radiographic Grade 

 The grade of disease is an attempt to predict long-term out-
come, based on the radiographic appearance of the hip at a 
particular point in the cycle of disease. The grade of the dis-
ease is perhaps where greatest controversy exists. There are 
classifi cations that are used to help determine the prognosis: 
Catterall, Salter-Thomson, and Herring. 

 The Catterall classifi cation is an assessment of the extent 
of the radiological involvement of the femoral head on the 
lateral radiograph [ 14 ]. Greater involvement of the head 
indicates a greater severity of disease, and a worse prognosis. 
Catterall suggested that involvement of >50 % of the head 
has poorer outcomes, compared to those with <50 % head 
involvement. However, the classifi cation may only be applied 
at the point of maximal collapse, which is usually some 
months into fragmentation. 

 The Salter-Thompson classifi cation recognises that 
approximately 30 % of hips will have a subchondral fracture 
early in disease [ 15 ]. If evident, a subchondral fracture reli-
ably delineates the amount of collapse anticipated, which 
therefore maps onto Catterall’s descriptors, i.e. a subchon-
dral fracture >50 % indicates a poor prognosis. 

 The Herring lateral pillar classifi cations assesses the 
integrity of the lateral portion of the epiphysis (Fig.  5.2 ). 
Herring et al. broadly described that hips with no lateral 
column collapse have good outcomes (‘Herring A Hips’), 

Femoral Head

Spherical

Stulberg1

Stulberg2

Stulberg3

Stulberg4

Stulberg5

Normal neck,
acetabulum & neck

Either coxa magna OR
steep acetabulum OR

neck shortening

Either coxa magna OR
steep acetabulum

Normal acetabulum &
No coxa magna

Oval

Flattened

  Fig. 5.1    Algorithm to determine the Stulberg outcomes in Perthes’ disease (Adapted from [ 12 ])       
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and those with greater than 50 % of lateral column col-
lapse have poor outcomes (Herring ‘C’ Hips). Those with 
some collapse though less than 50 % (Herring ‘B’ Hips), 
may be amenable to intervention. However, like the 
Catterall classifi cation, this may only be applied at the 
point of maximal collapse, which is some months into 
fragmentation [ 16 ].

   Radiographic grades of disease may therefore be useful to 
guide treatment; however, they are most useful at the end of 
the radiographic stage of collapse. There is also concern over 
the reproducibility of these descriptors [ 17 ,  18 ].  

    Early Predictors of Prognosis 

 In addition to the radiographic appearances of the hip there 
are other factors that must be considered when determining 
the eventual prognosis. 

 There is general consensus that younger children have 
better outcomes than older children. An arbitrary cut-off of 
6 years old is often used, suggesting that children under 
6 years have a good prognosis, and those over 6 years have a 
poor prognosis. This is clearly an oversimplifi cation with 
many reports of young children with poor outcomes 
[ 19 – 22 ]. 

 The sex of the child also appears to have a bearing on 
the prognosis. Boys generally have better outcomes than 
girls, which is thought to be a consequence of girls hav-
ing greater skeletal development at any given chrono-
logic age [ 14 ,  17 ]. 

 The range of motion of the hip is also widely believed to 
have a bearing on prognosis, though it has seldom been 
investigated. A recent paper investigating outcomes amongst 
those under 6-years old, suggested range of motion to be 
more important than radiographic grade in predicting out-
come [ 19 ].  

Herring A

Herring B/C Herring C

Herring B

  Fig. 5.2    Herring classifi cation       
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    Considerations When Forming 
the Treatment Plan 

 When considering the treatment of the patient one must 
therefore consider their age, sex, range of motion and the 
radiographic stage of disease. The radiographic grade is 
important; the optimal time to intervene may before signifi -
cant deformity occurs, i.e. prior to the fragmentation stage 
because signifi cant deformity has already occurred at this 
stage. It can therefore be argued that classifying a hip accord-
ing to Catterall and Herring therefore occurs too late to guide 
treatment, although the presence of a subchondral fracture 
described by Salter-Thompson may have some useful bear-
ing on the decision.  

    Critical Appraisal of the Evidence 
for the Management of Perthes’ Disease 

 We searched for studies that have reached level I or II evi-
dence, i.e. prospectively collected cases with pre-defi ned 
inclusion and exclusion criteria and predefi ned outcomes, 
with or without an intervention. 

 There is no level I evidence in the management of Perthes’ 
disease, although there is an ongoing randomised controlled 
trial in Australia. This study is addressing whether the novel 
intervention of systematic bisphosphonate administration 
may prevent femoral head collapse [ 23 ]. 

 There are two important level two studies addressing the 
question “What is the best treatment for Perthes’ disease?” 

 In 2004, Herring et al. reported fi ndings from a prospec-
tive, multicentre study in North America and New Zealand. 
Thirty-nine paediatric surgeons enrolled 438 patients 
between 6 and 12 years of age across fi ve treatment arms 
[ 17 ]. Hips that had reached the reossifi cation stage at presen-
tation were excluded. Stratifi cation of disease severity was 
undertaken using the lateral pillar classifi cation, and out-
comes were defi ned according to Stulberg. 345 hips in 337 
patients were followed to skeletal maturity. Each surgeon 
agreed to employ one of fi ve treatment approaches for 
patients under their care (either no specifi c treatment, range 
of motion exercises, brace, Salter pelvic osteotomy or varus 
femoral osteotomy) (Figs.  5.3  and  5.4 ).

    The majority (218, 63 %) of cases were Herring type B 
and 87 % were younger than eight at onset. The study 
found no superiority between the three non-surgical treat-
ment options: range of motion exercises, Atlanta braces 
and no treatment. Further, no radiological difference was 
seen between femoral osteotomy and innominate osteot-
omy. Overall, patients receiving surgery had better out-
comes than those treated non-operatively (p = 0.02), in 
particular those patients with Herring B and those older 
than eight at diagnosis. Herring C patients with severe 

disease (60, 17 %) generally had poor outcomes regard-
less of treatment. A new subgroup of the Herring classifi -
cation was used to describe hips that were exactly 50 % 
collapse, or with a number of features deemed worse than 
a typical ‘Herring B’ hip – “the B/C border hip”. A sum-
mary of the recommendations from Herring is available in 
Table  5.1 .

   This study is useful, however prone to selection bias as 
no attempt was made to randomise treatments. Although 
there were assurances that surgeons would employ a single 
treatment protocol, some patients crossed-over to other 
treatment regimens demonstrating that surgeons did not 
employ a single treatment supporting the possibility of 
selection bias. Eighty-percent of the hips operated on dur-
ing this study received surgery prior to fragmentation, 
therefore prior to the maximum extent of lateral pillar col-
lapse becoming apparent. Consequently it is not possible 
to advocate waiting for the lateral pillar collapse to become 
apparent based on this study. Perhaps the biggest criticism 
of this study is that there were no a-priori hypotheses relat-
ing to the grade of disease, which is particularly important 
to those hips that were newly classifi ed to strengthen the 
statistical conclusions – the ‘B/C border hips’ [ 24 ]. The 
lateral pillar classifi cation was chosen over Catterall and 
Salter-Thompson because it had a stronger correlation 
with outcome, and was therefore selected because of its 
statistical signifi cance. However criticism can be made 
when using a dataset to derive a classifi cation and then 
using this classifi cation to make sense of the fi ndings in the 
same dataset. This is therefore a hypothesis generating 
approach, rather than a hypothesis testing method. The 
overarching purpose of the study was to demonstrate the 
benefi t of surgery, yet the results were far from 
conclusive. 

 Wiig and colleagues undertook a national Norwegian pro-
spective study between 1996–2000 [ 25 ]. In this instance, 368 
unilateral cases were assigned to treatment according to the 
surgeon’s selection; to physiotherapy, bracing or a femoral 
varus osteotomy. 358 were available for outcome assessment 
at 5 years. Radiographs taken at one and 5 years of the 345 
patients achieving the 5 year follow up were reviewed sepa-
rately considering the lateral pillar grade (excluding the B/C 
border subset), a modifi ed two group Catterall grade (necro-
sis comprising less or more than 50 % of the femoral head) 
and Stulberg outcomes. 

 This study demonstrated that a simplifi ed two-group 
Catterall grade was reproducible, and was the strongest pre-
dictor of Stulberg outcomes. Age was the next strongest pre-
dictor of outcome, followed by the lateral pillar classifi cation 
score [ 25 ]. 

 There were 152 patients older than six with more than 
50 % femoral head necrosis. Of these, 55 (36 %) received 
physiotherapy, 26 (17 %) a brace and 71 (47 %) surgery. 
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  Fig. 5.3    Containment surgery using Salter’s pelvic osteotomy       

  Fig. 5.4    Containment surgery using femoral osteotomy       
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There was no difference in the Stulberg outcomes between 
patients receiving physiotherapy or a brace (p = 0.36). 
However, those patients receiving surgery had better 
 outcomes than either physiotherapy (p = 0.001) or a brace 
(p = 0.001). For patients younger than six, there was no out-
come superiority between intervention and no intervention 
(p = 0.73). This study did not identify a difference in out-
come by gender, which differed to previous studies. 

 This study therefore demonstrated an overall benefi t of 
surgery amongst older children (>6 years old). More severe 
disease appeared to have the greatest benefi t of intervention. 
As per the study of Herring et al., a prospective cohort of this 
nature is not immune to bias, yet a priori hypotheses did 
appear more readily apparent. It was therefore of interest that 
the utility of the lateral pillar classifi cation was less than 
demonstrated by Herring, instead offering strong support the 
Catterall classifi cation.  

    Ancillary Evidence 

 Evidence from studies of lower levels of evidence up to 
2012 were summarised well by meta-analysis, seeking to 
address whether operative or non-operative treatment is 
the optimal intervention for Perthes’ disease. This meta-
analysis included 1232 patients (1266 hips) across 23 stud-
ies [ 26 ]. Here, 783 hips were treated non-operatively and 
483 received surgery. This study supported the suggestion 
that children under six at diagnosis were as likely to have 
a good radiographic outcome regardless of treatment 
approach. It also suggested that after controlling for age, 
sex and disease severity, those treated with operative inter-
ventions were about twice as likely to have a good out-

come (OR 2.0 (95 % CI 1.3–3.0), although there did not 
appear any clear difference between the choice of opera-
tive intervention chosen. 

 Meta-analyses of lower level evidence are clearly fraught 
with bias, with each of the included studies introducing addi-
tional challenges. Nevertheless, the fi ndings are supportive 
of the level II evidence and therefore are of value. A sum-
mary of recommendations and their evidence is shown in 
Table  5.2 .  

   Conclusion 

 There is a paucity of high-level evidence for the treatment 
of Perthes’ disease, with only two level II studies that 
have begun to adequately addressed the question of ‘oper-
ative or non-operative treatment’. The results appear to 
suggest that younger children do well irrespective of the 
intervention chosen, although the age of six has only arbi-
trarily been chosen as the ‘cut-off’. It is unclear if hip 
stiffness has any prognostic signifi cance. A number of 
prognostic grading systems have been used in the disease, 
although there is no certainty as to which is most reliable. 
Indeed there is suggestion that surgery may be most use-
ful very early in disease, which is prior to any radio-
graphic grading system becoming apparent. A general 
treatment approach may therefore be to offer surgery to 
all older children early in disease, irrespective of the 
radiographic appearance. There is no evidence to suggest 
of superiority of one surgical intervention over others. 
Research is urgently required to develop an early prog-
nostic grading system for Perthes’ disease. However, 
more crucially, a pragmatic trial is needed to investigate 
whether operative or non-operative interventions offer the 
optimal outcome in early Perthes’ disease.        

   Table 5.1    Suggested treatment options dependent on severity of disease and age of onset   

 Age of onset  Lateral pillar A  Lateral pillar B  Lateral pillar B/C  Lateral pillar C 

  Below 8 years   Good outcome  No superiority between 
treatment options 

 No superiority between 
treatment options 

 Poor outcome independent 
of treatment option 

  Above 8 years   Good outcome  Osteotomy  Osteotomy  Poor outcome independent 
of treatment option 

   Table 5.2    Recommendations   

 Statement  Grade of recommendation 

 Patients with signifi cant collapse (such as lateral pillar type C disease) will have a poor outcome, 
regardless of treatment 

 B 

 The optimal outcomes are achieved if surgery is undertaken prior to maximal fragmentation  B 

 Patients older than eight at diagnosis should receive a surgical intervention  C 

 There is no superiority between femoral osteotomy and innominate osteotomy  B 

 There is no superiority between different types of braces and no treatment at all  C 

 Younger children will have a good outcome regardless of treatment  B 
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Upper Femoral Epiphysis                     
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    Abstract  

  Slipped upper femoral epiphysis (SUFE), though not common, is an important paediatric 
disorder. It has a reported incidence of 1–10 per 100,000. Some aspects of management of 
SUFE are controversial and evolving with advancing surgical skills and expertise. The 
infrequency of cases, the various classifi cations in use, the various surgical treatments, and 
lack of robust evidence for outcomes, has resulted in the lack of clear, evidence-based rec-
ommendations for treatment. The following review examined the current evidence for treat-
ing SUFE and concluded that pinning in situ is the best treatment for mild and moderate 
stable slip (grade B). Surgical dislocation may give better results than pinning in situ for 
severe stable slip (grade C). Urgent gentle reduction, capsulotomy and fi xation is the best 
current treatment for unstable slip (grade C). Routine prophylactic pinning of the contralat-
eral asymptomatic side is not recommended (grade C)  

  Keywords  

  SUFE   •   SCFE   •   Slipped   •   Stable slip   •   Unstable slip   •   Loders classifi cation   •   AVN   • 
  Osteonecrosis   •   FHO   •   Slipped upper femoral epiphysis   

     Background 

 Slipped upper femoral epiphysis (SUFE) is one of the most 
important paediatric and adolescent hip disorder. Incidence 
is 1–10:100,000. Patients usually presented with painful hip 
and or knee with affected leg is short and externally rotated 
(Fig.  6.1 ). The plain x-ray is usually diagnostic (Fig.  6.2 ). 
The cause is poorly understood, it is believed that increased 
shear forces and/or weak growth plate (the physis) in adoles-
cence predispose to slips.

    Although rare, endocrine disorders must be considered in 
every patient with SUFE. Loder [ 1 ] identifi ed two types of 
SUFE; idiopathic type and atypical type where there is an 
underlying endocrine disorders or other aetiology. He stud-
ied the demographics of 433 patients with 612 SUFEs (285 
idiopathic, 148 atypical) and found that weight and age were 
predictors for atypical SUFE and he recommended the  age- 
weight test:  the test was defi ned as negative when age 
younger than 16 years and weight ≥50th percentile and posi-
tive when beyond these boundaries. The probability of a 
child with a negative test result having an idiopathic SUFE 
was 93 %, and the probability of a child with a positive test 
result having an atypical SCFE was 52 %. 

 Slipped upper femoral epiphysis was traditionally classi-
fi ed as (1) pre-slip: patient has symptoms with no anatomical 
displacement of the femoral head, (2) acute: there is an 
abrupt displacement through the proximal physis with symp-
toms and signs developing over a short period of time 
(<3 weeks), (3) Chronic: present with pain in the groin, 
thigh, and knee of more than 3 weeks, often ranging from 
months to years and (4) acute on chronic: initially, patient 
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has chronic symptoms, but develops acute symptoms as well 
following a sudden increase in the degree of slip [ 2 ,  3 ]. 

 However, in a classic paper by Loder [ 4 ,  5 ] a new, clini-
cally more relevant classifi cation was introduced. SUFE 
was classifi ed based on the patient weight-bearing status 

into stable when patient is able to ambulate and bear their 
weight and unstable when patient is unable to ambulate 
with or without crutches. In his series of 55 SUFEs, Loder 
showed that avascular necrosis (AVN) developed in 47 % 
of unstable slips but none of stable hips. However, unin-
tentional reduction of the slip occurred in 26 unstable slips 
(out of 30) and in only 2 of the stable slips (out of 25). [ 4 ]. 
Several other papers confi rmed Loder’s fi ndings [ 6 ,  7 – 9 ]. 

 Grading the severity of the slip is usually based on the 
radiographic fi ndings. The Southwick angle is the most com-
monly used [ 10 ]. The angle is measured on the lateral view of 
the both hips by drawing a line perpendicular to a line con-
necting the posterior and anterior tips of the epiphysis at the 
physis. The angle between the perpendicular line and the fem-
oral shaft line is called the lateral epiphyseal shaft angle. The 
Southwick angle is the difference between the lateral epiphy-
seal shaft angle of the slipped and the non slipped sides (Fig. 
 6.3 ). In patients with bilateral involvement, 12° is subtracted 
from each of the measured lateral epiphyseal angles. Mild slip 
(grade I) has an angle difference of less than 30°, moderate 
slip (grade II) has an angle difference of between 30 and 50 
degrees and severe slip has a difference of over 50 degrees.

   Treatment aim is to prevent progression of the slip with-
out complications. Reduction of the slip to near anatomical 
position is desirable but this is tempered by the higher risk of 
AVN and chondrolysis (CL) which are surrogates for bad 
outcomes. The choice of treatment depends on the type of 
slip, its severity, and surgical expertise.  

  Fig. 6.1    A child with SUFE. A clinical photograph of a child with 
SUFE, notice the short and externally rotated left leg (mimic fracture 
neck of femur). Patient was investigated and treated for knee pain       

  Fig. 6.2    A pelvis x-ray with left slipped upper femoral epiphysis. The 
x-ray shows a severe slipped upper epiphysis       

  Fig. 6.3    SUFE radiological grading. The Southwick angle is the differ-
ence between the lateral epiphyseal shaft angle of the slipped and the 
non slipped sides. Mild slip (grade I) has an angle difference of less 
than 30°, moderate slip (grade II) has an angle difference of between 
30° and 50° and severe slip has a difference of over 50°       
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    What Is the Best Treatment for a Stable Slip ?  

 There is a consensus that the best treatment for mild and 
most moderate stable slip is pinning-in-situ (PIS) using a 
single cannulated screw (SS). This has been supported by a 
comprehensive review paper by Loder [ 11 ]. If the slip is 
severe, pinning can be technically diffi cult. Gentle reduction 
is often unsuccessful in a stable slip and forceful reduction is 
contraindicated as this increase the risk of AVN. The options 
are either PIS with re-alignment procedure later if remodel-
ing is suboptimum or primary corrective osteotomy. 

 Realignment procedures can be performed at one of three 
levels: subcapital, femoral neck and intertrochanteric region. 
The ability to correct a deformity is greatest with subcapital 
osteotomy (where the CORA is), least with an intertrochan-
teric osteotomy. The risk of AVN is the highest with subcapital 
osteotomy and the lowest with intertrochanteric osteotomy. 

 We performed an extensive literature search for the best 
available evidence to support various treatments of stable 
slips. We could not fi nd level I or II evidence. There were 16 

comparative studies and several case series with a follow-up 
more than a year. With a few exceptions all these studies 
were unmatched; mild and moderate slips were treated with 
pinning whereas severe slips were treated with reduction 
(either close or open reduction) and stabilisation undermin-
ing the comparison between pinning in situ and reduction. 

 Tables  6.1  and  6.2  show that pinning using a single screw 
has the lowest rates of AVN and chondrolysis (CL) and even 
a better patient’s satisfaction when compared with traditional 
corrective osteotomies namely Dunn’s and Fish osteotomies. 
One point needs further emphasis that patient who had cor-
rective osteotomies were more likely to have severe slips and 
their outcomes are less favourable anyway.

    In the last two decades, the femoro-acetabular impinge-
ment (FAI) has become widely recognized as an orthopaedic 
condition that requires treatments to prevent future osteoar-
thritis (OA) and premature artifi cial hip replacement. Ganz 
(Ganz et al. [ 54 ,  55 ] has been a pioneer in spreading the under-
standing of the condition and its treatment. He described a 
new technique of surgical dislocation of the hip involving tro-

   Table 6.1    Pooled summary of studies of stable slips treatments   

 Intervention  Hips  AVN (%)  CL (%)  Satisfactory patients result a  

 Hip spica  101  8 (7.9 %)  21 (20.8 %)  NR 

 Epiphysiodesis  485  14(2.9 %)  8 (1.6 %)  67 (67 %) excellent 
 6 (6 %) good 
 10 (10 %) fair 
 7 (7 %) poor 
 7 (7 %) failure 

 Pinning using single screw  525  8(1.5 %)  12 (2.3 %)  113 (47 %) excellent 
 86 (36 %) good 
 19 (8 %) fair 
 10 (4 %) poor 
 11 (5 %) failure 

 Pinning using multiple pins  273  6(2.2 %)  11(4 %)  76 (67 %) excellent 
 19 (17 %) good 
 0 (0 %) fair 
 16 (14 %) poor 
 3 (3 %) failure 

 Physeal osteotomy  545  63(11.6 %)  51 (9.4 %)  131 (28 %) excellent 
 210 (45 %) good 
 46 (10 %) fair 
 72 (16 %) poor 
 3 (6 %) failure 

 Ganz surgical dislocation  81  3(3.7 %)  2 (2.5 %)  52 (87 %) excellent 
 2 (3 %) good 
 0 (0 %) fair 
 5 (8 %) poor 
 1 (2 %) failure 

 Base of neck osteotomy  92  2(2.1 %)  6 (6.5 %)  22 (60 %) excellent 
 11 (30 %) good 
 2 (5 %) fair 
 2 (5 %) poor 

 Inter-trochanteric osteotomy  336  5 (1.5)  16 (4.8 %)  121 (44 %) excellent 
 105 (38 %) good 
 35 (13 %) fair 
 15 (5 %) poor 

   a Satisfactory patients result based on closely related rating such as Heyman and Herndon classifi cation, Harris hip score or Iowa hip scores.  
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chanteric fl ip osteotomy and anterior capsulotomy preserving 
the blood supply to the femoral head. Although the technique 
has similarities to the Dunn’s osteotomy [ 36 ], hence it is also 
called the modifi ed Dunn osteotomy, it poses less risk to femo-
ral head blood supply. Six studies (81 hips) assessed the out-
comes of surgical dislocation in stable slip. The crude AVN 
rate and CL were 3.7 % and 2.5 % respectively. Ninety percent 
had excellent to good results. The Harris hip score (HHS) [ 56 ] 
was the commonest score used in these studies and the mean 
was 95 points. These are promising preliminary results; how-
ever, most experts in the technique express a long learning 
curve and good results have not been reproduced in every cen-
tre (Alves et al. [ 57 ]).  

    What Is the Best Treatment for Unstable 
Sufe ?  

 In his classic paper, Loder coined the term of “unstable slip”. 
He recognized two types of slips: unstable one where the 
patient has such severe pain that walking is not possible even 
with crutches, regardless of the duration of the symptoms 
and stable slips where the patient can walk with or without 
crutches. However, this has been misquoted and misapplied 
in several studies. 

 Treatment of unstable slip is essentially the same for sta-
ble slips; however, there are two important issues to 
consider:

    1.    Being unstable, there is an opportunity for spontaneous or 
unintentional reduction of the severity of the slip.   

   2.    The risk for AVN is very high (50 %). It is interesting how 
this high risk of AVN infl uences surgeons’ choices differ-
ently; some adopted a minimum intervention (PIS) to pre-
vent this risk from going up while others advocated an 
aggressive approach (open reduction of the slip) to reduce 
this high risk of AVN.     

 An extensive literature search revealed 23 studies that 
provide useful data on the outcome of unstable slips. The 
studies are summarised in Table  6.3 . The crude AVN rates 
are shown in Table  6.4 . The AVN rates as a surrogate for bad 
outcomes are comparable among various interventions with 
the exceptions of open reduction and internal fi xation which 
has the lowest AVN rate of 5 %.

    Eight four patients with unstable slips were treated with gen-
tle open reduction and fi xation within 24 h of the presentation. 
Four (5 %) only developed AVN. It is of note that this fi nding 
was heavily driven by one study (Parsch et al. [ 58 ]) of 64 patient 
and 3 only developed AVN. However, excluding the data of the 
study did not change the fact that AVN rate was signifi cantly 
lower in the open reduction and internal fi xation group. 

 The true defi nition of slip instability has been debated and 
not yet been satisfactorily defi ned or agreed on. Ziebarth 

(Ziebarth et al. [ 59 ]) found that clinical stability of SUFE as 
defi ned by Loder does not correlate with intra-operative stabil-
ity. They retrospectively reviewed 82 patients with SUFE treated 
by open surgery and introduce the concept of “intra- operative 
stability” which is either intact or disrupted. They found com-
plete physeal disruption at open surgery in 28 of the 82 hips 
(34 %). With classifi cation as acute, acute-on- chronic, and 
chronic, the sensitivity for disrupted physes was 82 % and the 
specifi city was 44 %. With the classifi cation of Loder (stable 
and unstable) the values were 39 % and 76 %, respectively. 

 Kallio (Kallio et al. [ 60 ,  61 ]) stated that a stable slip should 
imply an adherent physis during weight-bearing, active leg 
movements, or gentle joint manipulation. Physeal instability 
implies that the displaced epiphysis can move in relation to 
the metaphysis. In a study of 55 SUFEs, he found that physeal 
instability is better indicated by joint effusion and inability to 
bear weight. A slip is very unlikely to be unstable in a child 
who is able to bear weight and has no sonographic effusion. 
This uncertainty about the defi nition of instability should be 
considered when reading the above results.  

    How Soon Should We Treat Slipped Upper 
Femoral Epiphysis ?  

 This question is probably more relevant to unstable slips 
rather than stable because of the low AVN rate in stable slip. 
The timing of surgery in unstable slip remains controversial. 
Given the rarity of the condition, most studies that investi-
gated the timing of surgery and outcome are underpowered 
to answer such a question. Lowndes et al. [ 8 ] in a meta- 
analysis of 5 studies (130 unstable SUFEs; 56 were treated 
within 24 h and 74 were treated after 24 h of symptoms 
onset) found that the odds for developing AVN if treatment 
occurs within 24 h were half if treatment occurs after 24 h. 
Although the difference was large, it was not statistically sig-
nifi cant (P = 0.44) and may be a chance fi nding. 

 Peterson et al. ([ 62 ])showed early stabilisation within 
24 h was associated with less AVN (3/42 = 7 %) in compari-
son with those stabilised after 24 h (10/49 = 20 %). 
Kalogrianitis et al. ([ 63 ])showed that AVN developed in 
50 % (8/16) of the unstable SUFE in their series. All but one 
were treated between 24 and 72 h after symptom onset. They 
recommend immediate stabilization of unstable slips pre-
senting within 24 h. If this is not possible, then delaying the 
operation until at least a week has elapsed. In contradiction, 
Loder [ 5 ] noted more AVN in patients treated within 48 h 
(7/8 versus 7/21). 

 Our fi ndings supported Kalogrianitis’s fi ndings; there 
were 210 patients with unstable slips who had their operation 
within 24 h. Twenty eight (13 %) developed AVN in com-
parison to (38/95) 40 % and (5/53) 9 % for those who had 
their operation between 24 and 72 h and those who had their 
operation after 72 h respectively.  
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    Should We Treat the Contralateral Non 
Slipped, Asymptomatic Side? 

 This is also controversial. One of the main the reason for this 
controversy is the uncertainty about the incidence of the con-
tralateral slip. The quoted risk of contralateral slip varies from 
18 % to 60 %. Jerre (Jerre et al. [ 39 ]) reviewed 100 patients 
treated for SUFE to evaluate the incidence of bilateral slipping 
of the epiphysis at an average follow-up time of 32 years. Fifty 
nine patients (59 %) were judged to have had a previous bilat-
eral SCFE; in 42 of these 59 patients (71 %), slipping of the 
contralateral hip was asymptomatic. In 23 patients (23 %), the 
diagnosis of bilateral slipping was established at primary 
admission, in 18 (18 %) later during  adolescence, and in 18 
(18 %) not until the patients were reexamined as adults and the 
primary radiographs were reviewed. He concluded that the 
incidence of bilateral slipping of the epiphysis in patients with 
SCFE is approximately 60 % in Sweden. 

 In another long term study of 155 slips by Carney (Carney 
et al. [ 13 ]) the slip was bilateral in 31 patients (25 %). In 
14/31patients both hips were symptomatic at presentation. 
The rest apart from one developed within one year. 

 Stasikelis et al. [ 64 ] performed a retrospective review 50 chil-
dren who had unilateral SUFE to determine parameters that pre-
dict the later development of a contralateral slip. They found that 
the modifi ed Oxford bone age was strongly correlated with the 
risk of development of a contralateral slip; contralateral slip 
developed in 85 % of patients with a score of 16, in 11 % of 
patients with a score of 21, and in no patient with a score of 22 or 
more. The modifi ed Oxford bone age is based on appearance and 
fusion of the iliac apophysis, femoral capital physis, greater and 
lesser trochanters. Recently, calcaneal scoring (Nicholson et al. 
[ 65 ]) was used to predict an elevated risk of contralateral 
SUFE. The obvious disadvantage is the need for a calcaneal x-ray. 

 A recent paper (Phillips et al. [ 66 ]) examined the poste-
rior slope angle (PSA) in 132 patients as a predictive for 
developing a contralateral slip. The mean was 17.2° ± 5.6° in 
42 patients who had subsequently developed a contralateral 
slip, which was signifi cantly higher (P = 0.001) than that of 
10.8° ± 4.2° for the 90 patients who had had a unilateral slip. 
If a posterior sloping angle of 14° were used as an indication 
for prophylactic fi xation, 35 (of 42 = 83.3 %) would have 
been prevented, and 19 ( of 90 = 21.1 %) would have been 
pinned unnecessarily (Fig.  6.4 ).

   Prophylactic pinning is not devoid of risk and it should 
be weighed against the benefi t. The proponents and oppo-
nents have some evidence to support their views (Jerre 
et al. [ 67 ]; Sankar et al. [ 68 ]; Clement et al. [ 69 ]). Most 
studies showed that the average risk of contralateral lat-
eral slip is around 18 % (Larson et al. [ 70 ]; Baghdadi 
et al. [ 71 ]). Most were mild slips and when treated they 
rarely went to develop AVN. Risk of prophylactic pinning 
is in the region of 5 % including AVN and peri-prosthetic 
fractures (Sankar et al. [ 68 ]; Baghdadi et al. [ 71 ]; Kroin 
et al. [ 72 ]). 

 We recommend a pragmatic approach for contralateral pin-
ning where the following factors play a role in decision making:

    1.    Age of the child (<10 years is associated with a higher 
risk of bilaterality).   

   2.    Slips associated with renal osteodystrophy and endocrine 
disorders (a high incidence of bilaterality)   

  Fig. 6.4    Posterior slope angle. The posterior sloping angle ( PSA ) mea-
sured by a line ( A ) from the center of the femoral shaft through the 
center of the metaphysis. A second line ( B ) is drawn from one edge of 
the physis to the other, which represents the angle of the physis. Where 
lines  A  and  B  intersect, a line ( C ) is drawn perpendicular to line  A . The 
 PSA  is the angle formed by lines  B  and  C  posteriorly as illustrated       

    Table 6.4    Pooled summary of studies of unstable slips treatments   

 Interventions  Hips  AVN (%) 

 Epiphysiodesis  64  7 (11 %) 

 Pinning in situ  115  38(33 %) 

 Closed reduction and pinning  269  71(26 %) 

 Open reduction and internal fi xation  84  4 (5 %) 

 Physeal osteotomies (Dunn’s or Fish)  59  10 (17 %) 

 Ganz surgical dislocation  70  13(18 %) 

 Total  661  143 (22 %) 
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   3.    Poor compliance of the child and family.   
   4.    The nature of current slip (very bad slip occurred over a very 

short period of time may justify pinning the other side)      

    What Are the Natural History and Long Term 
Outcomes of Slipped Upper Femoral 
Epiphysis? 

 Natural history is the usual course of development of a dis-
ease or condition, especially in the absence of treatment. 
This is diffi cult to establish in SUFE simply because most 
published series reported patients who were treated. There 
were a few cross sectional studies that reported on the out-
comes of what were presumed as untreated slips. Even if 
these were true slips, they were probably mild stable slips 
that would pursue a different natural course from most other 
slips. Most studies used AVN as a surrogate for bad outcome. 
Although AVN is rare in stable slips, bad outcome is not 
uncommon in severe stable slips. Larson et al. [ 73 ] reviewed 
33,000 hip replacement performed in their centre between 
1954 and 2007 and found SUFE was the indication in 38 hips 
(in 33 patients). The main reasons for hip replacement in this 
subset were AVN or chondrolysis in 25 hips and degenera-
tive changes and/or impingement in 13 hips. All slips under-
went either pin fi xation (27) or primary osteotomy (9). Mean 
time from slip to hip replacement was 7.4 years in patients 
with AVN or chondrolysis and 23.6 years in patients with 
degenerative change (P < 0.0002). Mean age at arthroplasty 

was 20 years in the AVN or chondrolysis group and 38 years 
in the degenerative group (P < 0.0001). Sixteen hips (42 %) 
required revision arthroplasty at a mean of 11.6 years post-
operatively, most commonly for component loosening and/
or polyethylene wear. Kaplan Meier 5-year survival free 
from revision for all causes was 87 % overall and 95 % in the 
total hip arthroplasty subset. 

 Carney [ 74 ] published a series of 31 untreated chronic 
SUFE with a long term follow-up (ranged from 26 to 
54 years). Authors stated the reasons for no treatments were 
not always clear from the medical records but included fam-
ily refusal, delayed presentation or treating the more serious 
side. There were 17 mild, 11 moderate and 3 severe. The 
mean IHS was 89 points (92 points in mild slips, 87 points in 
moderate slips and 75 points in severe slips). All severe and 
moderate slips showed radiographic features of OA in con-
trast to 13 % of those with mild slip. Complications were 
occurred in 4 slips (1 AVN and 2 further displacements 
developed 3 severe slips and 1 chondrolysis in 1 mild slip. 

 In another series, Carney (Carney et al. [ 13 ]) reported on 
155 SUFEs in 124 patients after 41 year follow up. Forty-two 
percent of the slips were mild; 32 % were moderate; and 
26 % were severe. Various treatments methods were used 
(see Table  6.4 ). They found that there is mild deterioration 
that is related to the severity of the slip and complications of 
treatment (Fig.  6.5 ). Realignment was associated with a risk 
of substantial complications and adversely affects the natural 
course of the disease (Fig.  6.6 ).

    A summary of recommendations is given in Table  6.5 .
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      Evidence-Based Treatment 
for Congenital Femoral Deficiency                     

     Anthony     Cooper      and     James     A.     Fernandes    

    Abstract  

  Congenital femoral defi ciency is a challenging paediatric orthopaedic problem that requires 
a multidisciplinary approach. Patients vary signifi cantly in term of severity from a very mild 
form that does not require surgical intervention to complete absence of femur. Various sur-
gical interventions have been reported in the literatures with variable success rates. Given 
the rarity of the condition, the wide spectrum of severity, the many surgical interventions 
that have been described and the recent evolution in surgical techniques, it has been diffi cult 
to recommend “the best treatment” for this condition. In this chapter, we critically reviewed 
the evidence behind the core principle of treating this challenging condition.  

  Keywords  

  Short femur   •   PFFD   •   CSF   •   Longitudinal defi ciency   •   Bone lengthen    

      Introduction 

 The term proximal femoral focal defi ciency (PFFD), con-
genital short femur (CSF) and congenital femoral defi ciency 
(CFD) are often used interchangeably. Historically congeni-
tal short femur was the fi rst term coined to describe this defi -
ciency. It was thought to be a simple femoral hypoplasia and 
a separate entity to the other forms of defi ciency seen in the 
femur [ 1 ]. In recognition of the major deformity occurring at 
the proximal femur the term proximal femoral focal defi -
ciency was described [ 2 ]. This term has become more wide-
spread and does not always well characterize the deformities 
seen in this condition. The disorder should be considered as 
a longitudinal limb defi ciency, with the majority of the short-
ening occurring in the femur. As such more recently con-
genital femoral defi ciency (CFD) has been used as this term 
encompasses the fact that the entire femur is involved. It is 

also associated with a classifi cation system which is less 
descriptive and more treatment based [ 3 ]. The defi ciency in 
CFD varies substantially from a mild amount of coxa vara 
with minimal shortening to complete absence of the femur. 
Common manifestations include varying degrees of acetabu-
lar dysplasia, delayed femoral ossifi cation, excessive exter-
nal rotation of the leg, hypoplasia of the lateral femoral 
condyle, absent cruciate ligaments [ 4 ] as well as shortened 
musculature about the hip and thick, inelastic ligamentous 
structures. 

 The recent, treatment-based classifi cation classifi es CFD 
into [ 3 ]:

   Type I: Intact femur with mobile hip and knee
    a)    Normal ossifi cation proximal femur   
   b)    Delayed ossifi cation proximal femur      

  Type II: Mobile pseudarthrosis (hip not fully formed, a false 
joint) with mobile knee
    a)    Femoral head mobile in acetabulum   
   b)    Femoral head absent or stiff in acetabulum      

  Type III: Diaphyseal defi ciency of femur (femur does not 
reach the acetabulum)
    a)    Knee motion >45 degrees   
   b)    Knee motion <45 degrees      
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  Type I is further sub-classifi ed into:   

    0)    ready for surgery; no factors to correct before lengthening   
   1)    One factor to correct before lengthening   
   2)    Two factors to correct before lengthening   
   3)    Three factors to correct before lengthening   
   4)    etc    

  Examples of factors requiring correction prior to length-
ening of femur are coxa var., hip dysplasia, patellar sublux-
ation etc. 

 The strategy of management is staged corrections of the 
abnormalities to reach stage I0 which is amenable to length-
ening. For example, type Ia-3 is converted to Ia-2, then Ia-1 
and then Ia-0 followed by lengthening. Pre-existing knee 
stiffness is the most functionally limiting factor and should 
be considered a relative indication for amputation versus 
reconstruction [ 5 ]. 

 Figures  7.1 ,  7.2 , and  7.3  illustrate the disorder in children.
     A literature review of English-speaking orthopaedic lit-

erature was performed to identify areas of controversy and to 
review the best evidence available for treatment of patients 
with CFD. Given the rarity of this condition, the heterogene-
ity of patients with CFD and the long and complex treatment 
that is often required, there were only a small number of 
papers available. One paper with level 1 diagnostic evidence 
was identifi ed.  

    What Is the Best Treatment for Congenital 
Femoral Defi ciency? 

 Treatment options for CFD are individualized for each 
patient. The principles include assessment of fi nal leg length 
discrepancy at skeletal maturity, equalization of leg length, 
either by epiphysiodesis of the contralateral leg or lengthen-
ing via distraction osteogenesis or ablation. Important fac-
tors to consider prior to lengthening include decisions on 
whether to treat acetabular dysplasia, if present, whether to 
reconstruct the hip and proximal femur and whether surgery 
to address knee instability and patella mal-tracking is 
indicated.  

    When Should Acetabular Surgery 
Be Performed? 

 Hip subluxation or dislocation is one of the most serious 
complications associated with femoral lengthening. The 
direction of dislocation is often posterior [ 6 ] Closed reduc-
tion under muscle relaxation may fail due to excessive soft 
tissue tension. Soft tissue releases alone may be unsuccessful 

  Fig. 7.1    A child with right type I CFD       

  Fig. 7.2    A child with bilateral CFD,  left  IIb and  right  is IIIB       
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and femoral shortening as well as acetabular procedures such 
as a Dega or Shelf may be required. Therefore it is better to 
identify those patients in whom there is an increased risk of 
dislocation in order to perform preparatory surgery to protect 
the hip from deterioration and allow adequate lengthening to 
be achieved. Suzuki et al. [ 7 ] reported no hip deterioration in 
patients with a centre edge angle of >20 degrees in a series of 
patients undergoing femoral lengthening for both acquired 
and congenital causes compared to a 25 % rate of deteriora-
tion in hip congruency in those patients with a CEA of 20 
degrees or less. Bowen et al. [ 8 ] recommends an acetabular 
index of 25 degrees or less as well as correction of a neck 
shaft angle (NSA) to 120 degrees prior to lengthening of 
Kalamchi Type 3a femora [ 9 ]. 

 The choice of osteotomy type to address acetabular dys-
plasia should take into consideration the location of the defi -
ciency in CFD. Suzuki et al. [ 7 ] recommended an innominate 
osteotomy. Millis and Hall have described a trans-iliac 
lengthening which is a modifi cation of the innominate oste-
otomy by use of a trapezoidal wedge which both re- orientates 
the acetabulum and can generate between 2 and 3 cm of 
length [ 10 ]. However the defi ciency in the acetabulum is 
posterior and lateral. There is relative acetabular retroversion 
combined with decreased femoral anteversion. This may 

result in posterior uncoverage if an innominate osteotomy is 
performed, therefore theoretically promoting rather than pre-
venting a posterior dislocation during lengthening or increase 
the probability of developing femoro-acetabular impinge-
ment [ 11 ]. Paley recommends performing a Dega osteotomy 
in such a way to reduce the superolateral defi ciency whilst 
also providing approximately 1 cm of length. In those 
patients with a closed triradiate cartilage a reorientating oste-
otomy such as a Ganz periacetabular osteotomy can be per-
formed however, care should be taken to correct lateral 
coverage and not anterolateral coverage.  

    What Is the Most Appropriate Osteotomy 
Level for Femoral Lengthening? 

 Distal osteotomy sites allow for simultaneous correction of 
distal valgus deformity and lengthening from the same level. 
It also results in improved regenerate formation as the oste-
otomy is in the broad metaphyseal area of the bone. In addi-
tion it reduces the pressure on the hip, whilst increasing 
pressure on the knee joint. This can be counteracted by span-
ning the external fi xator across the knee joint. In contrast 
proximal osteotomies exert less tension on the knee, but 

a b

  Fig. 7.3    A, B. Two other children with CFD       
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more on the hip [ 3 ]. There is a reduction in bone regenerate 
healing in proximal osteotomies as compared to distal oste-
otomies [ 12 ]. Aston et al. [ 13 ] reported improved range of 
knee movement in proximal osteotomies as compared to dis-
tal osteotomies with no statistically signifi cant difference in 
the healing index. The fracture rate reported in their series is 
reviewed later in this chapter.  

    Should the Knee Joint Always Be Spanned 
During Lengthening? 

 The knee in CFD is at risk of subluxation or dislocation dur-
ing the lengthening phase due to the absence of either both 
cruciates or the anterior cruciate ligament alone [ 14 ]. During 
lengthening increased tension across the knee from the soft 
tissue structures can result in sagittal translation. Grill et al. 
[ 12 ] reported a 57 % incidence of knee dislocation or dislo-
cation in patients with knee dysplasia. Gillespie and Torode 
[ 15 ] reported a maximum of 15–20 % increase in length of 
the femur before posterior subluxation of the knee occurred. 
Jones and Moseley [ 16 ] reported an incidence of posterior 
subluxation of 33 % when lengthening using the Wagner 
technique. In order to address this, extension of the external 
fi xation across the knee joint can be performed. Aston et al. 
[ 13 ] spanned the knee in 26 out of 30 patients at the time of 
initial procedure and found it necessary to extend the frame 
across the knee in 2 of the remaining 4 patients. With careful 
identifi cation of the centre of rotation of the knee joint a 
hinged extension can be extended across the knee, allowing 
for knee fl exion and extension during physiotherapy. This 
may avoid the pitfalls associated with knee subluxation in 
lengthening. In a recent series one of 30 patients developed 
posterior subluxation only [ 17 ]. However it is diffi cult to 
determine whether knee stability in this series was conferred 
by a hinged external fi xator, a preceding “Paley SUPERknee” 
procedure or more likely a combination of both. 

 Chomiak et al. [ 4 ] reported a level 1 diagnostic study of 
their arthroscopic fi ndings of 21 patients with CFD. Only 1 
patient in their series had normal cruciate ligaments. Ninety 
percent of patients had either an absent or hypoplastic 
ACL. The PCL was absent or hypoplastic in 61 % of patients. 
In 57 % of patients both the ACL and PCL were 
hypoplastic.  

    When Should a SUPERhip or SUPERknee 
Procedure Be Performed? 

 Prince et al. [ 17 ] reported a series of 30 cases of CFD, 24 of 
which (80 %) had undergone a SUPERhip procedure and 15 
(63 %) had undergone a SUPERknee; however this paper 
was focused on outcomes following external fi xation. No 

other series of SUPERhip or SUPERknee procedures could 
be identifi ed in the literature.  

    Is It Necessary to Rod the Femur 
After Lengthening? 

 Fracture of the femur following removal of an external fi xa-
tion device poses a signifi cant management problem. They 
can occur through bone regenerate, the junction between 
host bone and regenerate bone, though a half pin or at a site 
unrelated to the previous surgery [ 18 ]. They are diffi cult to 
treat because of tight soft tissue structures due to lengthening 
leading to a tendency for progressive angulation, an absence 
of an intramedullary canal at the osteotomy site, the pin sites 
may produce sclerotic areas which are a block to the passage 
of an intramedullary nail and there is a risk of sepsis or deep 
infection from prior pin sites. Prince et al. [ 17 ] reported a 
7 % fracture rate of the regenerate after Rusch rodding after 
surgery. Aston et al. [ 13 ] performed rodding at the time of 
the index procedure and reported an overall 30 % rate of 
femur fracture. There was no difference in fracture rate 
between proximal and distal osteotomy sites in their study 
when comparing proximal osteotomy and simultaneous rod-
ding with distal osteotomy and no rodding. The addition of 
rodding reduced their fracture rate in proximal osteotomies 
from 100 % without a nail to 0 % with a nail in their small 
subseries of 13 patients.  

    What Is the Most Appropriate Ablative 
Procedure? 

 In patients in whom reconstructive surgery is not possible 
prosthetic fi tting is required to resolve postural imbalance. 
Non surgical treatment involves the use of an extension pros-
thesis. However, these can be bulky due to the contour of the 
foot and an alternative surgical procedure is ablation of the 
foot by either a Syme’s amputation or a Boyd’s amputation 
with or without a knee fusion. Kant [ 19 ,  20 ] et al. compared 
Locomotor Index and overall satisfaction between 2 groups; 
those that had undergone Syme’s amputation and those that 
had an extension prosthesis and found higher levels of func-
tion and satisfaction in the non-surgical group 21. 
Rotationplasty as described by Van Ness and several modifi -
cations of the procedure involves a rotational osteotomy 
which replaces the knee with the ankle joint that has been 
externally rotated by 180° [ 21 – 24 ]. This allows for fi tting of 
a below knee type prosthesis. Alman et al. [ 25 ] compared the 
results of Syme’s amputation with knee arthrodesis with 
rotationplasty and found no difference in gross motor func-
tion or perceived appearance, but increased energy effi ciency 
in patients with a rotationplasty. Fowler et al. [ 26 ,  27 ] also 
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found improved energy effi ciency in rotationplasty patients 
compared to Syme’s patients, with more normal knee kine-
matics and enhanced prosthetic knee function in rotation-
plasty patients, provided the tibia had not derotated. Ackman 
et al. [ 28 ] examined the long term effects of rotationplasty to 
normal controls and found signifi cant differences in gait and 
posture but no differences in health and well being.  

    How Much Length Should Be Attempted 
in a Single Lengthening? 

 Prince et al. [ 17 ] found a statistically signifi cant decrease in 
function and increase in pain if greater than 6 cm of length 
was achieved as well as worse pain and comfort scores with 
similar global function scores if greater than 25 % of the 
original length of the femur was obtained. Aston et al. [ 13 ]
found an increased rate of delayed ossifi cation when greater 
than 6 cm of lengthening was attempted using a circular fi x-
ator and fi ne wire fi xation as well as a signifi cantly increased 
rate of regenerate fracture if greater than 20 % of the original 
femoral length was attempted.  

    Summary 

 Table  7.1  summarizes the literature on CFD around some of 
the controversies which exist in its treatment. The current lit-
erature does not allow us to confi dently recommend many 
treatments which are routinely practiced today. This is in part 
due to the rarity of the condition, but also to the evolution of 
surgical practice, which makes it diffi cult to assess the effects 
of individual procedures as they are often combined with mul-
tiple additional procedures during the course of treatment.
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      Evidence-Based Treatments 
for Coxa Vara                     

     Claire     F.     Murnaghan      and     Kim     Ferguson    

    Abstract  

  Coxa Vara is a deformity of the femoral neck resulting in a neck shaft angle of less than 
110°. It may be congenital, acquired or developmental. Developmental coxa vara has been 
distinguished from the other types as it occurs at the level of the proximal femoral physis. 
In this chapter we discuss normal proximal femoral development and the pathophysiology 
of coxa vara. The radiological and clinical features are discussed and illustrated along with 
evidence based guidance for treatment, including proposed surgical management.  

  Keywords  

  Coxa Vara   •   Joint reaction force   •   Proximal femoral deformity   •   Neck shaft angle   •   Head 
shaft angle   •   Hilgenreiner-epiphyseal angle (HEA)   •   Proximal femoral ossifi cation  

      Introduction 

 Coxa Vara is a deformity of the femoral neck, resulting in an 
abnormal neck-shaft angle of less than 110° (Fig.  8.1 ).

   It has been described in many different ways over the 
years, but we shall use the following classifi cation [ 1 ]:

    1)    Developmental (previously named Infantile or Cervical)   
   2)    Congenital (associated with congenital short femur)   
   3)    Acquired (encompassing traumatic and those associated 

with skeletal dysplasias)    

  For the purpose of this chapter, we shall concentrate on 
Developmental coxa vara, as treatment of the various other 
types of coxa vara will depend on the heterogeneous under-
lying causes of the deformity. 

 Developmental coxa vara in this sense occurs at the level of 
the physis, whereas the other causes occur distal to the physis.  

    Background 

 The fi nding of Developmental coxa vara (DCV) was fi rst 
described by the Italian Fiorani in 1881 as a “bending” of the 
femoral neck [ 2 ]. He believed that the origin was rachitic. In 
1881 Muller described a similar appearance in adolescents, 
but the terminology coxa vara was attributed to the condition 
described by Hofmeister in 1894 [ 3 ,  4 ]. 

 Hoffa in 1905 examined pathological specimens of the 
proximal femur in affected individuals and concluded that the 
aetiology was unlikely to be either rickets or trauma and 
instead introduced the idea of a developmental condition [ 5 ]. 

 In 1960 Pylkkanen performed a detailed literature search 
of the available information relating to coxa vara as well as 
adding weight to the pathophysiological knowledge of the 
infl uencing processes [ 6 ]. In Scandinavia, Johanning reported 
an incidence of 1 in 25,000 live births in the early 1950s [ 6 ]. 
Males and females are equally affected by this condition and 
there appears to be no difference in the frequency of the side 
involved. It may be bilateral in up to one third of individuals. 
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    Normal Femoral Development 

 The proximal femur in the neonate is completely cartilagi-
nous, with the recognisable shape of the femoral head and 
the trochanters determined by the enchondral ossifi cation at 
the junctions between the metaphysis and the epiphyseal 
plates. The physeal plate gradually migrates proximally and 
divides into 2 separate plates, one for the femoral head and 
the second one for the greater trochanter. The medial portion 
of the cervical physis progresses early, resulting in elonga-
tion of the femoral neck. An ossifi cation centre appears 
within the femoral head somewhere between 4 and 7 months 
after birth and can then be seen on x-ray. The more lateral 
greater trochanteric apophysis starts to ossify at about 4 years 
of age. The proximal femoral growth plate accounts for one 
third of the longitudinal growth of the femur. 

 Relative growth of these physes results in the changing 
morphology of the proximal femur. At birth, the normal 
neck-shaft angle is about 150° and in adulthood it is approxi-
mately 127° (often decreasing to 120° by the 7th decade). In 
a similar fashion, anteversion of the femoral neck may be as 
much as 40° at birth. By adulthood the normal femoral ante-
version ranges from 4° to 25°.  

    Pathophysiology 

 Over the past century, many different theories have been sug-
gested as causes of coxa vara, including Staphylococcal 
Albus infections, bending of the neck secondary to pressure 
within the uterus, rickets and AVN-like changes. In 1928 
Fairbank described a triangular piece of bone in the distal 
portion of the medial femoral neck as a potential cause of the 
problem [ 7 ]. 

 Following work by Zimmerman (1938) and others, it has 
become clear that the condition does not exist at birth, but 
develops after the perinatal period as a result of a defect in 
the enchondral ossifi cation of the medial femoral neck [ 8 ]. 
Hence the nomenclature of “developmental” coxa vara. 

 On histopathological examination of specimens obtained 
in Helsinki and compared to normal individuals, there were 
abnormalities of varying severity found in 3 main areas [ 6 ]:

    a)    Changes in ossifi cation at the physeal cartilaginous plate, 
with disorganisation and irregularity of columns of cells   

   b)    Changes in the adjacent metaphysis, including thin, irreg-
ular trabeculae and lack of proper ossifi cation   

   c)    Fibrous connective tissue infi ltrating the bone marrow of 
the metaphysis and within the cartilaginous tissue    

  Deformation of the femoral neck can occur because of 
reduced strength in the region of the medial femoral neck 
because of bony and cartilaginous abnormalities. Once the 
neck-shaft angle reduces, the greater trochanter migrates 
towards the ilium and abduction is reduced. The higher 
level of the greater trochanter increases the abductor lever 
arm, reducing the joint reaction force crossing the hip in 
single leg stance. The joint reaction force required to 
maintain a horizontal pelvis during single stance gait 
decreases (Fig.  8.2 ).

   In the normal hip, the force transmitted to the proximal 
femoral neck would include a net tension force at the supe-
rior or lateral cortex and a net compressive force at the infe-
rior or medial cortex. 

 However, the shearing and bending forces on the neck 
will increase with increasing varus deformity as the physis 

  Fig. 8.1    Bilateral coxa vara with neck shaft angle approaching 106°       
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  Fig. 8.2    Free body diagram of the hip in coxa vara. Joint reaction force 
is the force generated within a normal hip joint. This is a balance 
between the body weight moment arm ( B ) and the body weight ( W ), 
and the abductor moment arm ( A ) and abductor tension ( Ab )       

  

C.F. Murnaghan and K. Ferguson



79

changes its position from horizontal to more vertical, with 
restriction of growth on the medial physis relative to the lat-
eral physis. The more vertical position of the proximal femo-
ral physis would increase not only the sheer component of 
the hip force but also the net medial compressive force on the 
metaphyseal bone of the femoral neck. These forces over-
whelm the mechanical strength of the abnormally ossifi ed 
bone in this area. This may lead to a relentless and progres-
sive cycle of deformity. 

 In summary, developmental coxa vara is caused by a dis-
turbance in ossifi cation of the medial femoral neck, resulting 
in delayed growth and irregularity of bone structure, and is 
compounded by mechanical factors, i.e. weight-bearing 
through this region of abnormal bone, and attains its fi nal 
stage at skeletal maturity.   

    Presentation 

 Children tend to present after walking age with an abnormal 
gait. In unilateral cases, a painless limp is noted and there 
may be a leg length discrepancy, with the affected side 
shorter, and increased girth of the thigh. In a young child, a 
late presentation of developmental hip dysplasia is a more 
common differential diagnosis. 

 In bilateral cases there is a waddling gait secondary to 
weakness of hip abductors as already described (a 
Trendelenberg gait). In cases of coxa vara, there is reduced 
anteversion or even some retroversion of the neck and so the 
femur is relatively externally rotated, resulting in reduced 
internal rotation. The iliofemoral ligament is under increased 
tension due to the relative retroversion and so complete 
extension of the hips may not be possible, with resultant 
fi xed fl exion leading to an exaggerated lumbar lordosis, 
especially if the disease is bilateral. 

 The clinician should always check for signs of a more 
generalised skeletal dysplasia such as short stature, limb 
length discrepancies and disproportionate growth of limbs 
compared with trunk. Generalised rotational profi le of the 
lower limbs should be performed as well as a full hip exami-
nation. Other causes of coxa vara should also be considered 
such infection, metabolic bone disease, trauma and the afore-
mentioned skeletal dysplasias. It is worth noting that devel-
opmental coxa vara is associated with other forms of lower 
limb defi ciencies. 

    Radiological Findings and Measurements 

 As the femoral head begins to ossify the radiological 
appearances become apparent. The neck-shaft angle of 
the hip measures less than 110° on an AP radiograph of the 
pelvis, with a possible triangular fragment seen in the 

region of the calcar of the femoral neck (Fairbank’s trian-
gle), up until the age of about 10 years. Acetabular dyspla-
sia seems to develop due to a change in normal 
weight-bearing, but is much more evident in adults than in 
children (Fig.  8.3 ).

   The head-shaft angle is formed between the axis of the 
femoral shaft and a line drawn perpendicular to the base or 
the femoral capital epiphysis. The Hilgenreiner-epiphyseal 
angle is formed by Hilgenreiner’s line and the physis [ 9 ,  10 ]. 
In normal hips it would measure approximately 25° [ 9 ]. Note 
that an ossifi ed femoral epiphysis is required for all these 
measurements to be made (Fig.  8.4 ).

  Fig. 8.3    Plain radiograph showing coxa vara with Fairbank’s triangles 
in both hips       
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  Fig. 8.4    Radiological measurement in coxa vara       
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       Treatment 

 The aims of treatment for coxa vara centre on restoring nor-
mal angles (either neck-shaft or HEA), restoring normal 
mechanical function of the hip abductors, and attempted 
stimulation of more normal bone formation. Non-surgical 
and conservative measures have limited benefi t in patients 
with developmental coxa vara. Surgical correction of the 
abnormal neck shaft angle is the mainstay of treatment. 
Weinstein and colleagues performed a retrospective review 
of children with coxa vara in the late 1980s and suggested 
quantifi cation of the deformity by serial measurement of the 
HEA to be one of the most important indications for inter-
vention [ 10 ].

•    HEA > 60°  
•   Painful limp  
•   Neck shaft angle <110°  
•   Associated leg length discrepancy  
•   Progressive deformity    

 A HEA of less than 45° does not usually suggest the need for 
surgical intervention but between 45° and 59° the child must be 
reviewed and imaged regularly, in case one needs to act. 

 The aim of operative intervention is to prevent second-
ary complications. The anatomical aims of correction can 
mainly be achieved by a proximal femoral valgus osteot-
omy. Many different proximal valgus osteotomies have 
been described and numerous types of fi xation devices 
proposed. In 1997 Carroll and Stevens suggested that no 
one type of osteotomy or fi xation was better than another 
[ 11 ]. They also showed that children who underwent val-
gus osteotomy before the age of 8 years old had a 60 % 
chance of requiring revision surgery due to recurrence. 
Those over 8 years of age at the index procedure demon-
strated a 50 % recurrence rate however, leading to the con-
clusion that age at time of operation is not predictive of 
fi nal outcome. 

 The preferred method of valgus osteotomy has yet to be 
agreed upon [ 12 ,  13 ]. The fi rst intertrochanteric valgus oste-
otomy was performed by Keetley in the late 1800s and futher 
modifi cations of this have been described [ 14 ]. Pauwel then 
described a complex and technically-demanding intertro-
chanteric osteotomy using tension band fi xation of the femo-
ral neck [ 15 ]. Epiphyseodesis of the greater trochanter has 
also been described [ 16 ]. Unreliable by itself, Desai then 
described valgus osteotomies and trochanteric osteotomies 
together [ 17 ]. 

 Rather than the type of proximal femoral valgus osteot-
omy performed, more important is the understanding of the 
correction required to prevent recurrence of the varus defor-
mity. Rates of stated recurrence of the varus deformity vary 
widely, but are mainly 30–70 %. Correction of the head-shaft 

angle to 135° did not prevent recurrence, in fact 63 % 
recurred but the most consistent and reliable predictor of 
success is reported to be a post-operative HEA of <38° (95 % 
success) whereas 93 % require revision surgery if the HEA 
remains >40° [ 18 ,  19 ].   

    Conclusions 

    When Should I Operate? 

 Surgical intervention should be considered when:
•    HEA greater than 60°  
•   Symptomatic  
•   Increasing deformity  
•   Increasing leg length deformity     

    What Operation Should I Perform? 

 A valgus osteotomy that you are familiar with, using an 
implant that you use regularly and which maintains valgus 
inclination with a HEA less than 38°.  

    What Is the Evidence? 

 As yet, the evidence does not recommend one osteotomy type 
or a particular fi xation device. Timing is not particularly impor-
tant, in relation to age of the child. One should aim to reduce 
the risk of recurrence by correcting the HEA to less than 38°.  

    What Are the Pitfalls? 

 The pitfalls are under correction, which leads to a higher risk 
of recurrence, residual leg length discrepancy, signifi cant 
growth arrest and changes in the limb more distally (e.g.: 
genu valgum after correction.) The neck shaft angle should 
not be used alone to judge correction; it should be used in 
combination with HEA in order to select the correct patients 
for surgery and to ensure that correction is complete.       
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      Femoro-Acetabular Impingement 
in Children                     

     Sarah     Rubin      and     Manoj     Ramachandran    

    Abstract  

  Ganz described the modern concept of femoroacetabular impingement (FAI) in 2003. FAI 
can lead to pain and reduced range of movement in teenagers and young adults. It may be 
primary or secondary to causes such as slipped upper femoral epiphysis (SUFE) or condi-
tions contributing to femoral head or acetabular deformity such as Perthes’ disease or devel-
opmental dysplasia of the hip (DDH). FAI can be cam, pincer or mixed form. Diagnostic 
signs include pistol grip deformity and crossover sign on plain radiographs or cam deformi-
ties on 3D imaging such as computer tomography (CT) or magnetic resonance imaging 
(MRI). Osteoarthritis (OA) and labral tears may be seen in conjunction with FAI but it is 
important to exclude other differentials. Treatment strategies include activity modifi cation, 
arthroscopic or open surgery depending on the type of FAI and symptoms.  

  Keywords  

  Femoroacetabular impingement   •   Hip impingement   •   FAI   •   Cam   •   Pincer   •   Hip arthroscopy   
•   Pistol grip deformity   •   Crossover sign   •   Alpha angle   •   Periacetabular osteotomy   •   Labral 
tear   •   Young adult hip  

      Introduction 

 Femoroacetabular Impingement (FAI) is a hip condition that 
typically causes pain and reduced range of movement in 
teenagers and young adults. The causes of impingement may 
be complex but usually stem from a lack of symmetry or 
congruity of the femoral head within the acetabulum. FAI is 
present in 10–15 % of all people; however at least 25 % of 
people with radiographic FAI may be asymptomatic. 
Recently the connection between FAI and early osteoarthri-
tis (OA) has been documented.  

    How Can FAI Be Subdivided? 

 Although FAI was described earlier in the twentieth century [ 1 ], 
Reinhold Ganz introduce the modern concept and treatment in 
2003 [ 2 ]. He divided FAI into three types: cam, pincer and 
mixed. Cam type is caused by an abnormal offset between the 
femoral head and neck producing cartilage delamination of the 
acetabulum. Pincer type can be caused by over coverage due to 
protrusio or acetabular retroversion. This causes damage to the 
rim and a slower process of degeneration than cam deformity. 

 The most common form however is mixed FAI, which 
usually has a cam predominance (Fig.  9.1 ).

      Acetabular Deformity 

 An unusually deep acetabulum can cause FAI because the 
femoral neck is excessively covered. Alternatively a 
 retroverted acetabulum will cause impingement against the 
femoral neck during hip fl exion and abduction. 
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    Acetabular Dysplasia Classifi cation 
     A.    Classical: Classical DDH involves reduced coverage of 

the femoral head and is therefore not usually a type of 
dysplasia that contributes to FAI, but has been included 
for completion.
    a.    Defi cient head coverage   
   b.    Decreased acetabular depth        

    B.    Acetabular retroversion: anterior wall is rotated forward 
or posterior wall is rotated backward    

    C.    Acetabular over coverage: anterior and lateral wall over 
coverage of the femoral head.    

       Femoral Head Deformity 

 This can take two forms. Pistol grip deformity occurs when 
the femoral head loses sphericity and the head neck junction 
is less pronounced. The appearance is likened the handle of a 
pistol as shown in Fig.  9.2 .

   The femoral head can also develop a tilt deformity that is 
apparent superomedial migration of the femoral head.  

    Femoral Neck Deformity 

 This involves a shortened or widened femoral neck, which 
reduces the head-neck ratio.  

    What Are the Predisposing Factors for FAI? 

    Epidemiology 
 Males are affected more commonly than females. Men are 
more likely to have cam deformities and women are more 

likely to have acetabular retroversion or protrusio causing 
pincer type FAI. The typical age range is 14–45. 

 Childhood hip disorders such as slipped upper femoral 
epiphysis (SUFE), developmental hip dysplasia (DDH) and 
Perthes’ disease can lead to secondary FAI. 

 SUFE is the leading cause of FAI contributing to its devel-
opment in up to 50 % of cases [ 3 ]. Any degree of displace-
ment of the capital femoral epiphysis can cause the femoral 
head to lose its spherical shape or affect the femoral head- 
neck ratio; however, the most common deformity caused by 
SUFE is a cam deformity. FAI can occur whether SUFE has 
been diagnosed and managed appropriately or missed. Even 
mild cases of SUFE that have been treated with percutaneous 
pinning show FAI changes on imaging in around 50 % of 
patients [ 4 ]. 

 DDH can lead to FAI due to the potential for permanent 
deformity of the femoral head, acetabulum or head-neck 
shape. This can occur whether DDH is missed or managed 
with non-operatively or operatively. Following femoral 
varus osteotomy or pelvic osteotomy, it is possible for iatro-
genic FAI to occur. Similarly, the incongruity and cam 
deformity associated with Perthes’ can cause FAI and OA in 
later life. 

 Sporting activities that force the hip through repetitive or a 
high range of movement can cause impingement at the 
extremes of movement. Specifi c sports associated with FAI 
include gymnastics, dance, hockey and football. Elite athletes 
have a higher incidence of FAI than the general population. 

 Trauma may cause an acquired deformity around the hip 
contributing to FAI.   

    How Does FAI Present? 

 Patients typically present with symptoms of pain that can be 
localised to the groin, greater trochanter and sacroiliac joints. 

Normal

Pincer Mixed

Cam

  Fig. 9.1    Types of FAI       

  Fig. 9.2    Diagram of pistol grip deformity       
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It is unusual for pain from FAI to radiate distal to the knee; 
however FAI can be associated with lumbar pain that may 
resolve with treatment. Pain can be associated with specifi c 
activities such as prolonged sitting, walking uphill or per-
forming sports. Other symptoms include the sensation or 
sound of clicking around the hip or a feeling of stiffness in 
the hip.  

    What Imaging Is Appropriate for Assessment 
of FAI? 

 The followings modalities are of value in assessing a child 
with FAI:

    1.    Plain radiographs or arthrograms (Fig.  9.3 )   
   2.    CT   
   3.    MRI including MR arthrogram   
   4.    Arthrogram   
   5.    Hip arthroscopy    

   Figure  9.3  shows acetabular crossover sign at intersection 
of the anterior rim ( red line ) and posterior rim ( blue line ) and 
ischial spine sign. The ischial spine is visible due to retrover-
sion of the acetabulum. The overall radiographic impression 
is of focal pincer FAI from a retroverted acetabulum. In addi-
tion a pistol-grip deformity (arrow) confi rms cam-type FAI 
morphology. There is a further fi nding of a superolateral 
femoral head defect present in this radiograph. 

 Figure  9.4  demonstrates measurement of the alpha angle. 
On CT or MRI axial images a line is drawn from the centre of 

the femoral head through the middle of the femoral neck and a 
second line is drawn through a point where the contour of the 
femoral head-neck junction exceeds the radius of the femoral 
head. The angle between the lines is calculated. The image on 
the left shows a normal hip with an angle of under 55°. The 
image on the right shows a hip with FAI and an angle of 64°.

   CT and in particular high resolution CT with 3D recon-
struction can give a clear picture of the bony anatomy as 
shown in fi gure below where a cam lesion is evident. 
However, MR imaging is preferred because of the lower 
radiation dose (Fig.  9.5 ).

  Fig. 9.3    AP radiograph of a hip       

  Fig. 9.4    Axial MRI of normal ( left ) and FAI hip ( right ) to demonstrate measurement of the alpha angle       
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   Plain MRI is a useful investigation to assess the bony and 
soft tissue anatomy. It has the advantage of avoiding radia-
tion exposure and is non-invasive. Soft tissue infl ammation 
from impingement, tendonitis and muscle hernias will be 
evident on MRI. Alternatively, an MRI arthrogram can give 
more detail, assesses for associated problems and differential 
diagnoses such damage to articular cartilage and labral tears 
and is considered to be a more useful investigation.  

    How Should FAI Be Managed? 

 Non-operative management can be appropriate for those 
with mild symptoms or activity specifi c symptoms. This 
includes physiotherapy, activity modifi cation and analgesia. 

Physiotherapy should focus on strengthening the hip rather 
than range of movement and activities that involve stretching 
such as yoga should be avoided. 

 Intra-articular steroid and local anaesthetic injection can 
offer temporary relief from pain. 

 Surgical management options can be divided into:

•    Arthroscopic  
•   Mini-open surgery  
•   Open surgery    

 With improving techniques and equipment, arthroscopy 
offers increasingly greater access to various pathologies 
within the hip (Fig.  9.6 ). This includes:

•    Anterior cam lesions  
•   Anterosuperior pincer deformity  
•   Anterior inferior iliac spine deformity   

   During hip arthroscopy there is a chance the labrum will 
have to be detached, the pincer removed and the labrum may 
then be either repaired with suture anchors or debrided. 
Arthroscopy carries specifi c risks including damage from trac-
tion/counter traction such as sciatic and pudendal neurapraxia. 

 Traditionally arthroscopy has not been able to access 
medial to the retinacular vessels or the medial retinacular 
fold but with improved instruments, this is becoming possi-
ble (Fig.  9.7 ).

   The mini-open approach can be used in combination with 
arthroscopy. For protrusio and posterior lesions, an open 
approach with hip dislocation and trochanteric osteotomy is 
often required. If impingement is due to a retroverted acetab-
ulum, a periacetabular osteotomy may be indicated. Proximal 
femoral osteotomy may be performed if the proximal femur 
deformity is the source of FAI (Fig.  9.8 ).

   If severe OA is associated with FAI, then the primary sur-
gical management may involve arthroplasty.    Fig. 9.5    3D CT reconstructions demonstrating a cam lesion       

  Fig. 9.6    Intraoperative photograph showing a hip arthroscopy and diagram showing port sites       
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    Do Outcomes Differ Between Open 
and Arthroscopic Management of FAI? 

 Two systematic reviews assessing outcomes of surgical man-
agement of FAI are summarized below. 

 In 2015, Nwachukwu et al. [ 5 ] reviewed 16 studies; all 
were level II – IV evidence. Nine papers covered 600 open 

surgeries with a mean follow up of 57.6 months, the other 7 
papers reviewed 1484 arthroscopic surgeries with a mean 
follow up of 50.8 months. Hip arthroscopy studies showed 
higher quality of life scores. Survivorship at follow up was 
assessed by need for hip arthroplasty and was 93 % for 
open and 91.5 % for arthroscopic procedures. Risk factors 
for hip arthroplasty were previous chondral injury and 
increased age. 

 In 2013 Harris et al. [ 6 ] performed a thoutough meta- 
analysis of 29 papers (2369 participants) on FAI manage-
ment. One paper was level I evidence [ 7 ] and the rest were 
mainly level IV evidence. The mean follow up was 3.09 years. 
The followings were concluded:

•    Improved outcome measures with surgical vs. non- 
operative management.  

•   No statistical difference in functional outcomes between 
outcomes of arthroscopic vs. open surgical techniques, 
however complication rates were signifi cantly higher in 
dislocation techniques when compared to arthroscopic.  

•   3.1 % overall rate of conversion to THR.  
•   Signifi cantly better results in labral repair than 

debridement.    

 In summary outcome measures and re-operation rates are 
improved with arthroscopic surgery.   Fig. 9.7    Arthroscopy image demonstrating the femoral head and 

debridement of a cam lesion       

a b

  Fig. 9.8    Radiographs of a 21-year-old male. These pre and postoperative images demonstrate a femoral head cam deformity that has been resected 
via an open approach       
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 This review is high quality; it addressed four main ques-
tions from a large number of studies and utilized a variety of 
statistical tests. The review was disadvantaged by the dura-
tion of follow up preventing long term assessment, the rela-
tively low overall level of evidence and that studies were 
directly compared despite differing greatly in the assess-
ments used to measure outcomes.  

    In Arthroscopic Surgery for FAI, Should 
a Detached Labrum Be Fixed or Debrided? 

 In 2012 Tibor and Leunig [ 8 ] performed a systematic review 
which evaluated 5 papers comparing labral resection versus 
preservation. It was found that arthroscopic FAI surgery 
improved outcome scores. Labral repair was associated with 
improved outcomes when compared to debridement; the 
improvement was small but statistically signifi cant. Table  9.1  
illustrates a summary of the review fi ndings.

   Criticisms of this review include a short follow up period 
of only 1 year for one paper and 2 years for the other 4 
papers. As FAI treatment is relatively new and evolving stud-
ies of this type can quickly become out of date; this 2012 
review found huge improvements in data quality when com-
pared to a similar review done in 2007. 

 However, the review was valuable as studies included 
were all level III or higher and were directly comparable and 
also included detailed complications of surgery (Table  9.1 ).  

    What Is the Prognosis for FAI? 

 For any surgical management labral repair rather than 
debridement is associated with improved results. 

Following arthroscopic management of FAI, at least 50 % 
of patients have a reduction in pain at 3 months and 95 % 
of patients at 1 year. The approximate likelihood of pro-
gression to OA requiring arthroplasty within 2 years 
is 2 %. 

 Edwards et al. [ 14 ] performed a 213 patient study pub-
lished in JBJS in 2009. This followed open surgery for FAI 
found good or excellent results with improved pain and range 
of movement for the majority of patients at 2 years. However 
up to a third of patients required further surgery within 
3 years. 

 There is no overall consensus on a specifi c time when 
return to sport is considered safe following arthroscopic 
surgery. A 2015 systematic review of post hip arthroscopy 
rehabilitation by Grzybowski et al. reviewed 18 papers; 7 
concerned FAI specifi cally, 4 papers focused on elite ath-
letes and there was a minimum of 2 years follow up. 
Evidence was level III–IV [ 15 ]. Timing of return to sport in 
athletes following FAI surgery was at least 12 weeks and 
96 % of athletes were able to return to sport. Overall the 
studies recommended following a progressive rehabilita-
tion program with  milestones to progress through prior to 
increasing activity, similar to following a rehabilitation 
program post anterior cruciate ligament reconstruction. It 
was recommended that a test of overall function be per-
formed prior to return to sporting activities. The review was 
limited by the heterogenity of the papers and outcome mea-
sures used. 

 A 2010 study by Philippon et al. [ 16 ] followed up 28 skat-
ers and hockey players. Subjects had a mean return to sport-
ing drills of 3.4 months (range 1–5 months) following 
arthroscopic surgery compared with double this time follow-
ing open surgery. Other studies assessing the timing of return 
to sport in athletes found similar results although did not 

    Table 9.1    Illustrates the summary of fi ndings of a systematic review by Tibor and Leunig [ 8 ]   

 Study and Year  Pre op scores  Final follow up scores  OA progression and complications 

 Espinosa et al. [ 9 ].  F 17 (13–18) 
 D 12 (8–13) 

 F 17 (13–18) 
 D 15 (10–18) 

 F Tönnis grade 0.5 to 0.8 
 D 0.5 to 1.3 

 Larson and Giveans [ 10 ]  F mHHS 62 
 D mHHS 63 

 F 94.3 
 D 88.9 

 Tönnis grade trending towards higher scores in D. 3 cases 
of HO in debridement patients (prior to routine NSAID 
prophylaxis) 1 conversion to THA, 1 revision arthroscopy 
for debridement 

 Laude et al. [ 11 ]  NAHS 54.8 ± 12 
 (no distinction between 
F & D groups) 

 F 86 ± 11 
 F 82 ± 19 

 8 failed refi xation, 1 femoral neck fracture, 2 deep 
infections, 1 case of HO, 11 converted to THA 

 Philippon et al. [ 12 ]  mHHS 58 (no distinction 
between F & D groups) 

 F 87 
 D 81 

 10 converted to THA 

 Schilders et al. [ 13 ]  mHHS F 60.2 (24–85) 
 D 62.8 (29–96) 

 F 93.6 
 D 88.9 

 Not discussed 

   F  fi xation of labrum,  D  debridement of labrum,  mHHS  Modifi ed Harris Hip Score,  THA  total hip arthroplasty,  HO  heterotrophic ossifi ciation, 
 NSAID  non-steroidal anti-infl ammatory  
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share any common scoring systems and are not directly 
comparable. 

   Conclusion 

 FAI is a spectrum of symptoms arising from impingement 
around the hip, usually presenting in young adults and 
affecting males more than females. Athletes are more 
commonly affected. Impingement can occur secondarily 
to SUFE, DDH or Perthes’ disease. Diagnosis is based on 
clinical fi ndings combined with imaging studies. Specifi c 
signs on imaging such as crossover sign and pistol grip 
deformity are pathognomonic for FAI. The management 
can be symptomatic with activity modifi cation but the 
evidence suggests patients who undergo arthroscopic or 
open surgery to offl oad the impinging areas had improved 
outcome scores. In athletes return to sport can be achieved 
within a few months of surgery. There is an association 
between FAI and OA, approximately 2 % of patients will 
go on to require arthroplasty within 2 years of any sur-
gery. Evidence is constantly expanding in this area.        
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      Evidence-Based Treatment 
for Paediatric Diaphyseal Femoral 
Fractures                     
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    Abstract  

  Femoral fracture in children is one of the commonest fractures encountered by paediatric 
orthopaedic surgeons. Treatment options vary with age of the child, the type of the fracture 
and available resources and expertise. In this chapter we have explored the evidence that 
underpin the current practice, highlighting the evidence in some details and providing 
graded recommendations for treatment options in various scenarios.  

  Keywords  

  Paediatric femoral fractures   •   Nancy nails   •   ESINM   •   Rigid intramedullary nails  

      Introduction 

 Femoral fractures in children are common and depending on 
the age of the child, type of the Fracture and available 
resources and expertise, treatment may vary. In younger chil-
dren (birth to 5 years) non-operative treatment is recom-
mended [ 1 ]. The currently practiced non-operative options 
include Pavlik harness, early or immediate hip spica casting 
(including pins and plaster casts) and traction (skin or skel-
etal traction) with or without delayed spica casting [ 2 ]. 

 External fi xation is usually recommended in patients with 
head injury, in multiply injured patients, open fractures with 
signifi cant soft tissue damage, some benign pathological 
fractures, and in certain types of fractures when the site of 
fracture, comminution and proximity to the growth plate are 
not suitable for other types of fi xation [ 3 ,  4 ]. Delayed healing 
due to stress shielding and the high re-fracture rate following 
fi xator removal have been widely regarded as major 
disadvantage. 

 Internal fi xation has gained popularity in the treatment of 
paediatric femoral fractures and is recommended in children 
between 5 years to skeletal maturity [ 5 ]. Available internal 
fi xation devices are Elastic Stable Intramedullary Nails 

(ESIN), compression plating or trochanteric entry rigid intra-
medullary nails [ 6 ]. 

 The relevance of this topic has prompted the American 
Academy of Orthopaedic Surgeons in 2009 to publish evi-
dence backed guidelines to inform choices of femoral frac-
tures treatment and those guidelines were updated in 2015. 
In this chapter we explored and expanded on the current 
available evidence for treating femoral fractures in children.  

    Nonoperative Treatments 

    Pavlik Harness 

 The Pavlik harness is usually indicated in the treatment of 
femoral shaft fractures in young infants (birth to 6 months) 
[ 7 ]. This approach allows better skin care and perineal hygiene, 
minimal hospitalisation, ease of application and reduction by 
adjusting the harness with minimal cost and yields acceptable 
alignment with very high safety [ 8 ]. In a retrospective com-
parative study by Podeszwa et al. [ 9 ], two groups of infants 
under 1 year of age who had diaphyseal femoral fractures 
were treated with either Pavlik harness or the application of 
immediate hip spica (24 and 16 infants respectively). Infants 
in the Pavlik harness group had higher pain scores but there 
were no differences in radiographic outcomes. Skin problems 
were encountered in one third of the spica group and none 
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were recorded with the Pavlik harness. Traditionally, Bryant’s 
vertical overhead traction (Fig.  10.1 ) with the hips fl exed 90 
degrees and the knees straight might be used instead of a 
Pavlik harness in young infants [ 10 ,  11 ]. Vascular insuffi -
ciency and skin problems are the major risks with Bryant’s 
traction. Wang et al. [ 11 ] compared retrospectively two cohorts 
of infants with femoral shaft fractures who were treated with 
either Pavlik harness or Bryant’s traction (21 and 17 patients 
respectively) (level III evidence). Four of the 17 patients 
treated with Bryant’s traction had skin complications that 
required treatment. Furthermore, hospital stay and charges 
were signifi cantly lower for the Pavlik harness group.

       Early or Immediate Hip Spica Casting 
and Traction 

 Early or immediate hip spica casting is the main treatment 
for isolated femoral shaft fractures in children 6 months to 
5 years with shortening <2 cm [ 1 ,  5 ,  7 ,  12 ]. Some form of 

traction may be used in this age group for 3–4 weeks with 
or without delayed hip spica cast application in children 
with excessive shortening or unacceptable angulation in 
cast [ 7 ,  12 ] (Fig.  10.2 ). The advantages of hip spica casting 
are the low cost and high safety with high rate of good 
results [ 7 ,  13 ].

   In a prospective study by Infante et al. [ 13 ], immediate 
closed reduction and hip spica application either in the emer-
gency room under conscious sedation or in the operating 
room under general anaesthesia was a safe and effective 
treatment for isolated femoral shaft fractures in children 
from birth to 10 years of age who weigh <80 pounds (Level 
II evidence). After a follow up of at least 2 years, the only 
complication in 175 children was a re-fracture in a child who 
fell a week after cast removal. All fractures united within 
8 weeks without signifi cant residual angular deformity or 
limb length discrepancy. In another prospective study by 
Buehler et al. [ 14 ], they tried to identify and predict children 
who would develop excessive and unacceptable shortening 
(>25 mm according to their defi nition) following application 
of early hip spica cast for isolated femoral fractures (Level II 
evidence). Fifty children (2–10 years old) were included and 
82 % (41 children) had an acceptable outcome. They intro-
duced what they called “the telescope test” in which gentle 
axial compression was applied under fl uoroscopy at the time 
of reduction and casting. If more than 3 cm of shortening 
could be demonstrated, traction was used rather than imme-
diate spica casting. 

 The upper age limit for the use of spica for treating femo-
ral fracture is usually decided on pragmatic basis rather than 
evidence basis. Although level II evidence does exist to 
 support the use of hip spica casting up to the age of 10 years, 

  Fig. 10.1    Bryant traction for femoral shaft fracture       

  Fig. 10.2    Balanced traction as a temporary or defi nitive treatment for 
femoral fracture       
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patients’ and parent’s convenience is a major drawback. 
Therefore, the current recommendation of hip spica treat-
ment is limited to children between 6 months and 5 years [ 5 ]. 

 Cassinelli et al. [ 15 ] retrospectively reviewed the results of 
immediate spica cast application in the emergency room in 145 
children younger than 7 years (level IV evidence). All children 
younger than 2 years and 85 % of children 2–5 years had 
acceptable radiographic alignment. Re-reduction in the operat-
ing room was required in 11 % of the patients. They found that 
initial shortening was the only independent risk factor associ-
ated with loss of reduction. Mansour et al. [ 16 ] retrospectively 
reviewed two cohorts of children 6 months to 5 years of age 
who underwent either emergency department (ED) or operat-
ing room (OR) application of immediate spica cast (79 children 
versus 21 respectively) (Level III evidence). There was no sig-
nifi cant difference regarding the quality of reduction or the rate 
of complications between the 2 groups. The hospital charges 
were signifi cantly higher for the operating room spica casting, 
$15,983 versus $5150 for the ED casting. 

 The position of the hip and knee in the spica cast is also 
controversial [ 7 ]. Spica cast can be applied with the hip and 
knee at 90° fl exion (the 90/90 sitting spica cast) [ 17 ] or in a 
more extended hip and knee (about 45° for both) [ 18 ,  19 ]. 
Illgen et al. [ 17 ] advocated the use of early sitting spica cast 
in a series of 114 femoral fractures in children under 6 years 
of age (Level III evidence). Loss of reduction was encoun-
tered in 20 % of patients and they proposed that a knee fl ex-
ion angle <50 degrees as a predictive factor for loss of 
reduction and that >2 cm initial shortening was not a contra-
indication for early spica casting. However, due to the risk of 
compartment syndrome and Volkmann’s ischemic contrac-
ture after 90/90 spica casting, most orthopaedic surgeons 
have moved to single or double leg spica casts in a more 
extended hip and knee position [ 19 ,  20 ]. Flynn et al. [ 19 ] 
studied prospectively the results of using single leg spica cast 
(walking spica cast) versus traditional spica cast in the treat-
ment of low energy femoral shaft fractures in children 
1–6 years of age (Level II evidence). The malunion rate was 
similar in both groups of children. However, the walking 
spica cast group were more likely to need cast wedging to 
treat fracture malalignment. All children with walking spica 
casts were able at least to crawl and 71 % were able to walk 
which signifi cantly decreased the care burden for the family. 
In a more recent prospective randomized controlled trial by 
Leu et al. [ 18 ], 52 children 2–6 years old with diaphyseal 
femoral fractures were randomly assigned for either single or 
double leg spica cast (Level I evidence). The orthopaedic 
outcome was similar in both groups. However, children 
treated with the single spica cast were more likely to fi t in 
regular car seats and fi t comfortably in chairs. Furthermore, 
the parents of children treated with single leg spica cast took 
less time off work, which decreases the socioeconomic bur-
den on the family (Fig.  10.3 ).

        Operative Treatments 

    External Fixation 

 External fi xation use in paediatric diaphyseal femoral frac-
tures is a minimally invasive treatment option with no soft 
tissue dissection and little scarring (Fig.  10.4 ). Blasier et al. 
[ 21 ] have used external fi xation in the treatment of 139 frac-
tures in 132 children with an average age of 8.9 years. The 
average external fi xation time was 11.4 weeks and no cases of 
nonunion were recorded. The rate of pin tract infection, which 
required intravenous antibiotic treatment, was 4.5 %. Two re-
fractures and one fracture through pin tract were encountered 
(Level IV evidence). In a randomised controlled trial by 
Wright et al. [ 22 ], external fi xation was compared to early 
spica cast application in children aged 4–10 years (56 patients 
versus 45 respectively). At 2-years follow up, the malunion 
rate was signifi cantly higher in the hip spica group [45 % ver-
sus 16 %]. Both treatment groups had similar means of 
RAND physical function health questionnaire, post-hospital-
ization questionnaire, and for patients  satisfaction and for 
children happiness with treatment (Level I evidence).

   In another randomized controlled trial by Bar-On et al. 
[ 23 ], the use of fl exible intramedullary nailing (FIN) was com-
pared to external fi xation for the treatment of 20 femur 

  Fig. 10.3    Single leg spica for treating femoral fracture       

 

10 Evidence-Based Treatment for Paediatric Diaphyseal Femoral Fractures



94

fractures in 19 children. The external fi xator group had signifi -
cantly less callus formation, full weight bearing at a mean of 
10 weeks, full range of movement in 16 weeks with return to 
school within 13 weeks. In the FIN group, full weight bearing 
was possible in 7 weeks, full range of movement in 9 weeks 
and return to school at a mean of 5 weeks. Dynamization of 
the external fi xator was thought to decrease stress shielding 
and promote callus formation with improved healing rates 
[ 24 ]. To study the effect of dynamization on callus formation 
and healing time, Domb et al. [ 24 ] randomized 52 patients to 
either a dynamic or a static external fi xator for treatment of 
femoral shaft fractures. They found that axial dynamization of 
the external fi xator had no signifi cant impact on healing time 
and rate of complications (Level II evidence).  

    Internal Fixation 

    Implant Choice and Patient Characteristics – Age 
and Weight 
 Several implants have been used to stabilise femoral shaft frac-
tures including ESIN, rigid nailing, plates and screws. ESIN is 
commonly considered for fi xing femoral shaft fractures in chil-
dren 5 years to skeletal maturity [ 5 ]. ESIN has also been used 
in children younger than 2 years [ 25 – 27 ] and patients up to the 
age of 18 years [ 25 ,  28 ]. Several studies have analyzed the 
effect of age and weight of patients on complication rates and 
fi nal outcome using of titanium elastic nails (TEN) [ 28 – 31 ]. 

 Sink et al. [ 29 ] compared two cohorts of patients with dif-
ferent surgical treatment algorithms over two different 

  Fig. 10.4    External fi xator treatment comminuted femoral shaft fracture       

 

M. Kenawey and H. Hosny



95

periods of time (Level III evidence). The fi rst period of 
2 years represented their earlier experience during which 
TEN was used regardless of the age of the child or fracture 
stability (46 children). The higher complication rate (76 %) 
encountered with this cohort [ 32 ] led to a change of practice 
so that TEN would be used only in children younger than 
11 years with a stable fracture. A second cohort of 95 chil-
dren over the next 3-year period showed a signifi cant 
decrease in complication rate to 12 %. They treated children 
11 years and older who had unstable femoral fractures with 
submuscular bridge plating or rigid femoral nailing if the 
femoral canal size was adequate. 

 In a retrospective study of 234 fractures, (age range 
3–18 years) (Level IV evidence) ,  Moroz et al. [ 28 ] identifi ed 
predictors of complications and poor outcome when using 
TEN. Age above 11 years was associated with poorer out-
come (odds ratio = 3.86; P = 0.003). Furthermore, children 
who weighed >49 kg were 5 times more likely to have a poor 
outcome. There was a signifi cant association between weight 
and poor outcome (P = 0.003). 

 Sagan et al. [ 33 ] found that weight was a signifi cant pre-
dictor for anterior bow deformity greater than 15° with the 
use of TEN (Level III evidence). The mean weight of patients 
with this deformity was 46.5 kg ± 13.5 (n = 11), whereas the 
mean for those with no deformity was 36.8 kg ± 18.5 
(n = 58). On the other hand, they found a trend of increasing 
frequency of malunion with increasing age, however this was 
not statistically signifi cant. 

 Luhmann et al. [ 30 ] reported on the complications of TEN 
in a retrospective series of 43 femoral fractures in 39 children 
aged 3.8–9.3 years (Level IV evidence). They calculated 
weight/nail ratio to assess the effect of the patients’ weight on 
the ability of TEN to control angulation. They found no asso-
ciation between weight/nail ratio and coronal (varus/valgus) 
angulation, while sagittal (apex anterior/posterior) angulation 
increased with increasing weight/nail ratio.  

    Implant Choice and Fracture Characteristics 

   Fracture Stability 
 Loss of reduction is a well-known complication following 
the use of ESIN in unstable femoral fractures causing unac-
ceptable angulation or limb length discrepancy. Length 
unstable fracture patterns are either spiral or long oblique 
fractures (the length of the fracture is twice the diameter of 
the femur at the level of the fracture) or comminuted frac-
tures (Winquist grades III and IV) [ 29 ,  32 ,  34 ,  35 ]. 

 Sink et al. [ 32 ], in a retrospective comparative analysis 
(Level III evidence) of complication rates after using TEN in 
stable and unstable paediatric femoral fractures, found 8 
patients (21 %) required further “unplanned” surgery before 
healing. Six of these eight had unstable fractures and under-
went further surgery to shorten or remove extremely promi-

nent or exposed nails or loss of reduction. Two had stable 
femoral fractures and underwent unplanned surgery to 
release a thigh compartment syndrome in one and to correct 
early coronal plane deformity by adding an external fi xator 
in the second. Moreover, fracture shortening and angulation 
were signifi cantly more prevalent in unstable fracture (10 out 
of 15 vs. 3 out of 24). 

 In a study by Lohiya et al. [ 36 ], stainless steel Ender’s 
rods were compared to TENs in 73 children aged 4–15 years 
(Level III evidence). They reported a signifi cant relationship 
between angular malalignment and the severity of fracture 
comminution. Eleven out of 14 patients (71.5 %) with 
Winquist grades III or IV fractures had malalignment as 
compared to 21 out of 59 with grades I or II. 

 In another study by Narayanan et al. [ 27 ], 79 femoral frac-
tures in 78 children were stabilized using ESIN (age range 2 to 
15 years). Five patients had loss of reduction that required 
operative correction (n = 2) or resulted in malunion (n = 3). 
The only two variables that were signifi cantly associated with 
malunion and loss of reduction were the use of mismatched 
nail diameters and comminution >25 % of the shaft diameter.  

   Fracture Site 
 In a multi-centre North American study of 58 consecutive pae-
diatric femoral shaft fractures (57 children) studying the early 
results of using TENs, 3 cases lost reduction in the early post-
operative period (2 proximal third and one distal third frac-
tures) while 5 of the 9 proximal third fractures healed with 
more than 5° of angulation. This indicates proximal and distal 
sites fractures may predict unfavourable outcomes [ 37 ]. 

 Pombo et al. [ 38 ] reported the results of using TENs in the 
treatment of subtrochanteric fractures in 13 children 
4–17 years (Level IV evidence). They defi ned subtrochan-
teric fractures as those within 10 % of the total femur length 
below the lesser trochanter. All patients had less than 5° of 
angulation. Eleven patients had excellent results. Two had 
satisfactory outcome due to limb length discrepancy of 
1–2 cm with the fractured limb being longer than the unaf-
fected side. They explained the limb length discrepancy as 
due to either intra-operative over-distraction across the frac-
ture site or postoperative overgrowth of the femur. They 
stressed in their technique the importance of advancing the 
lateral nail into or just distal to the greater trochanter 
 apophysis and advancing the medial nail into the femoral 
neck until it lies just short of the proximal femoral physis.    

    Elastic Nailing 

 Elastic Stable Intramedullary Nailing (ESIN or Nancy nails) 
were developed and fi rst used at Nancy, France by Ligier 
et al. [ 39 ]. The principle of elastic stable nailing differs from 
the use of other fl exible rods as Ender’s rods, which are 
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stacked to fi ll the medullary canal. ESIN technique requires 
balancing forces between two opposing fl exible nails of the 
same diameter. Therefore, it is important to select nails 40 % 
of the narrowest diaphyseal diameter; contour the nails with 
a similar gentle curvature, and use medial and lateral starting 
points that are at the same level in the metaphysis (Fig.  10.5 ) 
[ 27 ,  37 ]. Reported advantages are the minimally invasive 
approach, signifi cantly reduced hospital stay, earlier mobili-
sation and functional recovery, avoid disruption of family 
life with its psychological impact on the child and earlier 
return to school and activities [ 25 ,  37 ,  39 – 41 ]. Different 
names were given for this type of fi xation including ESIN 
(Elastic Stable Intramedullary Nailing), FIN (Flexible 
Intramedullary Nailing), FTN (Flexible Titanium Nails), 
TEN (Titanium Elastic Nails), SSEN (Stainless Steel Elastic 
Nailing) & Nancy nails [ 25 ,  33 ,  37 ,  39 ,  42 ].

       Locked Versus Non Locked ESIN and the Use 
of End Caps 

 The advantage of using Ender’s rods over ESIN is that the 
eyelets of the Ender’s rods add locking capability to the end 
of the rods. This would in turn decrease symptomatic nail tip 
irritation and might be benefi cial in case of length unstable 
diaphyseal fractures [ 34 ,  43 ]. 

 Ellis et al. [ 34 ] retrospectively compared two groups of 
paediatric femoral diaphyseal fractures that had either locked 
Ender’s nail fi xation (n = 37) or unlocked Ender’s rods 
(n = 70) (Level III evidence). They locked the end of the nail 
to the distal femoral metaphyses using 2.7 mm cortical 
screws 24 mm in length. Fracture shortening was signifi -
cantly (p < 0.001) more in the unlocked group (12 mm ver-
sus 4.7 mm respectively) and this had caused implant 
migration, palpable lower ends, knee stiffness and deep 
infection. Eight patients in the unlocked group had a 
malalignment in either the sagittal or coronal plane of more 
than 10° but this was not statistically signifi cant. However, 
the malalignment was considered unacceptable in only one 
patient in the locked group and revision was performed. 

 Self anchoring end caps to lock ESINs have been devel-
oped to provide a similar locking principle to the eyelets of 
the Ender’s rods and tried in 8 femoral fractures (average age 
10 years, range 7–15) [ 44 ]. The use of end caps eased the 
removal of nails as they prevented formation of excess bone 
around nail tips. Furthermore, they protected the skin very 
well and no nail tip irritation was recorded.  

    Titanium Rods Versus Stainless Elastic Nails 
or Rods 

 ESINs can be made of either titanium or stainless steel alloys. 
The French originators of this technique, Ligier et al. [ 39 ] 

reported the use of both materials. With the widespread 
adoption of this technique in North America, there has been 
a transition towards the exclusive use of titanium nails and 
several advantages such as closer elasticity to bone, better 
biocompatibility, better osteointegration and magnetic reso-
nance imaging compatibility have been cited [ 31 ,  37 ]. The 
modulus of elasticity of 316L stainless steel is 187 GPa, 
making it 80 % stiffer than the titanium alloy (105 GPa). The 
lower modulus of elasticity of titanium would ease its intra-
medullary insertion and limit its permanent deformation. 
Increased elasticity and better compatibility would also 
decrease stress shielding and in turn would theoretically 
increase callus formation and healing rates [ 37 ]. The paedi-
atric AO group has shown that a stainless steel nail has the 
strength of a titanium nail one size larger [ 45 ]. 

 Wall et al. [ 31 ] compared retrospectively two groups of 
children (age 4–15, mean 9.4 years) (Level III evidence) who 
had either titanium ESIN (n = 56) or stainless steel ESIN 
(n = 48) fi xation of femoral shaft fractures. The malunion 
rate was signifi cantly higher in the titanium group (23.2 %) 
than in the stainless steel group (6.3 %). The increased fl ex-
ibility of titanium compared to the stiffer stainless steel has 
been suggested as the cause of this increased deformation 
during fracture healing and the higher malunion rate. 
Furthermore, from an economic point of view, implant price 
by supplier in 2008 according to Wall et al. [ 31 ] was $259–
$328 for titanium elastic nails depending on size of the nail 
and $78 for stainless steel fl exible rods. In another retrospec-
tive study by Lohiya et al. [ 36 ], TENs used in 43 fractures 
were compared to stainless steel Ender’s nails in 30 fractures 
(mean age 8.3, range 4–15 years) and the follow up was at 
least 5 years (Level III evidence). At the fi nal follow up, sig-
nifi cant malalignment in the sagittal plane (>15°) was found 
in 3 patients and minor malalignment in 29 cases and no sig-
nifi cant relation could be found between malalignment rates 
and the material of the nail used. A recent randomized con-
trolled trial was published by Goyal et al. [ 42 ] comparing 
TENs to stainless steel ESIN. Thirty-fi ve children were 
included, 18 children in the TENs group and 17 children had 
stainless steel nails (age range 6–12 years). Fracture com-
minution grades III and IV according to the Winquist Hansen 
classifi cation [ 35 ] were excluded from this comparison. 
There was no signifi cant difference between both groups 
regarding degree of fracture site angulation at 6 months fol-
low up (Level I evidence).  

    Mini-Open Versus Closed Reduction Technique 

 ESIN are inserted under fl uoroscopic assistance with closed 
reduction of the fracture fragments or with the mini-open 
reduction technique (small incision blind hand technique). In 
a retrospective comparative study by Altay et al. [ 46 ] (Level 
III evidence), two groups of children who had TEN insertion 
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  Fig. 10.5    Flexible nailing in 
femoral fracture       
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with mini-open reduction (n = 42, mean age 8.3 ± 2.7 years) 
or closed reduction (n = 45 children, mean age 8.8 ± 2.6 years) 
were compared. Both surgical and fl uoroscopy times were 
signifi cantly longer in the closed reduction group, while 
there was no signifi cant difference between the two groups in 
terms of clinical and radiological results. Similar results 
were reported by Sun et al. [ 47 ] who retrospectively com-
pared two groups of children (age range 4–15 years) who had 
TEN fi xation of femoral shaft fractures (Level III evidence). 
The fi rst group (n = 34, mean age 8.2 ± 2.5 years) had small 
incision blind hand reduction technique, while the second 
group (n = 34, mean age 8.6 ± 2.6 years) had closed reduc-
tion. Operative time and fl uoroscopy time were signifi cantly 
longer in the closed reduction group. No signifi cant differ-
ence between the groups could be found in the complication 
rates or fi nal outcome using TEN scoring system.  

    Complications and Nail Tip Irritation 

 Complication rates with the use of ESIN in the treatment of 
paediatric femoral shaft fractures might be seen in as many as 
62 % of the patients [ 32 ]. They can be classifi ed as minor, 
which resolve without additional surgery or don’t result in 
long-term morbidity or major when unplanned surgical inter-
vention is required or long-term morbidity ensues [ 28 ,  32 ,  34 ]. 

 The majority of encountered complications are minor 
problems and are mostly related to nail tip irritation and pain 
around the nail insertion sites [ 28 ]. The resultant soft tissue 
irritation around the knee causes delayed recovery of the 
knee range of motion and might increase the risk of deep 
infections [ 27 ,  28 ,  32 ,  34 ,  37 ]. Ligier et al. [ 39 ] assumed that 
pin site irritation is mainly caused by early knee motion fol-
lowing surgery. 

 Narayanan et al. [ 27 ] studied specifi cally the factors that 
might increase the incidence of pain at the nail insertion sites 
(Level IV evidence). They found signifi cant correlation with 
bent nail ends and nails that were prominent more than 10 mm 
outside the distal femoral cortex. Children who reported pain 
at nail insertion sites regained functional knee range of motion 
at a mean of 3 weeks later than patients who didn’t report any 
symptoms. Their recommendation was not to bend the ends of 
the nails which should be trimmed short and advanced further 
with a hollow tamp, so that the unbent nail end lies in close 
apposition to the supracondylar fl are of the distal femoral 
metaphysis. Ellis et al. [ 34 ] compared the results of using fl ex-
ible stainless steel Ender’s rods in either locked or unlocked 
confi gurations to the distal femoral metaphysis (Level III evi-
dence). They found signifi cantly more minor complications in 
the unlocked group, mostly due to prominent and painful 
implants. Two of their patients had deep infection which 
required drainage and both of them were associated with nail 
migration and prominence >13 mm. 

 The most commonly reported major complications were 
loss of reduction, unacceptable angulation exceeding the 
guidelines [ 7 ] and backing out of nails requiring another sur-
gical intervention for trimming. Major complications were 
more common with the use of ESIN in length unstable femo-
ral fractures [ 28 ,  29 ,  32 ,  34 ].  

    To Remove or Not to Remove ESIN Nails 
After Fracture Healing 

 Many authors including the originators of this technique rec-
ommended routine removal of ESINs. This can be performed 
between 3rd and 6th month postoperatively, when solid heal-
ing and circumferential callus are evident in plain radio-
graphs [ 37 ,  39 ,  47 ]. However, whether it is necessary to 
routinely remove fl exible nails implanted in children is still 
unclear. In a retrospective case series by Narayanan et al. 
[ 27 ], 25 children out of 78 with femoral shaft fracture treated 
with TEN retained their nails and they reported no symptoms 
attributable to the implants at the fi nal follow up (mean 
3.6 years, range 2–6 years) (Level IV evidence). In another 
case series by Levy et al. [ 26 ], acute complications of femo-
ral fl exible nail removal in 163 children were analyzed. The 
nails were removed due to pain at insertion site in only 54 % 
(88 children) of the cases. The remainders were removed at 
the recommendation of the treating surgeon or the request of 
the family, but not due to symptomatic implants. They 
couldn’t remove one Ender’s rod in 1 patient in this series as 
the rod was overgrown with bone and it lied completely 
within the intramedullary canal. In another 3 children, the 
insertion sites of 3 additional rods were also overgrown with 
bone, which resulted in a prolonged extraction time (mean 
71 min). 

    Plating 

   Submuscular Versus Open Plating 
 The minimally invasive, submuscular plate osteosynthesis is 
a favored technique for plating in skeletally immature 
patients by many surgeons (Fig.  10.6 ). Abdelgawad et al. 
[ 48 ] reviewed retrospectively 60 femoral shaft fractures in 
58 patients with an mean age of 9 years, which were treated 
with submuscular bridge plating (Level IV evidence). Forty 
(67 %) were length unstable or complex fracture pattern. 
Two major complications that required further unplanned 
surgery were encountered. The fi rst was a deep infection fol-
lowing open femoral fracture, which was managed primarily 
with debridement and external fi xation. The second was a 
broken 3.5 mm titanium plate, which was replaced by a 
stronger 4.5 mm stainless steel plate. Minor complications 
included symptomatic hardware (n = 3), superfi cial wound 
infection (n = 2), and one temporary peroneal nerve palsy. In 
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one non-compliant patient there was mild loss of fi xation 
2 weeks postoperatively which was managed with a long leg 
cast for 5 weeks. Ten patients had a mean of 9.9 mm LLD 
(10 mm short to 20 mm long). Abbott et al. [ 49 ] compared 
retrospectively two groups of children who underwent either 
open (n = 58) or submuscular (n = 22) plating for femoral 
shaft fractures (Level III evidence). The mean age of both 
groups was 7.9 ± 3.5 and 8.5 ± 2.4 years respectively. There 
were no statistically signifi cant differences between both 
groups regarding operative times, time from operating room 

to discharge, time to union (full weight bearing), the inci-
dence of LLD of >2 cm or the presence of deep infection 
(1 case in the open group). On the other hand, estimated 
blood loss was signifi cantly higher for open plating; however 
the increased blood loss was not clinically relevant as there 
was no difference in the need for blood transfusions between 
groups. The incidence of rotational asymmetry was signifi -
cantly different with no cases of rotational asymmetry in the 
open group while 4 out of the 22 submuscular plating patients 
had clinically detectable rotational differences. Five patients 

  Fig. 10.6    Submuscular plating in a child with femoral fracture       
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in the open group had unplanned return to the operating 
room (of no statistical signifi cance), one patient for serial 
debridement of deep infection, one for periprosthetic femo-
ral fracture 1 year postoperatively and 3 patients for revision 
of metal failure.

        Locked Plating for Paediatric Femoral Shaft 
Fractures 
 Hedequist et al. [ 50 ] retrospectively reviewed 32 patients 
with locked plate fi xation for femoral fractures (Level IV 
evidence). Their mean age was 11 years (range 6–15 years). 
The indications for locking plate fi xation were either the 
presence of comminution (n = 13), pathologic fracture 
(n = 9), poor bone quality (n = 3) and fracture location 
(n = 7). Twenty-four patients had submuscular insertion of 
the plate and 8 patients had open plating. All fractures united 
uneventfully with anatomic alignment except in one patient 
who had a severely comminuted distal femoral fracture with 
development of 12° valgus angulation and 1.5 cm shorten-
ing. One patient who had locked plate fi xation for osteopenia 
suffered from fracture at the distal end of the plate 11 months 
after the index surgery. Plates were removed in 7 patients on 
discretion of the treating surgeon without complications.   

    Complications of Plating 

 Complication rates with the use of plating in paediatric 
diaphyseal femoral fractures range from 0 % to 13 % [ 51 , 
 52 ]. They can be grouped into either major or minor compli-
cations according to the need for unplanned surgical inter-
vention [ 51 ]. The most frequently reported complications are 
deep infection, the development of distal femoral valgus 
deformity (DFVD), limb length discrepancy (LLD), bone 
overgrowth over the plate, stress shielding, healing problems 
and symptomatic screw prominence [ 51 ,  53 ,  54 ]. 

 The development of DFVD following paediatric femoral 
plating is due to contouring the distal plate to accommodate 
for the metaphyseal fl are of the femur. With growth from 
the distal femoral physis, the plates would migrate proxi-
mally with their distal bent causing mechanical remodel-
ing, this being the driving force behind the DFVD and 
resultant LLD. Proximal plate migration would also 
account for the increasing medial screw prominence with 
growth [ 54 ].  

    Routine Removal of Paediatric Femoral Shaft 
Plating 

 Although there are no evidence-based studies supporting 
routine removal of paediatric long bone implants and femo-
ral plates, from a clinical standpoint, their removal inherently 
makes sense given the plate length in the growing child [ 55 ]. 

The idea that larger plates should be removed routinely has 
been supported for many reasons. First, large implants and in 
particular dynamic compression plates are associated with 
stress shielding of the bone (about 40 % indentation and 
atrophy of the underlying cortex) and subsequent risk of 
fracture at the end of the plate (Fig.  10.7 ) [ 56 ,  57 ]. Second, 
longer plates spanning the length of the femur when left in 
place may make it more diffi cult for arthroplasty about the 
hip and knee if required in adulthood. Third, implants such 
as femoral plates spanning the length of the femur would 
require signifi cant exposure for removal if delayed infection 
or repeat trauma occurred [ 55 ].

   Kelly et al. [ 55 ] published a single surgeon series on 3 
patients out of 33 children who had submuscular plating for 
femoral fractures and returned unexpectedly for follow up 
after 3–7 years (Level IV evidence). One patient returned 
due to LLD, one for DFVD and the third due to medial 
thigh pain from symptomatic screw prominence. Their rec-
ommendation was to remove the plate in a child with 
growth remaining if there is a distal contour in the plate. 
Pate et al. [ 56 ] reported a retrospective case series of 22 
children who had femoral submuscular plate removal 
(Level IV evidence). The plates were removed mainly due 
to either implant prominence or family/treating surgeon 
preference. The mean time from plate insertion to plate 
removal was 9 months (range 5–27 months). Complications 
were encountered in 7 patients who had more extensive 
exposure to remove the plate compared to plate insertion 
with one patient having a broken screw head and the shaft 
of the screw was left inside the bone. The need for more 
exposure was mainly to remove bony overgrowth over 
either the proximal or the distal plate edges. Four patients 
out of the 7 had their plates removed relatively early and 
therefore the advice that plates should be removed in the 
fi rst 6–9 months is not justifi ed. No  correlation was found 
between the need for more extensive exposure and fracture 
pattern, length of plate used, or age of patient at the time of 
fracture fi xation. There were no postoperative complica-
tions such as infection, limitation of motion, refracture or 
fracture through a screw hole.  

    Trochanteric Entry Rigid Intramedullary 
Femoral Nailing 

 Reported advantages of using rigid intramedullary nails in 
older children and adolescents are mainly stable fi xation, 
earlier mobilization and high union rate with low complica-
tion rate (Fig.  10.8 ) [ 58 ]. Crosby et al. [ 59 ] retrospectively 
reviewed a single institutions 20-year experience (1987–
2009) with the use of trochanteric entry rigid intramedullary 
nailing for femoral shaft fractures in skeletally immature 
patients (Level IV evidence). A total 241 patients, 8–17 years 
old, with 246 fractures were included in this study. Growth 
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disturbance of the proximal femur was further analysed in a 
subcohort of patients who were followed up for at least 
2 years (94 fractures). Twenty-four complications (9.8 %) 
were reported including: asymptomatic Brooker class-I het-

erotopic ossifi cations (n = 11) [ 60 ], delayed union requiring 
dynamization (n = 3), malunion with >10° of deformity 
(n = 3), interlocking screw migration requiring removal 
(n = 3), one deep infection requiring nail removal, 

  Fig. 10.7    Periprosthetic fracture 
of the femur       
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sequestrectomy and prophylactic external fi xation, and one 
malrotation requiring reoperation. Two patients (2.2 %) out 
of 94 who were followed up for at least 2 years, developed 
asymptomatic coxa valga and no further treatment was 
required. No cases with evidence of osteonecrosis were 
reported in this study.

       Complications of Rigid Femoral Nails 
in Children 

 Rigid femoral intramedullary nails in the treatment of femo-
ral diaphyseal fractures in skeletally immature patients must 
be used with caution. This is because of the risk of injury to 
the blood supply of the femoral head and the risk of proximal 
femoral growth disturbances as a result of damage to the 
 trochanteric apophysis particularly in younger children [ 59 , 
 61 – 64 ].  

    Growth Disturbance of the Proximal Femur 
and the Development of Coxa Valga 

 Growth disturbance of the proximal femur manifested by 
coxa valga and narrowing of the femoral neck might be 
caused by growth stimulation of the proximal femoral physis 
or growth retardation of the trochanteric apophysis. In the 
study by Crosby et al. [ 59 ], a >5 mm increase of articulotro-
chanteric distance was noted in 15.1 % (14 patients) at 2 year 
follow up. However, there were only 2 cases of proximal 
femoral growth disturbance manifested as asymptomatic 
coxa valga (defi ned as a 10° increase in the femoral neck- 
shaft angle or a femoral neck-shaft angle of >145° at the time 
of the latest follow-up compared to the other side) (Level IV 
evidence). 

 Gonzalez-Herranz et al. [ 62 ] have studied the long-term 
effect of using rigid femoral intramedullary nails in skele-
tally immature patients on the anatomy of the proximal 

  Fig. 10.8    Rigid trochanteric entry intramedullary femoral nail in an adolescent       
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femur in 34 children with mean age of 10.8 years (3–14 years). 
The mean follow up was 6.2 years (5–13 years). The 
Kuntscher nail 7–14 mm in diameter was used in all patients 
except a 3-year-old boy who had a 3 mm rush pin fi xation. 
These nails were inserted either for femoral shaft fractures or 
during limb preservation surgery for femoral sarcomas. They 
found an increase in the cervico-diaphyseal angle (CDA) of 
10–25° in 30 % of patients, an increase in the articulo- 
trochanteric distance (ATD) of 10–29 mm in six patients 
(18 %) and reduction of the femoral neck diameter in eight 
patients (23 %). Changes in CDA and ATD were more sig-
nifi cant in children under 13 years of age compared to older 
children. They found also that the changes were twice as 
common in patients with piriformis fossa insertion compared 
to trochanteric entry, which is consistent with damage of the 
medial portion of the greater trochanteric apophysis. Gage 
and Cary [ 61 ] found that trochanteric epiphyseodesis in chil-
dren eight years of age or older has minimal effect on tro-
chanteric growth and suggested that trochanteric growth is 
mostly appositional in children 8 years or older. Regardless 
of the age of the patient, trochanteric eiphysiodesis would 
stop no more than 50 % of the trochanteric growth and that 
overcorrection and coxa valaga would not be encountered as 
long as the tip of the greater trochanter is not violated. In 
agreement with these reports, Gordon et al. and Keeler et al. 
[ 64 ,  66 ] proposed that an insertion point through the lateral 
part of the greater trochanteric apophysis, rather than the tip 
of the greater trochanter, would not affect the growing proxi-
mal femoral anatomy. They postulated that the main cause of 
the developmental coxa valga is the violation of the medial 
greater trochanteric physeal plate with its remnant extending 
to the lateral aspect of the femoral neck  (the femoral neck 
isthmic physis) . This damage can arise from using piriformis 
fossa or the tip of the greater trochanter as starting points for 
nail insertion [ 63 ]. In their retrospective study, Keeler et al. 
[ 63 ] didn’t fi nd any signifi cant change in the proximal femo-
ral growth following the treatment of 80 femoral shaft frac-
tures in 78 patients using rigid paediatric femoral nails 
inserted through a lateral trochanteric entry point (Level IV 
evidence).  

    Avascular Necrosis of the Femoral Head 

 There are concerns about the risk of avascular necrosis 
(AVN) of the femoral head with the use of rigid femoral 
intramedullary nails in children, in particular those inserted 
through the piriformis fossa [ 63 ]. MacNeil et al. [ 64 ] pub-
lished a systematic review of studies reporting the use of 
rigid femoral intramedullary interlocking nails and the asso-
ciation of nail insertion sites and the incidence of AVN of the 
femoral head in skeletally immature patients (Level IV evi-
dence). Nineteen relevant articles were analysed by the 

investigators and they were grouped into 3 groups according 
to the nail insertion point: (1) the piriformis fossa entry (PF), 
(2) insertion through the tip of the greater trochanter (TGT) 
or (3) through the lateral greater trochanter (LGT). Eleven 
articles reported the use of the PF insertion site with a total 
of 239 patients. The AVN rate within this group was 2 % (5 
patients). The AVN rate in case of intramedullary nails 
inserted through the TGT was 1.4 % (2 out of 139 patients in 
8 articles). Only one article was available describing the use 
of LGT [ 63 ] and they reported no cases of AVN in 80 oper-
ated fractures. The odds ratio of PF AVN rate versus TGT 
was 1.45 (0.28–7.59 95 % CI), which was not statistically 
signifi cant. In conclusion, the LGT insertion point appears to 
be the safest as it avoids both the blood supply of the femoral 
head and the medial trochanteric apophysis and therefore 
avoids the risk of both AVN and proximal femoral growth 
disturbance.  

    Comparison Between the Use of Rigid 
Intramedullary Nailing and Submuscular 
Plating in Paediatric Femoral Shaft Fractures 

 Park et al. [ 52 ] published a prospective comparative study 
comparing the results of using rigid intramedullary nailing 
versus submuscular plating in adolescent femoral shaft frac-
tures (Level II evidence). Twenty-two patients had intramed-
ullary nails while 23 patients had plating. The mean age was 
13.9 years (11–17.4). Operative time as well as fl uoroscopy 
time was signifi cantly shorter with intramedullary nails com-
pared to plating. The time to full weight bearing was shorter 
with intramedullary nails while time to union was similar in 
both groups. None showed malunion over 10° or limb length 
discrepancy over 1 cm. Two patients in the intramedullary 
group had revision surgeries, one for deep infection and non-
union and the other for rotational malalignment. Both 
patients healed uneventfully following revision surgeries. 
According to the authors, both rigid intramedullary nails and 
submuscular plating yielded good results with minimal com-
plication rate in adolescent femoral fractures. However nails 
may be advantageous, as they need less fl uoroscopy, easy to 
use in reduction and allow early weight bearing.   

    Recommendations 

 The treatment of choice for femoral fractures in infants from 
birth to 6 months is the Pavlik harness, which facilitates child 
care and hygiene with very high safety and good outcome. In 
children 6 months to 5 years, early or immediate hip spica 
cast is the standard of care for isolated femoral fractures with 
shortening <2 cm. In the case of excessive shortening or 
unacceptable angulation, other forms of treatment like 
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traction with delayed spica cast or operative treatment might 
be indicated. External fi xation is an appealing option in chil-
dren with femoral shaft fracture due its minimally invasive 
and biologic insertion. It is a viable option particularly in 
fractures with signifi cant soft tissue injury, in multiply 
injured or head injured patients. The main disadvantages of 
external fi xation are delayed healing and the risk of refrac-
ture. Internal fi xation is indicated in diaphyseal femur frac-
tures of children 5 years to skeletal maturity. Implant choice 
is mainly dependent on the age of the child and fracture sta-
bility. ESIN are the implant of choice in children 5–11 years 
with length stable fracture patterns. Children and adolescents 
11 years to skeletal maturity with length unstable fractures 
are best treated with submuscular bridge plates or trochan-
teric entry rigid intramedullary nails according to the medul-
lary canal diameter. Length unstable fractures are either long 

oblique fractures where the length of the fracture is twice the 
diameter of the femur at the fracture level, spiral fractures or 
comminuted fractures Winquist – Hansen grades III and 
IV. Both submuscular bridge plating and rigid intramedul-
lary nails are viable options for treatment of adolescent 
diaphyseal femur fractures with low complication rates. 
However, nails may be advantageous as they need less fl uo-
roscopy, technically easy to use in reduction and allow early 
weight bearing. The safest insertion point for the rigid femo-
ral nails is through the lateral greater trochanter, not the tip of 
the greater trochanter, in order to avoid the medial trochan-
teric apophysis and therefore avoid the risk of both AVN of 
the femoral head and growth disturbances of the proximal 
femur and the development of coxa valga and narrowed fem-
oral neck. Table  10.1  provides a summary of these 
recommendations.

   Table 10.1    Summary of recommendations   

 Statement  Level of evidence  References 

     1.  Pavlik harness is indicated in the treatment of femoral shaft fractures in infants from birth to 
6 months of age and is comparable to spica cast. 

 III/B  [ 9 ,  11 ] 

     2.  Immediate closed reduction and hip spica application is safe and effective treatment for 
isolated femoral fractures in children 6 months to 5 years. 

 II/B  [ 13 ,  14 ] 

     3.  There is no signifi cant difference regarding the quality of reduction or the rate of 
complications when immediate hip spica cast was applied in the emergency room under 
conscious sedation compared to operating room under general anaesthesia. 

 III/B  [ 13 ,  16 ] 

     4.  Children treated with single leg spica cast were more likely to fi t in regular car seats and fi t 
comfortably in chairs and the parents took less time off work compared to children with 
double leg spica cast while fi nal outcome was similar. 

 I/B  [ 18 ] 

     5.  External fi xation yields better results in terms of malunion rate when compared to hip spica 
casting. 

 I/B  [ 22 ] 

     6.  Flexible intramedullary nails appear to be advantageous over external fi xators in terms of 
healing rates, full weight bearing and return to school. 

 I/B  [ 23 ] 

     7.  There is statistically signifi cant increased risk of unplanned surgery with the treatment of 
length unstable femoral fracture using ESIN. 

 III/B  [ 32 ,  36 ] 

     8.  ESIN should be reserved for children <11 years with length stable fractures while those with 
unstable fracture pattern or children >11 years should be treated by submuscular bridge 
plating or ALFN according to medullary canal diameter. 

 III/C  [ 29 ] 

     9.  Children weighing >49 Kg are more likely to have poor outcome following use of ESIN.  IV/I  [ 28 ] 

     10.  Weight of the patient is a signifi cant predictor for malunion in the sagittal plane and anterior 
bow deformity >15°. 

 III/C  [ 33] 

     11.  There is signifi cant relation between angular malalignment and severity of comminution 
Winquist grades III and IV when ESIN or stainless steel Ender’s rods were used for fi xation. 

 III/B  [ 32 ,  36 ] 

     12.  ESIN is a safe and effective treatment option for paediatric subtrochanteric femoral fractures 
stressing the importance of advancing the lateral nail into or just distal to the greater 
trochanter apophysis and advancing the medial nail into the femoral neck until it lies just short 
of the proximal femoral physis. 

 IV/C  [ 37 ,  38 ] 

     13.  Femoral fracture location appears not to signifi cantly affect fi nal outcome of ESIN fi xation.  IV/C  [ 28 ,  37 ,  38 ] 

     14.  Locking of the ends of Ender’s rods in the distal femoral metaphyses using 2.7 mm cortical 
screw 24 mm in length can signifi cantly decrease fracture shortening by reducing distal 
implant migration and signifi cantly decreasing complications like palpable implants, knee 
stiffness and deep infection. 

 III/C  [ 34 ] 

     15.  There is no signifi cant relation between malalignment rates and the material of the ESINs, 
whether titanium or stainless steel. 

 I/B  [ 42 ] 

     16.  In case of ESIN, mini-open blind hand reduction technique signifi cantly reduced the operative 
and fl uoroscopy times compared to closed reduction without signifi cant difference in 
complication rates or fi nal outcome. 

 III/B  [ 46 ,  65 ] 
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      Evidence-Based Treatment 
for Congenital Dislocation of the Knee                     

     Abdelsalam     Hegazy      and     Talal     Ibrahim    

    Abstract  

  Various treatment modalities have been proposed for the management of congenital dislo-
cation of the knee, while non-surgical treatment consists of traction, manipulation, serial 
casting and Pavlik harness application, surgical options include minimally invasive quadri-
ceps tenotomy, open quadricepsplasty and femoral shortening. Most of the reports advocate 
non-surgical management initially for the reduction of the knee especially in early days 
after birth. However, there is no consensus regarding the best surgical treatment for the non- 
responsive or late presented cases. The paucity of the disease and the frequently associated 
problems beside the severity of knee dislocation are important factors affecting the treat-
ment outcomes. This is an overview of the available treatment options reported to guide 
decision-making for the management of congenital dislocation of the knee.  

  Keywords  

  Congenital dislocation of the knee   •   Knee hyperextension   •   Genu recurvatum   • 
  Quadricepsplasty   •   Femoral shortening   •   Percutaneous tenotomy  

      Introduction 

 Congenital Dislocation of the Knee (CDK) is a rare spectrum 
of deformities ranging from simple knee hyperextension 
(genu recurvatum) to complete knee dislocation, fi rst 
described by Chatelaine in 1822 [ 1 ]. The estimated incidence 
of CDK is approximately 1 per 100,000 live births [ 2 ]. CDK 
may be an isolated deformity or associated with other mus-
culoskeletal diseases such as developmental dysplasia of the 
hip and clubfoot. Furthermore, CDK may be part of a syn-
drome such as Larsen’s syndrome, Arthrogryposis Multiplex 
Congenita (AMC) or associated with paralytic conditions 
such as Meningomyelocele (MMC) (Fig.  11.1 ) [ 3 ].

   The pathology of CDK is similar in most cases with 
short quadriceps tendon, tight anterior knee joint capsule 

and hypoplastic suprapatellar pouch with anteriorly sub-
luxed hamstrings. However, the severity of these changes is 
exaggerated in complex cases and associated with second-
ary changes in bones and ligaments in long standing defor-
mities [ 4 ]. 

 The clinical presentation of knee recurvatum leads easily 
to early diagnosis and can be confi rmed by radiography [ 5 , 
 6 ]. The relation between the tibia and femur clinically and 
radiographically allows for a simple classifi cation of CDK 
into recurvatum, subluxation and dislocation (Leveuf’s 
Classifi cation). The simple form of genu recurvatum is usu-
ally related to fetal molding due to oligohydramnios or 
breech position as been suggested by Haga et al. [ 7 ]. 

 The other classifi cation system was proposed by Finder in 
1964 dividing CDK into fi ve types according to the severity 
of the dislocation and its complexity. Type 1 being physio-
logic hyperextension up to 20° and type 5 being a complex 
variant including mixed categories of congenital diseases 
such as Ehlers-Danlos syndrome and Arthrogryposis [ 8 ] 
(Table  11.1 , Fig.  11.2 ).
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        How and When Should We Treat Congenital 
Dislocation of the Knee? 

 CDK is a rare entity and the existing studies in the literature 
are case series and case reports (Level IV and V). Most of the 
studies initiate management with non-surgical treatment fol-
lowed by surgical intervention for failed non-surgical cases. 
Many modalities can be used for non-surgical treatment 
including the use of serial casting (Fig.  11.3 ), pavlik harness, 
skin and skeletal traction or observation. Surgical interven-
tions include minimally invasive quadriceps tenotomy, open 
quadricepsplasty with joint capsule release and femoral 
shortening.

      Early Versus Late Reduction 

 Different authors have reported variable success rates follow-
ing non-surgical treatment of CDK. However, most authors 
agree that early treatment has an impact on the outcome in 
non-syndromic cases of CDK [ 9 ,  10 ]. Haga et al. suggested 
waiting 1 month for spontaneous reduction of CDK not asso-
ciated with clubfoot, AMC or Larsen’s syndrome [ 7 ]. 

 Johnson et al. reviewed 17 patients with a follow-up of 
11 years. Nine patients were treated non-surgically with good 
and fair results in 7 patients; all but 2 were less than 2 years 
of age when treatment was started with unilateral involve-
ment. The role of arthrography was investigated in this study 
and found to be questionable as a technique to predict the 
response to close reduction because it was done usually 
before open reduction. Furthermore, a constant fi nding was 
ablation of the suprapatellar pouch in all surgical cases [ 11 ]. 

 Meyer reviewed 68 patients and found that treatment was 
successful in 81 % of patients if performed before the age of 
3 months. The rate of success dropped to 33 % if treatment 
was initiated between the ages of 3 and 6 months. [ 12 ]. 

 Nogi and MacEwen successfully treated all but three of 
seventeen patients (excluding those with arthrogryposis or 
neuromuscular disorders) with manipulation and serial cast-
ing or Pavlik harness immediately after birth. The three fail-
ures occurred in two of delayed treatment cases and one with 
pseudo-reduction of the knee joint [ 13 ]. 

 Ferris and Aichroth treated 19 CDK cases, nine of them 
treated non-surgically. Excellent and good results were 
achieved in fi ve of the nine patients when the treatment 
started before 3 months of age and poor outcomes in syn-
dromic patients with late treatment [ 6 ].  

    Isolated Versus Syndromic CDK 

 Ooishi et al. reviewed the results of 19 patients treated 
between 1972 and 1990. Twelve patients with isolated CDK 
and the remaining were syndromic patients (one with 
Larsen’s syndrome and the other six with AMC). Non- 
surgical treatment started after birth in all patients. The iso-
lated CDK cases reduced and all of the knees except one 
showed normal knee joint development. In contrast, the same 
treatment resulted in limited effect and residual subluxation 
in all the AMC and Larsen’s syndrome patients. Three of the   Fig. 11.1    Syndromic knees and hips dislocations       

   Table 11.1    Finder classifi cation   

 Type I  Physiologic hyperextension up to 20° considered within normal limits. Usually disappears by age 8 years (Fig.  11.2 ) 

 Type II  Simple hyperextension, a continuation of type I into adult life 

 Type III  Anterior subluxation with knee hyperextension up to 90° and resisted fl exion beyond neutral 

 Type IV  Dislocation of the knee with the proximal tibia migrated upward and anteriorly 

 Type V  Complex variants including a mixed category of congenital diseases such as Ehlers-Danlos syndrome and arthrogryposis 
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AMC patients underwent open reduction with quadriceps-
plasty [ 4 ]. Although treatment started early, non-surgical 
treatment failed in the syndromic and complicated cases in 
this study. Roy and Crawford described a percutaneous 
recession of the quadriceps mechanism through three stab 
incisions for Finder type 5 cases that are syndromic and 
associated with multiple anomalies. The advantage of such 
an approach is the avoidance of scar tissue and other compli-
cations potentially caused with more extensive surgery. The 
mean age of the patients at the time of surgery was 18 days, 
which further emphasizes the importance of early interven-
tion for complex cases [ 14 ].  

    Percutaneous Tenotomy Versus Open 
Quadricepsplasty 

 Despite the general consensus on the necessity of surgical 
correction of CDK for unsuccessful cases to non-surgical 
treatment, there is no consensus regarding the type of surgical 
intervention. The fundamental pathological feature in CDK 
involves the quadriceps tendon and anterior joint capsule. 
Hence, most of the surgical procedures address these patho-
logical changes to facilitate a joint reduction of the knee. 

 Curtis and Fisher described a long anterolateral approach 
with extensive mobilization of the quadriceps muscle, ten-
don lengthening via Z-plasty or an inverted V-incision, and 
an anterior capsulotomy of the knee [ 5 ]. Although successful 
in reducing the dislocated knee, this extensive approach 
unsurprisingly causes extensive scarring of the extensor 
mechanism; adhesions and wound complications. These 
complications often result in unsatisfactory outcomes, there-
fore this procedure was recommended for recurrence or 
severe cases with failed previous treatment [ 15 ]. 

 Roy and Crawford described a percutaneous recession of 
the quadriceps mechanism through three stab incisions, 
 targeting the fascia over the rectus femoris and the medial 
and lateral retinaculum [ 14 ]. All the patients were Finder 
type 5 and were treated at a mean age of 18 days. The advan-
tage of this approach was the avoidance of scar tissue and 
other complications caused with more extensive surgery. 

 Shah et al. described a mini open quadriceps tenotomy in 
almost the same group of patients of Roy and Crawford and 
achieved 88 % of excellent and good results [ 16 ]. Patwardhan 
et al. showed that percutaneous needle quadriceps tenotomy 
in non-syndromic CDK patients is safe and less invasive than 
the other surgical modalities and requires less immobiliza-
tion following reduction [ 17 ]. 

  Fig. 11.2    Congenital knee dislocation, Finder type I       
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 The results of the above three studies confi rm that percu-
taneous quadriceps tenotomy in the early ages of life even 
for complex and syndromic CDK cases is an effective 
method of treatment with less complications compared to 
open quadricepsplasty.  

    Femoral Shortening Versus Open 
Quadricepsplasty 

 Femoral shortening has been used successfully in the manage-
ment of congenital anomalies such as the treatment of knee 
fl exion deformities with popliteal webbing [ 18 ] and the reduc-
tion of dislocated hip joints especially after the age of 2 years 
[ 19 ]. A recent report by Johnston [ 20 ] described the use of a 
single diaphyseal femoral shortening to aid simultaneous 
reduction of ipsilateral hip and knee joints in teratologic joint 

dislocations. Johnston reported better knee range of motion, 
extensor mechanism function, and stability with the simulta-
neous reduction of the hip and knee achieved with femoral 
shortening compared with those who had staged reduction 
with conventional procedures including quadricepsplasty. 
However, the number of combined teratologic hip and knee 
dislocations was small to substantiate this procedure. 

 Oetgen et al. [ 21 ] compared the results of traditional 
quadricepsplasty with femoral shortening. The mean age of 
the patients at the time of surgery was 14 months. Five 
patients had an underlying diagnosis of Larsen’s syndrome 
and the other two with non-syndromic CDK. All patients 
were treated non-surgically initially; three patients were then 
treated with femoral shortening and the other four with quad-
ricepsplasty. The femoral shortening patients achieved more 
fl exion and total range of motion than the quadricepsplasty 
patients, but this was statistically not signifi cant. Furthermore, 

  Fig. 11.3    Congenital knee dislocation treated with serial casting       
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no difference was found in the stability between the two 
patient groups. 

 Sud et al. [ 22 ] reported the mid-term follow-up results for 
femoral shortening in six CDK patients. Two of them were 
AMC patients while the others had combined anomalies. Five 
of the patients received non-surgical treatment for 4–6 weeks 
between 2 and 5 months of age. However, all the patients were 
treated with femoral shortening (mean: 2.35 cm) between 5 
and 8 months of age without arthrotomy of the knee joint and 
followed for a minimum of 3 years. At fi nal follow-up, all the 
patients achieved functional and pain free range of motion, 
satisfactory muscle power in knee fl exors and extensors, no 
extensor lag or fl exion contractures, no signifi cant mediolat-
eral instability, no leg length discrepancy and none of the 
patients required braces or walking aids for ambulation. The 
same author in a previous study reported an extensor lag in 
seven out of eleven AMC patients treated with quadriceps-
plasy [ 23 ] and concluded that femoral shortening for CDK 
conserves the quadriceps muscle and prevents extensor weak-
ness by avoiding its release. Although the results are encour-
aging, long-term studies in a larger number of patients are 
required especially for syndromic CDK patients.   

    What Are the Factors that Affect 
the Treatment of CDK ?  

     1.    Better outcomes with early treatment of CDK even with 
surgical treatment.   

   2.    Diagnosed such as Larsen’s syndrome and AMC are 
associated with worse outcomes.   

   3.    Femoral shortening is as effective as quadricepsplasty 
with no extension lag.   

   4.    When multiple deformities are present in the same 
extremity, treatment should be directed at the knee fi rst 
because of the positive effect of knee fl exion on further 
foot and/or hip treatment.     

   Conclusion 

 Regardless of the severity and classifi cation of CDK, treat-
ment should be initiated as early as possible with gentle 
traction, manipulation and gradual correction with above 
knee plaster application. Maintaining knee fl exion requires 
close follow-up in resistant cases with radiographs to check 
reduction. In cases of failure of knee reduction, minimally 
invasive quadriceps tenotomy with anterior capsule release 
should be considered in the fi rst 4–8 weeks. 

 Femoral shortening and open quadricepsplasty should 
be used in older children with failed treatment with an 
inclination to femoral shortening because of the potential 
complications of open quadricepsplasty such as quadri-
ceps weakness, adhesions and the wound problems.       

   References 

    1.    Shattock SG. Geno recurvatum in a foetus at term. Trans Pathol Soc 
Lond. 1891;41:280–92.  

    2.    Drennan JC. Congenital dislocation of the knee and patella. Instr 
Course Lect. 1993;42:517–24.  

    3.    Jacobsen K, Vopalecky F. Congenital dislocation of the knee. Acta 
Orthop Scand. 1985;56:1–7.  

     4.    Ooishi T, Sugioka Y, Matsumoto S, Fujii T. Congenital dislocation 
of the Knee. Its pathologic features and treatment. Clin Orthop 
Relat Res. 1993;287:187–92.  

     5.    Curtis BH, Fisher RL. Congenital hyperextension with anterior 
subluxation of the knee. J Bone Joint Surg Am. 1969;51:255–69.  

     6.    Ferris B, Aichroth P. The treatment of congenital knee dislocation: 
a review of nineteen knees. Clin Orthop Relat Res. 1987;216:
135–40.  

     7.    Haga N, Nakamura S, Sakaguchi R, Yanagisako Y, Taniguchi K, 
Iwaya T. Congenital dislocation of the knee reduced spontaneously 
or with minimal treatment. J Pediatr Orthop. 1997;17:59–62.  

    8.    Finder JG. Congenital hyperextension of the knee. J Bone Joint 
Surg Br. 1964;46:783.  

    9.    Laurence M. Genu recurvatum congenitum. J Bone Joint Surg Br. 
1967;49:121–34.  

    10.    Ko JY, Shih CH, Wenger DR. Congenital dislocation of the knee. 
J Pediatr Orthop. 1999;19:252–9.  

    11.    Johnson E, Audell R, Opppenheim WL. Congenital dislocation of 
the knee. J Pediatr Orthop. 1987;7:194–200.  

    12.    Meyer L. Congenital anterior subluxation of the knee: description 
of a new specimen, summary of the pathology of the deformity 
and discussion of its treatment. Am J Orthop Surg. 1913;10:
411–37.  

    13.    Nogi J, MacEwen GD. Congenital dislocation of the knee. J Pediatr 
Orthop. 1982;2:509–13.  

     14.    Roy DR, Crawford AH. Percutaneous quadriceps recession: a tech-
nique for management of congenital hyperextension deformities of 
the knee in the neonate. J Pediatr Orthop. 1989;9:717–9.  

    15.    Abdelaziz TH, Samir S. Congenital dislocation of the knee: a pro-
tocol for management based on degree of knee fl exion. J Child 
Orthop. 2011;5:143–9.  

    16.    Shah NR, Limpaphayom N, Dobbs MB. A minimally invasive 
treatment protocol for the congenital dislocation of the knee. 
J Pediatr Orthop. 2009;29:720–5.  

    17.    Patwardhan S, Shah K, Shyam A, Sancheti P. Assesment of clinical 
outcome of percutaneous needle quadriceps tenotomy in the treat-
ment of congenital knee dislocation. Int Orthop. 2015;39:
1587–92.  

    18.    Saleh M, Gibson MF, Sharrard WJ. Femoral shortening in correc-
tion of congenital knee fl exion deformity with popliteal webbing. 
J Pediatr Orthop. 1989;9:609–11.  

    19.   Herring JA. (2008) Developmental dysplasia of the hip. Tachdjian’s 
pediatric orthopedics from the Texas Scottish Rite Hospital. 4th ed. 
Philadelphia: Saunders Elsevier. pp. 637–770.  

    20.    Johnston CE. Simultaneous open reduction of ipsilateral congenital 
dislocation of the hip and knee assisted by femoral diaphyseal 
shortening. J Pediatr Orthop. 2011;31:732–40.  

    21.    Oetgen ME, Walick KS, Tulchin K, Karol LA, Johnston 
CE. Functional results after surgical treatment for congenital knee 
dislocation. J Pediatr Orthop. 2010;30:216–23.  

    22.    Sud A, Kumar N, Mehtani A. Femoral shortening in the congenital 
dislocation of the knee joint: results of the mid term follow up. 
J Pediatr Orthop B. 2013;22:440–4.  

    23.    Sud A, Chaudhry A, Mehtani A, Tiwari A, Sharma D. Functional 
outcome following quadriceps tendon lengthening in congenital 
dislocation of the knee, with special reference to extensor weak-
ness. Strateg Trauma Limb Reconstr. 2009;4:123–7.    

11 Evidence-Based Treatment for Congenital Dislocation of the Knee



115© Springer International Publishing Switzerland 2017
S. Alshryda et al. (eds.), Paediatric Orthopaedics, DOI 10.1007/978-3-319-41142-2_12

      Patello-Femoral Instability in Children                     

     Andrew     Wheelton     ,     Farhan     Ali     , and     Paul     A.     Banaszkiewicz    

    Abstract  

  Patello-femoral instability in the paediatric population is a common presentation with mul-
tiple treatment options and no defi nitive agreed management stratagem. Whilst research 
into this condition is abundant in the adult literature, the paediatric evidence base is less 
developed. 

 This chapter identifi es important treatment questions and explores the existing available 
evidence. References to the adult literature are made in the absence of high level paediatric 
evidence and readers should be mindful of this.  

  Keywords  

  Patellar dislocations   •   Patellar instability   •   Knee cap instability  

      Background 

 Patello-femoral instability represents an intricate and multi-
farious condition affecting the knee extensor mechanism 
which is contributed to by bony morphology, soft tissue lax-
ity and muscle balance. Patellar dislocation is defi ned by 
complete displacement of the patella out of the trochlea 
groove. 

 Episodic acute dislocation represents one end of a con-
tinuum ranging to congenital dislocation – an uncommon 
disorder with a dislocated patella presenting at birth due to 
failure of internal rotation of the myotome which forms the 
quadriceps muscle. Classifi cations representing this spec-
trum have been suggested by Garin [ 1 ] and Chotel [ 2 ]. The 
idea of a spectrum whilst helpful conceptually has lead to 
inconsistencies in the classifi cation of this disorder in the 

literature with disagreement surrounding the term ‘habitual 
dislocation’. Resultantly this chapter will divide patello- 
femoral instability into episodic acute dislocation and con-
genital dislocation. 

 A Finnish study [ 3 ] reported the annual incidence of acute 
patellar dislocation in children under 16 to be 0.04 % or 43 
per 10,000. This represents one of the most common acute 
knee presentations in children with peak incidence between 
13 and 15 years of age, with girls being more commonly 
affected than boys. 

 Acute dislocation can be a single event but commonly 
recurrence occurs and management decisions are often infl u-
enced by whether the event is a fi rst time dislocation or not. 
The literature suggests that recurrence is more common in 
the paediatric population with Buchner [ 4 ] demonstrating 
recurrence of 52 % in children under 16 compared to an 
overall recurrence rate of 26 % for adults and Cash [ 5 ] fi nd-
ing a 60 % re-dislocation rate in children aged 11–14 
compared to 33 % in those above 15. 

 As the understanding of the patho-anatomy of patella- 
femoral joint has increased so to have the surgical options 
with over 100 stabilisation procedures described in the adult 
and paediatric literature.  
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    Are There Reliable Risk Factors to Predict 
Recurrence? 

 Multiple radiological indices have been developed to assess 
anatomic ‘abnormalities’ around the patella femoral joint. 
These include the Dejour [ 6 ] classifi cation of trochlea dys-
plasia, the Caton-Deschamps (CD) [ 7 ] and Insall-Slavati 
(IS) [ 8 ] indices to measure patella alta, the tibial tuberos-
ity – trochlea groove (TT-TG) distance [ 9 ], and rotational 
deformity (see Figs.  12.1 ,  12.2 ,  12.3 ,  12.4 ). Each of these 
have been suggested as possible predictors of recurrent 
patella femoral instability. Lewellan [ 10 ] retrospectively 
reviewed radiographs in 222 fi rst time patella femoral dislo-
cations in under 18 s assessing trochlea dysplasia (Dejour 
classifi cation) and patella alta ( CD,IS indices). Recurrent 
instability was signifi cantly associated with trochlea dyspla-
sia and the risk of recurrence was highest for those with 
open physes and trochlea dysplasia. Sex, age, body mass 
index, and patella alta were not statistically associated with 
recurrent instability. Jaquith [ 11 ] retrospectively reviewed 
266 knees in under 18 patients presenting with a fi rst time 
patella dislocation and assessed radiographs for increased 
patella height (CD), trochlea dysplasia (Dejour classifi ca-
tion) and skeletal immaturity (physes open, closing, closed). 
Multivariate analysis identifi ed that trochlear dysplasia, 
skeletal immaturity, CD index >1.45 and history of contra-
lateral dislocation were signifi cant risk factors for disloca-
tion with a predicted risk recurrence of 88 % if all 4 were 
present, 75 % for 3 and 55 % for 2.

      In the literature for adult studies Kohlitz et al. [ 12 ] retro-
spectively assessed MRI imaging of 186 acute lateral patella 
dislocations and 186 age and sex matched controls and iden-
tifi ed that the incidence of trochlea dysplasia in the disloca-
tion group was 66 %, of these 36 % additionally had patella 
alta and 9 % an abnormal TT-TG, with only 15 % of disloca-
tors having no anatomical risk factors. They inferred a 
37-fold increased risk of dislocation for individuals with 
trochlea dysplasia and abnormal TT-TG and a 41-fold higher 
risk if trochlea dysplasia and patella alta were present – 
whilst suggesting most dislocators have anatomical risk fac-
tors this study does not investigate risk of recurrence. 
Steenson [ 13 ] compared MRI imaging of 60 knees with and 
120 knees without recurrent patellar instability and found the 
recurrent dislocation group had a higher incidence of troch-
lear dysplasia (68.3 % vs. 5.8 %), patella alta (60.0 % vs. 
20.8 %), increased TT-TG distance (42.0 % vs. 3.2 %) and 
rotational deformity (26.7 % vs. 2.5 %). Furthermore, mul-
tiple anatomic risk factors were identifi ed in 58.3 % of 
patients with recurrent dislocation compared to only 1.7 % 
of controls. 

 In summary whilst there has clearly been an association 
demonstrated between these radiological anatomical indices 
and recurrent patella dislocation the strength of evidence 
available in the literature is limited with only level 3 evi-
dence available to support them as reliable predictors of 
recurrence. Further studies are required to convincingly 
demonstrate a causative relationship. Available data suggests 
they can be used help to guide treatment choice and tailor 

  Fig. 12.1    Dejour classifi cation 
of trochlear dysplasia. The 
Dejour classifi cation: Grade A 
(54 %), Trochlear morphology is 
preserved but fairly shallow; 
Grade B (17 %), Flat or convex 
trochlea; Grade C (9 %), 
Asymmetry of trochlear facets: 
lateral facet is convex and medial 
facet is hypoplastic and Grade D 
(11 %), Asymmetry of trochlear 
facets, vertical joint ( cliff pattern )       
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surgical plan to address abnormal anatomy, and the presence 
of multiple abnormal anatomical indices does suggest an 
increased risk of recurrence.  

    What’s the Best Treatment for Acute First 
Time Dislocation? 

 Currently there is no unanimously accepted stratagem for the 
treatment of fi rst time patella dislocation, either in the paedi-
atric or adult settings with both conservative and surgical 
management being popular, in no small part due to the lack 
of convincing evidence for favouring either approach with 
several papers giving confl icting evidence and outcomes. 
The Cochrane review [ 14 ] analysed fi ve randomised studies 

and one quasi-randomised study with a total of 344 patients 
with fi rst time patella dislocation. Four of the studies included 
paediatric patients. There was consistent evidence that the 
surgical intervention group had a signifi cantly lower risk of 
recurrent dislocation following fi rst time dislocation at 
2–5 years follow-up with a relative risk of 0.53 favouring 
surgery. Given a demonstrative risk of recurrent dislocation 
in 222 people per 1000 in the non-surgical group, the data 
equates to 104 fewer people per 1000 having recurrent dislo-
cation after surgical management. Furthermore there was 
(weaker) evidence of a lower risk of recurrent dislocation 
after surgery at 6–9 years with 110 fewer patients per 1000 
having recurrent dislocation after surgery. However the 

  Fig. 12.2    Radiological indices around the knee. Top radiograph ( knee 
lateral ) shows the Blumensaat’s line ( blue dashed ) touches the lower 
border of the patella. Insall-Salvati index: Ratio, or index, of patella 
tendon length (LT) to patella length (LP) should be 1.0. An index of 1.2 
is alta and 0.8 is baja. Blackburne-Peel index: Ratio of the distance 
from the tibial plateau to the inferior articular surface of the patella (D) 
to the length of the articular surface of the patella (A) should be 0.8. An 
index of 1.0 is alta 
  Bottom  radiograph shows the sulcus angle ABC, line BO is the 
bisector and line BX passes through the lowest point of the patella. 
Angle OXB is the congruence angle of Merchant. A patella-femoral 
sulcus angle (ABC) > 144° is abnormal. Congruence angle of 
Merchant (OBX normally −6°–−8°). Abnormal if it is more than 
+16°. Positive (+) means Lateral) while (−) means medial.       

a

b

c

  Fig. 12.3    CT scan of the lower limbs assessing the TGTT distance ( a ), 
femoral torsion ( b ) and tibial torsion ( c )       
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authors of the review explained that although there was evi-
dence in favour of surgical management in the short term the 
quality of the evidence was very low as the studies had a high 
risk of bias due to a lack of blinding and issues with selection 
and subsequently concluded that ‘the evidence is not of suf-
fi cient quality to confi rm a signifi cant difference in outcome 
between surgical or non-surgical initial management’ for 
fi rst time acute patella dislocation. It is also diffi cult to gen-
eralise this review to the paediatric population as only one of 
the studies has a paediatric only subgroup [ 15 ] and this is 
specifi cally acknowledged in the review. 

 The Nikku [ 15 ] study (included in the Cochrane review) 
child only cohort has subsequently been published as a sepa-
rate paper by Palmu [ 16 ]. This is the only randomised trial in 
the paediatric literature which compares conservative and 
surgical treatment in acute patella dislocation. In this study 
patients under 16 presenting with acute patella dislocation 
were randomised to conservative management (28 knees) or 
surgical intervention (36 knees). Patients were followed up 
for a mean of 14 years with a 94 % follow up rate. The rate 

of recurrent dislocation was high in both groups (71 % vs 
67 %) despite this subjective outcome reporting was favour-
able with 75 % of conservatively treated patients and 66 % of 
surgically treated patients reporting a good or excellent out-
come at the fi nal follow up – suggesting disconnection 
between recurrence and patient reported outcomes. There 
was no signifi cant difference identifi ed between the two 
groups in subjective reporting, functional assessment or re – 
dislocation rate at either the 6 year or 14 year follow up 
points and the authors concluded that surgery does not 
improve long term outcome and therefore is not advocated 
for acute patellar dislocation in children and adolescents. 

 As the Palmu study is the only randomised trial in the pae-
diatric literature there have understandably been no system-
atic reviews of conservative vs surgical treatment in acute 
patella dislocation undertaken, however in the adult literature 
four have been published since 2011 [ 17 ], [ 18 ] − updated to 
[ 19 – 21 ]. Mirroring the broader literature on the topic the 
results are at odds with each other, a recent met- analysis of 
these papers [ 22 ] attempted to assess which of these meta-
analyses provides the current best available evidence. They 
used the Oxman-Guyattn and Quality of Reporting of Meta-
analyses systems to assess the quality of the reviews and 
applied the Jadad algorithm to determine which offered the 
highest level of evidence. The four studies included 1984 
patients with 997 undergoing surgery and the 987 being 
treated with conservative management. Three studies found 
that surgically treated patients had a lower re- dislocation rate 
whereas the other found no difference between the groups. 
None of the studies found a difference in functional outcome 
scores between the two treatment groups. The Jadad algo-
rithm determined that the Hing and the Zheng papers offered 
the highest level of currently available evidence. From this 
they concluded that although operative treatment may offer a 
lower rate of re-dislocation than conservative treatment this 
does not correlate with functional outcome measures. 

 The majority of the literature assessing the comparison of 
operative versus non-operative management excludes 
patients with signifi cant osteochondral lesions and the pres-
ence of these represent an indication for surgical manage-
ment of fi rst time dislocation. This is broadly accepted 
throughout the literature and is particularly supported in the 
paediatric population by a French multi-centre study report-
ing good outcomes for surgical fi xation of osteochondral 
injuries in patella dislocation [ 23 ]. Similarly concomitant 
severe ligamentous injury represent an indication for surgi-
cal management and these situations represent a caveat to the 
approach for simple patella dislocation. 

 In conclusion the paediatric literature is sparse regarding evi-
dence base for deciding conservative or operative  management 
for acute fi rst time patella dislocation, the only randomised 
study advocates a conservative approach. The data available in 
the adult literature whilst suggesting recurrent dislocation is 

  Fig. 12.4    Patellar dislocation with OCD fragment       
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reduced by operative management does not indicate this 
improves functional outcome and as yet clinical equipoise 
remains as to the gold standard approach in simple fi rst time 
acute patella dislocation. A review of anatomical risk factors 
should be considered to help guide management decisions.  

    What Is the Best Conservative Management 
Strategy? 

 The evidence base behind conservative management is defi -
cient, particularly for the paediatric population. The broad 
treatment goals are relief of symptoms, preservation of range 
of motion, enhancement of quadriceps strength and return to 
previous activity. Classically a short period of immobilisa-
tion is instigated to relieve symptoms, followed by formal 
physiotherapy. There is no fi rm evidence in the literature to 
support immobilisation and studies have shown no differ-
ence in outcome when comparing immobilisation to none 
[ 24 ]. There have been no randomised trials into physiother-
apy regimes [ 25 ] and no consensus has been reached on best 
rehabilitation schedule. Vastus medialis obliquus (VMO) has 
been suggested as an important target for strengthening after 
patella dislocation, however a systematic review has found 
little evidence to suggest that VMO activity can be preferen-
tially enhanced in comparison to vastus lateralis by physio-
therapy [ 26 ]. It is broadly accepted in the literature that the 
aim of the conservative treatment whatever form it takes is to 
avoid chronic muscle weakness and imbalance.  

    What Surgical Option Is the Best 
for Paediatric Patella Dislocation? 

 A key consideration in the skeletally immature patient is the 
proximity of the open physes of the distal femur and apophy-
ses of the tibial tubercle to the site of intervention. Procedures 
in the armamentarium of the adult surgeon are either not rec-
ommended (eg tibial tubercle osteotomies) or modifi ed 
(MPFL reconstruction) to avoid future growth disturbance. 

 A multitude of surgical procedures have been described 
for the treatment of paediatric patella dislocation. These can 
be divided into lateral release procedures, distal alignment 
procedures, MPFL reconstructions/medial reefi ng and troch-
leoplasty procedures, furthermore combinations of the above 
can be employed. 

    Lateral Release 

 This has historically been a fi rst line intervention either in 
isolation or often combined with medial capsule reefi ng and 
other procedures [ 27 – 38 ]. It has been shown in the adult lit-

erature that this does not prevent recurrence [ 39 ] and 
improvement in outcome scores are not maintained after 
more than 4 years when performed in isolation for patella 
femoral instability [ 40 ]. There are no studies in the paediatric 
literature comparing lateral release with other surgical 
treatments, only level 4 evidence supporting its use in com-
bination with other procedures.  

    Distal Realignment Procedures 

 As discussed previously an increased TT-TG distance has 
been suggested as a marker of recurrent instability [ 13 ] and 
this explains the rationale for adjusting the alignment of the 
extensor mechanism. Avoiding growth disturbance by leav-
ing the tibial tubercle apopyhsis intact has formed the basis 
of the surgical techniques developed in this category. The 
‘Grammont (soft rod)’ procedure comprises removing the 
deep patellar tendon fi bres off the cartilaginous tibial tuber-
osity without severing the distal tendon attachment to perios-
teum and re-attaching it medially. A study by Garin [ 32 ] 
retrospectively assessed outcome with this procedure in 50 
paediatric knees with a recurrent dislocation rate of 16 % and 
a ‘good’ satisfaction score in over 75 %, however the group 
is heterogeneous both in terms of degree of instability pre 
operatively and treatment given (procedure combined with 
others) and this is grade 4 evidence. Kraus [ 41 ] assessed the 
outcome in 65 paediatric knees – the outcome scores 
achieved were fair but the re-dislocation rate was high with 8 
knees having a single dislocation within 3 months and 3 hav-
ing recurrent late dislocations. The re-dislocations were 
associated with trochlea dysplasia suggesting this should 
also be addressed at the time of surgery. 

 The Roux-Gouldthwait procedure involves detachment of 
the lateral half of the patella tendon, guiding it under the 
intact medial half and reattaching it to the medial epiphysis. 
Nelitz [ 34 ] conducted a level 3 retrospective case controlled 
study comparing a cohort with unfavourable outcome and 
recurrent instability (37 children) following this procedure 
with a cohort with favourable outcome. The incidence of 
trochlea dysplasia was increased in the study group (89 % vs 
21 %) and it was concluded that failure to address this was 
the likely cause of poor outcome and recurrent instability – 
supporting a tailored surgical approach addressing all ele-
ments of altered anatomy. 

 There are no studies comparing distal realignment with 
other procedures. In the adult literature Silanpaa [ 42 ] com-
pared MPFL reconstruction (with adductor magnus 
 tenodesis – 18 knees) with Roux-Gouldthwait distal re-
alignment (29 knees) and identifi ed a lower dislocation rate 
(7 % vs 14 %) and higher rate of osteoarthritis in the MPFL 
reconstruction group – suggesting a superiority for MPFL 
reconstruction.  

12 Patello-Femoral Instability in Children
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    MPFL Repair, Reconstruction and Medial 
Reefi ng 

 Biomechanical studies have shown that the MPFL is the 
major soft tissue restraint to lateral patellar dislocation [ 43 , 
 44 ] and it is commonly injured when the patella dislocates 
[ 45 ], this can be identifi ed with MRI [ 46 ]. Resultantly the 
MPFL has become the focus of surgical treatment for pri-
mary and recurrent patella dislocation in both paediatric and 
adult populations. 

 Repair of the acutely injured MPFL has been reported 
in the paediatric literature [ 16 ] and was found to be no 
better than conservative treatment. In the adult literature 
two prospective randomised studies have demonstrated 
improved patella stability with MPFL repair compared to 
conservative management [ 47 ,  48 ] however only one 
demonstrated a signifi cant improvement in subjective out-
come [ 48 ]. Delayed repair has not been shown to improve 
stability or outcome [ 49 ]. It has been suggested that repair 
of the MPFL may be insuffi cient on its own in the paedi-
atric population particularly when anatomic abnormality 
is present [ 50 ]. 

 MPFL reconstruction has become the main stay of sur-
gical treatment for primary and recurrent patella-femoral 
dislocation in the adult population with numerous studies 
demonstrating achievement of good stability with few 
complications [ 51 ], however most of these are level 4. 
Bitar [ 52 ] performed a randomised controlled trial with 
41 knees with acute patellar dislocation randomised into 
two groups – MPFL reconstruction and non-operative 
treatment. The surgical group had a lower recurrence rate 
(0 % vs 35 %) and a higher (better) Kujala outcome score 
at 2 years. 

 In the paediatric literature a myriad of techniques have 
been described – with the specifi c aim of avoiding physes. 
There have been several case series highlighting satisfactory 
outcomes with MPFL reconstruction [ 29 ,  53 – 57 ] but as yet 
there is no higher evidence than level 4 available. 

 Medial plication has a similar standing to lateral release 
procedures, having been historically popular and often used 
in combination with it [ 27 ,  29 ,  30 ,  32 ,  34 ,  37 ]. The adult lit-
erature suggests MPFL reconstruction is superior to medial 
plication resulting in better static patellar position and func-
tional outcome [ 58 ].  

    Trochleoplasty 

 The use of trochleoplasty in skeletally immature patients is 
contentious, Beals [ 59 ] reports a case series of 6 knees in 

paediatric patients who successfully underwent trochleo-
plasty for patellofemoral instability. There were no re- 
dislocations and no skeletal growth complications, however 
it should be noted that these patients all had chromosomal 
abnormalities with resultant limited motor demands. A pro-
spective study by Utting [ 60 ] followed up 59 knees treated 
with trochleoplasty for at least 1 year and showed a statisti-
cally signifi cant improvement in outcome from pre-op 
scores – with 92.6 % of patients satisfi ed with the outcome. 
Smith [ 61 ] performed a systematic review of the literature on 
the procedure including the Beals paper and concluded that 
trochleoplasty is a safe and effective procedure for patella 
femoral instability in trochlea dysplasia patients but that the 
evidence had signifi cant methodological limitations. A fur-
ther systematic review by Bollier [ 62 ] suggested trochleo-
plasty ‘should be reserved for sever dysplasia in which 
patellofemoral stability cannot otherwise be obtained’ and 
advocated a tailored approach to address abnormal 
anatomy. 

 In summary it has not been shown which surgical option 
or combination is the optimum treatment. Emerging evi-
dence suggests that if surgery is indicated then a tailored 
approach should be adopted to address signifi cant anatomi-
cal abnormality.   

    What Is the Best Treatment for Congenital 
Dislocation? 

 Congenital dislocation is a rare entity and this is refl ected 
in the literature with only 2 series addressing its manage-
ment (Table  12.1 ). Gordon [ 36 ] reported a series of 17 
knees with an average age at presentation of 7 years and 
9 months. All patients had a fi xed unreducible dislocation 
and all underwent surgery which entailed lateral release, 
advancement of VMO and in skeletally immature patients 
medial transfer of the patella tendon, skeletally mature 
patients had transfer of the tibial tubercle. At follow up all 
patients had ‘a marked improvement’ in pain and activity 
tolerance, there was one redislocation. Wada [ 63 ] retro-
spectively reviewed 7 knees in a younger cohort (average 
age 2.1 years), all knees were treated operatively in combi-
nation with lateral release, medial plication, V-Y lengthen-
ing of the quadriceps, medial transfer of the lateral patellar 
tendon and posterior release of the knee. Range of move-
ment was improved in all knees and there was one redislo-
cation. The authors advocate operating at a younger age to 
achieve the best outcomes.

   A summary of recommendations is provided in 
Table  12.2 .
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      Evidence-Based Treatment for Anterior 
Cruciate Ligament Tears in Children                     

     Charles     A.     Popkin      and     M.     Lucas     Murnaghan    

    Abstract  

  Anterior cruciate ligament (ACL) tears in the skeletally immature athlete were once consid-
ered an unusual injury. However, with the sharp rise in early sports specialization and year 
round training, ACL tears in the developing athlete are becoming more commonplace. The 
treatment for this injury in the skeletally immature group is evolving. There is a increasing 
trend to reconstruct the ACL in the developing athlete to restore knee stability and minimize 
progressive chondral and meniscal injury. However, this remains a controversial topic and 
there remain strong advocates for nonoperative management and bracing until skeletal 
maturity to avoid injury to the growth plate. Surgical options include: physeal sparing 
(Iliotibial band and all-epiphyseal reconstructions), partial transphyseal/hybrid techniques 
and complete transphyseal ACL reconstructions. With proper rehabilitation after surgery, 
these children are returning to their sport. Despite these surgical techniques, there is good 
evidence that ACL injured knees are predisposed to develop early osteoarthritis. Therefore, 
moving forward there should be a focus on ACL prevention programs.  

  Keywords  

  ACL   •   Anterior cruciate ligament   •   Knee instability   •   Ligament reconstruction   •   All- 
epiphyseal   •   Hybrid repair  

      Introduction 

 Once considered an unusual injury, anterior cruciate liga-
ment tears (ACL) are occurring with alarming frequency 
in the developing athlete [ 1 ,  2 ]. Recently, there has been a 
sharp rise in athletic activity in the pediatric and adolescent 
athlete. Current estimates are greater than 40 million chil-
dren are playing some form of organized sports in the United 
States [ 3 ]. With this increase in activity and sports participa-
tion combined with a heightened awareness and recognition 
of ACL injury has led to a large number of ACL tears in 

 skeletally immature athletes [ 3 ,  4 ]. The rate of ACL injury 
in this young age group is rising at a rate signifi cantly higher 
than in adults [ 2 ]. Anterior cruciate ligament tears in athletes 
with open growth plates are a challenging problem for the 
patients, their parents, and their physicians alike [ 5 ]. 

 Current literature favors early treatment for ACL injuries 
to return stability to the knee, but the optimal management of 
ACL tears in the developing athlete remains controversial [ 1 , 
 6 ,  7 ]. Traditionally, these injuries were treated conservatively 
with activity modifi cation and bracing. The rationale for delay-
ing surgery originates from the concern over iatrogenic injury 
to the growth plate at the time of reconstruction. Furthermore, 
a prospective cohort study from Norway followed a non-oper-
ative treatment algorithm and found that 90 % of the children 
were able to participate in sports at the 2 year follow up, with a 
small number of surgical operations for new meniscal injuries 
(13 %) [ 8 ]. While nearly 40 % of the children followed in this 
study had to decrease activity level, this study suggests that 

        C.  A.   Popkin      (*) 
  Columbia University ,   New York ,  USA   
 e-mail: cp2654@cumc.columbia.edu   

    M.  L.   Murnaghan      
  The Hospital for Sick Children ,   Toronto ,  Ontario ,  Canada   
 e-mail: lucas.murnaghan@sickkids.ca  

 13

mailto:cp2654@cumc.columbia.edu
mailto:lucas.murnaghan@sickkids.ca


126

ACL defi cient children can be physically active and may be 
an adequate treatment option in some patients. However, other 
studies have demonstrated that activity modifi cation and brac-
ing are associated with poor outcomes [ 1 ,  6 ,  7 ,  9 ]. These ACL 
defi cient knees place the athletes at a high risk of injury to the 
menisci; which are often times irreparable [ 9 ]. 

 Operative strategies to manage ACL instability in the 
skeletally immature continue to evolve with time. While 
good results have been reported with transphyseal recon-
structions, [ 5 ,  10 ] a very real concern for iatrogenic injury to 
the growth plate remains [ 11 ]. The desire to avoid growth 
disturbance and angular deformity, has led to the creation of 
new techniques to avoid the growth plate with tunnel place-
ment [ 12 ,  13 ]. Early results from these techniques are prov-
ing to be superior to non-operative management. Developing 
athletes are returning to pre-operative activity level with 
good outcome scores [ 1 ]. This is relevant because many 
young athletes are reluctant to spend a couple seasons on the 
sidelines waiting for their growth plates to close [ 4 ].  

    Natural History 

 Activity modifi cation and bracing is an appealing option for 
some patients and surgeons because of increased healing in 
children and risk of growth plate injury with surgery [ 8 ]. 
However, most of the results with this approach have not been 
favorable. Chronic ACL insuffi ciency leads to intra- articular 
damage and a high rate of irreparable meniscus tears in these 
developing athletes [ 6 ,  14 ]. One study of adolescent athletes 
demonstrated 50 % of ACL injuries had an associated chon-
dral injury [ 15 ]. Furthermore, studies have shown that delay-
ing treatment 3 months to reconstruct the ACL in skeletally 
immature patients can increase fourfold the chance of an 
irreparable medial meniscal tear and place the patient at even 
higher risk for a chondral injury [ 7 ]. Another study from 
Japan followed 18 patients aged 12 with acute ACL tears 
treated non-operatively and at fi nal follow up only 1 of the 18 
patients returned to sport and an alarming 11 out of 18 patients 
had Fairbanks changes on radiographs[ 16 ].  

    Work Up/Examination/Imaging 

 The initial presentation of an ACL tear in the skeletally 
immature patient is similar to the adult population. There is 
a high incidence in female athletes and the mechanism is 
usually non-contact in nature. It is common for the growing 
athlete to report hearing an audible ‘pop’ and to report a brisk 
onset of swelling in the knee. When a hemarthrosis is present, 
up to 65 % of knee injuries will include an ACL rupture [ 17 ]. 
Hallmark clinical tests used to detect an ACL rupture include 
a Lachman exam, anterior drawer testing with the knee at 90 

degrees of fl exion and a pivot shift test. The physician should 
perform a thorough examination of the knee, as meniscus 
tears, chondral fragments, and associated ligamentous inju-
ries may also be present. 

 Imaging for a suspected ACL injury should always include 
plain radiographs AP, Lateral, Tunnel and Merchant views. 
This will allow the physician to look for an associated bony 
injury (tibial spine avulsion or Segond fracture) and assess 
the status of the distal femoral and proximal tibial physes. We 
recommend including a 3 ft standing fi lm to look for any 
malalignment and any pre-operative leg length discrepancy [ 1 ]. 
MRI will allow for confi rmation of the ligamentous injury as 
well as importantly assessing potential concomitant cartilage, 
ligament and/or meniscus injury (Fig.  13.1 ).

   An essential component of treating an ACL injury in this 
population is developing a comfort in assessing the maturity 
of the young athlete [ 18 ]. This can help the physician deter-
mine how respectful to be of the growth plates around the knee 
when planning surgical reconstruction and discussing options. 
Recognizing the common discordance between chronological 
age and skeletal age is the fi rst step in surgical planning [ 18 ]. 
Skeletal growth is usually complete by 14 in girls and 16 in 
boys, though signifi cant variation does exist. The physiologic 
age of the patient can be assessed by a number of techniques. 
Commonly used methods in an orthopedic clinic are [ 4 ]:

    (1)    Bone age by left hand radiograph (Greulich and Pyle 
Atlas)   

   (2)    Knee radiographs   
   (3)    Menarchal status in female patients    

  Tanner staging is often cited as a predictive method, though 
this presents practical challenges in the typical environment of 
an orthopedic practice. It should be noted that patient or parent 
reported Tanner staging is an inadequate substitute for the 
originally described physician assessment [ 19 ]. 

 At our institution, we recommend an abridged short hand 
version of the Greulich and Pyle to help with bone age with-
out use of an atlas (See Tables  13.1 ,  13.2  and  13.3 ).

         Treatment Options 

 What is required in these athletes is an approach to the ACL 
reconstruction that addresses the concern of iatrogenic injury 
and respects the physics, but without fearing it. 

    Non-operative 

 This approach does not lead to good results in the setting of 
a complete ACL rupture, unless the child is compliant with 
signifi cant activity modifi cation and abstinence from cutting 
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and pivoting sports and activities. There is a very high rate of 
sport drop out [ 14 ] as well as rates of chondral and meniscal 
injuries. Developing athletes with partial ACL tears involv-
ing less than 50 % of the entire diameter with a clinically 
stable knee on examination may successfully be treated non- 
surgically [ 3 ,  20 ]. The athlete in this clinical scenario can 
return to sport in 6 months after the injury after a period of 
activity modifi cation, therapy and bracing [ 3 ].  

    Operative 

    Iliotibial Band Reconstruction 
 A combined intra-articular and extra-articular reconstruction 
developed by MacIntosh and Darby in Toronto [ 21 ] and pop-
ularized in skeletally immature patients by Kocher and 
Micheli at Boston Children’s [ 13 ]. The technique provides 
knee stability and avoids complications related to growth 
disturbance because there are no drill holes or tunnels 
(Fig.  13.2 ). This technique is primarily recommended for use 
in the prepubescent patient. To be successful, the harvest 
requires a length of 20 cm from the central one third of the 

iliotibial band. The graft is left attached to Gerdy’s tubercle 
distally, brought into the knee in the over-the-top position 
and then brought under the intrameniscal ligament. The fem-
oral side is secured by sewing the graft to the intermuscular 
septum and periosteum on the femur and the tibial side is 
secured by sewing down the graft in a trough of periosteum 
[ 1 ,  21 ].

   The Level IV results of 44 children that underwent this 
surgery (mean age 10.3 with 5.3 years of follow up) demon-
strated no growth disturbance [ 13 ]. Forty-one patients had 
normal or near normal Lachman examinations and 31 of 44 
had no pivot shift. Subjective knee score using Lysholm was 
95.7 and IKDC was 96.7. The failure rate was only 4.5 % 
(2 patients).  

    All-Epiphyseal 
 There are now a few different techniques that are physeal 
sparing and have tunnels only in the epiphysis of the femur 
and tibia. The Anderson technique is a freehand, two incision 
technique that uses quadrupled hamstring graft with a sus-
pensory fi xation on the femur and secures the tibial side by 
tying down on a screw and washer as the post. The mean age 
was 13.3 and with over 4 years of follow up the knee scores 
are excellent with IKDC of 96 and no reported cases of 
growth disturbances [ 13 ] (Figs  13.3  a  and  b ).

   Modifi cations to the Anderson technique have been made. 
There is an all-inside transepiphyseal technique developed 
that uses pediatric knee guides to drill femoral and tibial 
sockets with fl uoroscopic guidance. Hamstring autograft is 
used and the graft is secured with suspensory fi xation on 
both sides [ 22 ].   

  Fig. 13.1    A drawing of a physeal sparing, combined intra-articular and extra-articular ACL reconstruction       

   Table 13.1    The hospital for sick children cheat sheet for Greulich 
and Pyle   

 Girls  Boys  Hand radiographic fi nding 

 11.5  13  Can see thumb sesamoid 

 12  14  Distal phalanx growth plate fused 

 13  15  Middle phalanx growth plate fused 

 14  16  Proximal phalanx growth plate fused 
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   Table 13.2    Review of literature on surgical outcomes following pediatric ACL reconstruction a    

 Technique  Studies  Number  Mean age (y)  Mean F/u (months)  Graft  Re-injury rate 

 Extraphyseal  Bonnard [ 43 ]  56  12.2  66  BTB  5.4 % 

 Physeal sparing  Kocher [ 13 ]  44  10.3  64  ITB  2/44 

 Nakhostine [ 44 ]  5  14.0  24  Fascia Lata  0 

 Parker [ 45 ]  6  13.3  33.  Hamstring  NR 

 All-epiphyseal  Cordasco [ 46 ]  23  11.8  24  Hamstring  4.3 % 

 Hui [ 27 ]  16  12  24  Hamstring  NR 

 Anderson [ 47 ]  12  13.3  49  Hamstring  NR 

 Guzzanti [ 48 ]  8  11.2  69  Hamstring  NR 

 Partial transphyseal 
and hybrid 

 Emory Group [ 24 ]  NR  NR  NR  Hamstring  NR 

 Lo [ 25 ]  5  12.9  89  Hamstring  NR 

 Andrews [ 49 ]  13.5  58  Achilles allograft/
Fascia Lata 

 NR 

 Transphyseal  Redler [ 10 ]  16  14.2  43  Hamstring  0 

 Courvoisier [ 50 ]  37  14  36  Hamstring  8.1 % 

 Cohen [ 26 ]  26  13.3  45  Hamstring  6.7 % 

 Liddle [ 28 ]  17  12  44  Hamstring  5.9 % 

 Kocher [ 5 ]  59  14.7  43  Hamstring  NR 

 McIntosh [ 51 ]  16  13.5  41  Hamstring  12.5 % 

 Aronowitz [ 29 ]  15  14  25  Achilles Allograft  NR 

 Lipscomb [ 52 ]  24  15  35  Hamstring  NR 

   a Adapted from Fabricant et al. [ 1 ]; with permission  

   Table 13.3    Levels of evidence for ACL injuries in the developing athlete   

 Statement  Grade of recommendation  References 

 Untreated ACL injuries lead to meniscal tears and chondral damage  B  [ 6 ,  7 ,  9 ] 

 Prevention programs can reduce ACL injuries  B  [ 35 – 37 ,  39 ] 

 Physeal Sparing reconstructions can restore stability to the developing knee  C  [ 13 ,  47 ] 

 Hybrid reconstruction techniques can restore knee stability with minimal risk of signifi cant 
physeal arrest 

 C  [ 25 ,  49 ] 

 Transphyseal reconstruction can provide knee stability but some risk for physeal injury and 
should be reserved for children near the end of growth 

 C  [ 5 ,  10 ] 

    Hybrid Techniques 

 Hybrid techniques to reconstruct the ACL developed out of 
concern for physeal injury, particularly on the femur. There 
are a number of factors that contribute to the volume percent-
age of distal femoral physis that can be disrupted: drilling 
technique, tunnel size and tunnel inclination [ 23 ]. The group 
from Emory developed a technique that is transepiphyseal on 
the femur, avoiding this problem all together. Their tech-
nique is a hybrid and they utilize transphyseal drilling on the 
tibia [ 24 ]. They secure the quadrupled autologous hamstring 
with suspensory fi xation on the femur and tie over a screw 
and washer on the tibia (Fig.  13.3  a  and  b ). 

 Lo et al., reported their results in 5 patients with wide open 
growth plates (mean age 12.9) [ 25 ]. Their hybrid technique 

involved a small central tibial with 6 mm tunnel and graft 
placement in the over the top position on the femur. Follow up 
was excellent at 7.4 years with no signifi cant leg length differ-
ence or angular deformity. They had no re-tears. Only one 
patient reported poor IKDC score and they sustained subse-
quent patellar dislocation with osteochondral injury.  

    Transphyseal 

 Numerous different transphyseal techniques have been 
reported in the literature [ 10 ,  26 – 29 ]. The graft choice is pre-
dominantly autologous hamstring, but other graft choices 
have been reported. There remains concern about the use of 
use bone-patellar tendon bone. This is because placement of 
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a bone plug at the level of the physis can cause a local phy-
seal arrest [ 30 ]. Furthermore, there is also concern about 
graft harvest as taking a bone plug from the tibial tubercle 
can cause anterior growth arrest leading to a recurvatum type 
deformity of the knee. 

 There are several Level IV studies that show these trans-
physeal techniques are producing good clinical results. 
Redler et al., looked at 18 transphyseal reconstructions using 
autologous quadrupled hamstring with mean age of 
14.2 years [ 10 ]. They had mean follow up of 43 months with 
high scores for outcomes using the IKDC with a mean of 92, 

Lysholm mean of 94 and Tegner mean of 8.5. They had no 
re-tears during the study period, but three of the athletes tore 
their contralateral ACL. Furthermore they reported no leg 
length differences or angular deformities. (Fig.  13.4 ) Other 
groups have reported similar results. Cohen et al., reported 

  Fig. 13.2    Torn ACL Sagittal T2 image 12 year old male       

a b

  Fig. 13.3    Images from an All-Epiphyseal case       

  Fig. 13.4    Transphyseal ACL reconstruction images       
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their outcomes on 26 patients that underwent transphyseal 
reconstructions [ 26 ]. Eighty-eight percent of their patients 
were able to return to same level of activity and they had 
mean IKDC of 91.5 and Lysholm of 93.5. The group out of 
Australia uses parental donor tissue for their transphyseal 
ACL reconstructions in children with open physes. They 
have youngest mean age for this type of technique [ 27 ]. They 
reported no growth arrest, angular deformities and IKDC 
knee score of 96.

        Rehabilitation 

 Rehabilitation is an important part of reproducibly obtain-
ing consistent results after surgical reconstruction of the 
anterior cruciate ligament. Postoperative stiffness in the 
pediatric and adolescent knee is not as signifi cant a concern 
as with the adult patient. Immediate range of motion after 
surgery is not a requirement. Noncompliance is a more 
serious concern and because of this we recommend a brace 
for the fi rst month after surgery [ 24 ]. Other goals for the 
fi rst month after surgery include 90 degrees of fl exion, 
regaining full extension, quadriceps strengthening and 
patellar mobility [ 1 ,  24 ]. 

 The next phase of therapy should emphasize regaining 
full motion in fl exion and extension, normalizing gait and 
performing a single leg squat with no pain and usually takes 
place up to 2 months after surgery. Goals in the next phase 
are from 2 to 4 month period after surgery and emphasis 
should be on core strength, quadriceps control and multi-
plane functional movements without unloading the affected 
leg or experiencing pain. 

 Running is allowed at 4 months as the patient continues 
to work on strength and fl exibility. Sport specifi c exercises 
are initiated at 6–8 months. Our goal is to have the athlete 
back to sport by 9–12 months after the surgery. At our insti-
tution before clearance the athlete has to pass a functional 
ACL test. 

 With the patient’s follow up, it is recommended to obtain 
a 3 ft standing fi lms at 6 and 12 months from the date of 
surgery to monitor the lower extremity alignment and make 
sure there is no signifi cant leg length difference [ 11 ,  31 ]. 

 ACL surgery in the developing athlete can have high re- 
rupture rates and contralateral knee ACL injury rates. A 
recent paper presentation at AAOS meeting by Pinczewski 
et al. reported 15 year follow up results on ACL results in 
patients under 18 years of age and reported a 31 % re-tear 
rate for their ACL reconstructions. Of note, their contralat-
eral ACL tear rate was 19 % [ 32 ]. The results of this demon-
strate the importance of counseling young patients on the 
high rate of potential injury to their operative and non- 
operative knee. It also emphasizes the need for additional 
work and study on why the re-tear rate in this younger patient 
population is so high.  

    Prevention 

 There are many limitations to reconstructing the ACL in the 
developing athlete. The rehabilitation can take 9 months, 
there is risk of injury to the growth plate (11) and despite 
new techniques, as many as 30–35 % of middle and high 
school athletes choose not to return to their original sport 
[ 33 ]. In addition, a study highlighted that 42 % of young 
female soccer players, developed osteoarthritis signs on 
radiograph 10 years after ACL reconstruction [ 34 ]. Not sur-
prisingly, with all the negative knee joint issues after ACL 
rupture, there has been signifi cant focus lately on prevention 
of ACL injuries [ 35 – 37 ]. 

 Neuromuscular Training programs (NMT) have been 
shown to work and are more effective the younger the ath-
letes start [ 38 ]. Studies have identifi ed modifi able risk fac-
tors with the landing patterns of athletes with noncontact 
ACL injuries such as: increased knee abduction moments, 
decreased knee fl exion, poor trunk control and asymmetrical 
landing patterns [ 36 ,  39 ,  40 ]. Screening jump tests in the 
offi ce can be used by physicians to identify high risk athletes 
[ 41 ]. These athletes with poor neuromuscular control can 
then be sent to physical therapy or to work with a school 
ATC or trainer to improve landing and jumping mechanics. 
ACL prevention programs such as the FIFA-11 (www.fi fa- 
11.org) and PEP (Performance Enhancement and Prevention 
from the Santa Monica Sports Foundation; www.smsmf.org/
smsf-programs/pep-program) have been shown to be effec-
tive in reducing ACL injuries and are cost effective [ 42 ]. 

   Conclusion 

 As young athletes are spending more time on the fi eld 
training with professional type schedules, specializing in 
one sport at an earlier age and diminishing time with free 
play, anterior cruciate ligaments in the developing athlete 
are becoming a more common occurrence. The pediatric 
orthopedic surgeon moving forward will need to properly 
diagnose and manage this injury. Proper assessment of the 
patient’s chronologic and skeletal age, amount of growth 
remaining and demands will need to be taken into consid-
eration to come up with the best treatment option. There are 
several physeal sparing and transphyseal techniques that 
can restore stability to the developing athlete’s knee. With 
proper rehabilitation, these children are returning to their 
sport and activity. It should be emphasized that ACL re-
rupture rates are higher in the younger athlete then patients 
over the age of eighteen. Furthermore, these athletes also 
are at higher risk then the general population to tear their 
contralateral knee ACL. Despite these new surgical tech-
niques, there is good evidence that these reconstructed 
knees are predisposed to develop early osteoarthritis. 
Therefore, moving forward there should be a focus on ACL 
prevention neuromuscular training programs to help pro-
tect and prevent injury to healthy, young knees.       
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      What Is the Best Treatment for Blount’s 
Disease?                     

     Sonia     Chaudhry      and     Paul     A.     Banaszkiewicz    

    Abstract  

  Bowed legs are a common appearance in children. Physiologic bowing is distinct from 
infantile Blounts and adolescent tibia vara, both of which are likely mechanical phenomena 
resulting from obesity, but have separate fi ndings and treatment algorithms. Infantile 
Blounts is suspected with progressive or asymmetrical bowing with a lateral thrust during 
ambulation. Once confi rmed with radiographs demonstrating a beaked medial proximal 
tibial metaphysis, treatment is initiated with bracing and/or surgical correction. Adolescent, 
or late-onset tibia vara, is almost always treated surgically. Treatment is aimed at both 
restoring knee joint line orientation and overall mechanical axis of the lower extremities 
with equal limb lengths.  

  Keywords  

  Tibia vara   •   Blount’s Disease   •   Bowed legs  

      Background 

 The fi rst challenge in treating bowed legs is differentiating 
“Blount’s Disease” from the more common physiologic 
varus present in most children under 2 years of age. The 
average 15° varus tibiofemoral angle at birth is visually 
exacerbated once standing and walking around age 12 months 
improves the external rotation contracture of the hip joint 
(resulting from intrauterine positioning) that previously 
masked the increased femoral anteversion and internal tibial 
torsion of newborns. In these cases of physiologic genu 
varum, both distal femur and proximal tibial varus angula-
tion contribute to an overall bowed appearance despite nor-
mal physeal morphology. 

 Salenius and Vankka’s classic 1975 study of 979 patients 
(1480 knee x rays) demonstrated a consistent pattern of 
tibio-femoral angle changes through childhood. Most new 
born babies have an average knee varus of 10° to 15°. As 
children start standing and walking, these changes to neutral 
between 18 and 24 months. This is followed by a steady pro-
gression towards maximum genu valgum (around 10°) 
achieved around age 4, and then correction into the adult val-
gus of about 6° over the next several years  ( Fig.  14.1 ). The 
standard deviation (SD) of the above quoted angle is 8° 
(more in the boys 10° and less in the girls 7°).

   Toddlers under age 2 years should be followed clinically 
until resolution as long as alignment is improving, even if 
not on the expected schedule. 

 Indications for radiographs include asymmetry between 
right and left sides, lack of improvement with time, or a 
varus thrust with ambulation. After age 18 months, we obtain 
a digital mechanical axis view, which consists of a standing 
anteroposterior radiograph of the bilateral lower extremities 
from the hips to the ankles with the patellae facing forward. 
This is used to measure the tibiofemoral (TFA), mechanical 
axis deviation (MAD) metadiaphyseal of Drennan (MDA), 
and epiphyseal-metaphyseal angles (EDA) of the tibia. 
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 The tibiofemoral angle (TFA) is formed by the intersec-
tion of the two mid-diaphyseal lines of the femur and the 
tibia. The value should be within the normal range depicted 
by Salenius curve. MAD is the distance between the mechan-
ical axe and the centre of the knee (the anatomic axes cross 
the knee almost at the centre). The normal mechanical axes 
pass 8 ± 7 mm medial to the centre of the knee. It is valuable 
in follow up of these patients. I need to see the mechanical 
axes approaching its normal pass through the knee. 

 The metadiaphyseal angle (MDA) is the angle formed by 
a line connecting the most distal point on the medial and 
lateral beaks of the proximal tibial metaphysis and a line per-
pendicular to the anatomic axis (or lateral cortex) of the tibia. 

 Levine and Drennan [ 1 ] found that in 29 of 30 legs with 
an initial MDA of more than 11°, radiographic changes of 
idiopathic tibia vara (Blount’s disease) later developed 
whereas such changes developed in only 3 of 58 patients 
with an angulations of 11° or less. 

 The epiphyseal–metaphyseal angle (EMA) is determined 
by measuring the angle formed by a line through the proximal 
tibial physis parallel to the base of the epiphyseal ossifi cation 
center and a line connecting the midpoint of the base of the 
epiphyseal ossifi cation center with the most distal point on the 
medial beak of the proximal tibial metaphysis (Fig.  14.2 ).

   Davids et al. [ 2 ] studied the knee x-rays of 80 children 
who were less than 3 years old. They found children with 
MDA >10° and EMA >20° are at greater risk for develop-
ment of Blount disease and should be followed closely. In 
their series, none of the children with MDA <10° and EMA 
<20° developed Blount disease. 

 Angular measurements are altered by limb rotation, which 
is why proper positioning is paramount (Fig.  14.3  ). 

   Infantile Blount’s is confi rmed with a widened irregular 
medial proximal tibial physis with metaphyseal beaking 
(Fig.  14.4 ). Lateral tibial subluxation, lucent areas within the 
metaphyseal beak, and triangular ossifi cation of the epiphy-
sis may also be present.

   The differential diagnosis includes skeletal dysplasia, meta-
bolic disease, physeal disturbance from occult trauma or infec-
tion, or, rarely, focal fi brocartilaginous dysplasia. History, a 
skeletal survey, and lab work helps differentiate these conditions.  
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  Fig. 14.1    Salenius curve       

  Fig. 14.2    Radiograhic measurments in Blounts diseases. The TFA is 
the angle the femoral and tibial mid-diaphyseal. MAD is the distance 
between the mechanical axe and the centre of the knee. The MDA is the 
angle formed by a line connecting the most distal point on the medial 
and lateral beaks of the proximal tibial metaphysis and a line perpen-

dicular to the anatomic axis (or lateral cortex) of the tibia. The EMA is 
the angle formed by a line through the proximal tibial physis parallel to 
the base of the epiphyseal ossifi cation center and a line connecting the 
midpoint of the base of the epiphyseal ossifi cation center with the most 
distal point on the medial beak of the proximal tibial       

 

 

S. Chaudhry and P.A. Banaszkiewicz



135

    What Is Infantile Blount’s? 

 When genu varum presents before age 3 and is determined to 
result from altered growth from the medial proximal tibial 
epiphysis, it is termed infantile Blount Disease [ 3 ]. 
Microscopically, the physis is disordered, with resultant 
abnormal endochondral ossifi cation in the metaphysis caus-
ing a progressive varus as asymmetric lateral growth contin-
ues. The etiology is unknown and generally thought to be 
developmental, rather than congenital, as presentation before 
age 2 is rare [ 4 ]. 

 Unlike physiologically bowed patients, patients with 
infantile Blounts tend to be obese and have a lateral thrust 
during gait. Each whole number increase in BMI increases 
the likelihood of Blount disease by 3 % [ 5 ]. Higher body 
mass index (BMI) has also been correlated with greater 
severity of varus and procurvatum deformity in this popula-
tion. Additionally, patients may have marked intoeing, due to 
a combination of increased internal tibial torsion and femo-
ral anteversion [ 6 ]. 

 Langenskiold [ 7 ] divided patients into six stages accord-
ing to age and radiographic metaphyseal and epiphyseal 

changes (Fig.  14.5 ). This classifi cation has proven to be 
prognostic in certain populations, with resolution possible 
prior to stage 4, after which recurrence is likely. In nonwhite 
populations, however, stages can occur earlier and disease 
can progress despite treatment before age 4. Timing and type 
of treatment, therefore, must be tailored to the population 
being treated.

      What Is the Best Nonoperative Treatment 
for Infantile Blounts? 

 A knee ankle foot orthosis (KAFO) or hip knee ankle foot 
orthosis (HKAFO) provides 3-point valgus pressure and can 
be considered in younger than age 3 or prior to Langenskiold 
stage II. An elastic Blount brace is a low profi le option that 
utilizes an elastic band distally to provide the valgus force in 
conjunction with a medial upright, with drop locks to 
increase corrective force during weight bearing [ 4 ]. Bracing 
schedules vary from full time to day or night only, with fre-
quent adjustment of the medial upright every couple months 
to provide a continuous valgus force. 

  Fig. 14.3    The affect of limb position on angular meaurments.  Left : 
standing limb alignment fi lm of a 10 year old male demonstrating 
apparent bilateral overall varus angulation, however the patellae are not 

facing forward ( dashed arrows ).  Right : the same patient was imaged on 
separate cassettes with the feet rotated in until the patellae faced for-
ward, which improves the varus appearance       
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 There is a narrow window for nonoperative treatment, as 
diagnosis is often made after age two, and to allow a 1-year 
trial without delaying surgery requires initiation before age 3. 
If neutral mechanical axis and healing of the radiographic 
Blounts lesion do not occur, corrective osteotomy should be 
performed prior to age 4. Surgery at earlier stage of disease 
is prognostic of higher success. At stage 4 and beyond, per-
manent physeal arrest is more likely. 

 The success of true bracing effect is confounded by the 
benign natural history of physiologic bowed legs treated as 
Blounts. One study limited to patients with Drennan’s angles 
over 16° showed 86 % success. Bracing failure was more 
likely with ligamentous instability, body weight exceeding 
the 90th percentile, or late initiation [ 8 ]. Another study dem-
onstrated 70 % success in Langenskiold stage II disease, 
though this was mainly in unilateral disease. Seventy percent 
of patients with bilateral involvement required surgical man-
agement [ 9 ].  

    What Is the Best Operative Treatment 
for Infantile Blounts? 

    Early Stage 
 The most common surgical approach is a single stage osteot-
omy to overcorrect the limb into about 5–10° of valgus, with 
concomitant lateral translation to ensure the mechanical axis 
passes laterally (Fig.  14.6 ). This removes the medial com-
pressive forces to unload the sick medial physis and allow 
resumption of growth. Osteotomy can be performed with 
opening or closing wedges or a dome type. Staying distal to 

  Fig. 14.4    Radiographic features of infantile Blounts. An AP of the left 
knee demonstrates a widened proximal tibial physis, sloped epiphysis 
( solid arrow ), metaphyseal beaking with lucent areas ( dashed arrow ), 
and subluxation of the tibia indicating lateral instability       

Type I

Type IV

Type V

Type VI

Type II Type III
  Fig. 14.5    Langenskiold staging 
of Blounts disease. Type I: 
Medial beaking, irregular medial 
ossifi cation with protrusion of the 
metaphysis. Type II: Cartilage 
fi lls depression. Progressive 
depression of medial epiphysis 
with the epiphysis slopes 
medially as disease progress. 
Type III: Ossifi cation of the 
inferomedial corner of the 
epiphysis. Type IV: Epiphyseal 
ossifi cation fi lling the 
metaphyseal depression. Type V: 
Double epiphyseal plate (cleft 
separating two epiphyses). 
Type VI: Medial physeal closure       
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the patellar tendon avoids physeal damage that would result 
in recurvatum. External rotation of the distal fragment is often 
needed, and judged pre and intraoperatively by assessment of 
bimalleolar and thigh foot (or heel thigh) axes.

   Additional considerations include fi bular osteotomy, fi xa-
tion, and fasciotomy. Given the small but real risk of com-
partment syndrome, long leg casts are often bivalved to allow 
room for postoperative swelling. Percutaneous or internal 
fi xation is therefore recommended, as cast loosening can 
result in loss of external stability. K wire fi xation is most 
often employed. Prophylactic 3 compartment fasciotomy can 
be considered, and we perform this routinely. Despite these 
measures, subtle weakness of the extensor hallucis longus 
can still be observed, likely due to partial peroneal nerve 
palsy [ 4 ]. 

 Another surgical option is guided growth with temporary 
lateral proximal tibial hemiepiphysiodesis. Lateral tension 
band plating has achieved 89 % success, and the distal femur 
can be concomitantly addressed [ 10 ]. Recurrence has been 
reported after implant removal, however, and patients with 
abnormal physes have more complications than other patients 
with knee deformities undergoing guided growth [ 11 ]. Screw 

breakage at the shaft is a signifi cant complication that can 
delay or prevent correction, and patients with morbid obesity 
may benefi t from modifi cations such as using double screw or 
H-plate confi gurations, solid instead of cannulated screws, or 
stainless steel instead of titanium implants [ 10 ].  

    Late Stage 
 The treatment for late stage disease, Langenskiold IV and V, 
is different as the medial physis has an effective growth 
arrest. Corrective osteotomy alone is likely to fail, and mul-
tiple osteotomies incur increasing surgical risk. Combining 
realignment with medial epiphysiolysis and interposition can 
prevent medial tethering and has been shown to be 80 % 
effective at avoiding varus recurrence when performed 
before age 7 for patients with stage III or greater disease 
[ 12 ]. In these cases, preoperative MRI is useful to determine 
area for physiolysis and ensure resection is performed lateral 
enough. 

 A double level osteotomy with intraarticular osteotomy 
for medial plateau elevation in addition to concomitant or 
staged high tibial osteotomy for mechanical axis correction 
can also be considered in older children (>7 years) with 

  Fig. 14.6    Corrective osteotomy for infantile Blounts disease.  Left : 
standing alignment fi lm in a 4 year old male demonstrates mechanical 
axis going through the center of the knee joint on the right lower 
extremity while deviated medially on the right side.  Middle : patient 
underwent acute tibial and fi bular osteotomies through separate inci-

sions to produce valgus, lateral translation, and external rotation of the 
distal fragment, with percutaneous K wire fi xation, prophylactic ante-
rior compartment fasciotomy, and long leg casting.  Right : Postoperative 
radiographs demonstrating healed osteotomy, desired valgus overcor-
rection, and restoration of mechanical axis       
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advanced stage disease. MRI or arthrogram is important to 
assess the cartilaginous articular surface, which may be more 
congruent than radiographs would suggest. MRI has shown 
children with Blounts to have a thickened unossifi ed medial 
epiphysis and similar tibial condylar inclination that may 
compensate for the sloped ossifi ed portion [ 13 ]. 

 Completing the growth arrest with lateral epiphysiodesis 
will prevent recurrence, incurs signifi cant limb length dis-
crepancy, and is generally reserved for patients with under 
2 years of growth remaining. It should be kept in mind that 
Blounts patients have advanced bone age compared to chron-
ologic age by an average of 16 months overall, 26 months in 
early onset group [ 13 ], as this affects prediction of length 
discrepancy and effi cacy of guided growth. Lengthening can 
be performed concomitantly or at a later time.    

    What Is Adolescent Blounts? 

 adolescent blounts, or late onset tibia vara, varies in defi ni-
tion, but generally refers to an idiopathic progressive angula-
tion after about age 8 in patients without concomitant 
pathology except for obesity [ 4 ]. Compared to infantile 
Blounts, it is less common, more often unilateral, affects a 
higher proportion of males, has less internal tibial torsion, 
and more often has concomitant limb length discrepancy 
(Table  14.1  ).  Etiology is thought to be from mechanical 
compression caused by high body mass and repetitive micro-
trauma during adolescent growth spurt.

   Concomitant pathology associated with late onset tibia 
vara includes low vitamin D levels, slipped capital femoral 
epiphysis, and obstructive sleep apnea (OSA). Vitamin D 
defi ciency may be both a cause and effect, exacerbating phy-
seal vulnerability and resulting from decreased sunlight 
exposure that accompanies impaired mobility and obesity. 

Patients with 25-vitamin D levels below 16 ng/mL are over 7 
times more likely to have Blount disease than patients with 
higher levels [ 14 ]. Almost 2/3 of Blounts patients over age 9 
have OSA, and snoring should prompt screening with poly-
somnography [ 15 ]. 

 Radiographic features are distinct from infantile Blounts. 
The proximal metaphysis is not beaked, but the overlying 
physis is widened medially or all the way across. Lateral dis-
tal femoral physeal widening can be also present. One fi fth 
of patients demonstrate distal femoral varus, contributing to 
30 % (6–20°) of the overall varus. Concomitant distal tibial 
valgus may also develop in response to the proximal tibial 
varus, but is not signifi cantly different from population nor-
mals [ 16 ,  15 ]. Digital imaging software is useful to measure 
overall mechanical axis as well as joint line angles that can 
be compared to reference normals [ 17 ]. We employ 
TraumaCad (VoyantHealth, Westchester, IL), which imports 
and saves angular measurements and deformity correction 
planning (Fig.  14.3 ) to our digital picture and archiving 
 communication system (PACS) (Siemens, Erlangen, 
Germany ) ( Fig.  14.7  ) .

      What Is the Best Treatment for Adolescent 
Blounts? 

 Treatment is mainly surgical, as orthotics are both poorly tol-
erated and ineffective in this older obese population. The 
goal is correction to a neutral mechanical axis, as even with 
correction to less than neutral there will be apparent valgus 
and thigh impingement. Both internal and external fi xation 
has been used, and simultaneous or staged correction of dis-
tal femoral deformity should be considered. Internal fi xation 
has the advantages of shorter time to bony union and avoid-
ance of pin-related complications, however risk of 

   Table 14.1    Comparison between infantile and adolescent tibia vara   

 Characteristic  Infantile Blounts  Adolescent Blounts 

 Incidence  More common  Less common 

 High BMI  Correlates with magnitude of deformity  Higher than early onset, correlates with deformity 
when BMI > 40 

 Low vitamin D level  Both  Both 

 Gender  Male predominance  Higher male predominance 

 Laterality  Bilateral (can be unilateral)  Unilateral (can be bilateral) 

 Proximal tibial varus  Higher magnitude  Lower magnitude 

 Distal femur varus  Not present  More often present (20 %) 

 Internal tibial torsion  More prominent  Less prominent 

 Procurvatum  More prominent  Less prominent 

 Radiographic Changes  Medial metaphyseal beaking  Medial proximal tibial physiolysis (widening) 

 Advanced bone age  Average 26 months  Average 10 months 

 Effi cacy of Bracing  Successful in early stages when initiated before age 3  Ineffective and poorly tolerated 
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neurovascular injury, inability to address length discrepancy, 
and diffi culty of accurate multiplanar correction has 
decreased its popularity. 

 External fi xation allows more adjustability and earlier 
weight bearing, though patients often have diffi culty with 
the latter and will often end up being non weight bearing. 
Gradual correction allows more accurate correction of 
mechanical axis deviation, sagittal plane deformity, and 
limb length than acute correction [ 18 ], with the added 
advantage of lower prevalence of transient peroneal nerve 
palsy [ 19 ]. Constructs can range from monolateral multi-
axial fi xators [ 20 ] to Ilizarov circular fi xators, or more 
recently, computer- assisted correction with the Taylor 
Spatial Frame system (Smith and Nephew Inc., Memphis, 
TN) [ 21 – 23 ]. 

 Lateral proximal tibial hemiepiphysiodesis is technically 
simpler and much less morbid than osteotomy or corticot-
omy, however it relies on the growth potential of the medial 
physis and is a uniplanar correction. Bone age should be 
checked, as late onset Blounts patients average 10 months of 
increased bone maturity by the Greulich and Pyle method 
[ 13 ]. Successful limb realignment with hemiepiphyseal 
 stapling of the lateral proximal tibia, in conjunction with the 
distal femur when indicated, without the need for osteotomy 
is predicted by younger age (<10 years) at time of surgery 
and mild to moderate deformity [ 24 ]. Risk factors for failure 
include age over 14, BMI over 45 kg/m 2 , and greater baseline 
deformity [ 25 ]. Despite two-thirds of patients failing to cor-
rect with this technique alone, it may mitigate the amount of 
correction subsequently needed (Fig.  14.8 ).
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  Fig. 14.7    TraumaCAD analysis of a patient with Blount disease. TraumaCAD analysis of patient from Fig.  14.3  demonstrates the varus to origi-
nate from an abnormal medial proximal tibial angle, without contribution from the distal femur       
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   Given the role of obesity in the pathophysiology of 
Blounts and its associated morbidity, concomitant weight 
loss is an important treatment goal. Despite satisfactory 
radiologic outcome and nutritional counseling, however, 
over three-quarters of patients continue to gain weight the 
longer they are followed [ 26 ].       
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technique used in the proximal tibia given the patient’s body habitus. 
Patient was also underwent contralateral proximal tibial epiphysiodesis 
to improve limb length discrepancy       
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      Evidence-Based Treatments 
for Fractures Around the Knee Joint                     

     Ibrar     Majid      and     Talal     Ibrahim    

    Abstract  

  Fractures around knee in children are common and pose some challenges to the treating 
surgeon. Two types, distal femoral physeal fractures and tibial spine fractures, attract sig-
nifi cant controversies and variation in practice. In this chapter, we examined the evidence 
behind various types of treatments for these two fractures.  

  Keywords  

  Distal femur fracture   •   Physeal injury   •   Growth arrest   •   Leg length discrepancy   •   Angular 
deformity   •   Salter-Harris injury   •   Tibial spine injury   •   Tibial eminence injury   •   None opera-
tive management   •   Arthroscopic reduction   •   Screw fi xation   •   Suture fi xation   •   Arthrofi brosis  

      Distal Femoral Physeal Injuries 

 The distal femoral physis grows at a length of approximately 
10 mm per year and contributes 70 % of the growth of the 
femur and 40 % of the growth of the lower limb [ 1 ]. Historically 
injuries at this location occurred with hyperextension and tor-
sion around the knee and most commonly when trapping the 
foot in a cartwheel, were often complicated by vascular injury 
and infection, and could lead to amputation and even death [ 2 ]. 
In the modern era, these injuries are most often found in ado-
lescents males [ 3 ] following motor vehicle accidents [ 4 ], or 
sporting activities [ 5 ], and are usually classifi ed according to 
the Salter-Harris (SH) injury classifi cation system [ 6 ]. Although 
uncommon and only accounting for 1 % of physeal injuries [ 7 ] 
they are associated with a high incidence of complications, the 
most serious of these include neurovascular injury [ 3 ], and 
growth disturbance which can be as high as 70 % [ 8 ]. 

 Almost all the studies on this subject are retrospective 
studies. Without exception all the reported series have a sig-

nifi cant number of SH type II injuries and small number of 
types I and III-V injuries. In addition, many studies have 
small numbers in their comparison groups which makes sta-
tistical analysis less robust and reliable. There is also a wide 
variation within the literature with regards to the defi nitions 
of both growth disturbance and limb length discrepancy 
(LLD), which makes direct comparisons between different 
studies diffi cult. This is further limited by the poor and sub-
jective defi nitions of “good outcome” and “bad outcome” 
which are employed by different authors. 

    Should All Distal Femoral Physeal Injuries 
Be Treated with Reduction and Operative 
Fixation? 

 One of the challenges in understanding which injuries 
require surgical fi xation is the diagnosis of fracture dis-
placement and intra-articular involvement. Wall and May 
[ 9 ] reported diffi culty in recognising displacement in type 
III and IV SH injuries and recommended a low threshold for 
both obtaining computer tomography (CT) scans prior to 
surgical fi xation. In Arkader et al’s. [ 5 ] study of 83 fractures 
over 10 years, 35 of 43 (82 %) displaced factures were 
treated with surgery. The authors reported a 49 % complica-
tion rate in displaced fractures in comparison to a 27 % 
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complication rate in undisplaced fractures with no associa-
tion with the degree of displacement. Hence, Arkader et al. 
[ 5 ] concluded that all displaced fractures should be treated 
with reduction and internal fi xation. The authors also 
reported one case of an undisplaced fracture which was ini-
tially treated conservatively, which required later surgical 
intervention for fracture displacement. These results are 
similar to those reported by Stephens et al. [ 10 ] In their 
15-year retrospective review of 20 cases, 17 cases required 
closed reduction of which seven further displaced and lost 
their reduction. The majority of these cases were SH II inju-
ries (82.4 %). Four of these seven cases required further 
manipulation and Kirschner (K)-wiring, and one required 
open reduction. Edmunds and Nade [ 11 ] further support this 
by reporting a 64 % (7/11 patients) rate of re-displacement 
with closed reduction. In their series of 33 patients, all 
except four injuries were displaced. Ten of the thirty-three 
patients were lost to follow- up, and of the remaining 23, the 
study did not specify the number of non-displaced fractures. 
Edmunds and Nade defi ned leg length discrepancy (LLD) 
greater than 2 cm or any coronal angulation that caused dis-
ability as a poor outcome. Overall, 8 of the 23 patients had 
an open reduction and internal fi xation (ORIF) with only 
one case of poor outcome (12.5 %); 5 of 23 patients had a 
closed reduction and internal fi xation (CRIF) with poor 
results reported in 60 %, and 7 of 23 patients were treated 
with closed reduction and casting or traction with a poor 
result in 57 %. Three patients had no documented treatment 
for their injuries. Edmunds and Nade concluded that all dis-
placed SH II-IV injuries should be treated with ORIF to 
avoid a poor outcome. 

 Accurate reduction is associated with a reduced incidence 
of LLD and coronal plane deformity. This has been shown by 
Lombardo and Harvey [ 12 ] in their retrospective review of 
34 fractures. They reported a mean LLD of 0.81 cm and only 
2 of 8 (25 %) cases with a varus or valgus deformity greater 
than 5° in displaced fractures that were reduced. This is com-
pared to a mean LLD of 2.52 cm and 6 of 12 (50 %) cases 
with a varus or valgus deformity greater than 5° in displaced 
fractures that were not reduced. This fi nding was consistent 
across all SH injury types. Ilharreborde et al. [ 8 ] concluded 
that the degree of displacement and metaphyseal comminu-
tion were associated with growth arrest and angular defor-
mity. On closer review of their data, the difference in rates of 
LLD or coronal plane deformity between cases which were 
completely displaced or associated with metaphsyeal com-
minution (66.7 %) was only slightly higher than those inju-
ries which were not (62.5 %). 

 The largest case series of these injuries is the study of 
Eid and Hafez [ 3 ]. In their study of 151 cases, 111 patients 
had initial treatment with either an above knee (AK) cast or 
closed reduction and an AK cast or hip spica. Of these, 33 
patients (29.7 %) had redisplaced at 2 weeks, and 25 of 33 

were unsuccessful with repeat closed reduction and 
required an ORIF. All of these studies support the conclu-
sions of Thomson et al. [ 13 ] that casting alone is not enough 
to maintain reduction, and that all these injuries should be 
treated with fi xation. This recommendation is in contrast to 
that of Czitrom et al. [ 4 ] who reported their fi nding from 
The Hospital of Sick Children in Toronto. They treated 15 
of 42 fractures with above knee casting alone (of which ten 
were undisplaced and required no initial reduction). Of 
these, four patients lost initial reduction requiring manipu-
lation and casting. These were all SH type II injuries, and 
none required open reduction or fi xation. Czitrom et al. 
concluded that all SH II injuries should be treated with 
closed reduction and casting, and that open reduction and 
fi xation be reserved for Type III and IV injuries. 
Illharreborde et al. [ 8 ] reported no re-displacement in their 
retrospective series of 20 SH II injuries treated with closed 
reductions and above knee casts, but their numbers were 
small (only 4 of 20 cases), with the majority (16/20) being 
treated with ORIF.  

    Does Surgical Fixation Increase the Risk 
of Growth Arrest? 

 Physeal plate damage leading to growth arrest normally 
occurs 12–18 months post injury [ 12 ]. The most comprehen-
sive summary of our understanding of growth disturbance 
after distal femoral physeal injuries comes from the meta- 
analysis performed by Basener et al. [ 14 ]. They included 16 
studies with a minimum follow up of 12 months and a total 
of 564 cases. Basener et al. reported an overall rate of growth 
disturbance of 52 %, with a four times increased risk in dis-
placed versus undisplaced injuries. As we previously 
described, there are variations between different studies on 
what is perceived as a complication or growth arrest and the 
exact defi nition of these complications. Basener et al. con-
sidered signifi cant growth arrest to be present with either 
LLD of greater than 1.5 cm or a coronal plane deformity of 
greater than 5°, which was reported in 112 of 506 patients 
(22 %) (Table  15.1 ).

   Of the cases with patient level data (151 patients), Basener 
et al. reported a 27 % rate of growth arrest in patients treated 
with surgical fi xation, compared to 37 % with no surgical 
fi xation. The surgical fi xation group consisted of only 30 
patients compared to 121 in the non-surgical fi xation group, 
which may have contributed to the lower reported prevalence 
in the former group. This is supported by the overall inci-
dence of growth disturbance which was greater in patients 
who were not treated with surgical fi xation (63 % vs. 58 %). 
Another possible confounding factor is the selection and 
treatment bias of the treating surgeon in fractures that are 
treated with surgical fi xation.  
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    Does Transphyseal Pinning Increase the Risk 
of Growth Arrest as Compared with Physeal 
Sparing Techniques? 

 Violating physeal plates with metalwork has always had a theo-
retical association with increased risk of growth arrest. Growth 
disturbances are a recognised sequlae of paediatric distal femo-
ral injuries [ 8 ] and for this reason understanding the effects of 
metalwork around the physeal plate in these injuries is of para-
mount importance. Arkader et al. [ 5 ] demonstrated that frac-
tures that were internally fi xed with none physeal-sparing 
techniques (Steinman pins; n = 20) had a higher rate of compli-
cations (65 %) compared to physeal sparing fi xation techniques 
(n = 13; complication rate 30 %) (p = 0.06). Complications 
included growth arrest, loss of reduction, persistent loss of 
range of knee motion, malunion and peroneal nerve injury. In 
their retrospective study of 55 displaced fractures requiring 
reduction, Garret [ 15 ] et al. reviewed 44 cases treated with sur-
gical fi xation. The majority of these (40/44) were treated with 
two percutaneous smooth K-wires or Steinman pins (1.8–
3.2 mm diameter) crossing the physis. The remaining four 
cases were treated with physeal sparing screws. They reported 
a 21.8 % overall prevalence of physeal arrest. Fractures treated 
with K-wires or pins that crossed the physeal plate were associ-
ated with a 17.5 % rate of growth arrest, compared to injuries 
treated in cast alone (27.3 %) and with screw fi xation (50 %) 
(p = 0.2). The small number of cases in the different treatment 
arms prevent the demonstration of a statistically signifi cant 
(p < 0.05) difference. However, the results tend to favour the 
argument that smooth wires or pins violating the physeal plate 
do not contribute to growth arrest.  

    What Other Factors Increase the Risk 
of Growth Arrest? 

 In the meta analysis by Basener et al. [ 14 ], the prevalence of 
growth disturbance was least in SH I injuries (36 %) and 

most in SH IV (64 %), followed by SH II (58 %) and then SH 
III (49 %) injuries. This is consistent with other studies that 
suggest increasing SH classifi cation increases the rate of 
growth arrest [ 4 ,  5 ]. The reported increased rates of growth 
arrest seen in SH II injuries may be due to the large number 
of these cases in all studies, causing a skewing of the data. It 
may also be related to the fact that although injuries in the 
lower SH classifi cations (SH I & II injuries) have growth 
arrest, it is not as clinically signifi cant as in the higher clas-
sifi cations (SH III and greater injuries). This would concur 
with the fi ndings of Czitrom et al. [ 4 ]who reported that 20 of 
29 SH I or II injuries had some degree of shortening but only 
3 of 29 had an LLD greater than 1.5 cm. 

 Riseborough et al. [ 16 ] reported a rate of 57 % and 26 % 
for LLD and angular plane deformity respectively in their 
study of 66 fractures. When comparing age groups, they 
found 19 of 23 cases (83 %) within the juvenile age group 
(2–10 years old) had an LLD or angular plane deformity 
compared with only 18 of 36 (50 %) in the adolescent group 
(11 years and older). They postulated that as most juvenile 
injuries were associated with high energy trauma, they would 
lead to more signifi cant growth sequale compared with the 
low energy sports injuries sustained by adolescents. Eid and 
Hafez [ 3 ] found similar trends in their study, with both short-
ening and a LLD most common in the age group 2–11 years 
[shortening 28 of 49 (57 %); angular plane deformity 33 of 
49 (67 %)]. Garrett et al. [ 15 ] further confi rmed the positive 
association between physeal bars and higher energy injuries 
(11 of 12 compared with 1 of 19 in low energy injuries) and 
an increasing SH classifi cation (100 % SH IV, 50 % SH III 
and 17 % SH II injuries).   

    Anterior Tibial Spine Fractures 

 Fractures of the anterior tibial spine are an uncommon injury 
amongst the paediatric population, and were fi rst reported in 
children by Pringle in 1907 [ 17 ]. They are reported to be the 

 Recommendations  Grade of recommendation 

 Distal femoral physeal injuries 

 Reduction and surgical fi xation is indicated for all distal femoral physeal injuries  C 

 Surgical fi xation is not associated with an increased risk of growth arrest  I 

 Transphyseal fi xation does not increase the rate of growth arrest and deformity as 
compared with physeal sparing techniques 

 C 

 The risk of growth arrest increases with increasing Salter Harris classifi cation  B 

 High energy injuries are associated with a higher risk of growth arrest  B 

 Anterior tibial spine fractures 

 All Type II injuries should be treated by surgical reduction and internal fi xation  C 

 Open surgery is associated with fewer complications than arthroscopic surgery  C 

 Screw fi xation is superior to suture fi xation  C 

 The risk of complications increases with increasing Myers and McKeever 
classifi cation 

 B 

 Transphyseal screw fi xation is safe  B 

   Table 15.1    Summary of 
recommendations   
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cause of acute knee haemarthrosis in 5 % of cases [ 18 ], and 
occur most commonly from hyperextension or hyperfl exion 
injuries when skiing, falling from bicycles [ 19 ], during fi eld 
sports [ 20 ] and road traffi c accidents. They are most com-
mon in the 8–14 years age group [ 19 ,  21 ], with a peak inci-
dence between 11 and 13 years [ 22 ,  23 ]. Meyers and 
McKeever [ 19 ] originally classifi ed these injuries into three 
types: Type I is an undisplaced injury; Type II is a displaced 
injury with an intact posterior cortex and Type III injuries are 
completely detached from the tibial plateau. They also 
described a Type III+ which represents a completely dis-
placed and rotated fragment. Zaricznjy [ 24 ] later added a 
type IV injury which is a multifragmentory spine fracture. 
Historically, they were often referred to as the adolescent 
anterior cruciate ligament (ACL) injury and were thought to 
occur due to incomplete ossifi cation of the tibial spine, 
requiring less tensile force to cause injury than the ACL [ 25 ]. 
Although a large proportion of the studies on this subject are 
retrospective, more recent comparative prospective studies 
have been published looking at specifi c aspects of manage-
ment of this condition. 

    Should Type II Fractures Be Treated 
Operatively or None Operatively? 

 Over the years, there has been much debate about the opti-
mum treatment of the type II injury. In Meyers and 
McKeever’s [ 19 ] original description of 35 paediatric 
patients, type II injuries (n = 17) were treated with aspiration 
of haemarthrosis and cast immobilisation. Open reduction 
and internal fi xation (ORIF) was reserved for type III inju-
ries only (n = 8). Sixteen of the seventeen type II injuries had 
an excellent outcome, with the remaining one reporting a 
good outcome. Interestingly, only fi ve of the eight type III 
injuries were reported to have an excellent outcome at aver-
age follow up of 3 years (range 0.5–20 years). These fi ndings 
were confi rmed by a follow up report just over a decade later 
by the same authors [ 26 ], when they once again demon-
strated an excellent outcome with type II injuries treated 
with cast immobilisation (23 out of 24), and lead them to 
conclude that all type II injuries can be treated with closed 
reduction and casting. Despite this long understanding, none 
operative management has theoretically been associated 
with non anatomical reduction causing non or malunion, 
ACL instability and loss of knee range of motion. 

 Baxter and Wiley [ 23 ] reported on 13 type II injuries from 
a total of 42 patients in their study. Five of these were treated 
with cast immobilisation, and at follow up (between 3 and 10 
years), there was no clinical difference in ACL laxity between 
the injured and the normal knee. Seven type II injuries were 
treated with closed reduction and one with open reduction. In 
both treatment modalities there was a mean difference in 

anterior translation of the tibia on the femur of 3.5 mm, but 
this was not associated with clinical instability. Eight of the 
thirteen (62 %) patients with type II injuries had more than 
10° loss of extension, but interestingly the prevalence was 
greater in type III injuries (81 %), even in those that had an 
open reduction (52 %) or a closed reduction (41 %). Edmonds 
et al. [ 27 ] compared ORIF, arthroscopic reduction and inter-
nal fi xation (ARIF) and closed reduction and casting in dis-
placed type II and III injuries. They found 16.7 % of fractures 
that were treated with closed reduction and casting required 
subsequent operation for loose bodies, instability and 
impingement. This subset of patients that required surgery 
after an initial period of none operative management had a 
mean displacement of 6.7 mm, which led Edmonds et al. [ 27 ] 
to conclude that displacement of less than 5 mm may be a 
safe cut-off for non-operative management and a greater dis-
placement is an indication for surgical reduction and fi xa-
tion. Unfortunately, the small number of subjects involved in 
this subgroups analysis makes it diffi cult to extrapolate these 
results, and there is no indication from Edmonds et al. of how 
many of these injuries were type II and how many were not. 

 Another argument for surgical treatment of type II inju-
ries is to remove any soft tissue interposition which could 
prevent complete fracture reduction. Falstie-Jensen and 
Søndergård Peterson [ 28 ] reported on four cases of meniscal 
incarceration, which required arthroscopic reduction, three 
of the four occurring in type II injuries. Other studies have 
reported rates of soft tissue interposition of between 32 % 
and 100 % [ 27 ,  29 ] in these injuries. Tudisco et al. [ 22 ] argue 
that accurate initial reduction is the key to a good prognosis, 
and advocate all type II injuries be treated with surgical 
reduction and fi xation. In their study of 14 patients with 
mean follow up of 29 years (range 12–42), 3 (21 %) had type 
II injuries. Two were treated with cast immobilisation alone, 
and one was treated with ARIF. Post operative care included 
immediate weight bearing and continual passive motion for 
6–10 hrs a day for the fi rst 3 weeks. At follow up all had a full 
range of motion, but the two treated with cast immobilisation 
did have signs of clinical instability as demonstrated by the 
KT-1000 arthrometer. The small numbers in this study pre-
clude any valid conclusions. Gans et al. [ 30 ] reported a total 
of ten non unions in 580 patients, 80 % of which occurred in 
type II (n = 2) and type III (n = 6) injuries that were treated 
non-operatively. Although small, the risk of non union seems 
to be more common in type II injuries treated non  operatively 
than with surgery, and this might support the argument for 
operative fi xation. In addition, they reported a prevalence of 
knee laxity of 22.2 % as demonstrated by positive anterior 
draw and Lachman tests, and 7.8 % as demonstrated by posi-
tive pivot shift test in subjects that had sustained type I or II 
injuries. This suggests that a proportion of type II injuries can 
have residual laxity which might be prevented by surgical 
fi xation. This would need to be explored further through the 
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use of controlled trials. What is not in doubt is the signifi cant 
difference in these measures of laxity that are seen in type III 
and type IV injuries. Gans et al. [ 30 ] reported these rates to 
be between 40 % and 60 %.  

    Is There a Difference in Outcome 
Between Arthroscopic and Open Surgery? 

 The study by McLennan [ 31 ] was one of the fi rst published 
on the use of arthroscopy in the treatment of these injuries. 
He reported on 35 type III injuries, and used arthroscopy to 
reduce the fracture fragments which were then held with 
either cast immobilisation or percutaneous K-wires. Patients 
with isolated tibial spine fractures treated this way were able 
to return to pre injury function between 3 and 4 months after 
surgery. McLennan claimed that arthroscopic assisted reduc-
tion helped to reduce hospital stay and rehabilitation time, 
but his study had no control group to compare with. Since 
then, other authors have gone on to show that arthroscopic 
surgery for type II-IV injuries can achieve good outcomes 
including functional knee scores, range of motion and low 
rates of non union [ 32 ]. 

 Edmonds et al. [ 27 ] reviewed the results of ORIF, ARIF 
and closed reduction and casting in displaced type II and III 
injuries in 76 children over an 8-year period. 29 children had 
ORIF, 19 of whom were converted from ARIF to ORIF. 28 
children underwent successful ARIF and 19 had closed reduc-
tion and casting. They reported a signifi cant difference 
(p < 0.001) in the ability to reduce the fracture fragment 
between the operative and non operative arms, but not between 
ORIF and ARIF. They also reported a similar incidence of 
extension lag greater than 10° between ORIF (11.1 %) and 
ARIF (12.5 %), and concluded that for displaced tibial spine 
fractures, both methods yielded excellent reduction of the 
fracture with no difference in long-term outcomes. 

 Gans et al. [ 30 ] demonstrated greater rates of loss of short 
term extension at the knee after arthroscopic reduction and 
fi xation as compared with open reduction, with a rate of 
9.4 % in the ARIF group versus 0 % in the ORIF group. 
However, they reported little difference in rates of arthrofi -
brosis (defi ned as persistent loss of 25° fl exion or 10° exten-
sion 3 months after treatment and in the absence of non 
union, malunion, meniscal injury or bony deformity); 3.6 % 
in the ARIF group versus 2.7 % in the ORIF group.  

    Is Screw Fixation Better than Fixation 
with Sutures? 

 Laboratory based animal studies have suggested that wire 
fi xation is stronger than fi xation with screws in anterior tibial 
spine fractures (Fig.  15.1 ). Anderson et al. [ 33 ] found in 

skeletally immature porcine knees using physeal sparing 
fi xation, screw fi xation with cannulated 3.5 mm screws was 
associated with the lowest median peak failure loads 
(186.4 N) compared to ultra high molecular weight polyethe-
lene (UHMWPE) suture to suture buttons (465.8 N), 
fi brewire suture anchors (440.5 N) and polydiaoxanone 
(PDS) suture buttons (404.3 N). During cyclical loading they 
reported percentage survival least with screws (0 %), then 
suture anchors and PDS buttons (78 %) and most with the 
UHWPE buttons (100 %). The UHMWPE button fi xation 
demonstrated a signifi cantly higher median peak failure load 
after cyclic testing than the PDS button and screw fi xation. 
They concluded in their animal study, that physeal sparing 
fi xation of tibial eminence fractures with UHMWPE suture 
buttons is biomechanically superior to both PDS suture but-
tons and a single screw at the time of surgery, and provides 
more consistent fi xation than do fi brewire suture anchors.

   Eggers et al. [ 34 ] found similar results in their study also 
on porcine knees comparing one screw, two screws, fi brewire 
sutures and Ethibond sutures through single and cyclic load-
ing tests. They reported the lowest maximum load in the 
single cycle loading test to be in the group fi xed with two 
3.5 mm cannulated screws (303.4 N) and the highest with 
fi brewire fi xation (599.6 N). After 1000 cycles of loading, 
the maximum load of the fi brewire fi xation (582.3 N) was 
signifi cantly higher than the maximum load of fi xation with 
Ethibond (399.3 N), fi xation with one screw (457.1 N), and 
fi xation with two screws (455.2 N). They concluded that 
under cyclic loading conditions, suture fi xation of tibial emi-
nence fractures provides more fi xation strength than screw 
fi xation, and that a second screw has no positive effect on the 
biomechanical characteristics of screw fi xation. 

 With respect to clinical signs, Gans et al. [ 30 ] reviewed 
studies that had used screws against those that had uses 
sutures and found screw usage as compared with sutures was 
associated with higher rates of short term loss of extension 
(8.3 % vs. 0 %) but less arthrofi brosis (0 % vs. 6.3 %). They 
also reported that screws were associated with considerably 
more laxity as demonstrated by positive anterior draw and 
Lachman’s tests (82.4 % vs. 18.8 %), but almost equal posi-
tive pivot shifts (11.8 % vs. 9.4 %). From these studies we 
can conclude that the animal models suggest that suture 
 fi xations are stronger than those with screws, but in clinical 
trials sutures are associated with more long term joint 
stiffness.  

    What Factors Reduce the Risk of Arthrofi brosis 
of the Knee Joint Following Injury or Surgery? 

 Baxter and Wiley [ 23 ] found in their study that anatomical 
reduction alone is not protective against loss of range of 
motion, and there seems to be little difference in outcome 
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between open and closed methods of reduction. Of interest, 
they reported an 81 % prevalence of loss of range of motion 
in type III injuries as compared with 62 % in type II injuries. 
This supports the hypothesis, that the mechanism and energy 
of injury and associated soft tissue trauma has an important 
role to play in any subsequent joint stiffness. Parikh et al. 

[ 35 ] compared ARIF with epiphyseal (n = 12) versus trans-
physeal (n = 9) screws in 21 patients. They defi ned arthrofi -
brosis as loss of 5° of extension or 15° of fl exion as compared 
with the normal knee, which has been described previously 
[ 36 ]. Eight of twelve patients (67 %) with epiphyseal screws 
had a pain free full range of movement at 3 months. Three of 

  Fig. 15.1    Anterior tibial spine fracture treated with arthroscopic screw fi xation       
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the remaining four had removal of metalwork which resolved 
their symptoms. In the transphyseal group all screws were 
removed 3 months post surgery. Five of nine subjects (56 %) 
reported a pain free full range of movement at this time, and 
the remaining four regained full range of motion after the 
second procedure. Rehabilitation for both groups was depen-
dent on post operative immobilisation. Those in casts (epiph-
yseal n = 6; transphyseal n = 6) started range of motion 
exercises after 4 weeks when the cast was removed (median 
time = 26 days). Patients treated with knee braces (epiphy-
seal n = 6; transphyseal n = 2) started exercises 1 week post 
operatively (median time = 7 days). Parikh et al. [ 35 ] reported 
no difference in fi nal range of knee motion between the two 
groups, and concluded that a regime of aggressive post oper-
ative physiotherapy and repeat arthroscopy can successfully 
prevent loss of knee joint motion. These fi ndings support 
early work on these injuries in which prolonged periods of 
immobilisation, sometimes up to 6 weeks in cast, were not 
associated with loss of joint motion [ 24 ]. 

 The largest case series of arthrofi brosis following treat-
ment is the study of Vander Have et al. [ 20 ]. Their study 
reviewed 32 children with type II (22 %) and type III (78 %) 
injuries. 88 % of all injuries were treated with ARIF with 
either transphyseal screws (n = 20) or wires (n = 8). Three of 
thirty-two (9 %) were treated with ORIF and one with MUA 
and K-wires. Following surgery 88 % were immobilised in 
full extension for 4–6 weeks, and 22 % were put into a knee 
brace and started gradual range of motion over 4–6 weeks. 
Twenty four of the thirty-two (75 %) required reoperation in 
the form of arthroscopy and adhesiolysis due to loss of full 
extension, full fl exion, or both. All three patients that had 
ORIF lacked both full extension and fl exion. At follow up 
between 6 and 24 months, 91 % of patients had regained 
range of motion within 5° of the unaffected knee. Of the three 
that did not regain range of motion, two had sustained frac-
tures following MUA and one patient had been treated ini-
tially with ORIF. Although this study was unable to identify 
any causal factors to prevent arthrofi brosis, they did highlight 
the importance of avoiding MUA alone as a treatment for 
joint stiffness due to the high risk of complications. 

 In their meta-analysis, Gans et al. [ 30 ] identifi ed nine 
studies which reported extension contractures greater than 5° 
or fl exion contractures greater than 15°, which they termed 
loss of range of motion. They reported lower rates of loss of 
range of motion in type I/II injuries (18.2 %) as compared 
with type III/IV injuries (27.8 %). A similar trend was found 
for arthrofi brosis between the two groups (7.1 % in type I/II 
vs. 14.2 % in type III/IV), and confi rms earlier fi ndings that 
the severity of injury probably dictates the level of joint stiff-
ness seen. More recently Watts et al. [ 37 ] reported rates of 
arthrofi brosis of 33.3 % in patients undergoing ARIF com-
pared with 7.7 % in those having ORIF. They correlated 

these fi ndings to time from injury to surgery and intraopera-
tive time, and concluded that a delay of more than 7 days 
from injury to surgery, and an intraoperative time greater 
than 120 min were signifi cant risk factors for arthrofi brosis.       
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      Evidence-Based Treatment for Clubfoot                     

     Munier     Hossain      and     Naomi     Davis    

    Abstract  

  The management of clubfoot has been the subject of active research interest for some time 
and there is a large body of evidence supporting its treatment strategy. The spectrum of evi-
dence includes randomised controlled trials (RCT), long term prospective follow up as well 
as systematic reviews including a recent Cochrane review. The actual quality of evidence 
does vary and there are no real level I studies. Besides, evidence was not always available for 
the most pertinent clinical questions. However, most published evidence consistently sup-
ported the superiority of the Ponseti technique for treating idiopathic clubfoot. Evidence was 
less clear for management of the complex idiopathic type or the non- idiopathic type club-
foot. Since the publication of results from Ponseti’s team this technique has been adopted 
widely and results published from numerous centres from as far afi eld as Brazil to Bangladesh. 
On the basis of available publications it is estimated that the Ponseti technique is in use in at 
least 113 countries around the world Shabtai et al. (World J Orthop 5:585–590, 2014). The 
basic principle of the Ponseti technique is well established although minor variations have 
been attempted by different researchers. In the ensuing paragraphs we have reviewed the 
evidence base for management of clubfoot recommendations.  

  Keywords  

  Clubfoot   •   Congenital talipes equinovarus   •   Pirani score   •   Ponseti method   •   Kite method   • 
  French method   •   Tendoachilles tenotomy   •   Foot abduction brace   •   Boots and bar   •   Tibialis 
anterior tendon transfer  

      Background 

 Clubfoot, also known congenital talipes equinovarus 
(CTEV), is a common congenital limb deformity with an 
incidence of 1/1000. It involves both feet in 50 % of patients 

and boys are more affected than girls (3/2). It is characterised 
by a tight tendoachilles (equinus), an excessively turned in 
foot (varus) and high medial longitudinal arch (cavus) (Fig. 
 16.1 ), which if left untreated leads to long-term functional 
disability, deformity and pain [ 2 ].

   Clubfoot can be:

•    Idiopathic clubfoot which presents as an isolated anomaly 
in a normal child.  

•   Non-idiopathic clubfoot which is associated with other 
neuromuscular or congenital anomalies  

•   Complex or atypical idiopathic clubfoot which is defi ned 
as having rigid equinus, severe plantar fl exion of all meta-
tarsals, a deep crease above the heel, a transverse crease in 
the sole of the foot, and a short and hyperextended fi rst toe.    
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 Idiopathic clubfoot responds well to treatment but non- 
idiopathic or complex clubfoot may be amenable. Most of 
the evidence for management of clubfoot is available for the 
idiopathic type. Treatment options for the non-idiopathic or 
the complex idiopathic clubfoot are discussed separately in 
later sections.  

    What Is the Best Treatment for Idiopathic 
Clubfoot? 

 Management of clubfoot can be broadly divided into non 
operative (Ponseti, Kite, French methods) and operative 
types. Although several randomised controlled trials (RCT), 
cohorts’ studies, case series have investigated various aspects 
of clubfoot treatments; most have limitations which leave 
some uncertainty about certain aspects of the treatments. In 
this section we endeavoured to simplify the evidence for 
each treatment without dismissing the limitations of the best 
available evidence we currently have. 

 Over the last 20 years, Ponseti’s serial casting treatment 
for clubfoot has emerged as a superior treatment to other non 
operative and operative treatments. This has been supported 

by evidence from a systematic review and meta-analysis [ 3 ]; 
RCTs [ 4 – 6 ] and long term cohorts studies [ 7 – 10 ]. Gray [ 3 ] 
conducted a Cochrane review of clubfoot treatment includ-
ing 14 trials (607 participants) and concluded that The 
Ponseti’s Methods produced signifi cantly better short term 
foot alignment compared to other non operative methods 
including the Kite methods. Relapse following the Kite’s 
methods more often led to major surgery compared to relapse 
following The Ponseti’s Methods. 

 Sud [ 5 ] conducted an RCT comparing The Ponseti 
Methods and Kite methods. Baseline Dimeglio scores were 
similar between the two groups. After an average follow-up 
of 27 months in the Ponseti group, correction was achieved 
in 33 feet (91.7 %), with only three patients requiring surgi-
cal management. There were seven relapses (21.1 %), all of 
which were corrected conservatively. In the Kite group, cor-
rection was achieved in 21 feet (67.7 %) after an average 
follow-up of 25 months, with 10 patients requiring surgical 
intervention. There were eight relapses of which only four 
could be corrected conservatively. 

 Sanghvi [ 4 ] compared the long-term results of the Kite 
and Ponseti methods of manipulation and serial casting for 
clubfoot in 42 patients (with 64 idiopathic clubfeet) who 

  Fig. 16.1    Clinical photographs showing classical deformity of a clubfoot       
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were randomised to either Kite or Ponseti treatments in the 
early weeks of life. All the clubfeet were manipulated, 
casted, and followed up (for a mean of 3 years) by one expe-
rienced orthopaedic surgeon. The success rate in The Kite 
Method was 79 % and that in the Ponseti’s method was 87 %. 
With The Ponseti method, the number of casts was signifi -
cantly fewer (7 vs. 10); the duration of casting required to 
achieve full correction was signifi cantly shorter (10 vs. 13 
weeks); the maximum ankle dorsifl exion achieved was sig-
nifi cantly greater (12° vs. 6°); and the incidence of residual 
deformity and recurrence was slightly lower. The study was 
not clear if the two groups were comparable at baseline. 

 Rijal [ 6 ] randomly allocated 60 feet in 38 patients to 
either Ponseti (30 feet) or Kite (30 feet) methods. Feet were 
followed up weekly for 10 weeks for change of cast and 
recording of hindfoot, midfoot and total Pirani scores. 
Correction was measured as a difference between hindfoot, 
mid foot and total Pirani scores weekly from weeks 1 to 10 
and corresponding baseline scores. Mean Pirani scores in 
Ponseti feet improved much faster than Kite feet but the dif-
ference achieved statistical signifi cance only at the 10(th) 
week from the start of treatment. 

 Richards [ 11 ,  12 ] compared the results of Ponseti and 
French methods in 386 feet in 256 children under the age of 
3 months at presentation. Treatment allocation was on the 
basis of parental choice after the pros and cons of both tech-
niques had been explained. Mean follow up was 4.3 years. 
The two groups had similar grades of severity scores before 
treatment. The initial correction rates were 94.4 % for the 
Ponseti method and 95 % for the French functional method. 
Relapses occurred in 37 % of the feet that had initially been 
successfully treated with the Ponseti method. One-third of 
the relapsed feet were salvaged with further non operative 
treatment, but the remainder required operative intervention. 
Relapses occurred in 29 % of the feet that had been success-
fully treated with the French functional method, and all 
required operative intervention. At the time of the latest fol-
low- up, the outcomes for the feet treated with the Ponseti 
method were good for 72 %, fair for 12 %, and poor for 
16 %. The outcomes for the feet treated with the French 
functional method were good for 67 %, fair for 17 %, and 
poor for 16 %. 

 Faulks and Gottschalk [ 13 ,  14 ] compared gait analysis of 
patients treated by the Ponseti method and feet treated by the 
French method. Normal ankle motion was documented more 
frequently in the Ponseti feet compared with the French 
methods. More of the children treated with the French 
method walked with knee hyperextension, a mild equinus 
gait, and mild foot drop. 

 Jeans [ 15 ,  16 ] assessed plantar pressures in feet treated 
with the Ponseti and the French methods at age 5 years. 
Twenty controls were used for comparison. Data from 164 
patients (238 feet; 122 Ponseti and 116 French) showed no 

signifi cant differences between the two methods, except the 
French method feet had a signifi cantly less medial move-
ment of the centre of pressure (COP) than the Ponseti feet 
(P = 0.0379). This shows that there is a mild residual defor-
mity in these feet despite clinically successful outcomes. 

 Zwick [ 17 ] conducted an RCT of Ponseti versus surgical 
treatment. All babies were less than 2 weeks old on initiation 
of treatment. Surgical group (16 feet) received initial manip-
ulation and weekly casting until 6–8 months of age followed 
by posteromedial release by the Cincinnati incision. Ponseti 
group (12 feet) received standard Ponseti treatment. Two 
patients from the Ponseti group crossed over to the surgical 
group. The authors used the Functional rating system (FRS) 
devised by Laaveg and Ponseti [ 18 ] as the outcome measure. 
The authors used a priori sample size calculation but were 
compelled to stop the trial for ethical reasons after interim 
analysis revealed that the surgical group had worse outcome. 
Minimum follow up was 3.3 years. The groups had similar 
baseline Pirani score. At fi nal follow up the FRS score as 
well as the passive ankle range of motion was better in the 
Ponseti group. These results are supported by other long 
term follow up studies. Smith [ 9 ] performed a retrospective 
comparison of surgery (37 feet) with the Ponseti method (29 
feet). Both groups were compared with healthy young adults. 
The authors found that compared to the control subjects both 
groups had reduced strength and motion of the ankle. 
However, the Ponseti group had better ankle motion and less 
pain. Similarly Graf [ 19 ] assessed the long term results of 
surgical release in 24 adults who underwent posteromedial 
release via the Cincinnati incision before the age of 18 
months. The authors found that although surgery resulted in 
a plantigrade foot; pain, stiffness and weakness gave func-
tional limitations. Dobbs [ 20 ] assessed the long term func-
tion of 73 feet treated with extensive soft tissue surgery. 
Mean follow up was 30 years. The authors found that 47 % 
patients had poor long term foot function as assessed by the 
Laaveg-Ponseti functional score. This unfavourably com-
pared to Ponseti’s long term follow up results where only 
12 % patients had poor results using the same outcome 
instrument. In addition Dobbs et al found functional limita-
tion to be inversely correlated to the extent of soft tissue 
surgery.  

    What Is the Best Treatment for a Late 
Presenting Clubfoot? 

 Patients who present after walking age are considered to 
have presented late. A number of authors from the develop-
ing countries have tried Ponseti technique in older children 
with varying degrees of success. In Lourenco’s [ 21 ] series 
from Brazil, 16 feet were graded as functionally good at a 
mean follow up of 3.1 years. The mean age was 3.9 years at 

16 Evidence-Based Treatment for Clubfoot



154

presentation. Relapses were treated with a repeat TAT but 
none required tibialis anterior tendon transfer (TATT). The 
authors suggested longer time for manipulation and less fre-
quent cast changes to allow for remodelling, less abduction 
in brace and Ankle foot orthosis (AFO) instead of boots and 
bar brace in the older child (Table  16.1 ).

   Khan et al [ 22 ] evaluated the effi cacy of Ponseti technique 
in 21 children (25 feet) over 7 years of age. Eighteen feet had 
a full correction (85.7 %). Dimeglio score improved from 
14.2 to 0.18 at fi nal follow up. 

 Yagmurlu et al [ 23 ] published their results of Ponseti treat-
ment in 27 patients (31 feet) who were treated after the walk-
ing age. Standard Ponseti technique was used. Seventeen feet 
required open tenotomy. The authors noticed a signifi cant 
improvement in all components of the deformity but found 
that children older than 20 months tended to improve less. 

 Banskota et al [ 24 ] presented a series of 36 patients aged 
5–10 on presentation. Mean Pirani score at presentation was 
5.1 (3–6). The authors did not modify their standard tech-
nique and a higher number of patients in their series under-
went surgery. However, 46 feet achieved a plantigrade feet 
without extensive soft tissue surgery. Twenty-seven children 
were completely satisfi ed with the treatment. The authors 
suggested that the Dimeglio scoring system was more appro-
priate to assess the feet of older children. 

 Ayana [ 25 ] from Ethiopia prospectively evaluated 22 chil-
dren aged 2–10 years (32 feet) with neglected clubfoot. All 
were treated by the Ponseti method. The deformity was 
assessed using the Pirani scoring system. The average fol-
low- up time was 3 years. A plantigrade functional foot was 
obtained in all patients. Two patients (four feet) had recur-
rent deformity. They required re-manipulation and re- 
tenotomy of the Achilles tendon and one other patient 
required TATT for dynamic supination deformity of the foot. 

 Singh [ 26 ,  27 ] presented the results of ligamentotaxis 
using Joshi’s External Stabilisation system (JESS) in 20 
patients. This is a technique of controlled differential distrac-
tion using a mini external fi xation. The case series included 
late presenters as well as relapses and incomplete corrections 
following previous conservative treatment. All patients 
achieved good clinical results as per Pirani score and authors 
concluded that differential distraction by fi xator was an 
effective and patient-friendly method of management 
neglected clubfoot.  

    When Is the Best Time to Start Treatment? 

 There is a general impression that Ponseti manipulation 
should begin in the “fi rst week of life” [ 28 ]. However Iltar 
[ 29 ] found that infants in whom correction was commenced 
after the fi rst month had a better Dimeglio score than those in 
whom the correction was commenced earlier. There were 29 
patients (40 feet) with idiopathic clubfoot in the series. 
Eighteen patients (26 feet) had Ponseti treatment within the 
fi rst month of life and the rest had treatment commenced 
after the fi rst month. Median follow up was 34 months. There 
was no signifi cant difference in initial Pirani and Dimeglio 
scores between the two groups. Both groups demonstrated 
signifi cant improvement following treatment and there was a 
marginal difference only in Dimeglio score following treat-
ment between the two groups. The authors suggested that the 
Ponseti treatment should be commenced after the fi rst month 
of life or when the involved foot is ≥8 cm in length. This was 
a retrospective study with no control. Although the differ-
ence was statistically signifi cant, its clinical value is doubt-
ful. In a recent meeting of the First European consensus 
meeting the assembled experts agreed that “treatment for 
clubfoot should start not later than within the fi rst month of 
life” with the caveat to defer treatment in a premature baby 
for several weeks to allow for the baby’s foot to grow in size 
[ 30 ].  

    What Type of Casting Material Should 
Be Used? 

 Pittner [ 31 ] conducted a trial to compare the effectiveness of 
plaster of Paris (POP) to semi rigid fi breglass (SRF) in the 
management of clubfoot. Several methodological fl aws have 
been noted in the study regarding sample size calculation, 
allocation, concealment and randomisation. Thirteen patients 
(16 feet) received SRF and 18 patients (23 feet) received 
POP. The authors used Dimeglio score to describe severity of 
clubfeet deformity. There was no difference in initial score 
between the two groups. Although similar number of casts 
were required in both groups the Dimeglio score was signifi -
cantly higher in the SRF group on completion of treatment 
(6.4 vs. 4.1; P = 0.037). There was no difference in the rate 
of tendoachilles tenotomy between the two groups but two 

   Table 16.1    Outcome of 
treatment for late presenting 
idiopathic clubfoot    Studies  N (Feet) 

 Mean age in 
years 

 Follow-up in 
years 

 Cast required 

 Relapse 
 Surgical 
release  Mean (range) 

 Lourenco et al. [ 21 ]  24  3.9 (1.2–9)  3.1 (2.1–5.6)  9 (7–12)  7  8 

 Khan et al. [ 22 ]  25  8.9 (7.5–11)  4.7  12 (10–14)  6  ? 

 Yagmurlu et al. [ 23 ]  31  2 (1–6)  3.5  6 (4–8)  0  0 

 Banskota et al. [ 24 ]  55  7.4 (5–10)  2.5 (2–3.3)  9.5 (6–11)  9  28 

 Ayana et al. [ 25 ]  32  4.4 (2–10)  3 (2–4)  8 (6–10)  4  6 
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patients in SRF group required surgical soft tissue release. 
The follow up period is unclear and the authors did not 
describe relapse rate. However they found that parents pre-
ferred SRF over POP. 

 Hui [ 32 ] performed a randomised trial to compare time to 
clubfoot correction between POP and SRF. They performed 
a priori sample size calculation and used sealed envelope and 
computerised randomisation. There were 12 patients (18 
feet) in the POP group and 18 patients (26 feet) in the SRF 
group. There was no difference in Pirani score between the 
two groups (5.3 SRF, 4.9 POP). There was no signifi cant dif-
ference in the number of casts required between the two 
groups. However relapse was higher in the SRF group (47 %) 
compared to the POP group (25 %). Need for repeat Ponseti 
casting and surgery was also higher in the SRF group. 
However, these were not statistically signifi cant and the 
authors felt that the higher relapse rate in the SRF group 
could be due to slightly longer follow up (36 months vs. 24 
months for POP group) as well as less compliance with foot 
abduction orthosis wear in the SRF group (71 % vs. 92 % in 
the POP group). The authors also noted that parents pre-
ferred SRF over POP. 

 It is not possible to perform a summary estimate of the 
two trials as they used two different rating systems and it is 
unclear if the population was similar, the follow up rates 
were clearly dissimilar and the reported primary outcomes 
were different. However, it appears that although POP may 
give better results parents tend to prefer SRF. 

    Should the Cast Be Applied Below or 
Above the Knee? 

 Brewster et al [ 33 ] produced a case series of 51 babies with 
80 idiopathic type clubfoot treated with a modifi ed Ponseti 
technique; instead of traditional plaster casts they used below 
the knee soft casts. Mean follow up was 27 months and mean 
time to TAT was 8.5 weeks. Twenty-fi ve percent patients did 
not require TA tenotomy in their series and relapse rate was 
6.27 %. There was a single case of cast slippage. The authors 
felt that their results were comparable to traditional above 
knee plaster cast technique. 

 Subsequently Maripuri et al [ 34 ] conducted an RCT of 
below versus above knee casting using the Ponseti tech-
nique to compare treatment times and failure rates between 
the two different casts. There were 17 feet in the above-
knee group and 16 feet in the below knee group. Patients 
were randomised using opaque sealed envelope. Their pri-
mary outcome measure was time to readiness for tendo-
achilles (TA) tenotomy or achievement of full correction. 
Two or more episodes of plaster slip or more than 8 weeks 
of manipulation requirement was defi ned at treatment fail-
ure. They undertook a priori sample size calculation and 

required around 30 feet in each arm of the trial. However, 
the authors felt compelled to stop the trial early when 
interim analysis showed a 37.5 % failure rate in the below-
knee group. The authors concluded that below knee cast 
was not suitable for the Ponseti technique. Given the size 
of these two studies, contradicting results is not a surprise. 
Moreover, both studies have fl aws. Experts warn against 
early termination of trials on the basis of interim estima-
tion and show with simulation studies that small trials 
stopped early with few events are likely to result in a large 
overestimation of treatment effects. Moreover, the tech-
niques may be different between the two studies. Brewster 
[ 33 ] used soft cast and described careful molding above 
the heel to prevent cast slippage. Maripuri [ 34 ] did not 
describe their technique of cast application. Our recom-
mendation is to use above knee cast. The potential benefi ts 
of having a shorter cast may not outweigh the risk of fail-
ure associated with uncertainties about below the knee 
cast.  

    How Frequently Should Casts Be Changed? 

 Ponseti originally described weekly manipulations to correct 
clubfoot deformity [ 28 ]. His team subsequently investigated 
if cast treatment could be successfully shortened due to an 
increase in number of patients presenting in their centre, who 
often travelled a long distance and could benefi t from a 
shortened time to correction [ 35 ]. Patients were assigned to 
5 or 7 days based solely on geography. Ninety percent of 
patients required fi ve or fewer casts for correction, and there 
was no difference between groups (P = 0.85). Average time 
from fi rst cast to TAT was 16 days for the 5-day group and 24 
days for the 7-day group (P = 0.001). Relapse rate for com-
pliant patients was similar in both groups. The authors 
attempted cast changes more frequently at 3–4 days and 
found feet to be swollen and oedematous. They concluded 
that changing casts every 5 days was safe, effective and prob-
ably the fastest way to achieve correction with minimal 
side-effects. 

 Xu [ 36 ] published a similar study from China where 
patients travelling long distance were assigned to twice 
weekly cast changes (26 patients, 40 feet) and local Beijing 
patients were assigned to weekly cast changes (20 patients, 
32 feet). All patients had idiopathic clubfeet. The baseline 
and fi nal Pirani scores were similar between the two groups, 
both groups required similar number of casts (mean 5) and 
tenotomy requirement was also similar (87.5 %). The time to 
correction was 21 days in the accelerated regime and 35 days 
in the regular regime. Mean follow up was 4 years. There 
were six relapses in the accelerated group and fi ve relapses in 
the regular group. Xu et al did not experience swelling or 
oedema with twice weekly cast changes. 
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 Elgohary et al [ 37 ] published a quasi-randomised trial 
from Egypt. Twenty children (34 feet) were treated with 
the regular regime and 21 children (32 feet) were treated 
with the accelerated regime. Patients receiving the acceler-
ated regime had cast changes twice a week. Pirani score at 
baseline and end of treatment were similar between the 
two groups. Mean number of casts and tenotomy require-
ment was also similar. The length of follow up was unclear 
but they had a higher relapse rate that was not signifi cantly 
different between the two groups (14.7 % regular group vs. 
15.6 % accelerated group). Authors noted that children 
with relapse had presented with a high Pirani score (≥5). 
They did not record compliance with bracing following 
correction. Time to correction was signifi cantly shorter in 
the accelerated group 18.13 ± 3.02 days (11–22 days) 
compared to the regular group 33.36 ± 6.69 days (21–42 
days). 

 Harnett et al [ 38 ] from Malawi compared a standard 
Ponseti regime with an accelerated Ponseti regime of thrice 
weekly cast changes. Following a sample size calculation 
they recruited 40 patients with idiopathic clubfoot (61 feet) 
into an RCT. Randomisation was computer generated. 
Following treatment patients were put in foot abduction 
brace and were followed up for 6 months. Nineteen patients 
(29 feet) were allocated to the accelerated protocol and 21 
patients (32 feet) were allocated to the standard protocol. 
There was no signifi cant difference in Pirani score before 
or after treatment between the two groups. Tenotomy 
requirement was similar in both groups and both required 
median of fi ve cast changes. Three patients in the acceler-
ated regime had Pirani score >1 at 21 days after treatment. 
They were crossed over to the standard treatment, all had 
tenotomy and one required tibialis anterior tendon transfer. 
Median number of treatment days was signifi cantly shorter 
with the accelerated regime (16 days vs. 42 days for the 
standard regime). Thirty-six patients (55 feet) were fol-
lowed up for 6 months and there was no relapse. The 
authors concluded that the accelerated protocol of twice 
weekly cast changes was equally effective as the standard 
protocol of weekly cast changes. 

 Other relevant fi ndings were published by Tarrazas-
Lafargue et al [ 39 ] which demonstrated that removing the 
cast the night before cast change was associated with a lon-
ger treatment duration. It was a retrospective review of 44 
patients (63 clubfeet) had their cast removed the night before 
to allow for skin care. Forty-six patients (66 clubfeet) had 
cast removed immediately before change of cast. The imme-
diate removal group required less number of casts for defor-
mity correction (mean 5, range 4–10) compared to the early 
removal group (ten casts, range 4–22). 

 In summary: there is a reasonable body of evidence to 
suggest that cast changes can safely be performed less than 
weekly without risk of any adverse events. Studies that pro-
moted accelerated regime did not investigate rigorously the 

cost effectiveness and convenience for parents and health-
care providers. Moreover, it is not advisable to remove casts 
the night before.  

    How Many Casts Are Required for Correction or 
When Should One Consider Treatment to Have 
Failed? 

 Ponseti had indicated that on average between fi ve and seven 
casts could be required for correction of deformity, with the 
last cast worn for 2–3 weeks [ 28 ]. A 30-year follow up study 
of idiopathic clubfoot treated at Ponseti’s centre indicated 
that between seven and nine casts were required for defor-
mity correction. He wrote that not more than ten casts should 
be required for correction. Extrapolating data from the RCTs 
it appears that between four and eight casts may be required 
for correction of the foot deformity in idiopathic clubfoot. It 
is notable that in the trials where regular Ponseti regime was 
compared with the accelerated regime the number of casts 
required were the same even when the accelerated protocol 
was employed. A survey of North American surgeons found 
that median number of casts required for correction was 
seven. A number of factors may affect how many casts may 
be required. Dyer and Davis [ 40 ] from Manchester found 
that the number of casts required would depend on the sever-
ity of initial deformity as assessed using the Pirani scoring. 
Time to presentation is also an important factor. The older 
the patients at presentation the more casting is required [ 21 , 
 24 ,  25 ]. 

 In summary fewer than 8 casts should be required when 
treatment is started early for idiopathic clubfoot [ 30 ]. Late 
presenters and those with more severe deformity may require 
more. Casting should be discontinued when a plateau in cor-
rection is achieved.  

    Is Tendoachilles Tenotomy Always Required 
and When Should This Be Performed? 

 Tendoachilles tenotomy (TAT) is an integral part of the 
Ponseti technique [ 28 ]. Ponseti described that his technique 
corrected all elements of the foot deformity simultaneously 
except equinus deformity which was corrected last and was 
facilitated by the TAT. He advised that TAT should be per-
formed to correct persistent equinus deformity when the foot 
was abducted to at least 60° but dorsifl exion was limited to 
<20°. His initial series had a tenotomy rate of 79 % [ 41 ]. 
Subsequent publications reported up to 100 % rate of 
 tenotomy, especially in older children [ 42 ]. Dyer and Davis 
[ 40 ] found that if the hindfoot Pirani score was ≥2.5 then 
there was a 72 % chance of requiring TAT. However, they 
commented that a low Pirani score did not rule out the 
requirement for TAT. 
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 A survey of North American surgeons reported a tenot-
omy rate of 81 % [ 43 ,  44 ]. Following the widespread valida-
tion of Pirani score authors advised that TAT should be 
performed once mid-foot score was 0. A requirement for 
TAT is that the sub-talar malalignment is corrected and the 
calcaneus swings out from underneath talus. It has been sug-
gested that this can be clinically appreciated by palpating the 
anterior process of the calcaneus [ 32 ]. Ponseti advised per-
cutaneous tenotomy under local anaesthesia. Subsequent 
authors have described the technique using local anaesthesia, 
light sedation, propofol or general anaesthesia with good 
results [ 45 ].  

    Is There a Role for Botulinum Toxin? 

 Alvarez [ 46 ] published the 5-year results of 44 patients (65 
feet) with idiopathic clubfeet treated with Ponseti method 
and supplemental Botulinum toxin A (BTX-A) injection 
[ 38 ]. Mean baseline Pirani score was 5.1 ± 1.3. BTX-A was 
injected at 10 U/Kg onto the Gastrosoleus complex when 
forefoot was corrected to ≥60° of abduction but hindfoot 
was still in equinus. Following injection patients were put 
into above knee casts for 4 weeks with weekly cast changes 
in between. Patients did not receive TAT. Subsequently they 
went into foot abduction orthosis. Forty-four patients (65 
feet) were followed up at 5 years. Recurrence was defi ned as 
ankle dorsifl exion (DF) ≤5° with knee in 90° of DF or a 
requirement for re-intervention that included repeat injec-
tions. Only two patients were non-compliant with foot 
abduction bracing. Overall recurrence rate was 52 % and 
15.4 % required surgery. It does not appear that TAT was 
performed even though some patients received up to six 
injections. 

 A double blind RCT by Cummings [ 47 ] compared 
BTX-A versus placebo in 20 patients (32 feet) with 
Dimeglio type III clubfoot. Seventeen feet had BTX-A and 
15 feet had placebo. The intervention group had BTX-A 
injected into the gastrosoleus and the tibialis posterior ten-
dons at the beginning of casting. The control group had a 
placebo injection of human albumin in saline. Both group 
had standard Ponseti manipulation followed by TAT as 
required. TAT was performed when deformity correction 
reached a plateau and was followed by further manipula-
tions. The primary outcomes were time to correction and 
need for TAT. The mean follow up was 2.3 years. There was 
no signifi cant difference in time to correction, number of 
required casts or TAT requirement between the two groups. 
The TAT rate was low in this study (6/32 feet) and the 
author also appeared to have modifi ed the technique to per-
form TAT earlier. Nevertheless, the author concluded that 
BTX-A when used as an adjunct to the Ponseti treatment 
did not speed correction, reduce the rate of TAT require-
ment nor prevent relapse. 

 In summary: it appears that there is no benefi t in using 
BTX-A as an adjunct to the Ponseti technique.   

    What Is the Best Treatment for Relapsed 
Clubfoot? 

 Ponseti had commented that “regardless of the mode of treat-
ment, the clubfoot has a strong tendency to relapse.” There is 
no agreed classifi cation for a relapse nor does there appear to 
be any consistent management plan [ 48 ,  49 ]. A survey of 
North American surgeons found a very wide range of 
reported relapse rate (mean 22 %, range 0–95 %) and the 
need for surgical soft tissue release following relapse (mean 
7 %, range 0–90 %) [ 44 ]. Ponseti’s group from Iowa defi ned 
relapse as reappearance of any of the components of the 
clubfoot deformity [ 42 ]. Ponseti wrote that of all compo-
nents of the clubfoot deformity the hindfoot relapse is the 
most important, fi rst with recurrence of equinus and then of 
varus. Ponseti’s group have recommended repeat casting as 
the fi rst line of treatment following relapse, followed by 
repeat TAT. TATT is recommended for dynamic forefoot 
supination [ 22 ]. 

 Bhaskar [ 50 ] has proposed a classifi cation scheme for 
clubfoot relapse that may be useful for planning treatment 
and comparing results. The authors presented a series of 91 
children (164 feet) with relapse. Mean follow up was 4.9 
years. They suggested three patterns of increasing severity of 
relapse:

•    Grade I
•    Grade IA Reduced ankle dorsifl exion from 15° to neu-

tral with knee in extension  
•   Grade IB Dynamic forefoot adduction of supination of 

foot ( fl exible relapse)     
•   Grade II

•    Grade IIA Fixed equinus of any degree  
•   Grade IIB Fixed adduction of forefoot and midfoot ( 

fi xed lateral curvature)     
•   Grade III Two or more fi xed deformities    

 The authors suggested re-casting for group IA relapse. 
24/30 feet with group IB relapse were treated with full time 
bracing (24/30) and 6/30 with TATT. The authors suggested 
more extensive surgery for rigid deformities although results 
and rationales were not clearly described. 

 There is consistent evidence in the literature to suggest 
that compliance with bracing is the single most important 
factor in determining relapse and it is not related to the sever-
ity of deformity, age of presentation or the number of casts 
required for treatment [ 42 ,  51 – 53 ]. Lovell and Morcuende 
[ 54 ]have suggested that patients presenting with late relapse 
should be investigated for undiagnosed neuromuscular dis-
ease. Morin [ 55 ] were able to reduce the rate of relapse 
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 simply by improving communication with the family. Others 
have suggested that longer bracing, improved compliance, 
earlier identifi cation of relapse and repeat casting can reduce 
the need for surgery [ 42 ]. 

 In summary compliance with bracing is the single impor-
tant factor predicting relapse following Ponseti treatment. 
Improved compliance can reduce the rate of relapses. Initial 
treatment following relapse is repeat casting and bracing but 
it is likely patients will require TATT±TAL. Long term func-
tional outcome following treatment for a relapse is not known 
but a minority is likely to experience functional limitation.  

    What Is the Best Treatment for Complex 
Idiopathic Clubfoot ?  

 Complex idiopathic clubfoot (CIC) is defi ned as a clubfoot 
with rigid equinus, severe plantar fl exion of all metatarsals, a 
deep crease above the heel, a transverse crease in the sole of 
the foot, and a short and hyperextended fi rst toe [ 56 ]. Ponseti 
et al reviewed the results of 50 patients (75 feet) presenting 
with such features. Thirty-one patients had previously been 
treated unsuccessfully, 11 had previous TAT and three had TA 
lengthening. Mean age at presentation was 3 months. They 
altered the manipulation technique to take account of the 
severe ankle equinus and plantar fl exion of all metatarsals. 
There were two elements to the modifi ed technique. First, to 
correct heel varus the hindfoot was abducted with counter 
pressure applied to the lateral malleolus in addition to the talar 
head and secondly, to correct fl exed metatarsals and ankle 
equinus the ankle was held with both hands and all the meta-
tarsals were pushed into dorsifl exion by both thumbs while the 
knee was stabilised in fl exion. Following deformity correction 
above knee cast was applied with the knee in at least 110° of 
fl exion. All patients required TAT. Mean follow up was 20 
months. There was a 14 % relapse rate although the authors 
did not clarify what constituted “relapse.” However, they indi-
cated that all of the patients with relapse had diffi culty com-
plying with the foot abduction orthosis. These patients were 
treated with repeat manipulation and three patients had repeat 
TAT. Two patients deemed to have complex clubfoot had sur-
gical soft tissue release. Authors commented that it was the 
cavus and the equinus components of the foot deformity that 
were the most diffi cult to correct in these feet. Turco com-
mented in a presentation at the First International Congress on 
Clubfeet in 1990 that early surgery in these feet resulted in 
“grotesque overcorrected deformities with severe fl atfeet” 
[ 57 ]. However, Turco did not publish his results, nor did he 
elaborate in his Congress abstract. Therefore the only evi-
dence we have is of the modifi ed Ponseti technique. 

 There is little evidence to support the treatment strategy of 
complex idiopathic clubfoot. However, Ponseti’s group has 
shown that the standard technique requires modifi cation while 

treating these patients. The follow up was not long and the long 
term functional results, relapses and further interventions are 
not known.  

    What Is the Best Treatment for Non- 
idiopathic Clubfoot? 

 A number of published case series guide treatment strategy 
for non-idiopathic clubfoot. Morcuende [ 58 ] published a ret-
rospective review of 16 patients (32 feet) with non-idiopathic 
clubfoot due to arthrogryposis who were treated with the 
Ponseti technique. The authors did not indicate the severity 
of the deformity. Eight patients had previous unsuccessful 
treatment including one case of TAT. Full correction was 
achieved in 15 patients all of whom required TAT. On aver-
age seven casts were required for correction of foot defor-
mity. The uncorrected patient underwent surgical soft tissue 
release. The authors did not modify their technique for these 
diffi cult patients but recommended that the feet should be 
placed in maximum 50° of abduction rather than the standard 
70°. There were four cases of relapse (25 %) and all of them 
required surgical soft tissue release. Relapse was not related 
to non-compliance with bracing (Table  16.2 ).

   Boehm [ 59 ] investigated the results of Ponseti technique 
for management of 12 cases (24 feet) of non-idiopathic club-
foot from distal arthrogryposis. Four patients had prior cast-
ing, none had previous tenotomy. The authors used the 
Dimeglio system to grade severity of the foot deformity. 
Eleven patients had very severe deformity (Dimeglio grade 
IV), the other patient had grade II deformity. The authors 
treated eight patients with the standard Ponseti technique 
and the other four with the modifi ed technique as recom-
mended for management of complex idiopathic clubfoot. All 
feet were corrected and all underwent TAT. All three cases of 
relapse in this series were non-complaint with bracing. Two 
of them were treated with repeat casting and the other patient 
required soft tissue surgery because of repeat relapse. 

 Gerlach [ 60 ] published a prospective case series of 16 
patients (28 feet) with clubfoot and myelomeningocoele. Mean 
Dimeglio grade was 3.3 and 11 feet were of grade IV severity. 
Twenty four feet required TAT. A single patient who did not 
require TAT had a Dimeglio grade II deformity. Eleven patients 
(19 feet) had a relapse. The authors defi ned relapse as presence 
of ≥5° of hindfoot varus and <10° of ankle dorsifl exion. Non-
compliance was the supposed cause of relapse in seven feet. 
Eleven feet had repeat casting, four feet required repeat TAT 
and four required surgical soft tissue release. Two patients sus-
tained iatrogenic distal tibial fracture during treatment. 

 Janicki [ 61 ] published the results of Ponseti treatment of 23 
patients (40 feet) with non idiopathic clubfoot who had either 
a neuromuscular or a syndromic condition. The authors did 
not mention severity of the foot deformity. Thirty-six feet were 
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corrected. Twenty-seven feet required TAT. Following relapse 
nine feet were successfully treated with recasting alone, two 
feet required repeat TAT and the rest required surgical soft tis-
sue release. Compliance with bracing was not mentioned. 

 In summary non-idiopathic clubfoot is more rigid and is 
likely to require more casting than idiopathic clubfoot. It also 
has a higher relapse rate when treated with the Ponseti tech-
nique. Repeat casting including repeat tendoachilles tenot-
omy is an option in treating relapse but it may necessitate 
surgical soft tissue release. Long term outcome of treatment 
is unknown (Table  16.3 ).
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      What is the Best Treatment 
for Congenital Vertical Talus?                     

     Munier     Hossain      and     Naomi     Davis    

    Abstract  

  Congenital vertical talus (CVT) is a rare congenital anomaly with a reported incidence of 
1:100,000. The aetiology of this condition is unclear. It is thought around 50 % of cases are 
isolated but the rest have associated musculoskeletal, neurologic or chromosomal abnor-
malities. Traditional treatment involves extensive soft tissue releases. A less invasive cor-
rection according to the Ponseti principle has been recently advocated. In this chapter we 
explore the best available evidence for CVT management and highlight the diffi culty in 
constructing a high grade recommendation on management.  

  Keywords  

  Congenital vertical talus   •   Convex pes valgus   •   Congenital convex foot   •   Rocker bottom 
deformity   •   Congenital fl atfeet   •   Rigid fl atfoot   •   Congenital oblique talus   •   Calcaneovalgus   
•   Dobbs technique   •   Reverse Ponseti technique   •   Peritalar release  

      Background 

 Congenital vertical talus (CVT) is a rare congenital anomaly 
which is characterized by a fi xed dorsal dislocation of the 
talonavicular joint in conjunction with rigid hindfoot equi-
nus. These structural abnormalities produce a rocker bottom 
deformity of the foot that is noticeable at birth. The reported 
incidence ranged from 1:10,000 to 1:100,000 [ 1 ,  2 ]. The 
aetiology of this condition is unclear. Around 50 % of cases 
are thought to be isolated but the rest have associated muscu-
loskeletal, neurologic or chromosomal abnormalities. 

 There are two recognised types of vertical talus: the fi rst 
with isolated talonavicular dislocation and the second with 
concomitant calcaneocuboid dislocation[ 3 ]. Lichtblau [ 4 ] 
identifi ed three groups of CVT:

    1.    Teratogenic CVT: a rigid, often bilateral deformity, pres-
ent at birth with tight extensors and heel cords.   

   2.    Neurogenic CVT: often associated with myelomeningo-
coele or neurofi bromatosis. It is not as rigid as the terato-
genic type and easier to correct.   

   3.    Acquired CVT: it is unilateral, moderate in severity; the 
calcaneum is not necessarily fi xed in equinus; and the 
deformity is partially correctable. This type has been 
attributed to intrauterine malposition.    

  A less severe manifestation of the deformity has been 
called the oblique talus. In this variant there is a rocker bot-
tom deformity of the foot and an equinus contracture of the 
hindfoot, but the navicular can be reduced when the forefoot 
is plantar fl exed. Severe fl atfoot are sometimes confused 
with CVT because the talus is vertical on a lateral radio-
graph. The clinical and radiographic difference between the 
conditions is that in a severe fl atfoot, the calcaneum can be 
easily dorsifl exed and there is no fi xed dislocation of the 
navicular [ 5 ]. 

 Several authors tried to aid differentiating between CVT 
and other similar conditions. Eyre-brook [ 6 ] fi rst proposed a 
lateral foot x-ray in “fullest plantar fl exion” to differentiate 

        M.   Hossain      (*) 
  Department of Trauma and Orthopaedics ,  Royal Manchester 
Children’s Hospital ,   Manchester ,  UK   
 e-mail: munierh@doctors.org.uk   

    N.   Davis      
  Department of Paediatric Orthopaedic Surgery ,  Royal Manchester 
Children’s Hospital ,   Manchester ,  UK   
 e-mail: Naomi.davis@cmft.nhs.uk  

 17

mailto:munierh@doctors.org.uk
mailto:Naomi.davis@cmft.nhs.uk


162

between true CVT and other causes of fl exible vertical talus. 
He demonstrated how feet with obvious convexity of the sole 
and apparent vertical talus get fully aligned on plantar fl ex-
ion view and calcaneus is restored to its normal relationship 
with the tibia. Subsequently Hamanishi [ 7 ] proposed the 
radiological angles of talar axis- metatarsal base angle 
(TAMBA) and calcaneal axis-fi rst metatarsal base angle 
(CAMBA). He proposed the values of 60° of TAMBA and 
20° of CAMBA to differentiate between fl exible oblique 
talus and rigid CVT. 

 Unfortunately most authors were not explicit about 
their diagnostic criteria for CVT and therefore it is diffi -
cult to be certain that their series contain only cases of true 
CVT. Around 50 % of CVT patients have other neurologi-
cal or teratological abnormalities and their CVT is non-
isolated. It is well recognised that prognosis is generally 
worse for non-isolated CVT. However, most published 
series considered isolated and non-isolated CVT patients 
together while reporting surgical outcomes. Moreover 
some of the published work even did not acknowledge the 
various types of CVT mentioned above. This is pertinent 
since there is a link between various types and successful 
outcomes. 

 Most studies that looked at CVT results used non vali-
dated outcome measures. A number of papers used Adelaar 
score [ 8 ] to report patient outcome. This is a 10 point 
clinical- radiological scoring system. Absence of an item 
gives 1 point. Maximum point is 10 and a higher score sug-
gests better outcome (Table  17.1 ). The validity and reliabil-
ity of this scoring system is unknown and it is not a patient 
reported outcome. Duncan and Fixsen [ 9 ] used a patient 
reported satisfaction score for reporting their results of CVT 
correction. The instrument was modifi ed from the one fi rst 
proposed by Laaveg-Ponseti for reporting results of club-
foot management who attempted to correlate both patient 
satisfaction and surgeon assessment of functional outcome 

in a single  instrument [ 10 ]. The modifi ed Laaveg-Ponseti 
questionnaire is reproduced in Table  17.2 . Further, compli-
cations and recurrences were discussed but authors did not 
clarify what constituted “recurrence” although many authors 
did compare their results with the normative radiological 
values of Vanderwilde et al. [ 11 ]. The rate of revision sur-
gery was discussed but it was not clear what the authors’ 
indications were for revision surgery.

        What Is the Natural History 
of Untreated CVT? 

 There are no studies looking at the natural history of untreated 
CVT but some authors have discussed the consequences of 
untreated or conservatively treated but uncorrected CVT. It 
has been claimed that if left untreated the child with CVT 
will have a painful and rigid fl atfoot with weak push-off 
power and a rocker bottom deformity [ 8 ,  12 ,  13 ]. They have 
diffi culty with footwear and have painful callosities due to 
limited weight bearing area [ 14 ,  15 ]. It is likely that such a 
deformity would result in signifi cant functional defi cit. 
Natural history of untreated CVT is also confounded by the 
fact that approximately 50 % of the patients will have major 
musculoskeletal or neurologic abnormality that may also 
signifi cantly affect their walking ability. Published papers do 
not discuss the natural history of isolated CVT separately 
from the teratologic type. Authors appear to agree that 
untreated CVT does not affect walking and assert that in 
some patients the deformity may not be noted until patients 
start walking [ 15 ,  16 ]. 

   Table 17.1    Adelaar score of congenital convex foot   

 Clinical  Score  Radiological  Score 

 Poor cosmetic 
appearance 

 Abnormal 
talonavicular angle 
 Talometatarsal axis 

 Ankle+ loss of 
subtalar movement 

 Hindfoot equinus 

 Prominent talar head  Abnormal 
talometatarsal axis 

 Loss of medial 
longitudinal arch 

 Talonavicular 
subluxation 

 Hindfoot valgus 

 Abnormal shoe wear 

  1 point for the absence of each item. 0 point for the presence of each 
item. Total score 10 
 Excellent 10, good 7–9, fair 4–6, poor ≤3  

   Table 17.2    The modifi ed Laaveg-Ponseti questionnaire   

  Satisfaction (20 points)  
 I am: 
 (a) Very satisfi ed with the end result 20 
 (b) Satisfi ed with the end result 16 
 (c) Neither satisfi ed nor unsatisfi ed with the end result 12 
 (d) Unsatisfi ed with the end result 8 
 (e) Very unsatisfi ed with the end result 4 

  Function (20 points)  
 In my daily living, my foot: 
 (a) Does not limit my activities 20 
 (b) Occasionally limits my strenuous activities 16 
 (c) Usually limits me in strenuous activities 12 
 (d) Limits me occasionally in routine activities 8 
 (e) Limits me in walking 4 

  Pain (30 points)  
 My foot: 
 (a) Is never painful 30 
 (b) Occasionally causes mild pain during strenuous activities 24 
 (c) Usually is painful after strenuous activities only 18 
 (d) Is occasionally painful during routine activities 12 
 (e) Is painful during walking 6 
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    What Is the Best Time to Start Treatment? 

 There is general agreement that treatment should be started 
as soon as possible after birth [ 14 ]. This is identical to the 
treatment principle followed in clubfoot management. In 
both cases the initial plan of treatment is to gently manipu-
late the foot by stretching the soft tissues and immobilise the 
foot in the corrected position. It is expected that correction of 
foot deformity will lead to reshaping of cartilage anlage. 
Hence early treatment is essential to take advantage of fl exi-
bility of the neonatal skeleton. Aslani et al. [ 17 ] found that 
patients older than 2 years of age at onset of treatment 
required longer casting and more manipulations for correc-
tion of CVT. Adelaar et al. [ 8 ] also commented that  prognosis 
was better if treatment was started early and noted that result 
of surgical correction was poor in those aged over 3½ years. 
Mazzocca et al. [ 18 ] recommended that surgery should be 
performed at around 2 years of age, others also agree to this 
timeline [ 13 ,  16 ].   

    What Is the Best Treatment for CVT? 

 A number of treatments have been attempted for correction 
of CVT and treatment has evolved over the years taking into 
account the complications and results thereof. The goal of 
treatment in CVT has been to restore the anatomical rela-
tionship of the hindfoot bones and to recreate a plantigrade 
foot to allow pain-free weight bearing. Initial reports attested 
to failure of conservative treatment with manipulation fol-
lowed by serial casting, boots and bars, shoe wedges, cor-
rective night splint etc. [ 16 ] As a result surgical reduction 
with extensive soft tissue release became the treatment of 
choice. A number of reports were published attesting to the 
results of surgery. The cornerstone of surgery was to per-
form soft tissue release to restore hindfoot relationship to 
normal. A number of techniques were then used to keep the 
hindfoot joints reduced. This included re-routing of the tibi-
alis anterior, transposition of the peroneus brevis, k wire 
fi xation, partial or complete naviculectomy [ 19 ]. 
Subsequently a two stage procedure became popular. The 
forefoot and midfoot was initially reduced to the fi xed plan-
tar-fl exed hindfoot by reducing the TNJ and maintaining the 
reduction with k wire through the TNJ. Six weeks later a 
second procedure was performed to release the tendoachil-
les and the posterior ankle and the sub-talar joints [ 20 ]. 
Coleman et al. [ 3 ] advocated that the dorsal extensors should 
be lengthened as part of the fi rst procedure and the tibialis 
posterior tendon should be advanced to the plantar surface 
of the navicular as part of the second procedure. Later Ogata 
and Shoenecker [ 21 ] recommended a single stage correction 
in view of their observed complications of two stage surgery. 

Seimon [ 22 ] published a small series with good results from 
single stage surgery. Single stage correction became the 
standard performed procedure. However, there was consid-
erable variation in practice among the proponents of single 
stage release. In addition to TNJ capsulotomy and tendo-
achilles lengthening surgeons variably performed dorsal 
extensor lengthening, peroneal lengthening, tibialis anterior 
tendon transfer to the neck of talus, or more extensive pos-
tero-medial and/or lateral release with or without additional 
bony surgery. Single stage release is the standard surgical 
procedure at present and results are still being published. 
The proponents of single stage correction can be divided 
into two camps: those who perform peri- talar release and 
those who perform mid-tarsal release. Surgery can be per-
formed either through a Cincinnati incision or a modifi ca-
tion thereof, multiple separate incisions or a dorsal incision. 
Mazzocca et al. [ 18 ] and Saini et al. [ 12 ] have claimed better 
results for single stage correction using the dorsal approach 
instead of the traditional Cincinnati approach. However, 
while Mazzocca essentially performed mid-tarsal release 
Saini appears to have performed peri-talar release with the 
addition of a posterior incision to approach the ankle and the 
sub-talar joint. Stricker-Rosen [ 23 ] and Seimon [ 22 ] also 
had good results using a longitudinal dorsal incision 
although they only performed TNJ release and Stricker-
Rosen only had teratogenic CVT in their series. It appears 
from the limited evidence that dorsal approach might give 
better outcome than the Cincinnati approach especially for 
mid-tarsal or isolated TNJ release. Results of single stage 
surgical correction are presented in Table  17.3 .

   Dobbs et al. [ 24 ,  25 ] published their results of a new 
method of treatment of CVT in 2006. The authors extrapo-
lated the Ponseti principle for CVT management. As in the 
Ponseti method the essence of this technique is to apply 
serial manipulation and casting using the head of the talus 
as the centre of rotation. Manipulation is applied in the 
opposite direction to that applied for clubfoot. Following 
midfoot alignment limited surgery with pinning of the TNJ 
and percutaneous TA tenotomy is performed. The authors 
also variably performed extensor or peroneal lengthening. 
The fi rst published series was on assumed idiopathic CVT. 
Subsequently the same group also separately published 
results of treatment of non-idiopathic CVT and suggested 
treatment modifi cation in this group with more extensive soft 
tissue surgery [ 26 ]. Subsequent reports by Eberhardt et al. 
[ 27 ,  28 ] and Wright et al. [ 29 ] evaluating the Dobbs tech-
nique have also confi rmed the need for more extensive sur-
gery in the more rigid type of CVT. Proponents of the Dobbs 
technique have suggested that this new method of less inva-
sive treatment may lead to more fl exible and less painful feet 
in the long term [ 30 ]. They rest their argument on the basis 
of the results of surgical management of clubfoot that showed 

17 What is the Best Treatment for Congenital Vertical Talus?
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poor long term function with extensive soft tissue surgery 
[ 31 ]. Early results of Dobbs technique have been published 
from only a few centres. Results are not directly comparable 
between the two techniques and it appears that the Dobbs 
technique may still evolve. Although short term results 
appear promising we need longer follow up especially from 
non-originating centres. Results of Dobbs technique are pre-
sented in Table  17.4 .

   In summary, CVT is a very rare condition with an 
unknown cause. It may well be that the majority of patients 
have an underlying condition that affects treatment out-
comes. Surgical and non surgical interventions reported are 
almost as varied as the deformities and patients they treat. 
Long term outcomes are poorly understood, especially as the 
walking abilities of some patients may be limited by altered 
neurology from a variety of causes. Basic principles of man-
aging foot deformities in infants seem appropriate in terms 
of early treatment to improve the cartilage anlage and 
 limiting soft tissue release, but that and the use of tendon 
transfers remain largely unproven (Table  17.5 ).

   Table 17.4    Results of Dobbs technique   

 Authors 
 No 
(feet) 

 Isolated 
CVT 

 Type of 
treatment 

 Additional 
surgery 

 Mean follow 
up 

 Mean age 
at treatment 

 Normal 
footwear  Recurrence 

 AVN 
talus  Revision 

 Dobbs 
et al. [ 25 ] 

 19  19  MC followed 
by limited 
surgery 

 Extensor ± 
peroneal 
lengthening 

 Minimum 
follow up 2 
years 

 8 months  19  6 
 None had 
TNJ pinning 

 0  6 repeat 
casting, and 
4 TNJ 
pinning 

 Bhaskar 
[ 39 ] 

 4  4  MC followed 
by limited 
surgery 

 Extensor ± 
peroneal 
lengthening 

 8.5 months  2 weeks  0  0  0  0 

 Eberhardt 
et al. [ 27 ] 

 20  9  MC followed 
by limited 
surgery 

 Extensor ± 
peroneal 
lengthening 

 24 months  20 days 
to 14 
months 

 NK  1/14  NK  NK 

 Chalayon 
et al. [ 26 ] 

 25  0  MC followed 
by limited 
surgery 

 TNJ and STJ 
capsulotomy 20 
 Open TNJ 
reduction 5 

 Minimum 
follow up 2 
years 

 6 months  NK  5 ( all had 
CCJ 
subluxation) 

 ? 0  5 repeat 
MC an and 
pinning of 
CCJ and 
TNJ 

 Aslani 
et al. [ 17 ] 

 15  5  MC followed 
by limited 
surgery 

 nil  Mean 2 
years 

 1 
month–9 
years 

 15  0  0  0 

 Wright 
et al. [ 29 ] 

 21  12  MC followed 
by limited 
surgery 

 Open TNJ 
reduction (if 
unreduced)+ 
Tib Ant 
transfer) 
 Extensor ± 
peroneal 
lengthening 

 3 years  5 months  NK  10 (none had 
TNJ 
capsulotomy) 

 NK  8 
 2 MC only 
 6 mini open 
Reduction 
of TNJ 

   STJ  subtalar joint,  TNJ  talonavicular joint,  CCJ  calcaneocuboid joint,  MC  manipulation and casting,  NK  numbers not known  

   Table 17.5    Summary of recommendations   

 Clinical questions 
 Grade of 
recommendations 

 Untreated CVT results in a painful rigid fl atfoot  C 

 For best results surgery should be performed 
before the child is 2 years of age 

 C 

 Treatment for CVT should be started as soon as 
possible 

 C 

 Treatment for CVT should be tailored to the 
individual patient taking into account the 
degree of rigidity and the underlying 
pathoanatomy 

 C 

 Dorsal approach is better than the posterior 
approach for surgical correction 

 C 

 CVT with both TNJ and CCJ dislocation 
requires more invasive surgery than CVT with 
isolated TNJ dislocation 

 C 

 It is not clear if the Dobbs technique is a better 
alternative to the traditional soft tissue surgery 

 I 

 Prognosis is worse if treatment is started late, 
in patients with non-isolated CVT and CVT 
with combined TNJ and CCJ dislocation 

 C 

 The best treatment for the older child or for 
cases of recurrence is not clear 

 I 

17 What is the Best Treatment for Congenital Vertical Talus?
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       What Type of Patient Has Poor Prognosis? 

 There is accumulating evidence to suggest that prognosis is 
worse if treatment is started late, for non-idiopathic type CVT 
and for CVT with both TNJ and CCJ dislocation [ 8 ,  17 ,  26 ].  

    What Is the Best Treatment for the Older 
Child with  CVT?  

 There is no agreement regarding a late presenter although it 
is understood that treatment should be started as soon as pos-
sible. Aslani et al. claimed success in treating a child aged 9 
years using the Dobbs technique[ 17 ]. Naviculectomy, Grice- 
Green arthrodesis and triple fusion have been recommended 
for what authors considered to be older children but results 
are not known [ 9 ,  15 ,  32 ].      
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      Evidence-Based Treatment 
for Metatarsus Adductus                     

     Munier     Hossain      and     Naomi     Davis    

    Abstract  

  Metatarsus adductus (MA) is a common congenital foot deformity; often attributed to 
“packaging disorders”. It is usually an isolated deformity; however it can be part of a more 
complex foot deformity such as a club foot or skew foot. Natural history of untreated iso-
lated MA appears favourable and treatment is often not required. Conservative treatments 
such as serial casting, orthosis, modifi ed shoe wears are widely practiced. There is no evi-
dence to show that conservative treatments are superior to no treatment. Surgical treatments 
should be reserved for metatarsus adductus associated with other congenital deformity such 
as residual club foot or skew foot.  

  Keywords  

  Metatarsus adductus   •   Metatarsus varus   •   Metatarsus varus congenitus   •   Metatarsus adduc-
tovarus   •   Hooked forefoot  

      Background 

 Metatarsus adductus (MA) is a term used when the forefoot 
is adducted at the tarso-metatarsal joint but the hindfoot is 
normal. In contrast to a club foot where the hind foot is in 
equinus and varus or a skew foot where the hind foot is in 
valgus and the midfoot is abducted [ 1 ] (Fig.  18.1 ). MA 
should be differentiated from Metatarsus primus varus where 
only the fi rst metatarsal is adducted and the 1st–2nd inter- 
metatarsal angle is increased. La Reaux and Lee [ 2 ] had 
described mandatory criteria for MA diagnosis which 
included a high arch, adduction and inversion of the forefoot, 

prominent lateral border and most importantly increased 
rigidity such that the foot cannot be abducted beyond the 
midline. However, these criteria have not been widely fol-
lowed in published papers.

   Bleck’s clinical classifi cation [ 3 ] is widely used for diag-
nosis and classifi cation of MA. He advised the use of the 
heel bisector axis (HBA), which is a line drawn along the 
middle of the weight-bearing plantar surface of the heel and 
normally crosses the second toe. MA is categorised as 
“mild” if the HBA crosses the third toe, “moderate” when it 
crosses the fourth toe and “severe” when it crosses lateral to 
the fourth toe (Fig.  18.2 ). HBA also serves as the reference 
for forefoot fl exibility. MA is termed “fl exible” when the 
foot is correctable beyond the HBA, “partially fl exible” 
when the foot is correctable up to the HBA and “rigid” when 
it is not correctable. However, Bleck did not fi nd any corre-
lation between the severity and fl exibility of MA at diagno-
sis and the eventual outcome. Radiological assessment can 
be performed in the older child by measuring the MA angle 
(MAA). The MAA is the angle formed by the longitudinal 
axis of the metatarsals and that of the lesser tarsus. The axis 
of the second metatarsal is considered to be the axis of the 
metatarsal.
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       What Is the Natural History of Metatarsus 
Adductus? 

 Ponseti and Becker [ 4 ] found that nearly 90 % of patients 
with MA achieve spontaneous resolution with time. The 
authors advised that passively correctable MA did not require 
any treatment but recommended casting for feet that were 
not passively correctable. They reported good results from 
casting of semi-rigid or rigid feet. Rushforth [ 5 ] followed 
130 MA of all grades of severity for a mean follow up of 7 
years and found 86 % were normal or mildly deformed but 
fully mobile; 10 % were still moderately deformed but were 
asymptomatic and 4 % remained deformed and stiff. It was 
not possible to detect these resistant cases before the age of 3 
years, but the low failure rate would seem to justify a policy 
of expectant treatment. Ghali et al. [ 6 ] presented a small 
series of both untreated (31) and surgically treated (38) MA 
at a median follow-up of 4 years. Surgical treatment involved 
antero-medial release. Patients were assessed both clinically 
and radiologically. He reported “excellent” results in both 
groups. [ 7 ] presented a follow up study of 243 feet with 
MA. It is not clear what the length of follow up was. He 
treated fl exible feet with stretching and semi-rigid or rigid 
feet with casting. He found a favourable outcome and com-
mented that children with residual deformity had “no diffi -
culties with function or shoe wear”. However Bohne also 
offered surgery to 9 feet with “severe residual deformity”. 
The Scandinavian series of [ 8 ] reported on 76 patients with 
MA at 6 years follow-up and found that 13 % of children had 
a persistent MA. Widhe subsequently published a longer fol-
low up of the same cohort at 16 years [ 9 ]. Those with persis-
tent MA at 6 years continued to improve and only three 
patients had a persistent MA deformity at 16 years. All of 
them were asymptomatic despite the deformity. The initial 

grade of severity of the MA patients in this series is not 
known. Widhe also compared gait analysis and dynamic foot 
pressure at 16 years between those with normal feet at birth 
and those with MA and found no difference between the two 
groups. Ponseti’s group published a 32-year follow up of 
patients with MA [ 10 ]. The cohort included 16 passively cor-
rectable feet that had no treatment. The rest had semi-rigid or 
rigid deformity and were treated with serial manipulation 
and casting. The authors used a functional rating system to 
assess functional outcome and also performed radiological 
assessment. No one had poor results and none required sub-
sequent surgery. All the feet that were initially passively cor-
rectable went on to achieve spontaneous resolution. There 
was only a single case of hallux valgus at fi nal follow up. The 
authors advised against surgical treatment of rigid MA. 

 Evidence from the published literature appears to suggest 
a favourable outcome for untreated MA. Most will resolve 
without treatment by early childhood and those that persist 
are likely to improve with age. A small minority of MA may 
persist but are unlikely to give any functional problem. There 
is enough evidence to suggest that passively correctable MA 
deformity does not require any treatment apart from parental 
reassurances. Manipulation and casting is an option in feet 
that do not correct passively although no treatment is probably 
equally feasible. 

    What Is the Role of Serial Casting? 

 Given the favourable natural history of MA, it is diffi cult to 
ascertain the value of manipulation and serial casting. Widhe 
[ 9 ] showed that MA continues to improve to adulthood. 
There has been no comparative study of serial casting with 
control. Although it has been recommended for metatarsus 

  Fig. 18.1    Clinical photographs of a child with metatarsus adductus. There is no hindfoot equinus; an important differentiating sign from a 
clubfoot       
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adductus of intermediate severity, there is strong evidence 
that these deformities will self-correct over time without 
intervention with very few exceptions [ 4 ,  5 ,  8 ,  9 ].  

    Is There a Role for Orthotics? 

 Pentz and Weiner [ 11 ] published their experience with 795 
patients treated for MA over a 13-year period with a straight 
metal bar and attached reverse last shoe protocol. Nearly uni-
form excellent results were encountered, with a 99 % likeli-
hood of obtaining a fully corrected foot. Surgical intervention 
was deemed necessary in less than 1 % of cases. Lack of 
control seriously undermines this paper. As stated earlier that 
numerous reports of high rate of natural resolution, it is not 
unreasonable to assume that the high success rate of 99% full 
correction attributed to natural history of MA and not due to 
orthotic support. Herzenberg and Burghardt [ 12 ] conducted 
a randomised trial of casting versus Bebax orthosis in 27 
infants (43 feet) and found orthosis to be equally effective 
but cheaper [ 13 ]. However, the inclusion criterion was 
“infants who failed home stretching”. The age range was 3–9 
months and it is not clear if these patients required any treat-
ment at all.  

    Is There an Association Between Metatarsus 
Adductus and Hallux Valgus? 

 Long term follow up studies of untreated MA report a low 
rate of hallux valgus deformity in this population [ 5 ,  8 ,  9 ]. 
However other studies investigating patients with hallux val-
gus deformity undergoing surgery have found a higher prev-
alence of MA. The reported prevalence is around 30 % [ 13 ]. 
Ferrari and Malone-Lee [ 14 ] randomly reviewed 100 x-rays 
and found a higher prevalence of MA in feet with hallux val-
gus (55 %) compared to those without (19 %). However, ret-
rospective studies of this nature are contaminated by selection 
bias and are unlikely to be representative of the true 
association.  

    Is Metatarsus Adductus a Risk Factor 
for Developmental Dysplasia of the Hip? 

 The prevalence of DDH in MA on the basis of radiologi-
cal evaluation is reported to be between 2 % and 10 % [ 15 , 
 16 ]. Paton [ 17 ] investigated the relationship between neo-
natal foot deformities and severe developmental dysplasia 
of the hip (DDH) in a 11-year prospective longitudinal 
observational study [ 17 ]. They found a 4 % risk of type IV 
DDH in MA and recommended sonographic imaging and 
surveillance for DDH in patients presenting with MA. Two 
well- conducted systematic reviews and meta-analyses 
[ 18 ,  19 ] found a non-signifi cant association between foot 
deformities and DDH, pooled data from fi ve cohort stud-
ies showed an Odds ratio of 3.24 (95 % CI 0.88–11.97: 
P = 0.08).  

  Fig. 18.2    Bleck’s classifi cation of metatarsus adductus       
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    What Is the Role for Surgery? 

 It is not clear if surgery has any role to play in primary 
MA. Reports from [ 8 ,  9 ] and the Ponseti group [ 4 ] would 
indicate none. Only 1 % patients in [ 11 ] series required sur-
gery. Studies recounting results of surgical treatment for MA 
had heterogeneous cohorts and included primary MA, skew 
foot as well as residual MA from clubfoot treatment. A num-
ber of surgical techniques have been described. Cahuzac [ 20 ] 
described a technique of medial capsulotomy to re-orient the 
fi rst cuneiform metatarsal joint, sectioning of the abductor 
hallucis brevis and abduction osteotomy of the metatarsals 
for correction of MA. Fifteen of these feet had residual 
deformity from clubfoot. Napiontek [ 21 ] reported their 
results of opening wedge osteotomy of medial cuneiform in 
children aged less than 4 years. Thirty-three of the thirty- 
seven feet in this series had MA from residual clubfoot 
deformity. Gordon [ 22 ] reported minimum 2-year follow up 
results of combined midfoot osteotomy in 50 feet with severe 
MA of whom only 11 feet had primary MA. Knorr [ 23 ] pub-
lished their results of the Cahuzac procedure in 34 patients 
where 9 only had primary MA. The aetiology, pathogenesis 
and natural history of MA and clubfoot are different. It is 
misleading to recommend surgical treatment for MA based 
on these studies’ conclusions (Table  18.1 ).
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   Table 18.1    Summary of recommendations   

 Clinical questions  Grade of recommendation 

 1. The natural history of untreated MA 
is quite favourable 

 B 

 2. There is no need for treatment of 
passively correctable MA 

 B 

 3. Casting or orthosis are options for 
treating semi-rigid or rigid MA 

 I 

 4. It is not proven that persistent MA 
predisposes to hallux valgus later in life 

 C 

 5. MA may be a risk factor for DDH  C 
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      Evidence-Based Treatment of Flexible 
Flat Foot in Children                     

     Farhan     Alvi      and     Neil     Wilson    

    Abstract  

  Flexible fl atfoot, mobile pes planus, is one of the commonest normal variants raising con-
cern in children. It is present in nearly all infants, is common in older children and occurs 
in a number of adults. It can be a major source of parental anxiety, yet is now recognised as 
a normal anatomical variant associated with supple joints. Accordingly, it is associated with 
younger age, male sex and obesity. Reassurance by education and explanation of the natural 
history is the mainstay of treatment. We look at the available evidence in the condition and 
provide treatments recommendations (Table  19.1 ).  

  Keywords  

  Flexible   •   Flatfoot   •   Mobile pes planus   •   Paediatric   •   Treatment   •   Orthotics  

      Background 

 Traditionally fl atfoot has been defi ned as a weight bearing 
foot with a low or absent longitudinal arch. This defi nition is 
based on the static anatomic comparison of the height of the 
arch within a population. However there is a lack of agree-
ment on a true defi nition of fl atfoot or pes planus, and there is 
considerable inter-clinician variability in the visual assess-
ment of feet for this characteristic, even for extremes of foot 
type [ 1 ]. Morphologically it has classically been claimed that 
humans possess a mid-foot stabilized in bone that allows the 
metatarsals to act as an effi cient propulsive lever [ 2 ] and vari-
ations from this may have been misinterpreted as being path-
ological. Newer work points to mid-foot compliance in 
humans and indeed in living apes as representing a functional 
continuum, with a clear quantitative overlap between the 
albeit less fl exible feet of humans and the more compliant feet 
of non-human apes [ 3 ]. The traditional view ignores normal 

variations seen in arch height among adults and children and 
also between different ethnic groups and failed to acknowl-
edge a spectrum of arch height in normal individuals. In a 
clinical setting it is reassuring to recognise that a fl exible fl at 
foot fl attens on weight bearing, but resolves when non-weight 
bearing. Furthermore, it resolves with the muscle action of 
rising onto tiptoe (Fig.  19.1 ). Even without a strict defi nition, 
most children and at least 20 % of adults have fl at feet, which 
are fl exible [ 4 ]. This fl exibility reduces with age and ordinar-
ily such feet in children and adults remain fully functional 
and asymptomatic. Generalised mobility in other joints and 
increased body weight may be refl ected in a higher preva-
lence of fl atfeet, independent of age.
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   Table 19.1    Table of recommendations   

 Statement  Grade of recommendation 

 Most fl exible fl at feet in children do not 
cause symptoms 

 B 

 Shoe-wearing in early childhood is 
detrimental to the development of a 
normal longitudinal arch 

 C 

 Wearing shoe modifi cations during 
childhood is ineffective and unnecessary 

 B 

 Wearing shoe modifi cations during 
childhood may lead long-term 
psychosocial effects 

 I 
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    Flexible fl atfeet account for approximately two thirds of all 
fl at feet and do not seem to cause disability. We acknowledge 
the importance of identifying within this normal variation any 
cases with pathological features for a fuller evaluation; spe-
cifi c attention ought to be paid to any with foot pain or stiff-
ness, especially if the subtalar joint is involved. Investigations 
to identify any tarsal coalition or children with infl ammatory 
joint conditions may be pertinent for these. Feet with these 
pathological features are not included in this brief review. 
Children ought to be specifi cally examined for any contracture 
of the Achilles tendon associated with a fl at foot appearance 
especially in the older child. It is unclear whether the tendon 
contracture is primary or a secondary development but atten-
tion to improving that aspect seems reasonable. 

 There are a number of different aetiological causes pro-
posed for paediatric pes planus in the literature. These include 
clinical pathologies such as ligamentous laxity, neurological 
and muscular, genetic and collagen disorders. Staheli and col-
leagues [ 5 ] demonstrated that in most children, the arch 

develops normally by the age of 5 years. They studied the feet 
of 441 normal subjects, who ranged in age from 1 to 80 years, 
to document the confi guration of the longitudinal arch. They 
showed that fl at feet are usual in infants, common in children, 
and within the normal range of the observations made in adult 
feet. Pfeifer et al. [ 6 ], reported that whilst 54 % of children 
aged 3 years had a fl at foot appearance only 24 % of children 
had a fl at foot at 6 years of age. These authors also found the 
incidence was higher in boys and found that children classed 
as obese were three times as likely to retain fl at feet than those 
with a healthy weight. 

 There are two main theories described in the literature to 
explain the development of a fl exible fl at foot appearance. 
Basmajian and Stecko [ 7 ] believe that the height of the arch 
is determined by the bone-ligament complex and that mus-
cles only function to maintain balance, propel the body and 
navigate uneven surfaces rather than determine the shape of 
the foot. Duchenne [ 8 ] and Jones [ 9 ] believe that the mainte-
nance of the longitudinal arch is based on muscle strength. 

  Fig. 19.1    Flexible fl at feet, which resolve on tip toeing       
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 The management of fl exible fl at foot can vary from con-
servative to surgical, nevertheless for the vast majority of 
typical cases reassurance with an explanation of the natural 
history and education is all that is required. Whilst selected 
cases may merit follow-up for confi rmation, the majority do 
not require review. In addition to advice, a variety of conser-
vative treatments are described: stretching, activity modifi ca-
tion, orthotics, manipulation and casting. Surgical treatment 
is only selectively employed by some, generally after failure 
of conservative treatment, for atypical cases with indications 
being individualised [ 10 ].  

    What Is the Long-Term Effect of Flexible Flat 
Feet? 

 There is no good evidence that fl exible fl at feet cause symp-
toms. There is anecdotal evidence of an association with 
knee, foot and leg pain but controlled studies are lacking. 
The evidence for children with fl at feet becoming adults with 
fl at feet is also absent. Esterman and Piletto [ 2 ] showed that 
the shape of a foot in adulthood had no signifi cant effect on 
pain, injury or function. This included adults with pes 
planus. 

 Hogan and Staheli [ 11 ] found no relationship between 
arch confi guration and pain scores in adults and suggested 
that fl exible fl atfeet are not a source of disability. This study 
is consistent with previous studies and provides additional 
evidence against the practice of treating fl exible fl atfeet in 
children.  

    What Is the Effect of Wearing Shoes 
on Flexible Flat Feet? 

 Rao and Joseph [ 12 ] analysed 2300 children between the 
ages of 4–13 years and showed that the incidence of fl at 
feet among children who used footwear was 8.6 % com-
pared with 2.8 % in those who did not (p < 0.001). 
Signifi cant differences between the predominance in shod 
and unshod children were noted in all age groups, most 
marked in those with generalised ligament laxity. Flat foot 
was most common in children who wore closed-toe shoes, 
less common in those who wore sandals or slippers, and 
least in the unshod. The authors suggested that shoe-wear-
ing in early childhood is detrimental to the development of 
a normal longitudinal arch. Sachithanandam and Joseph 
[ 13 ] studied 1846 skeletally mature individuals to establish 
the infl uence of the age at which shoe-wearing began on the 
prevalence of fl at foot. They showed that the incidence was 
higher the earlier shoe wearing started and least in those 
where it had not occurred until they were older: 3.24 % 
among those who started to wear shoes before the age of 

six, 3.27 % in those who began between 6–15 years of age 
and 1.75 % in those who fi rst wore shoes at the age of 16 
(p < 0.001). Flat foot was most common: in those who, as 
children, wore footwear for over eight hours each day; in 
the obese individuals (p < 0.01); and in those with ligament 
laxity (p < 0.0001). Even after adjusting for these two vari-
ables, signifi cantly higher rates of prevalence were noted 
among those who began to wear shoes before 6 years old. 
All this suggests an association between the wearing of 
shoes in early childhood and fl at foot.  

    What Evidence Is There for the Treatments 
Available for Flexible Flat Feet? 

 Whilst management usually consists of reassurance by 
advice and explanation of the natural history, other measures 
have been advocated including orthotics, either custom made 
or prefabricated. These were more frequently employed in 
the past however in a classic paper Wenger et al. [ 14 ] reported 
a single blinded randomized clinical trial in children from 1 
to 6 years old with fl exible fl at feet, excluding children with 
any underlying neurological condition. The children were 
randomised to either: corrective orthopaedic shoes, use of a 
heel cup, to a custom moulded plastic insole or to a control 
group who had no treatment. The study looked at the radio-
logical changes that occurred over 3 years and showed that 
all groups showed improvement. There was no signifi cant 
difference between the treated patients and the control group. 
Whitford and Esterman [ 14 ,  15 ] similarly using a single 
blinded randomized clinical trial looked at a larger series of 
children with fl exible pes planus and compared custom and 
prefabricated orthotics with a control group. They showed no 
signifi cant difference in motor profi ciency, exercise effi -
ciency, self perception or pain relief; concluding that the use 
of in-shoe orthotics in the management of fl exible fl at feet 
did not improve on the natural history. The absence of ben-
efi t raised the consideration of harmful effect of wearing 
modifi ed shoes. Driano and colleagues [ 16 ], in an instructive 
study, assessed the short – and long-term psychosocial 
effects of wearing modifi ed shoes during childhood. They 
compared measures of self-esteem and self-image of adults 
who wore shoe modifi cations during childhood with controls 
who did not. Those who wore shoe modifi cations showed 
lower self-esteem than controls (p < 0.05) and recalled a 
decrease in their self-image, and the experience as negative. 
They recall being teased about their footwear, and their 
activities were limited. These fi ndings show that wearing 
shoe modifi cations during childhood, in addition to being 
ineffective and unnecessary is a negative experience in child-
hood and associated with lower self-esteem in adult life. The 
cost of using unnecessary ineffective treatments comes under 
increasing scrutiny. 
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 Staheli [ 17 ] concluded that the assessment of children 
with fl atfoot aims to identify the occasional pathological 
foot, typifi ed by stiffness which causes disability and merits 
treatment. In contrast, the physiological fl atfoot is a common 
variant of normal, which is not associated with disability and 
warrants reassurance. The physiologic fl atfoot is most preva-
lent in those who are naturally loose-jointed, are obese, or 
had usually worn shoes early in childhood. Orthotic or shoe 
modifi cations are not simply ineffective and an unnecessary 
cost but more importantly reduce footwear comfort for the 
child, are embarrassing for them and risk leading to lowered 
self-esteem in adult life.      
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      Evidence-Based Treatment for Tarsal 
Coalition                     

     Anastasios     Chytas     ,     Samena     Chaudhry     , 
and     Sattar     Alshryda    

    Abstract  

  Tarsal coalition is an abnormal connection between two or more bones; commonly in the 
foot. The connection may be fi brous, cartilaginous or bony. The commonest types are cal-
caneonavicular followed by talocalcaneal. Majority are asymptomatic and require no sur-
gery (grade B). Non-operative treatment should be tried fi rst in symptomatic patients (grade 
B/C). Surgical treatments include resection, resection with graft interposition (could be 
tendon, fatty tissue or bone wax) or arthrodesis. Resection with or without graft indicated 
in persistently symptomatic patients when there are no secondary degenerative changes 
(grade B). Persistent symptoms after resection are correlated to the severity of associated 
deformity, particularly the amount of the heel valgus. Correcting associated deformity may 
improve symptoms (grade C). Arthrodesis is indicated when severe symptoms are caused 
by secondary degenerative changes (grade C) (Table  20.1 ).  

  Keywords  

  Tarsal coalition   •   Talocalcaneal coalition   •   Calcaneonavicular coalition   •   Calcaneal 
osteotomy  

      Background 

 Tarsal coalition is an abnormal connection between two or 
more tarsal bones of the foot that may produce pain and limi-
tation of foot motion [ 1 ]. This connection may be complete 
or partial and involves predominantly the joints of the hind-
foot and midfoot [ 2 ]. A coalition can be fi brous, cartilagi-
nous or a bony connection as a result of a failure of 
differentiation and segmentation of mesenchyme [ 3 ]. 

 The incidence of tarsal coalitions is considered to be less 
than 1 % in the literature [ 4 ], but cadaveric and advanced 
imaging studies have increased this incidence up to 13 % [ 5 ]. 
The most common coalitions are calcaneonavicular (53 %) 
and talocalcaneal (37 %). Talonavicular, calcaneocuboid, 
naviculocuneiform and cubonavicular coalitions are less 
common [ 6 ]. Tarsal coalitions seem to be bilateral in 
50–60 % of cases [ 3 ].

   Tarsal coalitions can be acquired secondary to infection, 
trauma, surgery, arthritis or neoplasia but these are rare. 
Congenital coalitions have been reported to be the most 
prevalent in adolescents [ 7 ]. It has been found that an inher-
ited defect in genetic coding can result in tarsal coalition. 
Leonard [ 6 ] described an autosomal dominant pattern of 
inheritance with almost full penetrance. Thirty-nine percent 
of fi rst degree relatives may have tarsal coalitions [ 6 ]. Mosca 
has described tarsal coalition as a developmental malforma-
tion instead of congenital deformity, as it is not present at 
birth but it is genetically programmed to develop. Tarsal 
coalitions may be present with other congenital disorders 
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such as fi bular hemimelia, clubfoot, Apert syndrome, and 
Nievergelt-Pearlman syndrome, involving multiple bony 
connections [ 3 ]. 

 Most patients are asymptomatic. Only 25 % will go on to 
develop symptoms and this usually happens between 8 and 12 
years for children with calcaneonavicular coalitions [ 5 ] and 
between 12 and 16 years for children with talocalcaneal coali-
tions [ 7 ]. Progressive fl attening of longitudinal arch and later 
onset of aching pain, are the main clinical features of tarsal 
coalition. Symptoms are activity related and are improving 
with rest. Tip toeing and Jack’s test will not reconstitute the 
medial arch due to rigidity of subtalar joint (Fig.  20.1 ). The 
term “peroneal spastic fl at foot” has been misused in the past 
as a synonym to tarsal coalition, but it describes a rigid fl at 
foot with involuntary contracture of peroneal tendons that 
may exist without tarsal coalition [ 3 ]. Mubarak et al. [ 8 ] also 
noticed that plantar fl exion may be decreased in calcaneona-
vicular coalitions apart from subtalar joint movements.

   Weight bearing radiographs of the foot anteroposterior, 
lateral and oblique 45° can diagnose a calcaneonavicular 
coalition with the oblique being the most helpful view [ 9 ]. 
On oblique and lateral radiographs “anteater’s sign” is diag-
nostic for calcaneonavicular coalition [ 10 ]. In addition to 
previous radiographs, the Harris axial view can help in iden-
tifying talocalcaneal coalitions [ 11 ]. An anteroposterior 
ankle view could show a ball-and-socket type joint in a long-
standing tarsal coalition. A C-sign on the lateral view can be 
indicative of talocalcaneal coalition, but since it has also 
been found to be positive in fl exible fl at foot, it is considered 
neither sensitive nor specifi c for the diagnosis of talocalca-
neal coalition [ 12 ]. Dorsal talar beaking is another obvious 
sign on the lateral view. This is considered a traction spur 
rather than degenerative disease [ 13 ]. The gold standard 
imaging modality to diagnose tarsal coalition is Computed 

Tomography which can offer also information regarding the 
size and location, as well as other concurrent coalitions 
(Figs.  20.2  and  20.3 ) [ 14 ]. Upasani et al. [ 15 ] suggested that 
a CT scan should be performed in order to assess if there is 
any concurrent osteoarthritis of adjacent joints as well as for 
preoperative planning as persistent postoperative symptoms 
may relate to inadequate resection. MRI scanning has com-
parable results with CT scan and may be useful for early 
identifi cation of fi brous coalitions [ 16 ,  17 ].

        Should We Treat Non-symptomatic 
Coalitions? 

 Only 25 % of patients with tarsal coalitions will develop symp-
toms [ 6 ]. There is no published evidence to support that pain-
less tarsal coalition will become symptomatic and disabling in 
the long term. On the other hand, it is unknown if resection of 
symptom free tarsal coalitions will lead to better outcome in 
comparison to natural history [ 3 ]. For this reason, treatment 
should be attempted only for symptomatic coalitions.  

   Table 20.1    Table of recommendations   

 Statement  Grade of recommendation 

 Not all patients with tarsal coalition will 
develop symptoms 

 B 

 A symptomatic patients do not require 
any treatment 

 B 

 Non operative treatments should be tried 
fi rst before considering surgical treatment 

 B/C 

 Resection is recommended in 
persistently symptomatic patients 

 B 

 The superiority of interposition graft 
materials has not been established 

 I 

 Severe associated deformity and 
degenerative changes are predictors for 
persistent symptoms 

 C 

 Severe associated deformity is an 
indication for corrective osteotomy 

 C 

 Secondary degenerative changes are 
indication for arthrodesis 

 C 

  Fig. 20.1    Clinical photograph of a child with tarsal condition. Heels 
should move to varus and the medial arches are reconstituted on tip toe-
ing. This does not usually happen when there is a tarsal coalition as in 
the left of this child       
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    Is There Any Role for Non - operative 
Treatment ?  

 It is often suggested that non-operative management should 
be always used prior to surgical interventions for symptom-
atic tarsal coalitions. Activity modifi cations, non steroidal 
anti-infl ammatory drugs and orthotics may provide symp-
tomatic relief. Flat insoles without fi rm of hard arch have 
been suggested in order to achieve additional cushioning 
support for the treatment of talocalcaneal coalitions [ 3 ]. 

A trial of short leg walking cast with hindfoot in neutral posi-
tion for 4–6 weeks can also provide with symptomatic relief. 
Thirty percent of patients will remain symptom free after 
cast immobilization [ 18 ]. Calcaneonavicular coalitions are 
less likely to respond to casting in comparison to talonavicu-
lar coalitions [ 19 ].  

    What Is the Best Operative Treatment 
for Calcaneonavicular Coalitions? 

 Those patients who have persistent and disabling pain refrac-
tory to non-operative measures are usually candidates for 
operative treatment. The main aim of operative treatment is 
pain relief [ 3 ]. Asymptomatic and minimal symptomatic 
patients should not be offered an operative intervention [ 19 ]. 

 Badgley [ 20 ] was the fi rst to describe resection of calca-
neonavicular coalitions. Mitchell and Gibson [ 21 ] published 
a case series with simple excision of calcaneonavicular bars 
with full recurrence of coalition in one third of the patients 
and partial recurrence in another third of patients. The high 
recurrence rates led Cowell [ 22 ] to modify this technique 
with interposition of the extensor digitorum brevis (EDB) in 
the gap of resection. Gonzalez et al. [ 19 ] presented their 
experience with the above procedure and showed excellent 
results in 77 % with 23 % recurrence rate. Moyes et al. [ 23 ] 
compared their results between patients who had EDB inter-
position and those who didn’t after calcaneonavicular coali-
tion resection and suggested the interposition of EDB as 

  Fig. 20.2    CT scan showing bilateral calcaneonavicular tarsal coalition ( left ) and right talocalcaneal tarsal coalition ( left )       

  Fig. 20.3    Talocalcaneal tarsal coalition       
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important part of the operation. Mubarak et al. [ 8 ] with a 
cadaveric study showed that EDB muscle is not enough to 
fi ll the gap after resection of calcaneonavicular coalition and 
presented his results with the use of free fat graft as an inter-
position material showing lower reossifi cation rates (13 %) 
and good long term pain relief. Most of other studies have 
shown encouraging results with resection of calcaneonavicu-
lar coalition followed by interposition of either fat tissue or 
EDB [ 13 ,  24 ,  25 ]. 

 Recently, a few case reports and small case series have 
been published suggesting the endoscopic resection of calca-
neonavicular coalition as an alternative to open resection, 
resulting in good outcome with symptomatic relief and 
improvements in functional scores [ 26 – 31 ]. Larger patient 
series treated with arthroscopic coalition resection with 
long-term follow up as well as comparative studies with 
open resection patient series will be needed to determine the 
outcome of this method and the true benefi t over standard of 
care. 

 Signifi cant degenerative arthritis of talonavicular and cal-
caneocuboid joints are contraindications for the resection of 
calcaneonavicular coalition and thus preoperative CT scan is 
imperative [ 5 ]. In case of concurrent joint degeneration or 
failure of complete resection of the coalition that leads to 
disabling pain, triple arthrodesis has been proposed [ 5 ]. 
Triple arthrodesis has been used as a salvage operation after 
failure of coalition resection to relief symptoms with satis-
factory results [ 13 ,  19 ,  21 ,  32 ]. Most case series with pri-
mary triple arthrodesis for calcaneonavicular coalition are 
involving mixed population with adults and show that this 
operation provides adequate pain relief but has unpredictable 
functional outcome [ 13 ,  14 ]. The good results from treating 
calcaneonavicular coalitions with resection and the reluc-
tance of surgeons to perform triple arthrodesis in children 
due to poor long term outcome made primary triple arthrod-
esis a rarely used alternative [ 3 ] (Table  20.2 ).

       What Is the Best Operative Treatment 
for Talocalcaneal Coalitions? 

 Surgery is indicated for those with persistent disabling pain 
despite attempts at non operative management. The main 
treatment options include resection of the coalition, osteot-
omy or arthrodesis. Currently, most symptomatic TCCs are 
treated with coalition resection and fat-graft interposition. 

 In 1994, Wilde and colleagues [ 33 ] reviewed their results 
from treating TCCs and found worse results in patients with 
a CT scan showing a coalition area of greater than 50 %. In 
their study, these patients were also found to have heel val-
gus more than 16°, narrowing of the posterior talocalcaneal 
joint, and impingement of the lateral talar process of the cal-
caneus. In contrast, patients who had coalitions with a rela-

tive area less than 50 % were associated with heel valgus less 
than 16°, normal thickness of the posterior talocalcaneal 
joint, and absence of impingement of the lateral talar process 
on the calcaneus and did better with resection. In the cases 
with a relative coalition area greater than 50 %, they recom-
mended arthrodesis as opposed to resection. 

 Downey [ 34 ] published three key parameters in determin-
ing the appropriateness of a surgical resection versus arthrod-
esis: skeletal maturity of the patient, the site of the coalition 
whether intra-articular or extra-articular and the presence of 
secondary arthritic changes are present. In his opinion, 
patients that are skeletally immature are the most likely to 
benefi t following resection. However, the presence of signifi -
cant secondary arthritic changes, particularly in an adult, is a 
strong indication for arthrodesis. 

 There have been many different techniques for coalition 
resections that have been described. There are also many dif-
ferent substances available to help prevent reformation of the 
union, with bone wax and autogenous fat graft interposition 
being the most common [ 35 ,  36 ]. 

 Others have reported different ways of maintaining sepa-
ration between the previous coalition sites with similar rates 
of success. Raikin et al. [ 37 ] reported that 13 of 14 patients 
who had undergone middle facet talocalcaneal coalition 
resection had better function with split FHL interposition. A 
lateral arthroereisis procedure was used by Giannini et al. 
[ 38 ] on 14 feet with talocalcaneal coalitions in patients 
between 9 and 18 years of age, and also demonstrated favor-
able results. 

 Kumar et al. [ 39 ] reported satisfactory results in 88.9 % 
of patients who underwent resection of a talocalcaneal 
coalition combined with no interposition, fat graft interpo-
sition, or split FHL interposition. The patient’s age, tissue 
type, and interposition method did not seem to infl uence 
the result. However, postoperative pain with activity was 
not uncommon, and would seemed to indicate that even 
when range of motion is restored, the quality of the subta-
lar joint articular surfaces plays an important role in prog-
nosis. Therefore, arthroscopic assessment of the subtalar 
joint before resection of any coalition would seem 
appropriate. 

 Luhmann and Schoenecker [ 40 ] recommended that all 
pediatric and adolescent patients with a symptomatic TCC 
that failed non operative treatment and did not have an 
arthritic hindfoot should be treated with a talocalcaneal 
resection as opposed to arthrodesis. They further concluded 
that patients with TCCs greater than 50 % or heel valgus 
greater than 21° could still have a very satisfactory outcome. 
However, they did fi nally establish that those patients with 
severe hindfoot valgus should undergo either non operative 
treatment with the use of an orthosis or operative treatment 
of the deformity with a calcaneal osteotomy or lateral col-
umn lengthening, and that a hind foot arthrodesis can be held 
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as a salvage procedure if a TCC resection fails or the patient 
has an arthritic hindfoot. 

 In 1997, McCormack and colleagues [ 41 ] reviewed nine 
symptomatic TCCs that underwent complete resection with 
fat-graft interposition with a mean duration of follow-up of 
11.5 years. In this study, patients had no limitation in range 
of motion and showed no evidence of degenerative change or 
joint space narrowing on radiographs indicating that resec-
tion of symptomatic TCC provides satisfactory results in the 
majority of patients, and its benefi ts are maintained 10 years 
after the procedure. 

 Mosca et al. [ 42 ] reviewed the short-term to intermediate- 
term results of 8 patients with 13 symptomatic TCCs that 
underwent calcaneal lengthening osteotomy for deformity 
correction with or without coalition resection. In this study, 
the investigators adhered to recently proposed criteria to 
determine if a TCC is resectable, including less than 50 % 

the surface area of the posterior facet, less than 16° of hind 
foot valgus, and with minimal or no narrowing of the poste-
rior facet of the subtalar joint. In this series, they concluded 
that a calcaneal lengthening osteotomy is a desirable alterna-
tive to triple arthrodesis for a painful foot with severe hind 
foot valgus deformity and an unresectable, solid talocalca-
neal tarsal coalition. 

 Many authors believe that that TCC and a valgus hindfoot 
are two separate conditions and recommend resection of the 
coalition to gain motion and then performing a calcaneal 
cuboid or cuneiform osteotomy 6–12 months later to correct 
the fl atfoot deformity if painful [ 3 ]. 

 A triple arthrodesis can be a good salvage procedure in 
the older patient with degenerative changes or in those who 
have failed a previous resection. But the evidence suggests, 
only a 20-year life span before ankle arthritis causes this to 
fail [ 43 ] (Table  20.3 ).

   Table 20.3    Treatment of talocalcaneal coalitions in children and adolescents   

 Studies  No (feet) 
 Type of 
primary surgery 

 Additional 
surgery  FU (Y)  Age (Y)  Outcome  Recurrence  Complications  LOE 

 Olney and 
Asher [ 44 ] 

 9  Resection with 
bone wax and fat 

 None  3.5  14  5 excellent 
 3 good 
 1 fair 
 1 poor 

 One 
re-resection 

 IV 

 Kumar et al. 
[ 39 ] 

 18  Resection with 
50 % having 
superior half FHL 
interposition 

 None  4  14  8 excellent 
 8 good 
 1 fair 
 1 poor 

 One 
re-resection 

 IV 

 Wilde et al. 
[ 33 ] 

 20  Resection and fat 
graft 

 None  12  13  10 excellent 
 10 fair or poor 

 Two inadequate 
resections 

 IV 

 Luhmann and 
Schoenecker
[ 40 ] 

 25  Resection and fat 
graft 

 Peroneal or 
FHL/EDL 
lengthening 
 Lateral column 
lengthening 

 15  12.5  48 % very 
satisfi ed 
 28 % satisfi ed 
 8 %unsat 

 3  Requiring triple 
arthrodesis 

 IV 

 McCormack 
et al. [ 41 ] 

 10  Resection and fat 
graft 

 1 had hindfoot 
osteotomy 

 10  11.5  7 excellent 
 2 fair 
 1 poor 

 1  IV 

 Comfort and 
Johnson [ 45 ] 

 23  Resection and fat 
graft 

 None  29 m  14  60 % excellent 
or good 
 40 % fair or poor 

 Four 
requiring 
re-resection 
or fusion 

 IV 

 Raikin et al. 
[ 37 ] 

 14  Resection with 
FHL interposition 

 None  4  14  11 excellent 
 1 good 
 1 fair 
 1 poor 

 IV 

 Scranton [ 46 ]  23  Resection  Triple 
arthrodesis in 
four 

 3.9  15  13 good 
 10 satisfactory 

 Jagodzinski 
et al. [ 47 ] 

 9  Arthroscopic 
resection 

 None  12–
66 m 

 15  Mean 
improvement of 
SAFAS 7.9–3.6 
for seven 
patients 

 One 
recurrence 

 One posterior 
tibial nerve 
damage 
 One 
hypertrophic 
scar – 
hypersensitivity 

 IV 

 Khoshbin 
et al. [ 25 ] 

 13  Resection  One calcaneal 
osteotomy 

 13.1  11.9  Mean AOFAS 
FACS score 79 
and SFCS 84 

 IV 
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      Evidence-Based Treatment 
for Pes Cavus                     

     Munier     Hossain      and     James     S.     Huntley    

    Abstract  

  The aim of treatment of Pes cavus deformity is to achieve a plantigrade foot that is mobile and pain-
free. The discerning surgeon would wish to know what treatment would achieve this outcome with 
the best results. Unfortunately a simplistic (evidence-informed) conclusion is not feasible for several 
reasons: Pes cavus is an anatomical condition with multiple aetiologies which have different natural 
histories and prognoses. Historically, poliomyelitis and untreated/recurrent clubfoot accounted for a 
substantial load of Pes cavus patients – but these are now comparatively infrequent; the largest group 
is ‘Neurological’, and here the prognosis differs markedly between those with progressive (as 
opposed to non-progressive) neurological conditions. Patients present at different stages of maturity, 
with variable severity of deformity; many have had previous surgery. There is a paucity of defi nitive 
outcome measures; surgeons have used different instruments to defi ne their surgical outcome, mak-
ing it problematic to directly compare different treatments. Surgical planning is largely individual-
ised, taking into account the disparity of factors. Surgery can be divided into soft tissue surgery, bony 
surgery and fusion. Triple arthrodesis has been the mainstay of surgery in the past but has not always 
produced satisfactory results. Joint-sparing surgery is gaining more popularity, especially where the 
deformity is fl exible. The evidence base is extremely limited.  

  Keywords  

  Pes Cavus   •   Cavo-varus   •   Charcot-Marie-Tooth   •   Orthoses   •   Botulinum toxin   •   Flexible 
cavus   •   Rigid cavus   •   Tendon transfer   •   Osteotomy   •   Arthrodesis  

      Background 

 “Pes cavus” means a foot with a high arch deformity. For 
assessment and management of this deformity it is important 
to appreciate its  multi-planar  nature [ 1 ]. Pes cavus can be 
due to a high calcaneal pitch (Calcaneocavus) or increased 
plantar-fl exion of the fi rst ray (± fore-/mid-foot pronation) or 

the forefoot in general (Plantaris); there may be associated 
hindfoot varus (Cavovarus)/valgus/calcaneus/equinus 
(Equinocavovarus), and forefoot adductus. Cavovarus defor-
mity is the most common (Fig.  21.1  ) .

   In children, Pes Cavus is usually neuromuscular in aetiol-
ogy, and half of this group has Charcot-Marie-Tooth (CMT) 
disease [ 2 ]; other neurologic or spinal cord conditions pres-
ent similarly. These disorders give rise to muscle imbalance 
that produces the observed deformity. The clinical deformity 
in the cavovarus foot has a characteristic pattern:

•    weak intrinsic muscles and relatively spared extrinsics > 
Claw toes  

•   weak anterior compartment (Tibialis anterior in particular) 
and strong Peroneus longus > plantar-fl exed fi rst ray > MTPJ 
extension contracture > contracted plantar fascia > cavus  
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•   weak Tibialis anterior and Peroneus brevis and unop-
posed Tibialis posterior > varus hindfoot    

 The diagnosis is clinical but there are established 
radiological criteria on weight-bearing lateral views of 
the ankle and foot. The two most commonly used mea-
surements are the  calcaneal pitch  (angle between the infe-
rior surface of the calcaneum and the fl oor; greater than 
30° in Pes cavus) and the  Meary angle  (angle between the 
long axes of the fi rst metatarsal and the talus; more than 
5° in Pes cavus).  

    Questions 

 From a clinical perspective, we wished to establish the evi-
dence base for the following questions (the fi rst concerning 
the role of conservative management, and the latter four on 
modes of surgical management):

    1.    Is there a role for conservative treatment in Pes cavus?   
   2.    What is the evidence for the treatment options in manage-

ment of fl exible Pes cavus?   
   3.    What are the results of joint-sparing surgery for manage-

ment of rigid Pes cavus?   
   4.    What are the results of triple arthrodesis in management 

of rigid Pes cavus?   
   5.    What are the results of external fi xation in management of 

Pes cavus?      

    Searching for Evidence 

 We searched MEDLINE and the Cochrane database for rel-
evant studies and limited our search to the English language. 
The complete search yielded 325 references. Twelve refer-
ences were deemed relevant and included for review after 
screening of the title and abstract. We also checked the refer-
ence list of the included articles and used the snowball 
method for reference harvesting. This generated nine further 
references for inclusion. 

 Search was conducted using the following strategy: 
(09/01/2016)

•    Cochrane Database with search term “(Pes Cavus OR 
Cavo-varus)” three citations  

•   PubMed search: ("Foot Deformities/surgery"[Mesh]) 
AND ("Foot Deformities/therapy"[Mesh]) AND 
((Randomized Controlled Trial[ptyp] OR Clinical 
Trial[ptyp] OR Comparative Study[ptyp] OR 
Observational Study[ptyp]) AND English[lang] AND 
(infant[MeSH] OR child[MeSH] OR adolescent[MeSH])) 
251 citations  

•   PubMed (  www.ncbi.nlm.nih.gov/pubmed/    ) clinical queries 
search/systematic reviews: Therapy/Narrow[fi lter] AND 
(("foot deformities"[MeSH Terms] OR ("foot"[All Fields] 
AND "deformities"[All Fields]) OR "foot deformities"[All 
Fields] OR ("pes"[All Fields] AND "cavus"[All Fields]) 
OR "pes cavus"[All Fields]) AND ("therapy"[Subheading] 
OR "therapy"[All Fields] OR "treatment"[All Fields] OR 
"therapeutics"[MeSH Terms] OR "therapeutics"[All 
Fields])) AND ((Randomized Controlled Trial[ptyp] OR 
Clinical Trial[ptyp] OR Comparative Study[ptyp] OR 
Observational Study[ptyp]) AND English[lang] AND 
("infant"[MeSH Terms] OR "child"[MeSH Terms] OR 
"adolescent"[MeSH Terms])) 71 citations     

    Is There a Role for Conservative Treatment 
in Pes Cavus? 

 There is good quality evidence in support of conservative 
treatment (rather than no treatment) of Pes cavus, limited by 
its utility especially in a progressive deformity. In a ran-
domised controlled trial, Burns et al. compared the effect of 
custom-made orthoses vs sham orthoses in 154 adults with 
symptomatic bilateral Pes cavus [ 3 ]. This trial was conducted 
on adults, so there are questions over its applicability to chil-
dren. Foot pain was the primary outcome measure; at 3 
months, participants using the custom-made orthoses 
reported signifi cant reduction in foot pain (difference, 8.3 
points; 95 % confi dence interval [CI], 1.2–15.3 points; 

  Fig. 21.1    Pes cavus foot, 
cavovarus type       
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P = .022). Plantar pressure and functional scores were also 
improved (although quality of life did not). 

 A subsequent Cochrane review suggested that off-the- shelf 
orthotics did not improve clinical outcomes [ 4 ]. The same 
group subsequently conducted a controlled trial to investigate 
the use of Botulinum toxin type A (BoNT-A) in preventing the 
progression of cavus deformity in ten children (20 feet) with 
CMT type 1A [ 5 ]. The control leg received no injections. 
After 2 years, there was no signifi cant difference in radiologi-
cal alignment, foot posture, ankle fl exibility or strength 
between the sides. The authors concluded that BoNT-A did 
not affect the progression of cavus deformity in CMT 1A.  

    Surgical Treatment of Pes Cavus 

 Surgical treatment can be divided into soft tissue (contrac-
ture release, tendon lengthening/shortening/transfer), oste-
otomy and arthrodesis. These are not mutually exclusive 

but need to be combined and tailored to the needs of the 
individual patient. The Coleman block test [ 6 ] is an impor-
tant pre-operative decision-making tool, determining 
whether the hindfoot varus is correctible (fl exible) or fi xed 
(rigid). Hindfoot surgery is unnecessary in a fl exible, fore-
foot-driven Pes cavus, but essential in a rigid hindfoot 
varus. 

 A variety of procedures have been described for treat-
ment of both flexible and rigid deformities; no single 
combination has gained unanimous approval. This is 
understandable as surgical decision-making takes into 
account a multiplicity of factors, including: apex of 
deformity, rigidity of deformity, type of cavus, hindfoot 
position and flexibility, static/dynamic deformity, mus-
cle strength and joint degeneration etc. Despite the 
claims of various proponents, it remains unclear as to 
when is the best time for surgery, or indeed whether 
early surgery prevents later joint degeneration (Figs. 
 21.2  and  21.3 ).

  Fig. 21.2    Coleman’s test;  left : 
hindfoot is fl exible.  Right : 
hindfoot is fi xed       
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        What Is the Evidence for the Treatment 
Options for Management of Flexible Pes 
Cavus? 

 In fl exible Pes cavus deformity, joint-sparing surgery (purely 
of soft tissues or with bony surgery also) can be performed, 
with the intent of preserving joint function. The primary out-
come of interest is a pain-free mobile plantigrade foot and, in 
the longer term, preservation of joint function without degen-
erative change. 

 Chan et al. performed a useful study in this regard [ 7 ], 
investigating foot pressure distributions before and after sur-
gical correction in nine children with CMT who had joint 
sparing surgery. Although surgery improved all radiological 
parameters, the pressure distributions remained abnormal. 
They concluded that pressure distribution normalisation 
depends on achieving a balanced foot and a correct heel 
position. 

 Roper and Tiberwal [ 8 ] reviewed the results of soft tissue 
surgery at a mean follow up of 14 years in ten CMT type I 
patients (mean age at surgery 14 years, but age range 5–36 
years) who underwent open Tendoachilles lengthening 
(TAL), split transfer of Tibialis anterior tendon (TAT), plan-
tar fasciotomy (PF), claw toe release with fl exor-extensor 
transfer and modifi ed Robert Jones procedure for claw hal-
lux correction. Jones originally proposed Extensor Hallucis 

Longus (EHL) tendon transfer to the fi rst metatarsal neck for 
claw toe correction [ 9 ]. Subsequent modifi cation involved 
the fusion of the hallux IP joint [ 10 ]. Unfortunately, the 
authors did not indicate the severity of Pes cavus, nor the 
fl exibility of the hindfoot varus; in fact, one patient under-
went calcaneal osteotomy for “very severe varus”. Outcomes 
of interest were subjective, including function, appearance 
and symptoms. Global outcomes were classifi ed as excel-
lent, good, fair or poor. There were no complications. Two 
patients had recurrent deformity that required repeat soft tis-
sue surgery. All patients had satisfactory results and were 
able to walk “unlimited distances” on latest review. 

 In an informative level IV study, Ward et al. [ 11 ] described 
the results (at a mean follow up of 26 years) of joint-sparing 
surgery in 25 patients with CMT who had a fl exible hindfoot 
[mean age at surgery 15.5 years (8.7–25.1)]. The authors 
developed an algorithmic approach to fl exible Pes cavus 
management. All patients underwent PF (to reduce the cavus 
deformity) and transfer of Peroneus longus (PL) tendon to 
Peroneus brevis (PB) (to remove the deforming force on the 
fi rst ray). Most patients also underwent fi rst metatarsal oste-
otomy (DFO), if the foot was deemed not plantigrade follow-
ing the initial procedures. If there was clawing of the great 
toe patients underwent Extensor Hallucis Longus (EHL) 
recession. Those with pre-operative power of at least grade 
IV in Tibialis anterior underwent TAT transfer to the lateral 
cuneiform to supplement eversion strength; the transfer of 
the TAT was not part of the authors’ initial practice but was 
subsequently included, and three patients underwent second-
ary tendon transfer. Overall, effectively deviating from the 
latterly advised protocol, TAT transfer was performed to the 
cuboid or the middle cuneiform in nine patients (14 feet). 
Some patients had other additional surgery (hallux IPJ 
fusion – 6 feet, TAL – 1 foot). Seventeen patients (29 feet) 
had both clinical and radiological assessment. Seven patients 
(8 feet) required 11 subsequent operations of which there 
was one calcaneo-cuboid fusion and one ankle fusion. Eleven 
patients required orthosis at follow-up. General health (SF- 
36) score means were 49.8 (mental component score) and 
37.7 (physical functioning score). Foot function was assessed 
using the Foot function index (FFI), having three sub-scales 
of pain, disability and activity limitation (maximum score is 
100 with higher scores indicating worse function). Mean 
scores in the three sub-scales were 35, 40.5 and 22.1, respec-
tively. Twenty-one patients had some degree of hindfoot 
varus although cavus correction was well maintained. 
Osteoarthritis (OA) was seen most commonly at the medial 
cuneiform-fi rst metatarsal joint; 11 joints in 8 feet demon-
strated OA. 

 Chatterje and Sahu reported the results of midfoot oste-
otomy in 18 adolescents [mean operative age 11.3 years 
(range: 8.6–15 years); mean follow-up 5.4 years, with no 
loss to follow-up] who had unilateral Pes cavus (all but one 

  Fig. 21.3    Pes cavus: radiological assessment       
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following poliomyelitis; the other having meningocoele) 
[ 12 ]. Patients were treated with the Japas osteotomy (mid-
foot osteotomy with the apex placed over the navicular) after 
initial open PF release. Thirteen patients required additional 
TAL; two patients had a rigid hindfoot. No radiological 
parameters were presented. Outcome was subjective, being 
graded as “very good”, “good” or “poor” based on 
 completeness of deformity correction. Four patients had 
poor results necessitating further surgery: two underwent 
triple fusion and two underwent calcaneal osteotomy. 

 Leeuwesteijn et al. reported a series included 33 patients 
with CMT [mean operative age was 28 years (range: 13–59 
years); only fi ve patients were adolescents (<16 years); mean 
follow-up was only 57 months], with fl exible hindfoot defor-
mity [ 13 ]. All patients underwent DFO of the fi rst metatar-
sal; additional surgery consisted of hallux IPJ arthrodesis (34 
feet), percutaneous TAL (28 feet), claw toe correction (28 
feet), Peroneus longus to Peroneus brevis transfer (27 feet), 
EHL transfer (15 feet), Tibialis posterior tendon transfer due 
to drop foot (six cases), PF release (1 foot). The authors 
chose to transfer EHL to the Tibialis anterior or Peroneus 
tertius tendons (rather than the neck of the fi rst metatarsal), 
thinking that this transfer regime resulted in a lower inci-
dence of hallux elevatus. There were no major complica-
tions. Outcomes were assessed using the FFI and patient 
satisfaction score: there was a statistically signifi cant 
improvement in pain (from 29.3 to 14.8) and disability (from 
37.8 to 23.5) components of the FFI. Ninety percent of 
respondents were satisfi ed with the deformity correction but 
even over this time frame, two patients underwent triple 
arthrodesis (TA) due to deformity recurrence. 

 The most recent evidence Faldini et al. [ 14 ], presenting 
the results [mean follow up 6 years (range: 2–13 years)] of 
12 CMT 1A patients (24 feet) with bilateral foot deformities 
treated by PF release, midtarsal osteotomy (MTO), naviculo- 
cuneiform arthrodesis (NCA), Jones procedure and DFO of 

the fi rst metatarsal. It is interesting that the authors do not 
appear to have attempted tendon transfer to balance power. 
They maintain that elevation of the fi rst metatarsal head 
would indirectly correct the varus heel in a fl exible defor-
mity. It is notable that their pre-operative investigations 
reveal that 17 and 16 feet (of the 24) had 5/5 power in 
Peroneus brevis and Tibialis anterior, respectively; this may 
be why their regime was successful, in spite of the absence of 
tendon transfers. Five patients required additional surgery 
for claw toe correction. Outcomes were assessed using the 
Maryland foot score (MFS), rated as excellent (100–90 
points), good (89–75 points), fair (74–50 points), or poor 
(<50 points). Mean score improved from 72 to 86 and 12 feet 
reported excellent results. Two feet had superfi cial wound 
dehiscence. There was no recurrence or subsequent surgery. 

 In summary, a sequence of level IV case series suggests 
joint-sparing surgery to be a viable treatment option in fl ex-
ible Pes cavus. There are no universally agreed guidelines – 
patients need careful assessment and treatment options 
should be individualised. Current evidence appears to sug-
gest that a combination of soft tissue and bony procedures 
are necessary. In fl exible Pes cavus, there is inadequate evi-
dence to determine if joint sparing procedures delay progres-
sion of deformity or subsequent joint degeneration. Patients 
should be counselled that further treatment may be necessary 
(Table  21.1 ).

       What Are the Results of Joint Sparing 
Surgery for Management of Rigid Pes Cavus? 

 For a rigid deformity, earlier procedures attempted only uni-
planar or biplanar correction. More recently, techniques have 
focussed on achieving multiplanar correction. Most of these 
operations involve a midfoot osteotomy that heals – either by 
arthrodesis, pseudoarthrodesis or bony union. Technically, 

   Table 21.1    Summary of the results of surgery for management of fl exible Pes cavus (all level IV case series)   

 Study  N (feet)  Diagnosis  Treatment 

 Follow up in 
years 
 Mean (range) 

 Re-operations 
(triple fusion)  Outcome 

 Roper and Tiberwal [ 8 ]  10 (18)  CMT Type 1  TAL, split transfer of TAT, PF, 
claw toe release and modifi ed 
Robert Jones procedure 

 14 (6–32)  3 (0)  All “satisfactory” 

 Ward et al. [ 11 ]  25 (41)  CMT  PF, Transfer to PL to PB, 
EHL recession, transfer of 
TAT, DFO 1st MT 

 26 (9.9–33.5)  11(0)  21 hindfoot varus 
 Signifi cant OA in 8 feet 
(11 joints) 

 Chatterjee and Sahu 
[ 12 ] 

 18 (18)  Post Polio 17 
 Meningocele 1 

 Japas osteotomy (included PF) 
 Tendo Achilles lengthening 
[ 13 ] 

 5.4 (3–13)  4 (2)  Very good: 6 
 Good: 8 
 Poor: 4 

 Leeuwesteijn et al. [ 13 ]  33 (52)  CMT  DFO 1st MT and soft tissue 
surgery 

 4.7 (1–13)  10(2)  90 % satisfi ed with 
deformity correction 

 Faldini et al. [ 14 ]  12 (24)  CMT 1A  PF, MTO and NCA Jones 
procedure and DFO 1st MT 

 6 (2–13)  0  Mean MFS 
improvement: 14 points 

21 Evidence-Based Treatment for Pes Cavus



188

these may not be joint-sparing surgery, but most preserve the 
Chopart joint complex. 

 Sammarco and Taylor reported the results of superolateral 
sliding calcaneal osteotomy and dorsolateral closing wedge 
metatarsal osteotomy in 15 patients (mostly adults; mean age 
was 33 years; range, 15–61 years) with underlying neuro-
logical abnormality (ten with CMT) [ 15 ]. Patients were 
assessed using the Maryland foot and AOFAS scores, dem-
onstrating improvement post-operatively. Additionally, there 
was radiographic improvement of both cavus and adductus. 
There were two delayed unions and three non-unions. One 
patient developed midfoot OA. The youngest patient had 
recurrence of heel varus and the authors felt that this proce-
dure should be used with caution before skeletal maturity. 
All patients were satisfi ed with surgery and brace-free at 
fi nal follow up. 

 Wicart and Seringe reported on 26 children (mean age at 
surgery, 10.3 years; mean follow up, 6.9 years) with an 
underlying neurological condition (16 had CMT) [ 16 ]. 
Surgery consisted of selective PF release, plantar opening 
wedge osteotomy of the cuneiform bones and Dwyer open-
ing wedge osteotomy of the calcaneum, if necessary [32 feet 
(89 %) had hindfoot stiffness requiring Dwyer osteotomy]. 
Additional surgery included fi rst metatarsal osteotomy (22 
feet), medial soft tissue release (17 feet), lateral column 
shortening (seven cases) and tendo achilles lengthening (two 
cases). One patient had deep infection. Assessment was both 
clinical and radiological. The authors used an unvalidated, 
self-devised ‘global score’ for patient outcome assessment. 
Seventeen patients had recurrence of varus deformity; 11 
patients were deemed to have poor results; 12 patients 
required TA. 

 Weiner et al. treated 89 patients (86 feet developing Pes 
cavus after clubfoot; mean operative age, 9.7 years; mean 
follow-up, 7.6 years) with the Akron dome multiplanar mid-
foot osteotomy [ 17 ]. Some patients also had PF release but 
the numbers were not given. There were no major complica-
tions. Outcome assessment was subjective, with the authors 
reporting that 106 cases (76 %) had satisfactory results. 
Recurrent deformity (33 patients) was treated with repeat 
midfoot osteotomy. Twenty-nine patients required TA. The 
authors performed a sub-group analysis between patients 
who were younger or older than 8 years at the time of sur-
gery, fi nding that older children had better results, possibly 
because they reached skeletal maturity quicker (with less 
time/growth available for deformity recurrence). 

 Mubarak and van Valin treated 13 children with cavovarus 
feet [multiple aetiologies, predominantly neurological; mean 
operative age, 11 years (SD 3 years); mean follow-up, 4 
years] with joint-sparing surgery [ 18 ]. Their rationale was to 
correct the deformity near its apex, and to spare transgres-
sion of the midtarsal joints. Hindfoot fl exibility was assessed 
using the kneeling method. The authors used a sequential 

method to correct foot deformity, initially performing open-
ing wedge osteotomy of the medial cuneiform and closing 
wedge osteotomy of the fi rst metatarsal to correct the cavus. 
This was followed by a closing wedge osteotomy of the 
cuboid (for additional forefoot correction) and lateral dis-
placement closing wedge calcaneal osteotomy for residual 
varus. They also performed Peroneus longus to Peroneus 
brevis transfer to balance the foot; 25 % cases also under-
went PF release to correct residual tightness. There was sig-
nifi cant improvement in both Meary and Hibb angles. A 
subjective grading system assessing patient outcome, based 
on correction of forefoot cavus, hindfoot varus and patient 
satisfaction suggested only one foot had poor results. The 
authors recommended that a balancing transfer of Peroneus 
longus to Peroneus brevis should be performed alongside 
osteotomies. 

 Mubarak and Dimeglio treated 11 children [mean oper-
ative age, 9.3 years (range: 4 months – 15.3 years); mini-
mum follow-up, 1.2 years] with severe cavovarus 
deformity, by navicular excision and closing wedge oste-
otomy of the cuboid [ 19 ]. Residual varus was corrected 
with calcaneal osteotomy in 2 feet. Two patients required 
“minor”  re- operation. All patients had plantigrade and 
pain-free feet at follow-up. The authors recommended this 
combination of techniques as a salvage procedure for the 
stiff cavus foot. 

 Zhou et al. claim to have undertaken a prospective study 
on 17 patients with rigid Pes cavus [multiple aetiologies; 
mean age, 16.8 years (range: 12–36 years); mean follow-up 
25.3 months; range, 12–48 months] treated by midfoot oste-
otomy combined with joint sparing internal fi xation for treat-
ment of [ 20 ]. However, patients were “tracked after 
treatment” which would suggest that this was a retrospective 
study. It is unclear if data were recorded prospectively. 
Patients underwent extra-articular midfoot wedge osteotomy 
stabilised with cannulated screws. Additional surgery 
included Tibialis posterior tendon transfer, TAL and claw toe 
correction. Additional surgery was performed only “selec-
tively in some patients”. There were no major complications, 
and all patients had bony union. Outcome was assessed using 
AOFAS and radiological criteria. There was a statistically 
signifi cant 40 point improvement in AOFAS score. There 
were also signifi cant improvements in calcaneal pitch, and 
Meary’s, tibiotalar and Hibb’s angles. The majority of 
patients (94 %) were very satisfi ed or satisfi ed with minor 
reservations. There was no appreciable worsening of joint 
degeneration. A longer term follow-up report would be of 
interest. 

 In summary, a number of different osteotomy techniques 
have been described in a sequence of level IV case series. 
Although a multiplanar osteotomy has the potential for max-
imum deformity correction, it is not clear which is the best 
option (Table  21.2 ).
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       What Are the Results of Triple Arthrodesis 
in Management of Rigid Pes Cavus? 

 Results of Triple arthrodesis (TA) have not been very satis-
factory over the long term. However, these patients are not 
directly comparable to those undergoing joint-sparing sur-
gery; a less aggressive option may not have been an option. 
Authors have emphasised that TA should be reserved as a 
last resort in severe, rigid deformity [ 18 ]. 

 Wetmore and Drennan treated 16 adolescents with CMT 
(Mean operative age, 15 years; mean follow-up, 21 years) by 
TA [ 21 ]. Fourteen patients had poor results and were orthotic 
dependent. Seven feet (23 %) had recurrence of cavovarus 
deformity; 23 feet (77 %) had progressive degeneration of 
foot joints. Outcome progressively worsened with time, and 
six patients required ankle arthrodesis. In view of the poor 
results, the authors surmised that TA should only be used as 
a last resort in limbs with progressive peripheral neuropathy 
and severe, rigid deformity. 

 Wukich and Bowen reported the results of TA of 22 patients 
(mean operative age, 16.8 years; mean follow up, 12.5 years) 
with CMT [ 22 ]. Outcome was assessed on the basis of resid-
ual deformity, pseudoarthrosis, pain , callosity, and degenera-
tive arthritis: 45 % of patients had residual deformity, and 
60 % had claw-toe deformity. Only 11 feet (32 %) had good 
results. Three patients were brace dependent. Twenty-one feet 

(62 %) had midfoot OA and 8(24 %) had ankle OA. Seventy 
percent of patients complained of persistent pain. There 
were 12 additional surgeries, including three cases of revi-
sion TA. The authors advised concurrent PTT transfer to 
 correct foot drop deformity and also emphasised the role of 
TA as a salvage procedure in severe, rigid deformity. 

 Mann and Hsu treated ten adolescent CMT patients (mean 
operative age, 13.3 years; mean follow-up, 7.5 years) with TA 
[ 23 ]. Three feet underwent associated Posterior tibialis tendon 
(PTT) transfer. Only 5 feet achieved fusion and plantigrade 
status. Three feet developed midfoot pseudoarthrosis but did 
not have functional limitation. One foot required revision TA 
and 3 feet required subsequent PTT transfer. Three feet had 
residual deformities and were asymptomatic. Because of 
incomplete follow up post-operative OA was not reported. 

 Salzman et al. treated 57 patients [multiple aetiologies – 
46 patients having underlying neurological causes, the 
commonest being poliomyelitis (34); mean operative age, 
16 years; mean follow-up, 44 years] with TA with/without 
associated soft tissue surgery. The commonest soft tissue 
procedure was tendon transfer (28), followed by TAL [ 6 ] 
performed within 8 weeks of TA. Eight feet (12 %) had 
minor complications; 55 % complained of pain of one or 
the other joints at fi nal follow-up, with 16 patients (28 %) 
being analgesic dependent. Thirteen feet had pseudoarthro-
sis of which ten were painful. Eighteen patients (32 %) had 

   Table 21.2    Summary of the results of joint sparing surgery in management of rigid Pes cavus (all level IV case series)   

 Study  N (feet)  Diagnosis  Treatment 

 Follow up in 
years 
 Mean (range)  Re-operations  Outcome 

 Sammarco and 
Taylor [ 15 ] 

 15 (21)  All neurological 
 CMT 10 

 Calcaneal and metatarsal 
osteotomy 

 4 (1–8)  Revision 
calcaneal 
osteotomy: 1 
 Intertarsal 
fusion: 1 
 TAL: 1 

 Improvement of 17.8 points in 
Maryland foot and ankle score 
 42.8 points in AOFAS hindfoot 
score 
 47.9 points in AOFAS midfoot 
score 

 Wicart and 
Seringe [ 16 ] 

 26 (36)  CMT 16 
 All neurological 

 PF, osteotomy of the 
cuneiform and calcaneum 

 6.9  12 TA  Poor 11 

 Weiner et al. 
[ 17 ] 

 89 (139)  Variable 
 Clubfeet 86 
 CMT 13 

 Akron dome midfoot 
osteotomy 

 7.6  33 revision 
midfoot 
osteotomy 
 30 TA 

 106 (76 %) satisfactory 

 Mubarak and 
Valin [ 18 ] 

 13 (20)  Variable 
 CMT 3 

 Osteotomy of the 1st MT, 
medial cuneiform, cuboid 
and 2nd, 3rd MT, PR and 
PL to PB transfer 

 4 (2–8)  NR  35 % very good 
 60 % good 
 5 % poor 

 Mubarak and 
Dimeglio [ 19 ] 

 11 (16)  Arthrogryposis: 
6 
 Clubfeet: 5 
 Neurogenic: 5 

 Navicular excision and 
cuboid osteotomy 

 4.9 (1.2–9.9)  Two (“minor 
procedure”) 

 All plantigrade and pain-free 

 Zhou et al. [ 20 ]  17  Poliomyelitis: 10 
 Idiopathic: 4 

 Midfoot osteotomy 
 PTT transfer NR 
 TAL NR 
 Claw toe correction NR 

 2 (1–4)  NR  40 points improvement in mean 
AOFAS score 

   NR  non reported  
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subsequent operations (revision TA: 3). Fifty-two feet had 
residual hindfoot deformity. All patients had ankle OA of 
which 34 were moderate or severe; 31 patients had midfoot 
OA. Only 19 feet (28 %) had good results on fi nal follow-
up. This study had the longest follow up; unsurprisingly, 
the authors noted that clinical and radiological outcomes 
worsened with time. The authors did not fi nd any correla-
tion between the degree of joint space narrowing and 
reported pain/deformity. Fifty- four patients (95 %) were 
satisfi ed with the result of surgery at fi nal follow-up. In 
view of gradual deterioration of results following TA the 
authors advised appropriate counselling in younger 
patients. 

 In summary, from a small cadre of level IV case series, 
triple arthrodesis seems to be a useful salvage procedure in 
patients with severe rigid Pes cavus deformity. However, 
tendon transfer for balancing may still be required. Patients 
should be counselled that results deteriorate over time 
(Table  21.3 ).

       What Are the Results of External Fixation 
in Management of Pes Cavus? 

 The external fi xator is an attractive option in Pes cavus cor-
rection because there can be gradual simultaneous correc-
tions in all planes, in a minimally invasive fashion without 
major disruption of soft tissues. This is especially useful 

where soft tissue coverage is poor (eg multiple previous 
surgeries), in neglected or relapsed deformity, or with 
infection or associated limb deformity. Although it has 
been widely used (and reported) in neglected clubfoot 
deformity, there are not many reports of its use in paediatric 
Pes cavus per se. 

 Shalaby and Hefny treated 20 patients with a range of 
complex foot deformities [aetiology was neurological in 
11 patients (two cases of Pes cavus; two cases of hindfoot 
varus); 12 had had previous surgery and 10 had poor soft 
tissue condition; mean operative age was 26 years, range: 
17–46 years; mean follow-up 25 months] with a V oste-
otomy and Ilizarov fixation [ 25 ]. Mean time in fixator 
was 15 weeks, followed by 6 weeks in a short leg cast; a 
plantigrade foot was achieved in all but one case, result-
ing in “improvement” in shoe fitting. Mean improvement 
in Meary angle was from 20° to 4°. Four patients had 
mild residual deformity and two patients experienced 
mild recurrence. There were seven cases of pin-site 
infection. 

 Lee et al. managed 26 patients [all had an underlying neu-
rologic condition, the commonest being lipomeningocoele 
(11 feet); 19 patients were children (age range of series, 5–51 
years); 14 feet had undergone pervious surgery; mean fol-
low- up, 6 years] with equinocavovarus deformity by a modi-
fi ed Ilizarov technique [ 26 ]. The modifi cation consisted of 
combining it with conventional soft tissue and bony proce-
dures. Nine patients had distraction histogenesis and limited 

   Table 21.3    Summary of the results of Triple arthrodesis in management of rigid Pes cavus (all level IV case series)   

 Study  N (feet)  Diagnosis  Treatment 

 Follow up in 
years 
 Mean (range)  Re-operations  Outcome 

 Wetmore 
and 
Drennan 
[ 21 ] 

 16 (30)  CMT  Triple arthrodesis  21 (6–51)  Ankle arthrodesis: 6  Poor: 14 
 (Orthotic dependent) 
 Persistent varus/cavus: 9 
 Recurrence: 7 
 OA: 23 

 Wukich and 
Bowen [ 22 ] 

 22 (34)  CMT  TA 
 Percutaneous PF: 7 

 12.5 (2.5–40)  12 
 (Revision TA: 3) 

 Progressive OA: 29 
 Persistent pain: 70 % 

 Mann and 
Hsu [ 22 ] 

 10 (12)  CMT  TA 
 PTT transfer: 3 
 TAL and PF: 1 

 7.5 (2.3–18)  Revision TA: 1 
 Clawtoe correction: 
1 
 PTT transfer: 3 
 TAT transfer: 1 

 Midfoot pseudoarthrosis: 3 
 Residual deformity: 3 
 (molded AFO dependent) 

 Salzman 
et al. [ 24 ] 

 57 (67) 
 (26 feet had 
valgus 
deformity) 

 Multiple 
 Polio: 37 
 CMT: 6 

 TA 
 Additionally within 8 weeks: 
 Tendon transfer: 28 
 TAL: 6 
 Midfoot arthrodesis: 6 
 PF: 3 

 44 (29–68)  18 
 (revision TA: 3) 

 Pain in foot or ankle: 37 
 Ankle OA: 57 
 Midfoot OA: 56 
 Pseudoarthrosis: 13 
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soft tissue release, others required additional osteotomy (cal-
caneal, mid-tarsal, fi rst metatarsal). The authors also per-
formed tendon transfer to balance the foot in fi ve cases and 
TA in seven cases. After a mean period of 23 days, the exter-
nal fi xator was removed and patients were cast for 2–5 
weeks. Twenty-four feet were corrected to plantigrade posi-
tion; 19 patients were satisfi ed with the results of surgery. 
There were four recurrences (poor outcome) and six 
complications. 

 Kirienko et al. corrected foot deformity from poliomyeli-
tis in 27 patients (four paediatric patients aged 17–18 years; 
ten patients had undergone previous surgery; mean follow-
 up, 7 years) using the Ilizarov technique [ 27 ]. Only six 
patients had treatment with isolated frame application; oth-
ers required additional soft tissue or bony procedures includ-
ing arthrodesis. Nine patients had some degree of Pes cavus 
deformity. Mean time in foot frame was 4.2 months. A plan-
tigrade foot was achieved in 25 cases without major compli-
cation and all patients were satisfi ed with their post-operative 
gait. There were two cases of residual deformity and two 
cases of recurrence. 

 In summary, on the basis of a further body of level IV 
evidence (case series), external fi xation appears to be a use-
ful option in treatment of Pes cavus. However, it is rarely 
used in isolation and surgeons have often performed addi-
tional soft tissue and bony procedures (including tendon 
transfer and arthrodesis) and their attempt to maintain a sta-
ble plantigrade foot (Tables  21.4    and  21.5 ).

   Table 21.4    Summary of management of rigid Pes cavus with external fi xation (all level IV case series)   

 Study  N (feet)  Diagnosis  Treatment 

 Follow up in 
years 
 Mean (range) 

 Re-operations or additional 
surgery  Outcome 

 Shalaby and 
Hefny [ 25 ] 

 20 (25)  Post-Polio: 7 
 Neglected CTEV: 4 
 CMT: 2 
 Others: 7 

 V osteotomy and 
Ilizarov 
technique 

 2 (1.5–3)  Reversal: 1 
 Flexor tenotomy: 2 

 Plantigrade: 24 
 Recurrence: 2 
 Residual deformity: 
4 

 Lee et al. [ 26 ]  26 (29)  Lipomeningocoele: 11 
 Arthrogryposis: 7 
 Post-polio: 6 
 Cerebral Palsy: 4 
 Nerve injury: 1 

 Ilizarov 
technique, 
 Selective soft 
tissue procedure 
and 
 osteotomy 

 6 (1–13)  Combined osteotomy: 15 
 TA: 7 
 Tendon transfer: 5 

 Plantigrade: 24 
 Recurrence: 4 
 Residual deformity: 
2 
 Excellent: 16 
 Poor: 4 

 Kirienko 
et al. [ 27 ] 

 27 (27)  Poliomyelitis  Ilizarov 
technique, 
selective soft 
tissue procedure 
and 
 arthrodesis 

 7.17 
(0.5–15) 

 V osteotomy and calcaneal 
osteotomy: 5 
 Supramalleolar osteotomy: 2 
 TA: 5 
 Ankle arthrodesis: 1 
 Chopart joint arthrodesis: 1 
 TAL: 8 

 Plantigrade: 25 
 Recurrence: 2 
 Residual deformity: 
2 
 All satisfi ed with 
post-operative gait 

   Table 21.5    Summary of recommendations   

 Clinical situations  Grades 

 Custom made orthoses may be useful in 
reducing pain in symptomatic patients with 
Pes Cavus 

 B 

 Botulinum toxin A does not prevent 
progression of cavus deformity in CMT Type 
1A 

 B 

 Joint sparing surgery is an option for 
management of both fl exible and rigid Pes 
cavus 

 C 

 Tendon transfer is necessary to balance the 
forces in Pes cavus caused by progressive 
neurological conditions 

 C 

 Triple arthrodesis is an option for 
management of rigid Pes cavus 

 C 

 External fi xation is an option for 
management of Pes cavus but may require to 
be supplemented with tendon transfer or 
arthrodesis 

 C 

 Surgery must be individualised to every 
patient taking into account the deformity 
parameters, degree of rigidity and disability 

 C 

 It is not possible to make an evidence 
informed decision regarding the best 
combination of soft tissue and bony 
procedures for joint sparing surgery 

 I 

 In Pes cavus, the optimum age/stage for 
surgery is unclear 

 I 

 It is not clear if joint-sparing surgery is a 
better option than Triple arthrodesis in rigid 
Pes cavus 

 I 
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      Evidence-Based Management 
of Ankle Fractures in Children                     

     Kenan     Dehne     ,     Amy     Robinson     , and     Sattar     Alshryda    

    Abstract  

  Ankle fractures in children are common and pose unique diagnostic and therapeutic chal-
lenges. In this chapter we investigated and summarised the strength of evidence behind 
methods of assessing and treating these fractures. Lateral and mortise views are indicated 
when Ottawa ankles rules are positive. AP view does not add more information (grade B). 
Computed tomography is useful adjunct for assessment and management planning in 
selected cases (grade B). Undisplaced ankle fractures can be effectively managed with cast 
immobilisation and close radiographic follow-up evaluation (grade B). Reduction (closed 
or open) and internal fi xation should be considered when there is a displacement (grade 
B/C); however the cut off for what is considered displaced has not been universally agreed 
on. Most published studies used 2 mm displacement as a cut off for operative treatment; 
hence there is a lack of evidence on the outcomes of non operative treatment when the dis-
placement is more than 2–3 mm.  

  Keywords  

  Ankle fractures   •   Transitional fractures   •   Tillaux fractures   •   Triplane fractures   •   McFarland 
fractures   •   Salter-Harris classifi cation  

      Introduction 

 The ankle joint is a modifi ed hinge joint between the tibial 
plafond, medial and lateral malleoli proximally and the talus 
distally. The ankle joint is stabilised by several ligaments 
which are essential for normal function. These ligaments 
include the anterior talofi bular (ATFL), calcaneofi bular 
(CFL) and posterior talofi bular ligaments (PTFL) laterally, 
and the deltoid ligament medially. The lower ends of the 

tibia and fi bula articulate together forming the inferior tibio-
fi bular joint (ITFJ) which is stabilised by the anterior tibio-
fi bular (ATiFL), interosseous ligament and posterior 
tibiofi bular (PTiFL) ligaments [ 1 ]. 

 The distal tibial epiphysis starts ossifying between 6 and 
24 months of age and ossifi cation extends into the medial 
malleolus around 7 years. In 20 % of cases there is a separate 
ossifi cation centre in the medial malleolus. This should not 
be confused with a fracture. The distal tibial physis closes 
over an 18-month period starting around age 14 years in girls 
and 16 years in boys. The central part of the physis closes 
fi rst, followed by the medial side and lastly the lateral side 
(Fig.  22.1  ) .

   The distal fi bula epiphysis starts ossifying during the sec-
ond year of life and closes 12–24 months later than the distal 
tibial physis. The distal tibial physis grows 4 mm a year and 
account for 40 % of the leg longitudinal growth. 

 Stability is a very important concept in the management 
of ankle fractures. Ligaments play a major role in ankle 
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 fracture stability. In practice most surgeons base their deci-
sions on clinical assessment and plain x-rays to assess ankle 
fracture stability. Although this may be adequate in most 
cases where the features of instability are obvious, this is not 
the case in all fractures leading to some patients undergoing 
unnecessary surgery. In children, this is even more compli-
cated due to the presence of the physis which poses diagnos-
tic and therapeutic challenges to the treating surgeons. 

 Stress tests, CT scan and MRI scan have been used to aid 
decision making. 

 Several classifi cations have been proposed to help under-
stand the nature of ankle fractures, inform treatment choices 
and predict future outcomes. Most of these have been based 
on morphological description and their predictive values for 
instability and better treatment choice have been questioned 
[ 2 ,  3 ]. However, to understand the published evidence better, 
basic knowledge of these classifi cations is valuable. 

 In adult practice, there are two common classifi cations in 
use: Weber and Lauge-Hanson classifi cation. 

 Weber classifi ed ankle fractures according to the relation 
of the fi bular fracture to the syndesmosis into: type A (below 
the syndesmosis), type B (at the level the syndesmosis) and 
type C (above the syndesmosis). Weber classifi cation was 
subsequently adopted and incorporated in the AO ankle clas-
sifi cation which was expanded into two sub-layers as shown 
in Table  22.1 .

   Lauge-Hansen [ 4 ] classifi ed ankle fractures according to 
the position of the foot at the time of impact (supinated or 
pronated) and the direction of the force applied to the ankle 
(adduction, abduction or external rotation). A pronated foot 
will result in tight deltoid ligament and lax lateral ligamen-
tous complex and vice versa for a supinated foot. Lauge- 
Hansen indicated that these two elements (the position of the 
foot and the direction of the force) determine the order in 
which ankle stabilising structures fail, and that these struc-
tures fail in a predictable order (Table  22.2 ). Several biome-
chanical studies failed to reproduce the work and classifi cation 
of Lauge-Hansen [ 5 ,  6 ]). Moreover, fi ndings from MRI 

  Fig. 22.1    Progression of physeal closure of the distal tibia       

   Table 22.1    AO ankle fracture classifi cation   

 Type A  Type B  Type C 

 A1 Infrasyndesmotic lesion, isolated 
 1. Rupture of the lateral collateral ligament 
 2. Avulsion of the tip of the lateral 
malleolus 
 3. Transverse fracture of the lateral 
malleolus 

 B1 Transsyndesmotic fi bular fracture, isolated 
 1. Simple 
 2 Simple, with rupture of the anterior 
syndesmosis 
 3 Multifragmentary 

 C1 Suprasyndesmotic lesion, diaphyseal 
fracture of the fi bula, simple 
 1. With rupture of the medial collateral 
ligament 
 2. With fracture of the medial malleolus 
 3. With fracture of the medial malleolus 
and a Volkmann (= Dupuytren) 

 A2 Infrasyndesmotic lesion, with fracture 
of the medial malleolus 
 1. Rupture of the lateral collateral ligament 
 2. Avulsion of the tip of the lateral 
malleolus 
 3. Transverse fracture of the lateral 
malleolus 

 B2 Transsyndesmotic fi bular fracture, with 
medial lesion 
 1. Simple with rupture of the medial collateral 
ligament and rupture of the anterior syndesmosis 
 2. Simple with fracture of the medial malleolus 
and with rupture of the anterior syndesmosis 
 3. Multifragmentary 

 C2 Suprasyndesmotic lesion, diaphyseal 
fracture of the fi bula, multifragmentary 
 1. With rupture of the medial collateral 
ligament 
 2. With fracture of the medial malleolus 
 3. With the fracture of the medial malleolus 
and a Volkmann (= Dupuytren) 

 A3 Infrasyndesmotic lesion, with postero- 
medial fracture 
 1. Rupture of the lateral collateral ligament 
 2. Avulsion of the tip of the lateral 
malleolus 
 3. Transverse fracture of the lateral 
malleolus 

 B3 Transsyndesmotic fi bular fracture, with 
medial lesion and a Volkmann (fracture of the 
postero-lateral rim) 
 1. Fibula simple, with rupture of the medial 
collateral ligament 
 2. Fibula simple, with fracture of the medial 
malleolus 
 3. Fibula multifragmentary, with fracture of the 
medial malleolus 

 C3 Suprasyndesmotic lesion, proximal 
fi bular lesion 
 1. Without shortening, without Volkmann 
 2. With shortening, without Volkmann 
 3. Medial lesion and a Volkmann 
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 studies of displaced ankle fracture did not have the patterns 
of ligament and bony injury predicted by their apparent 
Lauge- Hansen type [ 1 ,  2 ,  7 ].

   Salter and Harris introduced a classifi cation system which 
carries their name based on the relationship of fracture lines 
to the growth plate [ 8 ,  9 ]. The classifi cation is relatively sim-
ple and easily remembered and has been relatively success-
ful in predicting future growth disturbance although the 
latter has been contested [ 10 ]. (Fig.  22.2  ) 

   Dias and Tachdjian [ 11 ] modifi ed the Lauge-Hansen clas-
sifi cation to include the Salter-Harris classifi cation so that it 
can applied to children ankle fractures. Subsequently four 
other types of fractures were added, namely the Tillaux, tri-
plane, axial compression, and miscellaneous physeal frac-
tures [ 12 ]. 

 Tillaux fracture and triplane fractures have been added to 
the classifi cation. The juvenile Tillaux fractures (to differen-
tiate it from adult similar avulsion fracture) are SH-III frac-
tures involving the anterolateral aspect of the distal tibia 
plafond which is not fused to the metaphysis yet (Fig.  22.3 ). 
These fractures are caused by external rotation forces and 
can be reduced by internally rotating the foot [ 13 ].

   The triplane fracture was described by Lynn in 1972 [ 14 ]. 
As the name implies these fractures occur in three different 
planes: coronal, transverse, and sagittal. On the AP radio-
graphs the fracture appears as a SH-III (like Tillaux fracture) 
whilst on the lateral view it appears as a SH-II (also called 
two-part triplane fracture) or SH-IV (also called three-part 
triplane fracture). Four-part triplane was also described in 
the literatures [ 15 ,  16 ] ( see  Figs. 46.1 and 46.2 in Chap. 46). 

 The prognostic value of these classifi cations has been 
debated. Leary [ 10 ] retrospectively reviewed 124 children 
after physeal fractures of the distal end of the tibia. They 
defi ned premature physeal closure (PPC) as radiographic evi-
dence of physeal closure as compared to the uninjured side in 

this patient population. Fifteen fractures (12.1 %) were com-
plicated by PPC, 67 % of the PPC observed occurred in SH-II 
fractures, followed by 13 % in SH-III, 13 % in SH-IV, and 7 % 
in triplane fractures. They did not observe any physeal arrest 
in the SH-I or Tillaux fractures. They were able to demonstrate 
statistically signifi cant correlations between mechanism of 
injury and PPC and between the amount of initial fracture dis-
placement and the rate of PPC. For each millimetre of initial 
displacement, there was a relative risk of 1.15 (P < 0.01). 

 In another study of 49 children with physeal fractures of 
the distal tibia or fi bula or both, the Salter-Harris classifi ca-
tion system could not signifi cantly predict the growth pattern 
[ 17 ] (Fig.  22.2 ). 

 Spiegel et al. [ 18 ] followed 184 distal tibia and/or fi bula, 
fractures for an average of 28 months after injury using the 
Salter-Harris classifi cation. They differentiated three groups 
according to their risk for shortening of the leg, angular 
deformity of the bone, or incongruity of the joint. The low- 
risk group consisted of 89 patients, 6.7 % of whom had 
complications; this group included all type I and type II 
fi bula fractures, all type I tibia fractures, type III and type IV 
tibia fractures with less than 2 mm of displacement, and 
epiphyseal avulsion injuries. The high-risk group consisted 
of 28 patients, 32 % of whom had complications; this group 
included type III and type IV tibia fractures with 2 mm or 
more of displacement, juvenile Tillaux fractures (Fig.  22.3  ) , 
triplane fractures, and comminuted tibial epiphyseal frac-
tures (type V). The unpredictable group was made up of 66 
patients, 16.7 % of whom had complications; only type II 
tibia fractures were included. The incidence and types of 
complications were correlated with the type of fracture 
(Salter-Harris classifi cation), the severity of displacement or 
comminution, and the adequacy of reduction. 

 de Sanctis et al. [ 19 ]) reviewed 158 ankle fractures; 132 
were treated conservatively and 26 patients underwent surgical 

   Table 22.2    Lauge-Hansen 
classifi cation   

 Lauge-Hansen class  Sequence of structures failure with increasing force caused by an injury 

 Supination – external 
rotation (SER)(foot is 
supinated and the force 
is external rotation) 

 Stage I: ATiFL rupture or avulsion fracture of tibia or fi bula 

 Stage II: short oblique fi bula fracture (anteroinferior to posterosuperior) 

 Stage III: PTiFL rupture or avulsion of posterior malleolus 

 Stage IV: Medial malleolus transverse fracture or disruption of deltoid ligament 

 Supination – adduction 
(SA) 

 Stage I: Talofi bular sprain or distal fi bular avulsion 

 Stage II: Vertical medial malleolus and impaction of anteromedial distal tibia 

 Pronation – abduction 
(PA) 

 Stage I: Medial malleolus transverse fracture or disruption of deltoid ligament 

 Stage II: ATiFL rupture or avulsion 

 Stage III: Transverse comminuted fracture of the fi bula above the level of the 
syndesmosis 

 Pronation – external 
rotation (PER) 

 Stage I: Medial malleolus transverse fracture or disruption of deltoid ligament 

 Stage II: ATiFL disruption 

 Stage III: Lateral short oblique or spiral fracture of fi bula (anterosuperior to 
posteroinferior) above the level of the joint 

 Stage IV: Posterior tibiofi bular ligament rupture or avulsion of posterior malleolus 
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treatment. Fibular fractures of the malleolus without epiphy-
seal separation or dislocation (68 patients) were excluded. Of 
the 158 patients, 113 (70 %) were available for an average 
6-year follow-up. They compared the degree of epiphyseal 
separation or dislocation, the Carothers-Crenshaw classifi ca-
tion (a classifi cation based on the mechanism of trauma) with 

the Salter-Harris classifi cation (which is based on anatomical-
radiographic criteria). They reported that fractures more likely 
to result in permanent damage to the physis are those caused 
by a traumatic adduction-supination mechanism that can pro-
duce SH-III, IV, and V fractures of the distal part of the tibia; 
they also reported that the combination of compression and 

  Fig. 22.3    Tillaux fracture       

  Fig. 22.2    Salter-Harris 
classifi cation of physeal injury       

 

 

K. Dehne et al.



197

adduction may cause a SH- V injury with type III and IV frac-
tures. However, type V lesions are often diagnosed late. In 11 
of their 12 poor results, 6 were caused by adduction-supina-
tion injuries and 5 were compressive injuries. 

 In a large retrospective study of 376 children with distal 
tibial physeal injury, Schurz et al. [ 20 ] reported the outcomes 
after various types of Salter-Harris fractures (Table  22.3 ).

   Vahvanen and Aalto [ 21 ] studied 310 children treated for 
ankle fractures. They were classifi ed according to the classifi -
cations of Ashhurst-Bromer-Weber, Lauge-Hansen, and 
Salter-Harris. They found that grouping of the fractures 
according to Lauge-Hansen and Ashurst-Bromer-Weber clas-
sifi cations suited to adults was largely unsuccessful. 
Epiphyseal fractures were easily classifi ed according to 
Salter-Harris. They proposed that ankle fractures in children 
can be roughly divided into avulsion and epiphyseal frac-
tures. Adequately reduced avulsion fractures can be expected 
to heal well; epiphyseal fractures, however, may cause late 
complications.  

    What Is the Evidence Behind Ankle Fractures 
Investigation? 

    Ottawa Rule 

 Ankle injury is common and radiological tests are not always 
indicated. The Ottawa ankle rules [ 22 ,  23 ] have been shown 
to be accurate in predicting the need for radiography in the 
acute trauma situation in adults. They can be used by medi-
cal and nursing staff in a variety of settings, and can reduce 
unnecessary radiography ([ 24 ,  25 ]; Allerston and Justham 
[ 26 – 28 ]). Several studies showed their value in detecting 
ankle fractures in children [ 29 – 36 ]. In a review by Crocco 
[ 37 ] of 671 fractures, the sensitivities of the Ottawa ankle 
rules ranged from 83 % to 100 % and specifi cities from 
7.9 % to 50 %. X-ray reduction rates ranged from 5 % to 
44 % (pooled reduction rate 25 %, 95 % CI: 23–26 %).  

    Plain Radiograph 

 The standard plain radiographic views of the injured ankle 
are antero-posterior (AP), the mortise and lateral views. 
The mortise view is a modifi ed AP with the ankle inter-

nally rotated so that the malleoli are in the same horizontal 
plane and the joint space is seen evenly on both sides of the 
ankle. This requires 10°–20° of internal rotation. The need 
for three views has been questioned. Brage [ 38 ] found that 
ankle fractures could be classifi ed with two radiographic 
views as reliably as with three views. Four different 
observers independently evaluated 99 sets of ankle radio-
graphs. The examiners classifi ed the ankle fractures by 
using both the Lauge-Hansen and Weber systems. The 
interobserver and intraobserver variations were analyzed 
by kappa statistics. The study demonstrated that ankle 
fractures can be classifi ed with two views, lateral or mor-
tise, with a reliability as good as that achieved with three 
views. The best agreement was achieved with lateral and 
mortise views. Adding a true AP view did not add useful 
information. 

 In a study by Vangsness [ 39 ], 123 sets of emergency room 
ankle x-rays (AP, lateral and mortise) were retrospectively 
reviewed to determine whether all three views were neces-
sary to diagnose the presence of an ankle fracture. Four 
 physicians (two orthopaedic surgeons, one musculoskeletal 
radiologist, and one emergency room physician) reviewed all 
randomly ordered sets of fi lms twice – once with all three 
views and once with only the lateral and mortise views. The 
overall accuracy of two views was within the 95 % expected 
threshold of accuracy using three views. The lateral and mor-
tise views alone appear suffi cient for ankle fracture diagno-
sis, and imply a substantial decrease in radiation and cost 
savings.  

    The Role of Medial Clear Space 

 The presence of an ankle fracture on plain x-ray is not an 
indication for surgery and stable fractures may do not even 
require cast protection. Signs of instability are more impor-
tant than the presence of a fracture as such. Displacement is 
often used to indicate instability (Fig.  22.4 ). Murphy et al. 
[ 40 ] measured medial and superior clear space in 73 patients 
without ankle injuries. Seventeen percent of male x-rays and 
1 % of female x-rays had a medial clear space >4 mm, while 
2 % of males and no females had a medial clear space 
>5 mm. Thirteen percent of radiographs had a medial clear 
space greater than superior clear space. Measurements were 
symmetrical, so the authors suggest the use of contralateral 
comparison radiographs to evaluate apparent medial widen-
ing. Koval et al. [ 41 ] suggested that a 4 mm medial clear 
space indicates an intact medial deltoid ligament and a stable 
ankle.

   Schuberth [ 42 ] showed that medial clear space was a poor 
predictor of arthroscopically-diagnosed deltoid ligament 
tears. They found the 88.5 % false positive rate for deltoid 
ligament rupture when medial clear space > or = 3 mm 
(P = .54, Fisher’s exact test) and 53.6 % when medial clear 
space > or = 4 mm (P = .007). 

   Table 22.3    The outcomes after various types of Salter-Harris 
fractures   

 Type of fractures  Good outcome  Poor outcome  Total 

 SH-I  180  1  181 

 SH-II  107  6  113 

 SH-III  58  8  66 

 SH-IV  15  1  16 

 Total  360  16  376 
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 Several studies [ 41 ,  43 ,  44 ] have suggested that external 
rotation stress (manual or gravitational) x-ray can differenti-
ate stable from unstable undisplaced fractures when plain 
x-rays are inconclusive. These studies assumed ankle insta-
bility when the clear medial space increased more than 
4 mm with stress. However, this has been contested. Koval 
[ 41 ] investigated the signifi cance of positive stress 
 radiographs (medial clear space >5 mm on stress testing) in 
21 patients who. All had MRI scan; 19 patients had evi-
dence of partially torn deep deltoid ligament and their ankles 
were not stabilised whereas two had a complete rupture of 
the deep deltoid ligament and underwent stabilisation. All 
fractures united without evidence of residual medial clear 
space widening or posttraumatic joint space narrowing. 

 Several other studies concluded that stress radiographs 
greatly over-estimate instability and that most undisplaced 
ankle fractures can be treated non-surgically [ 45 – 47 ]. Most 
of these studies include only a few children and adolescents 

so their fi ndings may not be applicable to paediatric 
practice.  

    The Role of CT Scan 

 CT can be useful in assessing more complex ankle fractures 
for accurate diagnosis, preoperative planning, and assess-
ment of reduction of intra-articular fractures. However, clear 
indications are still lacking and reasoning remains subjec-
tive. A recent study of 64 distal tibial fractures with intra- 
articular involvement demonstrated the importance of CT 
scan in assessment [ 48 ]. All patients had plain radiographs 
and CT scans. Findings based on radiographs and CT scan 
are summarised in Table  22.4 . Authors concluded that CT 
scan led to changes in fracture classifi cation and treatment 
decision.

  Fig. 22.4    Mortise view showing medial and superior clear space       
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   In a similar study of 25 triplane fractures by Eismann 
[ 49 ], there was poor inter-rater reliability (a kappa of 0.17) 
and intra-rater reliability (a kappa of 0.31) with radiographs 
alone but moderate inter-rater reliability (a kappa of 0.41) 
and intra-rater reliability (a kappa of 0.54) with the addition 
of computed tomography. More interestingly, the decision 
from non-operative to operative treatments was changed in 
27 % and either the orientation or number of screws was 
changed in 41 % of the cases when raters reviewed CT 
scans. 

 Black et al. [ 50 ] performed a retrospective analysis on 
100 consecutive patients treated for ankle fractures having 
both preoperative radiographs and CT scans. They found 
operative strategy was changed in 24 % of cases after CT 
review. Several authors suggested that CT scan should be 
routinely performed in clinical practice [ 51 ,  52 ].  

    The Role of Magnetic Resonance 
Imaging (MRI) 

 MRI provides fi ne detail of bones and soft-tissue structures 
and does not involve radiation. MRI scans have been used to 
diagnose occult fractures and, in cases of incomplete ossifi -
cation of malleoli, to establish displacement [ 41 ,  53 ]. 

 Lohman et al. [ 53 ] studied 60 children with acute ankle 
injuries with both conventional radiography and MR. Plain 
radiography produced 5 of 28 (18 %) false negative and 12 of 
92 (13 %) false positive fracture diagnoses compared to 
MRI. However they found no complex ankle fracture was 
missed and the MRI did not change the treatment plan in any 
case. 

 Petit et al. [ 54 ] compared radiographs with MRIs for 29 
children with physeal ankle injuries and found only 1 of 29 
fractures (3 %) was misclassifi ed by plain fi lm radiography. 

 Contrary to these two studies, Carey et al. [ 55 ] reported 
on 14 patients with suspected physeal injuries and indicated 
that that the MRI scans led to a change in the Salter-Harris 

classifi cation for two of the nine patients with fractures seen 
on radiographs, they identifi ed two occult fractures, and 
changed the management in fi ve patients. 

    What Is the Best Treatment for Non-displaced 
Ankle Fractures in Children? 
 There is a consensus on non operative treatment of stable 
and undisplaced ankle fractures. Many centres use a 
below knee full cast to treat undisplaced stable fractures 
although this may not be necessary in every case. In a 
randomised controlled study (level I) of 40 patients with 
Lauge-Hansen supination- eversion, stage II ankle frac-
tures, the use of the air stirrup led to a significant 
improvement in early patient comfort, post-fracture 
swelling, range of ankle motion at union, and time to full 
rehabilitation in comparison to a below knee walking cast 
[ 56 ].Similar findings were found in 66 patients who were 
treated with Aircast Stirrup ankle braces or Don Joy 
R.O.M.-Walker braces [ 57 ]. Subjective satisfaction with 
comfort and ease of use was significantly higher with 
Aircast Stirrup while pain relief and an inflammatory 
score were significantly better in the R.O.M.-Walker 
group after 4 weeks. There was in difference in outcomes 
after 3 months. 

 The above may be not true for unstable fractures where 
there is a potential for fracture displacement. Defi ning 
stability when there is no displacement remains contro-
versial and the cut-off between stable and non-stable frac-
tures has not yet been fully defi ned [ 1 ]. Several clinical 
and radiological signs have been proposed to signify 
instability including medial tenderness, bruising or swell-
ing, fi bular fracture above the syndesmosis and high 
energy fractures but none is confi rmatory. Stress views 
have been used to diagnose instability; however several 
studies showed that even in the presence of a positive 
stress views conservative treatment in a brace or cast usu-
ally produced satisfactory union in an undisplaced posi-
tion [ 41 ,  44 ,  46 ,  58 ].  

    What Is the Treatment for Displaced Paediatric 
Ankle Fractures? 
 The decision for operative intervention is obvious when dis-
placement is substantial. The aim is for gentle reduction to as 
anatomical position as possible is desirable and often achiev-
able. However, when displacement is minor, the decision for 
intervention can be tricky. Correct identifi cation of a child 
ankle fracture according to Dias-Tachjidian classifi cation 
aids (Table  22.5 ) its close reduction. We describe below the 
current approach to treat displaced fractures based on Salter- 
Harris classifi cation.

   Table 22.4    The difference in classifi cation and decisions of surgical 
treatment when CT scan was used in 64 patients with ankle fracture   

 Palin radiograph  Adding CT Scan 

 SH-III fracture  31  20 

 SH-IV fracture  8  12 

 Tillaux fracture  9  9 

 Triplane fracture  16  23 

 Decision for operative treatment  18  42 

 Decision for non operative  46  22 
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         Salter-Harris Type I and II Tibial 

 These two types of ankle fractures usually behave in the 
same way. SH-I is relatively rare (15 %) whereas SH-II is 
common (38 %) of all distal tibial fractures in children [ 18 ]. 
Treatment consists of gentle closed reduction by reversing 
the original mechanism of injury, followed by an above knee 
cast immobilisation. Follow-up is recommended in the fi rst 
week to ensure no further displacement. 

 In a retrospective study of 92 distal tibial physeal fracture 
by Barmada [ 59 ], 25 fractures (27.2 %) were complicated by 
growth disturbance. These are summarised in Table  22.6 .

   They found that initial displacement, number of reduction 
attempts, or treatment method did not signifi cantly affect the 
incidence of growth disturbance. However, the more ana-
tomic reductions resulted in a statistically signifi cant 
decrease in growth disturbance rates. The rate of growth dis-
turbance was tripled when a residual gap was seen on the 
radiograph (60 % vs. 17 %). 

 In another study by Rohmiller et al. [ 60 ], around 40 % of 
91 distal tibial SH-I or II developed growth disturbance. The 
mechanism of injury was signifi cant in developing growth 
arrest: 35 % (17/48) in patients with a supination-external- 
rotation-type injury (SER) and 54 % (14/26) in patients with 
pronation-abduction-type injuries (ABD). Initial displace-

ment was signifi cantly greater in patients with ABD 
(11.7 + 8 mm) injuries than those with SER (4.9 + 3 mm) 
(P = 0.001). Non-operative treatment resulted in growth dis-
turbance in 56 % of cases in comparison to 16 % with opera-
tive treatment, this was not statistically signifi cant (P = 0.16). 
They also reported that the most important determinant of 
growth disturbance is the fracture displacement following 
reduction. It is of note that both above studies came from the 
same centre and almost the same time and likely to represent 
the same cohort of patients. 

    Salter-Harris Type III and IV Tibial 

 These fractures types are challenging because of the involve-
ment of the articular surface as well as the physis. They occur 
in approximately 20 % and 1 % of all distal tibiofi bular frac-
tures in children. They encompass a variety of anatomically 
distinct fractures such as Tillaux fracture (SH-III of the 
anterolateral tibial plafond), McFarland fracture (SH-III or 
IV of the medial tibial plafond) and triplane fracture. 
Treatment of undisplaced fractures consists of protection 
with a cast and careful follow-up on a weekly basis to ensure 
maintenance of fracture. Fractures that are displaced more 
than 2 mm should be reduced by either closed or open reduc-
tion followed by screw fi xation. 

 Spiegel [ 18 ] reported that 88 % (46/52) of these fractures 
occurred on the medial side of the tibial plafond. They are 
also called  McFarland fractures  (Fig  22.5 ) and they have 
been associated with a high rate of growth disturbance.

   Petratos et al. [ 61 ] reported on 20 children with surgically 
treated McFarland fractures at a mean follow-up of 8.9 years. 
Seven children (35 %) developed growth disturbance and 
angular deformity. Initial displacement of more than 6 mm 

   Table 22.6    Growth disturbance in distal tibial ankle fracture   

 Types of fractures  Rate of growth disturbance (%) 

 SH-III and IV (medial malleolar 
type) fractures 

 38 

 SH-I and II fractures  36 

 Triplane fracture  21 

 Tillaux fractures  0 

   Table 22.5    Dias-Tachdjian classifi cation of children ankle fracture   

 Dias and Tachdjian  Sequence of structures failure with increasing force caused by an injury 

 Supination – external 
rotation (SER) (foot is 
supinated and the force 
is external rotation) 

 Stage I: SH-II fracture of the distal tibial epiphysis with a posterior metaphyseal- epiphyseal fragment displaced 
posteriorly. The distal tibial fracture begins on the lateral distal aspect and spirals medially and proximally. The 
fi bula remains intact. This fracture is similar to a supination–plantar fl exion injury, especially when seen on the 
lateral radiograph; the distinction is that the distal tibial fracture line begins on the distal lateral aspect and spirals 
medially when viewed on the AP projection 

 Stage II: spiral fracture of the fi bula. The fracture begins medially and extends superiorly and posteriorly 

 Supination – inversion 
injury (foot is supinated 
and the force is 
adduction or inversion) 

 Stage I: traction by the lateral ligaments produces a SH-I or II fracture of the distal fi bular physis. Lateral 
ligamentous injury can occur but is rare as the physis is usually weaker than the ligament 

 Stage II: the talus impacts against the medial malleolus causing SH III or IV injury, occasionally a SH-II and 
rarely type I of the distal tibia 

 Pronation–eversion–
external rotation fracture 

 SH-I or II fracture of the distal tibia with a transverse or short oblique fi bular fracture located 4–7 cm proximal to 
the tip of the lateral malleolus 
 When a SH-II fracture occurs, the metaphyseal fragment is located laterally or posterolaterally and the distal tibial 
fragment is displaced laterally and posteriorly 

 Supination–plantar 
fl exion injury 

 SH-II physeal injury of the distal tibial physis with posterior displacement of the epiphyseal-metaphyseal 
fragment and no fracture of the fi bula. The metaphyseal fragment of the tibia is posterior and best seen on a lateral 
radiograph 
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(p = 0.004) and operative delay beyond 24 h (p = 0.007) were 
signifi cant risk factors for growth disturbance. 

 Kling et al. [ 62 ] evaluated 37 children with established 
growth arrest ( drawn from two different cohorts of ankle 
fractures) and found that 75 % had been treated by closed 
methods. Most of these were not anatomically reduced. 

 Cottalorda et al. [ 63 ] reviewed 48 patients with McFarland 
fractures (30 SH-III and 18 SH-IV). All fractures were dis-
placed >1 mm, meeting their operative indications, and were 
treated with open arthrotomy and fracture reduction under 
direct visualisation with screw (46) or pin (2) fi xation. They 
reported 45 good and 2 fair results, and only one patient with 
angular deformity (6° of varus) at a mean follow-up of 3.25 
years. 

 Schurz et al. [ 20 ] reported on a large retrospective series 
of 376 patients. All non-displaced fractures were treated by 

plaster cast immobilisation (118 children). Displaced frac-
tures, regardless the degree of displacement, were treated by 
open or closed reduction, with or without internal fi xation, to 
achieve an absolutely anatomical reduction. They showed 
that 77 displaced physeal fractures of the distal tibia were 
reconstructed anatomically by open or closed reduction and 
produced 95 % excellent results. They recommended a per-
fect anatomical reduction, if necessary by open means, 
should be achieved to prevent a bone bridge with subsequent 
epiphysiodesis and post-traumatic deformities due to growth 
inhibition and/or retardation. 

  Tillaux fracture  was fi rst described by Cooper in 1822 
then by Tillaux in 1848 [ 64 – 66 ] and it is the result of avul-
sion injuries of the lateral epiphyseal plate caused by exter-
nal rotation of the ankle. The lateral part of physeal plate is 
usually the last to close. And the timeline for this fracture is 
during an 18 month period of late growth [ 67 ]. The current 
treatment vogue is non operative treatment when displace-
ment is less than 2 mm and either closed or open reduction 
and stabilisation when the displacement is more than 2 mm 
[ 12 ]. Excellent outcomes have been widely reported with the 
above treatments options [ 68 – 74 ]. However there is a lack of 
long term studies to show similarly good outcome following 
non operative treatment in Tillaux fracture with displace-
ment of more than 2 mm. 

  Triplane fractures  of the distal tibia are relatively 
uncommon. They account for 6–8 % of all distal tibial phy-
seal fracture [ 12 ,  18 ,  75 ]. The treatment options of triplane 
fractures are not different form that of Tillaux ones. The goal 
of the treatment is to achieve anatomic reduction of the distal 
tibial articular surface to prevent potential long-term degen-
erative changes. When fracture displacement is minimal 
(<2 mm), nonoperative treatment is recommended with an 
above knee case. However, if displacement > 2 mm, closed 
reduction can be performed with axial traction and internal 
rotation of the foot with the patient under general anaesthe-
sia. Failure of closed reduction to achieve satisfactory posi-
tion is an indication for open reduction and internal 
fi xation. 

 Ertl et al. followed 23 children with triplane fractures, 
they found that favourable outcome was related to articular 
congruity of the weight bearing part of the distal tibia [ 76 ]. 
They found that residual displacement of 2 mm or more was 
associated with suboptimum result unless the epiphyseal 
fracture was outside the primary weight-bearing area of the 
ankle. 

 Another study of 35 children with triplane fractures who 
were followed up for more than 5 years reached the same 
conclusion; prognosis was good only when adequate reduc-
tion (< 2 mm displacement) had been achieved [ 77 ]. 

 Weinberg et al. [ 78 ] in an evaluation of 50 children with 
triplane fractures, including 30 who had operative treatment 
and 20 who had non-operative treatment, reported that all 

  Fig. 22.5    McFarland fracture       
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patients were doing well after a mean follow-up of 7.4 years. 
There were no signifi cant differences between the group 
treated non-operatively and the group that underwent sur-
gery. Only two of the initially undisplaced fractures later 
became displaced concluding that operative treatment is not 
indicated for all undisplaced fractures. 

 Recommendations for treatment are listed in Table  22.7 .
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      Evidence-Based Treatment 
of Adolescent Idiopathic Scoliosis                     

     David     Lebel    

    Abstract  

  Adolescent Idiopathic scoliosis (AIS) is the most common deformity of the spinal column. 
Most of the diagnosed patients have mild or moderate deformity and therefore they need 
observation and some kind of conservative treatment but, those patients with signifi cant 
deformities often require surgical treatment in order to correct and prevent further deteriora-
tion. The general guidelines for the treatment of AIS are based on the severity of the defor-
mity, the age and development of the individual patient. The evidence for various treatments 
of AIS; whether conservative or surgical, is often suboptimal. In the following review we 
explored and summarised the best available evidence to support current practice.  

  Keywords  

  Scoliosis   •   Adolescent idiopathic scoliosis   •   Braces   •   Bracing   •   Pedicle screws   •   Hooks   • 
  Lenke classifi cation  

      Introduction 

 Adolescent idiopathic scoliosis (AIS) is defi ned as side-to- 
side shift of the spine with a Cobb angle measured above 10° 
in patients older than 10 years. Although the defi nition is of 
a single plane deformity, scoliosis is a three dimensional 
deformity with sagittal hypo-kyphosis and axial rotation. 
Two classifi cations are in common use to characterize vari-
ous types of curve: King-Moe and Lenke classifi cations. 
Lenke [ 1 ] claimed that his classifi cation a more comprehen-
sive, based on objective criteria from each curve type, 
emphasise consideration of sagittal alignment and help stan-
dardise treatment. According to Lenke, there are three spine 
regions:

    1.    Proximal Thoracic (Apical vertebra located at T3-5)   
   2.    Main Thoracic (Apical vertebra located at T6-11 or T12 disc)   

   3.    Thoracolumbar/Lumbar (Apical vertebra located at T12- 
L1 for thoracolumbar curves and between L1-2 disc and 
L4 for lumbar curves)    

  Each curve is further classifi ed into a major curve (the 
curve segment with the largest Cobb angle) and a minor 
curve (the curve segment with the smaller Cobb angle). 
Major curves are always considered structural while minor 
curves can be considered structural only if minimal residual 
coronal curves of 25° on bending fi lm and kyphosis of at 
least 20°. Therefore, there are six curve types corresponding 
to different combinations of structural and non-structural 
curve patterns (Table  23.1 ). Lenke further proposed two 
modifi ers: lumbar modifi er to emphasis the importance of 
deformities in the lumbar region and the thoracic spine sagit-
tal modifi er to introduce a three-dimensional analysis to the 
classifi cation system.

   Current treatment for AIS is tailored based on the severity 
of the deformity as measured by the Cobb method, patients’ 
age and skeletal development. While severe deformities 
(Cobb angle >50°) are rather treated surgically, milder defor-
mities are treated conservatively. 
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 Key point for building a treatment rationale in a poor evi-
dence environment is a thorough knowledge of the natural 
history of untreated AIS.  

    What Is the Natural History of Adolescent 
Idiopathic Scoliosis? 

    Mortality 

 Historical cohorts analyzed and published by Pehrsson 
et al. [ 2 ] revealed that differently from infantile and juve-
nile scoliosis where there is a strong correlation between 
curve magnitude and mortality rate, in AIS the mortality 
rate is as in the general population regardless the severity of 
the curve. Weinstein et al. [ 3 ] published their 51 years of 
follow up with similar conclusions regarding mortality rate 
in AIS.  

    Pulmonary Morbidity 

 While pulmonary involvement is evident among patients 
with severe AIS, respiratory compromise occurs only in 
severe scoliosis with Cobb angle greater that 80° [ 3 ].  

    Curve Progression 

 Long term follow up revealed slow deterioration of curve 
magnitude with the time. Rate of deterioration was calcu-
lated to be 0.79° per year in thoracic deformities with Cobb 
angle larger than 50° [ 4 ]. 

 Untreated severe AIS might increase without treatment 
beyond skeletal growth and eventually may cause pulmonary 
impairment. This statement together with body image 
impairment is the rationale for treating AIS. 

 The question “What is the best treatment for AIS” will be 
answered in this chapter by looking for the best evidence to 
support it.   

    Non-surgical Treatment for AIS 

 Searching the literature for the best conservative approach to 
treat Scoliosis brought various options: Scoliosis specifi c 
exercise (SSE), manipulations, physiotherapy and Brace 
treatment. 

    Brace Treatment 

 Brace treatment for scoliosis exists for many years. Numerous 
studies regarding effi cacy were published threw out the years 
although most of them were of low quality regarding level of 
evidence. 

 Weinstein et al. [ 5 ] published the BrAIST study; the only 
level 1 study that exists regarding scoliosis treatment. In 
which effectiveness of brace treatment was studied in a mul-
ticenter randomized control study. Inclusion criteria as for 
the scoliosis research society (SRS) guidelines were age 
10–15 years. Riser sign 0–2 and deformity with severity of 
20–40° measured by the Cobb technique. Failure was defi ned 
as curve progression to 50°. BrAIST was conducted in 25 
centres in North America. Participants were treated either 
with a thoracolumbosacral orthosis or watchful waiting and 
followed every 6 months until they reached skeletal maturity 
or the surgical threshold of 50° Cobb angle. 

 The results were highly signifi cant with success of 72 % 
among treatment group and 48 % among control group. 
Moreover, there was a strong correlation between number of 
treatment hours and the rate of treatment success. 

 Although several level 2 studies were published prior to 
this study, The BRAIST study is the benchmark for conser-
vative treatment of [ 4 ].  

    Scoliosis Specifi c Exercise Treatment (SSE) 

 Literature search revealed few low level studies and several 
reviews regarding SSE. The latest Cochrane systemic review 
published in 2012 [ 6 ] concluded that there is not enough evi-
dence to support SSE for the treatment of scoliosis.  

   Table 23.1    Lenke classifi cation 
system   

 Curve type  Description  Proximal thoracic  Main thoracic  Thoraco-lumbar/lumbar 

 1  Main thoracic  Non-structural  Structural  Non-structural 

 2  Double thoracic  Structural  Structural (major)  Non-structural 

 3  Double major  Non-structural  Structural (major)  Structural 

 4  Triple major  Structural  Structural (major)  Structural 

 5  Thoraco-lumbar/lumbar  Non-structural  Non-structural  Structural 

 6  Thoraco-lumbar/
lumbar – main thoracic 

 Non-structural  Structural  Structural (major) 
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    Osteopathy, Yoga, Pilates 

 There is no good quality evidence to support these treat-
ments for AIS.   

    Surgical Treatment for AIS 

 When non-surgical treatment fails and curve progress is 
noted, surgical treatment is the treatment of choice. Several 
questions regarding indication for surgery are a matter of 
ongoing debate with some weak evidence that helps the 
health care professionals to develop a treatment rationale. 
Again, knowledge of the natural history of untreated AIS 
helps with decision-making and setting treatment goals. The 
Indication for surgical intervention in AIS patient is defor-
mity that is measured >50°. Although it is evident from natu-
ral history studies that severe scoliosis does not increase 
mortality rates [ 2 ,  3 ]. The impaired pulmonary function that 
is associated with severe scoliosis is probably the trigger for 
surgical intervention. The goals for surgical intervention, 
whether anterior, posterior or combined approach are spinal 
fusion aimed at stopping deformity progression, correction 
of the deformity, restoring coronal and sagittal balance and 
improvement of cosmetic appearance. Several questions are 
often raised when considering surgical treatment of AIS:  

    What Is the Best Surgical Approach to Treat 
Scoliosis? 

 Selecting the best surgical treatment for AIS is a matter of 
surgeons’ expertise, location of the curve best described by 
classifi cation, curves magnitude and preference of the 
patient. Essentially, surgical approach could be divided into 
posterior only, anterior only and combined approach. 
Anterior approach might be just release when combined with 
posterior fusion and fi xation or, anterior fusion and fi xation. 
With the development of modern surgical equipment based 
on pedicle screws for three-column fi xation, posterior 
approach gained popularity and became the standard tech-
nique for most AIS surgeries. 

 Chen and Ron [ 7 ] published their recent meta-analysis in 
which they compared posterior only to anterior and posterior 
surgeries. They concluded that with posterior only approach, 
sagittal correction is better, surgeries are shorter, with less 
blood loss and less complications. 

 Schmidt et al. [ 8 ] studied retrospectively AIS patients that 
were treated with either anterior spinal fusion or posterior 
spinal fusion for Lenke type curve 1–3. Both groups showed 
similar coronal plane correction but the posterior group had 
signifi cantly less sagittal correction, longer operating time 
and more blood loss. 

 Several studies compared surgical approach in Lenke 5 
deformities (major thoracolumbar/lumbar curves). Geck 
et al. [ 9 ] compared retrospectively two groups of patients 
that were treated in two different institutions. The patients in 
the posterior only group had signifi cantly better curve cor-
rection, less loss of correction over time and shorter hospital 
stay. There were no complications in both groups. 

 Li et al. [ 10 ] reviewed their group of Lenke 5 patients 
that were treated either with anterior spinal fusion or pos-
terior spinal fusion. Two groups were comparable in their 
inclusion parameters and the authors concluded that both 
surgical methods are comparable in deformity correction 
but, posterior group had shorter operation time and hospi-
tal stay whereas the anterior group had less posterior 
fusion group had less fusion levels. Wang et al. [ 11 ] per-
formed a prospective study that compared anterior versus 
posterior spinal fusions for AIS patients with Lenke 5 
deformity. Although each group was very small, they con-
cluded that the anterior group had less fusion levels and 
less blood loss. There were no complications in both 
groups. Their conclusion was that because of these results, 
anterior spinal fusion is preferable in AIS patients with 
Lenke 5 deformity. 

 The best surgical approach to treat AIS is probably the 
one that the surgeon is most comfortable with. The amount 
of correction achieved is comparable; the number of fused 
levels in Lenke 5 deformities is signifi cantly smaller when 
performing anterior approach but, regarding blood loss, 
length of surgery and length of stay the data is diverse. 

 Interestingly, in none of the studies complications were 
reported and the conclusion was that both anterior and poste-
rior surgeries are safe. The safety of different surgical 
approach was evaluated previously analyzing the morbidity 
mortality data of the scoliosis research society [ 12 ]. It was 
found that complication rate in anterior and posterior spinal 
surgeries is about 5 % but the complication rate of combined 
anterior- posterior surgeries was 10.2 % that is signifi cantly 
higher.  

    What Is the Best Spinal Fixation Method 
(Pedicle Screws, Hooks or Hybrid)? 

 Surgical correction of AIS is based on the ability to get the 
best anchorage to the relevant spinal segment. The surgical 
apparatus and techniques were evolved from the era of the 
Harrington rod, which applied distraction forces on the 
spine, to the Cotrell Dubousset (CD) systems that allowed 
distraction, compression and translation of the spine to the 
pedicle screw systems that are widely used today and allow 
three dimensional correction by translation, distraction, 
compression and axial de-rotation of the vertebrae. Several 
studies compared these techniques. 

23 Evidence-Based Treatment of Adolescent Idiopathic Scoliosis



210

 Storer et al. [ 13 ] looked at the short-term results of 
patients that were treated with all pedicle screw construct 
(Fig.  23.1 ) versus patients that were treated with all hooks 
construct for thoracic AIS. Although very small number of 
patients in both groups, no difference was reported regarding 
deformity correction, apical vertebrae translation and coro-
nal translation but it was noted that screw constructs are sig-
nifi cantly more expensive. Dobbs et al. [ 14 ] investigated a 

larger group of patients with minimum 2 years of follow up. 
The pedicle screw group achieved signifi cantly better correc-
tion immediately after surgery and less decompensating after 
minimum 2 years of follow up.

   Several studies compared pedicle screw constructs to hybrid 
(distal screw combined with proximal hooks and/or wires) con-
structs [ 15 – 18 ]. Karatoprak et al. [ 15 ] compared pedicle screw 
treated AIS patients with Hybrid construct treated patients. The 
groups differed in the length of follow up with a signifi cantly 
longer follow up time for the Hybrid treated patients. 
Nevertheless, no difference was found looking at the correction 
rate, coronal and sagittal balance, blood loss and duration of 
surgery. The pedicle screw group had a better correction dura-
bility and apical de-rotation when compared to the hybrid 
group. The author suggested that better correction durability is 
due to the three columns purchase of pedicle screws. However, 
signifi cantly shorter follow up time (mean 60 months versus 
mean 29 months) might be another reason. 

 Kim et al. [ 16 ] in their retrospective comparative study 
looked at two matched cohorts with AIS treated with hybrid 
or pedicle screw constructs. They concluded that segmental 
pedicle screw instrumentation offers a signifi cantly better 
major curve correction, less perioperative blood loss, and 
improved postoperative pulmonary function values without 
neurologic problems compared with hybrid constructs. Both 
instrumentation methods provide similar operative time, and 
postoperative SRS-24 outcome scores in the operative treat-
ment of adolescent idiopathic scoliosis. 

 Looking at patients with AIS with severe deformity, 
curves with Cobb angel of 80° or greater, Di Silvestre et al. 
[ 17 ] compared hybrid to pedicle screw constructs retrospec-
tively. The results were similar to results is previous studies. 
Better correction of coronal deformity with the screw con-
struct with a better correction of the secondary non- 
instrumented curve. Nevertheless, quality of life and patient 
satisfaction didn’t differ between the groups. 

 Recent study [ 18 ] emphasized the difference between 
hybrid and pedicle screws with regard to sagittal alignment. 
Independently of the surgical technique used, the cervical 
spine had a tendency to decompensation acquiring a kyphotic 
sagittal profi le. The all pedicle screw construct found to have 
stronger thoracic hypo- kyphotic effect with a greater cervi-
cal decompensation compared to the hybrid construct. The 
coronal correction as in previous studies was signifi cantly 
better with the pedicle screw constructs. 

 It is safe to conclude that the use of pedicle screws is prob-
ably as safe as hybrid constructs, the amount of coronal cor-
rection is comparable or maybe better with pedicle screws 
but, correction durability is probably better with screws. 
Sagittal correction might be better with hybrid constructs due 
to weaker hypo-kyphotic effect on the thoracic spine. Patient 
satisfaction as reported by SRS questionnaires is probably the 
same no matter what was the surgical technique. 

  Fig. 23.1    A child with Lenke 1B scoliosis- treated with pedicle screw 
construction       
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 There are many other unsolved issues regarding treatment 
of AIS and there is a need for better evidence regarding the 
best treatment. Several new treatments are proposed during 
recent years, many of them are based on different strategies 
of growth modulation in order to avoid long spinal fusions. 
All this new techniques and treatment philosophy need to be 
supported by some evidence that does not exist at this time. 

 Current recommendations for treatment are outlined in 
Table  23.2  . 
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   Table 23.2    Recommendations   

 Statement  Grade of recommendation 

 Bracing can reduce the scoliosis progression and reduce the need for corrective surgery  C 

 Other conservative treatments (such as SSR and Osteopathy, Yoga, Pilates) are not effective in treating scoliosis  I 

 Surgery is indicated when curve magnitude is more than 50°  C 

 Clinical outcomes (correction, durability and complications) are not related to the surgical approach used  C 

 Clinical outcomes (correction, durability and complications) are not related to the types of fi xation construct used  C 
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      Evidence-Based Treatment 
of Neuromuscular Scoliosis                     

     Jason     J.     Howard      and     Jane     Farrelly    

    Abstract  

  Scoliosis is a common clinical entity ubiquitous to most neurologic disorders encountered by 
the pediatric orthopaedic surgeon and associated care providers. Until recently, though widely 
performed, the evidence for scoliosis corrective surgery and its impact on patient- specifi c 
outcomes was sparse at best. In addition, the choice of surgical techniques applied during 
surgery for ‘neuromuscular’ scoliosis was based mainly on the results of historic case series 
with a paucity of higher-level evidence available. Over the last few years, however, the num-
ber and quality of relevant studies has increased substantially. The aim of this chapter is to 
provide a review of the best available evidence and provide recommendations as to most 
appropriate treatment(s) pertaining to the management of neuromuscular scoliosis. Given the 
results of this evidence-based review, it would seem that neuromuscular scoliosis correction is 
a worthwhile procedure with expected improvements in function, quality of life, and patient/
caregiver satisfaction, albeit with high surgical risks. The ultimate decision as to whether or 
not scoliosis surgery is performed should be dependent on a disease- specifi c assessment of the 
risks and benefi ts with appropriate communication to the patient and/or caregiver. With 
respect to surgical fi xation, the use of thoracic/lumbar segmental pedicle screws may offer 
improved outcomes over other methods but the best choice of pelvic fi xation is still controver-
sial. Regarding the use of anterior surgery for neuromuscular scoliosis, its role remains unclear 
except in the case of spina bifi da where it is likely to reduce perioperative risks.  

  Keywords  

  Neuromuscular scoliosis   •   Cerebral palsy   •   Spinal bifi da   •   Duchenne muscular dystrophy   • 
  Spinal fi xation   •   Pelvic fi xation   •   Anterior surgery   •   Quality of life  

      Introduction 

 Spinal deformities associated with neuromuscular diagnoses 
are common, typically progressive, and often require opera-
tive intervention. Despite a wealth of literature in this subject 
area, most of the published studies are retrospective, overly 
generalized by diagnosis, focused on radiographic rather 
than patient-centered outcomes, and are lacking a compara-
tor group. This defi cit in high quality studies makes it diffi -
cult to draw any hard conclusions regarding the most 
appropriate choice of operative strategy for scoliosis correc-
tion in these disorders. Recently however, there has been a 
shift towards comparative studies and the use of quality of 
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life (QOL) related outcomes that serve to make the picture a 
little clearer. 

 The aim of this chapter is to provide a review of the best 
available evidence and provide recommendations as to most 
appropriate treatment(s) pertaining to the management of 
scoliosis associated with neuromuscular diagnoses [ 1 ].  

    Etiology and Morphology of Scoliosis 
in Neuromuscular Disorders 

 Spinal deformities secondary to neuromuscular disorders are 
common, with etiologies varied in pathophysiology and 
 anatomic origin. These associated diagnoses can be catego-
rized anatomically, stemming from upper motor neuron 
causes (e.g. cerebral palsy (CP), Friedrich’s ataxia, syringo-
myelia), lower motor neuron causes (e.g. spinal muscular 
atrophy (SMA), poliomyelitis), or myopathic causes (e.g. 
Duchenne muscular dystrophy (DMD), myotonic dystro-
phy). From a pathophysiological point of view, scoliosis may 
be secondary to problems with weakness, coordination, and/
or hypertonia of the truncal musculature coupled with a lack 
of effective compensatory mechanisms [ 1 ]. Neuromuscular 
curves typically present at a younger age and are known to 
exhibit rapid progression during growth that often continues, 
albeit more slowly, even after skeletal maturity [ 2 ]. 

 Irrespective of diagnosis, the curve types associated with 
neuromuscular etiologies follow typical patterns. The most 
common curve type is long and C-shaped, often with associ-
ated pelvic obliquity, a collapsing kyphosis, and a loss of sitting 
balance (Fig.  24.1 a) [ 2 ,  3 ]. The similarity in curve presentation 
across diagnoses has led to the convergence of surgical indica-
tions and operative strategies for the management of neuro-
muscular diagnoses, with little difference in approach between 
disorders except in specifi c cases (e.g. the exclusion of pelvic 
fi xation in the absence of pelvic obliquity).

       Goals of Scoliosis Correction: Patient 
Versus Surgical 

 The mainstay of treatment for neuromuscular curves involves 
posterior instrumentation and fusion from the upper thoracic 
spine (typically T2 or T3) to the pelvis. Many options for 
spinal fi xation have been previously reported including the 
use of sublaminar wires or bands, segmental pedicle screw 
fi xation, and hybrid methods involving more than one 
implant type (Fig.  24.1 b–d) [ 4 – 6 ]. 

 Indications for surgery have traditionally been met when the 
major curve reached a Cobb angle of 40–50° and/or there was a 
signifi cant functional defi cit, specifi cally with respect to sitting 
tolerance. The goals of the patient and/or caregiver, however, 
center on the expectation of improvements in activities of daily 
living (e.g. dressing, independent ambulation, personal hygiene), 
the absence of pain, ease of care-giving, social interaction, in 

addition to comfortable sitting [ 7 ]. In other words, the patient’s 
major expectations revolve around issues pertaining to QOL. 

 Despite these goals, the published literature has, until 
recently, focused primarily on radiographic outcomes such 
as Cobb angle correction, implant type and density, pseudo-
arthrosis rates, and surgical approaches, in addition to reports 
of peri-operative complications [ 8 – 10 ]. This focus may be at 
least partially misplaced as several studies have reported a 
lack of correlation between the extent of Cobb angle correc-
tion and QOL improvements in children with neuromuscular 
disorders [ 7 ,  11 ,  12 ]. Arguably, the only radiographic goals 
that might have a substantial overall impact are the achieve-
ments of (1) a balanced spine over a level pelvis and (2) a 
solid spinal fusion. 

 Of course, the patient and/or caregiver have a substantial 
interest in the surgical risks associated with these procedures 
but this represents only one side of the risk-to-benefi t ratio. A 
true evidence-based assessment of the available literature 
must give priority to those studies that report outcomes related 
to factors that matter to the patient and/or caregiver. At the 
present time, this may prove to be a diffi cult task given that, 
previous to 2011, there were very few published studies that 
reported QOL measures as outcomes of neuromuscular sco-
liosis correction [ 11 ]. However, in recent years, validated out-
come measures have been developed which should prompt an 
increase in studies that prioritize outcomes on both sides of 
the risk-benefi t ratio [ 13 ]. At this time, however, the number 
of studies that measure patient-specifi c outcomes remain 
scant as will be seen throughout the course of this chapter. 

     Is ‘Neuromuscular Scoliosis’ a Diagnosis 
to Be Analyzed? 

 The defi nition of what is considered a ‘neuromuscular’ diag-
nosis is variable amongst clinicians and is a source of some 
confusion, especially when reviewing the relevant literature 
on the subject. From the neurologists’ view, the term typically 
refers to neurologic disorders that are progressive with respect 
to their primary etiology (e.g. DMD) versus those that that 
arise from a static neurologic lesion with associated progres-
sive musculoskeletal manifestations (e.g. CP) [ 14 ]. The dis-
tinction is important given that these diagnoses have different 
natural histories, different levels of gross motor function 
(depending on disease severity), different surgical risk pro-
fi les (e.g. ventriculo-peritoneal shunt failure in myelomenin-
gocele), and differing evidence regarding the utility of 
surgical interventions such as scoliosis correction [ 3 ,  7 ]. 

 Despite these differences, for reasons likely related to 
improving sample sizes in studies investigating the role of 
scoliosis surgery for disorders with varying prevalence, dis-
parate diagnoses such as cerebral palsy, spina bifi da, 
Duchenne muscular dystrophy and others are often ‘lumped 
together’ and analyzed as if they were equivalent entities [ 9 , 
 15 ]. Although the motivations are well understood, the 
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a

b c d

  Fig. 24.1    Typical neuromuscular curve type and options for spinal 
fi xation. ( a ) C-shaped thoracolumbar curve with associated pelvic 
obliquity. ( b ) Hybrid fi xation including Luque sublaminar wires and 
sacral alar iliac screws. More commonly, lumbar pedicle screws are 

present in addition to sacropelvic screw fi xation. ( c ) Unit rod including 
Luque sublaminar wires and Galveston pelvic fi xation. ( d ) Segmental 
pedicle screw fi xation with sacral alar iliac pelvic fi xation       

question remains as to the validity of this practice as it 
undoubtedly skews the interpretation of surgical results in 
favour of the diagnosis with the largest number of subjects 
within the analysis, most typically CP [ 10 ]. 

 As with other musculoskeletal manifestations of the many 
diagnoses that fall under the ‘neuromuscular’ moniker, the 
prevalence of scoliosis in these populations is typically high 
and most often related to disease severity [ 16 – 18 ]. Like 

 

24 Evidence-Based Treatment of Neuromuscular Scoliosis



216

incidence, surgical success seems to be related to neuromus-
cular disease severity. In CP, for example, the incidence of 
hip displacement has been reported to be signifi cantly cor-
related to functional level (via the Gross Motor Function 
Classifi cation System (GMFCS)) as have the success rates 
for hip adductor surgery [ 19 ,  20 ] Similar to the argument 
against merging results of different diagnoses, analyzing sur-
gical outcomes without stratifying the analysis by functional 
level may also skew outcomes in favour of the higher func-
tioning diagnoses and subjects [ 7 ]. 

 Given the discussion above, coupled with the reality that 
most of the published literature regarding the treatment of neu-
romuscular scoliosis lacks a comparator group and are primar-
ily retrospective in nature, one must be cautious when applying 
the conclusions of the available literature in clinical practice.  

    Search Strategy and Grade 
Recommendations 

 For the purposes of this evidence-based chapter, studies for 
consideration were identifi ed via thorough searches of the 
PubMed, Cochrane and Web of Science databases, using a 
combination of keyword and controlled vocabulary searches. 
Search terms used included but were not limited to: scoliosis, 
neuromuscular scoliosis, neurogenic scoliosis, cerebral 
palsy, spina bifi da, myelomeningocele and Duchenne mus-
cular dystrophy. When assessing retrieved studies for inclu-
sion, the Journal of Bone and Joint Surgery Level-of-Evidence 
ratings were utilized [ 21 ]. The search focused on systematic 

reviews, randomized control trials and studies that contained 
a comparator group (levels of evidence I, II and III). Lower 
level studies (level IV) were considered only when there 
were no higher-level studies available. Searches were limited 
to include only English-language studies. A sample PubMed 
search strategy is outlined in Table  24.1 .

   For each question asked we have provided an overview of 
the evidence and applied grades of recommendation accord-
ing to Wright et al. [ 22 ]:

   GRADE A – good evidence based on level I studies with 
consistent fi ndings.  

  GRADE B – fair evidence based on consistent level II or 
Level III studies.  

  GRADE C – poor or confl icting evidence based on level 
IV/V evidence.  

  GRADE I – insuffi cient evidence to make a treatment 
recommendation.    

     What Is the Evidence for Scoliosis 
Correction? 

    Scoliosis Correction: Risks Versus Benefi ts 

 In the preceding section, it was established that the true benefi ts 
of scoliosis correction should be measured in terms of out-
comes of interest to the patient and/or caregiver. In a general 
sense, taking neuromuscular diagnoses as a whole, there are 
several studies that met the inclusion criteria for this evidence-

   Table 24.1    Sample PubMed search strategy   

 Search  Query  Items found 

 #20  Search ((((“Infant”[Mesh] OR “Child”[Mesh] OR “Adolescent”[Mesh] OR “Pediatrics”[Mesh] OR 
“Minors”[Mesh])) OR (infant[Title/Abstract] OR child[Title/Abstract] OR children[Title/Abstract] OR 
toddler *[Title/Abstract] OR kindergarten *[Title/Abstract] OR adolescent[Title/Abstract] OR 
adolescence[TIAB] OR minor[Title/Abstract] OR minors[Title/Abstract] OR boy[Title/Abstract] OR 
boys[Title/Abstract] OR girl[Title/Abstract] OR girls[Title/Abstract] OR pediatr *[Title/Abstract] OR 
juvenile[Title/Abstract] OR youth[Title/Abstract]))) AND ((((((“Scoliosis”[Mesh]) OR “Scoliosis/
surgery”[Mesh])) OR (scoliosis OR “neuromuscular scoliosis” OR “neurogenic scoliosis”))) AND 
(((((“Cerebral Palsy/surgery”[Mesh]) OR “Muscular Dystrophy, Duchenne/surgery”[Mesh]) OR 
“Meningomyelocele/surgery”[Mesh])) OR (((“cerebral palsy” OR “spina bifi da” OR myelomeningocele 
OR “Duchenne Muscular Dystrophy”)) AND (surgery OR surgical)))) Filters: English 

 507 

 #19  Search ((((“Infant”[Mesh] OR “Child”[Mesh] OR “Adolescent”[Mesh] OR “Pediatrics”[Mesh] OR 
“Minors”[Mesh])) OR (infant[Title/Abstract] OR child[Title/Abstract] OR children[Title/Abstract] OR 
toddler *[Title/Abstract] OR kindergarten *[Title/Abstract] OR adolescent[Title/Abstract] OR 
adolescence[TIAB] OR minor[Title/Abstract] OR minors[Title/Abstract] OR boy[Title/Abstract] OR 
boys[Title/Abstract] OR girl[Title/Abstract] OR girls[Title/Abstract] OR pediatr *[Title/Abstract] OR 
juvenile[Title/Abstract] OR youth[Title/Abstract]))) AND ((((((“Scoliosis”[Mesh]) OR “Scoliosis/
surgery”[Mesh])) OR (scoliosis OR “neuromuscular scoliosis” OR “neurogenic scoliosis”))) AND 
(((((“Cerebral Palsy/surgery”[Mesh]) OR “Muscular Dystrophy, Duchenne/surgery”[Mesh]) OR 
“Meningomyelocele/surgery”[Mesh])) OR (((“cerebral palsy” OR “spina bifi da” OR myelomeningocele 
OR “Duchenne Muscular Dystrophy”)) AND (surgery OR surgical)))) 

 569 

 #15  Search (((((“Scoliosis”[Mesh]) OR “Scoliosis/surgery”[Mesh])) OR (scoliosis OR “neuromuscular 
scoliosis” OR “neurogenic scoliosis”))) AND (((((“Cerebral Palsy/surgery”[Mesh]) OR “Muscular 
Dystrophy, Duchenne/surgery”[Mesh]) OR “Meningomyelocele/surgery”[Mesh])) OR (((“cerebral 
palsy” OR “spina bifi da” OR myelomeningocele OR “Duchenne Muscular Dystrophy”)) AND (surgery 
OR surgical))) 

 649 
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based review and used a QOL measure to assess patient-cen-
tered benefi ts. 

 In a prospective study utilizing the Swedish spine registry, 
Ersberg and colleagues used the EQ-5D (a validated instru-
ment with sections that evaluate self-care, mobility, usual 
activities, pain, and anxiety) and the SRS-22 questionnaire to 
compare QOL between idiopathic, neuromuscular, and con-
genital scoliosis groups [ 15 ]. From a surgical risk perspec-
tive, patients with neuromuscular scoliosis experienced 
statistically signifi cant increases in intra-operative blood loss, 
duration of surgery, and length of hospital stay as compared 
to the idiopathic group. With respect to QOL measures, there 
were signifi cant increases in the post-operative EQ-5D total 
score and in particular the reduction of post- operative pain. 
When assessed via the SRS-22 instrument, neuromuscular 
patients experienced signifi cantly improved function and bet-
ter self-image. Interestingly, despite the signifi cant number in 
complications in the neuromuscular group, when stratifi ed 
into groups with and without complications, there were no 
signifi cant differences in QOL scores. The conclusion of this 
study was that QOL was improved after scoliosis surgery 
even despite the high risk of complications. 

 In another prospective Swedish study, the impact of sco-
liosis surgery in neuromuscular patients was assessed in 
terms of outcomes pertaining to QOL, using a questionnaire 
that assessed sitting, care-giving, reaching, pain, rest time, 
seating supports, and activities of daily living (ADL), Cobb 
angle correction, and respiratory function as measured by 
vital capacity (VC) at a mean follow-up of 7 years [ 7 ]. This 
landmark study stratifi ed patients who underwent scoliosis 
surgery into 4 subgroups including those that: (1) under-
stood verbal instructions, (2) did not understand verbal 
instructions, (3) had progressive disease (e.g. DMD), and 
(4) had non-progressive disease (e.g. CP). Overall, surgical 
patients had signifi cant QOL improvements in sitting bal-
ance, weight distribution, ADL, time used for resting, num-
ber of seating supports in addition to improvements in Cobb 
angle (~50 %) and respiratory function. When analyzed by 
subgroups, both the non-progressive and verbal instructions 
subgroups maintained improvements in outcomes as per the 
study results overall, but those that did not understand ver-
bal instructions showed no improvement in ADL, ease of 
care giving, or respiratory function. Even more telling, sco-
liosis surgery had no impact on QOL-related outcomes or 
respiratory function in the progressive disease subgroup in 
which the only signifi cant improvement was in Cobb angle 
correction. The sample size in this subgroup however, was 
quite small (only 14 patients) so this should be interpreted 
with caution. 

 In a general sense, the results of these two prospective 
studies support the surgical treatment of scoliosis in neuro-
muscular diagnoses, citing signifi cant improvements in QOL-
related outcomes, radiographic measures and, in some cases, 
respiratory function. That said, an objective assessment of the 

literature with respect to the risks involved with such proce-
dures is required to balance the risk-benefi t equation. 

 In a large retrospective study utilizing the Kids Inpatient 
Database (US based database of nationwide hospital dis-
charges), 437 children with progressive neurodegenerative 
disorders (e.g. SMA, myopathies, etc.) who underwent sco-
liosis surgery were identifi ed and their results were com-
pared to non-progressive patients. In general, the progressive 
group had signifi cant increases in length of stay (10.3 versus 
7.7 days), pulmonary complications, in-hospital mortality 
(1.6 % versus 0.6 %), and hospital costs [ 14 ]. 

 These results were similar to a study from the Scoliosis 
Research Society Morbidity and Mortality Committee, 
which analyzed complication rates from a database of 19,360 
patients who underwent pediatric scoliosis surgery; 4657 of 
which had a neuromuscular diagnosis (including non- 
progressive and progressive diagnoses) [ 10 ]. Within this 
large sample, as compared to idiopathic scoliosis (IS), neuro-
muscular patients again had the highest risk of complications 
at 18 % versus 6 %. As with the previous study, mortality 
rates were signifi cantly higher in the neuromuscular group 
(0.3 % versus 0.02 % for IS) with respiratory complications 
being the leading cause of death. Non-fatal complications 
such as blood loss (NM: 1.2 % versus IS: 0.2 %) and deep 
wound infection (NM: 3.8 % versus IS: 0.8 %) were also sig-
nifi cantly higher in the neuromuscular group. 

 Continuing the trend, a systematic review analyzing the 
rate of complications in scoliosis surgery substantiated these 
results with signifi cantly increased risks of death, infection, 
and pseudoarthrosis associated with a neuromuscular diag-
nosis when compared to IS [ 9 ]. 

 The results of these studies confi rm that the risks associ-
ated with scoliosis correction in neuromuscular diagnoses 
are substantial but, at the same time, the best evidence avail-
able also suggests that QOL is improved for these patients 
despite the risks. These points must be carefully considered 
and effectively communicated by the treating surgeon so the 
patient and/or caregiver can make an informed decision as to 
whether or not they proceed with surgery. Furthermore, any 
discussion regarding disease-specifi c risks and benefi ts 
needs to take into consideration the differences in outcomes 
that are beginning to emerge in the recent literature when 
analyzed by diagnosis.  

    Cerebral Palsy 

 Though typically associated with high patient/care-giver sat-
isfaction, scoliosis surgery in children with CP is fraught with 
high complication rates likely related to the increased preva-
lence of co-morbidities inherent to this patient population 
including: poor nutritional status, epilepsy, infections of the 
urinary and respiratory tract, feeding disorders, and relative 
immunodefi ciency [ 23 ]. Despite these risks, children with CP 
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seem to be highly tolerant of spinal surgery with a relatively 
long predicted life expectancy post-operatively [ 24 ]. The evi-
dence regarding the risks and benefi ts of scoliosis correction 
in CP, as in other diagnoses, is scant but a few studies did 
meet our inclusion criteria. 

 In a recent systematic review with an aim to determine the 
risks, benefi ts of scoliosis correction in CP, in addition to the 
pre-operative factors affecting surgical outcome, only 1 pro-
spective and 3 retrospective cohort studies were identifi ed, 
with the rest being retrospective case series. Unfortunately, 
none of these studies analyzed included an observational 
group and the conclusions of the review were that the “over-
all strength of the evidence was insuffi cient” to make any 
fi rm recommendations for or against surgical intervention 
[ 25 ]. The authors also revealed that outcomes in these stud-
ies were “poorly delineated with limited or no use of vali-
dated outcome instruments”. They suggested that future 
studies needed to employ validated outcomes relating to 
patient satisfaction and function. 

 Recently, the development of the Caregiver Priorities & 
Child Health Index of Life with Disabilities (CP CHILD) 
questionnaire by Narayanan and colleagues has provided a 
validated disease-specifi c outcome measure to apply to 
patients with CP [ 13 ]. In a prospective longitudinal cohort 
multi-center study investigating the utility of the CP CHILD 
questionnaire for children with severe CP who underwent 
scoliosis surgery, the authors found that by 12 months post- 
operatively, signifi cant improvements in positioning/trans-
fers, health, and overall QOL were achieved. The instrument 
was found to be sensitive to change and suggested as a 
meaningful outcome measure for evaluating this patient 
population [ 26 ]. 

 These results were corroborated by a recent retrospective 
case-control study that also used the CP CHILD as its pri-
mary outcome measure [ 27 ]. In this study, children with 
severe CP (GMFCS IV and V) and scoliosis greater than 40 
degrees were analyzed to determine the impact of scoliosis 
correction. The operative group demonstrated signifi cant 
improvements in overall CP CHILD scores, personal care/
activities of daily living, positioning/transferring/mobility, 
comfort/emotions, and communication/social interactions 
while the observational group deteriorated. In the surgical 
group, the complications included wound infections (22 %), 
pneumonia (17 %), reoperations due to post-surgical collec-
tions (12 %), pneumothorax (6 %), and recurrent hip disloca-
tion (6 %). 

 Two other retrospective case-control studies also con-
curred with the fi ndings of the previous studies, reporting a 
high level of patient and/or caregiver satisfaction but with a 
high rate of associated complications [ 28 ,  29 ]. 

 In conclusion, given the best evidence available, it would 
seem that scoliosis correction improves quality of life in CP 
albeit with a high rate of complications.  

    Spina Bifi da 

 Spina bifi da represents a spectrum of disease severity and 
patho-anatomical variations (including defi ciencies of the 
bony posterior elements in conjunction with congenital 
abnormalities of the spinal cord, brain stem, and peripheral 
nerves) that make it a diffi cult entity to assess from a disease- 
specifi c standpoint. To this point, many previous studies that 
refer to ‘spina bifi da’ as the diagnosis in question typically 
focus on patients with myelomeningocele rather than typi-
cally higher functioning forms of spinal dysraphism includ-
ing meningocele, lipomeningocele and others. As in other 
neuromuscular disorders, this distinction is relevant since the 
incidence of scoliosis and risks associated with curve correc-
tion vary according to these differing manifestations of the 
‘spina bifi da’ diagnosis. For example, disease severity in 
myelomeningocele is commonly related to neurosegmental 
level, with the risk of scoliosis progression being more prev-
alent at higher motor levels (e.g. T12 and above (high risk) 
versus L5 and below (low risk) [ 18 ,  30 ]. Furthermore, QOL 
and functional scores have also been linked to neurosegmen-
tal level, a potential confounder when assessing the impact 
of interventions without taking disease severity into consid-
eration [ 31 ]. 

 Scoliosis is one of the most common musculoskeletal 
manifestations in spina bifi da with up to 50 % prevalence 
being reported [ 3 ]. As curve magnitude increases, a progres-
sive loss in truncal balance and sitting stability can occur 
which may impact QOL [ 32 ]. The indications for scoliosis 
correction in spina bifi da have mirrored that of other 
 neuromuscular diagnoses including a progressive curve 
greater than 50° and functional concerns such as sitting bal-
ance and wheelchair tolerance. However, the operative risks 
associated with spinal fusion have been reported to be among 
the highest for scoliosis of any diagnosis which necessitates 
a comprehensive assessment of the benefi ts and risks of sur-
gery, and their effective communication to patient and/or 
caregiver, before embarking on such a procedure. 

 Until recently, there were no validated outcome measures 
to evaluate the impact of scoliosis correction of QOL and 
patient satisfaction in spina bifi da despite complication rates 
approaching 75 % [ 33 ]. To rectify this, Wai and colleagues 
developed the Spina Bifi da Spine Questionnaire (SBSQ), a 
validated tool that evaluated self-perception and overall 
physical function for these children with associated spinal 
deformity [ 34 ]. Interestingly, in this cross-sectional study, 
the authors found no relationship between spinal deformity 
and self-perception or physical function. 

 In a follow-up retrospective case-control study involving 
the same institution, the SBSQ and 36-Item Short Form 
Health Survey (SF-36) were used to assess the impact of sco-
liosis correction on QOL in patients with spina bifi da at a 
mean 14-year follow-up [ 35 ]. Like the previous study, they 
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found no difference in SBSQ and SF-36 scores between the 
operative and non-operative groups and no relation to curve 
magnitude. In addition, the study showed that, of the patients 
that could walk pre-operatively, only 50 % remained ambula-
tory after scoliosis correction. The authors suggest that this 
fi nding, coupled with an increased spinal stiffness after fusion 
and a lack of improvement in sitting balance between the 
groups, may have contributed to the lack of impact on QOL. 

 A prospective study from Poland also investigated the 
relationship between QOL/functional scores and the pres-
ence of spinal deformity in spina bifi da in a non-operative 
cohort [ 32 ]. They used the Quality of Life in Spina Bifi da 
Questionnaire (QLSBQ) to assess QOL and the SBSQ to 
assess physical function in addition to a self-perception out-
come measure. They found that very large curve magnitudes 
did have a negative affect on QOL but no impact on physical 
function or self-perception was identifi ed. Since there was 
no surgical arm in the study, no inference can be made as to 
whether surgery would improve these QOL limitations. 

 A recent evidence-based review on the subject identifi ed 
9 level III studies involving the spine but only two that evalu-
ated physical function within both operative and non- 
operative groups [ 36 ]. The authors concluded that surgery 
had little effect on physical function and cautioned that the 
risks may outweigh the benefi ts when considering scoliosis 
correction for children with spina bifi da. If surgery was to be 
done, a combined anterior and posterior fusion was reported 
to have a decreased complication rate over other approaches. 

 As previously mentioned, complication rates associated 
with scoliosis correction in spina bifi da are very high and are 
an important consideration. In one retrospective comparative 
study investigating complication rates associated with differ-
ent surgical approaches, an overall complication rate of 
48–60 % was found with infection (19 %), shunt insuffi -
ciency (12 %), pseudoarthrosis (22 %), and hardware-related 
problems (30 %) being the most notable [ 33 ]. They also 
found that the addition of anterior instrumentation and fusion 
to a posterior fusion provided the lowest rate of hardware- 
related complications and loss of correction. Furthermore, 
one death from shunt insuffi ciency was identifi ed and as 
such the authors stressed that shunts should be evaluated pre- 
operatively to help decrease the rates of peri-operative 
malfunction. 

 In summary, unlike CP, current evidence suggests that the 
risk-benefi t ratio for scoliosis correction in spina bifi da is not 
favourable given the lack of signifi cant improvements in 
QOL or physical function coupled with very high complica-
tion rates. As such, unless a substantial functional problem 
(e.g. severe pain from costo-pelvic impingement; functional 
sitting imbalance) is identifi ed which is unresponsive to con-
servative management (e.g. wheelchair modifi cations), sco-
liosis surgery should not be recommended for children with 
spina bifi da.  

    Duchenne Muscular Dystrophy 

 Duchenne Muscular Dystrophy (DMD) is an inherited 
X-linked myopathic disorder secondary to mutations in the 
gene coding for dystrophin, a muscle cell membrane stabi-
lizer. The absence, or reduced action, of dystrophin renders 
muscle cells susceptible to damage that is thought to result in 
an infl ammatory response with eventual replacement of via-
ble muscle with fi bro fatty scar tissue [ 37 ]. As a result of this 
process, unlike CP and other non-progressive disorders, the 
natural history of DMD is typifi ed by progressive deleterious 
changes in muscle strength, static contractures, and the devel-
opment of scoliosis. Concomitant to these changes, progres-
sive decreases in respiratory and cardiac function, along with 
a signifi cantly reduced life span, increase the risks associated 
with the correction of scoliosis in this population. 

 Key questions regarding scoliosis correction in DMD 
center around whether it: (1) improves long-term survival, 
(2) improves respiratory function, (3) improves QOL and 
overall physical function, (4) has a positive benefi t-to-risk 
ratio, and (5) is still required given the potential for scoliosis 
prevention or delay in onset by the use of newer corticoste-
roids with fewer side effects. 

 In an attempt to answer some for these questions, a recent 
Cochrane review was published which investigated the role 
of scoliosis correction in DMD [ 38 ]. Expectedly, no random-
ized controlled studies were identifi ed and the authors’ 
 conclusions were that the available literature was insuffi cient 
to make any direct recommendations regarding the applica-
tion of scoliosis correction in DMD. However, based on the 
available literature, some of which was at least level III, a 
few general statements were offered. 

 Most of the studies reviewed were in agreement that spi-
nal surgery improved sitting position, patient satisfaction, 
and overall QOL, in addition to improvements in Cobb angle 
and pelvic obliquity for children with DMD. However, most 
failed to show signifi cant improvements in respiratory func-
tion or long-term survival despite the many studies investi-
gating this over the past 35 years [ 39 – 42 ]. In fact, one 
retrospective case-control study cited found no signifi cant 
differences in respiratory function deterioration between 
operative and non-operative groups. Furthermore, the addi-
tion of surgery did not improve respiratory function despite 
signifi cant Cobb angle correction (61.7 %) [ 43 ]. 

 The published complication rates were signifi cant as in 
other neuromuscular disorders. In a recent level III study 
comparing complication rates for scoliosis surgery in DMD 
and CP, it was suggested that DMD involves even higher 
perioperative risks with signifi cantly higher complication 
rates (DMD: 38 % vs CP: 18 %) [ 44 ]. A systematic review 
from Mercado and colleagues supported these statements 
suggesting that cosmesis, QOL, and overall patient satisfac-
tion are generally improved after scoliosis correction in 
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DMD despite the fact that most patients undergo surgery at a 
relatively early stage (e.g. 25° Cobb angle) [ 3 ]. Given the 
lack of controlled studies however, the authors stated that the 
relationship between spinal surgery and improvement in 
respiratory function is still unclear. They also cautioned that 
a consistent negative aspect was the adverse impact on self- 
feeding due to the combination of a stiff, straight spine and 
upper limb weakness post-operatively. 

 Recently, it has been suggested that perhaps scoliosis sur-
gery in DMD might be completely avoided. In the absence of 
effective medical management, it has been reported that over 
90 % of patients with DMD will develop scoliosis, most of 
which will require spinal stabilization [ 45 ,  46 ]. Previous 
studies have shown that corticosteroid administration can 
slow the decline in muscle strength, prolong walking in chil-
dren, and delay the onset of scoliosis with DMD but often at 
the expense of unacceptable side effects [ 47 ]. However, sev-
eral recent studies have demonstrated that defl azacort (an 
oxazolone derivative of prednisone) can achieve similar 
improvements in function with substantially better side 
effect profi le. 

 In a prospective cohort study investigating the role of 
defl azacort in the development of scoliosis, the Kaplan- 
Meier survival rate of not developing scoliosis or needing 
spinal surgery was 78 % in the treatment group and 8.3 % 
in the non-treatment group at a mean follow-up of 15 years 
[ 48 ]. Scoliosis measuring 20° or more developed in 20 % of 
patients for the treatment group and in 92 % for the non- 
treatment group, all of which required surgery. Of further 
benefi t, patients in the treatment group had signifi cantly 
improved pulmonary function, prolongation of walking, 
and ability to climb stairs. Side effects were common with 
70 % (21 patients) in the treatment group developing cata-
racts but only two patients required cataract surgery. Other 
side effects included decreased height (17 cm shorter), 
weight gain (55 kg vs 51 kg), and no difference in bone 
fractures (treatment group was given bisphosphonates). 
The authors concluded that glucocorticoids have a long-

term protective effect against the development of scoliosis 
in DMD. 

 Two additional retrospective cohort studies investigating 
the role of defl azacort in DMD supported the fi ndings above 
[ 46 ,  49 ]. In each of these studies, the treatment group showed 
a similar decrease in the need for spinal surgery with an 
acceptable side effect profi le. In one of these cohorts with a 
mean 8-year follow-up, surgery was completely avoided in 
the treatment group while 43 % of the non-treatment group 
underwent surgery [ 46 ]. In addition to prolonged walking, 
this study also reported signifi cant improvements in cardiac 
function. 

 Given the studies above, it would seem that the use of 
defl azacort prevents, or at least delays, the onset of scoliosis 
in DMD with secondary benefi ts of preserving respiratory 
and cardiac function with an acceptable side effect profi le. 
When surgery is required, it can be expected to result in 
improvements in QOL and patient satisfaction albeit with 
high perioperative risks. At this time, the available evidence 
regarding scoliosis correction in DMD does not seem to sup-
port improvements in survival and/or respiratory function. 

 Evidence-based statements and GRADE recommenda-
tions for this section are provided in Table  24.2 .

        What Is the Best Choice of Spinal Fixation? 

 In previous sections, it was established that the goals of sur-
gical management for neuromuscular scoliosis typically 
involved the achievement of a balanced spine over a level 
pelvis via a spinal fusion extending from the upper thoracic 
spine to the lower lumbar spine and/or the pelvis. Due to the 
high rate of vertebral osteopenia in neuromuscular patients, 
segmental fi xation is typically the rule to help prevent 
implant-related complications. The choice of spinal fi xation 
used to achieve these goals has evolved over the years from 
Harrington instrumentation to Luque sublaminar wires and, 
more recently, to segmental pedicle screw fi xation [ 1 ,  2 ,  50 ]. 

   Table 24.2    GRADE recom-
mendations for scoliosis 
correction   

 Evidence-based statement  GRADE recommendation 

 The risks of scoliosis correction for neuromuscular diagnoses are signifi cantly 
more than for idiopathic diagnoses 

 B 

 Scoliosis correction in neuromuscular diagnoses, on the whole, improves 
QOL, radiographic measures and, in some cases, respiratory function 

 B 

 Scoliosis correction improves quality of life in CP  B 

 Scoliosis correction does not improve quality of life or physical function in 
spina bifi da and has a very high risk profi le 

 B 

 Scoliosis correction improves quality of life and patient satisfaction in DMD 
albeit with a high complication rate 

 B 

 Scoliosis correction does not improve or preserve respiratory function in DMD  B 

 The use of defl azacort signifi cantly reduces the need for scoliosis correction in DMD  B 
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Proponents of pedicle screw fi xation cite improvements in 
Cobb correction, a decreased need for anterior release, and a 
favourable risk profi le over earlier methods despite the asso-
ciated increase in implant costs [ 51 ]. Proponents of sublami-
nar fi xation cite the ability to achieve the desired goals, albeit 
with a smaller Cobb correction (~50 %), decreased costs, 
and comparable complication rates [ 52 ]. Although most of 
the literature in this area is comprised of uncontrolled case 
series, several level III studies were identifi ed and available 
for review. 

    Hybrid Versus Pedicle Screw Fixation 

 Regarding the assessment of spinal fi xation methods in neuro-
muscular scoliosis, our literature search revealed no prospec-
tive studies and a small number of retrospective comparative 
studies. One such study compared hybrid fi xation (sublaminar 
wires/hooks in the thoracic spine, pedicle screws in the lumbo-
sacral spine) to segmental pedicle screw fi xation and found 
signifi cant improvements in curve correction (75 % vs 59 %), 
operating time (6.0 vs 7.4 h), blood loss (1785 vs 3760 mL), 
and the need for anterior surgery (12 % vs 40 %) for the pedi-
cle screw group as compared to the hybrid group [ 53 ]. As 
might be expected, the authors reported no change in QOL as 
measured by the SRS-24 questionnaire and no signifi cant dif-
ference in overall complication rate between the two groups. 
They stressed that, although Cobb correction was greater in 
the pedicle screw group, the attainment of spinal balance was 
most important and was achieved by both groups. 

 In another retrospective comparative study with 44 of 68 
patients having a neuromuscular diagnosis, four different 
types of apical spinal fi xation were compared for large curves 
greater than 100°: sublaminar wires, hooks, anterior verte-
bral screws, and all pedicle screw constructs [ 5 ]. Like the 
previous study, all pedicle screw constructs demonstrated 
signifi cant improvements in Cobb correction, a decreased 
rate of anterior release, and the lowest complication rate 
between the groups. The all-pedicle screw group was also 
better at maintaining curve correction by fi nal follow-up as 
compared to other methods, which tended to be associated 
with a signifi cant loss of curve correction over time. That 
said, there were no signifi cant differences in the ability to 
achieve coronal/sagittal balance or in the neurologic risk 
profi le between the wire and screw groups. 

 A third retrospective cohort comparing ‘rigid’ constructs 
(greater than 50 % pedicle screw fi xation) against ‘non-rigid’ 
constructs (greater than 50 % sublaminar fi xation) in neuro-
muscular scoliosis correction supported the claim that pedi-
cle screw constructs achieved greater Cobb angle correction 
and had a decreased need for anterior release as compared to 

sublaminar wires [ 54 ]. The pseudoarthrosis rate was also 
signifi cantly less in the rigid group (5 % vs 22 %). The 
authors concluded that, despite a fi vefold increase in implant 
costs, the overall charges associated with the higher rates of 
pseudoarthrosis in the wire group would more than offset 
any implant-related differences in cost. They suggested that 
there was a need for a future study that incorporates a more 
comprehensive economic analysis to more fully elucidate the 
true value of using pedicle screws over cheaper implants 
such as sublaminar wires. 

 Lending further support to the evidence above, in a retro-
spective study investigating the use of sublaminar (SL) 
wires, hybrid (H) constructs, and segmental pedicle screw 
(PS) fi xation in patients with DMD, signifi cant increases in 
operative time, blood loss, and Cobb correction were again 
identifi ed in the SL group [ 55 ]. The increased Cobb correc-
tion was likely related to the increased pre-operative Cobb 
angle in the wire group as compared to the other groups (50° 
(SL) vs 18° (H), 26° (PS)) rather than improved mechanical 
capabilities. The authors suggested that the increased blood 
loss in the SL group was likely due decreased vasoconstric-
tion in DMD and epidural vessel injury during wire passage. 
In this study, based on radiographic and intra-operative out-
comes, it would seem that pedicle screw constructs per-
formed most favourably as compared to other implants. 

    Newer Implants 
 Regarding the Universal Clamp (Zimmer, Warsaw, USA), a 
relatively new titanium implant which incorporates a 
 sublaminar polyester tape, only one comparative study was 
identifi ed which compared its use to the standard sublaminar 
wire in scoliosis correction [ 6 ]. This cohort of 50 patients 
(25 in each group) showed no differences in Cobb correction 
and no change in operative time or blood loss between the 
two groups. The costs, though not stipulated in the study, are 
known to be quite high for the Universal Clamp as compared 
to the stainless steel sublaminar wire, leaving the sole 
reported benefi t to be related to the MRI compatibility of the 
titanium implant. Additional studies comparing the Universal 
Clamp to other types of spinal fi xation will be required to 
ascertain its place in the surgeon’s armentarium. 

 Given the above discussion, it would seem that segmental 
pedicle screw fi xation provides the best Cobb correction, 
decreased operative time, and a decreased need for anterior 
release, as compared to hooks or sublaminar wires. 
Prospective studies that incorporate comprehensive eco-
nomic analyses would be benefi cial to assess the outcomes- 
to- cost ratio as it pertains to the most appropriate choice of 
spinal fi xation for these children. 

 Evidence-based statements and GRADE recommenda-
tions for this section are provided in Table  24.3 .
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         What Is the Best Choice of Pelvic Fixation? 

 In neuromuscular scoliosis, reducing pelvic obliquity is 
one of the major technical goals of spinal correction. 
Coupled with an unbalanced spine, its presence can 
adversely affect sitting balance, wheelchair tolerance, 
weight distribution, and QOL [ 56 ]. Pelvic obliquity correc-
tion is typically achieved by instrumentation and fusion to 
the sacropelvis through various implant types and confi gu-
rations. There has been some controversy as to the indica-
tions for fusion to the pelvis but, when required, achieving 
stable fi xation to the sacropelvic unit that resists post-oper-
ative loss of correction is essential to surgical success [ 56 –
 59 ]. Although a myriad of implant confi gurations for the 
treatment of pelvic obliquity have been described, this sec-
tion will focus on three of the most prevalent types of pel-
vic fi xation: (1) Galveston, (2) iliac screws, and (3) sacral 
alar iliac (SAI) screws (Fig.  24.2 ).

      Galveston Versus Iliac Fixation 

 Galveston bilateral iliac fi xation is one of the best-known 
techniques for the treatment of pelvic obliquity in neuromus-
cular scoliosis although its use has been waning in favour of 
more modern techniques utilizing screw fi xation. Typically, 
it has been utilized in conjunction with Luque segmental 
sublaminar wire fi xation in the thoracic and lumbar spine 
and has evolved as a system incorporated into a single, pre-
contoured ‘unit rod’ [ 60 ,  61 ]. The technique has been well 
described elsewhere but in essence, involves the insertion of 
stainless steel smooth tines into tracts made between the 
tables of the ilia bilaterally. 

 Iliac screw fi xation takes a similar approach but substi-
tutes long screws for the tines described for the Galveston 
technique. It has been suggested that the use of screws over 
smooth tines may diminish implant pullout and loss of pelvic 
obliquity correction [ 62 ]. A frequent need for lateral offset 
connectors, however, has been reported to increase pullout 
forces rather than decrease them and serves as an additional 
potential point of failure [ 63 ]. Clearly, comparative studies 
are needed to ascertain whether or not these ‘more advanced’ 
systems actually improve outcomes. Despite an exhaustive 
literature search, very few studies with comparator groups 
and/or adequate sample size were identifi ed [ 64 ]. 

 In a retrospective cohort of forty patients with neuromuscu-
lar diagnoses, radiographic outcomes and complication rates 
between Galveston and iliac screw pelvic fi xation were com-
pared to assess superiority of one technique over the other 
[ 62 ]. Each patient underwent the standard posterior instru-
mentation and fusion from the upper thoracic spine to the pel-
vis with no differences in curve correction or apical vertebral 
translation between the groups. In addition, an equal number 
of patients in each group underwent intra- operative halo femo-
ral traction. The study showed no difference in initial pelvic 
obliquity correction between the two pelvic fi xation groups. 
At a fi nal follow-up of 3 years however, the percentage of 
patients with residual pelvic obliquity greater than 10° was 
signifi cantly increased in the Galveston group; a fact the 
authors claimed was not clinically signifi cant given that both 
groups achieved “an excellent overall correction”. In addition, 
pelvic anchor motion (‘wiper blading’) was signifi cantly 
increased in the Galveston group but with uncertain clinical 
signifi cance. The complication rates were similar overall. The 
authors concluded that iliac screws are equivalent to the 
Galveston technique but the former allows for sacral and lum-
bar screw fi xation that may offer better construct stability with 
the downside of having an increased implant profi le. 

 Despite these claims, the Galveston technique may still 
prove to be more effi cacious over more modern implants. In 
a multicenter retrospective study of 157 children with CP 
comparing the pre-contoured unit rod (including Galveston 
pelvic fi xation) to custom-bent rods utilizing various meth-
ods of pelvic anchorage (including iliac screws or rods, 
S-rods, and sacral screws), pelvic obliquity was found to be 
signifi cantly improved in the unit rod group (74 % vs 22 %) 
with no signifi cant differences in operative time or intraop-
erative blood loss [ 65 ]. The authors offered that the likely 
reason for the improvement could be explained by the fi xed 
90° angle between the unit rod’s pelvic limbs and spinal 
rods. Transfusion requirements, implant prominence, as well 
as inpatient and intensive care unit length of stays, were sig-
nifi cantly increased in the unit rod group. Accordingly, 
results from the non-validated caregiver-reported outcome 
measure used in the study suggested a higher satisfaction 
rate in the custom-bent rod group. 

   Table 24.3    GRADE recommendations for choice of spinal fi xation   

 Evidence-based statement 
 GRADE 
recommendation 

 The use of segmental pedicle screw fi xation 
in neuromuscular scoliosis results in the 
largest Cobb angle correction as compared 
to other methods 

 B 

 The use of segmental pedicle screw fi xation 
in neuromuscular scoliosis results in a 
reduced rate of anterior release as compared 
to other methods 

 B 

 The use of segmental pedicle screw fi xation 
in neuromuscular scoliosis results in a 
reduced operative time over other methods 

 B 

 The use of segmental pedicle screw fi xation 
in neuromuscular scoliosis results in a 
reduced rate of complications over other 
methods 

 I 

 Quality of life improvements are unrelated to 
the choice of spinal fi xation in 
neuromuscular scoliosis 

 I 
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 One potential advantage of the use of iliac screw fi xation 
is that it allows for augmentation with additional implants to 
theoretically improve construct stability. In a retrospective 
study with 5-year follow-up, two pelvic fi xation constructs 
utilizing 1 or 2 iliac screws were compared with respect to 
pelvic obliquity correction and associated complications 
[ 66 ]. The single screw group experienced 2.5 times greater 
rod dislodgement than the double screw group but this did 
not reach statistical signifi cance. However, a sevenfold 
increase in proximal (i.e. thoracic and lumbar spine) implant 
failure was seen in the single screw group. The authors sur-
mised that the extra screw provided a more secure base that 
dampened proximal motion and thus reduced this risk. The 
overall pelvic obliquity correction was reported to be 59 % 
(from 18.8° to 7.6°) with no mention of correction stratifi ed 
by treatment group. Given the decreased complication rate, 
the authors recommended the adoption of the double screw 
technique over the single screw for neuromuscular pelvic 
fi xation. 

    Sacral Alar Iliac Fixation 
 Recently, a new pelvic screw fi xation technique was 
described that utilized a tract traversing the sacral ala, sacro-
iliac joint, and ilium [ 67 ]. The proposed advantages of this 
sacral alar iliac (SAI) screw fi xation over iliac screws were 
reported to be due to its low profi le and decreased need for 
both lateral offset connectors and the associated sub- 
paraspinal muscle dissection required. In a retrospective 

comparative study with 2-year follow-up, SAI screws dem-
onstrated signifi cant improvements in pelvic obliquity 
 correction over an iliac screw group (70 % vs 50 %, respec-
tively) with no difference in implant-related complications 
or pain between the groups. The authors suggested that the 
improvement in pelvic obliquity correction might have 
stemmed from a better mechanical advantage in manipulat-
ing the pelvis directly rather than working through the lateral 
offset connectors used in the iliac screw group. Additional 
studies investigating patient-specifi c outcomes would be 
benefi cial to further elucidate the clinical superiority of SAI 
screws in pelvic fi xation.  

    Choice of Surgical Approach 
 The choice of surgical approach may have an impact on the 
success of pelvic fi xation. In a retrospective comparative 
study analyzing 54 patients with muscular dystrophy, one 
group underwent a posterior-only approach while the second 
underwent a combined anterior and posterior approach for the 
correction of pelvic obliquity [ 68 ]. The anterior approach 
chosen involved an extraperitoneal midline lumbosacral 
release and fusion with mesh cage and allograft. The anterior- 
posterior group achieved a signifi cant improvement in pelvic 
obliquity correction over the posterior-only group (21° vs 
13°, respectively) but at the expense of signifi cant increases 
in intraoperative blood loss (2.4 L vs 345 mL, respectively) 
and operative time (611 vs 440 min, respectively). Since 
the study only evaluated radiographic parameters, rather than 

a
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b
  Fig. 24.2    Types of pelvic 
fi xation. ( a ) Galveston, ( b ) Iliac 
screws with lateral offset 
connectors, and ( c ) Sacral alar 
iliac (SAI) screws       
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sitting tolerance or other patient-specifi c outcomes, the clini-
cal signifi cance of this modest improvement in pelvic obliq-
uity is not known and may not outweigh the additional risks 
imparted by the anterior approach.  

    Fusion to Lumbar Spine Versus Pelvis 
 The indications for pelvic fi xation in neuromuscular scolio-
sis correction have been controversial with some authors 
calling for all non-ambulatory patients to be instrumented 
and others only in the face of substantial pelvic obliquity [ 2 , 
 69 ]. Reasons to exclude the pelvis have included: minimal 
preoperative pelvic obliquity, increased operative time, 
potential loss of walking ability, and higher complication 
rates [ 56 ,  70 ]. 

 In support of these reasons, the extent of caudal fi xation 
for patients with and without pelvic obliquity was investi-
gated in a retrospective cohort of 55 patients with neuro-
muscular scoliosis [ 69 ]. The cohort was stratifi ed into 3 
groups according to the distal fi xation level and the severity 
of pelvic obliquity including: (1) pelvic obliquity greater 
than 15° with pelvic fi xation, (2) pelvic obliquity greater 
than 15° without pelvic fi xation, (3) pelvic obliquity less 
than 15 degrees with pelvic fi xation. Pelvic obliquity cor-
rection was found to be signifi cant for all groups but Group 
2 displayed a signifi cant loss in correction at fi nal follow-
up. The authors concluded that the presence of pelvic obliq-
uity greater than 15° necessitates the addition of pelvic 
fi xation while lesser amounts remain stable without 
fi xation. 

 Lending further support to the exclusion of pelvic fi xation 
for patients with minimal pelvic obliquity, a retrospective 
study of 36 patients with DMD compared two groups accord-
ing to the magnitude of tilt [ 70 ]. In this cohort, pelvic obliq-
uity was found to be (1) more than 15° in 10 patients and (2) 
less than 15° in 26 patients. In Group 1, pelvic tilt was 
improved by 62 % using iliac screw fi xation. Group 2 also 
experienced stable pelvic tilt correction by 42 % even with-
out pelvic fi xation at a fi nal follow-up of 37 months. As for 
complications, 24 % in Group 2 had postoperative coccygo-
dynia compared with only 10 % in Group 1. The authors 
concluded that instrumentation of the pelvis is unwarranted 
for pelvic obliquity less than 15°. 

 Given the above discussion with respect to pelvic fi xation, 
the evidence seems to support the use of the Galveston tech-
nique, a posterior-only approach, and the exclusion of pelvic 
fi xation for patients with pelvic tilt less than 15°. However, 
the available evidence is based on a limited number of stud-
ies with small sample sizes and, as such, more studies are 
required to make defi nitive conclusions regarding pelvic 
fi xation in neuromuscular scoliosis. 

 Evidence-based statements and GRADE recommenda-
tions for this section are provided in Table  24.4 .

         What Is the Evidence for Anterior Fusion? 

 The indications for anterior release for neuromuscular scoli-
osis have traditionally been described for curves with resid-
ual magnitude greater than 50–70° on bending or traction 
radiographs and for the prevention of crankshaft in immature 
patients [ 71 ]. The rationale behind the anterior approach is 
twofold: (1) to improve the capacity for correction in large, 
stiff curves by releasing the anterior longitudinal ligament 
and performing discectomies at multiple levels about the 
apex of the major curve (Fig.  24.3 ), (2) to facilitate the devel-
opment of an anterior fusion to reduce the risk of pseudoar-
throsis [ 24 ]. It was believed that the addition of an anterior 
fusion allowed for a better curve correction than posterior 
fusion alone. With the advent of ‘heavy constructs’ utilizing 
segmental pedicle screw fi xation, in addition to the use of 
peri-operative adjuncts such as skull-femoral traction, the 
routine use of the anterior approach has been challenged. 
Though few in number, several studies that focused in this 
area and met our inclusion criteria were identifi ed for review.

      Anterior Surgery: Risk to Benefi t Balance 

 Like any surgical intervention, a comprehensive assessment 
of the risk-benefi t balance is paramount, particularly for 
 procedures that violate the thoracic cage in a patient popula-
tion that is already predisposed to pulmonary complications 
and have signifi cant co-morbidities. Indeed, the risks of ante-
rior surgery are substantial. In a large retrospective compara-
tive study comparing risks of anterior surgery as a function 
of diagnosis, children with CP were more likely to have a 
major complication, most of which were pulmonary, as com-
pared to spina bifi da (52 % vs 41 %, respectively). In addi-
tion, curve size greater than 100° was found to be a signifi cant 
risk factor for a major complication [ 72 ]. 

 Another retrospective study assessing the risks pertaining 
to surgical approach for children with neuromuscular scolio-
sis, reported signifi cantly longer intensive care unit (ICU) 
stays and increased pulmonary complications with combined 

   Table 24.4    GRADE recommendations for choice of pelvic fi xation   

 Evidence-based statement  GRADE recommendation 

 For pelvic obliquity correction, iliac 
screw fi xation is not superior to 
Galveston fi xation 

 B 

 For pelvic obliquity correction, sacral 
alar iliac fi xation may be superior to 
iliac screw fi xation 

 I 

 Pelvic fi xation is not be required for 
pelvic obliquity less than 15 degrees 

 B 
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anterior-posterior fusions as compared to posterior instru-
mentation and fusion (PSF) alone [ 73 ]. 

 Despite the fi ndings presented above, there are instances 
where the benefi ts of an anterior fusion may very likely out-
weigh the potential risks. In a systematic review investigat-
ing the role of spine surgery in spina bifi da, it was found that 
curve correction and fusion rates were signifi cantly improved 
when an anterior fusion was added to the standard PSF [ 36 ]. 
Specifi cally, the risk of pseudoarthrosis was reported to be 
46 % for PSF only compared to 14–23 % for combined ante-
rior and posterior fusion. Wright assigned a B GRADE rec-
ommendation for the combined approach but stated there 
was insuffi cient evidence to recommend that the addition of 
anterior instrumentation improved outcomes further. 

 For children with neuromuscular scoliosis who, for what-
ever reason, require the addition of anterior fusion, the ques-
tion of whether to do both procedures staged or same day is 
a topic of interest. In a retrospective comparative study 
involving children with spastic quadriplegic CP, signifi cant 
increases in blood loss and operative time for single stage 
combined anterior-posterior fusion compared to performing 
the anterior and posterior procedures in two stages were 
demonstrated [ 24 ]. Based on this and other studies, it would 
seem that, although there are substantial risks associated 
with the combined approach, staging the procedures might 
mitigate the risk to some extent. Given the contradictory 
results of other comparative studies in this area, however, the 
evidence is likely insuffi cient to lend defi nitive guidance 
[ 74 – 76 ]. 

 As outlined above, one of the most common reasons to 
perform an anterior release is to improve curve fl exibility 
and accordingly, the potential for increased curve correction 

over PSF alone for large, stiff curves. A retrospective case- 
control study investigated the legitimacy of this practice by 
comparing matched groups of children with CP and scoliosis 
that underwent PSF with or without an anterior release [ 77 ]. 
The PSF-only group was augmented with intraoperative 
skull-femoral traction. There were no signifi cant differences 
in curve correction, coronal/sagittal balance, or pelvic obliq-
uity correction, between the groups. There were however, 
signifi cantly increased complication rates demonstrated in 
the anterior release group including increased operative 
times, blood loss, postoperative intubation, and pneumonias. 
There were no traction-related complications reported. The 
authors concluded that the addition of an anterior release did 
not improve radiographic outcomes as compared to PSF 
(with skull-femoral traction) alone and demonstrated a sig-
nifi cantly higher complication rate.  

    The Role of Intra-operative Skull-Femoral 
Traction 

 Although the preceding study suggested that curve correc-
tion was equivalent for both combined approaches and PSF 
alone, the addition of skull-femoral traction in the preceding 
study represented a signifi cant confounding factor given that 
the technique has been shown to signifi cantly improve major 
curve correction and pelvic obliquity when coupled to PSF 
versus PSF alone [ 78 ]. Therefore, one cannot conclude that 
scoliosis correction via a combined approach is equivalent to 
PSF alone without traction. 

 In recent years, intra-operative halo-femoral traction has 
become more commonplace, particularly for stiff curves, and 

  Fig. 24.3    Multilevel anterior discectomies via thoracoabdominal approach for severe scoliosis and pelvic obliquity in a 15 year-old with spastic 
quadriplegia       
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is often combined with PSF following an anterior release. A 
recent systematic review on the subject suggested that the 
use of intraoperative skull-femoral traction may improve 
radiographic outcomes, decrease complication rates, and 
reduce the need for anterior procedures in neuromuscular 
scoliosis surgery [ 79 ]. The included studies in this review, 
however, were mixed in diagnosis and surgical approaches, 
and were marred by small sample sizes. As such, these rec-
ommendations should be interpreted with caution. 

 Overall, the availability of level III or better evidence 
studies concerning the role of anterior surgery in neuromus-
cular scoliosis is scarce and defi nitive conclusions in this 
area remain elusive. Given the available evidence, however, 
it is reasonably well established that the addition of anterior 
fusion to PSF in spina bifi da leads to improved outcomes. 
Lesser evidence is available regarding the use of skull- 
femoral traction and its ability to obviate the need for ante-
rior release in stiff curves. 

 Evidence-based statements and GRADE recommenda-
tions for this section are provided in Table  24.5 .

        Conclusions 

 Given the results of this evidence-based review of the best 
available literature, it would seem that for most cases, 
neuromuscular scoliosis correction is a worthwhile proce-
dure with expected improvements in function, quality of 
life, and patient/caregiver satisfaction. These positive 
benefi ts likely outweigh the high surgical risks associated 
with these procedures but the ultimate decision as to 
whether or not scoliosis surgery is performed should be 
dependent on a disease-specifi c assessment of risks and 
benefi ts and appropriate communication with the patient 
and/or caregiver. The use of segmental pedicle screw fi xa-
tion may offer improved outcomes over other methods of 
spinal fi xation but the best choice of pelvic fi xation is still 
controversial. Regarding the use of anterior surgery for 
neuromuscular scoliosis, its role is also controversial 
except in the case of spina bifi da where it is likely to 
reduce perioperative risks.      
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      Evidence-Based Treatment 
for Congenital Scoliosis                     

     Firoz     Miyanji    

    Abstract  

  Management of congenital scoliosis begins with the recognition of the patterns of congeni-
tal anomalies and the anticipation of the risk of deformity progression. The natural history 
and prognosis of a patient with congenital scoliosis can vary considerably as illustrated by 
many of the early descriptive reports. Despite a variety of different surgical strategies that 
have been described for congenital scoliosis to date, very little evidence exists supporting 
the most ideal management strategy from timing of intervention to most appropriate surgi-
cal technique, to effi cacy of the available procedures in altering the natural history of con-
genital scoliosis. This chapter will outline the available literature, its limitations, and 
whether evidence-based recommendations can be made around treatment strategies for con-
genital scoliosis.  

  Keywords  

  Congenital scoliosis   •   Treatment   •   Hemivertebra resection   •   Hemiepiphysiodesis   •   VEPTR   
•   Growing rods  

      Background 

 Congenital scoliosis is defi ned as a curvature of the spine due 
to one or more abnormalities of the vertebrae, which is gen-
erally due to a failure of formation or segmentation or a com-
bination of these two. By virtue of its early gestational origin, 
congenital scoliosis is always an early-onset spinal defor-
mity with the potential for progression as the child grows, 
which remains the fundamental guiding principle around 
which treatment decisions are made. 

 Although early reports estimated that congenital scoliosis 
had generally a benign course [ 1 ] subsequent natural history 
studies by Winter et al. [ 2 ] and McMaster et al. [ 3 ] refuted 

this, reporting that the rate of deterioration and the severity 
of the fi nal deformity were predictable, according to the type 
of anomaly and curve location. In fact McMaster and 
Ohtsuka [ 3 ] narrowed the risk of progression to four key fac-
tors: the type of congenital anomaly, the curve location, the 
patient’s age, and solitary or multiple curves. The authors 
found that nearly 75 % of patients in their series required 
treatment and 84 % of patients who were untreated devel-
oped curves greater than 40° at maturity. It is accepted now 
that the worst anomaly is a unilateral unsegmented bar com-
bined with a single or multiple convex hemivertebrae, fol-
lowed by a unilateral unsegmented bar, double convex 
hemivertebrae, and fi nally a single convex hemivertebra. A 
block vertebra has the best prognosis. Thoracolumbar curves 
have the poorest prognosis, and children with clinical defor-
mities in the fi rst year of life are also at risk of severe pro-
gression (Fig.  25.1 ) [ 4 ].

   Management of congenital scoliosis begins with the rec-
ognition of those curves with a bad prognosis at an early 
stage. Treatment should be aimed at altering the natural 
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 history as described by Winter et al. [ 2 ] and McMaster et al. 
[ 3 ], specifi cally in preventing deformity progression, main-
taining chest wall and lung development, achieving maxi-
mum overall spinal growth, and minimizing potential 
complications. Observation is appropriate when the natural 
history suggests that the curve will not progress, and bracing 
has been considered by some to control secondary noncon-
genital curves in the presence of a primary congenital curve. 
The evidence around brace treatment in congenital scoliosis 
is however limited to scattered case series and case reports. 

 A number of surgical strategies have been described for 
the management of congenital scoliosis either to prevent fur-
ther curve progression (in situ fusion; growth-friendly tech-
nologies) or in addition to obtain deformity correction in 
either a gradual (hemiepiphysiodesis) or acute fashion 
(hemivertebrae excision). Effectiveness of non-operative 
therapies of bracing and casting, timing of surgical interven-
tion, the most appropriate surgical strategy, and the effi cacy 
of the available surgical options remain at the center of con-
tinued controversy.  

    Four Key Questions 

     1.    Is brace/cast treatment effective in congenital scoliosis?   
   2.    When ideally should surgery be considered?   
   3.    What is the ideal surgical strategy for congenital scoliosis 

secondary to a hemivertebra?   
   4.    Is there any role for growth-friendly technologies in con-

genital scoliosis?     

    Is Brace/Cast Treatment Effective in Congenital 
Scoliosis? 

 Winter’s retrospective multicenter review of patients with con-
genital scoliosis treated in a Milwaukee brace reported on 63 
patients with a mean age of 8 years and mean duration of brace 
wear of 4 years [ 5 ]. The authors classifi ed their outcome of 
brace treatment as “very good”, “good”, “fair”, or “poor” deter-
mined a priori as whether curve progression occurred ulti-
mately requiring surgical intervention or not. They found 2 
patients had results classifi ed as “very good” (surgery was 
avoided), 33 were “good” (surgery either prevented or delayed), 
8 were “fair” (curve stabilized), and 20 were “poor” (continued 
deterioration of the curve and surgery was neither delayed nor 
prevented). They also analyzed curve characteristics that 
responded to brace treatment and suggested that longer, fl exi-
ble curves, with a mixture of anomalous and nonanomalous 
vertebrae responded best whereas short, sharp, and rigid curves 
did not do well with brace treatment. The authors did not report 
on the percentage of total patients that went on to surgery. Their 
conclusions are to consider the use of Milwaukee brace as a 
trial in some cases of congenital scoliosis. This study is limited 
to Level IV evidence, providing little evidence as to the true 
effect of brace treatment on congenital scoliosis. 

 More recently Demirkiran et al. [ 6 ] analyzed their experi-
ence in 11 patients with congenital scoliosis who were treated 
with serial cast application. The average age of the patients 
was 3.3 years and follow-up was unclear, though all patients 
had a minimum of 1 year follow-up. The mean precasting 
Cobb angle was 70.7°, with a mean correction in cast at fi nal 
follow-up of 55.1°. The mean compensatory curve angle was 
55.8°, which corrected in cast to a mean 39.8° at fi nal follow-
up. The authors concluded that surgery is delayed in such 
patients by an average of 26.3 months. The small sample size, 
retrospective design, signifi cant selection bias, and the exclu-
sion of a priori defi ned indications for surgery limit this study 
in providing evidence for serial casting.  

    When Ideally Should Surgery Be Considered? 

    In Situ Fusion 
 Although generally accepted that the younger the child, the 
more potential for signifi cant progression of the deformity, 
the variety of combinations of congenital deformities seems 

None segmented
hemivertebra

Partially
segmented

hemivertebra

Fully segmented
hemivertebra

Incarcerated
hemivertebra

unsegmented bar

  Fig. 25.1    Diagram showing various abnormal vertebra that lead to 
congenital scoliosis       
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limitless and hence the prediction about what will happen 
with growth remains diffi cult. Nonetheless, expert opinion 
has recommended early fusion with the assumption that “it is 
safe to say that it is easier to prevent a deformity than to cor-
rect a deformity” [ 7 ]. 

 To date there remains a paucity of strong evidence on 
which recommendations for early in situ fusion for congeni-
tal scoliosis can be made. Of the available studies, the major-
ity of the literature remains retrospective in nature with 
limited follow-up. McMaster’s review of a single type of 
congenital scoliosis (unilateral bar and contralateral hemi-
vertebrae) described signifi cant variability in the natural his-
tory [ 4 ]. Nine patients who had an upper thoracic scoliosis 
had variable rates of progression: two reached curves of 70° 
and 80° at skeletal maturity while 5 others were ≤50°. One 
4 year-old was managed by immediate arthrodesis because 
of a curve of 48°, yet a 5 year old with a curve of 45° was 
observed and had a curve of 51° by age 10. Similarly, sub-
stantial variability in timing of arthrodesis, surgical approach, 
number of segments fused, as well as magnitude of pre- 
operative curve makes it diffi cult to support the conclusions 
that early surgery, preferably in the fi rst year of life, is 
warranted. 

 Given that, at best, studies reporting on  in situ  early fusion 
for congenital scoliosis remain retrospective case series, it is 
important to review those studies with longer-term 
follow-up. 

 Goldberg et al. [ 8 ] reported their experience of in situ 
fusion in the setting of congenital scoliosis and included a 
retrospective review of 43 patients who were at least 15 years 
of age at fi nal follow-up. They noted that although the local-
ized fusion was effective in preventing progression of the 
Cobb angle of the congenitally malformed area, it did not 
control the overall deformity that developed and progressed 
with growth. Their case series noted a 25.6 % reoperation 
rate due to continued progression of the deformity. The type 
of congenital scoliosis was heterogeneous in this study. 

 Subsequently Vitale and colleagues [ 9 ] reported clinical 
and radiographic outcomes, also in a retrospective manner 
on 21 patients. In this study, 5 of the 21 patients had multiple 
procedures and the authors also reported pulmonary function 
data as well as Child Health Quality of Life Outcome (QOL) 
questionnaires. The group compared the results with healthy 
children and concluded that the cohort of congenital scolio-
sis patients with early fusions had worse pulmonary function 
tests (PFTs) and QOL scores compared to healthy peers, 
cautioning against early fusion in this patient population. 
The comparative group, however, was that of healthy peers 
which limits the interpretation of their data, as patients with 
congenital scoliosis often have other comorbidities. The 
authors did not report on pre-operative PFTs or QOL data for 
comparison. 

 A more recent retrospective case-control study reported 
on outcomes of instrumented versus non-instrumented spinal 
fusion in a total of 51 patients [ 10 ]. Although the instru-

mented group had better post-operative curve correction, 
continued and marked curve progression was noted in both 
groups with a 25 % reoperation rate (both groups). The 
authors questioned whether early fusion for congenital sco-
liosis was meeting the goal of progression prevention. 

 Karol et al.’s review of in situ fusion in early onset scolio-
sis although having mixed etiologies, 20 of the reported on 
28 patients had congenital scoliosis [ 11 ]. They had a 39.3 % 
revision rate. The authors cautioned against early fusion as it 
put patients at risk of restrictive pulmonary disease, espe-
cially those with proximal thoracic deformity who were 
fused over more than four segments. Again, pre-operative 
pulmonary data on these patients were lacking, making it 
diffi cult to support their conclusion that early fusions have a 
signifi cant direct negative effect on pulmonary function in 
the long-term. 

 Both earlier and the more recent studies remain retrospec-
tive cross-sectional case series with no longitudinal or pro-
spective component and so remain as weak evidence only 
supporting/refuting early fusion as a treatment for congenital 
scoliosis.  

    Hemiepiphysiodesis 
 Convex growth arrest as a treatment for congenital scoliosis 
has been previously described as effective by a number of 
authors [ 12 – 14 ]. It has been described for patients with 
hemivertebrae but others have also reported on its outcomes 
for failure of segmentation defects and mixed anomalies. 
Demirkiran et al. [ 15 ] most recently described their experi-
ence with this technique in a series of 13 patients (mean 
operative age, 5.4 years; mean follow-up, 4.7 years). The 
authors’ indication for surgery was a long sweeping curve, 
including >4–5 segments, and not suitable for single hemi-
vertebrectomy. Although they report promising results with 
a mean curve correction of 33.5°± 12.4° at fi nal follow-up, 
from an average preoperative Cobb angle of 49°± 10.9°, 
none of these patients were evaluated to skeletal maturity. In 
addition, the authors note that in nine patients the curve 
improved, in three patients there was no change, and in one 
patient there was curve progression, illustrating that the pro-
cedure may have either an “epiphysiodesis effect” (what it is 
intended for) or a “fusion effect” where the curve may not 
improve but also will not progress. They admit that, at pres-
ent, with the absence of any reliable technique to evaluate 
the growth potential of the vertebral apophysis, it is 
 impossible to predict the outcome of this procedure. 
Therefore which patients would be the most appropriate can-
didates for an instrumented convex hemiepiphysiodesis 
remains unclear. 

 In contrast, Thompson et al. [ 16 ] reviewed retrospectively 
their case series of 30 patients (mean age, 6.3 years), 63 % of 
whom reached skeletal maturity. They noted an improve-
ment in Cobb angle in 23 patients, progression arrested or 
slowed in 5 patients, and progression in 2 patients. Their 
technique involved a combined anterior/posterior approach. 
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Marks et al. [ 17 ] examined a further 53 patients with a mean 
follow-up of 8.8 years. Thirty-four patients were skeletally 
mature. This series reported on the effects of convex hemiep-
iphysiodesis on a variety of types of congenital anomaly. 
Those with failure of segmentation defects, as well as com-
plex anomalies, continued to progress despite surgery, with a 
fi nal Cobb angle increase from a mean of 61°–70°. In con-
trast, 97 % of hemivertebrae patients had reversal in their 
curves or slowed progression with an average preoperative 
Cobb angle of 41° improving to 35° at fi nal follow-up. The 
authors felt that a younger age at surgery and a hemiverte-
brae located in the lumbar spine yielded the best results. 

 Keller et al. [ 18 ] reported their experience in 16 patients 
(mean operative age, 4.8 years; mean follow-up, 4.8 years). 
Their series had a variety of formation and segmentation 
anomalies and they found 37 % of curves improved, 42 % 
were unchanged or progressed less than 7°, 16 % progressed 
10°–15°, and 5 % progressed greater than 15°. The best 
results were in patients with a hemivertebrae, whereas pro-
gression despite surgery was seen in patients with an unseg-
mented bar and a contralateral hemivertebrae. The authors 
felt that their results were most predictable at producing an 
arrest of the deformity and the epiphysiodesis effect to be 
less predictable. The authors conclude that it remains 
unknown what the fi nal outcome will be, as these patients 
were not followed to skeletal maturity. 

 The remaining retrospective reviews pooled data shows 
improvement in curves in 48 % of cases (range 20–77 %), no 
change (fusion effect) in 40 % (range 17–70%), and curve 
progression in 12 % (range 0–21 %) with conclusions that 
earlier intervention provides the best results [ 12 – 14 ,  19 ,  20 ]. 
Given that all these studies are retrospective single center 
case series without the benefi t of comparative controls, the 
effect of age as well as type of congenital anomaly on the 
results of surgical intervention cannot truly be determined 
and the small number of patients in each study limit broad 
conclusions to be made. Therefore, there is weak evidence at 
best to suggest that early hemiepiphysiodesis (before the age 
of 5 years) is most appropriate for congenital scoliosis.  

    Hemivertebra Excision 
 Hemivertebra excision, initially described as via a combina-
tion of anterior and posterior approaches, has recently been 
refi ned to an all-posterior approach. Most studies report on 
the technique and feasibility of hemivertebra excision with 
expert opinion on the advantages and disadvantages of either 
a combination anterior/posterior approach or an all-posterior 
approach [ 21 – 24 ]. Studies reporting on hemivertebra exci-
sion in young children have attempted to report on children 
younger than 10 years of age with a substantial variation in 
timing of surgery. Crostelli et al.’s 15 cases had a mean age 
of 5.5 years, with a range from 2 to 9.5 years [ 25 ]. Although 
they reported a percentage curve correction of 72.5 % (mean 

preoperative curve of 44°) and no major complications, the 
average follow-up was extremely limited (3.3 years). Chang 
and colleagues [ 26 ] performed a retrospective review of 18 
patients less than 10 years of age (mean 6.6 years, range 
2.6–9.8 years); they noted an average preoperative curve of 
34.4° correcting to 8.4° (75 % correction) immediately post-
operatively. This was an average of 12.9° at fi nal follow-up 
(62.5 % correction). Their series had a mean follow-up of 
11.4 years and also reported no complications from surgery. 

 Chang et al. [ 27 ] also reported their results of hemiverte-
bra resection and the effect of age on outcomes. They arbi-
trarily assigned patients into two groups (nine in each group) 
based on age at time of surgery: those under 6 years of age 
(mean age 4.2 years) and those between 6 and 10 years of 
age (mean age 9 years). The authors hypothesized that those 
that had surgery before the age of six had better deformity 
correction with no impact on vertebral or spinal growth. The 
younger patients had, on average, a preoperative curve mag-
nitude of 32.4° improving to 9.1° at fi nal follow-up, com-
pared to the older age group with a preoperative curve of 
36.5° improving to 14.5°. As a retrospective review of 
patients treated at a single center, without the benefi t of true 
controls, the effect of age on the results of surgical interven-
tion cannot truly be determined. It seems more interesting 
that although the average difference in age between the 
groups was nearly 5 years, the mean difference in preopera-
tive Cobb angle was only 4.1°, suggesting that there was not 
a dramatic risk of progression during this time; therefore a 
delay in treatment until the child is older could be equally 
considered. 

 Bollini and colleagues reported homogeneous cohorts of 
thoracolumbar and lumbar hemivertebrae resections, in two 
separate studies [ 22 ,  23 ]. The studies had equivalent mean 
age at time of surgery (3.5 years for the report on thoraco-
lumbar hemivertebrae resections; 3.3 years for the lumbar 
resections). The average follow-up was 6 and 8.6 years, 
respectively. In the thoracolumbar resections, there was a 
mean improvement of 69.3 % in the segmental curve, from 
an average 34.8° before surgery to 10.7° at fi nal follow-up. 
Seven of the thirty-four patients had immediate postopera-
tive complications and late complications occurred in 12 
patients (34 %), which included pseudarthrosis in 5 patients 
and progression of curve in 6 patients. Of the 34 patients, 18 
required additional surgery during the follow-up period. 

 In their report of lumbar hemivertebrae resections, Bollini 
et al. [ 23 ] noted a more signifi cant improvement in the seg-
mental scoliosis curve of 71.4 % with a mean curve of 32.9° 
preoperatively, improving to 9.4° at fi nal follow-up. Of the 
21 patients in this series 3 experienced postoperative compli-
cations, which included radiculopathy, wound infection, and 
acute renal insuffi ciency. The authors concluded in both 
studies that hemivertebra excision should be performed as 
early as possible. 
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 Similarly, retrospective case series from Wang et al. [ 28 ] 
and Ruf et al. [ 29 ] conclude that early hemivertebra resection 
surgery should be considered to prevent the development of 
severe local deformities and secondary structural curves. The 
mean preoperative curve in Wang et al.’s study was 36.6°, 
which improved to 5.1° [ 28 ]. Ruf et al. [ 29 ] had a preopera-
tive Cobb angle of 36° in patients without a bar formation 
that improved to 7° following surgery; those with a bar for-
mation had a preoperative curve of 69° improving on average 
to 23°. The average age was 4.9 and 3.4 years, respectively. 

 Nakamura et al. [ 30 ] reported on fi ve patients over an 
average 12.8-year follow-up period for hemivertebra 
resection. Their illustrative case report on one patient 
described the age at operation to be 13 years 7 months 
while another case had surgery at the age of 3 years. 
Despite satisfactory long-term results reported by the 
authors, defi nitive conclusions with a sample size of 5 can-
not be made. Zang et al. [ 31 ] retrospectively reviewed 58 
hemivertebra resections in 56 patients with a signifi cant 
range in age at the time of surgery (mean age 9.9 years 
with range 1.5–17 years). There was a mean improvement 
of 72.9 % in this study in the Cobb angle at fi nal follow-up. 
The mean follow-up was 37.9 months (range 
24–58 months). The authors did not analyze the results as 
a function of age yet conclude that hemivertebra resection 
is ideal for very young children. 

 Interestingly, earlier reports from Deviren et al. [ 24 ] dem-
onstrated that hemivertebra excision in larger curves (mean 
preoperative Cobb angle78.2°) and in older patients (mean 
age 13.4 years) yielded equally favourable results without 
major complications and therefore the literature remains 
inconclusive as regards to timing of intervention on out-
comes of congenital scoliosis after hemivertebra excision. 
All studies to date are retrospective in nature providing Level 
IV evidence with inconsistent surgical indications, variable 
approaches (anterior/posterior, all-posterior, number of 
fusion segments), heterogeneity of congenital anomalies, 
and age of intervention such that specifi c guidelines for sur-
gical timing cannot be made.   

    What Is the Ideal Surgical Strategy 
for Congenital Scoliosis Secondary 
to a Hemivertebra? 

 A very limited number of comparative studies exist in which 
recommendations can be made regarding the optimum surgi-
cal strategy for congenital scoliosis. As the previous section 
outlined, the majority of the existing literature is limited to 
retrospective single center reviews of case series with a small 
sample size. This precludes defi nitive conclusions to be 
made around timing of surgery as well as the ideal surgical 
strategy (Fig.  25.2 ).

   Yaszay et al. [ 32 ] reported the only Level III multi-center 
study comparing three different surgical techniques. This 
was a retrospective review of 76 patients with a minimum 
2 year follow-up. They compared in situ fusion or hemiepi-
physiodesis (Group 1) to instrumented fusion without hemi-
vertebra excision (Group 2), and instrumented fusions with 
hemivertebra excision (Group 3). They had 14 patients in 
group 1, 20 in group 2, and 42 in group 3, with mean ages of 
9.8, 10.3, and 5 years, respectively. Groups 1 and 3 had 
smaller preoperative curves than group 2. At 2 year follow-
 up, group 3 had the best overall curve correction at 73 %, 
compared to 42 % for group 2 and 27 % for group 1. Group 
3 also had shorter fusions and less blood loss than group 2, 
and a trend towards shorter operative times. Group 1 had the 
lowest blood loss and operative time. The complication rate 
also differed: group 3 had the highest rate at 44 %, compared 
to 23 % in group 1 and 17 % in group 2. Groups 1 and 3 each 
had a patient with a pseudarthrosis requiring revision sur-
gery, as well as progression of deformity in two patients 
requiring repeat surgery. A total of six instrumentation fail-
ures occurred, one in group 2 and fi ve in group 3. A total of 
six neurologic complications occurred; one was in group 2, 
and fi ve were in group 3. The authors highlight that group 1 
had the smallest curve correction but also the lowest compli-
cation rate and blood loss. Group 2 had the longest operative 
time and blood loss likely secondary to the longer fusions. 
Group 3, having the most aggressive deformity correction, 
had the highest complication rate including a higher risk of 

  Fig. 25.2    Reconstructive CT images showing a partially segmented 
and fully segmented hemivertebrae       
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neurological injury. The retrospective nature of the study 
lends itself to signifi cant limitations. The treatment selection 
criteria were not standardized and the heterogeneity of the 
patient population, especially with curve magnitude, patient 
age, location of the hemivertebra, and other confounders 
infl uencing treatment selection (ultimately made by individ-
ual surgeons) should be taken into account when interpreting 
these results. 

 Lee and colleagues [ 33 ] attempted to compare two dif-
ferent treatments in patients with congenital scoliosis: 
instrumented fusions and hemivertebrectomy. Their report 
would suggest that the instrumentation only group had 
comparable and satisfactory curve correction (60.3 % com-
pared to 73.7 % in the hemivertebrectomy group), with 
shorter operative times and less blood loss. However, this 
study had signifi cant limitations from a methodological 
perspective in that the decision to consider a hemiverte-
brectomy was made intraoperatively, if the temporary intra-
operative deformity correction was not satisfactory. If, 
however, the deformity correction was satisfactory 
intra-operatively, then the authors simply performed an 
instrumented fusion without hemivertebrectomy. As such 
the study is more in keeping with an observational case 
series than a true comparative study (with the results repre-
senting Level IV evidence). 

 Evidence supporting a particular surgical strategy for 
congenital scoliosis presently relies strongly on expert opin-
ion. A strong recommendation of a single surgical strategy 
over another in the setting of a hemivertebra cannot be made 
on the basis of the available literature.  

    Is There Any Role for Growth-Friendly 
Technologies in Congenital Scoliosis? 

 By nature of its gestational origin, congenital scoliosis is 
always an early-onset condition. For such children, early lit-
erature strongly encouraged spinal arthrodesis at a young 
age. Some recommended surgery within the fi rst year of life 
[ 4 ] and others [ 17 ,  22 ,  23 ,  29 ,  32 ] report promising results if 
surgery was completed before the age of 5 years. These 
principles rely primarily on expert opinion and the evidence 
surrounding this remains Level IV. In more recent years, 
longer term follow-up studies, albeit retrospective in nature, 
have highlighted potential concerns of early fusions and its 
negative impact on pulmonary function, lung development, 
and spinal growth [ 8 ,  9 ,  11 ]. Goldberg’s comparative case- 
control study showed substantial decline in vital capacity at 
skeletal maturity in children who had spinal fusions (FVC 
40.8 %) before the age of 10 compared to those without 
fusion (FVC 96.6 %) providing fair evidence that the prog-

nosis following early spinal fusion should be guarded [ 34 ]. 
Campbell also highlighted that early spinal fusion not only 
results in short stature but also infl uences the thorax and 
may result in severe extrinsic restrictive lung disease by vol-
ume restriction of the growing lungs and motion restriction 
of the ribs [ 35 ]. He termed the inability of the thorax to sup-
port normal lung growth and respiration  thoracic insuffi -
ciency syndrome  [ 36 ]. 

 Hell et al. [ 37 ] reviewed their experience with VEPTR in 
congenital scoliosis. The authors simply reported on the 
Cobb angle at fi nal follow-up and the subjective patient and 
parent impressions. Most patients were younger than 10 and 
the follow-up period is unclear. The authors conclude that 
the VEPTR addressed the thoracic insuffi ciency syndrome 
with probable benefi t to the remaining lung growth. However, 
they failed to provide any measure of preoperative and post-
operative lung function data. They also concluded that this 
method seems superior to other concepts in treating congeni-
tal scoliosis, again with no comparative group data. The 
study provides poor-quality evidence to make recommenda-
tions regarding VEPTR in congenital scoliosis. 

 More recently, Flynn et al. [ 38 ] reviewed VEPTR treat-
ment for congenital scoliosis, reporting a multicenter ret-
rospective analysis on 24 children (mean age at 
implantation, 3.3 years – with a broad range of 8 months to 
12.5 years; average follow-up, 3.3 years). Indications for 
surgery and types of congenital anomalies treated are not 
clear. Their primary outcome was Cobb angle correction 
and thoracic height change. They had no objective mea-
sures of pulmonary assessment but report that 92 % of 
patients had no change in ventilation status following sur-
gery. They found 83 % of patients have an improvement of 
the Cobb angle, an average of 8.9°, and 17 % had progres-
sion of their deformity on average by 18.8°. They found  all  
patients had an improvement in thoracic height (average 
change, 3.41 cm) – those that had improvement in their 
curves as well as patients in whom curve  progression  
occurred. They also noted 16 adverse events in 8 patients, 
of which 94 % required surgical intervention. The authors 
conclude that VEPTR is a “successful” treatment for con-
genital scoliosis; however, the small sample size, limited 
follow-up, and retrospective design do not support such a 
broad conclusion. 

 Growing rods have also been reported on as potential 
effective treatments for congenital scoliosis. Elsebai et al. 
[ 39 ] report on the most homogeneous population of patients 
with congenital scoliosis; other studies concerning the grow-
ing rod included patients with congenital scoliosis among 
other aetiologies – hence interpretation of their results is 
challenging. Elsebai and colleagues’ retrospective review of 
19 patients (mean age of index surgery, 6.9 years; mean fol-
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   Table 25.1    Recommendations   

 Recommendation 
 Level of 
evidence  Grade 

 Bracing/cast treatment for congenital 
scoliosis may be effective 

 IV  I 

 Surgery for congenital scoliosis should be 
considered at an early age (<5 year) 

 IV  I, C 

 The optimum surgical strategy for a 
congenital hemivertebra is established 

 III, IV  I 

 Growth-friendly technologies are safe 
and  effective in treating congenital 
scoliosis 

 IV, V  I 

low- up period, 4 years) had a slightly older group of patients 
and narrower age-range (3.2–10.7 years) than Flynn et al.’s 
[ 38 ] VEPTR study. However, 10 of the 19 patients had had 
previous surgery, including hemiepiphysiodesis and apical 
fusions. The authors reported a 29 % improvement in the 
major curve Cobb angle (mean preoperative 66° improved to 
mean 47° at fi nal follow-up). Analysis of individual cases 
showed deformity improvement in only six patients, no 
change in two, and worsening of deformity in nine. It is 
unclear whether these nine patients were the ones that had 
only growing rod placement and no prior surgery. Patients 
with failure of formation, failure of segmentation, mixed 
anomalies, and unclassifi ed types of congenital deformity 
were all included in the study. There was considerable vari-
ability of implant confi guration with differences in proximal 
and distal anchors as well as single (12 patients) versus dual 
rod (7 patients) implants. The authors also demonstrate an 
improvement of T1–S1 spinal length as well as space avail-
able for lung (SAL) following repeated distractions. 
However, correlation of these parameters to pulmonary func-
tion is not presented. From this study, it may be suggested 
that deformity correction, spinal growth, and SAL is 
improved following growing rod placement. However, the 
effect of this treatment on the natural history of congenital 
scoliosis cannot be determined from this Level IV study. 

 More recently Wang et al. [ 40 ] reported their case series 
of growing rod for 30 congenital scoliosis patients (mean 
operative age, 7.3 years; range, 2–13 years), with a mean 
follow-up of 2 years. The authors reported that they chose 
this method for severe congenital scoliosis patients, wherein 
the curve could not be controlled by other methods. In some 
of their patients, a 1-stage posterior apical osteotomy or 
hemivertebra resection with a short segmental fusion was 
also performed in conjunction with the growing rod implan-
tation. Similarly to Elsebai’s study [ 39 ], outcomes included 
curve correction, T1–S1 length, and SAL which all showed 
improvements postoperatively. There were 13 complications 
in 7 patients. The limited follow-up, sample size, surgical 
technique variability, and bias inherent in retrospective 
reviews makes it diffi cult to support of the author’s conclu-
sions that dual growing rod technique is safe and effective 
for treating congenital scoliosis. 

 Therefore, the evidence concerning the true treatment 
effect of growth-friendly technologies on congenital scolio-
sis is insuffi cient. Studies, to date, are of poor quality, unable 
to provide any recommendations for the routine use of 
growth-friendly technologies in congenital scoliosis.   

    Conclusion 

 Natural history studies have provided valuable knowledge 
regarding congenital scoliosis through descriptive retro-

spective large case series. They have alerted clinicians to 
defi nite curve progression for  some  patients with congeni-
tal scoliosis, but there is not evidence that  all  patients with 
congenital scoliosis will progress. 

 Treatment principles initially guided by preventing 
deformity progression and obtaining correction have 
evolved through expert opinion into an emphasis on 
chest wall and lung development, and maintenance of 
spinal length. Initial reports emphasizing early arthrod-
esis for congenital scoliosis were based primarily on ret-
rospective observational case series. Recently, these 
have been challenged by Level IV studies which caution 
against this approach. The substantial variation of age at 
time of surgery, surgical indications, as well as follow-
up between all available Level IV studies reporting on 
outcomes of early fusion, hemiepiphysiodesis, and 
hemivertebra excision for congenital scoliosis provide 
poor-quality evidence for the ideal time for surgical 
intervention. Therefore, recommendations in support of 
early intervention versus a delayed approach cannot be 
made. 

 Congenital scoliosis secondary to a hemivertebra is the 
most common anomaly encountered. Prospective com-
parative studies on treatment outcomes following differ-
ent surgical strategies are lacking. The single study to date 
is a retrospective comparison among a heterogeneous 
cohort of patients providing fair evidence in support of 
early fusion, hemiepiphysiodesis, or hemivertebra exci-
sion in this setting. A strong recommendation of one strat-
egy over another cannot be made. 

 Although principles of growth-friendly technologies 
are promising and may be extrapolated to congenital sco-
liosis, currently evidence to support their use as an effec-
tive treatment in this setting is insuffi cient. 

 Table  25.1  lists current recommendations for treatment 
of congenital scoliosis.
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      Evidence-Based Treatment 
of Spondylolysis and Spondylolisthesis                     

     Athanasios     I.     Tsirikos      and     George     Mataliotakis    

    Abstract  

  Spondylolysis and spondylolisthesis are common pathological conditions affecting the 
lumbosacral junction and resulting in a forward displacement of lumbar vertebra number 5 
(L5) in relation to the sacrum. It is a frequent cause of back pain in children and adolescents 
and may also produce neurological defi cits or physical disability in severe forms. 

 Many treatment modalities have been proposed over the years but there is still no con-
sensus on the most effective. This chapter explores the evidence that underpin the current 
practice for treating the various degree of severity of the condition. 

 In isolated spondylolysis (pars defect <3 mm) affecting L5 the treatment of choice is in 
situ posterolateral fusion (PLF), whereas if the isthmic lesion involves levels proximal to 
L5 pars repair is recommended. In Grade I and II lumbosacral spondylolisthesis the pre-
ferred treatment is in situ non-instrumented PLF supplemented by brace support for 
4 months. In Grade IV lumbosacral spondylolisthesis which does not produce global sagit-
tal and spino- pelvic imbalance the recommended treatment is in situ un-instrumented PLF 
or instrumented posterior spinal fusion. In the presence of Grade IV or reducible Grade V 
lumbosacral spondylolisthesis, the preferred treatment options include either reduction of 
L5 and instrumented circumferential fusion or instrumented posterior spinal fusion using 
the transfi xation lumbosacral technique. Finally, in fi xed lumbosacral spondyloptosis 
(Grade V spondylolisthesis) the recommended treatment is an L5 vertebrectomy and L4/S1 
anterior/posterior fusion (Table 26.1).  

  Keywords  

  Pars defect   •   Spondylolysis   •   Low grade spondylolisthesis   •   High grade spondylolisthesis   • 
  Spondyloptosis   •   Pars repair   •   Lumbosacral fusion   •   Sagittal imbalance   •   Children   • 
  Adolescents  

      Introduction 

 Spondylolysis refers to a defect of the pars interarticularis 
(Fig.  26.1 ). Spondylolisthesis represents the forward 
 translation of one vertebral segment over the one beneath it 
(Fig.  26.2 ). It is the most common cause of back pain in 

children and adolescents. In severe forms it may be progres-
sive and produce neurological defi cits, global sagittal and 
 spino- pelvic imbalance and severe physical disability. In the 
presence of persistently symptomatic or progressive defor-
mities surgical treatment is often recommended. Since the 
1960s, when the fi rst surgical techniques were described, 
there is controversy on the best indicated operative manage-
ment. The aim of the present chapter is to include the most 
relevant studies, in order to present with an evidence based 
approach the preferred treatment for each sub-group of this 
condition (Table  26.1 ).
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     Spondylolysis is considered a stress fracture of the pars 
interarticularis due to increased mechanical forces  developing 
in that area. The most commonly affected level is L5 due to 
the thin structure of the pars and the unique anatomy of the L5/
S1 articulation [ 1 ]. Predisposing factors to increased stresses 
across the L5 pars are: (a) small distance between the superior 
S1 and inferior L4 facets, which creates pinching of the L5 
lamina in trunk hyperextension; (b) repetitive fl exion-exten-
sion movements; (c) hyperlordosis of the lumbar spine [ 1 ]. 

 Following a bilateral spondylolysis, the elongation of the 
disco-ligamentous restraints leads to subsequent spondylo-
listhesis. The long-term natural course of the condition in the 
presence of a spondylolysis with or without low grade spon-
dylolisthesis is associated with disc degeneration and often 
spontaneous stabilization of the displaced segment which 
occurs between 13 and 17 years, with no further slip after 
skeletal maturity [ 1 – 3 ]. The tendency for segmental dis-
placement progression is greatest around the pubertal growth 
spurt, with the girls showing more signifi cant clinical and 
radiological deterioration than boys [ 4 ,  5 ]. 

 The degree of slip is graded by dividing the superior 
 endplate of S1 into quarters and observing how far the 

postero- inferior corner of the L5 vertebral body slips  forward 
on S1 [ 6 ] such that grade I = 0–25 % slip, grade II = 25–50 %, 
grade III = 50–75 %, grade IV = 75–100 % and grade 
5 > 100 % slip. The latter is often called spondyloptosis. 

 Spondylolysis manifests with lumbosacral mechanical 
pain induced by lumbar extension. 90 % of the segmental 
displacement has already occurred when the patient fi rst 
presents in clinic [ 7 ]. Grade I and II isthmic spondylolisthe-
sis may be symptomatic but the global sagittal balance and 
spino-pelvic parameters remain within normal limits. Apart 
from the isthmic lytic defect, the pain may originate from the 
paraspinal muscles and ligamentous structures, as well as the 
intervening disc due to stretching, degeneration and instabil-
ity. There is no correlation between the subjective low back 
pain and the degree of disc degeneration or the number of 
affected levels [ 3 ]. 

 High grade spondylolisthesis produces a global sagittal 
deformity affecting the spine and pelvis. There is always a 
level of dysplasia of the lumbosacral junction. At the time of 
diagnosis there may also be secondary changes of a long-
standing underlying spondylolisthesis including trapezoidal 
deformation of the L5 vertebral body, rounding of the sacral 

  Fig. 26.1    CT Scan cuts showing a bilateral defect of the pars interarticularis. Notice the difference between the defect  top right  image and the 
facet joint ( bottom right  image)       
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dome (dome-shaped upper surface of the sacrum), facet 
insuffi ciency, and disc space narrowing [ 8 ]. The higher the 
degree of anterior vertebral displacement the greater the risk 
of neurological injury to the cauda equina or the exiting 
nerve roots at the affected levels. 

 Beyond grade III lumbosacral spondylolisthesis, in order 
to maintain global sagittal balance compensatory mecha-
nisms create an increased lumbar lordosis and pelvic tilt. At 
grade V spondylolisthesis (spondyloptosis) the sacrum is 
markedly retroverted to a vertical position and the patient is 
compensating by fl exing the hips and knees to maintain an 
upright posture. The resulting global sagittal malalignment 
leads to higher energy expenditure in both standing and 
walking [ 8 ,  9 ]. 

 The clinical symptoms of spondylolisthesis include lum-
bosacral back pain, neurological defi cits and development of 
a crouched gait. The back and leg pain is due to: (a) the pars 
defect; (b) degenerative changes in the discs and lumbosa-
cral facets; (c) segmental instability producing increased 

strain and fatigue of the ligaments and paraspinal muscles; 
(d) global spino-pelvic imbalance causing further muscle 
stresses aggravated by hamstring tightness; (e) L5 radicu-
lopathy or sacral root compression due to foraminal or cen-
tral canal stenosis. 

 The descriptive classifi cation systems currently used are 
based on the aetiology by Wiltse et al. [ 10 ] and on the degree 
of spondylolisthesis by Meyerding [ 6 ,  11 ]. The only radio-
logical parameter with predictive value of progression is the 
percentage of primary vertebral displacement [ 5 ,  12 ]. The 
spondylolysis healing potential is classifi ed by the Tokushima 
defect grading classifi cation [ 13 ] into: (a) early: focal bony 
absorption or a hair-line defect; (b) progressive: wide defect 
and small fragments present; (c) terminal: sclerotic changes. 
The gold standard for diagnosis of spondylolysis is computed 
tomography (CT) scan. T2 weighted magnetic resonance 
(MRI) scans and/or SPECT give information regarding active 
lesions with healing potential or chronic lesions with higher 
rates of non-union if managed conservatively [ 14 ,  15 ]. 

 Apart from the Meyerding classifi cation, the severity of 
high grade spondylolisthesis is also defi ned by measuring 
the slip angle and lumbo-sacral kyphosis (Newman classifi -
cation) [ 16 ]. The Newman classifi cation is helpful to assess 
the position of L5 in relation to the sacral dome; it divides 

  Fig. 26.2    A plain radiograph showing a severe spondylolisthesis of L5 
over S1       

   Table 26.1    Summary of recommendation for the spondylolisthesis 
treatment   

 Type of deformity 
 Treatment 
recommendation  Level of evidence 

 Spondylolysis-early 
spondylolisthesis 
(<15 % vertebral 
displacement) 

 Conservative 
 Surgical (if symptoms 
persist >6 months of 
conservative 
management 
 L5/S1: In situ postero-
lateral lumbosacral 
fusion 
 Isolated and proximal to 
L5: isthmic repair 

 IV 

 Low grade 
spondylolisthesis 
(grades I & II) 

 Non-instrumented in situ 
postero-lateral 
lumbosacral fusion 

 III, IV 

 High grade 
spondylolisthesis/
spondyloptosis 

 Grade III: in situ 
instrumented posterior 
fusion 
 Grade IV and reducible 
Grade V: reduction and 
instrumented 
circumferential fusion or 
Transfi xation posterior 
fusion 

 III, IV 

 Fixed 
spondyloptosis 
(Grade V) 

 Staged reduction, 
decompression and 
instrumented 
circumferential fusion or 
L5 vertebrectomy and 
L4/S1 fusion 

 IV, V 
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the superior and anterior surfaces of the sacrum into 10 equal 
areas respectively. Depending on the position of the postero- 
inferior corner of L5 in relation to the sacral dome (x) and 
the position of the antero-inferior corner of L5 in relation to 
the anterior surface of the sacrum (y), the Newman score is 
expressed as (x) + (y) with the highest possible score being 
10 + 10.  

    Spondylolysis-Early Spondylolisthesis 
(<15 % Vertebral Displacement) 

 The mainstay of treatment is conservative with the use of non-
steroidal anti-infl ammatory medication (NSAIDS), activity 
modifi cation, physiotherapy and bracing. Physiotherapy 
focuses on relieving the extension stresses from the lumbosa-
cral junction (hamstring and hip fl exor stretching exercises), 
as well as working on core strengthening (deep abdominal 
muscles and lumbar multifi dus strengthening exercises) [ 1 , 
 13 ,  14 ,  17 ]. These modalities can achieve control of pain 
symptoms with an overall success rate of 86 % without and 
89 % with the addition of an underarm brace [ 18 ]. 

 Early active isthmic lesions may be treated as stress frac-
tures by immobilization in a brace for 3–6 months [ 1 ]. The 
non-operative overall radiographic pars healing rate is 28 % 
(71 % for unilateral and 18.1 % for bilateral defects; 68.1 % 
for acute, 28.3 % for progressive and 0 % for terminal 
lesions) [ 18 ]. The healing rate is signifi cantly greater in isth-
mic defects with less than 5 % displacement on the associ-
ated spondylolisthesis. The patients return to their normal 
activities once the symptoms resolve but they remain under 6 
or 12 monthly follow up until skeletal maturity [ 1 ]. 

 Persistent pain despite a 6-month conservative manage-
ment (due to instability, adjacent disc disease or poor pars 
healing potential), progression to symptomatic spondylolis-
thesis and development of neurological defi cits are the main 
indications to consider operative treatment [ 1 ,  14 ,  19 – 22 ]. 
Pars injection contributes to diagnosis confi rmation of a 
symptomatic spondylolysis and to initial pain management 
but mainly provides prognostic information regarding a suc-
cessful outcome following a surgical pars repair [ 23 ]. 

 The surgical treatment options are following two main 
concepts; either repairing the pars defect or fusing the spon-
dylolisthetic segment in situ. 

    Isthmic Repair 

 Indications for pars repair are: (a) patient age below 20 years; 
(b) isthmic defect less than 3 mm, (c) absence of signifi cant 
disc degeneration, as evident on preoperative MRI scan; (d) 
no instability in lateral spinal fl exion-extension view [ 19 – 26 ]. 

Presence of spina bifi da occulta and a thin lamina are contra-
indications for pars repair [ 19 ,  27 ]. The lamina should be 
at least 3 mm thick to provide adequate instrumentation 
purchase [ 20 ]. 

 The theoretical advantages of pars repair are: (a) preser-
vation of a motion segment (especially if the isthmic lesion 
affects levels proximal to L5), therefore minimizing the risk 
of adjacent segment disc degeneration; (b) no effect on spi-
nal growth [ 20 ,  28 – 31 ]. Mild disc degeneration is not neces-
sarily a contra-indication for pars repair as long as it is 
preoperatively confi rmed by a local anaesthetic injection that 
the painful symptomatic area is the spondylolysis and not the 
adjacent disc [ 23 ,  30 ,  31 ]. Technically demanding position-
ing of the implants and need for instrumentation removal at 
a later stage according to the patient’s symptoms or needs 
(for example, if recurrent back pain develops often in ath-
letes who have high physical demands) are the potential dis-
advantages of pars repair [ 1 ]. 

 The isthmic repair represents a true reconstructive proce-
dure of the lumbar spine. This is accomplished by debride-
ment of the non-union, refreshing of the pars defect bony 
edges and autologous bone grafting. Local stabilization is 
achieved either though application of a brace [ 32 ,  33 ] or 
most commonly by internal fi xation of the free fl oating pos-
terior fragment using various techniques. These may include: 
(a) trans-defect screws [ 20 ,  23 ,  24 ]; (b) a fi gure of 8 wire 
fi xation [ 34 ]; (c) a hook-screw construct [ 27 ,  35 ]; (d) a pedi-
cle screw U-shaped rod construct [ 28 ]. The repair techniques 
are not recommended for gaps greater than 3 mm and the 
exposure of the transverse processes may lead to bleeding 
and a higher risk of nerve root damage. The hook-screw 
technique overcomes the diffi culty of fi xation in the presence 
of dysplasia of the posterior arch and avoids crossing the 
isthmic defect with a screw. It also provides a larger surface 
area for bone healing and produces a more stable construct. 
Various modifi cations of the technique have been developed 
since the initial report [ 19 ,  20 ,  30 ,  35 ,  36 ]. More recently, the 
U-shaped pedicle screw/rod technique has promoted union 
of the defect by applying compression forces through the 
spinous process of the affected segment. Advantages of this 
technique include stable fi xation and wide surface for bone 
grafting which allows early patient mobilization and no need 
for instrumentation removal as this is not interfering with the 
integrity of the facets.  

    In Situ Fusion 

 This is the mainstay of surgical treatment in bilateral L5 
spondylolysis and associated low grade lumbosacral spondy-
lolisthesis [ 1 ,  8 ,  37 ]. It consists of either a posterior or pos-
terolateral fusion with the use of autologous bone graft 
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commonly harvested from the iliac crest. A postoperative 
lumbar support is recommended for a period of 4–6 months. 

 The advantages of the in situ fusion are: (a) there is a large 
area for bone grafting; (b) it can address a dysplastic spondy-
lolisthesis; (c) it can be used to treat more severe spondylo-
listhesis; (d) the complete fusion addresses other potentially 
symptomatic areas of the affected level (L5/S1 disc and lum-
bosacral facets); (e) it can be performed with the use of 
autologous bone graft alone with no need for placement or 
removal of spinal instrumentation; (f) it involves a lesser risk 
of neurological injury compared to an instrumented fusion. 
The restriction of movement in the fused segment is the only 
disadvantage of this procedure. 

 The most commonly used technique to achieve an in situ 
lumbosacral fusion is that described by Wiltse and Spencer 
[ 38 ]. The fusion is performed using a bilateral paraspinal 
sacrospinalis muscle splitting approach. The sacral ala, pos-
terior surface of the L5 transverse processes and L5/S1 facet 
joints are decorticated and the area is packed with iliac crest 
bone autograft (ICBG). The patients are mobilized on the 
2nd or 3rd postoperative day with a soft lumbar brace applied 
for approximately 4 months. Previous reports have combined 
the technique of direct pars repair with interposition and in 
situ fusion of the L5/S1 facet joints using autologous bone in 
patients who already have degenerative changes affecting the 
L5/S1 disc [ 32 ,  33 ].  

    Discussion-Levels of Evidence 

 There is no evidence on superiority of conservative versus 
operative treatment for spondylolysis and low grade spondy-
lolisthesis in regards to clinical outcomes (Table  26.2 ). The 
long term retrospective level IV studies of the Finnish group 
[ 2 ,  3 ,  5 ] regarding conservative versus in-situ fusion suggest: 
(a) that none of the patients for whom conservative treatment 
was decided required operative treatment at a later stage; (b) 
that there is signifi cantly higher progression of slip in the 

fi rst review but not in the fi nal follow-up in the operated 
group; (c) the operated group had better clinical results and 
less pain at fi nal follow up; (d) that fusion operations do not 
signifi cantly increase the rate of disc degeneration in the 
adjacent disc level above after a mean postoperative follow-
 up of 13.8 years.

   There is only level IV evidence assessing the clinical and 
radiological outcomes of the various pars repair techniques 
(Table  26.3 ). It seems that the rod-pedicle screw construct 
achieves the highest mean fusion rate (93.08 %). According 
to the same analysis the best clinical outcome has been 
achieved by the hook-screw Morsher-type repair (90.87 %); 
however this is a subjective result and the various authors 
used different criteria for evaluating their outcomes. The rod- 
pedicle screw technique produces 85 % good to excellent 
clinical results. No clear recommendation can be suggested 
on the basis of this level of evidence. These are complex and 
technically challenging procedures which require surgical 
expertise. It seems that every group of surgeons evolve their 
preferred method of pars repair with eventually improved 
clinical results [ 46 ] (Table  26.4 ).

    Lumbosacral fusion is considered the surgical treatment 
of choice and is applied for the entire spectrum of grades of 
symptomatic spondylolisthesis. The studies which are mostly 
relevant to spondylolysis and mild spondylolisthesis are by 
Lenke et al. [ 48 ] and Helenius et al. [ 37 ] (Table  26.5 ). The 
fusion rate achieved after surgery varies from 50 % to 
81.48 %; despite the relatively low fusion rates both studies 
report a high percent of good to excellent clinical outcomes.

   Two author groups [ 32 ,  49 ,  50 ] compared the effective-
ness of isthmic repair versus in situ fusion in the treatment of 
spondylolysis and low grade spondylolisthesis (Table  26.6 ). 
The conclusions of these studies regarding spondylolisthesis 
affecting L5/S1 are that: (a) both pars repair and fusion 
showed no signifi cantly different radiological or clinical out-
comes in the short-term follow-up; (b) the in situ fusion 
achieved superior results in the long term; (c) the theoretical 
advantage of motion-segment preservation in pars repair 

   Table 26.2    Level IV retrospective case series comparing surgical versus conservative treatment for spondylolysis   

 Authors 
 Patient 
 number  Technique  F/U 

 Fusion rate 
(%) 

 Slips at 
initial F/U 
(%) 

 Slips at fi nal 
F/U (%) 

 Good or 
excellent 
clinical 
outcome (%) 

 Criteria used for 
clinical outcome 

 Seitsalo 
et al. [ 2 ] 

 77  PF:49, PLF:28  159.6  88.30  19.00  19.00  94.80  descriptive 

 72  conservative (bracing 
only in 7 pts) 

 NR  4  16.70  87.50 

 Seitsalo 
et al. [ 4 ] 

 32  PF:20, PLF:10, AF:1, 
laminectomy: 1 

 NR  NR  NR  NR  NR  NR 

 24  conservative  NR  NR  NR  NR 

 Seitsalo 
et al. [ 5 ] 

 190  PF and PLF  14.8  NR  10 in the 
fi rst year 

 NR  NR  NR 

 82  conservative  NR  NR  NR  NR 

  F/U follow-up in months, PF posterior fusion, PLF posterolateral fusion, AF anterior fusion, NR not reported  
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cannot be proven in the clinical setting; (d) the isthmic repair 
does not prevent disc degeneration; (e) fusion should be per-
formed in patients with preoperative MRI proven disc degen-
eration; (f) the repair has better results in younger patients; 
(g) the clinical and functional scores (VAS: Visual Analogue 
Scale, ODI: Oswestry Disability Index, SRS: Scoliosis 
Research Society) are signifi cantly better in the fusion when 
compared to the direct repair group.

   Many authors, therefore, suggest that the repair of spon-
dylolisthesis at L5 produces less favourable results than 

 lumbosacral in situ fusion [ 1 ]. In contrast, repair of the pars 
defect is indicated for L1 through to L4 spondylolytic 
defects, spondylolytic defects of multiple vertebral levels, 
and low-grade but reducible spondylolisthesis at levels ceph-
alad to L5 with an intact intervertebral disc at the level of the 
displacement [ 8 ]. This is possibly due to: (a) anatomical rea-
sons; (b) the fact that many lytic defects at L5 are the end 
stage of a developmentally weakened and elongated pars; (c) 
fusion for an isthmic defect cephalad to L5 would create a 
much stiffer lumbar spine.  

   Table 26.3    Level IV retrospective case series assessing spondylolysis repair techniques. The studies were grouped on the basis of the technique 
used. Four groups were identifi ed and their results were processed to demonstrate average values for each technique. Three techniques could not 
be fi tted into those 4 groups and are presented separately at the end of the table   

 Authors 
 Patient 
number  Technique  F/U (months) 

 Fusion rate after 
fi rst operation (%) 

 Good or 
Excellent 
clinical outcome 
(%) 

 Criteria used for 
clinical outcome 

 Buck [ 24 ]  16  Trans-defect, laminar 
compression screws (Bucks’ 
technique) 

 NR  93.75  87.50  Descriptive 

 Pedersen and 
Hagen [ 39 ] 

 18  41  NR  83  Descriptive 

 Suh et al. [ 23 ]  10  NR  100  90  Descriptive 

 Ohmori et al. [ 21 ]  31  32.5  64.51  90.32  Henderson’s 

 Hardcastle [ 26 ]  10  NR  90  90  Descriptive 

 Kim [ 22 ]  25  71  72  88  Kirkaldy-Willis 

 Menga et al. [ 40 ]  31  60  93.50  90  VAS 

 Snyder et al. [ 17 ]  16  13.2  89.60  94  Descriptive 

 Total  157  43.54  86.19  89.1 

 Morsher et al. [ 27 ]  12  Hook-screw construct 
(Morsher type) 

 NR  NR  83.33  Descriptive 

 Hefti et al. [ 35 ]  33  41  73  79  Descriptive 

 Tokuhashi and 
Matsuzaki [ 36 ] 

 6  29.8  91.66  100  MacNab 

 Kakiuchi [ 30 ]  16  25  100  100  Descriptive 

 Ivanic et al. [ 19 ]  113  132  86.70  92  Descriptive 

 Total  180  56.95  87.84  90.87 

 Bradford and Iza 
[ 34 ] 

 22  Figure-of-8 wire fi xation 
(Nicol & Scott) 

 NR  90  80  Descriptive 

 Johnson and 
Thompson [ 41 ] 

 22  48  90.91  90.91  Descriptive 

 Total  44  48  90.46  85.46 

 Gillet and Petit 
[ 28 ] 

 10  Rod-pedicle screws construct  35  100  70  Prolo score 

 Roca et al. [ 31 ] a   19  30  92.31  79  Prolo score 

 Ulibarri et al. [ 29 ]  5  55.2  100  100  ODI, VAS, SRS-22 

 Altaf et al. [ 42 ] a   20  48  80  90  ODI, VAS 

 Total  54  42.05  93  85 

 Louis [ 43 ]  65  Butterfl y-plate fi xation  52.8  93.50  86  Descriptive 

 Hambly et al. [ 44 ]  13  Tension and wiring: 
intra-segmental 
(spondylolysis) & inter- 
segmental & one level fusion 
(spondylolisthesis) 

 20  100  92  Descriptive 

 Songer and Rovin 
[ 45 ] 

 7  Pedicle screws-cable  25.5  100  100  Prolo score 

   F/U  follow-up in months,  VAS  visual analogue scale,  ODI  oswestry disability index,  SRS  scoliosis research society,  NR  not reported 
  a Level IV-prospective case series  
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    Recommendations 

 In the current literature, there is no solid evidence to lead to 
strong recommendation for the treatment of spondylolysis 
and/or mild spondylolisthesis (<15 % vertebral displace-
ment). The existing studies are an amalgamation of different 
concepts, treatment of different levels of slips, inclusion of 
different age groups and application of same techniques 
regardless of the affected level. 

 The mainstay of surgical treatment in spondylolysis/mild 
spondylolisthesis affecting L5 is in situ lumbosacral fusion. 
However, adolescent patients with increased healing poten-
tial (as evident on SPECT), symptomatic (injection proven) 
spondylolysis (<3 mm) or early-reducible spondylolisthesis 
without degenerative changes affecting the discs/facets, dys-
plastic bony changes or spina bifi da may be considered for 
direct pars repair. The threshold towards isthmic repair if the 
pathology involves the L1-L4 levels is lower. 

   Table 26.4    Level IV retrospective case series comparing different techniques for pars repair in spondylolysis treatment   

 Authors  Patient Number  Technique  F/U 
 Fusion rate after fi rst 
operation (%) 

 Good or excellent 
clinical outcome (%) 

 Criteria used for 
clinical outcome 

 Guidici et al. [ 46 ]  7  Trans-defect, laminar 
compression screw 
(Bucks’) 

 108  NR  28.50  Odom 

 8  Figure-of-8 TP wiring 
(Nicol & Scott) 

 NR  62.50 

 37  Wiring with pedicle 
screws (modifi ed Nicol 
& Scott) 

 NR  83.80 

 Karatas et al. [ 47 ]  9  Laminar compression 
screw (Bucks’) 

 21  100 after 6.5 months  88.89  McNab 

 7  Hook-screw construct 
(Morsher type) 

 24  100 after 6.2 months  85.70 

   F/U  follow-up in months,  TP  transverse process,  NR  not reported  

   Table 26.5    Level IV retrospective case series assessing in situ lumbosacral fusion for spondylolysis and early grade spondylolisthesis   

 Authors  Patient number  Technique 
 Average follow up 
(months)  Fusion rate (%) 

 Good or excellent 
clinical outcome 
(%) 

 Criteria used for clinical 
outcome 

 Lenke et al. [ 48 ]  56  In situ PLF  NR  50  80  Descriptive 

 Helenius et al. 
[ 37 ] 

 108  In situ PF and PLF  240  81.48  86–92  Descriptive 

  F/U follow-up in months , PF posterior fusion, PLF posterolateral fusion, NR not reported  

   Table 26.6    Level III retrospective matched cohort studies comparing pars repair versus posterolateral fusion for spondylolysis/early 
spondylolisthesis   

 Authors  Patient number  Technique  F/U 
 Fusion rate (%) a , 
pars repair/fusion 

 Good or excellent 
clinical outcome 
(%), pars repair/
fusion 

 Criteria used for 
clinical outcome 

 Schlenzka et al. 
[ 50 ] 

 48  Figure-of-8 wiring 
(Nicol & Scott) versus 
PLF 

 54  61/88  87/97  ODI 

 Schlenzka et al. 
[ 49 ] 

 56  Figure-of-8 wiring 
(Nicol & Scott) versus 
PLF 

 180  43/89  64/87  Descriptive 

 Dai et al. [ 32 ]  46 (20 pars 
repair & 26 
fusion) 

 Un-instrumented pars 
repair (Kimura) versus 
repair with facet 
fusion 

 50  95/92.3  95/92.3  Descriptive 

   F/U  follow-up in months,  PLF  posterolateral fusion,  ODI  oswestry disability index 
  a Either uni – or bi-lateral  
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 Surgical treatment should be offered after at least 6 months of 
unsuccessful conservative management and should be accompa-
nied: a) by brace immobilization of the lumbosacral junction for 
4–6 months based on the surgical method and postoperative 
progress and b) by activity modifi cation and limitations.   

    Low Grade Spondylolisthesis (Grade I & II) 

 Low-grade spondylolisthesis (Meyerding grades I–II) generally 
has a benign course and favourable prognosis and can often be 
managed non-operatively if the degree of vertebral  displacement 
remains stable [ 51 ]. As with spondylolysis, surgical treatment is 
indicated for persistently symptomatic patients despite a struc-
tured conservative management or in the presence of a progres-
sive spondylolisthesis. There is no ground for pars repair as this 
is not recommended for isthmic defects greater than 3 mm [ 1 , 
 24 ]. Reduction of the spondylolisthesis carries a risk of neuro-
logical injury [ 51 ]. Therefore in highly symptomatic low grade 
lumbosacral spondylolisthesis surgical treatment is recom-
mended and consists of in situ fusion between the displaced 
segment and the level below in order to prevent further anterior 
displacement and maintain global spino-pelvic balance. 

 Surgical treatment of spondylolisthesis should be consid-
ered in growing children with: (a) slip >30 % because of the 
high risk of further progression; (b) radiological evidence of 
displacement deterioration; (c) persistent back pain not 
relieved by conservative measures; (d) development of 
 neurological defi cits; (e) development of symptomatic 
 hamstring tightness [ 52 ,  53 ]. 

 Non-instrumented posterior and posterolateral fusion 
techniques have been previously used [ 1 ,  7 ,  21 ,  22 ,  24 ,  54 ]. 
The use of instrumentation is not required in young patients 
and postoperative support can be provided with a lumbar 
brace to enhance a bony fusion [ 1 ]. Instrumented fusion has 
been used in: (a) the presence of dysplasia and congenital 
deformities of the lumbosacral junction; (b) older/young 
adult patients as the fusion rates in this group are lower than 
in children; (c) in revision cases following initial un- 
instrumented in situ fusion which failed to achieve adequate 
stabilisation of the lumbosacral junction [ 37 ,  55 ,  56 ]. 

 A reduction in the slip of about 1 % is noted between early 
and fi nal follow-up and this is due to on-going bony remodel-
ling [ 2 ]. In situ fusion can be associated with: (a) development 
of degenerative changes at the level of the spondylolisthesis 
and the level above the fusion; (b) neural foraminal stenosis 
which is relative to the severity of the slip; (c) mild muscular 
atrophy. With successful fusion of the lumbosacral junction in 
situ, tightness of the hamstrings resolves in most patients 
within 12–18 months from surgery [ 57 ]. 

    Discussion-Levels of Evidence 

 Among the available level IV studies the mean fusion rate 
achieved when a posterolateral fusion is performed for spon-
dylolisthesis is 86.93 % [ 37 ,  49 ,  58 ]. The fusion rate increases 
above 92 % in long term follow-up series with large experi-
ence on this technique [ 49 ]. A posterior fusion is less effec-
tive reaching mean fusion rates of 82.67 % (Table  26.7 ). In 

    Table 26.7    Level IV retrospective case series for grade I & II spondylolisthesis treatment   

 Authors 
 Patient 
number  Technique  F/U 

 Fusion rate 
after fi rst 
operation (%) 

 Average slip (%) 
(preop/fi nal 
follow up) 

 Good or excellent 
clinical outcome 
at fi nal follow up 
(%) 

 Criteria used for 
clinical outcome 

 Helenius et al. 
[ 37 ] 

 108  PF: 29, PLF: 
79 

 249.6  PF 10 (64), 
PLF 10 (87) 

 25.2/24.2  SRS-24: 94, 
ODI: 8.2 

 ODI, SRS-24 

 Schlenska et al. 
[ 49 ] 

 28  PLF  180  92.80  13.1/5.6  SRS-24: 96.4, 
ODI: 4.3, VAS: 
15.5 

 ODI, SRS-24, VAS 

 de Loubresse 
et al. [ 58 ] 

 48  PLF  32  81  NR  88.00  Descriptive 

 Seitsalo [ 2 ]  77  PF: 49, PLF: 
28 

 162  88.3  16.6/19.4  94.80  Descriptive 

 Remes et al. 
[ 52 ] 

 102  PF: 29, PLF: 
73 

 252  89.2  27/26  86, ODI: 7.7 
(PF:11.3/ 
PLF:6.3) 

 Descriptive, ODI 

 Jalanko et al. 
[ 59 ] a  

 44  pars repair: 4, 
PF: 11, PLF: 29 

 204  77 b   27.5/25.1  SRS-24: 94, 
ODI: 4.35, 
VAS: 18 

 ODI, SRS-24, VAS 

 Lenke LG et al. 
[ 48 ] 

 56  PLF  NR  50  NR  80.00  Descriptive 

   F/U  follow-up in months,  PF  posterior fusion,  PLF  posterolateral fusion,  ODI  oswestry disability index,  SRS  scoliosis research society 
  a  Level III-retrospective matched cohort study 
  b  Direct pars repair excluded  
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the same line, the studies of the Finnish group (level III & 
IV) show that the SRS-24, ODI and VAS scores were better 
when the fusion was achieved through the posterolateral 
compared to the posterior approach [ 37 ,  49 ,  59 ]. However, 
the functional/clinical results are diffi cult to interpret, as dif-
ferent methods of assessment have been used among the 
available studies. There is no correlation between patient 
outcome (ODI) and abnormal lumbar MRI fi ndings [ 52 ]. 
Also the development of a non-union following index sur-
gery does not affect the fi nal clinical outcome [ 59 ]. The pres-
ence of abnormal preoperative neurology may justify 
additional root decompression. Even though the difference 
has not reached signifi cance, there is level III evidence that 
the pain in exertion and at rest is lesser with fusion alone 
than with fusion and decompression [ 58 ].

       Conclusion-Recommendation 

 Posterolateral fusion in situ remains the mainstay of surgical 
treatment for children and adolescents with a grade I–II L5/
S1 spondylolisthesis and produces satisfactory, long-lasting 
results [ 1 ,  4 ,  48 ,  51 ,  60 ]. The recommended technique 
involves a bilateral muscle-splitting approach through a 
 midline skin incision, enabling fusion with the use of autolo-
gous bone harvested from the iliac crest across the transverse 
processes of L5 and the sacral ala [ 60 ]. The presence of neu-
rological defi cits associated with radiological evidence of 
neural compromise requires nerve root decompression which 
can be performed either through a posterolateral or a poste-
rior approach to the spine.   

    High Grade Spondylolisthesis/
Spondyloptosis 

 The treatment of high grade spondylolisthesis (grade III–V) 
is surgical and the goals are to: (a) stop progression of seg-
mental vertebral displacement; (b) improve/correct global 
sagittal balance and spino-pelvic parameters; (c) address 
nerve root compression or prevent neurological deterioration 
and permanent neural defi cits. 

 The global sagittal balance is measured by the position of 
the C7-plumb line (C7PL); however, its restoration is unpre-
dictable and only few studies have used it as a measure of 
assessing results postoperatively [ 61 ]. The improvement in 
the slip angle has been used instead as a parameter to demon-
strate maintenance of the reduction achieved intra- operatively 
or the possible progression of the anterior displacement due 
to bending of the fusion mass in non-instrumented fusions. 

 If the spine remains in adequate global sagittal balance 
and spondylolisthesis reduction can be achieved only by 
patient positioning, a posterolateral fusion from L4 to S1 
with the use of instrumentation without attempt to further 

correct the segmental displacement of L5 on the sacrum 
remains the preferred treatment of high-grade spondylolis-
thesis in children and adolescents [ 8 ]. Instrumentation needs 
to be used due to the high shear forces exerted across the 
lumbosacral junction, which may lead to non-union, bending 
of the fusion mass and delayed foraminal or canal stenosis 
[ 57 ,  62 – 66 ]. The fusion may be achieved through a postero-
lateral Wiltse approach [ 60 ] or through a posterior approach 
if central neural decompression is necessary [ 8 ]. 

 Despite the fact that achieving a solid lumbosacral fusion 
remains the primary surgical goal, in the presence of severe 
global sagittal imbalance associated with retroversion of the 
pelvis, a vertical sacrum and lumbosacral kyphosis a degree 
of spondylolisthesis reduction is required to improve spino- 
pelvic alignment [ 66 ,  67 ]. The reduction also improves the 
load distribution across the instrumented segments leading to 
enhanced fusion rates [ 1 ]. However, the greater the degree of 
attempted spondylolisthesis reduction, the higher the risk of 
iatrogenic neurological injury affecting the L5 or sacral 
nerve roots [ 8 ]. The commonest injury is to the L5 root, as it 
gets stretched due to elongation and forward tilt of the 
sacrum [ 8 ,  68 ]. Partial reduction and instrumented fusion of 
spondylolisthesis may lead to increased pelvic incidence due 
to sacroiliac joint motion or sacral remodelling [ 67 ]. 
Reported complications following reduction are: (a) sacral 
insuffi ciency fractures; (b) bending of the sacrum; (c) spinal 
decompensation occurring above the fused levels [ 1 ]. 
Overall, the degree of slip reduction is less important in 
regards to clinical outcomes as long as stability of the lumbo-
sacral junction and global spino-pelvic sagittal balance can 
be achieved [ 8 ,  69 ]. For those reasons, a wide decompression 
followed by an instrumented partial reduction and postero-
lateral fusion has been advocated for high-grade spondylo-
listhesis [ 8 ,  69 ]. 

    In Situ Fusion Versus Spondylolisthesis 
Reduction 

 In situ un-instrumented lumbosacral fusion has been reported 
for spondylolisthesis of mean 67.02 % L5/S1 displacement 
(range: 60.7–80 %) [ 65 ,  70 ,  71 ] (Tables  26.8  and  26.9 ). 
There is level III evidence that after in situ fusion the best 
clinical results and the less slip progression at fi nal follow up 
can be achieved with circumferential fusion (CF). The fusion 
rate with CF reaches approximately 96 % with a solid ante-
rior fusion documented in 100 % of patients in previous 
series [ 65 ,  70 ]. Postoperative spica support for approxi-
mately 3–4 months is recommended until fusion becomes 
radiologically evident.

    Spondylolisthesis reduction has been performed in the 
presence of anterior displacement of mean 76.03 % (range: 
64–93 %) and there is level III evidence that the reduction 
and instrumented fusion achieves better radiological results 
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compared to the in situ fusion [ 71 – 74 ]. In the available level 
III studies the average fusion rate following reduction and 
instrumented fusion is 97.78 %, the average slip reduction is 
44.5 % (36–64 %) and the average slip angle improvement is 
23.16° (14–30.7) [ 71 – 74 ]. It is unclear, whether the higher 
fusion rate recorded following an instrumented spondylolis-
thesis reduction compared to in situ fusion is due to correc-
tion of either L5 translation or angulation on top of the 
sacrum [ 75 ]. The clinical outcomes are diffi cult to assess 
among the previously reported level III studies due to differ-
ent outcome measures used [ 65 ,  70 – 74 ] (Table  26.8 ). 

 Amongst all studies the average slip angle worsens by 3° 
at fi nal follow up, whereas the slip improves by 0.18 % on 
average [ 65 ,  69 – 86 ]; (Table  26.9 ). The latter may be attrib-
uted either to casting postoperatively or to lumbosacral 
remodelling occurring during remaining skeletal growth [ 76 ]. 
Postoperative permanent neurological defi cits have been 
reported in 2.75 % (0–14 %) of patients following spondylo-
listhesis reduction and fusion compared to approximately 
0.47 % (0–4 %) after in situ fusion [ 67 ,  72 ,  77 – 82 ,  87 ]. The 
revision rate due to symptomatic complications is compara-
ble among the 2 groups; 7.77 % and 6.96 % following in situ 
fusion and instrumented reduction with fusion respectively 
(Table  26.10 ).

       CF Versus PLF Following Spondylolisthesis 
Reduction 

 There is no level III study comparing antero-posterior versus 
posterolateral instrumented fusion after spondylolisthesis 
reduction. Most of the authors recommend CF following 

 reduction of a high grade spondylolisthesis [ 71 – 74 ,  77 – 80 ,  82 –
 85 ,  87 – 89 ] (Table  26.10 ). This recommendation is supported by 
the fact that the average postoperative slip improvement follow-
ing CF is better by 9.56 % as compared to instrumented PLF; 
44.74 % (8–81 %) for CF versus 35.18 % (9–60 %) for PLF. The 
average rate of permanent  postoperative neurological defi cits is 
2.48 % (0–10 %) following a CF compared to 5.77 % (0–14 %) 
after a PLF. The average rate of revision surgery due to symp-
tomatic complications has been reported at 6.93 % (0–19 %) in 
CF versus 9.62 % (0–43 %) in PLF.  

    Fibula Trans-sacral Interbody Fusion 
Versus Anterior Lumbar Interbody Fusion 

 The bridging of the S1 and L5 vertebral bodies with the use 
of a fi bular strut graft (Fibula trans-sacral interbody fusion 
(TSIF)) is a technique which can achieve fusion across the 
lumbosacral disc through a posterior approach to the spine 
[ 56 ,  83 ,  84 ,  86 ]. It can result in similar fusion rates to the 
anterior lumbar interbody fusion (ALIF) with a lower com-
plication rate. There are no postoperative neurological defi -
cits reported in the TSIF technique with a revision rate of 
1.54 % in comparison to 3.03 % for neural damage and 
5.47 % for need of revision surgery in ALIF procedures 
respectively (Table  26.10 ). There is no difference between 
the use of autologous or allograft fi bula grafts in the TSIF 
technique [ 83 ]. Small numbers of patients and variations of 
the technique have been reported in the literature and this 
does not allow demonstrating a superiority of the fi bula- 
TSIF when compared to the isolated ALIF technique in 
regards to biomechanical stability and fusion rates. 

    Table 26.9    Comparison of the results of different techniques in the treatment of high grade spondylolisthesis [ 65 ,  69 – 86 ]   

 Technique 
 Patient 
number  F/U 

 Fusion rate 
(%) 

 Slip improvement 
(%) ( a ) 

 Slip angle 
improvement (°) a   ND (number, %)  RS (number, %) 

 Non-instrumented in 
situ fusion 

 423  154  86.58  0.20  −3 b   2 (0.47 %)  24 (7.77) 

 Reduction and 
instrumented fusion 

 327  51.83  94.77  41.32  23.09  9 (2.75 %)  22 (6.96) 

 Instrumented PLF 
following reduction 

 52  37.4  90.21  35.18  25.57  3 (5.77 %)  5 (9.62) 

 Instrumented CF 
following reduction 

 242  54.08  97.57  44.74  23.4  6 (2.48 %)  16 (6.93) 

 Instrumented CF: 
fi bula graft-TSIF (in 
situ or following 
reduction) 

 65  42.73  94.96  –  –  0  1 (1.54) 

 Instrumented CF: 
ALIF (in situ or 
following reduction) 

 174  127.79  96.12  –  –  3 (3.03 %)  7 (5.47) 

   F/U  follow-up in months,  ND  Permanent neurological defi cit at fi nal follow up,  RS  Total revision surgery for symptomatic complications,  CF  
circumferential fusion,  PLF  posterolateral fusion,  TSIF  trans-sacral inter-body fusion-fi bula graft,  ALIF  anterior lumbar interbody fusion 
  a Of the patients reported 
  b Minus prefi x represents worsening  

26 Evidence-Based Treatment of Spondylolysis and Spondylolisthesis
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 A variation of the fi bula trans-sacral technique uses trans-
fi xation screws (placed through S1 into the antero-inferior 
region of the anteriorly displaced L5 vertebral body) either 
in isolation or as part of a longer construct extending proxi-
mally to L4, occasionally supplemented by iliac fi xation in 
patients with grade IV or partly reducible grade V spondylo-
listhesis [ 69 ,  77 ]. The fi xation is biomechanically more rigid 
compared to the fi bula trans-sacral technique or the instru-
mented PLF [ 1 ]; however the presence of the transfi xation 
screw along S1 into L5 doesn’t produce direct interbody 
fusion across the lumbosacral disc into the body of L5.  

    Fusion Levels 

 Stress fractures of S1 (usually across the inferior aspect) or 
along the S1/S2 junction may occur in 13.69 % of the lum-
bosacral instrumented fusions ending to S1 due to increased 
shear forces and result in bending and anterior angulation of 
the S1 vertebral body [ 71 ,  73 ]. In the presence of inherent 
bone weakness across the sacrum which is primarily cancel-
lous, caudal stability of the construct can be achieved with 
the use of supplementary iliac screws in order to widely dis-
tribute the increased stresses of the distal fi xation [ 78 ,  79 ]. 
The addition of anterior column support provides a better 
biomechanical environment which can lead to increased 
fusion rates and maintenance of the surgically achieved cor-
rection [ 80 ]. 

 In grade IV and V spondylolisthesis the fi xation usually 
extends to L4 in order to: (a) achieve more stable proximal 
bony fi xation; (b) prevent proximal junctional decompensa-
tion; (c) better control the low lumbar lordosis in view of 
restoring and maintaining spino-pelvic and global sagittal 
balance correction. Lamartina et al. [ 89 ] introduced the con-
cept of the “stable zone rectangle”, according to which all 
vertebrae within the rectangle should be included in the 
fusion. The stable zone rectangle consists of a square, whose 
area is identifi ed by a segment of the horizontal line that 
passes through the centre of S2, which is intersected by the 
vertical line passing through the midpoint of the inferior end 
plate of L5 representing the gravity line and by the vertical 
line passing through the centre of the femoral head repre-
senting the ground reaction force.  

    Complications 

 In the early postoperative period, transient neurological defi -
cits affecting the L5 nerve roots and producing radiculitis or 
neurapraxia have been reported to occur in 9.1–15 % of 
patients with high grade spondylolisthesis [ 56 ,  78 ,  80 ,  87 ]. If 
the symptoms appear immediate after surgery, these are 
often improved or resolved by partially releasing the 

 spondylolisthesis reduction [ 73 ,  80 ]. Transient neurology 
may appear between 2 and 10 days postoperatively and often 
requires up to 6 months to resolve [ 73 ,  80 ,  87 ]. The number 
and rates of permanent neurological defi cits among the dif-
ferent techniques are presented in Table  26.10 . Permanent 
neurological damage has been reported to affect the L5 nerve 
root producing a foot drop which can be bilateral [ 72 ,  77 ,  79 , 
 81 ,  87 ], the L4 nerve root [ 67 ] or cause an isolated sensory 
defi cit [ 82 ]. 

 The instrumented fusion following reduction shows higher 
average fusion rate than the non-instrumented in situ fusion 
(Table  26.10 ). CF presents an average fusion rate of 97.6 % 
(81–100 %) [ 72 – 74 ,  77 ,  79 ,  80 ,  82 – 85 ,  87 – 89 ], whereas PLF 
has achieved a fusion of 90.21 % (71.43–100 %) with greater 
risk of pseudarthrosis [ 69 ,  78 ,  80 ,  87 ]. Indication for reopera-
tion, in an otherwise asymptomatic non-union, is progression 
of more than 30 % of L5/S1 displacement [ 72 ]. Apart from 
occasional wound infections, the complication which leads to 
revision surgery in the immediate postoperative period is 
transient nerve palsy due to nerve root distraction [ 71 ,  81 ]; 
partial reduction of the spondylolisthesis correction usually 
restores neurological function. Late symptomatic complica-
tions requiring revision surgery include non-union [ 66 ,  70 –
 72 ,  81 ,  83 ], nerve root compression [ 66 ,  82 ,  89 ] and further 
slip progression [ 70 ,  73 ,  81 ] needing decompression and revi-
sion instrumented fusion accordingly. 

 Recurrence of pain symptoms long term is often associ-
ated with disc degeneration occurring at the segment proxi-
mal to the fusion regardless of the technique and approach 
used [ 65 ,  66 ,  70 ]. Muscle degeneration following fusion 
(involving the psoas and erector spinae) is noted during post-
operative follow-up, especially following spondylolisthesis 
reduction with the use of instrumentation [ 56 ,  65 ].  

    Spondyloptosis 

 A lumbosacral spondyloptosis which still maintains some 
fl exibility can be reduced using closed techniques under gen-
eral anaesthesia to a grade IV spondylolisthesis by position-
ing the patient on the operating table with extension of the 
hips in order to produce anteversion of the pelvis and a more 
oblique position of the sacrum with correction of lumbosacral 
kyphosis. In this case, many of the techniques described for 
high grade spondylolisthesis may be also used in the treat-
ment of spondyloptosis including the transfi xation and instru-
mented reduction techniques [ 61 ]. For fi xed spondyloptosis a 
staged reduction or a vertebral column shortening procedure 
(L5 vertebrectomy) may be required in order to achieve 
deformity correction and enhance fusion [ 61 ] (Table  26.11 ). 
There is only level IV and V evidence on these techniques 
and apart from the series presented by Gaines et al. [ 54 ,  61 , 
 90 ] the numbers of patients reported are small. The technique 
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described by Gaines and Nichols in 1979 consists of an L5 
complete vertebrectomy followed by circumferential instru-
mented fusion of L4 on the sacrum. Variations of this tech-
nique have been subsequently reported [ 85 ,  91 ,  92 ]. A staged 
reduction of L5 on S1 carries the advantage of lower compli-
cation rates when compared to the L5 vertebrectomy and it 
may be achieved either through closed techniques by casting 
or with the use of an external fi xator [ 93 ] (Table  26.11 ).

       Discussion-Levels of Evidence 

 There is no level I or II evidence study assessing the best 
treatment for high grade spondylolisthesis and spondylop-
tosis. There are few available studies with level III evi-
dence (Tables  26.7  and  26.8 ). Even though the authors 
present matched cohorts of patients, they offer different 
surgical treatment for greater slips. A further combined 
analysis with all retrospective case series (level IV) is 
shown in Table  26.10 .   

    Conclusion-Recommendation 

 In grade III spondylolisthesis the treatment of choice is in situ 
non-instrumented PLF followed by lumbar brace support for 
4 months or in situ instrumented posterior fusion. In the pres-
ence of severe global sagittal and spino- pelvic imbalance, 
usually encountered in grade IV or reducible grade V spondy-
lolisthesis, the treatment is reduction and instrumented CF/or 
transfi xation PLF. Finally, in fi xed spondyloptosis the recom-
mended treatment is instrumented reduction, decompression 
and CF fusion or L5 vertebrectomy and L4/S1 fusion.      
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      Evidence-Based Treatment 
of Spina Bifida                     

     Emmanouil     Morakis      and     James     Wright    

    Abstract  

  Children with spina bifi da manifest several congenital or developmental spine and limb defor-
mities. Hip dislocation and scoliosis are among the most common musculoskeletal deformi-
ties in these patients. Surgical correction of these deformities has been advocated to improve 
function and quality of life. Current evidence shows that surgical reduction of hip dislocation 
does not improve their function or ambulatory capacity. Correction of scoliosis may improve 
sitting balance, but does not change the function or quality of life for these patients. If spine 
deformity correction is performed, combined anterior-posterior spinal fusion with instrumen-
tation provides the best correction with the lowest rates of pseudarthrosis. Current evidence 
should be used to counsel patients and their families. Any surgical intervention should aim to 
better physical function that may also translate into improved quality of life.  

  Keywords  

  Spina bifi da   •   Myelomeningocele   •   Hip dislocation   •   Scoliosis   •   Spine deformity   •   Evidence- 
based medicine   •   Surgical treatment   •   Complications   •   Quality of life   •   Treatment outcome  

      Introduction 

 Spina bifi da is a neural tube malformation resulting from 
abnormal closure of the caudal part of the neural tube during 
embryonic development. Spina bifi da is of variable severity, 
but the most common presentation, myelomeningocele, is 
characterized by a failure of formation of the dorsal vertebral 
elements, a defect of the overlying skin with exposure of the 
meninges and spinal cord. Dysplasia of the spinal cord and 
nerve roots leads to partial or complete paralysis of bladder, 
bowel, motor, and sensory function below the level of the 
lesion. Other lesions may co-exist that affect the neurologic 
function such as a Chiari malformation, cerebellar hypopla-
sia, hydrocephalus, syringomyelia or diastematomyelia. 

 Children with spina bifi da present with variable 
 musculoskeletal deformities that can affect their ability to 
ambulate and their general physical function. The musculo-
skeletal deformities can be congenital (e.g. kyphosis,  congenital 
scoliosis, teratologic hip dislocation, clubfoot, vertical talus) or 
acquired during development of the child as a result of muscle 
abnormalities, paralysis, joint contracture, bone deformity and 
decreased sensation of the lower extremities. 

 Orthopaedic management of these deformities must be part 
of a multidisciplinary approach. The presence of multiple medi-
cal co-morbidities makes orthopaedic treatment of these defor-
mities challenging. The main goal of orthopaedic care is to 
maximize function and independence. While many factors affect 
physical function, the most important factor affecting the poten-
tial for ambulation is the level of neurologic involvement [ 1 ]. 

 Correction of limb and spine deformities is frequently 
part of the orthopaedic management of patients with spina 
bifi da. The correction of these deformities has a high rate of 
complications, such as wound infections, skin breakdown, 
allergic reactions to latex, pathologic fractures and nonunion 
after orthopedic surgery [ 2 – 4 ]. 
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 Consistent with other aspects of paediatric orhopaedic, 
the results of orthopaedic interventions in patients with neu-
romuscular conditions, especially spina bifi da, are assessed 
with instrumented gait analysis, measures of quality of life 
and functional benefi ts. Patient-oriented measures outcomes 
allow us to evaluate the function and satisfaction of patients 
with spina bifi da undergoing orthopaedic surgery [ 5 – 7 ]. 

 As discussed below, even satisfactory correction of 
structural deformities such as scoliosis or hip dislocation 
did not always improve, as expected, physical function and 
independence [ 2 ]. Since surgical treatment in patients with 
spina bifi da can be a major task with high complication 
rates, it is important that patients and their families are pro-
vided with the best evidence to make the appropriate treat-
ment choice.  

    Is Surgical Reduction of a Hip Dislocation 
Benefi cial in Patients with Spina Bifi da? 

 Muscle and sensory abnormalities in patients with spina 
bifi da are associated with hip problems including hip con-
tractures, subluxation or dislocation (Fig.  27.1 ). Hip defor-
mities are not usually painful in patients with spina bifi da. 
Thus, an important aim of correcting these deformities would 
be to maintain or improve function [ 8 ].

   In the past, muscle balancing and hip relocation proce-
dures were performed to address these deformities [ 9 ]. The 
functional outcome following these procedures was not 
always as expected. Postoperative complications, such as 
redislocation, hip joint stiffness or pathologic fractures, com-
promised the functional result [ 2 ,  10 ]. 

 Studies suggested that these surgical interventions prob-
ably did not improve the ability to ambulate, reduce pain or 

the need for bracing [ 5 ,  11 ]. A systematic review of the lit-
erature by J. Wright identifi ed only level 3 and 4 studies [ 12 ]. 
The recommendations of this review was that a dislocated 
hip, in above L4 level patient, should not be reduced surgi-
cally since it does not improve function and surgical treat-
ment has a high risk of complications (30–45 %). The role of 
hip surgery in ambulatory patients with unilateral dislocation 
is uncertain. 

 In a retrospective study of 55 patients with L3–L4 spina 
bifi da, Fraser at al. evaluated the infl uence of several factors 
into their ability to walk [ 13 ]. Among these factors the neu-
rologic level of the lesion was the most important determi-
nant of their walking ability, while hip stability had no effect. 
They recommended that surgical procedures in an unstable 
hip are not benefi cial. 

 Feiwell et al. compared 41 patients with spina bifi da that 
had no operative treatment for the hip with 35 that received 
surgical treatment to reduce a dislocated hip [ 2 ]. They 
reported no relation between hip status, walking ability, 
requirement for bracing, hip pain or presence of hip contrac-
tures. They concluded that surgical relocation procedures are 
not indicated, the only surgical treatment should be release 
of joint contractures. 

 Bazih and Gross compared the ambulatory status between 
groups of patients that had surgery to relocate a dysplastic 
hip with a group of non-operative managed patients [ 14 ]. 
They reported 45 % failure rate to maintain hip reduction. 
There was no difference in the ambulatory status between the 
patients that had a reduced hip and the ones that had hip dys-
plasia (subluxation or dislocation). Fifteen out of twenty- 
eight (55 %) of the ambulatory patients with a lumbar level 
of function had one or both hips subluxed or dislocated. Hip 
reduction surgery did not provide any functional benefi ts in 
this group of patients. 

 Crandall et al. evaluated the ambulatory ability, patient- 
reported hip pain and presence of skin ulcers in 100 patients 
with spina bifi da [ 15 ]. They found no correlation between 
the hip status (reduced vs. dislocated) and any of these fac-
tors. Seven out of thirteen patients that reported hip pain had 
reduced hips. Only one patient had relief from hip pain fol-
lowing hip reduction surgery, while several patients devel-
oped pain following hip surgery. The authors concluded that 
surgery to reduce a dislocated hip should not be expected to 
increase function. 

 In a retrospective comparative study, Sherk et al. com-
pared the ambulatory function, bracing requirements and dif-
fi culty in sitting between 30 ambulatory patients with 
displaced hips and 11 ambulatory patients that had surgical 
reduction of a displaced hip [ 16 ]. The authors reported no 
difference between these two groups. The ability to walk 
depended on neurological level and the presence of 
 contractures. They concluded that surgical hip reduction sur-
gery provided little benefi t, was costly and had high compli-
cation risk.   Fig. 27.1    A child with spina bifi da developed bilateral dislocated hips       
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 Fifty-two children with spina bifi da affecting L3 and L4 
were evaluated by Alman et al. [ 17 ]. They compared the 
function, range of motion, leg-length discrepancy and the 
metabolic energy consumption in two group of ambulatory 
patient that developed hip dislocation. One group of patients 
was treated non-operatively, while the other surgically. They 
found no signifi cant difference in function between the oper-
ated and non-operative groups. Their redislocation rate was 
31 % and in these patients function was particularly poor. In 
a small subset of surgically treated group of patients, who 
had gait analysis, gait was 30 % more effi cient. This was 
though weakly related to better function. Thus the conclu-
sion of this study was that successful surgical treatment had 
at best a marginal benefi t. 

 Gabrieli et al. used gait analysis to assess the infl uence of 
hip dislocation or subluxation on gait asymmetry, since an 
asymmetrical gait would be less energy effi cient [ 5 ]. They 
evaluated 20 patients with low lumbar spina bifi da and uni-
lateral hip subluxation or dislocation. They found no relation 
between gait symmetry and hip displacement. The walking 
speed of these patients was similar to the walking speed in 
low-lumbar patients without hip dislocation observed in a 
previous study from the same institution. The authors con-
cluded that surgical reduction of the unilaterally unstable hip 
is not indicated. 

 The best evidence (Level III studies) that we have indi-
cates that surgical reduction of a dislocated hip does not 
improve the walking ability, function, requirement for brac-
ing, sitting ability or pain. On the contrary, surgical interven-
tions to reduce a dislocated hip in patients with spina bifi da 
have a signifi cant complication risk and can deteriorate the 
functional status of a patient if they are not successful. 

 As already pointed out by Swaroop et al. a small group of 
patients with spina bifi da, level L4 and below, that walk with-
out assistive devices and have a unilateral hip subluxation or 
dislocation could benefi t from a surgical intervention to 
reduce the hip [ 18 ]. These patients are typically home or com-
munity ambulators and may have gluteus medius function. A 
hip dislocation in these patients would cause signifi cant gait 
asymmetry and decreased gait effi ciency. Unfortunately there 
is no evidence yet in the literature that such an intervention 
would be translated into improved function.  

    Is Surgical Treatment of Scoliosis Benefi cial 
in Patients with Spina Bifi da? 

 Spine deformities are common in patients with spina bifi da 
(Fig.  27.2 ) [ 19 ]. These deformities, scoliosis or kyphosis, 
can be either congenital or developmental. More than 80 % 

  Fig. 27.2    Scoliosis in a patient with spina bifi da       
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of the patients older than 10 years develop scoliosis [ 20 ]. The 
prevalence of scoliosis has been found to correlate with the 
level of the lesion and the level of the last intact laminar arch 
[ 19 ,  21 ]. Larger curves in non-ambulatory patients tend to 
progress faster during the early teenage years [ 22 ,  23 ].

   Signifi cant spinal deformity is associated with trunk 
imbalance and pelvic obliquity. Patients may have to use 
their hands to support their unbalanced trunk and loose func-
tion. Skin ulcers in the sacral area can sometimes be a prob-
lem for patients that use wheelchairs and have signifi cant 
pelvic obliquity. 

 Surgical treatment to halt progression and correct defor-
mities has been advocated with the hope that deformity cor-
rection will improve sitting imbalance; prevent pressure 
sores; improve mobility, transfer ability, physical function, 
activities of daily living and quality of life [ 24 – 26 ]. As with 
hip surgery, surgical treatment of spine deformities in 
patients with spina bifi da has been associated with high com-
plication rates. Post-operative wound infections, pseudar-
throsis, fractures of the extremities and neurological 
deterioration have been reported [ 3 ,  4 ]. 

 Several retrospective case series reported on the surgical 
outcomes of scoliosis correction on patients with spina 
bifi da. Correction of spinal deformities has been achieved 
using different surgical techniques. How do these radiologi-
cal and anatomical corrections correlate with the function 
and quality of life of these patients? 

 Unfortunately, the natural history of untreated scoliosis in 
patients with spina bifi da is unknown. Most of the evidence 
available includes retrospective case series (Level IV). The 
only Level III study compared the health-related quality of 
life between two groups of patient with spina bifi da and sco-
liosis [ 27 ]. In one group the patients were treated conserva-
tively, while on the other they had instrumented fusion of the 
spine. The mean follow up of these patients was 14 years. No 
statistically signifi cant difference was found between these 
groups in health-related quality of life, despite the operative 
group had improved coronal deformity with smaller average 
Cobb angle. Five out of eleven patients that had surgical 
treatment had lost their ability to walk. On the contrary, none 
of the walking patients that had non-operative management 
lost their ability to walk. The authors concluded that spine 
surgery to correct scoliosis “has no clear effect on health- 
related quality of life”. 

 Similar fi ndings were reported by other retrospective 
studies. Mazur et al. reviewed 49 patients with spina bifi da 
and scoliosis, which were treated surgically [ 26 ]. There was 
no signifi cant change post-operatively in overall function 
and activities of daily living. Sitting ability improved in these 
patients, but mobility (ambulation or mobility in a wheel-
chair) deteriorated in a signifi cant number of patients (53 %). 
Despite the pelvic obliquity correction, most patients had 
persistent or developed problems with pressure sores. 

 In a retrospective review of 80 patients with spina bifi da 
and scoliosis, Wai et al. evaluated the relationship of spinal 
deformity with overall physical function and self-perception 
using multivariable analysis [ 28 ]. Twenty-four patients had 
surgical treatment (anterior release, discectomy and poste-
rior instrumentation to the pelvis with segmental unit rod 
fi xation). Surgical treatment was correlated with improved 
Cobb angle and pelvic obliquity. Coronal imbalance of the 
spine was signifi cantly correlated with sitting imbalance. 
Ambulation, hand function, self-perception and overall 
physical function were not found to be correlated with any 
aspect of spinal deformity. The only potential benefi t of sur-
gical correction of scoliosis according to this study would be 
improvement in sitting balance. As an alternative to surgery, 
chair modifi cations could be explored as an alternative to 
correct coronal imbalance and improve sitting function. 

 Schoenmakers et al. followed prospectively, for 
18 months, ten patients with spina bifi da that had surgical 
correction of their spine deformity. They evaluated their 
functional skills, the amount of caregiver assistance and their 
mobility, pre – and post – surgery. The authors reported com-
plications in 8/10 patients (infection, loss of correction, 
increase of deformity above-below fusion mass). Following 
surgery the patients required less caregiver assistance on 
self-care. Their functional skills showed a trend of improve-
ment at 18 months post-surgery, following an initial decline. 
Three out of four patients that were walking before surgery, 
had a deterioration of their ambulatory ability. 

 Muller et al. compared the ambulatory and functional sta-
tus of 14 patients with spine bifi da before and after surgical 
correction of scoliosis [ 29 ]. The mean follow-up was 
3.4 years after surgery. Eight out fourteen patients had dete-
rioration of their ability to ambulate. They reported no 
change overall in their function with activities of daily life, 
but 13/14 had loss in motor skills. 

 Thirty-nine skeletally mature patients with spina bifi da 
and scoliosis were assessed by Kahanovitz and Duncan [ 25 ]. 
Their average follow up was 19.9 years. They evaluated the 
correlation between scoliosis, ambulatory ability and sitting 
balance. Fifteen patients had surgical stabilization of their 
spine deformity before the age of 16. The surgical complica-
tion rate was high. None of the surgically treated patients had 
better function after surgery and 7/15 had deterioration of 
their ambulatory status. 

 Two retrospective studies demonstrated that surgical cor-
rection of scoliosis in patients with spina bifi da was associ-
ated with improved pulmonary mechanics and function, 
especially in severe deformities [ 30 ,  31 ]. The clinical signifi -
cance of that improvement is not known. 

 The current evidence shows that surgical intervention can 
improve the coronal alignment of the spine in patients with 
spina bifi da and scoliosis. Unfortunately a straighter and 
stiffer spine following surgery, in these patients does not 
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appear to improve their quality of life. On the contrary it may 
affect and compromise their ambulatory capacity and mobil-
ity. Scoliosis correction surgery may improve sitting balance 
and patients may require less caregiver assistance following 
surgery. 

 The decision to proceed with a surgical intervention to 
correct a scoliosis deformity in a patient with spina bifi da is 
diffi cult. Surgery may be benefi cial for a non-ambulatory 
patient with sitting imbalance. Since spine surgery in this 
group of patients has a high complication risk, non-operative 
means to improve sitting position and trunk support, such as 
chair modifi cation, should be investigated. Patient that walk 
should be counseled that scoliosis correction surgery could 
compromise their ambulatory capacity.  

    Which Is the Best Surgical Technique 
to Correct Scoliosis in Patients with Spina 
Bifi da? 

 Surgical correction of scoliosis in patients with spina bifi da 
is challenging and has been associated with high complica-
tion rate [ 3 ,  4 ]. The rate of pseudarthrosis has been reported 
up to 76 % [ 32 ]. At the same time the spinal curves can be 
severe and rigid. The dysraphic spine makes instrumentation 
placement and purchase diffi cult. 

 Different surgical strategies and techniques have been 
described over the years. The main strategies include poste-
rior only, anterior only or staged anterior and posterior spinal 
procedures. Which strategy and technique provides the best 
surgical outcomes and lowest complication rate? 

 Strategies and techniques have been changing over the 
years as new implants and technologies have been develop-
ing. Combined anterior and posterior instrumentation and 
fusion has provided the best surgical outcomes and lowest 
failure rates [ 12 ]. 

 Osebold et al. reported on the positive outcomes of com-
bined anterior and posterior fusion and instrumentation [ 33 ]. 
They reviewed the surgical outcomes and complications of 
patients with spina bifi da treated for scoliosis correction in 
their institution. They compared the different surgical strate-
gies they used over the years, including posterior spinal 
fusion alone, posterior fusion with Harrington instrumenta-
tion, combined posterior fusion with Harrington instrumen-
tation with anterior fusion, anterior fusion with Dwyer 
instrumentation and fi nally combined posterior fusion with 
Harrington instrumentation with anterior fusion and Dwyer 
or Zielke instrumentation. Among these strategies, combined 
fusion with instrumentation gave the best correction with the 
lowest complications rates (pseudarthrosis, infection). 

 Three groups of patients with spina bifi da and scoliosis 
that had surgical correction of their spine deformity with dif-
ferent techniques were reviewed by Mazur et al. [ 26 ]. The 

fi rst group had posterior fusion and Harrington instrumenta-
tion, the second had anterior fusion and Dwyer instrumenta-
tion and the third group combined fusion and instrumentation. 
The patients that had combined fusion and instrumentation 
had better correction of their spine deformity with lowest 
rate of pseudarthrosis and hardware failure. The authors also 
reported better sitting balance in this group, since they 
achieved better correction of the pelvic obliquity and torso 
decompensation. There was no difference in the functional 
status and mobility between the three groups following 
surgery. 

 Five different surgical strategies to correct the scoliosis 
deformity in 41 patients with spina bifi da were compared by 
Ward et al. [ 3 ]. The fi rst group of patients had isolated ante-
rior or posterior fusion with or without instrumentation. The 
other four groups had combined approach with anterior and 
posterior fusion, with or without anterior instrumentation, 
and posterior Harrington or Luque instrumentation. The 
combined approaches gave the best correction of the spine 
deformity comparing to isolated anterior or posterior. The 
authors did not fi nd a signifi cant difference amongst the 
combined approach strategies. 

 Parsch et al. compared three surgical techniques to correct 
scoliosis in 54 patients with spina bifi da [ 34 ]. Thirty-three 
patients had posterior fusion and Cotrel-Dubousset or Spine- 
Fix instrumentation, twelve patients had anterior osteodis-
cectomy with posterior fusion and instrumentation and 
twenty-two patients had combined anterior-posterior fusion 
and instrumentation. Again these authors reported lower 
rates of pseudarthrosis and loss of correction with the com-
bined approach. The amount of deformity correction was not 
signifi cantly different amongst the groups, but the posterior 
only group of patients had smaller curves pre-operatively. 
The authors recommended combined approach for these 
patients, especially the ones with a thoracic level of paraly-
sis. These patients had a higher risk of pseudarthrosis, hard-
ware failure and loss of correction in mid-term follow-up. 

 In another multi-center retrospective study, Stella et al., 
reported the surgical outcomes of 29 patients with spina 
bifi da and scoliosis [ 35 ]. Seven patients had only posterior 
fusion and instrumentation, three only anterior and nineteen 
had combined anterior –posterior approach using different 
types of instrumentation. Better correction was achieved 
with the combined approach, while overall rate of pseudar-
throsis was 14 %. 

 Sponseller et al. and Basobas et al. advocated the use of 
an anterior only approach on selected patients with spina 
bifi da and scoliosis [ 36 ,  37 ]. The anterior only approach has 
the advantages of lower risk of post-operative infection and 
fusion of fewer levels, which may allow more fl exibility to 
the spine. Their indications include patients with a single 
major curve less than 80°, no syrinx or tethered cord, correc-
tion less than 66 % and kyphosis less than 30°. 
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 Advances in spine instrumentation have improved fi xa-
tion options and strength. The use of segmental instrumenta-
tion with pedicle screws allows secure fi xation to the 
dysraphic and defi cient posterior elements of the lumbar 
spine. Better fi xation allows dramatic correction of severe 
and rigid curves in patients with neuromuscular scoliosis 
without the need of an anterior approach [ 38 ,  39 ]. All pedicle 
constructs have been shown to provide better correction with 
less bleeding comparing with hybrid constructs [ 40 ]. 

 The use of pedicle screws in the dysraphic spine can be 
challenging. Pedicle orientation and landmarks can be 
altered [ 41 ]. The use of segmental fi xation with pedicle 
screws may decrease the number of levels fused and stop 
fusion short of the sacrum. Preserving the lumbosacral junc-
tion and sacro-iliac joint allows more fl exibility to the spine, 
which would be especially important in ambulatory patients. 
The use of segmental fi xation with pedicle screws has 
allowed corrections comparable to the ones following com-
bined anterior and posterior fusion with instrumentation. 

 Rodgers et al. reported the outcomes of 24 patients with 
spina bifi da and scoliosis, which had posterior segmental 
instrumentation with pedicle screws [ 41 ]. Fourteen of these 
patients had posterior only surgery. One of these patients 
developed pseudarthrosis and required revision to anterior- 
posterior fusion and instrumentation. No cases with infection 
were reported. Most importantly, none of the ambulatory 
patients’ function was affected. The overall correction of the 
spine deformity in the 24 patients was similar to other 
reports, where all patients had combined anterior-posterior 
fusion with instrumentation. 

 The effectiveness of posterior-only spinal fusion with 
segmental pedicle instrumentation was evaluated by 
Parisini et al. [ 42 ]. They compared the outcomes of 30 
patients with spina bifi da, which were operated for scolio-
sis. Ten patients had posterior spinal fusion and Harrington 
or Luque instrumentation; ten patients had combined 
 anterior-posterior fusion and instrumentation; ten patients 
had posterior fusion with lumbar pedicle instrumentation. 
At 3 years of follow up, the last group of patients had 
 signifi cant improvement of their spine deformity both in 
the coronal and sagittal plane. The correction achieved was 
comparable to the group of patients that had combined 
anterior-posterior approach. The rate of pseudarthrosis was 
the lowest reported (10 %). 

 Currently, evidence shows that a combined anterior and 
posterior approach of fusion and instrumentation can pro-
vide the most reliable and lasting spine deformity correction 
with the lowest rates of pseudarthrosis. A selected group of 
patients may be candidate of an all-anterior approach. There 
is emerging evidence that an all-posterior approach with 
pedicle segmental instrumentation could provide equal 
effectiveness with the combined approach. Recommendations 
for treatment are listed in Table  27.1  . 
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    Abstract  

  Numerous types and combinations of spinal column injury exist, with some rarely encoun-
tered. Consequently, clinicians, including subspecialists regularly involved in paediatric 
trauma must rely on evidence to supplement experience and guide practice. Conversely, 
there is a sparsity of high quality evidence and validated classifi cation systems to help guide 
diagnosis, prognosis and management. 

 Children less than 8 years-of-age have signifi cant biomechanical and anatomical spinal 
differences compared to their adult counterparts. Examples include, (1) a relatively large 
head size leading to an increased prevalence of proximal cervical injuries, and (2) the pres-
ence and subsequent closure of physeal growth plates can make the interpretation of radio-
graphs more challenging. The three leading causes of spinal column injury in children are 
road traffi c accidents, falls from height and non-accidental trauma. Spinal column injury is 
often accompanied by other and often signifi cant trauma to the head, thorax and/or abdomi-
nal cavity. 

 The absolute requirement for radiation-based investigations such as CT scans must be 
considered carefully as the developing child’s soft tissues are very sensitive to radiation. In 
this chapter, we explore the quality of evidence surrounding childhood spinal trauma from 
the occipital-cervical junction to the thoracolumbar spine, and outline the grade of recom-
mendation to aid decision-making.  
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      Introduction 

 Paediatric spinal trauma is thankfully rare, accounting for only 
5 % of all paediatric traumas. Due to a child’s unique anatomi-
cal development and the exposure to differing  mechanisms of 
injury, the level and type of spinal injuries are distinctive when 

compared to adults. Children have a characteristically elastic 
spine, a large head size compared to their body, and distinct 
biomechanics, all of which contribute to a predominance for 
cervical spine injuries and higher rates of spinal cord injury 
without radiological abnormality (SCIWORA). 

 Special considerations need to be made when managing 
children with spinal trauma: pre-hospital immobilisation and 
imaging are two examples. 

 Unfortunately, there is a general lack of evidence regarding 
the management of paediatric spinal trauma. This chapter aims 
to identify the common causes of paediatric spinal injury along 
with the appropriate imaging techniques and management 
options based on the most up to date information available.  
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    Anatomy and Development 

 The developing spine is unique and, in general, children have 
immature bones that are more pliable and prone to injuries 
around the physis. Children under 8 years of age are more 
susceptible to upper cervical spine injuries (C1–C3) than 
older children because of unique aspects of their anatomical 
development. The relatively large head and weak nuchal 
muscles cause a shift in the fulcrum of movement in the 
upper cervical spine with maximum movement at C2–C3. As 
the child grows, this point of fl exion shifts inferiorly and 
eventually ends at C5–C6 in adults [ 1 – 3 ]. This explains the 
increased number of C0–C2 injuries in very young children 
compared to their older peers who sustain more subaxial cer-
vical and thoracolumbar injuries as their spine becomes 
more adult-like. Table  28.1  provides a summary of the ana-
tomical differences found in children and their consequences 
in relation to injury.

       Ossifi cation 

 Ossifi cation centers and synchondroses (Fig.  28.1 ) can be 
troublesome when interpreting imaging and are therefore 
important to take into consideration. The atlas has three 
ossifi cation centers, one anterior arch and two posterior 
arches. The anterior and posterior ossifi cation centers are 
separated by the right and left neuro-central synchondroses 
which usually fuse by 7 years of age [ 2 ]. The posterior syn-
chondrosis separates the posterior ossifi cation centers and 
usually closes by 3 years of age. Beware; the posterior syn-
chondrosis can remain unfused giving the appearance of a 
fracture [ 4 ,  5 ].

   The axis has a total of fi ve primary ossifi cation centers, 
one for each neural arch, one for the body, and two for the 
odontoid process. The odontoid is separated from the body 
of the axis by a cartilaginous physis that fuses between 3 and 
6 years of age. It is situated below the level of C1–C2 facet 
joints and can therefore be mistaken for a fracture up to 
11 years of age [ 2 ,  4 ]. The posterior arches fuse in the mid-
line by 2–3 years and fuse to the body by 3–6 years of age. 

 Subaxial cervical, thoracic and lumbar vertebrae are all 
typical vertebrae and have a similar ossifi cation pattern: one 
ossifi cation center for the body and one for each neural arch. 
These fuse in the midline between 2 and 4 years and the 
neuro-central synchondroses close at 3–6 years. With aging, 
these ossifi cation centers enlarge and the ratio of bone to car-
tilage increases. Apophyseal rings on the upper and lower 
surfaces of the vertebral bodies begin to ossify late in child-
hood and complete their fusion to the vertebral body by 
25 years of age. Fractures of the apophyseal ring (Salter 
Harris type I) have been reported and are more common in 
the inferior endplates.  

    Cause of Injury 

 Spinal injury should be suspected in all children who are 
severely injured or involved in a high-energy accident. 
Children less than 8 years old are more likely to have spi-
nal injuries resulting from automobile versus pedestrian 
accidents, motor vehicle collision (MVC), a fall from a 
height or non-accidental trauma (NAT) [ 2 ,  3 ,  6 ]. NAT is a 
common cause of injury in patients less than 2 years old 
and should not be overlooked in this age group [ 7 ]. Motor 
Vehicle Collisions (MVCs) are the major cause of injury 

    Table 28.1    Anatomical and biomechanical differences between the 
adult and paediatric spine and the clinical signifi cance in the traumatic 
setting   

 Anatomy and biomechanics 

 Anatomical difference to adult 
spine 

 Consequence 

 Greater head to body size 
ratio 

     •  Higher rates of upper cervical 
spine injuries 

     •  Neutralisation of spinal 
alignment on spinal board 
required with torso boosting 
pad or occipital recess to 
prevent neck hyperfl exion, 
airway closure and/or 
neurological deterioration 

     •  SCIWORA much more 
common 

     •  Higher proportion of TL 
junction injuries where rigid 
thorax meets elastic lumbar 
spine 

     •  Greater risk of intra-abdominal/
intra-thoracic injuries 

     •  Injury patters more adult like 
≥8 years 

     •  Normal variants found on 
imaging 

 Relative paraspinal muscle 
immaturity 

 Shallow, horizontally oriented 
facet joints 

 Greater ligamentous elasticity 

 Incomplete vertebral 
ossifi cation 

 Paediatric spine reaches adult 
like maturity at around 
8–9 years-of-age 

 Nucleus pulposus has 
increased water and decreased 
collagen content 

 Greater elasticity and ability to 
dissipate force with less osseous 
fractures 

 Spinal cords ends at L3 at 
birth migrating caudally to 
end at L1 or L2 by 
adolescence 

 Spinal cord injury possible more 
distally secondary to trauma or 
surgical fi xation 

 Vertebral physis/apophysis 
persists 

 Salter Harris I fractures possible 
with traction injuries (excellent 
prognosis with conservative 
management) 
 Apophyseal fracture and 
herniation possible 

 Wedge shaped small vertebral 
bodies 

 Compression fractures more 
common 
 Multilevel fractures more often 

 Developing body more 
sensitive to radiation 

 Avoid excess radiation (CT’s) 
where possible; increased overall 
risk of cancer 
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across all age groups causing a high number of cervical 
and thoracolumbar fractures from inappropriate seat belt 
use. In older children and adolescents, one would expect to 
see more sporting injuries and motorcycle accidents. In 
general, serious head-injury and multi-injury trauma are 
commonly associated with spinal injuries. Patients with 
cervical spine injuries commonly have other associated 
traumatic injuries to the head, face, chest, abdomen or 
limbs [ 1 ,  8 ]. 

 Important features to elicit from the history include con-
ditions that predispose to spinal instability: e.g. Down’s syn-
drome (15 % have atlanto-axial instability), previous cervical 
spine injuries, arthritis or previous spinal surgery. 

 Birth trauma resulting in spinal injury or cervical instabil-
ity has a high mortality rate and is more often than not, fatal. 
The hallmark for upper cervical spinal cord injury at birth is 
apnoea with fl accid quadriplegia following either breech or 
prolonged forceps manipulation. This should be treated with 
immobilisation for presumed C-spine injury: the length of 
immobilisation remains arbitrary however [ 2 ,  7 ]. 

    Pre Hospital Immobilisation 

 The aim of immobilisation is to prevent further damage or 
injury whilst the child is transported to an appropriate care 

  Fig. 28.1    Diagram of the 
ossifi cation centres and 
synchondroses of the cervical 
vertebrae. Top images: Lateral 
and axial views of C1 and its 
three ossifi cation centres. Middle 
images: Lateral and coronal 
views of the fi ve ossifi cation 
centres of C2. Bottom images: 
Axial and lateral views of a 
typical subaxial cervical 
vertebrae (thoracic and lumbar 
vertebrae have similar 
ossifi cation patterns) X anterior 
ossifi cation centre, Y posterior 
ossifi cation centre, O odontoid 
ossifi cation centre,  Purple dashed  
line/gaps between ossifi cation 
centres = synchondroses,  yellow 
line  = apophysis       
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facility. As with adults, all children with suspected spinal 
injuries should be immobilised at the scene as soon as pos-
sible. However, unlike adults, immobilisation of a child on a 
spinal board requires specifi c paediatric modifi cations. 

 Due to the relatively large size of a child’s head compared 
to their body, evidence suggests that children less than 
8 years of age should have thoracic elevation or an occipital 
recess to achieve better neutral alignment of their spine 
(25 mm on average) [ 9 ], (Figs.  28.2  and  28.3 ).

    In general, the type of immobilisation should take into 
account the child’s age and physical maturity. Ideally there 
should be a combination of a spinal board, rigid collar and 
torso tape. One must remember however that these may neg-
atively infl uence the child’s respiratory function, which 
should be monitored vigilantly [ 11 ,  12 ]. 

 Safe removal of every patient from a spinal board must be 
an early priority after the primary survey and resuscitation 
phase. This prevents the complications of prolonged immo-
bilisation as well as avoiding the agitation of a strapped 
down child.  

    Imaging 

 Figure  28.4  displays the criteria employed by the 2014 NICE 
guideline (CG176) for determining whether cervical spine 
imaging is required [ 13 ]. Although this is taken from a guide-
line that primarily manages children with a head injury, the 
algorithm is derived from the Canadian C-Spine Rule [ 14 ] 
which has successfully been used to reduce the amount of 
inappropriate radiation in children. There is some evidence 
that great caution is advised when applying these to children 
less than 11 years of age [ 15 ,  16 ].

   Whilst is it important to consider the different anatomical 
and physiological differences in a growing child, health pro-
fessionals must also be aware of the signifi cant risks involved 
in exposing children to high doses of radiation. CT confers 
90–200 times more thyroid radiation than standard plain 
fi lms with an increased risk in children less than 4 [ 17 ]. 
Children have developing tissues which are signifi cantly 
more sensitive to radiation and a longer life expectancy than 
adults, resulting in a greater time period to express such radi-
ation damage. 

 As discussed previously, the spinal injury patterns that 
occur in young children differ from those in adults. The diag-
nostic tests and imaging required to exclude spinal injury also 
differ to those required in adults. Interpretation of paediatric 
radiographs requires a sound knowledge of age related ossifi -
cation and anatomical variations and, more often than not, will 
require discussion with a musculoskeletal  radiologist with 
specialised paediatric experience. (See Tables  28.2  and  28.3  
for common normal variants found on cervical spine radio-
graphs and their satisfactory measurements [ 2 ,  5 ,  18 ].)

    Cervical spine imaging is not recommended in all chil-
dren who have experienced trauma. It is vital, however, to 
image the whole spine in the presence of a fracture as there 
is a signifi cant (8–24 %) risk of a non-contiguous fracture [ 5 , 
 9 ,  19 ]. Unexplained hypotension should always raise suspi-
cion of spinal cord injury. 

 Table  28.4  demonstrates the most up to date evidence 
available for imaging of the cervical spine in children [ 12 ].

   When plain radiographs are indicated, an adequate cervi-
cal spine series must include:

    1.    Lateral cervical spine x-ray to include the base of skull 
and the junction of C7 and T1.   

   2.    Antero-posterior cervical spine x-ray to include C2 to T1.   
   3.    Adequate peg view if attainable*.     

 *Due to a child’s age and diffi culty with cooperation, cur-
rent evidence suggests that open-mouth views only need to 
be obtained if the child is ≥9 years of age [ 4 ,  5 ,  12 ]. 

 Unfortunately, there are no well-established, evidence- 
based recommendations for suspected thoracolumbar spine 
injuries following trauma. However, AP and lateral plain radio-

a

b

  Fig. 28.2    The effect of relatively large size of a child’s head. (a) The 
relatively large size of a child’s head compared to their body results in 
cervical fl exion when placed on a rigid spinal board (compared with 
adults ( b )) (Reproduced by kind permission of Elsevier from Nypaver 
and Treloar [10])       

a

b

  Fig. 28.3    Occipital recess and thoracic elevation allow for neutral 
alignment of the cervical spine. Use of  (a)  an occipital recess or  (b)  
thoracic elevation (25 mm) allows for neutral alignment of the cervical 
spine (Reproduced by kind permission of Elsevier from Nypaver and 
Treloar [ 10 ])       
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Children presenting to the emergency
department who have sustained a head injury

Are any of the following risk factors present?

Yes

Yes

Yes

Yes

Yes No

Yes

No imaging/ further
imaging required

Perform three-view cervical
spine X-rays within 1 hour of
risk factor being identified.

Is there a strong
clinical suspicion of

injury despite
normal X-rays, the

X-rays were
technically difficult
or inadequate, or

the X-ray identifies
a signficant bony

injury?

Perform CT cervical spine within 1 hour
of risk factor being identified

A provisional written radiology report
should be made available within 1 hour

of the CT taking place.

Was there a dangerous mechanism of injury (fall from > 1 metre or 5 stairs;
axial load to the head [e.g. Diving]; high-speed motor vehicle collision; rollover
motor accident; ejection from a motor vehicle, bicycle collision)?

No

No

No

No

No

On assessment can the patient actively rotate the
neck to 45 degrees to the left and right?

Are any of the following low risk factors present?

Is there neck pain or tenderness?

•      GCS < 13 on initial assessment

•      Involved in a simple rear–end motor vehicle
        collision
•      Is comfortable in a sitting position in the
        emergency department

•      Has been ambulatory at any time since injury
•      No midline cervical tenderness
•      Presents with delayed onset of neck pain

•      Intubation
•      A definitive diagnosis of cervical spine injury is required urgently (e.g. before
        surgery)
•      Other body areas are being scanned for head injury or multi-region trauma
•      Focal peripheral neurological signs
•      Paraethesia in the upper or lower limbs

  Fig. 28.4    NICE Clinical Guideline 
176: Selection of children for imaging 
of the cervical spine (algorithm 4)       
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graphs are useful initial imaging techniques along with MRI 
for those children presenting with neurological defi cit. Children 
who have sustained signifi cant poly-trauma or high-energy 
accidents will commonly have CT imaging. A high clinical 
suspicion of spinal injury exists in the presence of: neurological 
defi cit, high energy mechanism of injury, spinal step-off or 
crepitus, concurrent head or facial injuries, abnormal GCS and 
children who are non-compliant with examination [ 20 ].   

    Types of Injury 

    Cervical Spine Injuries 

    Occipital Condyle Fractures 
 These are rare fractures that require a high degree of suspi-
cion. They can be associated with high-speed blunt traumas 

and may result in cranial nerve palsies and cervical spine 
instability. Use CT scan of the cranio-vertebral junction to 
promptly confi rm the diagnosis. 

 A number of different classifi cation systems have been 
developed over the years to help guide treatment options: 
reported evidence to date suggests that these classifi cations 
contribute little to management [ 2 ]. 

 Below is the classifi cation identifi ed by Anderson and 
Montesano in 1988: 

 Type I – Impaction fracture. 
 Type II – Basilar skull fracture with extension into the 

condyle. 
 Type III – Avulsion of the alar ligament off the infero- 

medial portion of the condyle. 
 Appropriate choice of treatment is therefore based on the 

CT assessment of the fracture with or without MRI, rather 
than relying on fracture type alone [ 21 ,  22 ]. 

 Management should involve occipito-cervical arthrodesis 
or halo fi xation for those cases with occipito-cervical 
malalignment. If malalignment is not present, treat with 
immobilisation in a cervical orthosis with follow up imaging 
in a clinic setting [ 18 ,  23 ,  24 ]. C1–C2 transarticular screws, 
or C2 pedicle screws with rigid loops and plate or rods, have 
been successful in pediatric patients as young as 11 months 
old [ 2 ].   

    Atlanto-Occiptal Dislocation (AOD) 

 This is a very unstable injury and usually fatal. It results from 
sudden deceleration leading to hyperfl exion and cranio- 
vertebral separation (Fig.  28.5 ). This causes disruption of the 
alar ligaments, articular capsules and tectorial membrane 
(ligamentous injury). Level I evidence recommends CT 
imaging to determine the condyle-C1 interval (CCI) [ 12 ] but 
requires a high index of suspicion: there is frequent associa-
tion with head and face injuries following high-energy trau-
mas [ 2 ]. Surgical stabilisation with occiput to C2 fusion or 
halo immobilisation is required [ 25 ].

       Atlas Fractures (Jefferson Fractures) 

 These injuries result from rupture or avulsion of the trans-
verse ligament caused by axial compression. The ring of C1 
is commonly broken at more than one site. Greater than 
6.9 mm of combined lateral overhang of the lateral masses 
on AP radiograph is diagnostic. As mentioned previously, up 
to 6 mm of pseudospread may be seen in children under 
7-years (secondary to faster growth of atlas compared with 
axis). These require immobilisation in a cervical orthosis or 
halo device for up to 6 months. Halo traction followed by 
halo immobilisation maybe necessary if there is >6.9 mm or 
widening of lateral masses.  

   Table 28.2    Common normal variants found on cervical spine 
radiographs   

 Common normal variants  Comments 

 Absence of cervical lordosis  Seen in children up to 16 years 
of age 

 Prevertebral soft-tissue 
thickening 

 Can result from expiration, 
especially if the child is crying 

 ‘Pseudospread’ of atlas  Results from a discrepancy 
between the “neural” growth 
pattern of the atlas and the 
“somatic” pattern of the axis 

 Increased atlanto-dental interval 
(ADI) 

 Potentially refl ects incomplete 
ossifi cation of the dens and 
laxity of the transverse ligament 

 Overriding arch of C1 above 
the odontoid 

 Can be mistaken for atlantoaxial 
instability, normal in 20 % of 
children <8 years 

 Incomplete ossifi cation of 
posterior arch of C1 

 Anterior wedging of vertebrae 
(up to 3 mm) 

 Can be present until endplates 
fuse. 

 Pseudosubluxation (anterior 
displacement of C2 on C3) 

 Seen as a normal variant in up to 
40 % of young children 

 Odontoid and body of C2 
synchondrosis mistaken for 
fracture 

   Table 28.3    Acceptable measurements for cervical spine radiographs   

 Parameter  Normal value (mm) 

 C1 facet-occipital condyle distance  ≤5 

 Atlanto-dens interval (ADI)  ≤4 (3 mm in adults) 

 Space available for the cord (SAC)  ≥14 

 Pseudosubluxation of C2 on C3 (most 
common misinterpretation) 

 ≤4 

 Pseudosubluxation of C3 on C4  ≤3 

 Retropharyngeal space  ≤8 (at C2) 

 Retrotracheal space  ≤14 (at C6, under age 
15 years) 
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    Odontoid Epiphysiolysis 

 The neuro-central synchondrosis of C2 may not fuse com-
pletely until age 7 years and can be a possible site of injury 
in young children (odontoid synchondrolysis). Lateral 
C-spine radiographs will reveal the odontoid process to be 
angulated anteriorly, and rarely, posteriorly [ 12 ]. Treatment 

is closed reduction and external immobilisation with a 
Minerva or halo for approximately 10 weeks (80 % fusion 
rate). Confi rm healing on removal of the immobilisation 
device with fl exion/extension radiographs [ 5 ]. Primary sur-
gical stabilisation has a limited literature base and plays 
more of a role when closed external immobilisation is 
unable to maintain alignment of the odontoid atop the body 
of C2 [ 2 ].  

    Atlanto-Axial Injuries 

 The atlanto-axial joint is primarily stabilised by the 
 transverse ligament and secondarily by the alar and apical 
ligaments. In children, it is more common to fi nd rupture 
of the ligament as opposed to avulsion of the ligamentous 
attachments in adults. Current evidence supports early 
posterior atlanto-axial arthrodesis (successful fusion with 
C1–C2 transarticular screw fi xation has been reported) 
with instrumentation for ligamentous disruptions and 
immobilisation in cervical orthosis or halo device for bony 
avulsions [ 18 ]. Surgery should be reserved for patients 
with non-union and persistent instability after 3–4 months 
of immobilisation. Imaging should be used pre-operatively 
to determine appropriate screw size, entry points and 
 trajectories, before consideration of a Goel-Harms 
Procedure [ 2 ,  18 ].  

    Atlanto-Axial Rotatory Fixation (AARF) 

 AARF is not unique to children but more common during 
childhood. It presents with a ‘Cock-robin’ appearance, leav-
ing the child unable to turn his/her head past the midline 
often causing pain. There is almost always a normal neuro-
logical examination although altered sensation radiating 
down the arms is sometimes encountered [ 26 – 28 ]. It may 
present following minor trauma, or non-traumatically e.g. 
following pharyngeal surgery or upper respiratory tract 
infection. Non-traumatic subluxation of the atlanto-axial 
joint caused by infl ammation of the adjacent tissues is known 
as Grisel syndrome (Fig.  28.6 ).

   Four types have been described by Fielding and 
Hawkins [ 2 ]:

•    Type I (most common)
•    Intact transverse ligament.  
•   Unilateral anterior rotation of atlas pivoting around the 

odontoid (no anterior shift).  
•   ADI is normal, fi xation within normal ROM.     

•   Type II
•    Disruption of the transverse ligament.  
•   Unilateral anterior subluxation of the atlas with the 

pivot at the contralateral C1–C2 facet.     

   Table 28.4    Recommendations of radiological investigations   

 Level I evidence      •  Use CT to determine the condyle-C1 
interval (CCI) for children with suspected 
atlanto-occipital dislocation (AOD) 

 Level II evidence      •  Cervical spine imaging is not 
recommended in children who are 
>3 years of age, who have 
experienced trauma and who: 

     – Are alert 
     – Have no neurological defi cit 
     – Have no midline cervical tenderness 
     – Have no painful distracting injury 
     – Do not have unexplained hypotension 
     – Are not intoxicated 
     •  Cervical spine imaging is not 

recommended in children who are 
<3 years of age, who have 
experienced trauma and who: 

     –  Have a Glasgow Coma Scale (GCS) 
>13 

     – Have no neurological defi cit 
     – Have no midline cervical tenderness 
     – Have no painful distracting injury 
     – Are not intoxicated 
     – Do not have unexplained hypotension 
     –  Do not have motor vehicle collision 

(MVC), a fall from a height > 10 ft, 
or non- accidental trauma (NAT) as a 
known or suspected MOI 

     •  Cervical spine radiographs or CT are 
recommended for children who have 
experienced trauma and who do not 
meet either set of criteria above 

     •  Use three-position CT with C1–C2 
motion analysis to confi rm and 
classify the diagnosis in atlantoaxial 
rotatory fi xation (AARF) 

 Level III evidence      •  Use AP, lateral and open mouth 
cervical spine radiographs or CT to 
assess the cervical spine 

     •  Use CT scan with attention to the 
suspected level of injury to exclude 
occult fractures or to evaluate regions 
not adequately visualized on plain 
radiographs 

     •  Flexion and extension cervical 
radiographs or fl uoroscopy are 
recommended to exclude gross 
ligamentous instability when cervical 
instability remains a possibility 

     •  Use MRI to exclude spinal cord or 
nerve root compression, assess 
ligamentous integrity, or provide 
information regarding neurological 
prognosis 
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a b c

  Fig. 28.5    Atlanto-occiptal dislocation.  (a)  Coronal,  (b)  sagittal and  (c)  axial (at C4 level) MRI images demonstrating signifi cant atlanto-occiptal 
dislocation with associate soft tissue swelling       
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  Fig. 28.6    Atlanto-axial rotatory fi xation. CT reconstructions demon-
strating rotatory subluxation of C1 on  (a)  C0 and  (b)  C2 at initial pre-
sentation following 6-weeks of torticollis. After 6-weeks of no 
improvement in a cervical collar, reduction was achieved by traction 
and placement in a halo.  (c)  AP open mouth and  (d)  lateral C-spine 
radiographs with  (e)  coronal CT and  (f)  axial CT to the left then  (g)  
right demonstrated marked improvement after 10 days traction. Check 

dynamic CT at 3-months demonstrates fi xed atlanto-axial subluxation; 
CT  (h)  looking left,  (i)  then right. Neutral CT  (j)  right para-sagittal and 
 (k)  corresponding coronal compared to  (l)  left para-sagittal and  (m)  
corresponding coronal images. Failure of conservative management 
followed by Goel-Harms fusion;  (n)  intraoperative fl uoroscopy,  (o)  
postoperative sagittal and  (p)  axial CT. Postoperative 6-week follow up 
 (q)  lateral and  (r)  AP c-spine radiographs       
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•   Type III
•    Disruption of both transverse and alar ligaments.  
•   Anterior subluxation of both C1 facets.     

•   Type IV (rare)
•    Posterior displacement of C1 relative to C2.  
•   Can only occur if absent or hypoplastic odontoid 

process.       

 Use three-position CT (fi rst with the head in the injured 
position, then turned maximally to the right and then to the 
left) with C1–C2 motion analysis (fl uoroscopy) to confi rm 
and classify the diagnosis for children suspected of having 
AARF [ 12 ,  29 ]. 

 Management depends upon the severity and duration of 
the abnormality: in general types II, III and IV usually 
require surgical stabilisation of the atlanto-axial complex 
[ 2 ]. Minor and acute cases (less than 1 week duration) can be 
treated with soft collar, rest and analgesia. Subsequent 
immobilisation should be proportional to the length of time 
that the subluxation was present before treatment. Surgical 
arthrodesis should be considered for those with irreducible 
subluxations, recurrent subluxations, or subluxations present 
for >3 months duration [ 2 ]. Consider botulin toxin injections 
as an adjunct to conservative treatment [ 30 ]. Hangman’s 
fracture. 

 Traumatic spondylolisthesis of C2 usually occurs in 
 children less than 2 years of age, due to their unique biome-
chanics and large head size. The mechanism of injury consists 
of hyperextension and axial loading that may be secondary to 
NAT (which must be excluded). Treatment consists of gentle 
closed reduction in extension and immobilisation in Minerva 
cast or halo device. If there is non-union or continual instabil-
ity, posterior C1–3 arthrodesis or anterior C2–3 arthrodesis 
show good results [ 18 ]. 

    Lower Cervical Spine Injuries 
 These injuries are more common in older children and ado-
lescents as their spine develops a more adult structure. 
Injuries include posterior ligamentous disruptions, compres-
sion fractures, burst fractures, facet dislocations, spondyloly-
sis and spondylolisthesis. C2–C3 subluxation can cause 
diffi culties in diagnosis due to the similar fi ndings in pseudo-
subluxation at this level. 

 Compression fractures are the most common in this 
region: these are stable fractures which heal with immobili-
sation in a cervical orthosis for 3–6 weeks with fl exion- 
extension radiographs at 2–4 weeks post injury to help 
ascertain fracture stability. The second most common injury 
is facet dislocations, the management of which requires 
reduction with traction or open reduction and arthrodesis. 

 Burst fractures require CT to detect spinal canal compro-
mise from retropulsed fragments and occult laminar frac-
tures and MRI to delineate the state of the spinal cord and 

presence of associated ligamentous injury: halo immobilisa-
tion will be suffi cient if the spinal canal is not compromised. 
Arthrodesis is required, with or without spinal cord decom-
pression where there is canal compromise. If the fracture 
occurs through the endplate (more commonly inferior 
 endplate), the injury is unstable with a high risk of neuro-
logical damage. This requires closed reduction and halo 
immobilisation as the primary treatment. 

 Teardrop fractures can be divided into two categories: 
fl exion teardrop fractures and extension teardrop fractures. 
Flexion teardrop fractures are the most severe fracture of the 
cervical spine. They typically occur as a result of extreme 
fl exion and compression (e.g. diving into a shallow pool) and 
commonly occur at the C5–6 level. They can be associated 
with an anterior cervical cord syndrome and quadriplegia. 
These fractures have been shown in adults to respond well to 
anterior plate stabilisation [ 31 ]. Additional posterior fi xation 
may be required in the presence of posterior oesteoligamen-
tous disruption. In the absence of specifi c paediatric evi-
dence, one should apply sound biomechanical principles 
when deciding on the method of fi xation. 

 Extension type teardrop fractures typically occur follow-
ing forced extension of the neck resulting in avulsion of the 
antero-inferior corner of the vertebral body. They are not as 
severe as the fl exion type and can often be treated 
conservatively.  

    SCIWORA 
 Spinal cord injury without radiological abnormality 
(SCIWORA) is more common in younger children (0–8 years 
old). There is a gradual decline in prevalence of SCIWORA 
as children become older and adopt an adult spinal alignment 
around 8–10 years of age [ 1 ,  8 ,  32 ]. The young spinal col-
umn may stretch up to 5 cm prior to rupture. The spinal cord 
however is tethered superiorly and inferiorly and can there-
fore rupture after only 5–6 mm of traction. 

 This entity was originally described when radiographs 
were the only imaging modality available. Now, due to 
advances in radiology, SCIWORA includes patients with 
neurological signs or symptoms and no abnormalities on 
plain fi lm or CT, but with pathological fi ndings on 
MRI. These can include ligament rupture, disc herniation, 
muscle oedema, complete cord disruption, cord haemor-
rhage and cord oedema [ 1 ,  8 ]. 

 SCIWORA can have a delayed onset of up to 4 days: neu-
rologically normal children with a history of transient neuro-
logical symptoms at the time of injury should be taken 
seriously and monitored closely [ 12 ]. MRI helps to exclude 
lesions that may require emergency decompression, such as 
haematomas and disc herniation, and it serves as a prognos-
ticator for neurological recovery [ 33 ,  34 ]. The upper cervical 
spine is the most commonly affected region in those under 
8 years of age. 
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 SCIWORA is typically managed with external immobili-
sation for up to 12 weeks followed by activity modifi cation 
to allow for healing of presumed ligamentous injury and 
prevent further injury to the spinal cord [ 35 ,  36 ]. 
Disagreement exists in the literature however and some 
authors state that immobilisation with bracing can be dis-
continued once certain criteria have been met. These include 
resolution of spinal tenderness, stabilisation of neurological 
examination and resolution of instability confi rmed on 
imaging (including MRI) [ 35 ].    

    Non-Surgical Management of Cervical Spine 

 Several unique concerns regarding traction in children must 
always be considered before commencing treatment. 
Children have relatively thinner skulls, a lighter body weight, 
more elastic ligaments and less developed musculature: all 
of these increase the potential for over-distraction. CT is rec-
ommended prior to halo placement to assess skull thickness 
and safe areas for pin placement. The most common compli-
cations in children include: pin-site infections requiring anti-
biotics and on going pin-site care; loosening of pins; and 
issues with foreign bodies getting lodged in vests [ 1 ,  2 ,  6 ]. 

 Immobilisation with thermoplastic Minerva orthoses 
rather than halos is favoured in young children as it has been 
demonstrated to provide superior stabilisation at all levels of 
the c-spine with the exception of C1–C2 [ 21 – 24 ]. Children 
as young as 1 year old can be successfully managed with a 
halo device [ 18 ]. 

    Thoraco-Lumbar (TL) Spine Injuries 

 Thoracolumbar spinal injuries are associated with high- 
energy trauma and are less common in children <8 years of 
age due to the unique aspects of development mentioned ear-
lier in this chapter. MVCs are the most common cause of 
injury of the thoracolumbar spine in all age groups. 
Inappropriate seat belt placement can lead to intra- abdominal 
and spinal injuries: up to 42 % of thoraco-lumbar fractures 
are associated with intra-abdominal injury [ 20 ]. 

 The nucleus pulposus in children has a greater water con-
tent and smaller amount of collagen cross-linking than in 
adults. This provides more elasticity and a superior ability to 
dissipate force [ 20 ]. Therefore, when the immature spine is 
compressed, the vertebral body breaks through the endplate 
apophysis (which is formed of generally weaker cartilage) 
before the normal disc gives way, resulting in a Salter Harris 
type fracture. 

 Depending on the mechanism of injury and the skeletal 
maturity of the child, these fractures have a greater propen-
sity to heal and remodel [ 20 ]. True fracture lines are seldom 

seen in the young child prior to puberty [ 5 ]. Table  28.1  sum-
marises the epidemiological features of TL spine injuries. 

 In adults, health professionals use the Thoracolumbar 
Injury Classifi cation and Severity Score (TLICS) to help 
provide better predictions of surgical intervention and out-
comes [ 20 ]. 

 The TLICS is based on:

    1.    Morphology of the injury.   
   2.    Integrity of the posterior ligamentous complex.   
   3.    Neurological status.     

 If the score is >4, surgical intervention should be consid-
ered. Conservative management is advocated at <4. 
Unfortunately, at the time of writing, there is no published 
paediatric equivalent and there is minimal data on its use on 
a paediatric population.  

    Compression Fractures 

 These are the most common type of fracture in the TL region 
and are caused by fl exion and axial loading, usually as the 
result of low-energy mechanisms including falls and sport-
ing injuries [ 20 ]. Use lateral radiographs to view the anterior 
vertebral body and to identify non-contiguous/contiguous 
fractures, as these are common. They are typically stable 
fractures with no neurological injury. If, however, >50 % of 
the anterior height is lost consider MRI as there may be dis-
ruption of the posterior elements. If the fracture is isolated, it 
may require TLSO brace immobilisation and activity modifi -
cation for 6–8 weeks. In the scenario of multiple fractures 
with kyphosis, posterior spinal fusion should be considered.  

    Burst Fractures 

 These occur from axial loading which forces the nucleus 
pulopsus into the vertebral body. Retropulsion of bone frag-
ments, and lamina fracture fragments, into the spinal canal 
may produce neurological defi cits and biomechanical insta-
bility [ 20 ]. CT imaging is used to assess the posterior ele-
ments and the retropulsed fragments whilst MRI allows 
assessment of the posterior ligamentous complex to identify 
unstable injuries. If the injury is deemed stable and there is no 
progressive neurological defi cit, treat with hyperextension 
casting or TLSO bracing for 8–12 weeks. If surgical stabilisa-
tion is required, the options include anterior corpectomy and 
strut grafting with anterior or posterior spinal instrumentation 
and fusion, or posterior spinal instrumentation and fusion 
with indirect or direct spinal canal decompression. 

 Current evidence suggests no difference in functional out-
come for both operative and non-operative management in 

M. Harris et al.



273

burst fractures and the risk of SCI does not actually correlate 
with the degree of canal compromise. It is believed that neu-
rological damage actually occurs at the time of injury and 
not to on going compression caused by retropulsed frag-
ments: ‘surgical clearance’ of the canal does not necessarily 
affect the neurological outcome [ 37 ,  38 ]. It is important how-
ever to consider the development of post-traumatic kyphosis 
in the paediatric population: this has been shown to have a 
better outcome with a surgical management [ 39 ].  

    Flexion-Distraction Injuries (Chance Fractures) 

 These injuries are classically caused by a lap belt and up to 
40 % are associated with visceral or head injuries [ 20 ]. The 
presence of the “seat belt sign” should always raise suspicion 
of a Chance fracture and associated intra-abdominal injury 
[ 24 ]. They most commonly occur between L1 and L3 but can 
occur at L4. They result in bony or ligamentous disruption of 
the posterior elements with anterior compression and distrac-
tion. They can be purely osseous, purely ligamentous or a 
combination of both involving just one or multiple levels [ 5 ]. 

 If there is primarily bone involvement rather than liga-
mentous damage and no intra-abdominal injury, treat with a 
hyperextension cast or TLSO brace for 8 weeks. Standing 
radiographs whilst wearing the brace or cast must be obtained 
prior to discharge to ensure stable alignment. If however 
ligamentous injury predominates or acceptable alignment for 
purely osseous fractures cannot be obtained, manage with 
posterior spinal instrumented fusion [ 20 ,  24 ,  40 ].  

    Fracture Dislocations 

 Fracture dislocations are very unstable. They result from 
shearing and/or rotational displacement of the spinal column, 
often caused by blunt trauma. They are commonly associated 
with spinal cord injury and require posterior instrumentation 
and fusion to help maintain cord function, aid rehabilitation 
and allow sitting upright. Children display better recovery 
than adults. Unfortunately, however, children under 10-years-
of-age with complete spinal cord injury almost always 
develop a paralytic scoliosis resistant to bracing. Vigilant 
follow-up of this cohort is therefore mandatory.  

    Apophyseal Injuries 

 These are unique to the paediatric population, most typically 
presenting in the adolescent male spine (10–14 years) sug-
gesting the vertebral endplate is more susceptible during this 
phase of rapid growth. This injury is comparable to slipped 
upper femoral epiphysis (SUFE) [ 5 ]. They result from 

 separation of the vertebral apophysis from the spongiosa 
layer of the vertebral body [ 20 ] commonly following lumbar 
fl exion injury and cause the posterior portion of the ring 
apophysis to fracture (through the hypertrophic zone) and 
displace into the spinal canal. Presentation is similar to disc 
herniation with low back and radicular leg pain. In the 
absence of neurological defi cit or cauda equina syndrome, 
these injuries are treated with anti-infl ammatories, physio-
therapy and TLSO bracing for 8 weeks. Surgical decompres-
sion is required in the presence of refractory pain or 
deteriorating neurological signs.  

    Spondylolysis and Spondylolisthesis 

 Isthmic spondylolysis occurs in approximately 4–6 % of 
Caucasian children. It can result from an acute fracture but 
more often is secondary to fatigue fractures through the pars 
interarticularis caused by repetitive microtrauma. It is more 
common in those who partake in hyperextension activities 
such as gymnastics or cricket. Most commonly it occurs at 
L5 (85–95 %), and less often at L4. Spondylolysis is usually 
asymptomatic but may present with focal lower back pain, 
with or without radiculopathy. 

 Plain radiographs are useful but often will not identify a 
pars defect. CT best defi nes the lesion but MRI is the preferred 
modality as there is no radiation exposure. Oblique radio-
graphs can reveal the typical “scotty dog” of Lachapelle and 
can be a helpful visual aid: however, these emit high doses of 
radiation and are therefore being phased out. Spondylolisthesis 
occurs in a signifi cant proportion of those with spondylolysis 
presenting with activity related lower back pain, radicular 
symptoms and neurological defi cit. Examination fi ndings 
include reduced/painful lumbar extension, hamstring tightness 
and a step off deformity with high- grade slips. 

 The lack of large-scale controlled trials makes it diffi cult 
to defi ne optimal treatment. General principles for the man-
agement of proven pain due to spondylolysis include activity 
modifi cation, physiotherapy and bracing; surgical in-situ 
fusion is reserved for patients who fail such treatment. Partial 
reduction with decompression and interbody fusion has been 
advocated for progressive and high-grade slips, but the 
patient must be warned about potential intraoperative neuro-
logical deterioration. All children or adolescents with symp-
toms due to spondylolysis, especially those under 10 years of 
age, should be followed closely for progression to 
spondylolisthesis.  

    Thoracolumbar Injury Management 

 As a rule of thumb, many stable fractures can be managed 
conservatively whereas unstable fractures require surgical 
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stabilisation. Different braces exist for thoraco-lumbar 
immobilisation: thoracolumbosacral orthoses (TLSO) or 
Jewett braces (if hyperextension is required) and sterno- 
occipito- mandibular immobilisers (SOMI) can be used in 
conjunction with TLSO for upper thoracic spine 
fractures. 

 Early surgical treatment, instrumentation and fusion are 
mandatory for unstable fractures and injuries associated with 
spinal cord injury. Surgical stabilisation for unstable lumbar 
fractures can often be managed via a posterior approach 
[ 41 ]. Adolescents can be stabilised with adult-type instru-
mentation. As mentioned previously, the paediatric spine 
develops an adult-like form between 8 and 10 years. Younger 
children have smaller pedicles therefore pedicle screw place-
ment may be challenging.   

    Late Complications of Paediatric Spinal 
Injuries 

 Unlike the adult spine, children have a propensity to heal and 
remodel and therefore have more favourable long-term out-
comes following spinal trauma [ 41 ]. However, it is important 
to note that the majority of children who experience spinal 
cord injury before their growth spurt, develop spinal defor-
mities: girls under 12 years and boys under 14 years of age 
are at high risk of developing paralytic scoliosis and there-
fore must followed up closely [ 5 ,  20 ]. Children with more 
proximal injuries are more likely to have a progressive defor-
mity then those injured at or below the level of the conus 
medullaris [ 5 ]. 

 Evidence for the role for prophylactic bracing is unclear. 
It has been suggested that bracing coronal curves <10° may 
prevent the need for surgical correction and delay surgery in 
curves between 10° and 20° [ 30 ]. Unfortunately, bracing 
curves >20° is unlikely to be successful in controlling curve 
progression in patients with SCI [ 30 ,  36 ]. 

 Deformity correction in SCI is often complicated by poor 
wound healing secondary to the lack of protective sensation 
and wound contamination from urinary/faecal incontinence 
[ 20 ]. Laminectomy is associated with signifi cant 

 post- operative kyphosis and, if absolutely necessary, should 
be accompanied by a short segment spinal fusion [ 5 ].  

    Conclusion 

    Spinal trauma in paediatric patients is uncommon but 
may lead to substantial morbidity and mortality.  

  Children require special attention due to unique 
 features of their anatomical development. Children 
acquire a more adult-like spine beyond 8–10 years of age.  

  Never overlook NAT as a possible mechanism of  spinal 
injury in children.  

  A large head size in comparison to the body, elastic 
spine and differing biomechanics means cervical spine 
injuries predominate in younger children.  

  Initial immobilisation should include a spinal board 
with an occipital recess or thoracic elevation in those chil-
dren less than 8 years of age.  

  SCIWORA is more common in children and should 
always be suspected in those who have transient neuro-
logical signs and symptoms. SCIWORA has been reported 
up to 4 days post-injury.  

  Careful consideration of radiological modalities is fun-
damental. Although adult protocols exist, there is a gen-
eral lack of evidence for their use in young children. The 
need for paediatric imaging protocols is urgent and should 
be the mainstay of future developments.  

  There is a lack of a validated thoraco-lumbar classifi -
cation to guide management and aid prognosis. The appli-
cation of thoracolumbar classifi cation systems to children 
deserves the attention of future research.  

  In general, children pose a challenge to spine surgeons 
because of their immature bone quality, extensive ana-
tomical variability, and smaller osseous structures.  

  Whilst children have a greater propensity to heal and 
remodel, they have specifi c long-term sequelae that must 
be closely monitored and if possible corrected.  

  Currently, management should be individualised on a 
case-by-case basis with the local resources and skills of 
the surgeon taken into account.  

  A summary of recommendations is provided in 
Table  28.5 .   
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      Evidence-Based Treatment 
of Congenital Clavicular Pseudarthrosis                     

     James     S.     Huntley    

    Abstract  

  Clavicular pseudarthrosis is a rare condition. Its natural history is not well established, as to 
the risks of progression in size, deformity or pain. It is known that it does not heal spontane-
ously. Operative indications, best age for surgery and principles/type of surgery are not 
agreed; there is a diversity of opinion on all these aspects. An assessment of the literature 
defi nes the paucity of evidence. There are only 3 level III studies (all of which have small 
numbers and possible confounders, limitations suffi cient to warrant downgrading their qual-
ity of evidence). Furthermore, the conclusions of two of the retrospective comparative stud-
ies, in terms of superior results from type of fi xation (plate or intramedullary wire), are 
contradictory. There are 16 case series of note (level IV). Although there is little by way of 
concrete recommendation, it is hoped that this analysis and summary can aid pragmatic and 
considered decision-making when encountering a patient with this diagnosis.  

  Keywords  

  Congenital   •   Clavicular pseudarthrosis   •   Cleidocranial dysostosis  

      Introduction 

 Congenital clavicular pseudarthrosis is a rare condition, fi rst 
described in 1910 [ 1 ], with, as of 2011, less than 200 cases 
reported [ 2 ]. The most common presentation is of a painless, 
non-tender mobile lump over the right clavicle [ 3 ]. The dif-
ferential diagnosis includes neonatal clavicle fracture, bra-
chial plexus palsy, osteomyelitis (congenital syphilis), 
cleidocranial dysostosis and neurofi bromatosis [ 2 ]. The 
diagnosis can usually be made reliably on the basis of the 
history, examination and plain fi lms. Occasionally a pseud-
arthrosis may be associated with a thoracic outlet syndrome 
[ 4 ]. If the diagnosis is in doubt, CT scanning can be a useful 
aid [ 5 ]. 

 The vast majority of clavicular pseudarthroses are on the 
right side, though it can occur bilaterally. Occasionally there 

is a positive family history. This has prompted the assertion 
that a genetic link is likely in some cases [ 6 ,  7 ]. The aetiol-
ogy is thought to be related to abnormal embryogenesis [ 6 ], 
possibly involving the position/effect of the right subclavian 
artery [ 8 ]. 

 In 1963, Alldred [ 3 ] was able to collect a case series of 9 
patients, and to comment on a further two from the literature. 
In his opening paragraph he surmised: ‘ The case histories of 
these children indicate that the condition is not well-known, 
that its natural history has never been adequately recorded 
and that advice given to parents has often been based on 
speculation ’. Little has changed over the intervening 
half-century.  

    Questions 

 Three key questions were identifi ed:

    1.    What is the natural history of congenital clavicular 
pseudarthrosis?   
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   2.    What is the best treatment for congenital clavicular 
pseudarthrosis?   

   3.    What is the best timing for operative treatment of con-
genital pseudarthrosis?      

    Search Strategy 

 The Pubmed database was searched using the following strat-
egy (accessed 20/09/2015): ((“clavicle”[MeSH Terms] OR 
“clavicle”[All Fields]) AND (“pseudarthrosis”[MeSH Terms] 
OR “pseudarthrosis”[All Fields] OR “pseudoarthrosis”[All 
Fields])) OR ((“clavicle”[MeSH Terms] OR “clavicle”[All 
Fields]) AND (“pseudarthrosis”[MeSH Terms] OR 
“pseudarthrosis”[All Fields])) OR ((“clavicle”[MeSH 
Terms] OR “clavicle”[All Fields] OR “clavicular”[All 
Fields]) AND (“pseudarthrosis”[MeSH Terms] OR 
“pseudarthrosis”[All Fields])) OR ((“clavicle”[MeSH Terms] 
OR “clavicle”[All Fields] OR “clavicular”[All Fields]) AND 
(“pseudarthrosis”[MeSH Terms] OR “pseudarthrosis”[All 
Fields] OR “pseudoarthrosis”[All Fields])) 

 This yielded 270 references. Titles, abstracts and – where 
relevant – papers, were reviewed, allowing elimination of 
articles referring to diagnoses other than congenital clavicu-
lar pseudarthrosis. Single case reports were also excluded 
from the main analysis. This yielded 19 papers: 3 level III 
retrospective comparative studies, and 16 level IV case 
series. Searches of the Cochrane controlled trials register and 
Cochrane database (accessed 28/09/2015) did not provide 
additional relevant material. The 19 studies are summarized 
in Table  29.1 .

       What Is the Natural History of Congenital 
Clavicular Pseudarthrosis? 

 The natural history of this condition remains unclear in 
absolute terms, though some lesions enlarge with time and/
or become painful. Others remain painless throughout life 
with no functional defi cit [ 25 ]. Once identifi ed, there is no 
record of spontaneous fusion/resolution [ 14 ,  16 ]. Pooling 
the numbers from the 19 studies above (which excludes 
single case reports) yields a total of 190 patients, of whom 
61 were treated conservatively. Given that this data set 
largely represents ‘surgical’ series, and even when the stud-
ies identify patients treated non-operatively there is the 
potential for selection bias, it seems likely that the propor-
tion identifi ed as being treated non-operatively (61/190) is 
an underestimate. Moreover, given the limitations on fol-
low-up, there is little information as to the ‘success’, or 
otherwise, of non-operative treatment. Therefore there is 
little evidence  per se  to guide the surgeon or parents of a 

child with an  asymptomatic  congenital clavicular 
pseudarthrosis.  

    What Is the Best Treatment for Congenital 
Clavicular Pseudarthrosis? 

 As outlined above, it is diffi cult to advise children and par-
ents as to the natural history of such a pseudarthrosis. On 
this basis, for asymptomatic lesions, it is unclear if surgery 
should be advised. There are substantial operative risks 
including failure (infection and non-union), anticosmesis 
and other complications – including post-operative brachial 
plexopathy [ 26 ]. A balanced opinion is that of Quinlan et al. 
[ 20 ] who suggested that surgery is indicated only if there 
is increasing deformity or pain. However, earlier surgery at 
infant age has been advocated by some (see next section). 

 Types of surgery advocated include subperiosteal exci-
sion of pseudoarthrosis ± bone graft (itself structural/non- 
structural) ± fi xation, usually by either plate or wire (K-wire/
threaded pin). 

 The retrospective comparative study of Chandran et al. [ 9 ] 
concerned 10 patients treated by surgery involving pseudar-
throsis resection, iliac bone grafting and fi xation, either by 
plate or intramedullary wire (fi xation mode defi ning the two 
groups considered). The median age (5 years) was similar 
between the two groups. Although they observed that the 
median time to healing was shorter in the reconstruction plate 
group, there were insuffi cient numbers for statistical analysis 
of difference. It is of note that one patient in in the plate group 
achieved union only at 22 months post procedure, whereas a 
non-union was defi ned at 8 months in the wire group. 
Furthermore, no indication was given as to reasons for select-
ing one form of fi xation (plate vs. wire) over the other – it is 
possible, for instance, that the size of segmental defect (and 
equivalent bone graft size) post excision might prejudice the 
surgeon in favour of a particular mode of fi xation. Their con-
clusion that ‘ Plate fi xation achieved more reliable union 
quicker and with fewer complications compared to pin ’ is 
therefore subject to major reservations, and is in contradis-
tinction to the series of Persianni et al. 2008 (below). 

 Persianni et al. (Persianni et al. [ 11 ]) treated 17 patients 
by surgery involving pseudarthrosis excision, with iliac bone 
graft in 12, and fi xation (9 by plate and 8 by K-wire). There 
were fi ve complications requiring revisional surgery: with 
(3/12) or without (2/5) bone graft, with plate (4/9) or wire 
(1/8) at index surgery. They found a lower reoperation rate 
and better results when the initial mode of fi xation was a 
wire (compared to a plate). Similar to the study by Chandran 
et al. [ 9 ], the numbers were so small as to preclude any anal-
ysis of signifi cance, and no indication was given as to  reasons 
for initially selecting one form of fi xation over the other. 
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    Table 29.1    Summary of case series and retrospective comparative studies concerning congenital clavicular pseudarthrosis management   

 Paper  Design  Number patients  Details/results  LoE 

 Chandran et al. [ 9 ]  Retrospective comparative 
study 

 12  2 no treatment 
 10 patients underwent operative 
treatment (median age in both groups 
was 5 years): 
 Group A (fi ve patients): excision + 
iliac BG + fully threaded pin 
 Group B (fi ve patients – one with 
bilateral pseudarthroses): excision + 
iliac BG + reconstruction plate 
 2 failures of surgery – both in group 
A: one with non-union, one with 
wound breakdown and infection 

 III 

 Elliot and Richards [ 10 ]  Case series  2  Both patients (both aged 5 years) 
were treated surgically with resection, 
Tutobone (bovine cancellous 
xenograft) and IF (with 3.5 mm 
reconstruction plate) 
 Both failed with ‘ signifi cant osteolysis 
and failure of incorporation of the 
graft ’ 

 IV 

 Persiani et al. [ 11 ]  Retrospective comparative 
study 

 17  All 17 were treated surgically; 12 
with BG (iliac crest); 9 with plate 
fi xation, 8 with Kirschner wire 
fi xation 
 Operative age {mean (range)} was 5.8 
(4–7.5) years and 6.4 (5.25–7.6) in 
the plate and K-wire groups 
respectively 
 Five patients (4 with plate, 1 with 
K-wire) required a secondary 
procedure in their grading system, 11 
patients achieved a good result (4 
with plate, 7 with K-wires), 3 patients 
achieved a fair result (2 with plates, 1 
with K-wire), 3 patients had a poor 
result (all with plate) 

 III 

 Ullot Font et al. [ 12 ]  Case series  9  4 no treatment 
 5 treated with resection + iliac 
BG + IF (4 with plate and one with 
threaded pin); mean operative age, 
8.4 years; range 5–14 years 
 One patient (the one with threaded 
pin) required early removal 
metalwork because of protrusion 

 IV 

 Ettl et al. [ 13 ]  Case series  3  All 3 were treated surgically 
(operative ages: 4, 6, 8 years) by 
resection + BG + reconstruction plate; 
mean follow-up 44 months 
 No failures of surgery 

 IV 

 Lorente Molto et al. 
[ 14 ] 

 Case series  6  1 no treatment 
 5 treated surgically (1 bilateral; ages 
18 month to 4 years) with BG + IF 
with K-wire 
 All healed by 6–8 weeks 

 IV 

(continued)
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Table 29.1 (continued)

 Paper  Design  Number patients  Details/results  LoE 

 Cadhilac et al. [ 15 ]  Retrospective comparative 
study 

 25  8 treated non-operatively 
 17 treated surgically (at mean age 
6 years 4 months; mean age at end 
follow-up 11.5 years) with resection 
and internal fi xation with wire or 
plate: BG [ 6 ], no BG [ 1 ] 
 Non-union: 0/9 in BG group, 3/8 in 
no BG group 

 III 

 Koster et al. [ 16 ]  Case series  2  2 treated operatively by resection + 
BG + IF with K-wire 
 Both successful, with union at 
8 weeks 

 IV 

 Price and Price [ 7 ]  Case series  2 (father and daughter)  Father previously operated on aged 
10 years – unsuccessfully 

 IV 

 Schoenecker et al. [ 17 ]  Case series  5  All 5 treated surgically: resection, BG 
and IF with plate for all (BG: 4 from 
iliac crest, 1 local) 
 Consolidation at average 3 months for 
all; MW removed at average 
16 months post-op; average FU 
4 years; all full function 

 IV 

 Grogan et al. [ 18 ]  Case series  8  All 8 were treated operatively [of 
note, at operation, 6 of the 8 were 
<2.5 years age; one was 5 years; one 
was 6 years]: 
 Resection with maintenance of 
periosteal sleeve [there was no BG 
(though resected bone was placed 
around the approximated bon ends); 
no IF was used except for a loop of 
absorbable suture, threaded through 
bicortical drill holes on either side of 
the defect, to ‘ loosely bring the bone 
ends togther ’]. 
 All were fully healed by 14 weeks 

 IV 

 Schnall et al. [ 19 ]  Case series  6  All 6 were treated surgically by 
resection, BG and IF [5 with plate 
(mean operative age 10 years, range 
4–15.5 years), 1 with wire (4.5 years)] 
 All healed; no surgical failures 

 IV 

 Quinlan et al. [ 20 ]  Case series  4  1 no treatment 
 3 treated surgically (ages 4, 4.5, 6): 
excision [ 3 ], BG [ 21 ], wiring [ 22 ] 
 No surgical failures 

 IV 

 Toledo and MacEwen 
[ 26 ] 

 Case series  10  6 no treatment 
 4 treated surgically (ages not 
ascertainable from manuscript): 
excision + BG + Steinmann pin 
 1 acute neurological compromise 
(termed ‘ massive neuropraxia of the 
brachial plexus ’) necessitating 
immediate removal of internal 
fi xation 

 IV 

 Ahmadi and Steel [ 22 ]  Case series  5  3 no treatment 
 2 treated surgically (operative ages 5 
and 6 years) with excision, BG + IF 
(IM pin) 
 No surgical failures 

 IV 

(continued)
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These reservations downgrade the quailty of evidence [ 27 ] 
and the confi dence in any conclusions. 

 Cadhilac et al. [ 15 ] reported 17 patients treated surgically 
(mean age, 6 years 4 months; mean age at end follow-up, 
11.5 years) with resection and internal fi xation with wire or 
plate, with [ 6 ] or without bone graft [ 1 ]. They reported a 
non-union rate of 0/9 and 3/8, with and without bone graft, 
respectively. This suggests that bone graft is a useful compo-
nent of the surgery in this age group. 

 Conversely, Grogan et al. [ 18 ] reported full union in 8 
patients after resection and cerclage suturing with no addi-
tional bone grafting. Of note, 6 of their patients were 
<2.5 years age. They commented that ‘ children undergoing 
surgery before age 3 years probably do not require tempo-
rary internal fi xation. ’ 

 In addition to the above studies, there is an array of case 
series documenting impressive results for pseudarthrosis 
resection with bone-grafting and internal fi xation with either 
plate [ 12 ,  13 ,  17 ,  19 ] or wire [ 6 ,  14 ,  16 ,  22 ,  24 ,  26 ]; although 
the case series here have been accorded to plate or wire by 
the predominant fi xation mode employed, those series of 
Schnall et al. [ 19 ] and Ullot Font et al. [ 12 ] contained 1 
patient apiece in whom a wire was used, and that of Gibson 
and Carrol [ 6 ] contained 1 patient in whom a plate was used 
(see Table  29.1 ). 

 As regards plating, and strictly outwith the scope of 
this review (case report of a single patient), Sloan and 
Paton [ 5 ] advocated use of a reconstruction locking plate, 
which allowed for appropriate contouring, and the use of 

unicortical screws to minimise the risk of local neurovas-
cular complications. 

 The experience of Elliot and Richards [ 10 ], attempting to 
obviate the need of iliac crest autograft, involved failure in 
2/2 patients in whom clavicular reconstruction was attempted 
using Tutobone (bovine cancellous xenograft) rather than 
autogenous bone graft, with failure and substantial osteoly-
sis. They therefore caution against the use of such material.  

    What Is the Best Timing for Operative 
Treatment of Congenital Pseudarthrosis? 

 As to timing of surgery, Gibson and Carroll (1970) [ 6 ] advo-
cated deferring operation until pre-school (4–5 years) age, 
on grounds of technical ease at this stage. On the basis of 
progressive changes, Persiani et al. [ 11 ] recommended 
‘early’ operation in  all  cases (but failed to specify a preferred 
age range). As above, Grogan et al. [ 18 ] reported full union 
in 8 patients after resection and cerclage suturing with no 
additional bone grafting, and 6 of their patients were 
<2.5 years age. They commented that ‘ children undergoing 
surgery before age 3 years probably do not require tempo-
rary internal fi xation .’ 

 Lorente Molto et al. [ 14 ] presented a case series of 6 
patients, treated surgically by resection, bone graft and inter-
nal fi xation with K-wire in patients between 18 months and 
4 years (healing of all by 6–8 weeks). In this age-group, they 
held that only minimal bone graft was required because of 

Table 29.1 (continued)

 Paper  Design  Number patients  Details/results  LoE 

 Gibson and Carroll [ 6 ]  Case series  27  13 no treatment 
 14 treated surgically (mean operative 
age, 10 years.; range, 2–19 years): 11 
BG, 8 with K-wires and 1 with 
compression plate (one unspecifi ed 
type of surgery) 
 3/14 failure of surgery 

 IV 

 Wall [ 23 ]  Case series  5  Conservative treatment recommended  IV 

 Owen [ 24 ]  Case series  33  13 no treatment 
 20 treated surgically: 
 (16 BG, 4 excision; 10 with wire or 
Rush pin) 
 1/20 non-union 

 IV 

 Alldred [ 3 ]  Case series  9  4 no treatment 
 5 treated surgically (age range 
2–16 years): resection [ 9 ] + IF (IM 
pin (3), encircling wire [ 22 ]) + BG (4; 
iliac (1), tibial [ 22 ], rib [ 22 ], local 
chips [ 22 ]) 
 1 treatment failure in 2 year-old; and 
1 further non-union (presumably 
intentional, in 16 year-old managed 
by resection alone) 

 IV 

   IF  internal fi xation,  BG  bone graft,  IM  intramedullary  
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the remodeling capacity. They advocated ‘ early surgical 
treatment… … during infancy or early childhood ’, the ratio-
nale being that, in their young group, they found union to be 
achieved in a short time, with only K-wire fi xation. 

 The small case series of Grogan et al. [ 18 ] and Lorente 
Molto et al. [ 14 ] above could be held to support operation in 
infancy. The diffi culty is in establishing at an early stage 
which patients would progress to become symptomatic in the 
future, and offset numbers needed to treat against the risks of 
the procedure.

       Conclusion 

 Given the rarity of this condition, it is unsurprising there 
are only small retrospective comparative studies, case series 
and single case reports (these latter being excluded). Only 
three studies could be termed comparative, all with num-
bers below threshold for statistical analysis and with mul-
tiple possible confounders, mandating downgrading of the 
quality of evidence [ 27 ]. Two of these studies [ 9 ,  11 ] had 
contradictory conclusions over the superior mode of fi xa-
tion (wire vs. plate) in children of around 5 years of age. In 
the future, it remains to be seen whether other techniques 
applied generally to segmental bone defects, such as that 
of Masquelet (which has been applied successfully to pae-
diatric clavicle pseudarthrosis on a case report basis [ 28 ]) 
give any advantage over the more established techniques. 
Recommendations and their grades are given in Table  29.2 .      
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      Evidence-Based Treatment 
of Sprengel Deformity                     

     Talal     Ibrahim      and     Abdelsalam     Hegazy    

    Abstract  

  Various surgical procedures have been proposed for Sprengel deformity with the goal of 
improving shoulder function and cosmesis. They fall into two main categories: i) release of 
any omovertebral connection with resection of part of the scapula without an attempt to 
relocate the scapula, and/or ii) surgical procedures to relocate the scapula by muscle detach-
ment at their origin or insertion with re-implantation. The indication for surgery, time of 
intervention, type of surgery are often based on surgeon’s preference and expertise rather 
than evidence. A literature search revealed a small number of case series (level IV studies) 
with short to medium follow-up which preclude clear recommendation to aid decision mak-
ing. In this chapter, we have summarised the available evidence and reported outcomes of 
the various surgical interventions for Sprengel deformity.  

  Keywords  

  Sprengel deformity   •   Congenital elevation of the scapula   •   Undescended scapula   •   Congenital 
anomaly of the shoulder   •   Woodward procedure   •   Green procedure   •   Mears Technique   • 
  Scapula osteotomy  

      Introduction 

 Sprengel deformity is defi ned as the congenital elevation of 
the scapula and is the most common congenital anomaly of 
the shoulder girdle [ 1 ,  2 ]. Although Eulenberg was the fi rst to 
describe the deformity in 1863 [ 3 ], the name of the deformity 
has been attributed to Sprengel after the report of four cases 
in 1891 [ 4 ]. The scapula fails to descend between the 9th and 
12th weeks of intrauterine life to its normal position leaving 
the scapula hypoplastic associated with abnormal develop-
ment of the soft tissue in the shoulder girdle [ 5 ,  6 ]. The 
periscapular muscles are hypoplastic and develop contrac-
tures with time [ 7 ,  8 ]. In addition, the scapula is rotated 
medially with the inferior angle medialised and the glenoid 
facing inferiorly. Another anomaly associated with Sprengel 

deformity is the omovertebral connection extending from the 
superomedial border of the scapula to the cervical spine [ 6 , 
 7 ]. The omovertebral connection has been reported to be 
present in approximately one-third of the patients with 
Sprengel deformity [ 6 ,  9 ,  10 ] and can be fi brous, cartilagi-
nous or osseous. Furthermore, other associated abnormali-
ties such as scoliosis, rib anomalies, torticollis and renal 
anomalies may be present [ 10 ,  11 ]. The aetiology and patho-
genesis of this congenital deformity including the presence 
of the omovertebral connection remain unknown. 

 The main clinical features of Sprengel deformity include 
cosmetic deformity and functional shoulder limitation partic-
ularly abduction. The cosmetic deformity has been classifi ed 
by Cavendish [ 10 ] and does not consider shoulder function as 
part of the grading system (Table  30.1 ; Figs.  30.1  and  30.2 ).
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         Treatment 

 The decision of treatment of Sprengel deformity depends on 
several factors such as the cosmetic appearance (Cavendish 
grade – Table  30.1 ), functional shoulder impairment, pres-
ence of other anomalies, unilateral or bilateral deformities 
and the age of the patient.  

    Nonsurgical Treatment 

 Non-surgical treatment has been recommended for patients 
with mild Sprengel deformity. Non-surgical treatment 
includes modalities such as physiotherapy to improve the 

shoulder range of motion and prevent any torticollis. In the 
classic Cavendish study [ 10 ], different grades of Sprengel 
deformity were treated non-surgically. The study concluded 
that very mild (grade I) Sprengel deformity patients do not 
confer a worthwhile benefi t with surgery. However, 34 of the 
66 (52 %) patients treated non-surgically in the study were 
Cavendish grade II, III and IV Sprengel deformities [ 10 ]. 

 Farsetti et al. [ 12 ] reported the long-term follow-up of 15 
patients with Sprengel deformity treated non-surgically. At a 
mean follow-up of 26 years (range: 10–55 years), the fi nal 
mean shoulder abduction was 125° (range: 90°–160°) and 
did not change over time. In addition, all patients were 
Cavendish grade I and II at fi nal follow-up and remained in 
their same grade over time and were satisfi ed with the cos-
metic outcome.  

    Surgical Treatment 

 Multiple surgical procedures have been described for the 
treatment of Sprengel deformity. The aim of surgical proce-
dures is to lower the position of the scapula with respect to 
the chest wall with resection of the omovertebral connection 
if present. Soft tissue surgical procedures described in the 
literature include the release of either the muscular insertions 
at the medial border of the scapula or the corresponding ori-
gins with a relocation of the scapula inferiorly. Ross and 
Cruess [ 11 ] reported better results in patients whom undergo 
scapula relocation surgery compared to scapula excision in 
terms of both shoulder function and cosmesis. 

 The main goals of surgery for Sprengel deformity are to 
improve cosmetic appearance and shoulder function. Some 
authors believe that the cosmetic outcome is more impor-
tant than the functional outcome for the majority of surgical 
procedures. The results of surgical treatment can be com-
plicated by malformations and contractures of the soft tis-
sue. Lowering the scapula to the level of the normal side is 
not advocated because of the increased risk of brachial 
plexus palsy. The optimal age for surgery remains contro-
versial but has been suggested to be between 4 and 6 years 
old [ 1 ,  6 ,  13 ]. 

 The most common surgical treatment for Sprengel defor-
mity are the Woodward and Green procedures. A third cate-
gory includes scapula osteotomies. 

    Table 30.1    Cavendish classifi cation   

 Grade  Description 

 Grade I (very mild)  Shoulder joints are level and the deformity is invisible when the patient is dressed 

 Grade II (mild)  Shoulder joints are level or almost level but the deformity is visible when the patient 
is dressed as a lump in the web of the neck 

 Grade III (moderate)  Shoulder joint is elevated 2–5 cm and the deformity is easily visible 

 Grade IV (severe)  Shoulder is much elevated with the superior angle of the scapula near the occiput, 
with or without neck webbing 

  Fig. 30.1    Clinical photograph of a child with Sprengel shoulder       
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    Woodward Procedure 

 The Woodward procedure was fi rst described in 1961 and is 
stated more frequently in the literature than any other surgi-
cal procedure for Sprengel deformity [ 14 ]. In the Woodward 
procedure, the trapezius, rhomboid and levator scapulae 
muscles are detached from their origin along the spinous pro-
cesses. The scapula is lowered and derotated with reattach-
ment of the muscle to the spinous processes in a more inferior 
position. The muscles attached on the superior and medial 
borders of the scapula are refl ected extraperiosteally. The 
procedure is accompanied with excision of any omovertebral 
connection present and a clavicle osteotomy if required. 

 Walstra et al. [ 15 ] reviewed seven patients (eight shoul-
ders) who underwent the Woodward procedure and reported 
the long-term results at three different time intervals. The 
mean age at the time of surgery was 8.75 years (range: 3.4–
15.1 years). At a mean follow-up of 13.5 years (range: 
8–26 years), the mean shoulder abduction improved by 56° 
(range: 95°–175°). Cosmesis improved by at least one grade 
on the Cavendish scale in all patients. Other outcome mea-
sures such as the Constant, the DASH (Disabilities of the 
Arm, Shoulder and Hand) scores and simple shoulder test 
were also recorded. No long-term complications occurred in 

this case series. The authors concluded that the Woodward 
procedure is effective in improving shoulder function and 
cosmetic appearance in patients with Sprengel deformity in 
the long-term. 

 Similarly, Siu et al. [ 16 ] reviewed eight patients (nine 
shoulders) who underwent the Woodward procedure. At a 
mean follow-up of 113 months (range: 78–140 months), the 
mean shoulder abduction was 157° (range: 125°–180°). 
Cosmesis improved signifi cantly on the Cavendish scale and 
all patients were satisfi ed with the results. The Constant 
score was also recorded for the patients. No complications 
were noted in this case series. 

 Other case series in the literature report the results of the 
Woodward procedure with satisfactory improvement in the 
mean shoulder abduction and cosmetic appearance accord-
ing to the Cavendish grade [ 1 ,  6 ]. 

    Modifi cations of the Woodward Procedure 

   Borges et al. 
 Borges et al. [ 13 ] modifi ed the original Woodward procedure 
by adding an excision of the medial border of the scapula and 
resection of the supraspinatous portion of the scapula. Borges 
et al. [ 13 ] reviewed the long-term results of 15 patients (16 

  Fig. 30.2    Radiological fi ndings in Sprengel shoulder. Plain radiographs and 3D CT-scan of a child with a right Sprengel shoulder. The right 
scapula is high riding. Cervical vertebrae fusion ( dashed arrows ) and omovertberal bony connection ( solid arrow )       
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shoulders) in their original study who underwent the modi-
fi ed Woodward procedure. The mean pre-operative shoulder 
abduction was 115° (range: 90°–160°). At a mean follow-up 
of 8 years (range: 3.2–15 years), the mean shoulder abduc-
tion was 150° (range: 100°–180°). Cosmesis improved by at 
least one grade on the Cavendish scale in all patients. One 
patient developed a temporary brachial plexus palsy that 
resolved 3 months after a clavicular osteotomy. Borges et al. 
[ 13 ] concluded that the modifi ed Woodward procedure cor-
rection did not change with growth of the patient and was 
maintained beyond skeletal maturity.  

   Ahmad 
 Ahmad [ 17 ] modifi ed the Woodward procedure by combin-
ing the lowering of the scapula with correction of the varus 
position of the glenoid by placement of an absorbable suture 
through the superomedial portion of the scapula. This modi-
fi cation was associated with immediate post-operative range 
of motion of the shoulder in 11 patients (15 shoulders). At a 
mean follow-up of 36.5 months, the mean shoulder abduc-
tion was 139° (range: 90°–170°) translating into a gain of 
49° of shoulder abduction. Cosmetic appearance improved 
in all patients. Three patients developed winging of the scap-
ula post-operatively. The author concluded that this double 
correction results in an improvement of shoulder function 
and cosmesis.    

    Green Procedure 

 The Green procedure is one of the classic surgical proce-
dures for the treatment of Sprengel deformity [ 18 ]. In the 
Green procedure, the muscles on the medial border of the 
scapula are detached from their insertions. The trapezius 
muscle is elevated extraperiosteally and refl ected medially. 
The underlying medial and superior scapular musculature 
(latissimus dorsi, serratus anterior, levator scapulae, supra-
spinatus and rhomboids) are resected extraperiosteally. The 
supraspinatus fossa is excised to avoid damage to the neuro-
vascular bundle. The omovertebral connection when present 
is also excised. The scapula is freed and mobilized distally to 
the appropriate level. Once the scapula is in the desired posi-
tion, the muscle insertions are re-attached to the scapula 
lengthening each muscle as required. In the Green proce-
dure, the scapula is both lowered and rotated. Muscle inser-
tion is modifi ed distally rather than proximally which 
provides better biomechanical outcome [ 19 ]. 

    Modifi cations of the Green Procedure 

   Leibovic et al. 
 Leibovic et al. [ 20 ] modifi ed the Green procedure by reposi-
tioning the scapula into a pocket that was developed in the 

latissimus dorsi. Leibovic et al. [ 20 ] reviewed 14 patients (16 
shoulders) in their original study. The mean pre-operative 
shoulder abduction was 91° (range: 60°–120°). At a mean 
follow-up of 6.5 years (range: 3–14 years), the mean shoul-
der abduction was 148° (range: 100°–180°). Leibovic et al. 
[ 20 ] concluded that repositioning of the scapula in a pocket 
in latissimus dorsi did result in rotation of the scapula in the 
short-term but improvement was not maintained. 

 In another case series, Gonen et al. [ 21 ] reviewed 24 
patients (28 shoulders) who underwent the Leibovic modi-
fi ed Green procedure and reported the long-term results. The 
mean age at the time of surgery was 4.5 years (range: 1.5–
17 years). Seventeen shoulders were Cavendish grade III and 
11 were grade IV. The mean pre-operative shoulder abduc-
tion was 101.3° (range: 70°–130°). At a mean follow-up of 
11.3 years (range: 4.3–17 years), the mean shoulder abduc-
tion was 145.9° (range: 95°–175°). Cosmesis improved by at 
least one grade on the Cavendish scale in 89 % of patients. 
Two shoulders developed post-operative winging and hyper-
trophic scars in six shoulders. The authors concluded that the 
Leibovic modifi ed Green procedure is relatively safe and 
reliable in the treatment of severe Sprengel deformity.  

   Bellemans and Lamoureux 
 Bellemans and Lamourex [ 22 ] modifi ed the Green procedure 
by omitting the serratus anterior dissection and encouraging 
immediate shoulder range of motion exercises in seven chil-
dren (7 shoulders). At a mean follow-up of 7.5 years (range: 
5–13 years), the mean shoulder abduction was 170° (range: 
145°–180°) translating into a gain of 77° of shoulder abduc-
tion. The authors concluded that preservation of the integrity 
of the serratus anterior muscle with early range of motion of 
the shoulder provided an improvement over the original 
technique.    

    Scapular Osteotomy 

    Vertical Scapular Osteotomy 
 Vertical scapular osteotomy was fi rst described by Konig in 
1914 [ 23 ] (Fig.  30.3 ). The procedure involves a medial verti-
cal osteotomy approximately 1 cm from the vertebral border 
of the scapula allowing a downward displacement of the 
scapula. An osteotome is used to complete the osteotomy 
starting at the inferior angle moving upwards. All muscle 
attachments and fi brous bands are freed extraperiosteally 
from the superomedial angle of the scapula, which is then 
excised along with any omovertebral connection. The 
 osteotomy is secured with silk sutures passed though drill 
holes. The patient remains in a sling for 6 weeks then starts 
full shoulder range of motion exercises.

   Two case series have reported the results of vertical scap-
ular osteotomy for Sprengel deformity. McMurtry et al. [ 24 ] 
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reported the results of 12 patients (12 shoulders) over a 
16-year period. Ten were Cavendish grade III, one grade IV 
and one grade II. The mean pre-operative shoulder abduction 
was 88° (range: 70°–180°). At a mean follow-up of 10.4 years 
(range: 1–17 years), the mean shoulder abduction was 132° 
(range: 50°–180°). Cosmesis also improved by a mean of 1.5 
grades on the Cavendish scale. Neither function nor cosme-
sis deteriorated with time. One patient with obstetric brachial 
plexus palsy developed a recurrence of the upper plexus 
palsy that did not recover. Wilkinson and Campbell reported 

similar results in 12 patients (12 shoulders) over a 10-year 
period describing the procedure as safe and reliable [ 25 ].  

    Partial Resection of Scapula and Release of Long 
Head of Triceps (Mears Technique) 
 In 2001, a novel surgical technique was devised by Mears 
[ 26 ] (Fig.  30.4 ) that included a partial superomedial scapular 
resection, removal of any omovertebral connection and 
release of the long head of triceps from the scapula followed 
by early active and active-assisted post-operative shoulder 

  Fig. 30.3    A diagram showing Konig osteotomy for Sprengel deformity       

  Fig. 30.4    A diagram showing 
Mears osteotomy for Sprengel 
deformity       
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range of motion exercises. The procedure also includes an 
oblique osteotomy through the body of the scapula with 
resection to avoid bony impingement during full abduction. 
Mears [ 26 ] reported the results of eight patients (eight shoul-
ders) with Sprengel deformity who were managed with this 
procedure. The mean age at the time of surgery was 5.8 years 
(range: 1.6–9 years). The mean pre-operative shoulder fl ex-
ion and abduction were 100° (range: 90°–120°) and 90° 
(range: 85°–110°) respectively. At a mean follow-up of 
5.5 years, the mean shoulder fl exion and abduction were 
175° (range: 170°–180°) and 150° (range: 100°–180°) 
respectively. Both shoulder function and cosmetic appear-
ance improved signifi cantly in all patients and no cases of 
brachial plexus palsy were recorded. Only one patient 
required surgery to excise residual exostosis.

   In a prospective cohort study, Masquijo et al. [ 27 ] evalu-
ated 14 patients (14 shoulders) who underwent scapular 
osteotomy with partial resection and release of the long head 
of triceps. The mean age at the time of surgery was 6.7 years 
(range: 4.7–10 years). Ten were Cavendish grade III and four 
were grade IV. The mean pre-operative shoulder fl exion and 
abduction were 83.9° (range: 50°–120°) and 81° (range: 
50°–120°) respectively. At a mean follow-up of 45 months 
(range: 12–74 months), the mean shoulder fl exion and 
abduction were 152.1° (range: 110°–180°) and 145° (range: 
100°–180°) respectively. Cosmesis also improved by a mean 
of two grades on the Cavendish scale. Two patients devel-
oped keloid scars and two other patients required further sur-
gery to excise residual exostosis.  

    Partial Scapulectomy 
 In 1972, Cavendish treated 18 patients surgically with a par-
tial excision of the superomedial portion of the scapula and 
excision of the omovertebral connection if present [ 10 ]. 
Most of the patients that benefi ted from this procedure were 
those with Cavendish grade II and III deformities or func-
tional shoulder impairment. More recently, Zhang et al. [ 28 ] 
modifi ed this procedure to release contracted tissue adjacent 

to the medial edge of the scapula and reviewed 26 patients 
(28 shoulders) at a mean follow-up of 3.9 years (range: 
10 months to 7 years). The mean pre-operative shoulder 
abduction improved from 110° to 150° post-operatively. The 
majority of shoulders (23 shoulders) improved cosmetically 
following surgery. Furthermore, there were no neurological 
or scar complications following surgery. Hence, Zhang et al. 
[ 28 ] concluded that excision of the superomedial portion of 
the scapula and the omovertebral connection when present is 
a safe and effective procedure to treat Sprengel deformity.    

    Conclusion 

 Sprengel deformity is a rare condition and hence it is dif-
fi cult to conduct prospective studies to clarify if one sur-
gical procedure is superior to the other. Surgical treatment 
appears to be best indicated in patients with Cavendish 
grade II and III Sprengel deformity. Most studies in the 
literature are based on small number of patients and retro-
spective in nature. Some authors believe that patients who 
are older than 6 years of age are not suitable for a scapular 
displacement procedure [ 9 ,  10 ,  20 ]. The level of evidence 
and a summary of recommendations are provided in 
Tables  30.2  and  30.3 , respectively.
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      Evidence-Based Treatment 
of Glenohumeral Dysplasia Caused 
by Obstetric Brachial Plexus Injuries                     
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    Abstract  

  Glenohumeral dysplasia is a disorder that occurs in the growing skeleton following a partial 
denervation of the muscles around the shoulder due to an obstetric brachial plexus palsy. 
Typically, there is an unopposed internal rotation force resulting in soft tissue and skeletal 
abnormalities. Management depends on a number of factors, but in the neonate consists of 
microsurgical reconstruction of the brachial plexus, and in the older child rebalancing of the 
muscles around the shoulder in the form of tendon transfers. Once skeletal deformities 
develop these need addressing in the form of reconstruction of the glenoid and humerus.  

  Keywords  

  Obstetric brachial plexus injury   •   Erb’s palsy   •   Glenohumeral dysplasia   •   Glenoid retrover-
sion   •   Humeral retroversion   •   Neurotisation   •   Tendon transfer   •   Osteotomy  

      Introduction 

 Obstetric brachial plexus injuries (OBPI) occur in approxi-
mately 0.1–0.4 % of births [ 1 – 3 ]. The risk factors for an 
OBPI include babies that are large for gestational age, mul-
tiparous pregnancies, prolonged labour, diffi cult deliveries 
and foetal distress [ 1 ,  4 ]). The incidence of OBPIs is falling 
which in part is thought to be due to advances in identifying 
and managing these risk factors [ 1 ,  4 ]). 

 An isolated upper trunk injury is the most common OBPI 
[ 4 ]. This causes denervation of some of the shoulder muscles 
leading to glenohumeral internal rotation contractures and 
dysplasia. Hand function is often well preserved. The aim of 
shoulder surgery is to prevent and reverse the development 
of glenohumeral contractures and dysplasia. 

 This chapter discusses the surgical management of the 
shoulder following isolated upper trunk OBPIs with or with-
out involvement of the middle trunk.  

    Methodology 

 The Medline, PubMed, and Google Scholar databases were 
searched to identify articles with the key term “obstetric bra-
chial plexus injury.” From the articles identifi ed only articles 
which included one or more of the terms surgery, pathology, 
classifi cation or shoulder in the title or abstract were included. 
Trial registries and the Internet were also searched. The ref-
erences of articles identifi ed were reviewed. Articles were 
graded according to the Oxford Evidence Based Grading 
System.  

    What Is the Natural History of Obpis ?  

 The levels of evidence for published work included in this 
chapter ranged from II to V; there was no level I evidence.  

    Patterns of Nerve Injury 

 The fi rst published descriptions of OBPIs were by Erb, 
Duchenne and Klumpke (Duchenne 1872 Erb 1874 Klumpke 
1885). The terms Erbs Palsy and Klumpkes Palsy are 
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 commonly used in clinical practice to describe isolated upper 
trunk injuries and isolated lower trunk injuries respectively. 
This does not help differentiate between common clinical 
scenarios because isolated lower trunk injuries are extremely 
rare [ 5 ,  6 ]. 

 OBPIs are typically caused by lateral neck fl exion to the 
contralateral side during birth. This causes an upper trunk 
traction injury which in severe cases can extend to affect the 
middle and lower trunks. Narakas recognised this and pro-
duced a classifi cation system that differentiates between the 
common clinical presentations. Narakas One injuries affect 
only the upper trunk (C5 to C6); Narakas Two injuries extend 
to involve the middle trunk (C5 to C7); Narakas Three inju-
ries involve the upper middle and lower trunks (C5 to T1) 
and Narakas Four injuries involve the upper, middle, lower 
trunks and the stellate ganglion causing a Horner’s Syndrome. 
The presence of a Horner’s Syndrome signifi es a pregangli-
onic injury that is a relative contraindication to direct nerve 
repair [ 7 – 9 ]. Isolated lower brachial plexus injuries are very 
rare and are not included in the Narakas classifi cation. 

 The characteristic abnormality at the shoulder in a 
Narakas One (upper trunk) OBPI is relative weakness of 
shoulder external rotation leading to an internal rotation con-
tracture. This occurs because subscapularis function is pre-
served (upper and lower subscapular nerves) but infraspinatus 
and supraspinatus function is not preserved (suprascapular 
nerve). Of the posterior cuff muscles only teres minor func-
tion is preserved (axillary nerve) although this too is partly 
denervated. Teres minor is only a week shoulder external 
rotator when the arm is adducted and cannot compensate for 
the week infraspinatus. 

 Abduction weakness is also common in Narakas One 
(upper trunk) OBPIs, however, this is usually less disabling 
than the external rotation weakness [ 7 ,  9 ]. Abduction weak-
ness occurs because the strong adductors subscapularis 
(upper and lower subscapular nerve), teres major (lower sub-
scapular nerve), triceps (radial nerve) and latissimus dorsi 
(thoracodorsal nerve) have preserved innervation but the 
strong abductors supraspinatus (suprascapular nerve) and 
deltoid (axillary nerve) are denervated completely and in 
part respectively. 

 Most of loss of the abductor function of deltoid is likely to 
be because of the loss of the force couples from the rotator 
cuff rather than direct deltoid denervation. This is based on 
expert opinion reported in case series which have found del-
toid to be well preserved and healthy at the time of surgery 
[ 10 ]. Furthermore, this is supported by experience in adult 
rotator cuff tears where supraspinatus dysfunction can 
severely reduce deltoid effi ciency [ 11 ]. 

 Narakas Two (upper and middle trunk) OBPIs affect the 
shoulder in a similar way to Narakas One OBPIs but the 
muscle paralysis is denser causing a more profound internal 

rotation and adduction contracture. This is because the cross 
over from C7 (middle trunk) to C5 and C6 (upper trunk) is 
lost. 

 A notable difference between a Narakas One (upper 
trunk) and a Narakas Two (upper and middle trunk) OBPI is 
that patients with a Narakas Two OBPI may develop a wrist 
drop. This is because ECRB and ECRL (posterior interosse-
ous nerve) are innervated by C7. Despite this, patients with a 
Narakas Two OBPI often have good hand function. 

 Narakas Three (upper trunk, middle trunk and lower 
trunk) OBPIs and Narakas Four (upper trunk, middle trunk, 
lower trunk and stellate ganglion) OBPIs often result in poor 
arm and hand function.  

    The Natural History of Nerve Recovery 

 Some studies report that approximately two thirds of 
patients with OBPIs will have a spontaneous complete 
recovery. Noetzel et al. [ 12 ] followed up 80 patients on a 
monthly basis for 6 months. They found that a complete 
recovery occurred in 53 patients (66 %). Similar recovery 
rates were found by Sjoberg et al. [ 13 ] who found that 36 
(75 %) of 48 patients made a complete recovery. Jackson 
et al. [ 14 ] followed up 19 patients and found that 15 (79 %) 
made a full recovery by 12 months. These are not popula-
tion based cohorts and the methods used to detect persist-
ing weakness are often subjective. This will affect the 
studies fi ndings; however, most authors agree that between 
60 % and 90 % of patients will make a complete recovery 
[ 15 ,  16 ]. 

 Some research has investigated which patients are likely 
to make a complete recovery. Bisinella et al. [ 6 ] retrospec-
tively reviewed 74 patients with OBPIs at a minimum of 2 
years to investigate if the Narakas classifi cation system is 
able to predict recovery. They found that normal function 
was achieved by 2 years in 38 % of patients with Narakas 
One OBPIs and 2 % of patients with Narakas Three OBPIs. 
Other studies have reported complete recovery in up to 95 % 
of Narakas One OBPIs [ 17 ]. 

 Hoeksma performed a cohort study of 56 patients who 
were followed up for a mean of 3 years and 10 months. They 
found that biceps function at three months was the most reli-
able predictor of complete recovery. They also found that 
shoulder external rotation was the last function to recover 
and the least likely to recover [ 18 ]. Other studies have also 
found that antigravity elbow fl exion is a good prognostic 
indicator of complete recovery and that shoulder external 
rotation is the often last movement to recover [ 7 ,  12 ]. 

 Many patients with OBPIs will not make a full recovery 
and shoulder external rotation is the movement that is least 
likely to recover. Careful serial examination of patients with 
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OBPIs is essential to identify patients with weakness of 
external rotation. These patients should be followed up 
closely to identify early any internal rotation contractures or 
glenohumeral dysplasia.  

    The Natural History of Glenohumeral 
Dysplasia 

 Retroversion of the humeral head occurs because in Narakas 
One and Two OBPIs the muscle imbalance at the shoulder 
constantly internally rotates the humeral head. The child 
therefore externally rotates the arm for functional tasks 
leading to remodelling into external rotation of the humerus 
distal to the rotator cuff attachment. This manifests itself as 
retroversion of the humeral head. As retroversion of the 
humeral head increases it can sublux or dislocate. Changes 
in the glenoid occur secondary to this which can be a fl at 
glenoid, a retroverted glenoid or a biconcave glenoid. 
Alongside the glenoid changes other changes also occur. 
The coracoid becomes elongated and hooked and the cora-
cohumeral and glenohumeral ligaments become elongated 
and tight. 

 Pearl and Edgerton [ 19 ] found that 18 (72 %) of the 25 
patients they operated on for OBPIs had glenohumeral 
dysplasia. This is a selected group of patients and it would 
be reasonable to assume that they would have found a 
lower incidence of glenohumeral dysplasia if they 
included patients who did not undergo surgery. Moukoko 
et al. [ 20 ] performed serial examinations on 134 consecu-
tive patients with OBPIs. Those that they suspected had a 
posterior dislocation underwent an ultrasound scan and 
they found that 8 % of patients had a posterior 
dislocation. 

 Most of the pathological increase in humeral head retro-
version occurs after 12 months of age. In an MRI study of 
children with OBPIs infants younger than 12 months had a 
mean humeral retroversion of 25.9° in the affected shoulder 
and 24.4° in the normal shoulder. Children older than 12 
months had a mean humeral retroversion of 29.9° in the 
affected shoulder and 19.6° in the normal shoulder [ 21 ]. The 
difference in humeral head retroversion after 12 months of 
age was found to be statistically signifi cant. These fi ndings 
are supported by another MRI study that found that out of 25 
children only 7 (28 %) had a congruent glenohumeral joint. 
In this study some children as young as two had severely 
advanced dysplasia [ 19 ]. It is likely that because infants 
under 12 months old do not use their arms much there is little 
remodelling and so no glenohumeral dysplasia develops. 
After 12 months of age children use their arms much more 
and dysplasia occurs which can be rapid in some patients 
[ 19 ,  22 ].  

    Clinical Assessment of OBPI 

 Internal rotation contractures are cosmetically disfi guring 
and functionally impairing. Serial examination can identify 
infants that are developing an internal rotation contracture 
early. The mallet score is commonly used in these serial 
assessments (Fig.  31.1 ). The Mallet score measures fi ve 
movements, which are abduction, external rotation, hand to 
head, hand to back and hand to mouth. Each movement is 
graded out of fi ve based on the range of movement with 5 
being normal and 1 being no active motion.

   The components of the Mallet score should recorded sep-
arately because some of the components can be normal in the 
presence of severe contractures. Changes in the individual 
components of the score are therefore considered a more 
accurate than the total score [ 7 ]). Bae et al. [ 23 ] investigated 
the reliability of the Mallet score. Eighty children with 
OBPIs were examined by two trained examiners on two 
occasions. They found good inter-observer and intra- 
observer reliability.  

    How to Prevent Glenohumeral Dysplasia ?  

 Studies identifi ed and included in this chapter were of levels 
III to V. 

 During the fi rst 24 months of life there is a role for nerve 
surgery with the primary aim of reinnervating muscles. At 
the time of nerve surgery concomitant shoulder surgery 
should be performed if the patient has a structural abnormal-
ity [ 24 ]. After 24 months of life the primary aim of surgery 
should be to improve any glenohumeral abnormality.  

    Nonsurgical Treatment 

 All patients with an OBPI who have a shoulder that is con-
gruently reduced should undergo physiotherapy to prevent 
contractures and maintain a functional arm. This requires an 
experienced therapist and parents who are able to engage 
with therapy at home. The aim of therapy is to encourage the 
child to use the affected arm without stressing them. Therapy 
should focus on external rotation with the shoulder in an 
adducted position. One technique that is used is to lay the 
child on the normal side and prompt them to play with a toy 
with the affected arm. Another way to prevent contractures 
is to encourage parents to position the arm in an abducted 
and externally rotated position on a pillow after the child 
has fallen asleep. Surgery should be considered if despite 
physiotherapy the patient develops a subluxed shoulder, a 
dislocated shoulder or has a progressive loss of external 
rotation [ 25 ]. 
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    Subscapularis Release and Tendon Transfers 

 When nonsurgical treatment has failed and an internal rota-
tion contracture with a congruent joint is present surgical 
lengthening of subscapularis with or without a tendon trans-
fer to rebalance the external rotators should be considered. 

 Some surgeons advocate performing a tendon transfer at 
the time of a subscapularis release. Others advocate a tendon 
transfer if active external rotation has not been achieved by 2 
years of age. A latissimus dorsi transfer to the greater tuber-
osity is the most commonly used tendon transfer [ 15 ,  25 ,  26 ]. 
In 1978 Hoffer et al. [ 25 ] wrote one of the earliest descrip-
tions of tendon transfers for OBPIs. They described an open 
anterior release through a deltopectoral approach combined 
with a posterior incision to transfer latissimus dorsi to the 
greater tuberosity. They reported successful surgery on 11 
children aged between 2 and 7 years. 

 Following Hoffer’s study others have replicated there 
results. Thatte et al. [ 15 ] reported a series of 150 patients out 

of 305 patients treated for an OBPI. The surgery differed 
from that described by Hoffer in that the 150 patients all 
underwent a transfer of both latissimus dorsi and teres major. 
Patients were followed up for a mean of 4 years (range 2.5–8 
years). They reported that all patients had an improvement in 
shoulder function and 35 (23 %) made a complete recovery. 

 Aydin et al. [ 26 ] reported a similar series of 46 patients 
who had a latissimus dorsi transfer and were followed up for 
a mean of 41 months. They analysed the results of those with 
severe contractures (<90° abduction) and moderate contrac-
tures (>90° abduction) separately. In the group with severe 
contractures they found a signifi cant increase in abduction 
from 62.5° to 131.4° and external rotation from 21.4° to 
82.6°. In the group with moderate contractures they found a 
signifi cant increase in abduction from 99.4° to 140° and 
external rotation from 33.2° to 82.7°. There was no signifi -
cant difference between the two groups. These study fi ndings 
have been reproduced by others and demonstrate that even in 
the presence of severe contractures a latissimus dorsi transfer 
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can rebalance the shoulder muscles suffi ciently to achieve 
improved external rotation and abduction [ 27 ]. 

 Most studies report the short to medium term results of 
tendon transfers [ 5 ]. The longest follow up study we identi-
fi ed was by Pagnotta et al. [ 28 ] who followed up 203 patients 
who had undergone a latissimus dorsi transfer at 1, 3, 6, 10 
and 15 years. They found that following a latissimus dorsi 
transfer abduction began to deteriorate at 6 years, however, 
external rotation was preserved. More long term studies are 
required to establish if there is deterioration in function over 
time and to what extent. 

 Tendon transfers of the lower trapezius to infraspinatus 
have been performed. This is usually as a revision procedure 
when latissimus dorsi and teres major have already been uti-
lised. Using trapezius has the theoretical advantage of utilising 
a muscle that is not innervated by the brachial plexus. Trapezius 
also normally acts in phase with the posterior cuff. Bertelli 
et al. [ 29 ] reported the outcome in seven children at 2 and 4 
years post surgery. They found the mean increase in external 
rotation to be 47° at 2 years and 54.3° at 4 years. We could not 
identify any other papers investigating trapezius transfers 
however it is a viable option and is worthy of further study. 

 Several studies have shown that in the short to medium 
term a latissimus dorsi transfer and anterior release can 
improve shoulder function.   

    How to Treat Established Glenohumeral 
Dysplasia ?  

 When the glenohumeral joint is subluxed or dislocated but 
the articular surfaces are preserved joint reduction by soft 
tissue releases and osteotomies can be performed. A step 
wise approach to achieve this has been described by Di 
Mascio et al. [ 30 ]. They advocate that as little surgery as is 
necessary to achieve a congruent stable reduction throughout 
a functional range of motion should be performed. Step one 
is an open reduction; step two is a lengthening of subscapu-
laris and an anterior capsule release; step three is an internal 
rotation humeral osteotomy and step four is a glenoplasty. 
They used this technique to treat 29 patients with a mean age 
of 5 years and reported the results at a mean follow up of 34 
months. They reported a mean increase in abduction of 24° 
and external rotation of 54°. 

    Step One – Open Reduction 

 In Di Mascio’s series they used an open reduction through a 
deltopectoral approach. This enables good access to the ante-
rior structures and also allows access to the humeral neck for 
an osteotomy if required. None of the 29 patient in Di 
Mascio’s series was treated by open reduction alone. We 

could not identify any case series reporting the outcome of 
open reduction without a muscle lengthening procedure in 
our literature search. An open reduction alone is not there-
fore considered a standard treatment.  

    Step Two – Lengthening of Subscapularis 
and Anterior Capsule Release 

 The coracoid is often elongated and is a physical barrier to 
reduction. In this situation a coracoid osteotomy is necessary 
to reduce the shoulder. This should be done before any other 
releases because a coracoid osteotomy releases its soft tissue 
attachments and improves access to other structures. If a cora-
coid osteotomy is not being performed or if despite a coracoid 
osteotomy a concentric reduction is not possible a subscapu-
laris and pectoralis major lengthening should be performed. If 
this does not achieve a concentric reduction throughout the 
range of motion then the SGHL, MGHL, IGHL, CHL and 
rotator interval should all be fully released [ 30 ]. Brachialis and 
teres major may also be contracted and require releasing. 

 Most surgeons advocate that the releases are performed as 
an open operation, however, an arthroscopic release of the 
subscapularis and capsule alone may also be considered. 
This has the advantage of enabling a formal assessment of 
the glenoid which is diffi cult to image in infants. Pedowitz 
et al. [ 31 ] reported a series of 22 children undergoing an 
arthroscopic anterior capsule and subscapularis release to 
reduce subluxed shoulders. Post operatively they all were 
placed in spica casts. They found that they were able to 
reduce the shoulders successfully. 

 Kozin et al. [ 32 ] performed arthroscopic releases in 29 
children; 16 of which also underwent tendon transfers. They 
followed these patients up at one year and found both an 
improvement in clinical results and a maintained reduction 
of the humeral head. 

 Pearl et al. reported similar results in their series of 33 
children. The younger cohort of 19 children with a mean age 
of 1.5 years underwent an anterior release alone. The older 
cohort of 14 children with a mean age of 6.7 years underwent 
an anterior release and latissimus dorsi transfer. They found 
a signifi cant improvement in external rotation in both groups. 
18 of these patients’ had a preoperative MRI demonstrating a 
pseudoglenoid and this had improved in 12 of the 15 children 
who had post operative MRI scans. 

 Not all series have shown good results using soft tissue 
surgery alone to treat established glenohumeral dysplasia. 
Hultgren et al. [ 33 ] followed up 118 patients for a minimum 
of 7 years. All patients had undergone soft tissue procedures 
alone to reduce subluxed glenohumeral joints. They reported 
a high failure rate with 66 (56 %) patients developing a 
 subsequent subluxation and 23 (19 %) of these requiring a 
humeral osteotomy.  
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    Step Three – Internal Rotation Humeral 
Osteotomy 

 Di Mascio et al. [ 30 ] described performing a derotational 
humeral osteotomy to restore a more normal humeral neck 
version when the retroversion is greater than that that which 
will remodel. Our literature search identifi ed two papers 
reporting the outcomes of internal rotation humeral osteoto-
mies. Sibinski et al. [ 34 ,  35 ] performed 10 internal rotation 
osteotomies on 25 patients undergoing a latissimus dorsi 
transfer. At a mean of 3.8 years there was an improvement in 
Mallet scores and internal rotation but other movements did 
not improve signifi cantly. 

 Kambhampati et al. [ 10 ] performed a humeral osteotomy 
when humeral head retroversion was found to be more than 40° 
at the time of surgery. This was required in 70 (38 %) of the 183 
shoulders that were operated on for glenohumeral dysplasia. 
They reported the results of all the patients treated and found a 
mean increase in external rotation of 58° and a mean increase 
in the Mallet score from 9.4 to 13. They reported 20 failures 
that required a further surgical reduction and glenoplasty.  

    Step Four – Glenoplasty 

 Di Mascio et al. [ 30 ] also report good results from a gleno-
plasty in their series of 29 patients who had a mean increase 
in external rotation of 54° with a mean loss of internal rota-
tion of 7° at a mean of 34 months. They found no recurrent 
dislocations. 

 Kambhampati et al. [ 10 ] reported a failure rate of 29 % 
when a soft tissue procedure and humeral osteotomy was 
used. These 20 patients went on to have a glenoplasty which 
was reported to be successful at the time of surgery although 
the results from this are yet to be published. 

 There is a paucity of evidence for the outcomes of gleno-
plasty. There is potential for remodelling without glenoplasty 
however in some series the results from severe dysplasia are 
disappointing.   

    Conclusion 

 The natural history of OBPIs is well described and most 
patients with an OBPI will make a full recovery. Where 
weakness persists it is most likely to be weakness of exter-
nal rotation. Many, but not all, patients with weakness of 
external rotation will develop glenohumeral dysplasia. 
There is no reliable way to predict which patients will 
develop severe symptomatic glenohumeral dysplasia. 

 There are numerous case series that demonstrate that 
patients with progressive glenohumeral dysplasia can 
maintain good shoulder function with surgery. It is gener-
ally accepted that an anterior release with or without a 

tendon transfer should be performed as early as is practi-
cal however the evidence for this is poor. 

 In the presence of glenohumeral dysplasia a soft tissue 
procedure alone may be suffi cient to reduce the joint. 
There is then potential for remodelling over time. When 
severe glenohumeral dysplasia is present there is a high 
risk of recurrence and a glenoid or humeral osteotomy is 
likely to be required although the evidence as to which 
osteotomy should be used is poor.      
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      Evidence-Based Treatments 
of Paediatric Elbow Fractures                     

     Emily     J.     Mounsey      and     Andrew     Howard    

    Abstract  

  Fractures around the elbow are common in children and account for a large proportion of 
both paediatric fracture clinics and paediatric trauma lists. Many of these injuries can be 
managed simply with good functional results; however, the potential for disabling conse-
quences of these fractures remains and the broad spectrum of fracture variants and severi-
ties can continue to challenge experienced clinicians. In this chapter, we examined the 
evidence relating to the management of common fractures around the elbow in an attempt 
to answer some of the important clinical questions, as well as identify those that remain 
unresolved.  

  Keywords  

  Children elbow fracture   •   Supracondylar fracture   •   Lateral condyle fracture   •   Medial condyle 
fracture   •   Radial head fracture  

      Introduction 

 Injuries around the elbow make up a large proportion of both 
paediatric fracture clinics and, particularly, paediatric trauma 
lists. Representing 5–10 % of all fractures in children, many 
of these injuries can be managed simply with good func-
tional results. The potential for disabling consequences of 
these fractures remains, and the broad spectrum of fracture 
variants and severities can continue to challenge experienced 
clinicians. We will examine the evidence relating to the man-
agement of common fractures around the elbow in an attempt 
to answer some of the important clinical questions, as well as 
identify those that remain unresolved. 

 Much of paediatric orthopaedic practice is not evidenced 
based, and it is likely that some aspects of management will 
never be vigorously trialled. We include a review of level one 
and two evidence related to the topic as well as relevant retro-
spective comparative level three evidence and level four case 
series. We also comment on two recent guidelines regarding 

supracondylar fractures. Guidelines are an accessible distilla-
tion of best available evidence and ideally clinicians should 
spend less time with the primary literature in areas where guide-
lines exist. We will discuss how to evaluate a guideline, and the 
strengths and limitations of attempts to create guidelines.  

    Supracondylar Humeral Fractures 

 Supracondylar humeral fractures represent 50–70 % of all 
paediatric elbow fractures [ 1 ] (Fig.  32.1  ) . An understanding 
of the unique anatomy of the elbow with its narrow surface 
area of bone at the medial and lateral columns, as seen on the 
lateral radiograph, is essential when making management 
decisions. Any instability of the fracture is likely to result in 
rotation, with the distal fragment tending to internally rotate 
then drop into varus misalignment.

   Supracondylar fractures are divided into displaced and 
undisplaced injures. Undisplaced fractures can be treated 
non-operatively with immobilisation in an above elbow cast 
or splint [ 2 ]. The Cuomo case series includes all consecu-
tively enrolled patients, and documents 100 % treatment suc-
cess with posterior splinting. Case series are more valid if 
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patients are enrolled consecutively and fully accounted for, 
and are most useful in assessing 100 % or 0 % outcomes 
(‘penicillin and parachutes’ studies). 

 Closed reduction and percutaneous pinning (CRPP) of 
displaced fractures yields predictable results with the fewest 
complications when compared to alternatives such as closed 
reduction and cast immobilisation or traction. Pirone’s classic 
retrospective comparative study published in 1988 compared 
4 methods of management; closed reduction and casting (130 
patients), closed reduction and percutaneous K-wire fi xation 
(78 patients), traction (15 patients), and open reduction with 
internal fi xation (7 patients). Of the 130 patients managed in 
cast, 29 had conversion to K-wire fi xation due to circulatory 
problems experienced due to hyperfl exion of the elbow, 14 
had varus malunion, 6 had reduced range of movement and 1 
patient developed Volkmann’s ischaemic contracture. In the 
group managed with K-wire fi xation there were 3 varus mal-
unions and 2 patients who experienced loss of motion. Despite 
several patients who had initially absent radial pulse with a 
well-perfused hand, no patient in the K-wire group developed 
Volkmann’s ischaemic contracture. Approximately half had 
all lateral wires, and half crossed pins, there were no pin-
related nerve complications but there were 2 pin infections. 
At fi nal follow-up 78 % of patients managed with K wires 
had both carrying angle and range of motion within 5° of the 
contralateral side, compared to 51 % of the group treated with 
cast [ 3 ]. Although this study has some potential for bias 

(better, or worse patients may have been selected for the new 
technique of closed pinning so results may indicate patient 
selection rather than treatment effectiveness), the differences 
in important outcomes were compelling and all favoured 
closed reduction and pinning, which was increasingly adopted 
following the results of this infl uential paper. Given the harm 
(ischemic contracture, malunion) documented in the closed 
reduction and cast group, it is impractical to propose a ran-
domized trial comparing these treatments at present. 

 There is a grey zone regarding the management of mini-
mally displaced Gartland type 2 injuries. Care should be 
taken particularly in those fractures that have medial com-
minution and/or initial varus displacement. This pattern of 
injury can be more unstable than the initial radiographs sug-
gest leading to medial collapse and varus malunion if man-
aged non-operatively [ 4 ,  5 ]. A retrospective review of 189 
type 2 supracondylar humerus fractures managed operatively 
concluded that following CRPP there was a high probability 
of satisfactory outcome with a low complication rate (4 pin 
tract infections, no loss of reduction) [ 6 ]. The American 
Academy of Orthopaedic Surgeons (AAOS) [ 7 ] guidelines 
of the treatment of paediatric supracondylar humerus frac-
tures advise that all Gartland type 2 and 3 fractures be man-
aged with CRPP. This management is supported by the 
practice at our institution as well as others [ 5 ,  8 ]. 

 There has been debate regarding the most appropriate 
placement of percutaneous pins. Initial descriptions of 

  Fig. 32.1    Supracondylar 
humeral fracture       
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 percutaneous pinning techniques described crossed pins 
inserted through medial and lateral entries, whereas recent 
literature emphasizes the importance of all-lateral pinning 
constructs in avoiding iatrogenic injury to the ulnar nerve. 
Excellent outcomes have been reported with all lateral pins 
that are placed in a bi-cortical fashion that avoid crossing, 
and give adequate spread at the fracture site [ 9 ]. Kocher pub-
lished a small randomized trial showing no difference in out-
come between crossed or lateral entry pins either from 
displacement or ulna nerve injury [ 10 ], but the trial was 
underpowered to detect differences in ulnar nerve injury 
which is a rare outcome. A systematic review in 2007 
reported an iatrogenic nerve injury rate of 1.9 % in all lateral 
pins and 3.5 % for crossed pins with a loss of reduction of 
0.7 % in lateral entry pins and 0 % in crossed pins [ 11 ]. A 
further meta-analysis in 2012 [ 12 ] showed a 4.3 times greater 
risk of ulna nerve injury with crossed pins. Others showed a 
decrease in ulna nerve injury of 15–2 % by using all lateral 
pins with selective use of a medial pin if the fracture was 
deemed unstable [ 13 ]. Well placed all lateral insertion of 
pins yield a construct that is ‘strong enough’ to prevent dis-
placement and avoids the higher risk of iatrogenic ulna nerve 
injury. The British Orthopaedic Association Standards for 
Trauma (BOAST) guidelines advise that 2 mm diameter 
wires should be used where possible [ 14 ]. The AAOS guide-
line carefully considered all of the published literature 
reporting on pin placement and nerve outcomes. Both case 
series and comparative studies were used to provide the most 
robust estimate of ulnar nerve lesions from medial pin place-
ment. The pooled estimated was a 6 % risk of iatrogenic 
ulnar nerve injury (49 of 808 patients in published series) 
and this was suffi cient for AAOS to recommend stabilization 
of displaced supracondylar fractures with two or three later-
ally inserted wires [ 7 ]. Language in the guideline permits the 
use of medial wires if the specifi c fracture anatomy cannot 
be adequately stabilized with lateral pins only – this may 
occur, for example, if an oblique fracture line runs from 
proximally medially to distally laterally. 

 There is a wide variation across the literature regarding 
the need for open reduction suggesting that we do not yet 
have a clear statement on what can be called an acceptable 
reduction. Routine open reduction has been shown to cause 
increased stiffness at 2-year follow-up and is not advised 
[ 15 ]. There is limited evidence to suggest that using open 
reduction techniques will improve reduction [ 7 ]. Fracture, 
surgeon, and hospital factors are taken into account and it is 
possible that a low rate of open reduction, seen in higher 
volume centres, is not as attainable or desirable in lower 
volume practices. In evaluating the results of a reduction all 
would agree that anatomical reduction, if attainable, is opti-
mal. Varus malunion, so called gunstock deformity must be 
avoided as this is cosmetically unacceptable to many 
patients and is the most common reason for revision 

 operation. Small amounts of medial and lateral translation, 
anterior or posterior translation, or angulation in the sagittal 
plane may be consistent with perfect functional results, but 
one of the biggest gaps in the literature is clear information 
about what position short of anatomic reduction is accept-
able (Fig.  32.2 ).

   Neither the BOAST nor the AAOS guidelines are able 
advise on out of hours surgical intervention unless there are 
indications for urgent surgery. These indications include 
absent radial pulse, clinical signs of impaired perfusion of 
the hand and evidence of threatened skin viability [ 7 ,  14 ]. A 
retrospective study in 2001 showed that supracondylar frac-
tures operated within 8 h had no difference in outcome with 
regard to conversion to open reduction, pin track injections 
or iatrogenic nerve injury compared to those operated on 
after 8 h from injury [ 16 ]. Other groups support these fi nd-
ings, with one retrospective study also showing no differ-
ences in quality of reduction once united [ 17 ,  18 ]. One study 
did show an increased need for open reduction when frac-
tures were operated on after 8 h, 33 % open reduction rate in 
45 patients. They also had a higher than usual requirement 
for open reduction for those operated within 8 h, 11.2 % of 
126 patients, which brings into question their threshold for 
open reduction, and whether this is a suitable outcome mea-
sure [ 19 ]. The BOAST guidelines suggest that supracondylar 
fractures without indications for urgent surgery require early 
surgical treatment, ideally on the day of admission but not 
during the night. This practice is supported in our 
institution. 

 Injuries with vascular compromise, specifi cally those 
with an absent radial pulse can be divided into two distinct 
groups. One is the pale, cold pulse-less limb that does not 
improve after reduction; this type of injury should be 
explored and the brachial artery identifi ed and repaired if 
necessary. The second is the perfused pulse-less hand, spe-
cifi cally an absent radial pulse with good capillary refi ll, 
good skin colour, and a warm extremity. There is mixed lit-
erature on this subject, with two series reaching opposite 
conclusions from similar clinical data. One study explored 
all injuries with a pink pulseless hand [ 20 ], the other man-
aged all with observation [ 21 ]; in both cases patients did 
well, with no circulatory problems at follow-up. Another 
study divided cases into those that were explored and had 
vascular repair, and those that were managed expectantly. At 
follow-up ten patients were imaged using magnetic reso-
nance angiography, fi ve showed occlusion or re-stenosis of 
the brachial artery despite repair, all had a radial pulse pres-
ent [ 22 ]. BOAST guidelines suggest that a perfused limb 
does not require brachial artery exploration whether or not 
the radial pulse is present. For those injures where the limb 
remains ischemic after fracture reduction, a surgeon 
 competent to perform small vessel vascular repair should 
explore the brachial artery [ 14 ]. 
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 The majority of associated nerve injuries in supracondy-
lar fractures are transient neurapraxias that can be managed 
expectantly. It is worth considering that if there is neurologi-
cal compromise pre-operatively and it is not possible to 
achieve a perfect reduction, then the nerve may be lodged in 
the fracture site. If there is suspicion of an iatrogenic nerve 
injury, any medially placed wire should be removed, and 
consideration should be given to surgical exploration [ 14 ]. 

 The duration of immobilisation following percutaneous 
pinning varies in the literature. The AAOS drew inconclusive 
recommendations on the optimal time for pin removal and 
mobilisation. In our institution pins are removed at 3 weeks, 
and children are allowed to mobilise as tolerated. 
Physiotherapy is not routinely used in our institution. The 
AAOS guidelines were unable to recommend either for or 
against the use of physical therapy as there are no high qual-
ity studies documenting any long-term benefi t of the 

 intervention. The rapid and near complete return of range of 
motion experienced by most children suggests that the role 
of physical therapy might be restricted to the small number 
of patients who have persistent stiffness a few weeks after 
pin removal. 

 The AAOS guideline on paediatric supracondylar frac-
tures was created because this is such a common fracture 
with the potential for signifi cant associated injuries, and sig-
nifi cant complications. The guideline supports closed reduc-
tion for displaced fractures, with percutaneous pinning 
using two or three lateral entry pins. AAOS applies strict 
criteria to the inclusion and evaluation of evidence with a 
consistent approach for all the guidelines it creates [ 23 ]. An 
initial meeting of a clinical panel is used to carefully defi ne 
15 key questions, which will produce the recommendations. 
Clinicians from academic and community practices and 
from all specialties involved in the care are represented. 

  Fig. 32.2    Deformities after supracondylar humeral fractures.  Top  images: extension deformity of the distal humerus.  Bottom left : valgus defor-
mity of the distal humerus.  Bottom right : varus deformity of the distal humerus (often called gunstock deformity)       
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Expert methodologists guide the process of guideline devel-
opment. Trained methodologists and medical librarians do 
literature searches and abstraction. Only the highest level of 
evidence is considered in formulating a particular recom-
mendation however both quality and quantity criteria 
apply – so, for example, a small underpowered but random-
ized trial will not exclude the consideration of larger retro-
spective studies. The literature review document for this 
guideline, prepared by the methodologists, ran to some 1200 
pages and included 1726 citations, with 1682 articles fi nally 
excluded, leaving 44 to be considered for the recommenda-
tions [ 7 ]. Novel meta-analyses were performed for some 
questions including the rate of ulnar nerve injury from 
medial placement of pins. A second meeting of the clinical 
panel confi rmed the application of the literature review to 
the answers to clinical questions. Level of evidence and 
quality of evidence are both considered in determining the 
strength of a particular recommendation. For many sensible 
clinical questions, there simply is not enough evidence to 
make evidence based recommendations and an inconclusive 
statement is required. An exception is in the case of poten-
tial life or limb outcomes, in which case a consensus 

 recommendation is permitted – as in the case of a vascular 
injury. The advantage of adhering strictly to process is that 
the guideline itself should be without bias. The potential for 
practice guidelines to be either biased or confl icting has 
been demonstrated in, for example, discrepancies in recom-
mendations regarding thromboprophylaxis generated by 
orthopaedic surgeons versus haematologists versus chest 
physicians working from the same literature [ 24 ]. A disad-
vantage of a strict adherence to methodology is that the 
resulting guideline may be seen as predictable, unremark-
able, indecisive, or diffi cult to use in the clinical setting. 
AAOS has addressed this disadvantage by creating appro-
priate use criteria (AUCs) for supracondylar fractures based 
on the guideline [ 7 ] (Fig.  32.3 ). An AUC is a web-based tool 
designed for easy application. The clinical scenario is input 
into the tool, and the tool presents treatments with a rating 
of how appropriate each treatment is for that particular situ-
ation. The appropriateness is based on a clinical panel vot-
ing explicitly on how the guideline applies to that clinical 
setting. Clinicians should resist the temptation to read and 
apply individual studies in isolation now that systematic 
summaries of the literature exist.

  Fig. 32.3    The AAOS clinical practice guideline. The AAOS clinical 
practice guideline has been turned into an appropriate use criteria or 
AUC as shown here. The user can select a combination of clinical 

circumstances, and view treatment recommendations considered most 
appropriate by an expert panel applying the guideline to each 
situation       
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       Lateral Condyle Fractures 

 Lateral condyle fractures can be diffi cult to diagnose and 
have a propensity for late displacement. Compared to other 
paediatric fractures they have a higher risk of non-union, 
which, if allowed to occur can result in progressive valgus 
deformity of the elbow and tardy ulna nerve palsy (Fig. 
 32.4 ).

   An internal oblique radiograph is the most sensitive view 
to ascertain the displacement of a lateral condyle fracture of 
the elbow. This was shown in a prospective cohort of 54 
patients where 70 % of patients were noted to have different 
amounts of displacement of the fracture on an internal 
oblique view compared to standard antero-posterior and lat-
eral images [ 25 ]. For undisplaced or minimally displaced 
fractures MRI studies can be useful to determine the stability 
of the fracture. A prospective cohort of 16 patients was 
imaged with both radiographs and MRI. There were 12 
patients who had radiographically unstable (>3 mm dis-
placement) lateral condyle fractures; of these 10 had an 
intact articular cartilage hinge, none of these displaced, of 
the 2 who had disrupted articular cartilage, one displaced 
[ 26 ]. Studies regarding the management of ‘undisplaced’ 
fractures (less than 2 mm displacement on internal oblique 
view) have shown mixed reports. One retrospective compar-
ative series showed poor result with cast immobilisation 
alone; of the 17 patients 5 displaced, 4 required later surgery, 
2 malunited and 2 went on to non-union. For the 13 treated 
with open K-wire stabilisation, 2 lost reduction and mal-
united [ 27 ]. Conversely a large case series reported 95 non- 
operatively managed lateral condyle fractures that had 
<2 mm initial displacement; 93 healed and only 2 displaced 

then went on to unite when treated with open reduction and 
K wire fi xation [ 28 ]. Neither of these studies used MRI in 
their diagnostic algorithm. MRI may have supplied further 
prognostic information regarding the stability of the fracture 
and some explanation for the discrepancy in their fi ndings. 

 It is well reported that displaced lateral condyle fractures 
require accurate reduction, usually open, then fi xation. A 
biomechanical study showed that greater than 60° divergent 
pins yielded better stability than parallel pins [ 29 ]. Screw 
fi xation is an alternative to pin fi xation, which is, advocated 
in some case series however there is inadequate comparative 
information to recommend one over the other. Screw fi xation 
has been shown to have increased biomechanical stability in 
synthetic bone [ 30 ]. However a comparative cohort study 
comparing 44 patients managed with screw osteosynthesis 
and 33 patients managed with K-wires found that K-wire 
fi xation had comparatively similar outcomes to screw fi xa-
tion, with no fracture going on to non-union in either group 
[ 31 ]. In our institution patients are usually immobilised post-
operatively for 3 weeks then examined clinically and radio-
graphically following pin removal. The rate of non-union 
after 3 weeks of pin fi xation was 1 in a consecutive series of 
104 patients [ 32 ].  

    Radial Neck Fractures 

 There have been a number of retrospective studies that attempt 
to compare closed versus open reduction of radial neck frac-
tures, however all suffer from selection bias since the majority 
managed closed are minimally displaced and those that require 
open reduction tend to be more displaced and fail closed 

  Fig. 32.4    Lateral condyle fracture 
of the elbow       
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reduction methods. A retrospective cohort in 1978 [ 33 ] 
reported 43 children with radial neck fractures followed for 8 
years. ‘Good’ outcomes were reported in 19 of the 23 patients 
managed non-operatively and only 5 of the 14 treated with 
open reduction. Only one of the children treated non-opera-
tively compared to half of those treated with surgery had dis-
placement of more than 60°. In 1993 another retrospective 
cohort compared 100 children with radial neck fractures. 
Excellent and good results were consistently obtained after 
closed manipulation with disappointing results following open 
reduction reported. All fractures managed with open reduction 
had angulation of 30–140° [ 34 ]. These and other studies are 
reassuring that excellent results can be expected when manag-
ing minimally displaced radial neck fractures, but do not aid 
decision-making with regard to fractures that remain displaced 
despite closed reduction techniques (Fig.  32.5 ).

   In an attempt to improve the understanding of displaced 
fractures that required open reduction, a retrospective cohort 
reviewed 24 patients who required open reduction, this rep-
resented 12 % of their total radial neck fractures. Fifty-fi ve 
percent of patients were deemed to have a good outcome at 
mean follow-up of 7 years, with the remaining having fair or 
poor results. Their only poor prognostic indicator at the time 
of the injury was a second associated elbow injury. They 
concluded, without a comparative group, that they had better 
outcomes using open reduction than if the fracture had 
remained non-anatomically reduced, where the radius is 
completely displaced and without contact with the rim of the 
metaphysic [ 35 ]. A further retrospective comparative study 
compared 78 children with radial neck fractures. Their treat-
ment methods were dictated by the severity of the case, 
which they found correlated with outcome. Patients with less 
complex injuries, managed non-operatively, had higher rates 

of excellent or good outcomes compared to those with more 
severe fractures that required operative treatment. Nineteen 
out of twenty six patients who underwent percutaneous 
reduction had excellent or good outcomes compared to 6/17 
that required open reductions. Interestingly they did not fi nd 
a correlation between outcome and associated injury [ 36 ]. 
Many of the disappointing outcomes relating to open reduc-
tions of displaced fractures are related to stiffness, since cap-
sular dissection is required. There is also a risk of damage to 
the blood supply of the radial head. For this reason there has 
been a focus on operative reduction and fi xation techniques 
that avoid open surgery. 

 In 1992 a case series of 36 consecutive fractures displaced 
more than 30°, 33 were successfully reduced using percuta-
neous k-wire techniques with no internal fi xation to maintain 
reduction. Of these, 31 had full range of motion at follow-up 
[ 37 ]. Other case series examining the results of closed or per-
cutaneous reduction techniques, with inter-medullary stabili-
sation have yielded similarly good results [ 38 – 40 ]. 

 There is general consensus that minimally displaced 
radial neck fractures can be managed non-operatively with 
good results. Closed or percutaneous K-wire assisted reduc-
tion of displaced fractures, with or without intramedullary 
stabilisation, is effective where possible. There is little infor-
mation regarding severely displaced radial neck fractures 
where percutaneous reduction is not possible. The present 
literature associates poor results with open reductions. Given 
the quality of the literature it is not possible to determine 
whether this association is driven by indications (more severe 
fractures get open reductions) or by intervention (open 
reduction itself causes capsular stiffness, slower healing, and 
potential disruption of blood supply) or whether both indica-
tions and intervention contribute to poor results.  

  Fig. 32.5    Radial head 
fracture       
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    Medial Epicondyle Fractures 

 Fractures of the medial epicondyle of the distal humerus 
account for approximately 12 % of all paediatric elbow frac-
tures [ 41 ]. They may be associated with elbow dislocation, 
fracture fragment incarceration, and ulna nerve dysfunction. 

 Controversy remains regarding the management of medial 
epicondyle fractures since non-union does not equate to 
pain, and a united fracture does not mean the patient will be 
symptom free. A comparative study followed 43 children for 
2–5 years. Of those treated closed, 55 % united but only 5 % 
had symptoms at follow-up. For those that were managed 
with open reduction, 87 % united but 39 % were symptom-
atic at follow-up [ 42 ]. This was a retrospective study so there 
may be some selection bias (Fig.  32.6 ).

   Most studies discussing, but not resolving, the question of 
best treatment for displaced fractures have measured the dis-
placement on an AP radiograph. A CT scan study published 
by Edmonds calls the traditional literature into question by 
documenting substantial displacement in the AP direction, 
even of fractures which appear undisplaced on an AP radio-
graphic projection [ 43 ]. 

 There are two scenarios relating to medial epicondyle 
fractures that do have clear management pathways. First, if 
the medial epicondyle is trapped within the joint then it 
should be reduced (Fig.  32.7 ). Some suggest one attempt at 
closed reduction techniques [ 44 ], with care not to damage 
the ulna nerve, moving to open methods if unsuccessful. 
Second, excision of the medial epicondyle yields poor 
results, which may include instability, pain and paraesthesia 

in the distribution of the ulna nerve. A comparative series of 
medial epicondyle fractures displaced 5–15 mm, with aver-
age long-term follow-up of 33 years compared closed man-
agement, open reduction and internal fi xation, and primary 
excision of the medial epicondyle. For those 19 patients 
managed with long arm cast, 17 had a radiographic non- 
union but all had stable elbows to valgus stress, two had 
minor elbow symptoms. Of the 17 patients treated with open 
reduction and internal fi xation, three had minor symptoms, 
all had radiographic union and all were stable. For the 6 
patients managed with excision of the epicondylar fragment, 
four had ulnar paraesthesia, elbow instability and constant 
pain. The authors concluded that despite the high rate of 
radiographic non-union, the functional results supported 
non-operative management for medial epicondyle fractures 
displaced 5–15 mm [ 45 ].

   Two retrospective reviews compared non-operative and 
operative management of displaced medial epicondyle 
fractures in competitive athletes [ 46 ,  47 ]. Patient selection 
was based on fracture displacement, injury mechanism 
and elbow instability preoperatively. Both reported return 
to play following rehabilitation, at the appropriate level, 
and encouraging patient reported outcomes in both 
groups. Of some concern, one study did state that 6 of the 
14 patients who received operative treatment reported 
numbness [ 47 ]. Both these studies have signifi cant selec-
tion bias and as such may not aid with decision-making 
regarding these injuries. 

 Overall there is a preference for non-operative manage-
ment of medial epicondyle fractures, particularly in those 

  Fig. 32.6    Medial epicondyle 
fracture       
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which are un-displaced or minimally displaced. There may 
be a cohort of patients with displaced medial epicondyle 
fractures who benefi t from operative intervention. The pres-
ent literature cannot defi ne the indications for operative fi xa-
tion largely because the present literature comparing 
operative to non-operative management is fraught with 

selection bias. Severe displaced injuries could be randomised 
to operative versus non-operative management, but given the 
small numbers of such injuries a multicentre trial would be 
required. 

 Recommendations for treatment of paediatric elbow frac-
tures are listed in Table  32.1  . 

  Fig. 32.7    Medial epicondyle fracture entrapped in the elbow joint       
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      Evidence-Based Treatment 
of Madelung’s Deformity                     

     David     H.     Hawkes      and     Matthew     F.     Nixon    

    Abstract  

  Madelung’s deformity is a premature growth arrest of the volar ulna aspect of the radial 
growth plate leading to ulna overgrowth and a progressive wrist deformity. Treatment 
depends on the skeletal maturity of the patient and can be targeted at either the ulna or the 
radius. We describe the rationale and evidence behind the treatments available and propose 
a classifi cation to guide management.  

  Keywords  

  Madelung’s deformity   •   Growth arrest   •   Vicker’s ligament   •   Classifi cation   •   Corrective 
osteotomy  

      Background 

 Madelung’s deformity (MD) is a rare condition caused by 
abnormal growth arrest at the ulna and volar aspect of the 
distal radial physis. The characteristic osseous deformity is 
a volar curvature of the distal radius, a positive ulna vari-
ance and proximal subsidence of the lunate. The result is a 
characteristic aesthetic appearance with associated func-
tional limitation. Two anatomical anomalies appear to have 
a central role in the development of congenital MD. Firstly, 
Vickers [ 27 ] and then subsequently Cook (Cook et al. [ 3 ]) 
described an abnormal bar that crosses the distal radial phy-
sis at its ulnar and volar aspect which is proposed to restrict 
growth in the ulna and palmer aspect of the physis. This can 
be either completely or partially ossifi ed or fi brous. 
Secondly, abnormal volar ligaments are thought to act as 
tethers during rapid growth exacerbating the problem. 
Vicker’s ligament, a fi brous band running from the ulna bor-
der of the radius to the lunate, and a pathological radiotriqu-
etral ligament have both been described. The ligaments 

cause a compressive force on the distal radial physis leading 
to premature closure thus contributing to the resultant osse-
ous deformity. The deformity characteristically presents 
during adolescence following a period of rapid growth [ 14 ] 
(Stehling et al. [ 24 ]). 

 The clinical picture includes pain and a reduction in range 
of motion, particularly in radial deviation and pronation- 
supination. A reduction in grip strength has also been 
reported with a spectrum of severity often seen (McCarroll 
et al. [ 17 ]). No correlation has, however, been established 
between pain and level of radiographic deformity and func-
tion can often be reasonably well maintained (Huguet et al. 
[ 12 ]) Cosmetic concerns, due to dorsal subluxation of the 
carpus and prominence of the ulna head, can be the trigger 
for presentation to orthopaedic services and are often cited as 
an indication for operative intervention (Fig.  33.1  ) 

   Multiple operative treatment options have been proposed, 
principally corrective osteotomies. However, owing to its 
rarity, the literature is sparse and there is little evidence to 
support defi nitive management strategies.  
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    What Is the Natural History of Madelung’s 
Deformity ?  

 Several hundred cases of MD have been presented in the lit-
erature since its fi rst description. However, no published 
reports exist on the actual frequency of MD in the population 
or natural history [ 8 ]. This is not a surprise given the wide 
spectrum of clinical presentation; from completely asymp-
tomatic in some individuals to quite disabling symptoms in 
others (Zebala et al. [ 28 ]). Reports have linked the osseous 
deformity to progressive ulnocarpal abutment, distal radio- 
ulna joint instability and progressive radiocarpal arthritis [ 8 ]. 
Three cases of extensor tendon rupture have been reported in 
severe and chronic cases due to abrasion on the prominent 
ulna head (Rondier et al. [ 21 ]; Ducloyer et al. [ 6 ]).  

    Is There a Role for Nonoperative Treatment? 

 Optimal treatment of MD is controversial particularly if 
patients were asymptomatic or not suffi ciently symptom-
atic to warrant surgical treatment. The non-surgical man-
agement of patients with MD is analgesia and activity 
modifi cation [ 26 ].  

    What Are the Operative Options ?  

 Multiple surgical approaches have been described in the lit-
erature. Broadly, these can be considered in three catego-
ries: those involving the radius or the ulna in isolation and 
those involving both bones in combination. Surgery to the 
radius aims to address the primary pathology and/or correct 
the resultant deformity. Isolated procedures to the ulna treat 
ulna sided wrist pain that occurs secondary to ulnocarpal 
impingement. However, there is little clarity and no con-
sensus within the literature to enable the development of a 

defi nitive management strategy. Evidence is limited to 
small case series and frequently the surgical techniques 
employed are not uniform and therefore drawing defi nitive 
conclusions from heterogeneous groups can be diffi cult. 
Additionally, the optimal timing of surgical intervention is 
not known. Surgery before physeal closure may lessen the 
development of secondary degenerative changes in the car-
pus and allow some remodelling, whereas intervention 
after skeletal maturity decreases the likelihood of 
recurrence.  

    Surgery to the Radius 

    Physiolysis 

 Vicker’s and Nielsen describe a physiolysis procedure with 
release of Vicker’s ligament, to address both proposed patho-
anatomical causes of the deformity. The procedure described 
(also referred to as Langenskiöld technique) excises the 
abnormal physis in the ulna and volar portion of the distal 
radius with the interposition of fat. Improvements in range of 
motion and pain were seen in a cohort of 24 wrists in 17 
patients who underwent the procedure at a mean age of 12 
years. The authors advocate the need for early surgery as 
remodelling potential is necessary [ 27 ]. Subsequently, Ogino 
(Ogino et al. [ 19 ]) reported outcomes of 3 wrists in 2 patients 
with a mean age of 12 years. However, in 1 patient palmer 
shift of the carpus and radial inclination worsened. Most 
recently Paes described the long term (12 year) outcomes of 
5 wrists in 3 patients who underwent the procedure at a mean 
age of 12 years. Results were poor with pain and a restriction 
in range of motion seen at long term follow up in all patients. 
Consequently, the author no longer advocates physiolysis 
questioning the applicability of the Langenskiöld technique, 
which was initially described for physeal arrest post trauma, 
to Madelung’s where the physis is pathological. Concerns 
have also been raised regarding distal radio-ulna joint degen-
eration that results from operating on the ulna side of the 
distal radius (Paes et al. [ 7 ]).  

    Isolated Radial Osteotomy 

 Isolated radial osteotomies have been described with the ratio-
nale to correct the volar and ulna angulation and lengthen the 
distal radius. Murphy (Murphy et al. [ 18 ]) described an open-
ing wedge osteotomy performed through a volar approach 
which enabled a biplane deformity correction. 
Corticocancellous graft from iliac crest was used and the 
abnormal volar ligaments were excised. The outcomes of 12 

  Fig. 33.1    Characteristic aesthetic appearance of Madelung’s 
deformity       
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wrists in 11 patients who underwent the procedure at a mean 
age of 16 years were reported. Patients were subjectively 
pleased with the function and cosmetic appearance of the wrist 
and ulna variance and radioulnar inclination also improved 
although no statistical analysis was provided. A subset of the 
cohort however also underwent an ulna osteotomy or more 
proximal radial osteotomy. Mallard (Mallard et al. [ 15 ]) advo-
cates the use of a reverse wedge osteotomy in skeletally mature 
patients. A bone wedge is cut from the excess radial and dorsal 
cortical bone, reversed and placed into an osteotomy on the 
ulna side of the distal radius. In a case series of 11 wrists, 
range of motion improved and patients were satisfi ed with the 
outcome. However, 30% required an additional ulna osteot-
omy for ulna-carpal impingement. An llizarov technique has 
also been described. This facilitates lengthening of the radius 
in addition to correction of the angular deformity. Houshain 
reported favourable outcomes with regard to pain, grip strength 
and range of motion in two patients (Houshian et al. [ 11 ]). 
Similar fi ndings are also reported by de Billy in a case series 
of 5 wrists (de Billy et al. [ 4 ]). 

 Dome osteotomies have the theoretical advantage over 
the above procedures of being able to achieve deformity cor-
rection in all three planes. Harley performed a radial dome 
osteotomy with release of Vicker’s ligament in 26 wrists 
from 18 patients at a mean age of 13 years. At a mean follow 
up of 2 years improvements in supination and extension 
range of motion were seen in addition to ulna tilt and lunate 
subsidence (Harley et al. [ 10 ]). Steinman reported the long 
term (11 year) follow up of the above series and concluded 
that radiographic deformity correction was maintained in 
addition to a good to excellent functional outcomes (Steinman 
et al. [ 25 ]). 

 Imai recently reported a case study of a 12 year old female 
with a bilateral deformity corrected by a novel customised 
cylindrical distal radius osteotomy. The axis of the deformity 
and the degree of rotation required to correct it were deter-
mined from pre-operative CT scans which allowed custom-
ised osteotomy templates to be developed. At 28 month 
follow up the patient was pain free and both grip strength and 
ROM had improved (Imai et al. [ 13 ]).   

    Surgery to the Ulna 

    Epiphysiodesis 

 Epiphysiodesis of the ulna can be performed in conjunction 
with a radial osteotomy to prevent ulna positive variance. 
Bak described a case of a 14 year old female who developed 
an early acquired Madelung like deformity from repetitive 
injury during training who was subsequently able to return to 
high level competition [ 1 ].  

    Isolated Ulna Osteotomy 

 Previously Darrach advocated resection of the ulna head 
either alone (or in combination with a radial osteotomy) 
to manage ulna sided wrist pain. However, subsequent lat-
eral subluxation of the caprus caused concern (Ranawat 
et al. [ 20 ]). Schroven undertook a segmental resection of 
a portion of ulna shaft, just distal to the distal radio-ulna 
joint, to create a pseudoarthrosis with the rationale of 
restoring stability while retaining the ulna head (Schroven 
et al. [ 23 ]). 

 Isolated osteotomies of the ulna have been presented in 
the literature. These are indicated to treat ulna sided wrist 
pain in skeletally mature patients with a mild MD. Ulna head 
prominence is addressed preventing ulnocarpal abutment. 
Bruno performed an isolated ulna shortening osteotomy in 9 
wrists in adults with symptomatic ulnocarpal impingement. 
At a mean follow up of 42 months ulna variance was signifi -
cantly reduced (from 3.3mm to -1.1mm) and all patients 
were asymptomatic (Bruno et al. [ 2 ]). Subsequently, on a 
similar subset of patients with a mild MD, Glard performed 
a shortening osteotomy of the ulna with anterior angulation, 
the aim being to reduce the distal radioulnar joint. Post- 
operatively, pain and range of motion in pronation and supi-
nation improved and all patients were satisfi ed with the 
cosmetic effect. The mean volar angulation at ulna osteot-
omy was 17 o  (Glard et al. [ 9 ]).   

    Surgery Combined to the Radius and Ulna 

 Combined corrective osteotomies of the radius and ulna aim 
to correct the radial deformity while shortening the ulna to 
achieve reduction of the distal radio-ulna joint. Dos Reis 
described a wedge subtraction osteotomy of the radius and 
shortening osteotomy of the ulna. Grip strength and range of 
motion signifi cantly improved at 53 month follow up in 18 
patients who underwent the above procedure at a mean age 
of 22 years (dos Reis et al. [ 5 ]). Similarly, a closing wedge 
osteotomy of the radial metaphysis and shortening ulna oste-
otomy with slight volar angulation to reduce distal radio- 
ulna joint was described by Salon. Improvements in pain and 
range of motion were seen at 9 year follow up in 11 wrists 
who underwent the procedure at a mean age of 14 years. 
Remodelling of the distal radio-ulna joint was seen in all 
patients (Salon et al. [ 22 ]). Recently McCarrol presented 
encouraging early results from a very distal radial osteotomy 
with ulna shortening. The distal nature of the radial osteot-
omy enabled fl exibility to independently correct the three 
plane deformity [ 16 ]. 

 A summary of recommendations for MD is listed in 
Table  33.1  . 
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   Table 33.1    Summary of recommendations for Madelung’s deformity   

 Clinical situations  Grade of recommendation 

     1. What is the natural history of untreated MD?  D 

     2. Is there a need for treating asymptomatic MD?  C 

     3. What is the best surgical treatment for MD?  D 

   Table 33.2    Manchester Madelung’s deformity classifi cation   

 Grade  Features  Management 

 1: Skeletally immature patients 

 1a  Pre growth arrest. Those patients without radiographic deformity, but for 
whom genetic testing and or family history predict the development of the 
disease. The “at risk” group 

 Release of abnormal radio-carpal ligament 

 1b  Following growth arrest with  adequate  growth potential for remodelling. These 
patients do not have a well-defi ned ulna styloid 

 Release of abnormal radio-carpal ligament and 
physeal bar plus ulna epiphysiodesis 

 1c  Following growth arrest with  insuffi cient  growth potential for remodelling. 
These patients have a well-defi ned ulna styloid 

 Radial dome osteotomy and ulna epiphysiodesis 

 2: Skeletally mature patients 

 2a  Mild coronal plane deformity  Ulna shortening only 

 2b  Severe coronal and sagittal plane deformity  Radial dome osteotomy (± extension) with ulna 
shortening 

 3: Secondary arthritis 

 3  Longstanding deformity and sequelae, including distal radio-ulnar joint 
instability and osteoarthritis 

 Darrach’s procedure or joint fusion 

       Authors’ Preferences 

 The authors propose the following classifi cation to aid in 
description of the deformity and plan appropriate treatment 
(Table  33.2  ). 
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      Evidence-Based Treatments 
of Congenital Radio-Ulnar Synostosis                     

     Wei     Y.     Leong      and     Matthew     F.     Nixon    

    Abstract  

  Congenital radio-ulnar synostosis (CRUS) is a rare disease characterized by abnormal 
fusion of radius and ulna resulting in limitations of supination and pronation. There are 
limited evidence in literature and can be found in the form of case series and case reports 
consisting of small number of patients. Majority of patients affected has an idiopathic cause, 
however, some patients do have a familial predisposition or underlying genetic condition. 
Treatment options are largely based on age, severity of synostosis and severity of functional 
restriction at presentation. Most cases are treated non-operatively as patients do compensate 
remarkably well by modifying day-to-day activities. The two main surgical treatments con-
sist of either surgical resection with mobilization of synostosis or surgical derotation of 
forearm into a more functional position. We recommend that all patients who present with 
CRUJ be investigated for underlying genetic disorders. Patients should be assessed on a 
case-to-case basis in terms of suitability for surgical intervention based on their functional 
requirement and current limitations or symptoms.  

  Keywords  

  Congenital radio-ulnar synostosis   •   CRUS   •   Synostosis  

      Background 

 Congenital radio-ulnar synostosis (CRUS) is a congenital 
abnormality caused by a failure of segmentation in the embry-
onic stage causing an abnormal fusion of radius and ulna. The 
fi rst case was described by Sandifort in his Museum 
Anatomicus in 1793 [ 1 ]. Most patients show proximal radio- 
ulna fusion with rare occurrence of distal joint involvement. 
Forearm position can be pathologically fi xed in a position 
ranging from neutral to severe pronation. The etiology is 
likely secondary to an embryonic insult resulting in failure of 
normal longitudinal segmentation between the 2 bones during 
seventh week of development [ 2 ]. Radial head dislocation is 

commonly found as an associated deformity and is thought to 
be a result of complete proximal coalition causing interfer-
ence to joint formation. Limited fusion distal to epiphysis of 
radius could also be the cause of unequal radial head growth 
[ 3 ]. There has been report suggesting that the condition tends 
to be bilateral in about 50–80 % of cases [ 4 – 5 ].  

    Searching Methods 

 Search was performed on Medline with Keywords with 
Mesh Heading ‘Synostosis’, ‘Congenital’, ‘Radius’, and 
‘Ulna’. The search method is outlined in Table  34.1  and fl ow 
chart of search methodology is presented in Fig.  34.1 . 
Abstract of 283 articles were then examined to exclude unre-
lated subjects as well as excluding animal subjects. Sixty- 
fi ve articles were obtained for further review. Due to the 
rarity of the disease, all of the articles were of level 4  evidence 
with mainly case reports and small number of case series.
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        What Are the Causes and Natural 
Progression of Disease ?  

    Embroyology 

 At 26 days after conception, the upper limb bud arises from 
the body wall. Elbow is fi rst identifi able at 35 days. Three 
connected cartilaginous anlagen that will eventually prog-
ress to become humerus, radius and ulna are still present at 
this stage [ 6 ]. By 42 days the three bones are separated by 
condensation of tissue but joints are still yet to form. At this 
stage, the forearm remains to be in neutral position and pro-
nation occurs by week 8. Longitudinal segmentation with 
separation starts distally and progress proximally. Various 
factors either as a result of abnormal genetics or environmen-
tal factors can interrupt subsequent morphogenesis of the 
elbow joint at this point leading to failure of segmentation. 
The fi nal specifi c defect is infl uenced by differences in devel-
opment timing and can result in complete bony synostosis 

(Fig.  34.2 ) or smaller area of synostosis if joint development 
continues before development arrest [ 3 ].

       Genetic Associations 

 The actual etiology of the condition remains unknown. 
However, a lot of authors had suggested a familial presenta-
tion and genetic background. Disorders such as Apert and 
Klinefelter syndromes have been known to be associated 
with CRUS. 

 Catena et al has suggested in their proposed classifi cation 
system that CRUS to be related to Type IV Poland Anomaly. 
The classic Poland Anomaly consists of unilateral agenesis/
hypoplasia of pectoralis major muscle with associated ipsi-
lateral hand or upper limb anomalies [ 7 ]. 

 Gaspar et al also identifi ed an association of CRUS with 
Giuffre-Tsukahara syndrome (GTS) which appeared to be a 
X-linked dominant inheritance. The other features of the 
syndrome included, short stature, microencephaly, scoliosis 
and mental retardation [ 8 ]. This report was also supported by 
Zhu et al in their paper with a three generation Chinese fam-
ily with similar associated features suggested to be a variant 
of GTS due to a lack of microencephaly in the family [ 9 ]. 

 There seems to be also multiple reports of CRUS being 
linked with bone marrow failure. Sola et al and Thompson 
et al have also identifi ed association with amegakaryocytic 
thrombocytonpenia as a result of HOXA11 gene mutation. 
Thompson et al also reported in his case series of two families 

   Table 34.1    Search methodology   

 Searches  Methods  Results 

 1  Exp Synostosis/or radio-ulnar synostosis.mp.  7976 

 2  Congenital.mp. or exp Congenital Abnormalities/  583,195 

 3  Exp Radius/or radius.mp.  34,880 

 4  Exp Ulna/or ulna.mp.  9703 

 5  3 or 4  38,991 

 6  1 and 2 and 5  403 

 7  Limit 6 to English language  283 

283

•  Irrelevant

•  animal studies

•  post-traumatic

•  DRUJ pathology

•  unavailable

•  reviewed

•  62

•  3

•  11

•  4

•  151

132

128

66

63

52

  Fig. 34.1    Flow chart of search methodology       

  Fig. 34.2    Plain x-ray showing complete bony radio-ulnar synostosis       
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that there is an autosomal dominant disorder presenting with 
CRUS, congenital amegakaryotic thrombocyptopenia, aplas-
tic anemia, clinodactaly, syndactaly, hip dysplasia and senso-
rineural hearing loss [ 10 – 11 ]. Castillo-caro et al. also reported 
on a case in infant associated with amegakaryotic thrombocy-
topenia without HOXA11 mutation [ 12 ].  

    Natural Progression of Disease 

 There seems to be a male preponderance in the incidence of 
congenital radio-ulnar synostosis. As previously mentioned, 
some patients might have a familial predisposition reported 
to be 13 % or other associated phenotypes suggesting con-
genital syndromes. Patients commonly presents at an aver-
age age of 2 and a half years old with majority noted by 
parents due to their functional abnormalities [ 5 ]. Children 
tend to compensate well using ipsilateral shoulder and wrist 
when deformity is mild resulting in minimal noticeable dis-
ability. Most patients present with hand fi xed in various 
degrees of pronation (Fig.  34.3 ). With a bony synostosis (the 
most common type) there is no true pronation or supination, 
although adaptive ligamentous laxity at either the wrist or 
elbow can allow some apparent motion. The position of the 
wrist is variable ranging from being fi xed in full supination 
to full pronation, with restriction in function dependent on 
the position. Quite frequently patients modify their activities 

and adapt to compensate for restricted rotation of forearm 
and rarely complained about restriction of function. In gen-
eral an unilateral mid-pronated position is least debilitating, 
but with functional defi ciencies were more commonly men-
tioned in patients with bilateral involvement and in more 
severe degrees of hyperpronation, in which some patients try 
the ‘backhanded’ technique in getting objects to mouth or 
receiving change [ 1 – 3 ].

   Patients with CRUS can experience sudden onset of acute 
fl exion contracture secondary to hyperfl exion injury. Wang 
et al explained that this could be due to overgrown dislocated 
radial head becoming trapped under hypertrophied annular 
ligament-type tissue.  

    Classifi cation 

 Wilkie and Davenport et al developed a classifi cation for the 
condition in 1914. They suggested two different types of 
synostosis based on radiological appearance with either 
complete synostosis or partial union just distal to proximal 
radial epiphysis associated with radial head dislocation [ 13 ]. 

 In 1985, Cleary and Omer et al noticed in their case series 
4 different types of radiological appearance which conforms 
with the theory that timing of embryological arrest maybe 
refl ected by both fi xed position of forearm and degree of bony 
development at elbow. However, there were no functional 

  Fig. 34.3    Radio-ulnar synostosis clinical photograph, arrow showing radial head prominence       
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 differences noted amongst different radiological appearance 
hence it was not particularly helpful in determining manage-
ment of patients (Table  34.2 ) [ 14 ].

        What Is the Evidence Behind the Current 
Treatment Options ?  

 As mentioned before, patients can compensate remarkably 
well despite deformity and reduction in forearm rotation 
which explained why the condition remain under diagnosed. 
Hence, in majority of patients CRUS can be treated non sur-
gically especially if the arm is in a neutral position and there 
is a reasonable degree of compensatory wrist rotation. 

 Relative indications for surgery include

•    90° of fi xed pronation,  
•   Bilateral CRUJ to position one hand in mid-pronation and 

the other in a neutral or slightly supination position.  
•   Poor function due to other underlying associated symp-

toms secondary to associated syndrome either causing 
spasticity or other neurological conditions.  

•   Painful snapping elbow with or without elbow fl exion 
contracture as a result of recurrent anterior dislocation of 
radial head due to malformation of radial head.    

 Surgical options can be split into attempts to release the syn-
ostosis and restore forearm rotation and de-rotation osteotomies 
to reposition a synostosed arm into a more function position. 

    The Role of Surgical Release of CRUS 

    Patient Selection 
 There is little point releasing a synostosis unless the joint 
remains pain free and there is active pronation and supina-
tion. This requires a congruent radiocapitellar joint, the pres-
ence of muscles to drive movement and ensuring that 
reformation of the synostosis does not occur. 

 Timing of this surgery remains diffi cult. It was thought 
that it should be performed on patients between 4 and 12 
years old if it is indicated as osteotomy and rigid fi xation is 
tricky for children who are under 3 years old and there is less 
remodeling potential for radial head dysplasia in older chil-
dren. Furthermore, microvascular anastomosis, if required, 

can be quite challenging for younger patient. In older chil-
dren (>12 years old) supinator and pronator seemed to be 
more atrophic and additional tendon transfer might be 
required to restore forearm rotation.  

    Surgical Technique 
 Mobilisation of CRUJ with osteotomy and synostosis has 
been trialed since the 1990s. Concerns about recurrent 
ankylosis resulted in multiple different surgical tech-
niques to counter this. The early results of mobilization 
with anconeous muscle and nonvascularised spacers has 
not been particularly successful due to inadequate soft tis-
sue graft. Interposition with radio-ulnar prosthesis has 
shown to be a success in post traumatic radio-ulnar synos-
tosis. However, CRUJ is associated with underlying defor-
mity of bone with associated tight and constricted soft 
tissue, hence functional outcome from these prosthesis 
tends to be poor. 

 In 1997, Fuminori Kanaya reported a new method of 
mobilization of CRUJ and interposition with free vascular-
ized fascio-fat graft. He described technique of separating 
the synostosis through both anterior and posterior approaches. 
He separates both synchondrosis between radial head and 
ulna and synostosis using a steel burr until 1 cm distal to the 
synostosis. Dislocated radial head which was conical in 
shape will be trimmed fl at. Through anterior approach the 
release the remaining of attachment of biceps tendon from 
ulna to improve forearm rotation. Shortening wedge osteot-
omy of the radius, fl exion osteotomy for posterior disloca-
tion and extension for anterior dislocation, due to persistent 
radial head dislocation during rotation of forearm followed 
this. A vascular graft was taken from the ipsilateral arm with 
a skin fl ap included to allowed monitoring of viability of fl ap 
with the profunda humeri vessel used as a donor vessel anas-
tomosed with recurrent radial vessel. The average arc of 
motion patients achieved with this treatment was 71°. He 
described no re-ankylosis and maintenance of patients’ range 
of movement on follow-up of all his seven patients in his 
case series [ 15 – 16 ]. 

 Oka et al confi rmed fi ndings that function and range of 
movement does increase for patients treated by Kanaya 
 procedure with greatest improvement in patients without 
radial head dislocation in their 3D in vivo analysis [ 17 ]. 
Other techniques of interposition such as using de-epithelial-
ized groin fasciocutaneous graft and de-epitheliazed 

   Table 34.2    Cleary and omer classifi cation   

     1. Fibrous synostosis 

     2. Bony synostosis 

     3. Osseous synostosis associated with posterior dislocation of a hypoplastic radial head 

     4. Osseous synostosis with associated anterior dislocation of mushroom-shaped radial head 
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anterolateral thigh fasciocutaneous fl ap was also described 
by Chen et al. [ 18 ].   

    The Role of Derotation Osteotomy of Radius 
and Ulna in CRUS 

    Patient Selection 
 There are large amount of case series in the literature to 
support this technique and the results are generally good in 
restoring and maintaining function. The popularity of this 
technique could also be due to the fact that osteotomy is a 
far less challenging operation compared to microvascular 
surgery requirement of Kanaya technique. There was again 
a preference for this technique of treatment to be per-
formed in early childhood. It was thought that delay can 
result in progressive deformity of elbow, forearm and wrist 
resulting in persistent pain and soft tissue tightness. Horii 
et al recommended that this technique can be safely used 
between ages of 4 and 9 years old as robust periosteum at 
this age can hold the cut radius and facilitate callus forma-
tion [ 19 ].  

    Site of Osteotomy 
 Different authors advocate different site of osteotomy with 
the most common site being in midshaft radius and ulna [ 20 ]. 
Some surgeons advocate ulna midshaft and distal radius 
osteotomy as distal radius osteotomy does not require any 
fi xation and any deformity will be corrected by patient’s 
ability to remodel with time [ 21 ].  

    Methods of Fixation 
 There are various method suggested for fi xation of bone fol-
lowing derotation. This ranges from plaster of paris to main-
tain position, Intramedullary K wire, crossed K wires on 
proximal ulna and plate fi xation. Nonunion is generally very 
uncommon in children, however Lin et al did noticed in their 
series of 26 forearms in 23 patients to have 2 non-union 
which required subsequent bone grafting and plate stabiliza-
tion in their technique of radius and ulna midshaft derota-
tional osteotomy with plaster immobilization post op. [ 22 ]  

    Position of Forearm 
 Indication for surgery tends to be extreme pronation and 
supination. Position of forearm following correction need to 
be considered very carefully particularly in patients with 
bilateral involvement. In dominant hand, forearm should be 
left in approximately 20–30° of pronation to facilitate day to 
day activities such as writing. In patients with bilateral 
involvement, this became prudent to ensure that non- domi-
nant hand to 20° supination position to facilitate toiletry 
hygiene [ 3 ].   

    Result: Function and Range of Movement 
Achieved 

 Derotational osteotomy unfortunately does not improve arc 
of movement. Flexion and extension of elbow joint does not 
seemed to be affected and patients tend to maintain their pre-
 op ability to compensate to certain extend in terms of rota-
tion at the distal radio-ulnar joint. Nonetheless, patients tend 
to be quite pleased with better functional position of forearm 
following surgery. Majority of patients do report better func-
tion and improvement in sporting activities or work 
productivity.  

    Complications 

 Neurovascular compromise has been reported with surgical 
management but more common in surgery involving proxi-
mal ulna osteotomy or resection of synostosis. Green et al 
and Simmons et al had both reported cases of Volkman 
Contracture following resection of synostosis [ 3 ,  23 ]. There 
were also multiple report of ulnar, radial and median nerve 
palsy. Malunion due to loss of derotation position and non- 
union of osteotomy site has also been reported.   

    Conclusion 

 CRUS remained to be a rare condition and under diag-
nosed likely secondary to excellent ability of patient to 
adapt their daily function to reduction of forearm rotation. 
All cases of CRUS should be investigated for an associ-
ated genetic cause and other associated malformations. 
Patients should be assessed on a case-to-case basis in 
terms of suitability for surgical intervention based on their 
functional requirement and their current limitations or 
symptoms.      
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      What Is the Best Treatment for 
Paediatric Trigger Thumb (Acquired 
Thumb Flexion Contracture)?                     

     James     S.     Huntley    

    Abstract  

   Paediatric trigger thumb , better termed  pediatric acquired thumb fl exion contracture , is a 
common condition, usually presenting at about the age of 2 years with thumb interphalan-
geal joint fi xed fl exion (more rarely with triggering), and a palpable nodule in the fl exor 
pollicis longus tendon at the level of the metacarpophalangeal joint. The term ‘trigger’ 
thumb is a misnomer in the majority of cases, though it provides a useful term for the 
retrieval of references, given its propagation through the literature. The general natural his-
tory across populations has not been well defi ned, although two recent studies defi ne it well 
for Korea. Management options include conservative (observation, exercises, splinting) and 
surgical (open A1 pulley release or percutaneous A1 pulley release). The evidence is pre-
dominantly level III and IV. Many of the study interpretations are vulnerable to bias. 
Additionally, methodological fl aws were common and would result in the downgrading of 
levels of evidence of some papers. Unsurprisingly therefore, the grade and strength of rec-
ommendations are weak.  

  Keywords  

  Paediatric trigger thumb   •   Locked thumb   •   Notta’s nodule   •   Splinting therapy   •   Interphalangeal 
joint   •   Open release of A1 pulley   •   Percutaneous release  

      Introduction 

 Paediatric “trigger” thumb (Fig.  35.1 ) is a common (1/2000 
[ 1 ] – 3.3/1000 [ 2 ]; incidence variable by ethnic group [ 3 ]) 
acquired condition [ 2 ,  4 ,  5 ], usually presenting at about the 
age of 2 years with a fi xed fl exion deformity of the thumb 
interphalangeal joint (IPJ), though sometimes with trigger-
ing/snapping [ 4 – 8 ] and even more rarely with the nodule or 
pain as the primary feature [ 9 ]. Slakey & Hennrikus [ 4 ] and 
Moon et al. [ 10 ] prospectively examined 4719 and 7700 
newborn infants respectively, to determine the congenital 
incidence of ‘trigger thumb’ – in these studies no cases were 
found. Slakey & Hennrikus suggested the condition be 
termed  ‘acquired thumb fl exion contracture ’ rather than 

 ‘congenital trigger thumb ’. Clinically, a volar “Notta’s nod-
ule” is usually palpable in the fl exor pollicis longus tendon, 
at the level of the metacarpophalangeal joint [ 11 ,  12 ].

   The natural history of this condition has recently been 
characterised well in the Korean population [ 13 – 15 ], but is 
not well established more generally [ 16 ]. Our understanding 
of the condition across geographic areas and ethnic groups 
remains incomplete [ 15 ]. 

 Management options include observation alone, non- 
surgical (splintage or extension exercises), and surgical 
(open release of A1 pulley (± limited release of oblique pul-
ley) or percutaneous release). Although there has been sub-
stantial progress over the last decade, the relative indications 
for conservative or surgical management have not been well- 
defi ned [ 17 ]; this latter topic was recently the subject of a 
systematic review (Farr et al. [ 18 ]). In this chapter, I have 
sought to establish the evidence base for the natural history 
and particular treatments.  

        J.  S.   Huntley     
  Department of Surgery ,  Sidra Medical and Research Center , 
  Doha ,  Qatar   
 e-mail: huntleyjs@gmail.com  
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    Questions 

 The specifi c questions considered were:

    1.    What is the natural history of paediatric trigger thumb?   
   2.    What is the best treatment for paediatric trigger thumb?   
   3.    What is the best mode of surgical treatment?   
   4.    What is the best time for surgery?      

    Search Strategy 

 A general strategy was developed along  PICO  lines: 
 P roblem/ P opulation: paediatric patients only (>15 years to 
be excluded) with “trigger” thumb (acquired fl exion contrac-
ture),  I ntervention (any – anticipating (i) none (natural his-
tory), (ii) exercise, (iii) splinting, (iv) open surgery, (v) 
percutaneous surgery),  C omparison (any/none of (i) – (v) 
above),  O utcomes (any). Case reports and series of <10 
patients were to be excluded. 

 The Pubmed database was searched using the following 
strategy (accessed 15/10/2015): ((“pediatrics”[MeSH Terms] 
OR “pediatrics”[All Fields] OR “pediatric”[All Fields]) OR 
(“pediatrics”[MeSH Terms] OR “pediatrics”[All Fields] OR 
“paediatric”[All Fields]) OR (“child”[MeSH Terms] OR 
“child”[All Fields])) AND (“precipitating factors”[MeSH 
Terms] OR (“precipitating”[All Fields] AND “factors”[All 
Fields]) OR “precipitating factors”All Fields] OR “trigger”[All 
Fields]) AND ((“thumb”[MeSH Terms] OR “thumb”[All 
Fields]) OR digit[All Fields]). 

 This yielded 109 references. Titles and abstracts were 
reviewed allowing the exclusion of 61; the remaining 48 

papers were retrieved in full and analysed, with removal of a 
further 17. The references from papers in this retrieval 
allowed access of 4 further relevant papers, not identifi ed in 
the original search. Ultimately, there were 2 natural history 
studies, 1 level III systematic review, 1 level II cross-over 
trial, 6 Level III comparative studies, and 25 Level 4 case 
series. Searches of the Cochrane controlled trials register and 
Cochrane database (accessed 11/11/2015) did not provide 
additional material. The 35 studies are summarized in Table 
 35.1 ; country of origin has been included because of the sug-
gestion [ 35 ] that there may be geographic/ethnic variation in 
natural history or response to conservative treatment.

       Results 

    What Is the Natural History of Paediatric 
Trigger Thumb? 

 It has been diffi cult to defi ne the natural history of this condi-
tion as the literature is largely dependent on retrospective 
case series [ 15 ], prone to selection and referral biases, with 
heterogeneous groups followed for variable timescales, and 
being reported as defi ning particular spontaneous resolution 
rates. For instance Skov et al. [ 27 ] on the basis of their retro-
spective series of 37 surgically treated patients, make the 
statement ‘ No patient had recovered spontaneously in the 
interval between the onset of symptoms and operation ’; 
details of case capture are not given so it is far from clear that 
the study would have identifi ed such patients; indeed patients 
might have resolved in other intervals: (i) pre-referral, and 
(ii) referral to clinic attendance. 

  Fig. 35.1    Typical appearance of 
paediatric acquired thumb fl exion 
contracture (right side)       
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   Table 35.1    Summary table of included studies   

 Paper [country]  Design  Number patients  Details/results  Level of evidence 

 Baek et al. [ 13 ] 
 [Korea] 

 Prospective 
observational 

 53 patients; 71 TTs  45/71 (63 %) showed resolution 
by mean age 5 yrs 

 Natural history 

 Baek and Lee [ 14 ] 
 [Korea] 

 Prospective 
observational – 
extension of previous 
study [ 12 ] 

 Extra 25 patients (27 
TTs); 1 operated on, 10 
lost to FU, leaving 67 
children (87 TTs) 

 FU (median 87.3 mths, range 
60–156 mths): 66/87 TTs (75 %) 
had resolved. All resolutions had 
occurred by 48 mths 

 Natural history 

 Watanabe et al. [ 19 ] 
 [Japan] 

 Case series  48 patients; 60 TTs  Passive exercise programme by 
mother 
 FU (Mean 44 mths, range 3–90 
mths): according to Watanabe 
stage – 24 had complete recovery 
(16/20 originally stage 2 (80 %), 
8/38 originally stage 3 (21 %); all 
stage 3 thumbs improved (26/38 
progressed to stage 1) 

 IV 

 Jung et al. [ 20 ] 
 [Korea] 

 Case series  30 patients; 35 TTs  Extension exercise programme by 
mother 
 FU (mean 63 mths, range 49–73 
mths), 28/35 (80 %) could be fully 
extended. Five TTs required OR 
(fully successful) 

 IV 

 Forlin et al. [ 21 ] 
 [Brazil] 

 Retrospective case series  11 patients; 13 TTs  Manipulation + home-delivered 
stretching programme 
 FU (mean 10 yrs, range 5–16 yrs): 
7 totally resolved, 3 partly 
resolved; other 3 required OR (all 
diagnosed >2 yrs 6 mths) 

 IV 

 Nemoto et al. [ 22 ] 
 [Japan] 

 Case series  33 patients; 43 TTs  Custom extension splint night/
nap-times 
 8 patients (10 TTs) dropped out; 
excluding these, 24/33 TTs 
recovered completely (73 %) by 
mean 10 mths. Seven improved; 
two required OR 

 IV 

 Tan et al. [ 23 ] 
 [Singapore] 

 Comparative cohort  115 patients; 138 TTs  Basis of group allocation unclear: 
 (i) ‘ immediate surgery group ’ (59) 
 (ii) ‘ conservative ’ – either 
splinting or passive stretch (56) 
 FU: minimum 12 mths 
 (a) Splintage success 24/31 
(77 %); stretching success 13/25 
(52 %). Success of conservative 
treatment declined with increasing 
age 
 (b) 13  ex  19 failing conservative 
treatment underwent OR i.e. 72 
underwent surgery, only one 
recurrence (1.4 %) 

 III 

 Lee et al. [ 24 ] 
 [Taiwan] 

 Comparative cohort  50 patients  with 
reducibleTTs ; 62 
thumbs – to two groups 
by parental decision 

 Group 1 (24 children, 31 TTs – 
extension splinting) and Group 2 
(26 children, 31 TTs) assessed at 
mean 20 wks FU: cured, 
improved, non-improved being 
12, 10, 9 and 4, 3, 24 in splintage 
and observation groups 
respectively 

 III 
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Table 35.1 (continued)

 Paper [country]  Design  Number patients  Details/results  Level of evidence 

 Koh et al. [ 25 ] 
 [Japan] 

 Comparative cohort  64 patients; 87 TTs (all 
locked: Watanabe stage 
3) 

 Allocation to splintage group if 
parents agreed: (i) coil splintage 
group (32), (ii) observation group 
(32). Six (19 %) defaulted from 
splint to observation group 
 Mean FU: (i) 26 mths, (ii) 66 mths 
 Outcomes: resolution rates (i) 
24/26, (ii) 23/38 

 III but  analysis   not   on 
intention-to-treat basis  

 Marriott and Basu 
[ 26 ] 
 [Scotland] 

 Retrospective case series  80 patients; 103 TTs  94 thumbs operated; FU 
incomplete – only 57 had post-op 
visit; alleged 7/94 recurrences (of 
these, 5 had reoperation – all 
satisfactory) 

 IV 

 Dinham and Meggitt 
[ 7 ] 
 [England] 

 Retrospective case series  105 patients; 131 TTs  Variety treatments – conservative 
(observation) and OR: 
 (i) 8/26 of the ‘congenital group’ 
resolved by 12 mths 
 (ii) 13/107 resolved during 
observation (up to 6 mths) 
 (iii) 100/105 operated TTs had 
‘full movements’ at FU 
(unspecifi ed time-frame); 3 (3 %) 
had residual fi xed fl exion 
deformity; 2 required reoperation 

 IV 

 Skov et al. [ 27 ] 
 [Denmark] 

 Retrospective case series  37 patients (from series 
of 42; 5 lost to FU) with 
TT 

 All underwent OR 
 For extended FU (mean 69 mths, 
range 18–130 mths), 31 recalled 
to department, 6 contacted by 
phone. All had full movement and 
‘normal’ thumb strength. Ten 
(25 %) had bow-stringing of 
1–2 mm (previously unnoticed by 
patients) 

 IV 

 Ger et al. [ 1 ] 
 [USA] 

 Retrospective case series  41 patients; 53 TTs  Case capture details not given 
 (i) <6 mths age; 13 patients (19 
TTs) observed for mean 44 mths, 
range 9–139 mths. No SR 
observed 
 (ii) >6 mths age; only 9 watched 
for 6 mths before surgery – no SR 
 All 53 TTs came to OR – at one 
yr FU: no residual contracture 

 IV 

 Slakey and Hennrikus 
[ 4 ] 
 [USA] 

 Case series  15 patients; 17 TTs  All treated by OR 
 FU (mean 12 mths, range 6–35 
mths): 16/17 (94 %) had full ROM 
compared to contralateral 

 IV 

 Hierner and Berger 
[ 28 ] 
 [Germany] 

 Retrospective case series  34 patients with TTs  All treated by OR 
 FU (8 lost to FU; 26 available at 1 
yr): 24/26 (92 %) had full ROM 
(active and passive) compared to 
contralateral 
 Complications: 
 (i) nerve damage (1; 4 %) 
 (ii) secondary procedure for 
inadequate release (2; 8 %) 

 IV 

 Hudson et al. [ 29 ] 
 [South Africa] 

 Retrospective case series  49 patients; 60 TTs  All treated by OR 
 FU (mean 44 mths): 58/60 (97 %) 
had full ROM; 2 (3 %) had 
residual fi xed fl exion requiring 
reoperation 

 IV 

(continued)
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Table 35.1 (continued)

 Paper [country]  Design  Number patients  Details/results  Level of evidence 

 Mulpruek and 
Prichasuk [ 30 ] 
 [Thailand] 

 Retrospective case series  42 patients; 54 TTs  Stratifi ed by age onset; SR within 
3 mths presentation for 10/42 
(predominantly the 8/20 in the age 
group >6 mths); 32 OR with no 
residual deformity/recurrence 

 IV 

 Dunsmuir and 
Sherlock [ 31 ] 
 [Scotland] 

 Retrospective case series  192 patients; 227 TTs  After consultation, parents 
selected (i) observation (53 
children; median age 25 mths) or 
(ii) listed for OR (139 children; 
median age 30 mths). 
 Outcomes: SR occurred in 26/53 
(49 %) from the observation group 
at a mean of 7 mths (range 1–23 
mths). The remaining 27 
transferred to surgical group (166 
patients), all treated with OR 
(recurrence rate 3.5 %) 

 III 

 Moon et al. [ 10 ]
[Korea] 

 Retrospective case series  33 patients; 35 TTs  Protocol: observation if <1 yr, 
either observation or OR if 1 – 3 
yrs, OR if > 3 yrs 
 Outcomes: 
 (i) 12/35 resolved at mean 5 mths 
 (ii) 23 cases treated by OR – no 
complications (FU unspecifi ed) 

 IV 

 McAdams et al. [ 32 ] 
 [USA] 

 Retrospective case series  21 patients; 30 TTs  OR for all (mean operative age 3.3 
yrs, range 8 mths–12 yrs) 
 FU long-term: mean 15.1 yrs 
(range 2–40 yrs) 
 Outcomes: 
 (i) no recurrence/nodules 
 (ii) loss of relative IPJ fl exion 
(23 %) 
 (iii) MCPJ hyperextension 
(17.6 %) 
 (iv) all seven patients with 
longitudinal scar had concerns 
over its appearance 

 IV 

 Herdem et al. [ 33 ] 
 [Turkey] 

 Retrospective case series  36 patients  Initial conservative treatment (3 
mths stretching exercises) in 
26/36 aged <3 yrs uniformly 
unsuccessful. OR performed for 
all 
 FU (mean 7 yrs, range 5–15 yrs): 
all free from contracture with 
normal ROM 

 IV 

 Kuo and Rayan [ 8 ] 
 [USA] 

 Retrospective case series  39 patients; 50 TTs  OR (A1 pulley and 50 % release 
oblique pulley) of all 
 FU (24 patients, 28 TTs – 15 lost 
and 6 only by phone) mean 79 
mths (range 3–228 mths): 
 (i) no bowstringing 
 (ii) 19/20 resolution Notta’s node 
 (iii) 100 % parent/patient 
satisfaction 
 (iv) 5 thumbs noted to have 15 
degrees less IPJ fl exion 

 IV 

(continued)
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Table 35.1 (continued)

 Paper [country]  Design  Number patients  Details/results  Level of evidence 

 Han et al. [ 34 ] 
 [Korea] 

 Retrospective case series  23 patients, all >5 yrs at 
operation 

 Clinical FU (mean 2 yrs 3 mths, 
range 9 mths–4 years 7 mths): all 
achieved full extension; no 
complaint of weakness or 
functional limitation 

 IV 

 Leung et al. [ 9 ] 
 [Hong Kong] 

 Retrospective case series  180 patients; 209 TTs  All treated by OR 
 FU (mean 5 mths, range 3–29 
mths): 193/209 (95 %) full ROM, 
9/209 (4 %) residual contracture, 
5 (2 %) required reoperation 

 IV 

 Marek et al. [ 35 ] 
 [USA] 

 Retrospective case series  173 patients; 217 TTs  All treated by OR 
 Clinical FU (mean 27 days, range 
2–840 days): all achieved full 
extension with no major 
complication; 5 thumbs had minor 
skin complications that resolved 
with conservative management 

 IV 

 Chalise et al. [ 36 ] 
 [Nepal] 

 Case series  45 patients  Treatment according to Watanabe 
stage [(0–2): 29 treated by 
minimum 9 months stretching 
exercises; (3) treated by OR] 
 FU (minimum 12 mths): 
 (i) conservative treatment 
successful in 21/29 (72 %), 82 % 
in <1 yr, 50 % in > 3 yr age 
 (ii) 2/24 recurrence rate for 
surgically treated group 

 IV 

 Farr et al. [ 18 ] 
 [Austria] 

 Systematic review of 
open surgery  vs  
non-operative treatment 
for paediatric TT 

 17 retrospective studies, 
1 prospective study 
identifi ed with at least 
12 mths mean FU 

 OR (634 children, 759 thumbs), 
splinting (115 children, 138 
thumbs), passive exercising (89 
children, 108 thumbs). Full IPJ 
motion restored in 95 % children 
undergoing OR, 67 % children 
splinted, 55 % after passive 
exercising 

 III 

 Wang and Lin [ 37 ] 
 [Taiwan] 

 Case series (2 
comparative groups for 
type anaesthaesia: GA 
 vs  LA) 

 33 patients, 40 TTs  All treated by PR 
 FU was mean 4.7 yrs, range 16 
mths–13 yrs 1 mth: 
 Overall success rate 36/40 (96 %); 
15/16 and 21/24 in GA and LA 
groups respectively. No 
neurological complication 

 III as regards GA  vs  LA , 
IV for procedure per se  

 Wang and Lin [ 38 ] 
 [Taiwan] 

 Case series  28 patients, 32 TTs  All treated by OR, forming an 
historical control group for the PR 
series in [ 32 ] (above) 
 Results: no complications over 
unspecifi ed FU period 

 IV** 

 Ruiz-Iban et al. [ 39 ] 
 [Spain] 

 Case series  23 patients, 27 locked 
TTs 

 All treated by PR 
 FU (1TT lost) at mean 3 yrs 
(range 1–7.2 yrs): 25/26 excellent 
results. One recurrence at one mth 
(4 % failure rate) treated by 
uncomplicated OR 

 IV 

(continued)
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 Baek et al. [ 13  ]  reported a prospective observational study 
on 53 children (71 thumbs; mean age at presentation was 2 
years, median follow-up was 48 months) with trigger thumb 
(mean fl exion contracture 26°). Forty-fi ve  ex  71 thumbs 
(63 %) showed resolution by an average age 5 years, though 
some had limitations in IPJ hyperextension by contralateral 
comparison. In 2011, they extended their earlier study by 
enrolling 25 more children (27 thumbs), producing a group 
of 98 thumbs in 78 children, and elongating the observation 
period to a minimum of 5 years [ 14 ]. There was no conserva-
tive treatment such as passive stretching or splinting. One 
child was operated on at parental request and ten were lost to 
follow-up, leaving a group of 87 trigger thumbs in 67 chil-
dren (43 boys, 24 girls), to be prospectively followed on a six 
monthly/annual basis, before/after resolution respectively. 
At fi nal follow-up (median 87.3 months, range 60–156 
months), 66 ex 87 (76 %) had resolved. All these resolutions 

had occurred by 48 months. In the remaining 21 thumbs, 
though there was no resolution, the fl exion deformities con-
tinued to improve beyond 48 months. 

 Marek et al. [ 35 ] highlighted the large range in trigger 
thumb spontaneous recovery rates in the literature and sought 
to defi ne a difference between the likelihood of resolution 
without surgery, between Western and Southeast Asian 
papers. Of note the studies by Baek et al. are confi ned to the 
Korean population. Though Marek et al.’s treatment of the 
subject was superfi cial (for instance, no consideration being 
given to the very large variation in recovery rates within the 
Western studies selectively identifi ed), it is possible that dif-
ferent geographic or ethnic groups have a different natural 
history, or indeed responsiveness to splintage, stretching or 
exercise. 

 The high resolution rates in the conservative arms of some 
surgical studies (whether these be based on pathology 

Table 35.1 (continued)

 Paper [country]  Design  Number patients  Details/results  Level of evidence 

 Ramirez-Barragan 
[ 40 ] 
 [Spain] 

 Comparative cohort 
study 

 108 patients, 135 TTs  135 TTs: 92 OR  vs  43 PR (group 
allocation by surgeon’s 
preference) 
 FU (mean 24 mths, range 4–60 
mths): 
 (i) No operative complications 
 (ii) Higher recurrence for PR: 
15/43 (35 %)  vs  6/92 (7 %) 

 III 

 Fuentes et al. [ 41 ] 
 [Spain] 

 Comparative cohort 
study 

 159 patients, 176 TTs  176 TTs: 124 OR  vs  52 PR (group 
allocation by surgeon’s 
preference) 
 FU time unclear. 
 Results: 
 (i) No operative complications 
 (ii) Lower mean operative time for 
PR: 14.56  vs  33.49 mins (p < 
0.01) 
 (iii) Higher recurrence for PR: 
6/52 (11.5 %)  vs  7/124 (5.4 %) 

 III 

 Sevancan et al. [ 42 ] 
 [Turkey] 

 Case series  26 patients, 31 TTs  All treated by PR 
 FU (mean 2.5 yrs, range 1–4.5 
yrs): no complications and 1 
recurrence at post-op wk 3 
(treated successfully by OR) 

 IV 

 Amrani et al. [ 43 ] 
 [Morocco] 

 Retrospective case series  52 patients, 63 TTs  All underwent PR 
 FU (mean 28 mths, range 12–30 
mths), 50 thumbs available to 
review: 48/50 good; 2 (4 %) 
recurrences requiring OR. No 
neurovascular complications 

 IV 

 Masquijo et al. [ 44 ] 
 [Argentina] 

 Prospective cross-over 
comparative study 

 15 patients with 20 
locked TTs 

 All underwent PR followed by 
staged OR 
 Results: 16/20 tendon laceration 
by PR; distance between PR and 
digital nerve 2.45 mm (range 
1–4 mm). Trial stopped early 
because of perceived risks 

 II 

  Key: ** = largely duplicate of earlier manuscript;  FU  follow-up,  TT  trigger thumb,  PR  percutaneous release,  OR  open release,  ROM  range of 
movement,  SR  spontaneous resolution,  IPJ  interphalangeal joint,  MCPJ  metacarpophalangeal joint  
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(eg Watanabe stage) or parent selection based; [ 31 ]; Moon 
et al. 2001; [ 36 ]) support the contention for a period of obser-
vation/conservative management. The two studies by Baek 
et al. [ 13 ,  14 ], supported by the resolution and/or improve-
ment rates in the conservative treatment (exercises or splint-
age) studies below ([ 19 ,  22 – 25 ]; Jung et al. [ 20 ,  21 ]) support 
the contention that a patient maybe safely observed for sev-
eral years, and further that there is no evidence that such 
delay compromises subsequent surgical treatment/outcomes. 
However prolonged observation/exercise/splintage may be 
more problematic for parents and patients than an 
operation.  

    What Is the Best Treatment for Paediatric 
Trigger Thumb? 

    Exercise Programme 
 Four key studies (all level IV, with no control group) have 
sought to defi ne the role of an exercise programme in the 
treatment of this condition:

    (1)     Watanabe et al.  [ 19 ] reported a case series of conserva-
tive management (passive exercise by the mother – fl ex-
ion and extension of the affected thumb IPJ, with the 
metacarpophalangeal joint held in extension) of 48 chil-
dren (19 boys, 29 girls; mean age at diagnosis 26 months, 
range 0–48 months; mean follow-up 44 months, range 
3–90 months) with paediatric trigger thumb (60 thumbs; 
12 bilateral). Presentations were divided into 4 stages 
(see Table  35.2  for description of the Watanabe classifi -
cation), and in this series, 38 and 22 thumbs (63 % and 
37 %) were initially assigned to stages 3 and 2, respec-
tively. Two patients (2 thumbs, both stage 2) excluded 
themselves during the course of treatment. Twenty-four 
thumbs (16/20 originally stage 2 (80 %), and 8/38 origi-
nally stage 3 (20 %) had complete recovery (mean fol-
low- up 62 months, range 12–90 months). All stage 3 
thumbs improved (8/38 became normal; 26/38 pro-
gressed to stage 1; 4/38 became stage 2) (Table  35.2 ).   

   (2)     Herdem et al. ([  33  ]; see below – reported under surgical 
series, as all patients came to surgery)  reported a retro-
spective case series of 36 children (18 boys, 18 girls; 

mean age 34 months, range 9 months–13 years) with 
trigger thumb (47 thumbs) treated surgically by open 
release, in whom 3 months passive stretching exercises 
in all patients diagnosed under 3 years age (26 patients) 
was uniformly unsuccessful.   

   (3)     Jung et al.   [  20  ]  performed a prospective analysis on 30 
patients (35 thumbs: 10 right, 15 left, 5 bilateral) with 
paediatric locked/trigger thumb presenting at a mean age 
of 28 months (range 11–50 months). Treatment was by 
an extension exercise programme (10–20 x per day) 
delivered by the mother (compliance unknown). The 
Watanabe classifi cation (Table  35.2 ) for severity was 
used at all assessment points, with the modifi cation that 
stage 0 was split into A/B, being ‘Extension beyond 0 
degrees without inducing triggering’ and ‘Extension to 0 
degrees without inducing triggering’, respectively. At 
follow-up (mean 63 months; range 49–73 months), 80 % 
of all thumbs could be fully extended, and none deterio-
rated (all except one improved). Five thumbs (in four 
patients) required surgical treatment for residual trigger-
ing at follow-up; all had “recovered fully” by 6 months 
minimum post-operative follow-up. In light of a sponta-
neous resolution rate of 80 % by a minimum of 4 years 
after presentation, the authors suggested that ‘ if there are 
no risk factors that suggest a poor prognosis, a feasible 
approach is to wait until school age (7 years of age) 
because the chance of spontaneous resolution is so high 
and delayed surgery does not adversely affect the 
outcome .’   

   (4)     Forlin et al. [  19 ] reported a single surgeon retrospective 
case series on children (11 patients; 7 boys, 4 girls; mean 
age at fi rst consultation 26.3 months, range 11–36 
months) with trigger thumb (13 thumbs; 2 bilateral) 
treated by manipulation and home-delivered stretching 
programme. At follow-up (mean 10 years, range 5–16 
years), 10/13 were “satisfactory”, 7 being totally 
resolved and 3 partly resolved. All three thumbs  requiring 
surgery were initially diagnosed after the age 2 years 6 
months.    

   Three of four studies (all without a control arm) suggested 
high response rate to an exercise programme over protracted 
time-periods; conversely, the one remaining study [ 33 ], with 

      Table 35.2    Watanabe classifi cation of paediatric trigger thumb [ 19 ]   

 Stage  Condition 

 0  Normal 

 1  Locking in fl exion or extension 

 Active movement with a triggering 

 2  Locking in fl exion or extension 

 Passive movement with a triggering 

 3  Locked in fl exion or extension 
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26 patients <3 years, suggested no resolution in response to 
a stretching programme over a short time period (3 months).  

    Splintage 
 Four key studies (3 level III with comparative groups; 1 level 
IV, with no control group) have sought to defi ne the role of 
splintage in the treatment of this condition:

    (1)     Nemoto et al. [  22 ] reported a case series of 33 patients 
with 43 trigger digits (40 thumbs and 3 fi ngers) treated 
with a custom extension splint at night and nap-times, 
the IPJ being stabilised in maximum extension by volar 
polyethylene with a dorsal strap. Eight patients (10 dig-
its) dropped out of treatment; 24 digits ‘ recovered com-
pletely ’ (73 % cure rate) by an average of 10 months, 
seven improved and two digits required surgery. The 
authors concluded that ‘ splint therapy is effective in 
treating trigger thumbs ’. However, given that there was 
no control group, this study did not establish whether 
splintage has a better resolution rate than would have 
occurred with observation alone.   

   (2)     Tan et al. [  23 ] reported results of 138 trigger thumbs (23 
bilateral) from 115 children (57 boys, 58 girls). Fifty- 
nine children were treated surgically (the ‘ immediate 
surgery group ’; mean age presentation 26.5 months); 56 
patients were treated ‘ conservatively ’ (mean age presen-
tation 19 months), either by splinting or being taught a 
passive stretching routine. It is not clear as to how the 
allocation between groups was made. There was a suc-
cess rate of 66 % after conservative treatment. The mean 
period of successful conservative treatment was 6 
months (range 3–9 months), and minimum follow-up 
was 12 months. Splintage success was 24/31 (77 %) and 
parental stretching success was 13/25 (52 %). Success of 
conservative treatment decreased with increasing age, 
being 85 % (17/20) in <1 year, 61 % (11/18) in 1–2 
years, and 50 % (9/18) in >2 years. Thirteen ( ex  19) 
patients who failed conservative treatment went on to 
surgery – meaning that 72 patients underwent surgery, 
with one recurrence (1.4 %).   

   (3)     Lee et al. [  24 ] reported a comparative cohort study on 50 
children (mean age 1 year 11 months, range 0–4 years; 20 
male, 35 female) with Watanabe stage 1 or 2 thumbs (i.e. 
reducible at presentation; see Table  35.2 ; over the same 
time period 16 children with 16 irreducible thumbs were 
treated surgically and excluded from the study), allocated 
to one of two groups: (i) extension splinting (24 children, 
31 thumbs, splinted for mean 11.7 weeks, range 4–24 
weeks), or (ii) observation alone (26 children, 31 thumbs), 
on the basis of parental selection after detailed informa-
tion. Baseline data were presented and were broadly sim-
ilar between the two groups. At variable follow-up (mean 
of 18.1 and 22.1 weeks for the splinted and observation 

groups, respectively; last follow- up was by telephone 
interview), thumbs were classed as ‘cured’ (full range of 
movement with no snapping), ‘improved’ (full range of 
movement with minimal snapping, <one episode/week) 
or ‘nonimproved’ (persistent or recurrent fl exion contrac-
ture), these results being 12, 10, 9 in the splintage group 
and 4, 3, 24 in the observation group. Subsequent A1 pul-
ley release in non- improved thumbs still had excellent 
results. This level III study applies only to those thumbs 
that were initially reducible (a relatively small subset of 
pediatric trigger thumbs).   

   (4)     Koh et al. [  25 ] reported a retrospective comparative 
study of 64 children (28 boys, 36 girls; at fi rst visit, mean 
age 2 years 6 months, range 3 months to 7 years 10 
months) with trigger thumb locked at the IPJ (Watanabe 
stage 3). Puzzlingly, they alluded to 16 further patients 
who were excluded because the follow-up period was 
less than 2 years without complete resolution, though the 
splintage group had follow-up of mean 26 months (and 
standard deviation 25 months). Patients were offered a 
custom-made coil night-splint, extending the interpha-
langeal joint, but preventing metacarpophalangeal 
hyperextension, and allocated to the splintage group if 
patients and parents agreed. Originally 32 were allocated 
to the splintage group but 6 (19 %) dropped out to the 
observation group, leaving 26 in the splintage group, and 
38 in the observation group. The follow-up periods were 
markedly different, being (months; mean ± SD) 26 ± 25 
and 66 ± 43, for the splint and observation groups 
respectively. The complete resolution rates were docu-
mented as 24/26 and 23/38. Importantly, this analysis 
was not made on an  intention-to-treat  basis.     

 Two of the studies were from Japan [ 22 ,  25 ], one from 
Singapore [ 23 ] and one from Taiwan [ 24 ]. It may be that 
results from these regions are not generalizable to other geo-
graphic or ethnic areas/groups. Although the response rates 
to treatment seem encouraging, there are major reservations 
in their interpretation: [ 22 ] was level IV, with no control 
group; [ 24 ] applies only to a small subset of thumbs; the 
analysis of [ 25 ] was not performed on an intention-to-treat 
basis. There is, therefore, minimal evidence that splintage is 
better than observation alone. In addition, conservative treat-
ment may be harder to endure and convince for patients and 
parents, than an operation.  

    Surgery 
 Eighteen key studies (1 level III with comparative groups 
[ 31 ]; 1 level III systematic review (Farr et al. [ 18 ]); 16 level 
IV; listed and considered chronologically) have sought to 
defi ne the role of open surgery (studies ostensibly on percu-
taneous ± open surgery are considered in a later section) in 
the treatment of this condition:
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    (1)     Marriott and Basu [  26 ] reported their observations on a 
retrospective case series of 80 patients (34 male, 46 
female) with trigger thumb (23 bilateral, 103 thumbs), 
presenting over an 18-year period, 1946–1963. Only 
6/80 presented at younger than 3 months; 52  ex  80 pre-
sented at 1–3 years age. Of 80, 57 were followed up 
with a post-op visit, and of these, 45 were followed 1 
month later. From 94 operations, there were 7 recur-
rences (7.4 %); 5 of these underwent reoperation, all 
with satisfactory results.   

   (2)     Dinham and Meggitt [  7 ] reported a retrospective case 
series of 105 children (54 boys, 51 girls) with paediat-
ric trigger thumb (26 bilateral; 131 thumbs; diagnosed 
at mean age of 2 years, range birth – 11 years; 19 
patients were deemed ‘congenital’ and 7 of these were 
bilateral i.e. 26 thumbs in this group) treated by obser-
vation or surgical release. Eight (ex 26; 31 %) of the 
‘congenital’ group resolved spontaneously by 12 
months. In the whole group of 131 thumbs, 107 were 
‘ watched for up to 6 months ’, 13 recovered spontane-
ously. It is diffi cult to defi ne the ‘non-congenital group’ 
in this manuscript, but the authors assert that for ‘ trig-
ger thumbs in children fi rst noticed between the age of 
six to thirty months ’, it is safe to watch ‘for six months 
because there is an expected spontaneous recovery rate 
of about 12 %’. Given that 81  ex  107 thumbs underwent 
operation after 6 months, the cadre left for analysis was 
prohibitively small as to whether further resolution 
might be possible. For 105 operated thumbs at follow-
 up (period unspecifi ed), 100 (95 %) had ‘full move-
ments’, 3 (3 %) had a residual 15 degree fi xed fl exion 
deformity, and 2 required reoperation.   

   (3)     Skov et al. [  27 ] reported a retrospective surgical case 
series of 37 patients (17 boys, 20 girls) from an identi-
fi ed case load of 42 (i.e. loss to follow-up of 5 patients), 
operated on (mean operative age 38 months, range 
10–144 months) for trigger thumb at <15 years. For 
extended follow-up (mean 69 months, range 18–130 
months), 31 patients were examined in the department 
and 6 were contacted by telephone. All had full move-
ment, no nerve damage, and ‘normal’ thumb strength. 
Ten thumbs (25 %) had bow-stringing of 1–2 mm, all 
previously unnoticed by patients.   

   (4)     Ger et al. [  1 ] reported a retrospective case series of 41 
surgically treated patients with pediatric trigger thumb 
(53 thumbs), collated over a 30-year period (1959 to 
1989) at the AI du Pont Institute, ‘ a major regional 
referral center for pediatric orthopaedics .’ The case 
capture details were not given. Group 1 (<6 months 
age; 13 patients; 19 thumbs) had a mean observation 
period of 44 months (range, 9–139 months). No thumbs 
resolved without surgery. In group 2 (>6 months age; 
28 patients; 34 thumbs; mean age at diagnosis 42 

months, range 10–148 months), only 9 patients were 
watched for 6 months before surgery, but again there 
were no cases of resolution without surgery. No thumb 
had any residual contracture when examined at one 
year post-operatively.   

   (5)     Slakey and Hennrikus [  4 ] reported a case series of 15 
children (8 boys, 7 girls; mean age at diagnosis 24 
months, range 3–49 months) with paediatric trigger 
thumb (2 bilateral; 17 thumbs) treated by surgical 
release (mean operative age 30 months, range 15–51 
months). At follow-up (mean 12 months, range 6–35 
months), 16 (94 %) had a full range of movement, 
equivalent to the contralateral side; 1 thumb had a ten 
degree hyperextension defi cit compared with the other 
side.   

   (6)     Hierner and Berger [  28 ] reported a retrospective case 
series of 34 patients with trigger thumb, treated by 
open release of A1 pulley; 26 patients were available 
for follow-up (at 1 year) free active and passive move-
ment comparable to the contralateral side was achieved 
in 24 (92 %). One case (4 %) had nerve damage, and 
two (8 %) cases required a secondary procedure due to 
inadequate release.   

   (7)     Hudson et al. [  29 ] reported a retrospective case series 
of 49 children (mean age 1.9 years) with paediatric 
trigger thumb (11 bilateral; 60 thumbs) treated by sur-
gical release. At follow-up (mean 44 months), 58 
(97 %) had a full range of movement, 2 (3 %) had a 
residual fi xed fl exion deformity requiring reoperation.   

   (8)     Mulpruek and Prichasuk [  30 ] reported a retrospective 
case series of 42 children (mean age at initial visit 2.6 
years, range 1–6 years) classifi ed into 3 groups accord-
ing to noted age onset: group 1 (<6 months; 14 cases), 
group 2 (>6 months; 20 cases), group 3 (uncertain; 8 
cases) with paediatric trigger thumb (54 thumbs; 12 
bilateral) in whom surgical release was offered for all. 
Spontaneous recovery occurred in 10 out of 42 (1  ex  
14 in group 1, 8 ex 20 in group 2, 1  ex  8 in group 3; 
24 % overall) within 3 months of the initial visit. It was 
noted that no bilateral case had spontaneous resolution. 
The 32 operative cases had a mean operative age of 35 
months (range 18–72 months); there were no complica-
tions. At follow-up (mean 40 months, range 8–65 
months), there were no residual/recurrent fi xed fl exion 
deformities.   

   (9)     Dunsmuir and Sherlock [  31 ] reported a retrospective 
case series (with two comparative groups) of 192 chil-
dren with trigger thumb (227 thumbs; 93 boys, 99 
girls). At the presentation consultation, information 
was given to the parents who then selected either obser-
vation or surgery: 53 children (57 thumbs; 28 %; 
median age 25 months, range 1–156 months) were 
observed, and 139 children (170 thumbs; 72 %; median 
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age 30 months, range 7–108 months) were listed for 
surgery (open release A1 pulley). In the observation 
group, spontaneous recovery occurred in 26 patients 
(49 %) with no subsequent recurrence and no residual 
fl exion deformity; the mean period of observation was 
7 months (range 1–23 months). Twenty-seven patients 
from the observation “deferred” group came to surgery 
i.e. 166 patients had surgery at a median of 46 days 
after listing (recurrence rate post surgery was 3.5 %).   

   (10)     Moon et al. [  10 ] reported a retrospective case series of 
33 children with trigger thumb (35 thumbs; 2 bilateral; 
33 locked and only 2 triggering). At presentation, 4 
(thumbs) cases were <1 year, 26 were aged 1–3 years, 
and 5 were >3 years. The protocol was: observation of 
those presenting in fi rst year of life until their fi rst 
birthday, either observation (until 3 years) or surgical 
release for children aged 1–3 years at presentation, and 
surgical release if > 3 years age. Twelve out of 35 cases 
resolved (at a mean of 5 months observation, range 
1–24 months). Twenty-three cases were operated on 
(mean operative age 29 months, range 13–57 months) 
without complication (follow-up period and mode of 
assessment unspecifi ed).   

   (11)     McAdams et al. [  32 ] reported a retrospective case 
series of 21 children (9 boys, 12 girls) with trigger 
thumb (30 thumbs, 9 bilateral) with long-term follow-
 up (mean 15.1 years, range 2–40 years), having previ-
ously undergone surgical release of the A1 pulley 
(mean operative age 3.3 years, range 8 months–12 
years). No recurrences and no triggering/nodules were 
found – nor was there any functional defi cit. However 
23 % had a loss of relative IPJ motion, and 17.6 % had 
metacarpophalangeal joint hyperextension, this being 
unrelated to the age at which surgery had been per-
formed. Seven  ex  21 had a longitudinal scar, and all 
these had concerns over the scar appearance. No infor-
mation was given as to the adequacy of case capture/
retrieval, leaving a concern as to the representativeness 
of this series.   

   (12)     Herdem et al. [  33 ] reported a retrospective case series 
of 36 children (18 boys, 18 girls; mean age 34 months, 
range 9 months–13 years) with trigger thumb (47 
thumbs; 11 bilateral) treated surgically by open release. 
Conservative treatment (passive stretching exercises) 
was instituted in all patients under 3 years age (26 ex 36 
patients; 3 months programme). This was unsuccessful 
in all patients, so open release was performed for all 
with mean follow-up 7 years (range, 5–15 years); all 
patients were free from contracture and nodule and had 
a normal range of movement.   

   (13)     Kuo et al. (2010)  reported a retrospective case series of 
39 consecutive patients (25 boys, 14 girls) with paedi-
atric trigger thumb (50 thumbs; 11 bilateral) presenting 

at a mean age of 24 months [range: birth – 54 months], 
with (26  ex  28) mean IPJ fl exion contracture of 49 
degrees (range 10–90 degrees) and treated surgically 
by release of the annular  pulley and partial (50 %) 
release of the oblique pulley . Fifteen patients were lost 
to follow-up, and a further six were assessable only by 
telephone interview. Of 24 patients (28 thumbs), at 
follow-up (mean 79 months; range 3–228 months), 
there was: (i) no bowstringing, (ii) Notta’s node resolu-
tion (19/20), and (iii) 100 % parent/patient satisfaction. 
Five thumbs were noted to have a mean of 12 degrees 
less IPJ fl exion.   

   (14)     Han et al. [  34 ] reported a retrospective case series of 23 
consecutive children (9 boys, 14 girls) with paediatric 
trigger thumb (8 bilateral; 31 thumbs) treated by surgi-
cal release  at age >5 years  (mean operative age 7.5 
years). There were no post-operative complications. At 
clinical follow-up (mean 2 years 3 months, range 9 
months–4 years 7 months) all had regained full exten-
sion, and there was no complaint of grip weakness or 
functional limitation.   

   (15)     Leung et al. [  9 ] reported a retrospective case series of 
180 children (88 boys, 92 girls; mean age at onset 19 
months, range 1 month–6 years, and 20 % diagnosed at 
less than 1 year i.e. in infantile group) with paediatric 
trigger thumb (29 bilateral; 209 thumbs; 48 infantile, 
161 childhood) treated by surgical release. At follow- up 
(mean 5 months, range 3–29 months), 193 (95 %) had a 
full range of movement with ‘ scarcely apparent scar ’, 9 
(4 %) had a residual fi xed fl exion deformity, 3 (1 %) had 
a hypertrophic scar, and 5 (2 %) required reoperation. 
Of the 9 thumbs with a residual fl exion deformity, 4 ( ex  
48; 8 %) and 5 ( ex  161; 3 %) were from the infantile and 
childhood groups, respectively; these 9 were subjected 
to a physiotherapy regime, but 3 from each group were 
adjudged failures (6 % and 2 %, respectively).   

   (16)     Marek et al. [  35 ] reported a retrospective case series of 
173 patients (101 boys, 72 girls) with trigger thumbs 
(217 thumbs; 66 unilateral left, 65 unilateral right and 
43 bilateral –  NB this would equate to 174 rather than 
the reported 173 patients ) treated by surgical release, 
the indication being a locked trigger thumb for at least 
6 months. Allegedly the commonest history at the time 
of presentation was intermittent triggering with the 
thumb eventually becoming locked in fl exion. Age of 
onset of symptoms was 25 months (range 0–78 
months), and time to surgery was mean 11 months 
(range 2–90 months) – this means that there were 
patients in whom the 6 month stipulation for chronicity 
was not observed. At clinic follow-up (mean 27 days, 
range 2–840 days), all 217 thumbs achieved full exten-
sion; there were no digital nerve injuries or other major 
complications. The authors supplemented the clinical 
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study with a practice pattern survey of pediatric hand 
surgeons. In their abstract, they concluded that surgical 
release ‘…  is the treatment of choice for a locked pedi-
atric trigger thumb. ’ This far-reaching conclusion is 
justifi able on the data presented by the authors only in 
so far as it refl ects the practice/opinion of the hand sur-
geons surveyed.   

   (17)     Chalise et al. [  36 ] documented a case series of 45 
patients (24 boys, 21 girls; mean age at presentation 
28.5 months, range 3 months–7 years) in which man-
agement was stratifi ed according to Watanabe stage: (i) 
stages 0, 1, 2 (i.e IPJ fl exion contracture reducible by 
gentle manipulation): 29 patients initially treated by 
stretching exercises, and (ii) stage 3 (i.e irreducible 
locked IPJ): 16 patients treated by surgical release of 
the A1 pulley. If 9 months of conservative treatment 
was ineffective, patients were offered surgery. 
Minimum follow-up was 12 months. Conservative 
treatment was successful in 21/29 (72 %), but decreased 
from 82 % (9 cases) in the <1 year age, to 50 % (3 
cases) in >3 year age. Surgically treated cases were 
successful in 22/24, with recurrence of fl exion contrac-
ture in 2/24 (8.3 %).   

   (18)     Farr et al.   [  18 ] performed a systematic review compar-
ing open surgery and non-operative treatments, limited 
to follow-up data of mean at least 12 months. They 
identifi ed seventeen retrospective studies and one pro-
spective study, reporting on open surgery (634 children, 
759 thumbs), splinting (115 children, 138 thumbs) and 
passive exercising (89 children, 108 thumbs). Whilst 
acknowledging the low levels of evidence available 
their guarded conclusion was that ‘ open surgery 
resulted in more reliable and rapid outcomes compared 
with non-operative treatment. ’    

  As explicitly noted by Leung et al .  [ 9 ], hospital-based 
case series data are substantially vulnerable to referral bias, 
which itself are likely to vary substantially between health 
systems and across cultures. Nevertheless, the series pre-
sented support the conclusions of the systematic review out-
lined above (Farr et al. [ 18 ]): (i) ‘ Full interphalangeal joint 
motion without residual triggering was achieved in 95 % of 
all children undergoing surgery ’ (though it is worth empha-
sising that only open release was considered as a form of 
surgery), and (ii) ‘ open surgery results in more reliable and 
rapid outcomes compared with nonoperative treatment .’ 
Conversely, given the improvement of thumbs with conser-
vative management, and no evidence of a decline in the 
excellent results with time to surgery (especially Han et al. 
2002), a period of observation may be prudent and accept-
able to parents/child. Additionally, limited data [ 32 ] suggest 

that a transverse incision would be preferred to a longitudi-
nal one for open release.   

    What Is the Best Mode of Surgical Treatment? 

 Percutaneous releases have been considered as an alternative 
to open surgery, largely as an extension from this approach 
for trigger digits from the adult literature [ 45 – 47 ]. Eight 
studies were identifi ed ([ 37 – 40 ]; Fuentes et al. [ 41 – 44 ]), 5 
level IV, 2 level III and 1 level II. These studies are outlined 
below:

    (1)     Wang and Lin [  37 ] reported a case series of 33 children 
(19 boys, 14 girls) with trigger thumb (40 thumbs; 7 
bilateral; mean age onset 2.4 years) treated by percuta-
neous release (mean operative age 2.5 years, range 10 
months–8 years 9 months) with a 19 guage hypodermic 
needle. Patients were allocated to two groups for anaest-
haesia, according to “ tolerance of the child and parents ”: 
(i) general anaesthaesia (13 patients), local anaesthaesia 
(20 patients). At follow-up (mean 4.7 years, range 16 
months–13 years 1 month), successful releases were 
obtained in 15  ex  16 and 21  ex  24 thumbs, for the general 
and local anaesthetic groups, respectively i.e overall suc-
cess rate of 36/40 (90 %). Examination for nerve injury 
did not indicate any adverse sequelae. A satisfactory 
release was obtained in 30 patients (91 %) with one 
recurrence at postoperative week 3 (subsequently treated 
by open release), 1 having a hypertrophied pulley too 
thick for percutaneous release, and 2 patients becoming 
uncooperative during the procedure under local anaest-
haesia to a suffi cient degree for parents to refuse further 
management.   

   (2)     Wang and Lin [  38 ] produced a largely duplicate publica-
tion (without citation of their 2004 paper) with substan-
tial results and textual homologies to the earlier paper 
concerning the series with percutaneous release; there is 
a puzzling alteration in the average length of follow-up 
of this cohort – this being 4.7 years in the fi rst paper and 
5.7 years in the second, although the range remains the 
same. The additional data in this paper were from a his-
torical ‘control’ group of 28 patients (16 boys, 12 girls; 
mean age at presentation 11 months, range 0–50 months) 
who had open releases for trigger thumbs (32 thumbs; 4 
bilateral) at a mean operative age of 28 months (range 
8–60 months), and had uniformly (100 %) satisfactory 
outcomes over an unspecifi ed time period.   

   (3)     Ruiz-Iban et al. [  39 ] reported a prospectively collated 
case series of 23 children (stated as 5 boys and 17 girls 
(albeit this indicates 22 children!)) under 6 years of age 
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(mean age 2.7 years, range 14 months–5.6 years) with 
trigger thumb (27 thumbs; 4 bilateral; all locked in fl ex-
ion i.e. Watanabe stage 3) treated by percutaneous release 
(PR) of the A1 pulley. One child was lost to follow- up, 
leaving 22 children (26 thumbs) at follow-up (mean 3.0 
years, range 1–7.2 years), which involved assessment of 
IPJ and MCPJ range, pinch strength, sensibility (two-
point-discriminator) and triggering (with comparison of 
contralateral side): 25  ex  26 (96 %) had excellent results 
with no residual triggering (two of these had a mild 
MCPJ extension defi cit at one month post- operatively, 
which resolved with exercises). One child had a recurrent 
locked thumb at the one month visit (representing a 4 % 
failure rate) and underwent uncomplicated open release 
one month further on. In no patient was there a sensibility 
defect, loss of strength, IPF motion loss or MCPJ hyper-
extension deformity. On the basis of these data, the con-
clusion drawn by the authors was that the technique is 
“safe”, a conclusion from this small sample size, that this 
reviewer believes is too far reaching – as often exempli-
fi ed by the problem with small (or zero) numerators [ 48 ].   

   (4)     Ramirez-Barragan et al. [  40 ] reported a retrospective 
study on 108 children (51 boys, 57 girls) with trigger 
thumb (135 thumbs; 27 bilateral) comparing open (92 
cases) and percutaneous (43 cases) release surgeries 
with both groups being performed under general anaest-
haesia, and case allocation being by surgeon’s prefer-
ence. At follow-up (mean 24 months, range 4 months–60 
months), there were no complications of lack of sensitiv-
ity, residual pain or alteration of thumb mobility in either 
group. However, there were recurrence rates of 6  ex  92 
(7 %) and 15  ex  43 (35 %) in the open and percutaneous 
groups respectively. In light of the high recurrence rate 
following percutaneous surgery (a six times higher 
recurrence risk), the authors made a preferential recom-
mendation for the open technique.   

   (5)     Fuentes et al. [  41 ] reported a retrospective study on 159 
children with trigger thumb (176 thumbs; 17 bilateral; 
86 boys, 90 girls) comparing open (124 cases) and per-
cutaneous (52 cases) release surgeries, with the open 
group performed under general anaesthaesia, the percu-
taneous group under general sedation, and case alloca-
tion and subsequent check-ups were by treating surgeon’s 
preference (follow-up was  ‘during the post-operative 
period’  for the open release, and  ‘3 times every week’  for 
the percutaneous group; the lengths and assessors of 
follow-up are not given). Allegedly, there were no  ‘com-
plications any type: infection, vascular injury, or neuro-
logical ’. For the open surgery group, the mean operative 
age was 2.65 years, the mean hospital stay 0.9 days, and 
the mean operative time 33.49 mins (range 10–65 mins). 

Conversely, for the percutaneous surgery group, the 
mean operative age was 2.45 years, the mean hospital 
stay 0.21 days, and the mean operative time 14.56 mins 
(range 5–25 mins), this latter parameter being signifi -
cantly reduced (p < 0.01). However, there were recur-
rence rates of 7  ex  124 (5.6 %) and 6  ex  52 (11.5 %) in 
the open and percutaneous groups respectively; all 
recurrences were treated by open release  ‘with 100 % 
success’ . The authors asserted (without supportive evi-
dence being presented) that  ‘most of the relapses follow-
ing percutaneous polectomy occurred in patients who 
had not done the home fl exion-extension exercises or 
who had done so improperly’ .   

   (6)     Sevancan et al. [  42 ] reported a case series of 26 children 
(12 boys, 14 girls) with trigger thumb (31 thumbs; 5 
bilateral; 28 rigid type, 1 passive trigger, 2 active trigger) 
treated by percutaneous release (mean operative age 2.6 
years, range 14 months–5 years) with a well described 
technique involving an 18 guage needle attached to 10 cc 
saline-fi lled syringe. At follow-up (mean 2.5 years, 
range 1–4.5 years), examination for nerve injury did not 
indicate any sequelae. A satisfactory release was 
obtained in 30 (97 %) with one recurrence at postopera-
tive week 3 (subsequently treated by open release).   

   (7)     Amrani et al. [  43 ] reported a case series of 52 children 
(29 boys, 23 girls) with trigger thumbs (63 thumbs, 11 
bilateral) treated by percutaneous release of the A1 pul-
ley (at mean operative age 32 months, range 12 months–5 
years). At follow-up (mean 28 months, range 12–30 
months), 50 thumbs were available for review: 48 (96 %) 
had a good result, but 2 (4 %) had recurrent triggering, 
requiring subsequent open release. No thumb demon-
strated any clinical neurovascular defi cit.   

   (8)     Masquijo et al. [  44 ] reported a level II prospective, 
cross-over comparative (internally controlled) study, 
with 15 patients (8 boys, 7 girls; mean operative age 3.2 
years, range 2–7 years) with locked trigger thumbs 
(number = 20) underwent percutaneous release (PR) fol-
lowed by a staged open release (OR). Outcomes were (i) 
thumb extension preoperative (-45.2 ± 21.7°) / after PR 
(-4 ± 8°) / after OR (0°), (ii) extent of A1 release at PR 
(100 % in 4/20, >75 % in 2/20, 50–75 % in 14/20), (iii) 
iatrogenic nerve (0/20) / vessel (0/20) / tendon (16/20 
laceration) injury, and (iv) distance between PR and dig-
ital nerve (mean 2.45 ± 0.9 mm; range 1–4 mm). Though 
no iatrogenic nerve injuries were encountered, the trial 
was stopped early because of the perceived risks. In con-
clusion, the authors did  ‘not recommend percutaneous 
release in the pediatric thumb, given the risk of 
 neurovascular iatrogenic injury or incomplete A1 pulley 
release’ .    
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  Excluding the largely duplicate study [ 38 ], the four level IV 
case series [ 37 ,  39 ,  42 ,  43 ] report on percutaneous release in 
33, 23, 26, and 52 children respectively (134 pooled), with 
91 %, 96 %, 97 %, and 96 % success rates. However, the two 
level III studies ([ 40 ]: 92 cases open  vs  43 cases percutaneous; 
[ 41 ]: 124 cases open  vs  52 cases percutaneous), incorporating 
a comparative cohort of patients undergoing open release, have 
much higher recurrence rates in the percutaneous release 
groups: recurrence rates (open release  vs  percutaneous release) 
were 7 %  vs  35 %, and 5.6 %  vs  11.5 %, respectively. 

 The well-designed cross-over study of Masquijo et al. 
([ 44 ]; 15 patients, 20 thumbs) documented the incomplete-
ness of release performed percutaneously, as well as the 
associated fl exor tendon injury (80 %) and proximity 
between percutaneous release and the digital nerve; the study 
was halted early because of the perceived risk 

 At the current time, the higher level (II – III) evidence 
concerning the percutaneous technique is averse to the appar-
ently encouraging results reported in the four case series. 
Despite possible benefi ts in terms of operative time, the 
safety and effi cacy of this approach are far from proven. 
Open release remains the standard of surgical care.  

    What Is the Best Time for Surgery? 

 The diffi culties in defi ning the natural history of this condi-
tion, particularly in the  inter -study heterogeneity in sponta-
neous resolution rates [ 35 ], have been alluded to earlier. The 
series of Baek et al. [ 13 ,  14 ] in the Korean population sug-
gested a 76 % resolution rate with observation alone, albeit 
over an observation period of 4 years. The case series and 
comparative cohorts on conservative management support 
the contention that surgery may be deferred with reasonable 
expectation of resolution. 

 Dinham and Meggitt [ 7 ] documented a 31 % resolution 
rate (8/26) in their ‘congenital group’ by 12 months – but 
markedly less in the older age-group. Chalise et al. [ 36 ] 

found a 82 % resolution rate with conservative management 
in the <1 year group, dropping to 50 % effectiveness in the 
>3 year age group. Conversely: (i) Ger et al. [ 1 ] documented 
that all 13 patients in their <6 months group (followed for 
mean 44 months) failed to resolve spontaneously, and (ii) 
Mulpruek and Prichasuk [ 30 ] found a greater resolution rate 
in the >6 month age-group (40 %) than the <6 months age- 
group (1/14; 7 %). 

 The case series of open surgery do not indicate worse 
results of surgery with older operative age, in particular: (i) 
[ 27 ]: mean operative age 3 years 2 months (range 10–144 
months), (ii) [ 32 ]: mean operative age 3.3 years (range 8 
months–12 years), (iii) [ 34 ]: all operative ages >5 years, with 
mean operative age 7.5 years. 

 The best timing of surgery remains dependent on patient 
and parent specifi c factors, including: (i) age/size (particu-
larly operative fi eld/anaesthetic risk), (ii) the responsiveness 
to observation/conservative treatment, and (iii) the ‘reason-
ableness’ in  the particular patient population  of observation / 
conservative treatment.   

    Conclusions 

 The discussion and conclusions to this review have been 
discussed under the appropriate research questions. 
Grades of recommendations are given in Table  35.3  . 
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      Evidence-Based Treatment of Forearm 
Fractures in Children                     

     Oluwarantimi     O     Ayodele      and     Alwyn     Abraham    

    Abstract  

  Paediatric forearm fractures constitute 5.4 % of fractures in children under the age of 16. 
They are more common in boys and seem to be increasing in frequency. Although the 
majority of these fractures can be treated non-operatively there has been an increasing trend 
towards operative intervention. There is no consensus on which fractures should be man-
aged operatively and what the best modality of operative management is. There is no Level 
I or II studies looking at these two modalities and therefore clinical decisions are guided by 
published observational studies. These studies do little to suggest a conclusive answer with 
regards to best practice for this fracture. The orthopaedic community is therefore in a genu-
ine state of equipoise and there is a need for clinically relevant RCTs to help clearly dif-
ferentiate between these available modalities.  
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      Introduction 

 “Forearm fractures” refer to fractures of one or both of the 
radius and ulna. In children, the mechanism of injury is usu-
ally a fall onto an outstretched hand. Whilst fractures of the 
forearm as a whole constitute 4.5 % of paediatric fractures, 
the majority of these are distal radius and distal ulna [ 1 ]. 
Both bone diaphyseal fractures constituted 6.5 % of fractures 
in children aged 12 and under in a large epidemiological car-
ried out in Nottingham in 1981 [ 2 ]. Boys were twice as likely 
to sustain these fractures and the average age was 7.8 years. 
A number of studies from Europe, United States and Asia 
suggest an upwards trend in the incidence of forearm frac-
tures [ 3 – 6 ]. The reason for this remains unclear although in 
Scandinavia the accelerating increase in forearm fractures 

was found to be associated with trampolines [ 7 ]. Diaphyseal 
forearm fractures are the most common site for refracture in 
the paediatric population. They are also the most common 
open fracture of the upper limb. 

 Fracture of the ulna shaft can occur with dislocation of the 
radial head proximally at the elbow (Monteggia fracture). 
Reduction of the ulna deformity allows relocation of this dis-
location. A similar dislocation of the distal radio-ulnar joint 
can occur with fractures of the distal radius (Galeazzi frac-
ture) [ 8 ]. 

 Fractures of the forearm are acutely painful and at initial 
presentation require prompt analgesia and plaster cast splint-
age. Plaster cast management not only provides analgesic 
after injury but helps to prevent increasing deformity whilst 
the fracture unites. Pain reduces gradually over the course of 
two weeks. Once fracture union occurs and motion at the 
fracture site ceases, splintage can be discontinued and func-
tion of the forearm is gradually restored. 

 The forearm functions as a joint allowing for internal 
rotation (pronation: palm faces posterior) or external rotation 
(supination: palm faces anterior) [ 9 ]. This ability to pronate 
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and supinate depends, amongst other things, on the shape of 
the radial diaphysis i.e. the radial bow. Interventions for 
radius and ulna diaphyseal fractures which restore the pre- 
fracture shape of these bones should therefore result in better 
forearm pronation-supination function. 

 Children have signifi cant potential for bone remodelling 
[ 10 – 12 ]. There are a number of factors that come into play 
with regards to the potential of a particular fracture to 
remodel [ 11 ]. These include the age of the child, the distance 
of the fracture from the physis, whether there is any rota-
tional deformity, and the direction of the plane of the fracture 
relative to the adjacent joints. Rotational deformities in gen-
eral cannot remodel [ 13 ]. Nonetheless the potential to 
remodel means the majority of fractures; forearm or else-
where, can be successfully managed non-operatively. 
Observational studies have suggested that over 90 % of both 
bones forearm fractures can be managed non-operatively 
[ 12 ,  14 ]. A recent randomised controlled trial demonstrated 
good results with casts that can be removed at home without 
further fracture clinic appointments [ 15 ]. 

 The remodelling potential in the forearm is less in the 
diaphyseal region as compared to the distal one third of the 
radius and ulna due to increasing distance from the physis. 
The majority of the remodelling potential in a paediatric long 
bone originates from the physis. In fact distal radial fractures 
have been shown to be able to remodel at a rate of 0.9° per 
month because of the proximity to the physis [ 13 ]. Conversely 
diaphyseal fractures remodel less well and are associated 
with higher rates of malunion. This is increasingly so with 
increasing age of the child. They are also associated with 
signifi cant rates of redisplacement [ 16 ]. 

 Operative intervention is therefore required for some frac-
tures either to facilitate indirect reduction (Elastic stable 
Intramedullary nailing – ESIN) or to stabilise direct reduc-
tion (Open Reduction Internal fi xation – ORIF). There is no 
clear consensus on the amount of angulation or malrotation 
that is acceptable. It is generally accepted that below the age 
of 10 children have the greatest bone modelling potential. 
Therefore, less deformity could be accepted in children 
above the age of 10. Where a child of less than 10 years old 
could reasonably be expected to remodel up to 20° of diaph-
yseal angulation this is not as certain in the older child. After 
the age of 10 years accepting more than 10° of diaphyseal 
angulation could result in unacceptable results. The decision 
to operate must therefore be multifactorial taking into 
account, the fracture morphology and location as well as the 
age of the child. In addition the ability or not to reduce the 
fracture and maintain it in a stable fashion will further deter-
mine the need for and method of surgery. The risk of redis-
placement and therefore the stability of a fracture is a factor 
of the location of the fracture along the length of the radius 
or ulna, the quality of the reduction and the quality of the 
applied plaster cast [ 16 – 19 ] (Figs.  36.1  and  36.2 ).

    Surgical intervention is aimed at reduction followed by 
stabilisation of the fracture. Fracture reduction reduces the 
deformity following a fracture by normalising the alignment 
of the radius and ulna. Reduction can either be closed (exter-
nally by manipulation under X-ray control) or open (by sur-
gical exposure, visualisation and instrumentation). Surgical 
stabilisation of the fracture involves holding the reduction 
such that the restored alignment following reduction is main-
tained. Devices for surgical stabilisation can be either inter-
nal to the forearm or external such as an external fi xator. 
Internal devices can either be elastic stable intramedullary 
nails (ESIN) or a combination of plates and screws. Whilst in 
adults ORIF has been established as the optimal surgical 
intervention for diaphyseal forearm fractures, in children the 
options of ORIF and ESIN are both widely used and equally 
popular. 

 Not only is there an increase in the incidence of forearm 
fractures but there is a trend towards surgical stabilisation [ 3 , 
 7 ,  14 ]. An 11 year period from 1998 saw the proportion of 
fractures being managed with ESIN triple from 10 % to 30 % 
[ 7 ]. The increasing popularity of ESIN can be attributed to 
the less invasive surgical technique of ESIN with the possi-
bility (perceived) of less complications, the resulting reduced 
risk of redisplacement postoperatively [ 20 ,  21 ] and the 
attraction of a prosthesis that is relatively easier to remove 
than the traditional plates and screws. 

 The trend has generally been to remove orthopaedic 
implants once the operated bone has fully healed. This is 
usually undertaken a year or so after operation before new 
bone formation buries the implant completely. Removal of 
ESINs is much easier than plates or other implants that are 
fi xed to the bone. Access to the ends of the ESIN is usually 
in safe zones, where neurovascular structures (nerves and 
blood vessels) are not at risk. Conversely plate removal 
requires a surgical dissection though inter-nervous or inter- 
muscular planes. These planes are often scarred and less dis-
crete following previous open reduction and internal fi xation. 
Thus repeat surgery, for the removal of plates and screws, 
requiring dissection may endanger neurovascular structures. 

 Surgical stabilisation prevents motion at the fracture site, 
thereby preventing displacement and recurrence of defor-
mity at the fracture site. Anatomical restoration should help 
to maximise function of the forearm once rehabilitation from 
the injury is complete. 

 Generally intramedullary nailing consists of a manipula-
tion (closed reduction) with percutaneous insertion (through 
a small incision in the skin) of the Elastic Stable 
Intramedullary Nail (ESIN). This technique allows for the 
formation of callus from the fracture haematoma which sub-
sequently ossifi es. The fracture ends are manipulated to 
approximate the shape of the pre-fracture radial shaft before 
being secured using an ESIN. 
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  Fig. 36.1    Forearm bones fractures treated with open reduction and internal fi xation       

  Fig. 36.2    Forearm bones fractures treated with elastic nailing       
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 Open reduction and internal fi xation (ORIF) involves sur-
gical dissection and exposure of the fracture. The two ends of 
the fractured bone are perfectly matched like a jigsaw. This 
type of reduction is both macroscopic and microscopic 
allowing for the restoration of the microscopic, cellular and 
matrix bone anatomy, without the need for bridging callus. 
The reduced bone is then stabilised using an implant, typi-
cally a plate with screws. 

 The indications for surgical interventions, for diaphyseal frac-
tures of the radius and ulna in children, are not clear. Similarly, 
the relative effects of various methods of surgery, particularly 
intramedullary nailing and plate fi xation are not established. 

 There is paucity of Level I and II data that compares either 
surgical versus non-surgical interventions, or different surgi-
cal interventions for the fi xation of fractures of the forearm 
in children. A review of the literature reveals a handful of 
Level III or IV retrospective studies looking at a comparison 
of IM nailing compared to ORIF. Some of these studies are 
of historic value, using implants (e.g. Rush Pin) which are no 
longer in vogue. There are two recent systematic reviews 
assessing the literature on operative intervention for forearm 
fractures [ 22 ,  23 ]. Baldwin et al. [ 22 ] conducted a systematic 
review and meta-analysis of 12 (525 patients); all were level 
III studies. Primary outcome was union rate. Patel et al. [ 23 ] 
conducted a systematic review of 8 studies; 446 participants 
(264 IMN and 182 plating). Primary outcome was the func-
tional range of motion. The main summary of both demon-
strates little difference in outcomes between ESIN and ORIF 
in paediatric patients. They also demonstrate that this genu-
ine point of clinical equipoise now warrants randomised con-
trol trials to determine the better of the two methods. 

 Whilst there is no Level I and II evidence, there are a 
number of observational studies that must be noted [ 12 ,  13 , 
 14 ,  24 – 28 ]. The studies most relevant to the management of 
forearm fractures vary in size from 31 to147 participants. 
The average age in each study also differed, as well as the 
average age between groups in each study. The average age 
of the ESIN groups (9.3–13.3) trended to be lower than the 
ORIF group (9.5–14.5) in all the studies (though not statisti-
cally signifi cantly). None of these papers demonstrated any 
statistically signifi cant differences in functional outcome 
between ORIF and ESIN. In addition differences with 
regards to complications between the two groups were not 
consistent between the studies. The systematic review with 
the largest number of studies found that non-union and 
delayed union was relatively uncommon in all series [ 22 ]. 
The incidence of non-unions requiring revision surgery in 
the meta-analysis was 1.7 % for ORIF vs. 2.4 % for 
ESIN. The incidence of delayed union in the IMN group 
was 5.5 % compared to 0.8 % in the ORIF group. However, 
this difference was not found to be statistically signifi cant. 
This same review split complications into major and minor 
and found major complications to be 7.2 % in the ORIF 

group and 9 % in the IMN group with the complications 
being non- union, hardware failure, deep infection, compart-
ment syndrome, unintended return to theatre in the immedi-
ate postoperative period, refracture, nerve injury, neuropathy, 
CRPS and arterial injury. All other complications (e.g. 
superfi cial infection, hypertrophic scar) were considered 
minor. As may be expected duration of surgery was signifi -
cantly shorter in ESIN (or its equivalent) in the studies in 
which operating time was measured [ 27 ]. Cosmesis was sig-
nifi cantly better in the ESIN group, though only measured 
in two studies [ 25 ,  27 ]. Compartment syndromes were 
reported in more than one study [ 14 ,  26 ] and in both groups. 
However, none of the papers indicated if the detected cases 
were of pre or postoperative compartment syndromes. Of 
note one paper that found compartment syndrome in their 
ESIN group did not have any cases of compartment syn-
drome in the ESIN group treated more than 24 h after the 
fracture was sustained [ 14 ]. 

 A few authors published a small case series of using a 
single bone fi xation [ 28 – 30 ]; however, their series probably 
included a recognised pattern of fractures where one of the 
bones is minimally displaced and relatively stable fracture 
(Fig.  36.3 ).

   An additional relevant factor is removal of metal work. In 
the author’s opinion, variation in the elective removal of 
implants is likely to refl ect differences in the local health-
care economy. In the UK there is little appetite for the 
removal of all metal work routinely as this presents another 
burden of operative need on a publicly funded service. This 
may not be the case in nations where medical intervention 
has a fi nancial incentive. Removal of metal work raises the 
concerns surrounding refracture. In the studies examined by 
the authors, practitioners tended to advocate routine removal 
of all nails in most studies. Three studies reported the effects 
of removal of metalwork [ 14 ,  26 ,  31 ]. Refractures were 
reported in both ESIN and ORIF groups. Operative decision 
making around removal of metal work needs to be better 
understood and studied. 

 A thorough search of the medical literature has failed to 
reveal any prospective trials comparing ORIF and ESIN for 
the treatment of radius and ulna diaphyseal fractures in chil-
dren. As such we are unable to further advise orthopaedic 
surgeons on the relative merits of ORIF and ESIN. It is 
unlikely that alternative prospective, comparative studies on 
this topic have gone unnoticed in our search. 

 We would like to emphasise the lack of evidence avail-
able, to inform the available choices of surgical stabilisation 
for diaphyseal fractures of the radius and ulna in children. 
The two choices of ORIF and ESIN are both acceptable with 
neither having proven advantages of lower complication 
rates or better radiological and functional outcomes. It is 
likely that orthopaedic surgeons will make choices based on 
their training and expertise and given the current level of 
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available evidence we feel this is an acceptable surgical 
algorithm. 

 A lower refracture rate and easy removal of metal implants 
is a desirable outcome for many orthopaedic surgeons treat-
ing forearm fractures in children. These outcomes are diffi -
cult to comment on given the shortage of evidence, but in this 
regard, the attractiveness of ESIN over ORIF is shared by the 
authors. That ESIN splints the whole length of the long bone, 
without mechanical foci of stress concentrations and is 
thought to reduce the risk of refracture, however the litera-
ture does not indicate that this is necessarily the case. In 
addition, percutaneous insertion of ESIN in safe zones, dis-
tant to nerves and vessels, facilitates easier removal com-
pared to ORIF implants. 

 Diaphyseal fractures in children are common and we 
accept the need for studies that help surgeons make the best 
choices for patients suffering these injuries. Ideally studies 
would be randomised, prospective trials with 3 year follow 
up to assess for healing, functional recovery, refracture rates 
and complications associated with removal.      
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      Evidence-Based Treatment of Wrist 
Fractures in Children                     

     Assad     A.     Qureshi      and     Alwyn     Abraham    

    Abstract  

  Distal radial fractures are a common injury pattern in the paediatric population. The man-
agement of displaced metaphyseal fractures introduces several controversies in manage-
ment. Questions arise regarding the optimal method of stabilising these injuries following 
successful reduction under anaesthesia. There is a paucity of clinical evidence investigating 
comparative treatment effects of different interventions with only six trials being included 
in a Cochrane review on this topic. Trials investigating above elbow versus below elbow 
casts have found no difference in the re-displacement rate but demonstrated less functional 
restriction, earlier return to activities and reduced elbow stiffness in below elbow casts. 
Percutaneous wiring is associated with a lower re-displacement rate compared with cast 
alone treatment but does not yield a difference in functional outcome at 3 months when 
comparing the two treatments. Further work is required to elucidate the infl uence of factors 
such as specifi c fracture pattern, ulna involvement and age of the patient on long term clini-
cal and functional outcomes following treatment to help identify which patients might ben-
efi t from surgical intervention.  

  Keywords  

  Paediatric   •   Distal radius fracture   •   Above elbow cast   •   Below elbow cast   •   Percutaneous 
wiring  

      Background 

 Distal radius and ulna fractures account for a large propor-
tion of paediatric injuries with a fall on the outstretched hand 
being the most common mechanism [ 1 ]. The annual inci-
dence of these injuries in the UK is estimated to be 16 per 
1000 children. Six morphologic subtypes have been 
described: (1) buckle, (2) green stick, (3) metaphyseal, (4) 
distal radial and (5) ulna physeal injuries in addition to (6) 
galeazzi fracture patterns [ 2 ]. 

 Buckle fractures of the distal radius and ulna constitute 
incomplete fractures. Their hallmark characteristic is com-
pression of the outer circumference of the cortex with pres-
ervation of length and alignment. Treatment is aimed at 
splintage for pain relief with discontinuation based on symp-
tomatic improvement. Green stick fractures are similar to 
buckle injuries with partial cortical disruption, but different 
in that plastic deformation occurs in the un-fractured cortex 
at this level. The extent of plastic deformation will determine 
the magnitude of the resulting angular deformity in the frac-
tured bone and the need for reduction prior to 
immobilisation. 

 When the magnitude of the deforming force exceeds the 
capacity for plastic deformation in the intact cortex, bi- 
cortical disruption occurs resulting in a metaphyseal 
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fracture. These are usually displaced and require reduction 
and immobilisation. Fractures occurring through the distal 
radial physis are more common in older children and if 
displaced, require reduction and immobilisation. Distal 
ulna physeal injuries are quite rare as are Galeazzi fractures 
where there is a fracture of the distal radius with concurrent 
disruption of the distal radio-ulna joint. The latter fracture 
type assumes clinical importance as reduction of the distal 
radial fracture is mandatory to restore the congruity of the 
distal radio-ulna joint which is crucial to preserve normal 
forearm rotation. 

 An important consideration in the management of distal 
radial injuries is the limits of acceptance with respect to the 
extent of fracture displacement and the need for reduction. If 
displaced, one must question whether the resulting deformity 
would be acceptable to both the patient and parents, whether 
it would impede function and whether it could be reasonably 
expected to remodel with growth. Once these limits have 
been defi ned, there is a need to distinguish stable injury pat-
terns which might require cast immobilisation alone from 
relatively unstable injuries requiring surgical fi xation. When 
cast immobilisation is preferred, we need to ask how long to 
continue immobilisation, the position of the arm and whether 
the elbow and wrist need to be immobilised or can be left 
free. This review will focus on these areas of uncertainty and 
the evidence basis supporting clinical decision making. 

 A Cochrane review has been published by our group 
detailing the current evidence base for treating distal radius 
fractures in the paediatric population [ 3 ]. The main aims of 
the review were to determine the infl uence of modifi able 
treatment factors in these injuries on outcome with a specifi c 
emphasis on function, re-displacement, residual deformity, 
other complications and patient/parent satisfaction. The 
modifi able treatment parameters investigated were the type 
of cast; with respect to forearm position (pronation/supina-
tion), inclusion of the wrist and elbow and the use of percu-
taneous wires compared with cast immobilisation. The 
effects of patient variables such as type of fracture and age of 
the child were also sought. The review principally looked at 
level 1 randomised or quasi randomised study designs com-
paring different treatment arms. The methodological quality 
of the studies was assessed using a modifi ed version of the 

Cochrane Bone, Joint and Muscle Trauma Group’s quality 
assessment tool [ 3 ].  

    Trial Characteristics 

 Six trials were included with a total of 478 participants, most 
of whom were male with age ranging from 8 to 12 years. All 
six trials specifi ed fractures of the distal radial metaphysis as 
the event of interest. Three studies [ 4 – 6 ] further defi ned spe-
cifi c inclusion criteria for their population of displaced frac-
tures while three did not [ 7 – 9 ]. One study excluded patients 
with concurrent ulna fractures [ 4 ]. Three studies included 
patients with distal ulna fractures [ 5 ,  7 ,  8 ]. These six studies 
were grouped according to the comparison between different 
treatment modalities following reduction of a displaced frac-
ture (see Table  37.1 ).

       Assessment of Methodological Quality 
of Included Trials 

 Participant allocation was concealed in one trial [ 8 ] but not 
in the two studies utilising quasi randomised methods [ 4 ,  9 ]. 
In the Miller study [ 6 ], nine additional non-randomised 
patients were included. Blinding of treatment providers and 
participants was not feasible in the included trial designs. In 
all of the included studies, assessment of outcomes was un- 
blinded despite attempts in one study to blind radiographic 
assessment [ 8 ]. The reporting of the baseline characteristics 
of the patient population was poor with only two studies [ 4 , 
 5 ] fully satisfying this criteria. The Boyer trial [ 7 ] reported 
insuffi cient data to judge study quality in this regard. In two 
studies [ 7 ,  8 ], provision of comparable care programs was 
deemed highly likely. Poor reporting of the comparability of 
care programs in both study arms other than the trial inter-
vention yielded poor quality scores in the remaining studies. 
All of the included trials provided suffi cient information on 
the inclusion and exclusion criteria defi ning the study popu-
lation as well as the interventions being compared. Outcome 
instruments were adequately described in all included trials. 
Three trials did not assess function as an outcome measure 

   Table 37.1    Study treatment comparisons, authors and participant numbers   

 Comparison  Studies  No of participants 

 Below elbow cast vs Above elbow cast  Bohm et al. [ 8 ]  229 

 Webb et al. [ 9 ] 

 Neutral vs Pronated vs Suppinated forearm position in 
above elbow cast 

 Boyer et al. [ 7 ]  109 

 Percutaneous wire fi xation + above elbow cast vs above 
elbow cast alone 

 Gibbons et al. [ 4 ]  125 

 McLauchlan et al. [ 5 ] 

 Miller et al. [ 6 ] 
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[ 4 ,  7 ,  8 ]. Set time points for follow up were defi ned in all but 
one study [ 7 ] but no study reported outcomes at or beyond 
1 year.  

    Comparison of Treatment Effect in Reported 
Trials 

    Below Elbow Versus Above Elbow Cast 
Immobilisation 

 Two studies reported outcomes in a total of 229 partici-
pants [ 8 ,  9 ]. The differing criteria may have contributed to 
the moderate statistical heterogeneity (I 2  = 48.1 %). 
However, both trials found a trend towards a reduced risk 
of re- displacement during immobilisation in a below-
elbow cast. The analysis is distorted by the absolute num-
bers of re- manipulations required in each study, four in 
the Bohm trial [ 8 ] and nil in the Webb trial [ 9 ], suggesting 
that the higher re-displacement rate in the above elbow 
group does not impact on the need for re-manipulation. 
The below elbow cast group demonstrated signifi cantly 
fewer limitations and reduced need for help in activities of 
daily living during cast treatment while the above elbow 
cast group missed, on average, one extra day of school. 

 Following cast removal, the above elbow cast group in 
the Webb study [ 9 ] demonstrated signifi cantly reduced 
elbow range of motion compared with the below elbow 
group (mean difference 28.7°). Children in the below elbow 
group regained elbow range of motion 10 days earlier com-
pared with the above elbow group. Comparison of the fi nal 
elbow range of motion between the two groups did reveal a 
statistically signifi cant difference. However, the clinical rel-
evance of a three to four degree difference between treat-
ment arms in the context of inter- and intra- observer error 
in measurements, is of questionable signifi cance. 

 Most complications were cast related with similar num-
bers in the two groups having their cast changed or rein-
forced due to cast weakening or loosening [ 8 ]. Five 
participants requested change from an above elbow to a 
below elbow cast to reduce discomfort. 

 Although suggestive of differences in outcome between 
the two treatments, both studies fi ndings are hampered by 
methodological limitations. The absence of functional out-
comes in the Bohm trial [ 8 ] does not yield insight into the 
function of re-displaced fractures which did not require re- 
manipulation. This study also demonstrated a signifi cant 
imbalance in fracture types. The Webb study [ 9 ] reported 
insuffi cient information on the study population’s baseline 
characteristics in addition to employing quasi randomised 
methods. Both studies reported on cast fi t [ 10 ] which pro-
vided some assurance of correct application although failed 

to describe the position of the forearm in the above elbow 
cast.  

    Above Elbow Cast: Forearm Pronated 
Versus Neutral Versus Supinated 

 Comparisons in forearm position in above elbow cast were 
investigated in one study [ 7 ] with 109 participants treated for 
displaced or angulated fractures following reduction under 
general anaesthesia. Ten children were excluded due to 
insuffi cient radiographic assessment. One child in each of 
the supination and pronation groups required repeat manipu-
lation due to an unacceptable loss of alignment but demon-
strated satisfactory outcomes at fi nal follow up. At fi nal 
follow up, at or beyond 6 weeks, there was no signifi cant 
difference when comparing the different groups with respect 
to residual angular deformity (mean 7°). This study demon-
strated signifi cant methodological fl aws with a quasi- 
randomised design, varied follow up and an absence of 
reported population baseline characteristics. These limita-
tions permit very few conclusions regarding which, if any, 
forearm position is preferable.  

    Percutaneous Wire Fixation and Above Elbow 
Cast Versus Above Elbow Cast Alone 

 Three trials compared these treatments following reduction 
of a displaced fracture in a total of 125 children [ 4 – 6 ]. 
Cumulative analysis revealed all re-displacements, with the 
exception of one case, occurred in the cast alone group. The 
single instance case of re-displacement in the wires group 
[ 5 ] occurred secondary to wire migration. In the Gibbons 
study [ 4 ] all of the re-displacements were re-manipulated. 
Of the seven re-displacements in the McLauchlan study [ 5 ], 
four underwent surgical re-manipulation. Only one of the 
six children with a re-displacement in the Miller study [ 6 ] 
underwent a secondary procedure to improve the position. 
There was no signifi cant difference in the rate of other com-
plications between the wire fi xation and cast only group. 
There were more planned secondary procedures in the wire 
fi xation group refl ecting the routine removal of wires fol-
lowing fracture healing. There were a signifi cantly higher 
number of unscheduled secondary procedures in the cast 
only group. However, these results were heterogenous 
(I 2  = 49.5 %) and reported signifi cance was only marginal 
when using a random effects model [ 3 ]. The Miller study 
supported a reduction in the cost of wire fi xation compared 
with cast alone (US $3347 versus $3831) when treating 
these fractures due to the costs of unplanned secondary 
procedures. 
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 Clinical outcome in the wire fi xation and cast alone 
groups was comparable in all three studies. McLauchlan [ 5 ] 
reported no signifi cant difference in grip strength or range of 
motion following treatment when comparing the two groups. 
Five children out of 56 reviewed at 3 months complained of 
minor pain after strenuous activity although none had any 
functional defi cit. Radiographic assessment at 3 months 
demonstrated greater residual coronal (mean difference − 3°) 
and sagittal deformity (mean difference − 5.1°) in the cast 
alone group compared with the wires group. Miller reported 
no limitations in function, strength or range of motion at a 
mean follow up of 2.8 years [ 6 ]. There was no residual cos-
metic deformity in the study group with all 25 fractures 
remodelling to anatomical alignment. 

 All three trials consistently reported a lower re- 
displacement rate with wire fi xation and unplanned second-
ary procedures compared with cast immobilisation alone. 
This effect was most marked in the Gibbons study [ 4 ], where 
the distal ulna was intact in all cases. The reporting of routine 
wire removal being a scheduled secondary procedure distinct 
from unscheduled secondary procedures in the cast alone 
group lends itself to bias. Amongst other biases, major selec-
tion bias could not be ruled out for two of the three included 
studies [ 4 ,  6 ]. The lack of long term outcomes limits the fi nd-
ings of the McLauchlan study [ 5 ] although no child demon-
strated a functional defi cit at 3 months in this study.   

    Discussion 

 Despite the large number of children sustaining such inju-
ries, there is a paucity of level 1 evidence comparing out-
comes from different treatment modalities. The most 
recent Cochrane review [ 3 ] included 6 trials from either 
North America or the UK involving 478 children. 
Cumulative review of these 6 studies does not appear to 
favour any particular treatment over another. Although the 
risk of re- displacement may differ between treatments, 
there does not appear to be any signifi cant difference in 
other complications or functional outcome at fi nal follow 
up. The suggested relationship between re-displacement 
and the need for re- manipulation is imprecise and requires 
further evaluation. The available evidence suggests a low 
incidence of complications or poor outcomes following 
treatment stressing the importance of appropriately pow-
ered studies designed to detect differences between treat-
ment arms. Treatment effect may also be masked in trials 
where different types of displaced radial fracture have 
been included. The propensity for certain fracture types to 
re-displace has not been assessed by any of the current ran-
domised trials. Although one study investigating the infl u-
ence of forearm position in above elbow cast demonstrated 
no difference, any potential treatment effect may exist as a 

function of optimal forearm position being dictated by the 
injury characteristics. The infl uence of an intact ulna on 
the outcomes of specifi c treatments remains unanswered. 
Future level 1 studies must be directed at identifying the 
important injury morphological characteristics conferring 
improved outcomes of one particular treatment over 
another. 

 The inherent remodelling potential of these injuries does 
question whether short term outcomes before remodelling is 
complete assume equal importance to outcomes assessed at 
fi nal follow up when any residual deformity will have remod-
elled to anatomical alignment. The age of the child is an 
important determinant of remodelling potential and any pro-
spective study design should consider appropriate inclusion 
criteria to objectify the infl uence of re-displacement on the 
need for re-manipulation. The precise relationship between 
radiographic deformity and clinical deformity is uncertain 
and highlights the need for patient centred outcome mea-
sures to assess the impact of perceived limb alignment fol-
lowing treatment on quality of life. The included studies 
demonstrate the historic bias towards surgeon measured out-
comes where assessment is focussed on range of motion, 
grip strength and radiographic alignment. Notably of the six 
included studies, three studies [ 4 ,  7 ,  8 ] did not assess func-
tional outcomes. Appropriate patient centred outcomes are 
an integral recommendation for any future trials investigat-
ing outcomes from these injuries.  

    Current Conclusions 

 The current evidence suggests that for displaced distal radius 
fractures which have been reduced, below elbow casts are 
not associated with a higher re-displacement rate compared 
with above elbow casts. Improved functional outcomes have 
been reported with below elbow casts. These arguments ren-
der any question of the optimal forearm position in an above 
elbow cast superfl uous. The limited evidence investigating 
forearm position as a variable dictating outcome does not 
rebut this opinion. Displaced fractures stabilised with percu-
taneous wires are more likely to maintain their position com-
pared with cast treatment alone despite no difference in 
reported functional outcomes at 3 months.      
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      The Value of Gait Analysis in Decision 
Making About Surgical Treatment 
of Cerebral Palsy                     

     Clare     Carpenter      and     Alfi e     Bass    

    Abstract  

  Gait analysis provides detailed objective quantitative measurements with regards to loco-
motion. The process of gait analysis involves the evaluation of a combination of data. This 
includes the visual observation of gait, a standardized clinical examination and instru-
mented analysis. Biomechanical data including joint movements and forces can be quanti-
fi ed and defi ne the segmental movements of the limbs. This allows an accurate quantifi cation 
of the deviations away from normal gait parameters and using that data to understand defor-
mity and pathology, plan surgical strategy and objectively measure outcomes subsequent to 
intervention. Whether gait analysis leads to signifi cant improvement in structural abnor-
malities, gait, function, quality of life, and cost-effectiveness is still yet to be determined.  

  Keywords  
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      Introduction 

 Gait analysis (GA) has been central to the understanding of 
disordered gait in children with neuromuscular disease. It 
has enhanced our understanding of the natural history of 
these gait patterns and provided objective analysis of both 
non-surgical and operative intervention. There has been the 
development of a language to allow better communication 
amongst health care professionals involved with these chil-
dren. Criticisms of the technique are based on technical 
aspects of the procedure wherein biological systems are 
modeled on certain mathematical assumptions, which may 
introduce inaccuracies. Human bias in the interpretation and 
translation of the data throws into question the reproducibil-
ity of the data between different laboratories and within the 
same laboratory on different occasions. 

 Historically, the mainstay of management of children 
with cerebral palsy (CP) was to maintain and improve ambu-
lation. More recently the focus of intervention has been 
around functionality of the child whether the child may be 
ambulant or not. This has been driven by the International 
Classifi cation of Functioning, Disability and Health (ICF) 
framework to include structure, function and also activity 
and participation. This has shifted our focus somewhat and 
widened the spectrum of musculoskeletal intervention for 
these children. More recently GA has expanded towards 
evaluation of the upper limb. It must be remembered that GA 
provides only information with regards the structure and 
function domain of the ICF framework for disability.  

    Defi ning Gait 

 Gait involves repetitious and cyclical movements of the foot 
from one position of support to the next, allowing the body 
to travel. There is a sequence of muscle actions that relates to 
three major tasks being accomplished during each gait cycle: 
weight acceptance, single-limb support, and limb 
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 advancement [ 1 ]. Because the moment of fl oor contact is the 
most readily defi ned event in the sequence of movements, 
this action is conventionally chosen to mark the beginning of 
the gait cycle. A complete gait cycle, or stride, begins when 
one foot strikes the ground and ends when the same foot 
strikes the ground again. 

 Understanding normal walking patterns underpins the 
appreciation of pathological gait. Jacquelin Perry was a pio-
neer in this area and defi ned eight functional phases of the 
normal gait cycle, divided into two major phases: stance 
(60 %) and swing (40 %). Stance is the period of time when 
the foot is in contact with the ground and supports the weight 
of the body. It begins with  initial contact , which in normal 
gait is with the heel, and ends at  toe-off , when swing phase 
begins. Swing is defi ned as the period of time when the foot 
is off the ground and moves forward [ 1 ]. This sequence of 
events is reliant on the integrity of the musculoskeletal sys-
tem and neurological control; the bones act as rigid levers 
arms converting forces into movement.  

    Prerequisites to Gait in Cerebral Palsy 

 The primary neurological impairment caused by the brain 
injury in CP affects muscle tone, selective motor control, 
strength, co-ordination and balance. There is a gradual devel-
opment of muscle contracture and bony deformity with 
growth of the child, which results in ‘lever-arm dysfunction’ 
and abnormal gait. Gage noted that the fi ve main prerequi-
sites to normal gait [ 1 ] were abnormal in children with CP, 
contributing to their functional disabilities [ 2 ]:

    1.    Stability in stance   
   2.    Foot prepositioning   
   3.    Adequate stride length   
   4.    Clearance in swing   
   5.    Energy consumption    

  Stability in the stance phase is necessary to support the 
body and allow advancement of the limb in swing, maintain 
balance, aid propulsion and allow limb prepositioning. 
Deformities, such as a planovalgus foot, with an externally 
rotated tibia can lead to instability in stance. Foot preposition 
allows the hindfoot to be prepared for initial contact in order 
to achieve a heel strike; clearance in swing is required to 
avoid foot drag. An adequate step length is required for effi -
cient movement, limiting energy expenditure. Depending on 
severity, the energy demands of a child with CP can be 1.5 to 
3 times higher due to an increased cadence and spasticity- 
related muscular co-contraction of (both agonist and antago-
nistic) muscles around the knee and ankle joints. The energy 
produced by co-contracting muscle forces are wasted and 
lead to subsequent abnormal gait deviations.  

    Gait Patterns in Cerebral Palsy 

 There are characteristic abnormal gait patterns observed in 
ambulatory children with spastic hemiplegia and diplegia [ 3 , 
 4 ]. Winters et al. described four basic patterns of the hemi-
plegic gait [ 3 ]. There is a predominance of equinus during 
the stance phase due to the gastrocnemius spasticity, as a 
powerful plantar-fl exor very early on in the young child’s 
development, with relative weakness of tibialis anterior. The 
classifi cation is a continuum and there may be an overlap 
between types. As the child grows, knee and hip fl exion 
become more prominent. (Table  38.1  ). 

   Historically, many authors have classifi ed sagittal gait 
patterns in spastic diplegia [ 4 – 6 ]. Using gait analysis, Rodda 
et al. further qualifi ed the transverse and coronal plane 
abnormalities [ 5 ], which subsequently demonstrated excel-
lent intra-rater reliability [ 6 ]. As with hemiplegic patterns, 
these are not static and may evolve over time with growth of 
the child and changing spasticity within the dominant mus-
cle groups. The fi rst two patterns are seen in younger chil-
dren. As the natural history proceeds there is decreasing 
equinus with increasing proximal contracture (Table  38.2  ) .

   Coronal plane abnormalities are spasticity or contracture 
of the hip adductors, limb length discrepancy and hip sublux-
ation. Transverse plane abnormalities include pelvic rota-
tion, femoral anteversion, external tibial torsion and foot 
deformities. 

 These classifi cations may be an over-simplifi cation of the 
many gait deviations that occur in the ambulatory child and a 
recent international consensus has used IGA data from all 
three planes to expand existing classifi cations into twelve 
recognized patterns [ 7 ]. What is unknown currently is 
whether all these patterns are pathological or indeed amena-
ble to surgical intervention.  

    Why Is Gait Analysis Required in the Surgical 
Management of Cerebral Palsy ?  

 It is appreciated that the human eye cannot capture all the 
details of a real-time gait assessment. Over the years many 
modalities have been used to try and capture gait and accu-
rately assess some of the fi ner details that may contribute to 
pathological gait patterns. 

 Observational gait analysis utilizes a low cost system of 
video gait analysis, which can then be viewed and usually 
scored against validated outcome tools, including: the 
Observational Gait scale, Salford Gait tool, Observational 
gait analysis, Edinburgh visual gait score and Physician 
rating scale. These scales do not contain objective kine-
matic and kinetic data and have limited objectivity when 
applied to surgical decision-making and outcomes post 
intervention [ 8 ]. 
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 Instrumented gait analysis (IGA) is the gold standard 
assessment and involves the placement of markers, or arrays, 
on predefi ned anatomical areas of the child. The multidirec-
tional video cameras detect the position of the arrays and the 
data are input to a computer-based mathematical model of 
limb movement. The simplest view of a model of the human 
body assumes that the lower limbs move as seven rigid seg-
ments: the pelvis, two thighs, two shanks (or legs) and two 
feet. The output data are presented as a series of three- 
dimensional kinematic (joint movements) and kinetic 
(forces) graphs in the coronal, sagittal and transverse planes. 
Additional measurements may include electromyography 
(muscle activation), oxygen consumption and pedobarogra-
phy (plantar foot pressures).  

    Gait Scoring Systems 

 The gait deviation index (GDI) and the gait profi le score 
(GPS) are indices generated by combining all the raw kine-
matic and kinetic data obtained from IGA. The advantage of 

this summary statistic is to provide a rapid simple value that 
can be used in clinical practice to indicate the normality of 
gait. Both are used within the literature, with good intra-rater 
reliability [ 9 ]. The GPS is stated to be the user-friendliest 
score and uses a mathematical equation to summarise all the 
raw data to a single number. The larger the number the 
greater the gait deviates from a normal control population 
[ 10 ,  11 ]; the minimal clinically important difference for the 
GPS is 1.6° [ 12 ]. These scoring systems allow complex data 
to be simplifi ed and for groups of patients to be compared 
before and after complex interventions.  

    Multilevel Surgery 

 It is appreciated that IGA has contributed to our understand-
ing of pathological gait yet many institutions continue to 
operate on children with CP without access to this facility. 
Studies have tried to quantify the usefulness of IGA and 
when available it is adhered to 75 % of the time [ 13 ,  14 ] and 
altered management in 40–90 % of cases [ 15 ]. It was the 

   Table 38.1    Types of hemiplegic cerebral palsy   

 Type  Deformity  Management considerations  Orthosis 

 I  Functional equinus in swing, normal 
dorsifl exion in stance 

 Hinged AFO 

 II  Ankle equinus in swing and stance  Gastrosoleus release  Hinged AFO 

 III  Type II including decreased knee movement 
in swing and stance 

 Gastrosoleus release 
 +/− Medial hamstring release and 
rectus femoris transfer 

 Hinged AFO 

 IV  Type III and limited hip movement in swing 
and stance 
 In association with an anteverted femur and 
an increased adduction moment, these 
children may also exhibit late onset hip 
subluxation 

 As for Type III +/− 
 Soft tissue hip releases and a VDRO 

 Solid AFO 

  Data from Roddy and Graham [ 5 ]  

   Table 38.2    Types of spastic diplegia   

 Type  Deformity  Management considerations  Orthosis 

 True equinus  This is due to calf spasticity in the 
young child. May be associated with 
knee recurvatum 

 BtxA – Gastrosoleus 
 Surgery – gastrosoleus lengthening 

 Hinged AFO 

 Jump gait 
 (+/− Stiff knee) 

 Fixed equinus in addition to a fl exed 
knee and hip 

 BtxA – Gastrosoleus and hamstrings 
 Surgery – Gastrosoleus and 
hamstring release +/− RF transfer 

 Hinged AFO 

 Apparent equinus  This is frequently mistaken as true 
equinus; the increased hip and knee 
fl exion may give the impression that 
the equinus is real 

 BtxA – Hamstring and Psoas 
 Surgery – Multilevel contracture 
release 

 Solid or 
 Ground 
 Reaction AFO 

 Crouch  Excessive dorsifl exion in stance 
with increased knee and hip fl exion 

 Surgery – Multilevel contracture 
release 
 Foot & Bony torsional abnormalities 

 Solid or 
 Ground 
 Reaction AFO 

  Data from Roddy and Graham [ 5 ] 
 A fi fth group was defi ned as asymmetrical where each lower limb may demonstrate one of the basic patterns above  
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fi ne-tuning of soft tissue releases that were mainly altered, 
with the large bony corrections having good initial agree-
ment [ 16 ,  17 ]. A randomized control trial in 2011 confi rmed 
the effi cacy of gait analysis on altering surgical decision- 
making but did not report in whether this translated into 
more benefi cial patient outcomes [ 18 ]. The literature fails to 
determine whether the use of IGA is cost-effective, although 
Wren et al. have reported that pre-operative gait analysis 
decreased the reoperation rate in ambulatory children with 
cerebral palsy from 40 % to 20 % by 5 years after the index 
procedure, without any increase in overall cost [ 19 ,  20 ]. 

 With the use of IGA, surgeons have increased ability to 
accurately assess their patients’ multilevel needs. As a result, 
single event multilevel surgery (SEMLS) has largely replaced 
repeated single level surgery in children with CP. This 
involves bilateral simultaneous correction of all bony and soft 
tissue deformities that have been identifi ed preoperatively. 
Numerous studies using pre- and post-operative gait analysis 
confi rm successful outcomes 5 years following SEMLS at 5 
years [ 21 ]. There are many components to the multilevel 
deformity correction and we will consider these in turn.  

    The Internally Rotated Lower Limb 

 An internally rotated gait pattern with a negative foot pro-
gression angle can lead to lever arm dysfunction and prob-
lems with knee (foot) clearance. This can be a multilevel 
problem with an internally rotated femur, internal tibial tor-
sion and pes varus; IGA has identifi ed that multiple causes 
usually co-exist and need to be addressed [ 22 ]. 

 An ‘internally rotated femur’ may refl ect both (i) static 
excessive femoral anteversion, (which persists as a failure of 
developmental remodeling mechanisms, due to the lack of a 
maintained upright posture and hip extension), and (ii) the 
dynamic contribution from muscular imbalance, crouch gait, 
and spasticity of the hip internal rotators. Femoral derotation 
osteotomy alone has shown to improve hip rotation and foot 
progression long-term [ 23 ,  24 ] and more ‘normal’ gait 
parameters can be achieved when a femoral derotation oste-
otomy is included within the surgical prescription [ 25 ]. 
There is no difference in outcomes, when this is done either 
proximally or distally [ 26 ] – albeit that the site has largely 
been surgeons’ preference. If there is associated hip sublux-
ation, proximal femoral osteotomy is indicated to address the 
additional deformities. 

 The accuracy with regards to the amount of derotation 
required to normalize gait can be addressed objectively with 
IGA and is associated with superior postoperative outcomes 
in comparison to clinical examination alone [ 27 ]. The diffi -
culty lies with the surgeon intraoperatively, accurately quan-
tifying the correction. Two studies based on pre- and 
postoperative IGA data demonstrated that only one- half to 

two-thirds of the amount of correction was obtained intra- 
operatively, thereby for a derotation of 20 ° of desired correc-
tion on post-operative gait analysis, the surgeon should plan 
to rotate the femur 30–40 ° at surgery [ 26 ,  28 ].  

    Knee Flexion Deformity 

 Clinical examination and reliance on the popliteal angle is 
misleading to quantify functional hamstring length. 
Musculoskeletal modeling of the hamstrings suggests that 
the hamstring length may be normal or long [ 29 ] – thereby a 
release or lengthening can potentially be detrimental [ 30 ]. 
Surgical options for the hamstrings are numerous. The con-
cept of ‘dose of surgery’ aims to titrate the amount of surgery 
on the severity of the fl exion deformity [ 31 ]. A medial ham-
string lengthening is suggested for children with a fi xed fl ex-
ion deformity (FFD) <15 °. Between 15 ° and 25 ° a combined 
medial hamstring lengthening and semitendinosus transfer to 
the adductor tubercle is preferred. Postoperatively this is 
associated with improved sagittal plane knee kinematics 
reduced knee fl exion at initial contact, knee extension 
approximated to normal during loading and reduced peak 
knee fl exion in swing, with increased range of knee move-
ment. The semitendinosus transfer avoids over lengthening 
of the hamstrings with less effect on anterior pelvic tilt [ 32 ]. 

 Knee deformities greater than 25 ° require associated 
bony surgery, which may include either anterior distal femo-
ral guided-growth or distal femoral extension osteotomy. 
There are few studies relating to outcomes of anterior sta-
pling (or 8-pating) in children with CP, although there are 
small case series demonstrating their effectiveness for 
improving knee fl exion deformity in growing children [ 33 ]. 
Distal femoral osteotomy can improve knee range of move-
ment and gait indices. However, when performed for crouch 
gait, postoperative walking ability is improved when com-
bined with a patellar advancement procedure to address the 
quadriceps insuffi ciency. A combined procedure is also asso-
ciated with less recurrence of the knee deformity [ 34 ].  

    Stiff - Knee Gait 

 A stiff-knee gait can lead to problems of foot clearance, falls 
and stair climbing for children with CP [ 35 ]. Reliance on 
clinical observation and the Duncan-Ely test for preoperative 
assessment can be misleading [ 36 ]. IGA demonstrates a 
decreased magnitude and delayed timing of peak knee fl ex-
ion in conjunction with EMG evidence of over activity of the 
Rectus Femoris (RF) during swing phase. 

 Transferring the distal stump of the RF to the medial ham-
strings [ 37 ] is shown to reduce out of phase extensor RF activ-
ity and increase peak knee fl exion during the swing phase, 
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improving foot clearance [ 38 ,  39 ]. Distal RF transfer is benefi -
cial in GMFCS I-III [ 40 ] and is frequently included as a com-
ponent of single event multi-surgery (SEMLS). Consistently, 
there are demonstrable improvements in knee kinematics, yet 
translating these fi ndings into positive clinical outcomes is 
variable [ 41 ,  42 ]. It is debatable whether the transferred RF 
actually improves knee fl exion or rather simply defunctions 
the dysphasic extensor activity [ 43 ]. Comparison of distal RF 
resection versus transposition, have revealed equivalent 
results; it is thought that the transposed tendon scars to the 
fascial bed and fails to act as a knee fl exor [ 43 ]. A prospective 
randomized control trial comparing SEMLS with and without 
distal RF transfer demonstrated that signifi cant preoperative 
stance phase knee fl exion was associated with poorer out-
comes [ 43 ]. There are a small number of studies demonstrat-
ing favourable short-term outcomes with comparable 
kinematic improvements with distal RF resection [ 44 ]. 

 Release of the proximal part of RF was attractive as this 
also plays a part in hip fl exion and anterior pelvic tilt. 
However, kinematic data have never shown this to be effec-
tive alone [ 45 ] or in combination with a distal release [ 46 ].  

    Ankle Equinus 

 Ankle equinus has been reported in 61 % of children with CP 
who present to a gait lab [ 47 ]. Clinical observation alone 
tends to overestimate the amount of equinus [ 48 ]. IGA is 
more accurate in quantifying the magnitude of the functional 
equinus and where the deformity is unresponsive to non- 
surgical management, can aid surgical planning. 

 Over-lengthening of the gastrosoleus complex can lead to 
deterioration in gait, resulting in crouch. Borton et al. [ 49 ] 
claimed that the highest rates of calcaneal gait are seen in 
diplegic children who had undergone percutaneous Achilles 
lengthening and recommended that this technique should be 
avoided in children with bilateral CP. 

 There are a large number of lengthening techniques 
described within the literature for the surgeon to choose from 
[ 50 ]. Understanding the functional anatomy can aide surgi-
cal decision-making and cadaveric studies have defi ned three 
main zones; Zone 1 from the origin of the gastrocnemius 
muscle to the most distal fi bres of the medial belly, Zone 2 
from the distal extent of the medial gastrocnemius muscle 
belly to the most distal fi bres of the soleus. Zone 3 is the 
Achilles tendon. Increased gain in length is achieved, the 
more distal the lengthening procedure [ 51 ]. 

 Zone 1 and 2 gastrosoleus procedures have been popular-
ised for equinus in diplegic gait since the advent of IGA [ 52 ]. 
Firth et al. [ 53 ] reported no cases of crouch gait, with only a 
2.5 % rate of calcaneus at more than 7 years post-operatively 
in children with gastrocnemius recession as part of 
SEMLS. There was a recurrent equinus in 35 %, though mild 

recurrent equinus was well tolerated, and relatively easily 
treated by additional procedures (conversely, calcaneus may 
lead to crouch gait and can be very diffi cult to salvage). 

 Zone 3 lengthening should be reserved for severe equinus 
deformities in hemiplegics as they produce unacceptable 
rates of crouch in bilateral CP [ 49 ,  50 ]. A tight gastrosoleus 
complex results in the calcaneum driven into either varus or 
valgus. Any of the associated combinations exist although 
equinovarus is more commonly associated with unilateral 
CP and equinovalgus with bilateral involvement. 

 Equinovarus results in an internal foot progression angle 
and classically was thought to be associated with tibialis pos-
terior spasticity. In fact, IGA and EMG studies have shown 
abnormal activity in tibialis anterior in one-third of patients, 
the tibialis posterior in one-third, and both muscles in the 
remaining third [ 54 ].  

    Botulinum Toxin  ( BtxA) 

 BtxA has moderately good reported outcomes in the man-
agement of lower limb spasticity and a positive effect on gait 
pattern [ 55 ]. When assessing spasticity and outcomes form 
BtxA there is a discrepancy between static clinical evalua-
tion and IGA. As spasticity is velocity-dependent, the effects 
of spasticity and its inhibition are more pronounced in the 
biarticular muscles at higher walking speeds [ 56 ]. This may 
account for some of the ambiguity in the early literature 
where IGA was not routinely used to report outcomes, and 
the effects seen were marginal. 

 The effect of BtxA is greatest when used at a younger age, 
5–10 years where gait may be more fl exible [ 57 ]. It has been 
suggested that BtxA may delay the need for and reduce the 
frequency of surgical intervention [ 55 ,  58 ].  

    Selective Dorsal Rhizotomy  (SDR)  

 This technique was fi rst described by Peacock in 1960. More 
recently, its popularity has increased for permanent tone 
reduction in some children with CP. The surgical technique 
involves direct sequential stimulation of the nerves and aims 
to section 50–75 % of dorsal nerve rootlets. Reported bene-
fi ts include: improvement in mobility, hygiene and self care 
issues, pain and lower limb spasms, improved bladder con-
trol and reduced upper limb tone. Many of these positive 
effects have not been objectively quantifi ed within the 
literature. 

 IGA can aid preoperative selection for the procedure, 
fi ne-tuning of orthotics and direct postoperative physiother-
apy regimens [ 59 ]. Post SDR analysis has demonstrated sig-
nifi cant improvements in sagittal hip, knee and ankle 
kinematics with a predominantly sacrum up posture [ 60 ]. 

38 The Value of Gait Analysis in Decision Making About Surgical Treatment of Cerebral Palsy



366

The Oswestry experience has demonstrated improvements in 
preswing knee fl exion, walking speeds, step-length and nor-
malised step length [ 59 ,  61 ].  

    Conclusion 

 IGA has been central to our understanding of the lower-
limb during gait and the impacts of surgery. The litera-
ture supports gait analysis as requirement for the accurate 
identifi cation of biomechanical abnormalities, and it 
appears that this is clinically benefi cial to fi ne-tune surgi-
cal strategy. Whether there are demonstrable cost bene-
fi ts over observational analysis alone is yet to be 
determined. However, it does provide information, which 
informs us, with, regards changes to the structural aspect 
of the structure/function domain of the ICF framework 
and must be combined with functional measures to accu-
rately determine the outcome of our interventions. Table 
 38.3  lists the current recommendations regarding gait 
analysis.
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      The Evidence Base for Botulinum Toxin 
Injection for the Treatment of Cerebral 
Palsy–Related Spasticity in the Lower 
Limb: The Long-Term Effects                     

     James     S.     Huntley      and     Lyndon     J.     Bradley    

    Abstract  

  Botulinum toxin is a potent neurotoxin that is widely used (and has been for many years) 
for the treatment of focal spasticity. Its short-term effects have been well documented. 
There remains considerable ambivalence over its long-term effects, and some concern over 
side-effects. A scoping assessment of the literature defi nes the paucity of the evidence base 
concerning long-term effectiveness. Only three level 1 and two level 2 studies could be 
identifi ed, on lower limb effects of botulinum toxin in children with cerebral palsy  at a time 
interval greater than 1 year . Furthermore, our interpretation of the results  of these studies  
is that there is no evidence of clinical benefi t. We hope this analysis and summary can guide 
clinicians in counseling parents and patients as regards long-term expectations, and reserva-
tions/implications of management.  

  Keywords  

  Botulinum toxin   •   Botulinum   •   BoNT-A   •   BtA   •   BT   •   Botox   •   Dysport   •   Cerebral palsy   • 
  Spasticity   •   Lower limb   •   Contracture   •   Hip subluxation   •   Hip dislocation  

      Introduction 

 Botulinum toxin is a potent neurotoxin produced by 
 Clostridium botulinum  which acts presynaptically, blocking 
the release of acetylcholine at the neuromuscular junction [ 1 ] 
inducing a fl accid weakness [ 2 ]. It is widely used for the 
treatment of spasticity and has been recommended for such 
use in multiple guidelines and systematic reviews [ 3 – 11 ]. 
However, there are concerns over its use, including toxicity 
[ 1 ,  7 ], response to treatment [ 12 ], decreasing effects with 
repeated administration [ 9 ], irreversible damage to motor 
endplates [ 13 ], continuing muscle stiffness [ 14 ], irreversibil-
ity of certain effects on muscle architecture [ 15 ,  16 ], devel-

opment of antibodies after repeated treatments [ 17 ], actions 
other than at the neuromuscular junction - in particular sec-
ondary central changes [ 18 ], negative effects at non-target 
muscles [ 19 ] and retrograde axonal transport [ 20 ,  21 ]. 

 Criticism has also been levied at the tendency for studies 
to concentrate on short-term outcome measures such as 
range of motion and spasticity, rather than activity and par-
ticipation [ 22 ]. Whilst accepting the short-term benefi cial 
effects on spasticity and range of movement, other commen-
tators  more than a decade ago  highlighted the lack of evi-
dence of long-term benefi ts, for instance on function, 
mobility or muscle growth [ 23 ]. More recently, a systematic 
review on the effi cacy of botulinum toxin A in children with 
cerebral palsy (GMFCS IV and V) concluded that the poor 
levels of evidence of included studies precluded the feasibil-
ity of conclusions [ 24 ]. 

 Our aim was to assess the evidence of longer term effects 
(>1 year) of botulinum toxin in the treatment of lower limb 
spasticity in children with cerebral palsy. We addressed this 
question in a brief review in 2014 [ 25 ], and have reused that 
search strategy in an attempt to update the material available 
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for review. In the event, no further references (complying 
with all inclusion/exclusion criteria) were found. 

  Question 
 They key question is:  For paediatric patients with spastic 
cerebral palsy affecting the lower limbs, are there long-term 
benefi cial effects (outcomes) from botulinum toxin 
injection?    

    Search Strategy 

 The previously utilized search strategy [ 25 ] was applied for 
MEDLINE, PubMed and Cochrane databases (date accessed: 
20/09/2015), using a PICO format: {‘cerebral palsy’} ( P ), 
{‘botulinum toxin’, ‘Botulinum’, ‘BoNT-A’, ‘BoNT-B’, 
‘BtA’, ‘BtB’, ‘BT’, ‘Botox’ and ‘Dysport’} ( I ). Age was 

 limited to 0–18 years, and randomized controlled trials ( C, O ). 
The titles and abstracts (and if needed, full article) were 
again reviewed, so that only studies pertaining to the lower 
limbs (i.e. excluding those considering dystonia, sialorrhea, 
autonomic dysfunction and upper limb pathology) were 
included. Studies with follow-up of 1 year or less were 
excluded, leaving only fi ve studies for detailed consideration 
(Table  39.1  ) .

   Hawamdeh et al. [ 26 ] reported a study of the effects of 
three successive injections (intervals of 3–4 months) of botu-
linum toxin A (either Botox or Dysport) on calf muscle tone 
(modifi ed Ashworth score (MAS)), passive ankle dorsifl ex-
ion range and gross motor function (GMF), at 3 months and 
18 months (after last injection) in children with spastic diple-
gia, aged 3–15 years. Patients were excluded from the trial if 
they had fi xed contractures or deformities, ‘ previous surgery 
to the lower limb at least 1 year before the start of the study ’, 
previous botulinum toxin treatment, treatment with phenol, 

   Table 39.1    Summary table of studies included and characteristics in this evidence-based review   

 Results 

 Paper  Design  Number of patients and treatment  Follow-up, details, results  Level of evidence 

 Hawamdeh et al. a  [ 26 ]  RCT  60; 20 control, 40 treatment (botox 
injection to calves; 3 × 6 monthly) 

 Follow-up periods 1 and 2 
years: (i) allegedly 
improved MAS, (ii) 
statistically signifi cant (but 
possibly not clinically 
relevant) increase in mean 
passive ankle 7dorsifl exion 
(12 vs 15 degrees), (iii) 
increase in median GMFM 

 2 a  

 Graham et al. [ 27 ]  Multicentre RCT  91; 44 control, 47 treatment (botox 
injections to hamstrings/adductors + 
hip abduction brace) 

 Follow-up: 3 years. On the 
basis of change in RMP, 
there was no evidence of a 
clinically important effect 
on rate or amount of hip 
subluxation 

 1 

 Moore et al. [ 28 ]  Placebo controlled RCT  64; 32 control, 32 treatment (6 
monthly botox injections lower limb 
muscles for 2 years) 

 Follow-up periods 1 and 2 
years: no evidence of 
cumulative or persistent 
change in GMFM or PEDI 
scales or subscales 

 1 

 Tedroff et al. a  [ 29 ]  RCT  15; 9 control, 6 treatment (botox 
injections to gastrocnemius 6 
months apart) 

 Follow-up periods 1 and 
3.5 years: (i) plantarfl exor 
tone, hamstring MAS 
‘ signifi cant change from 
baseline ’, (ii) NSD: (a) 
ROM, (b) gait analysis, (c) 
GMFM, (d) PEDI 

 2 a  

 Willoughby et al. [ 30 ]  RCT  46 (single centre subset of Graham 
et al. [ 27 ]); 23 control, 23 treatment 
(botox injections to hamstrings/
adductors + hip abduction brace) 

 Follow-up mean 10yrs 
10mths: NSD in ultimate 
RMP, hip morphology, 
 delay to  or  need for  
preventative or 
reconstructive hip surgery 

 1 

   NSD  no signifi cant difference,  RCT  randomised controlled trial,  MAS  modifi ed ashworth score,  GMFM  gross motor function measure, 
 RMP  reimers’ migration percentage,  ROM  range of movement,  PEDI  paediatric evaluation disability index 
  a Subject to bias/methodological concerns suffi cient to downgrade level of evidence further  
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intrathecal baclofen or other antispasticity agent. There were 
60 patients: 40 in the treatment group, and 20 in the control 
group. At 18 months, the study reported the treatment group 
to have (i) better muscle tone (modifi ed Ashworth score), 
involving a manoeuvre of questionable validity to convert 
categorical to numerical data, (ii) a statistically signifi cant 
(but clinically insubstantial) improvement in passive ankle 
dorsifl exion range (12 vs 15 degrees), and (iii) an increase in 
median gross motor function from grade 4 “ reasonably use-
ful non-ambulant locomotion and/or walking when assisted ” 
to 5 “ walking with a walking aid ” (both control and treat-
ment groups improved from a baseline of grade 3 – it is not 
clear how many more patients improved by how much more 
to result in the observed difference in median GMF score). 

 The authors alleged the study to be randomized and 
single- blind. This study was not placebo-controlled, so 
patients and parents were aware of the treatment received; 
the two groups had their ancillary physical treatments under 
different physiotherapists on different days. It is question-
able therefore whether physiotherapists would be ‘blind’ to 
the nature of treatment of their group (as alleged). 
Furthermore “ All outcome measurements were performed by 
an experienced senior paediatric physiotherapist who knew 
whether a child belonged to the treatment or the control 
group ”. It would appear therefore that the study was not 
blinded as to either participants or assessor, and should not 
be classed as ‘single blind’ by the conventional meaning for 
this term. Additionally, there is concern about the mode of 
local randomization ‘ by fl ipping a coin ’, apparently dividing 
subjects into two homogeneous groups: treatment group (40) 
and control group (20). This study is subject to major bias, 
suffi cient to downgrade the level of evidence accorded, and 
the results should be treated/interpreted with major 
reservation. 

 Moore et al .  [ 28 ] reported a single-center randomized, 
placebo-controlled, parallel group, double-blind trial of the 
effect of botulinum toxin A (Dysport) injection (repeated 3 
monthly, if clinically indicated; i.e. 8 injection cycles) on 
motor function (Gross Motor Function Measure (GMFM) 
and Paediatric Evaluation of Disability Index (PEDI)) at 2 
years (a ‘trough’ rather than ‘peak’ effect), on children with 
cerebral palsy aged 2–6 years (or 2–8 years, if targeting the 
hamstring muscles), with clinically signifi cant spasticity of 
one or both lower limbs, and excessive involuntary muscle 
activity. Patients were excluded from the trial if they had  ‘a 
disease, handicap or situation likely to make treatment too 
diffi cult or dangerous or to invalidate or prevent assess-
ments ’, or had been treated with botulinum toxin previously. 
There were 64 patients, with 32 in each group (placebo and 
botulinum toxin). There was no difference in adverse events 
between the two groups. The study found no evidence of 
cumulative or persisting benefi t (mean change scores for 
both GMFM and PEDI, for either total or subscale values) 

from treatment at either 1 or 2 years. They commented that 
(i) the ceiling effects of the scales used may have limited 
responsiveness, and (ii) that ‘ the small numbers may have 
caused a type 2 error although, if anything, the trends sug-
gest that placebo is better’ . 

 Tedroff et al .  [ 31 ] reported a single center study on the 
effect of botulinum toxin A (Botox – two injections, 6 months 
apart, in gastrocnemius) on muscle tone (modifi ed Ashworth 
score), development of contractures and gait (gait analysis, 
GMFM-66 and PEDI) in 15 young children (six in the botox 
treatment group, and nine in the control group; mean age 16 
months) with spastic cerebral palsy (either unilateral or bilat-
eral), after 1 and 3.5 years. The treatment phase was initiated 
when children were ‘ pulling to stand’ . Both groups received 
a daily stretching programme. Unfortunately, the groups 
allegedly contained heterogeneous GMFCS proportionality 
at the start of the study (the botox group: GMFCS I (4), 
GMFCS II (2); the control group: GMFCS I (4), GMFCS II 
(4), GMFCS III (1)), though GMFCS is hard to apportion at 
<2 years age. Furthermore, although the baseline character-
istics of the two groups were held as showing no statistical 
signifi cant difference except for plantarfl exor tone, there 
were differences in mean values (eg ankle dorsal extension 
10 degrees in the botulinum group and 17.8 degrees in the 
control group) with large standard deviations (unsurprisingly 
given the small numbers in each group). The authors hold 
that plantarfl exor tone was signifi cantly reduced after 3.5 
years in the treatment group. Furthermore, they found the 
‘change-score in knee fl exion muscle tone’ to be signifi cantly 
different between the two groups after 3.5 years. There was 
no signifi cant difference between the groups in (i) changes in 
ankle dorsifl exion range at any time, (ii) gait analysis, (iii) 
GMFM-66, or (iv) PEDI. The limitations of this study are 
profound, including small sample size, initial assessment of 
subjects, heterogeneity of patients within groups, differences 
in baseline characteristics between groups, lack of blinding 
of either treatment or assessment (except 3D-gait analysis). 
These concerns, together with the diffi culty in deriving 
meaningful values from the presented data (much is pre-
sented as ‘change from baseline’ or ‘effect sizes’, themselves 
“ calculated by dividing the absolute   mean difference between 
the groups by the SD for the control group at the baseline ”), 
largely negate any value of the study. 

 Graham et al .  [ 27 ] reported a multicenter (5 centers) 
randomized controlled trial of the effect of 6 monthly 
intramuscular botulinum toxin A injection (adductors and 
hamstrings) and SWASH hip abduction orthosis (6 h per 
day) on hip displacement (Reimers’ migration percentage 
(RMP) on radiography, 6 monthly) over 3 years, on chil-
dren with bilateral spastic cerebral palsy (including hip 
adductor reactivity), aged 1–5 years, and with hips at risk 
(RMP 10–40 %). Patients were excluded from the trial if 
they had pseudobulbar palsy, previous hip surgery, hip 
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fl exion contracture > 30 degrees, or scoliosis with Cobb 
angle > 20 degrees. There were 91 patients, at a 98 % 
recruitment rate; 44 and 47 patients were allocated to con-
trol and treatment groups, respectively. Of note, there were 
12 and 33 adverse events (major and minor, respectively) 
after 204 injection episodes (incidences of 6 and 16 %). 
Two modes of analysis were used to compare the treatment 
and control groups – one showing no statistically signifi -
cant effect, the other suggesting a small decrease in the 
rate of displacement for the treatment group (3.1 % 
unweighted; 1.4 % weighted), indicative of a possible 
delay in the time to surgery, but not a difference on the 
number requiring surgery ultimately. The authors summa-
rized:  “There was no evidence of a benefi cial effect of 
treatment that was clinically important.”  

 Willoughby et al .  [ 30 ] reported the long-term outcome 
data (hip morphology and surgery requirements) for 46 
patients (23 in each of the two groups – control and treatment 
(3 year programme botulinum toxin and hip abduction ortho-
sis); 31 male, 15 female; 36 quadriplegic, 10 diplegic; mean 
follow-up after recruitment was 10 years and 10 months) 
from the major single centre in the trial outlined above [ 27 ]. 
There was no signifi cant difference between the treatment 
and control groups in ultimate mean migration percentage, 
hip morphology (Melbourne Cerebral Palsy Hip 
Classifi cation System (MCPHCS)), need for preventive sur-
gery (21 ex 23, and 19 ex 23 in treatment and control groups 
respectively) and reconstructive surgery (10 ex 23, 8 ex 23). 
Furthermore, for children requiring surgery, ‘ there was no 
statistically signifi cant difference between the groups in 
mean age at either preventive or reconstructive surgery. ’ i.e. 
there was no long-term benefi t from the treatment, either in 
terms of reducing/delaying the need for surgery or improv-
ing later hip morphology.  

    Conclusions 

 The controlled evidence for using botox treatment for 
spasticity is based on short-term studies [ 5 ,  28 ,  32 ]. In a 
systematic review [ 5 ]) on the effectiveness of botulinum 
toxin for treatment of lower limb spasticity in children 
with cerebral palsy, 15 studies (6 level I and 9 level II) 
were analysed, culminating in the suggestion that botuli-
num toxin is effective in reducing spasticity and provid-
ing a ‘ time limited improvement in function in the upper 

and lower limbs for children with CP ’. They also asserted 
that ‘ Most of the previous trials cover short observation 
periods, ranging from 6–24 weeks only. They are, there-
fore, insuffi cient to capture long-term effects of repeated 
botulinum toxin injection such as the prevention of con-
tractures and secondary pain .’ 

 In a more recent systematic review [ 33 ], concerning 
treatment effects on walking of children with leg spasticity 
due to cerebral palsy, 8 trials were included, with follow-up 
time for assessment ranging from 1 week to a maximum of 
only 12 months. An abundance of lower level evidence (III/
IV) has been held to suggest long-term effectiveness of 
botulinum toxin injection [ 31 ,  34 – 39 ]. 

 It is disappointing that despite over 20 years of clinical 
use, we were able to fi nd only fi ve level I and II studies on 
the long-term (>1 year) effects of botulinum toxin on the 
lower limbs of children with cerebral palsy. As previously 
[ 25 ], we would affi rm that ‘ the use of intramuscular injec-
tion of botulinum toxin A for spasticity management in the 
lower limbs of children with cerebral palsy has not been 
shown to have clinically relevant effect beyond one year ’. 
Additionally, it is of concern that about half of studies on 
the effect of botulinum toxin A in cerebral palsy are per-
formed with industry sponsorship, and further that the 
quailitative conclusions of industry-associated studies are 
more favourable to the use of this modality than those 
without funding links [ 40 ]. 

 A summary for current grades of recommendation for 
the use of botulinum toxin is provided in Table  39.2 .
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      Evidence-Based Treatment for Feet 
Deformities in Children 
with Neuromuscular Conditions                     

     Emmanouil     Morakis      and     Anne     Foster    

    Abstract  

  Foot deformities are very common in neuromuscular diseases. In these conditions, the mus-
cles themselves or their control by the nervous system are affected with subsequent spastic-
ity, weakness or both. In general, spasticity is a result of an upper motor neurons injury (e.g. 
cerebral palsy). Weakness commonly develops in injuries of the lower motor neurons (e.g. 
Charcot-Marie-Tooth disease). 

 Muscles imbalance because of spasticity, weakness, or both can lead to the development 
of foot deformities. These can take the form of equinus, varus, valgus, cavus, planus or 
combinations of these. In this chapter we summarised the common foot deformities encoun-
tered in clinical practice with particular reference to cerebral palsy (CP) and spina bifi da. 
Charcot-Marie-Tooth disease (CMT) is covered in chapter.  

  Keywords  

  Foot deformities   •   Neuromuscular diseases   •   Cerebral palsy   •   Equinus   •   Cavo-varus   •   Plano- 
valgus   •   Equino-valgus   •   Cavus   •   Planus   •   Spina bifi da  

      Introduction 

 Cerebral palsy has been defi ned as “group of permanent dis-
orders of the development of movement and posture, causing 
activity limitation, that are attributed to non-progressive dis-
turbances that occurred in the developing fetal or infant 
brain. The motor disorders of cerebral palsy are often accom-
panied by disturbances of sensation, perception, cognition, 
communication, and behavior; by epilepsy, and by secondary 
musculoskeletal problems” [ 1 ]. 

 Cerebral palsy can be classifi ed according to the main 
movement disorder, the topographical distribution and the 
gross motor function. The most common movement disorder 
is the spastic type followed by the dyskinetic and mixed 
types. Less common forms include the ataxic and hypotonic. 
Topographical involvement in a patient differentiates into 

monoplegia, hemiplegia, diplegia, triplegia and quadriple-
gia. Often differentiation between diplegia and quadriplegia 
can be diffi cult. The Gross Motor Function Classifi cation 
System (GMFCS) distinguishes fi ve levels of motor function 
with decreasing level of function and independent walking 
and increasing use of assistive devices [ 2 ]. It has been found 
to be valid, reliable, useful and stable over time [ 3 ]. 

 Abnormal tone, spasticity, muscle imbalance and impaired 
motor control create a dynamic deformity of the foot. Over 
time, the development of soft tissue contractures, bone deformi-
ties and joint instability transforms the fl exible deformity into a 
rigid one [ 4 ]. Most patients with cerebral palsy will develop a 
fl exible or rigid deformity of their feet [ 5 ]. The most common 
foot deformities in patients with cerebral palsy include equinus, 
equino-plano-valgus and equino- cavo- varus [ 5 ]. 

 Foot deformity in children with cerebral palsy can cause 
pain with ambulation, orthosis intolerance and frequent trip-
ping. It also affects their standing and walking ability. It 
causes gait dysfunction, as the foot deformity compromises 
the stability in stance, foot clearance in swing and preposi-
tioning in terminal swing. 
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 Foot deformities in children with cerebral palsy can be 
managed with non-operative and surgical methods. Non- 
operative methods include orthotics, tone management med-
ication (focal or global) and physiotherapy. The goals of 
treatment depend on the ambulatory capacity of the children. 
In non-ambulatory patients treatment goals include comfort-
able footwear and orthotic use, avoiding skin irritation and 
allowing therapeutic standing. In patients that walk, the main 
goal is a painless and effi cient gait. 

 The basic principles of surgical treatment in children with 
cerebral palsy and foot deformity include the correction of 
the bone deformities, the stabilization of unstable joints and 
rebalancing of the muscles. In ambulatory patients, foot 
deformity correction is usually part of a single event multi 
level surgical procedure. 

    Equinus Deformity 

 Equinus deformity is the most common foot deformity in 
children with cerebral palsy (Fig.  40.1 ). It is the result of 
the overactive gastrosoleus complex against the ground 
reaction force. It impairs gait function; causes diffi culty 
with footwear and can cause painful feet. Non-operative 
treatment strategies are being used in younger children, 
when the equinus deformity is usually fl exible. These 
include the use of orthotics, tone management medication 
(botulinum toxin) and physiotherapy. Surgical treatment 
is indicated when non-operative measures fail and the 
deformity becomes rigid. This should be performed with 
caution, especially in children with diplegia. Over length-
ening of the gastrosoleus complex can lead to weakness 
and crouch gait.

      Does Botulinum Toxin Injection Correct Spastic 
Equinus Deformity and Improve Gait or 
Function? 
 Botulinum toxin is produced by the anaerobic bacterium 
Clostridium botulinum and selectively blocks the release of 
acetylcholine at the cholinergic nerve terminal of a neuro-
muscular junction. This causes a temporary reduction in 
muscular activity in the specifi c muscles [ 6 ]. Botulinum 
toxin intramuscular injection has been used to reduce the 
spasticity of specifi c muscle groups in children with cerebral 
palsy. The reduction of spasticity would augment the effect 
of interventions (physiotherapy, serial casting, orthotics) that 
prevent the formation of contractures, enhance motor ability 
and improve function [ 7 ]. 

 Botulinum toxin has been used extensively to address the 
spastic equinus foot deformity. The types of botulinum toxin, 
dosage, number of sites of injection and use of adjunct inter-
ventions (casting, physiotherapy) vary signifi cantly in the 
literature. Current evidence supports the use of botulinum 
toxin to correct the spastic equinus deformity in ambulatory 
children with cerebral palsy. It has been shown that it 
improves gait and may improve function. 

 In a randomized double-blind control study, Koman et al. 
evaluated the effect of botulinum toxin in 12 ambulatory 
children with cerebral palsy and dynamic equinus contrac-
ture [ 8 ]. They assessed gait and function using observational 
gait analysis, a physician rating scale and a parent/guardian 
questionnaire. The children that were treated with botulinum 
toxin had signifi cant improvement in their gait pattern com-
pared to the placebo group. 

 In a multi-center randomized double-blind control study, 
Koman et al. evaluated the effect of botulinum toxin in 114 
ambulatory children with cerebral palsy and dynamic equi-
nus using an observational gait analysis scale (Physician 
Rating Scale) [ 9 ]. The patients were evaluated in fi ve occa-
sions up to 12 weeks post treatment. Again, the group of 
patients treated with botulinum toxin demonstrated improved 
gait pattern comparing to the placebo group. The positive 
effect on gait pattern lasted up to 12 weeks post treatment. 

 Sutherland et al. used instrumented gait analysis to objec-
tively evaluate the gait of children with dynamic equinus 
[ 10 ]. In this prospective, randomized, double blind clinical 
trial, 20 children were evaluated before and 8 weeks follow-
ing treatment. The children that were treated with botulinum 
toxin showed improved gait kinematics (ankle dorsifl exion 
in stance and swing) in the short term. 

 Twelve matched pairs of children with spastic hemiplegia 
and dynamic equinus contracture were used in a pair ran-
domized controlled clinical trial to measure the effect of 
botulinum toxin in functional ability [ 11 ]. Love et al. mea-
sured motor function using the Gross Motor Function 
Measure (GMFM) on enrolment and at 1, 3 and 6 months 
post injection. The children that had treatment with  botulinum   Fig. 40.1    Equinus feet in a child with cerebral palsy       
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toxin demonstrated reduced spasticity and improved motor 
function that lasted up to 6 months. 

 Bjornson et al. reported similar fi ndings [ 12 ]. In a ran-
domized double masked placebo controlled study, they mea-
sured the gross motor skills (GMFM) and energy expenditure 
in 33 ambulatory children with spastic diplegia without fi xed 
equinus contractures. Seventeen participants were random-
ized to receive bilateral gastrocnemius botulinum toxin 
injections and 16 received saline injections. The group of 
children that received botulinum toxin demonstrated 
improved gross motor skills 6 months following treatment. 

 The effect of botulinum toxin on walking was assessed 
with a video gait analysis scale by Ubhi et al. [ 13 ]. In a ran-
domised double blind placebo controlled trial, the gait and 
function of forty ambulatory children with cerebral palsy and 
spastic equinus deformity was assessed in four occasions 
(baseline, 2,4 and 12 weeks post treatment). The children 
that were treated with botulinum toxin demonstrated 
improved gait pattern at 6 and 12 weeks; improved walking 
function (GMFM) at 12 weeks post treatment. 

 In another randomized control study, El-Etribi et al. com-
pared 20 children with spastic diplegia and dynamic equinus 
that were treated with botulinum toxin injections and physio-
therapy with a similar group of children that were treated 
with physiotherapy alone [ 14 ]. The authors assessed spastic-
ity, ankle range of motion and gait pattern using an observa-
tional gait analysis scale (Physician Rating Scale) pre and 
post treatment. The follow-up of these patients was 12 weeks 
after treatment. The children that were treated with botuli-
num toxin injections had reduced spasticity and improved 
gait pattern that lasted at least for 12 weeks. 

 Different modalities have been used as an adjunct to botu-
linum toxin injections, in order to enhance its benefi cial 
effect. The use of serial casting, orthotics and physiotherapy 
has been suggested to augment the effects of botulinum toxin 
injections. 

 Two randomized control studies evaluated the adjunctive 
effect of casting following botulinum toxin injection in chil-
dren with dynamic equinus. Bottos et al. compared fi ve chil-
dren with spastic diplegia that were treated for dynamic 
equinus with botulinum toxin injections alone with fi ve that 
had casting for 3 weeks post injection [ 15 ]. The addition of 
casting provided longer lasting effect of reduced spasticity 
and improved function (GMFM) at 4 months post treatment 
and increased stride length. 

 In a multicenter randomized study, 39 ambulatory chil-
dren with cerebral palsy and dynamic equinus were divided 
into three treatment groups [ 16 ]. One group was treated with 
botulinum toxin injections alone, the second with botulinum 
toxin injections and casting and the third with placebo injec-
tions and casting. The two groups of patient that were treated 
with casting showed improvements in ankle kinematics, 
spasticity, passive ankle range of motion and dorsifl exion 

strength. No signifi cant differences were identifi ed on the 
patients that were treated with botulinum toxin injections 
alone. 

 Physiotherapy programs are commonly used in children 
with cerebral palsy. These though differ a lot in terms of the 
modalities used and their intensity. There is good evidence 
that physiotherapy programs such as strengthening programs 
are effective in children with cerebral palsy [ 17 ]. 
Physiotherapy has been part of all studies that evaluated the 
effectiveness of botulinum toxin injections. There is insuffi -
cient evidence that can support or refute the use of physio-
therapy programs as an adjunct to botulinum toxin injections 
to improve dynamic equinus in children with cerebral palsy. 
Most experts would suggest that physiotherapy should be 
always be used when treating dynamic equinus deformities 
in children with cerebral palsy using botulinum toxin injec-
tions. There is consensus among experts that physiotherapy 
modalities, such as stretching, strengthening, targeted motor 
training should be used routinely as adjuncts to treat dynamic 
equinus with botulinum toxin injections [ 18 ,  19 ]. 

 Three systematic reviews assessed the effi cacy of botuli-
num toxin for the management of dynamic equinus in 
patients with cerebral palsy. All three found evidence sup-
porting its effi cacy in improving gait over placebo in the 
short term [ 20 – 22 ].  

    Does Surgical Treatment of Equinus Deformity 
Improve Gait and Function in Ambulatory 
Children with Cerebral Palsy? 
 Dynamic equinus deformity in children with cerebral palsy 
progresses with time into a static contracture of the gastroso-
leus complex. Equinus contracture is usually part of a con-
stellation of lower limb deformities that affects the gait of 
children with cerebral palsy. Equinus contracture can impair 
gait effi ciency, lead to foot pain and diffi culties with orthotic 
use and footwear. When non-operative measures fail to con-
trol and correct an equinus contracture, surgical treatment is 
indicated. 

 Various surgical techniques to lengthen the gastrosoleus 
complex have been described. Their main difference is the 
level of lengthening of the gastrosoleus complex: it can be at 
the muscle belly of gastrocnemius, at the gastrocnemius apo-
neurosis and soleus fascia or at the Achilles tendon. 
Lengthening at the level of gastrocnemius muscle belly is 
indicated when only this muscle is involved. When both the 
gastrocnemius and soleus are affected, more distal lengthen-
ing is performed. 

 With procedures that are more distal, more lengthening 
can be achieved, but there is higher risk of over-lengthening 
and muscle weakness. The outcome of surgical correction of 
an equinus contracture is more predictable as a child gets 
older [ 23 ]. Children with hemiplegia are more prone to 
recurrence of the equinus contracture, while children with 
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diplegia are more prone to over-lengthening and developing 
a calcaneus deformity [ 24 ,  25 ]. 

 Surgical correction of equinus contracture in children 
with cerebral palsy improves gait and function in the short 
and long term. It is usually part of a multi level surgical inter-
vention (single event multilevel surgery) to address all pos-
sible dysfunctions that affect gait and function. Davids et al. 
evaluated the results of surgical lengthening of the 
gastrocnemius- soleus complex of 53 children with cerebral 
palsy in a retrospective, cohort study [ 26 ]. The mean time 
between the initial and postoperative follow-up study was 2 
years and 3 months, while the follow-up assessment was per-
formed between 1 and 3 years following surgery for most of 
the children. Signifi cant improvements in swing phase kine-
matics (mean and peak ankle dorsifl exion) were recorded 
with three-dimensional gait analysis following surgery. 

 Saraph et al. evaluated the outcome of 22 children with 
spastic diplegia that had Baumann gastrosoleus recession, as 
part of a single event multilevel surgery [ 27 ]. The function of 
the ankle showed signifi cant improvement, as this was 
assessed by clinical examination and gait analysis before and 
at 2 years after the operation. 

 Forty children with spastic diplegia were followed-up for 
a mean of 7.5 years after gastrocnemius recession or differ-
ential gastrocnemius-soleus complex lengthening, as part of 
single-event multilevel surgery [ 28 ]. There was statistically 
signifi cant and clinically relevant improvement in ankle 
kinematics and kinetics following surgery. There was a sig-
nifi cant improvement in gait function, as this is measured 
with the Gait Profi le Score. The authors reported a rate of 
recurrence of 35 % and overcorrection of 2.5 %. 

 In a similar study, Dreher et al. reported on the out-
comes of 44 children that had gastrocnemius-soleus reces-
sion surgery as part of a single event multi-level surgery 
[ 29 ]. The mean follow up assessment of these children was 
8.6 years following the index procedure. The authors 
reported 24 % recurrence rate and 11 % overcorrection. 
Kinematic and kinetic data showed signifi cant improve-
ments that were maintained long-term. The maximum 
ankle power in stance phase was reduced 1 year after sur-
gery, but returned at 3 years follow-up and remained at the 
9 years follow-up. Most of the gait parameters showed a 
tendency for deterioration between the 1-year and 9-year 
assessments, although these differences did not reach sta-
tistical signifi cance. 

 Svehlik et al. also reported this tendency for deterioration 
with long-term follow-up [ 30 ]. Eighteen children with spas-
tic diplegia that underwent Baumann procedure to correct 
equinus gait were evaluated clinically and with instrumented 
gait analysis 10 years following their surgery. There was a 
signifi cant improvement of ankle kinematics and kinetics 
following surgery. Despite the tendency for deterioration 
with time, these remained signifi cantly improved. 

 Shore et al. performed a systematic review of the litera-
ture [ 31 ]. They found very poor levels of evidence. Most 
studies were level 4 quality of evidence, leading to only 
grade C recommendation. The true of recurrence and over-
correction rate is diffi cult to detect, since literature includes 
heterogeneous groups of patients with short-term follow-up. 
The literature indicates greater incidence of recurrent equi-
nus in children with hemiplegia regardless of procedure, and 
greater incidence of overcorrection in children with diplegia, 
particularly following procedures on the Achilles tendon. 

 There are few studies comparing the different surgical 
techniques used to correct an equinus contracture in children 
with cerebral palsy. Most of them are retrospective studies, 
not randomized, with short follow-up and non-standardized 
selection criteria. The choice of surgical technique depends 
on the involvement of the gastrocnemius only or the whole 
gastrosoleus complex in the equinus deformity. Decision can 
be made using the Silfverskiöld’s test and the instrumented 
gait analysis data. In children with hemiplegia, there is usu-
ally contracture of both the gastrocnemius and soleus. 
Percutaneous and open Achilles tendon lengthening has been 
shown to have equally satisfactory outcomes [ 25 ]. More dis-
tal procedures should be used in children with spastic diple-
gia, where only the gastrocnemius is usually contracted and 
the natural history is a progression to a calcaneus deformity 
[ 32 ]. They have a higher risk of recurrence but a low risk of 
overcorrection [ 29 ]. It is always easier to correct a recurrent 
equinus contracture than to manage a calcaneus deformity.   

    Equino-Cavo-Varus Deformity 

 Equinovarus and equinocavovarus deformities are common 
foot deformities in children with cerebral palsy (Fig.  40.2 ). 
The deformity consists of heel varus and equinus with mid-
foot adduction and supination. Cavus may be also part of the 
deformity, as the forefoot is plantar-fl exed in relation to the 
hindfoot varus. These deformities are believed to be the 
result of the muscle overactivity of the tibialis posterior, tibi-
alis anterior or both. This deformity is common in younger 
children with cerebral palsy. It usually progresses to a fi xed 
deformity with time in children with spastic hemiplegia, 
while in diplegic or quadriplegic children it usually overcor-
rects into valgus [ 33 ].

   This deformity can cause diffi culties with shoe wear, 
brace intolerance and affect walking. As the deformity pro-
gresses and become more rigid, children stand on the lateral 
border of the foot. This results into painful callus formation 
or even fi fth metatarsal stress fractures. 

 Orthotics can be used in fl exible deformities in young 
children, since these are usually stable in hemiplegic chil-
dren and may overcorrect into valgus in diplegic or quadri-
plegic patients [ 33 ]. In older children, with fl exible or rigid 
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deformities that affect gait, cause pain or interfere with brac-
ing, operative treatment is usually indicated. 

    Does Surgical Treatment of Equinovarus 
Deformity Improve Gait in Ambulatory Children 
with Cerebral Palsy? Which Is the Best Surgical 
Technique? 
 The evidence for operative treatment of equinovarus foot 
deformities in children with cerebral palsy in unfortunately 
poor. It consists mainly of case series with short follow-up 
(Level 4) and review articles from experts (Level 5). There 
are no randomized or cohort comparative studies. 

 Flexible deformities are usually addressed with soft tissue 
surgery (soft tissue release, tendon lengthening or tendon 
transfer), while rigid deformities require bony surgery (oste-
otomies or joint fusion). 

 Flexible deformities can be corrected with tibialis poste-
rior lengthening, split tibialis posterior transfer, split tibialis 
anterior transfer or combination of these. Tendon transfer of 
the whole tendon should be avoided, as there is a high risk of 
overcorrection, especially in diplegic and quadriplegic 
patients [ 34 – 36 ]. Lengthening of the tibialis posterior can be 
performed either proximally as an intramuscular lengthening 
or distally as Z-lengthening of the tendon [ 37 ,  38 ]. 

 Split transfer of the lateral part of the tibialis anterior or 
posterior tendon into the lateral part of the foot is preferred 
[ 39 ,  40 ]. There is lower risk of overcorrection and the muscle 
does not lose its power. The choice depends on which muscle 
is the main contributor of the deformity. Michlitsch et al. 
reviewed the gait analysis data of 78 patients with cerebral 
palsy and varus foot deformity [ 41 ]. The varus foot defor-
mity was a result of the dysfunction of the tibialis anterior in 

  Fig. 40.2    Equino-cavo-varus deformity       
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34 %, tibialis posterior in 33 % and both in 31 %. In the 
majority of the cases varus occurred during both stance and 
swing phase of the gait. The timing of varus during the gait 
is a poor predictor of the associated muscle dysfunction. The 
use of dynamic electromyography and kinematic data can 
assist to determine the main contributing muscle to the foot 
deformity [ 41 ,  42 ]. 

 Most of the studies demonstrate satisfactory outcomes in 
the short and medium term [ 40 ,  43 – 46 ]. Studies with longer 
follow-up show that the outcomes seem to deteriorate with 
time (recurrence or overcorrection). Kling et al. reported the 
outcomes of 37 split tibialis posterior transfer in 31 patients 
with spastic cerebral palsy [ 40 ]. The mean follow up of these 
patients was 8 years. They reported three poor results. 

 Eighteen children that had split tibialis posterior transfer 
through the interosseous membrane [ 47 ]. The mean follow 
up was 8.4 years. The authors reported just one poor result. 

 Chang et al. have reported the largest series of children 
with spastic equinovarus foot deformities [ 38 ]. One hundred 
and eight children (140 feet) with a mean follow up of 7.3 
years were assessed. The surgical techniques used were split 
tibialis posterior tendon transfer or Z-plasty of the tendon at 
the level of the medial malleolus or intramuscular lengthen-
ing. Sixty-fi ve patients were considered as failures of treat-
ment (recurrence or overcorrection). The factors that had an 
effect on surgical outcome were involvement of cerebral 
palsy, age at operation and preoperative ambulation status. 
Hemiplegic patients, children older than 8 years at the time 
of operation and ambulatory status have more favorable out-
come comparing to diplegic/quadriplegic involvement, 
younger children and non-ambulators. None of the surgical 
techniques used was found to give better outcomes. 

 Flexible equinovarus deformities can progress into rigid 
deformities with time. Fixed deformities require bony sur-
gery; this can be in the form of osteotomies for mild deformi-
ties or arthrodesis for severe ones. Fixed hindfoot deformities 
can be addressed with calcaneal sliding or closing wedge 
osteotomy. Cavus and rigid supination deformities can be 
corrected with midfoot (medial cuneiform, cuboid) osteoto-
mies or joint fusions. 

 For severe rigid deformities, a triple fusion provides the 
most reliable long-term outcomes. Tenuta et al. reported on 
ten patients with cerebral palsy that had triple fusion for a 
rigid equinovarus foot deformity [ 48 ]. The mean follow-up 
was 16.1 years. Nine patients had no residual deformity; 
three patients were dissatisfi ed with the outcome, six reported 
foot pain and fi ve had ankle degenerative arthritis fi ndings on 
x-ray. In three patients, their ambulatory capacity improved, 
while the others remained stable. 

 Satisfactory outcomes following triple fusion in adult 
patients with cerebral palsy were also reported by Trehan 
et al. [ 49 ]. Seven of the 21 patients had a foot varus defor-
mity. The mean follow-up was 22 years. Twenty patients 

were satisfi ed with the outcome, eight patients reported pain 
with ambulation, 10/26 feet had residual deformity and three 
patients had x-ray fi ndings of ankle arthritis (only one 
symptomatic). 

 Current evidence shows satisfactory outcomes with surgi-
cal correction of equinovarus foot deformities in children 
with cerebral palsy in the short and mid-term. Satisfactory 
outcomes should be expected in older children with hemiple-
gia. Gait analysis studies with the use of dynamic electromy-
ography can help to distinguish if the tibialis posterior, 
anterior or both are dysfunctional. The appropriate surgical 
technique can be used to rebalance the foot. Fixed deformi-
ties should be corrected fi rst with appropriate osteotomies or 
joint fusions. In severe rigid deformities, triple arthrodesis 
can provide the most reliable long-term outcomes.   

    Equino-Valgus and Plano-Valgus Deformity 

 This is probably the commonest foot deformity in children 
with cerebral palsy and the severity can range from a very 
subtle collapse of medical arch to a very severe deformity 
where the forefoot pointing outward (Fig.  40.3 ). The natural 
history of this deformity overlaps with the natural history of 
fl at feet in early childhood and the progress and future devel-
opments are extremely unpredictable before 8 years old [ 33 , 
 50 ].

      Do Orthoses Improve the Outcomes 
of Equinovalgus Deformity in Children 
with Cerebral Palsy? 
 Tight gastrosoleus complex play an important aetiological 
role in the development of equinovalgus foot; hence treating 
this tightness may reduce the incidence and or the severity of 
the equinovalgus deformity. This has been covered in earlier 
sections and the values of orthoses have been highlighted. 

  Fig. 40.3    Severe equino-plano-valgus feet deformity       
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Moreover, the natural history of equinovalgus foot is unpre-
dictable in early childhood (under the age of 8), therefore 
temporizing interventions such as orthoses are valuable 
while the clinical pictures are getting clearer [ 33 ,  50 ]. 

 The evidence behind orthotic treatments in plano-valgus 
feet in normal children was discussed in Chap.   19     and con-
cluded that they may have detrimental effects. However, in 
children with cerebral palsy the contrary is true. Several 
studies showed that ankle and foot orthoses (AFO) improve 
symptoms, slow deterioration and increase gait effi ciency 
[ 51 – 54 ]. However, the best type of AFO has been contested. 
Kadhim and Miller [ 55 ] recommended a pragmatic approach 
to the AFO choices in children with equinovalgus deformity 
admitting the lack of the scientifi c documentation behind 
such treatment. They recommend a solid AFO until the child 
begins to walk. Afterward, a hinged (articulated) AFO is 
used to allow for ankle dorsifl exion and to prevent ankle 
plantarfl exion. Two exceptions are when the child has a 
severe crouch posture or severe equinovalgus deformity. In 
the former a solid AFO (or even GRAFO in heavier children 
>25 kg) is more useful to improve crouch posture. In the lat-
ter, hinged AFO is less likely to provide enough support and 
often causes rubbing and skin irritation. They also recom-
mended supramalleolar AFO for children who can control 
ankle plantarfl exion and dorsifl exion.  

    Does Surgical Treatment of Equinovalgus 
Deformity Improve Gait in Ambulatory Children 
with Cerebral Palsy? Which Is the Best Surgical 
Technique? 
 Surgery is indicated when AFOs fail to achieve the desired 
purposes of keeping the feet symptoms free, providing sta-
bility for transfer and mobility. There is a natural selection in 
treating this deformity when ambulatory patients (GMFCS 
levels I, II, III) usually present early with a less severe defor-
mity in comparison to non ambulatory patients (GMFCS 
level IV and V). The aim of treatment in ambulatory patients 
is to restore normal alignment while preserving joints mobil-
ity. Several operations and techniques have been described 
using a combined soft tissue and bony surgery to restore 
anatomy to normal or near normal. These include calcaneal 
lengthening (often called lateral column lengthening) (Fig 
 40.4 ), triple C osteotomy (includes medial calcaneal slide, 
cuboid opening wedge, cuneiform planar closing wedge), 
talonavicular fusion, subtalar joint fusion and triple arthrod-
esis. These are often combined with soft tissue procedures 
such as gastrocnemius muscle lengthening, peroneus brevis 
tendon lengthening, and tibialis posterior advancement [ 50 , 
 55 – 61 ]. There is no convincing evidence that any is superior 
to the others. This is not unexpected, given the spectrum of 
the deformity and the functional demand of patients. 
Although some studies tried to compare different combina-
tion of surgical interventions in treating the calcaneo-valgus 

feet, their comparison was undermined by the fact the two 
comparators were not identical.

   Mosca [ 62 ] reported on 31 patients (26 were neuromuscu-
lar) with severe, symptomatic valgus deformities of the hind-
foot who were corrected with a modifi cation of the calcaneal 
lengthening osteotomy. Additionally, an opening-wedge 
osteotomy of the medial cuneiform was used to correct the 
deformities of both the hindfoot and the forefoot in the 
patients who had a skew foot. Satisfactory clinical and radio-
graphic correction of all components of the deformity of the 
hindfoot was achieved in all but the two most severely 
deformed feet although these two feet had suffi cient correc-
tion to eliminate the symptoms. 

 Ettl et al. [ 58 ] reviewed the outcome of calcaneal length-
ening for the treatment of planovalgus foot deformity in 19 
children (28 feet) with cerebral palsy. There were 14 ambu-
lating (19 feet) and 5 non ambulating children (9 feet). They 
found satisfactory results in 75 % of the feet. They found no 
overcorrection but a relapse of the deformity in seven cases. 

 Sung et al. [ 57 ] showed in a study of 71 patients with 
cerebral palsy that for patients with greater than 23° AP 
talus-fi rst metatarsal angle, 36° lateral talus-fi rst metatarsal 
angle, and 72 % naviculocuboid overlap (Fig.  40.5 ), addi-
tional procedures for medial stabilization, such as tibialis 
posterior tendon reefi ng and talonavicular arthrodesis, should 
be considered as a result of the possibility of under correc-
tion with calcaneal lengthening alone.

   Kim et al. [ 59 ] compared the clinical and radiographic 
results between calcaneal lengthening (18 patients, 28 feet) 
and triple C osteotomy (20 patients, 32 feet). The aetiology 
of the foot deformity was idiopathic in 16 feet and cerebral 
palsy in 44 feet. Non ambulatory patients were excluded. All 
operations were performed by a single surgeon. It was stated 
that the choice of surgery was random. In the calcaneal 
lengthening group, 19 of the 28 feet (68 %) showed a satis-
factory outcome and 9 (32 %) an unsatisfactory outcome. In 
the triple C osteotomy group, 28 of the 32 feet (88 %) showed 
a satisfactory outcome and 4 (12 %) an unsatisfactory out-
come. They concluded that triple C osteotomy is a more 
effective procedure than calcaneal lengthening for the cor-
rection of planovalgus deformity, especially severe pes pla-
novalgus deformities. 

 Kadhim et al. [ 50 ] reported a long term follow up on 24 
patients (43 feet); 15 were treated with calcaneal lengthening 
(mostly GMFCS levels I and II) and 28 with subtalar fusion 
(mostly GMFCS levels III and IV). Improvement was 
observed in both groups but additional surgery was required 
more among patients who were treated with subtalar fusion. 
Interestingly, residual foot pain was less common among 
children with poor functional abilities and patients who 
underwent subtalar fusion. 

 De Coulon et al. [ 60 ] questioned the reliability of other 
bony surgery in correcting severe planovalgus feet and they 
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investigated the talo-navicular fusion which is used in adult 
practice but not in children practice. He reviewed 29 feet 
who were treated with talonavicular arthrodesis and reported 
satisfactory outcome in 28 feet, whereas 1 had unsatisfactory 
results according to the Yoo clinical outcome scoring scale. 

 Guven et al. [ 61 ] in a small series of 9 patient reported a 
78 % satisfaction rates after Grice extra articular subtalar 
joint fusion in spite of the mean AOFAS hindfoot score 
increased by 15 points only from 53 (range 41–81) to 68.4 
(range 51–96). 

 The above various case series indicate that restoring the 
anatomy and maintaining the correct anatomy is a key for a 
successful outcome. Having critically analyzed the above 
evidence and other excluded studies, it is impossible to favor 
one operation over other. Even in our hands, we do not use a 
single approach for all but rather tailor the treatment to indi-
vidual patient and foot criteria. The deformity is multi- 
dimensional involving the hindfoot, midfoot and forefoot. 
For optimal result, a holistic approach is essential. We cor-
rect the hind foot fi rst, then reassess the foot. There is often 
an associated supination deformity which requires correc-

tion. Muscles balance should then be restored to prevent 
recurrence. We prefer fusion surgery in severe deformity in 
non ambulatory children.    

    Foot Deformity in Children with Spina Bifi da 

 The incidence of Spina bifi da has signifi cantly decreased in 
recent years (1.9/10,000 births), nonetheless it is still the 
cause for chronic disability in 70,000–100,000 persons in the 
United States with approximately 1500 new pregnancies 
affected per year [ 63 ,  64 ]. 

 Foot deformities are extremely common in patients with 
Spina Bifi da. Most of the children have or will develop a foot 
deformity whose severity is mainly related to the level of the 
lesion [ 65 – 67 ]. These deformities are particularly diffi cult to 
manage, because of the combination of motor paralysis/spas-
ticity and sensory loss. Deformities can be present at birth in 
the form of Equino-Cavo-Varus (CTEV) or vertical talus, or 
can develop during childhood due to muscle imbalance, 
forces applied to the foot by weight bearing or gravity, or 

  Fig. 40.4    Lateral column lengthening in a child with cerebral palsy       
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changes in the neurological function. Nearly all these chil-
dren require some sort of treatment for their foot deformity 
during their lives. The goal of treatment in ambulatory 
patients is to provide the child with a splintable, plantigrade, 
supple foot able to facilitate ambulation. In non-ambulatory 
patient, the aim of treatment is to allow satisfactory shoe 
wear and positioning of the foot on the wheelchair [ 64 ,  67 ]. 

    What Is the Best Treatment of Foot Deformities 
in Spina Bifi da? 

 Foot deformities in Spina Bifi da may present as calcaneus, 
equinus, varus, valgus, or a combination of deformities 
(Fig.  40.6 ). Clubfoot and vertical talus are also quite com-
mon [ 64 – 67 ]. Early intervention with casting, bracing, or 
surgical treatment may prevent fi xed bony deformities. 
Patients with spina bifi da may require several corrective 
procedures in order to achieve a plantigrade more  functional 

and braceable foot [ 64 ,  68 ]. Roach et al. have recently 
reviewed 84 adults with myelomeningocele and found sur-
geries to maintain a plantigrade foot were helpful, because 
even those with low- level spinal lesions and good strength 
had trouble ambulating on deformed feet. However, a plan-
tigrade foot still had a substantial risk of developing pres-
sure sores, many progressing to deep infections and 
occasional amputations [ 69 ].

      Equinus Deformity 
 It has been described in all levels of involvement but it is 
mostly common in patients with no activity below the knee, 
i.e. thoracic and high lumbar level of involvement [ 65 – 67 , 
 70 ,  71 ]. Unopposed gravity or the spastic activity of the tri-
ceps surae seems to be the leading causes for this type of 
deformity [ 65 ,  70 ]. 

 Sharrard et al. suggested regular passive stretching com-
bined with night-time splints starting at birth in an attempt to 
prevent the deformity in a fl ail foot. Authors noticed that an 

  Fig. 40.5    Predictors for under correction using calcaneal lengthening 
alone.  Top left  image: AP talus-fi rst metatarsal angle,  top right  image: 
36° lateral talus-fi rst metatarsal angle, and  bottom  image: naviculocu-

boid (A/B) which is the overlapped portion of the navicular and cuboid 
divided by the vertical height of the cuboid       
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equinus deformity with a short tight Achilles tendon 
 developed if stretching was abandoned. In these cases they 
recommended a percutaneous Achilles tenotomy to correct 
the deformity and the position was kept with crepe bandage 
rather than cast or splints. They described rapid recurrence of 
the deformity in some cases, often associated with a fl exion 
deformity of the toes due to associated shortness of the fl exor 
hallucis longus and fl exor digitorum tendons. In resistant 
cases, they described the split-transfer of the Achilles tendon 
to the dorsum of the foot, the excision of the inferior tibio- 
fi bular ligament and the excision of the talus. In their series, 
Authors included 64 feet with equinus deformity, which 
required a total of 80 procedures (77 soft-tissue operations, 1 
tendon transfer and 2 bony procedures) with an overall recur-
rence rate of 14 % [ 70 ]. 

 More recently, other authors reported good results 
after Achilles tendon lengthening, passive stretching 
exercises and AFOs. Achilles tendon resection and poste-
rior release has been described for refractory cases to 
achieve full correction maintained by AFOs during the 
day and night [ 64 ,  68 ,  72 ]. 

 The consensus is that a regime of passive stretching 
combined with splints should be the fi rst line treatment for 
equinus deformity in spina bifi da. Surgery should be con-
sidered for an unbraceable foot if skin breakdown or posi-
tioning is a problem, or to achieve a plantigrade, braceable 
foot in a patient with the potential for ambulation. The type 
of surgical procedure depends on the severity of the defor-
mity and should be tailored on the each patient [ 64 ,  68 ].  

    Equino-Cavo-Varus Deformity 
 It is the most common foot deformity in spina bifi da. The 
incidence varies with the neurologic level of involvement; in 
fact, it has been reported to occur in 30–50 % of patients with 
sacral level involvement and up to 90 % of patients with tho-
racic or lumbar levels of involvement [ 66 ,  67 ,  70 ,  73 ,  74 ]. 
Many factors may contribute to the development of clubfoot 
in patients with spina bifi da. Sharrard noted that the most 
severe presentations were seen in patients with level L4 of 
involvement with accompanied spasticity of the triceps surae 
and both tibialis muscles in combination with the functional 
absence of the peroneal muscles [ 70 ,  71 ]. 

 Relapse rates of equino-cavo-varus deformity in spina 
bifi da are high, ranging from 22 % to 68 %, regardless of the 
treatment method [ 70 ,  71 ,  73 ,  75 – 77 ]. 

  Ponseti Method     Traditionally the treatment of such a rigid 
and severe deformity has been extensive soft-tissue release 
surgery. It was common opinion that non-surgical treatment 
using splinting, serial casting, and stretching was unsuccess-
ful and at considerable risk of complications including skin 
breakdown complicated by infection and early recurrence 
[ 70 ,  71 ]. In more recent years, the Ponseti Method consisting 
of manipulation and serial casting initially described for the 
treatment of idiopathic clubfeet [ 78 ], has been used to treat 
neuromuscular and syndromic clubfeet including spina 
bifi da [ 75 ,  76 ,  79 ,  80 ].  

 Janicki et al. reported their results on the treatment of syn-
dromic and idiopathic equino-cavo-varus feet using the 

  Fig. 40.6    Feet deformity in a child with spina bifi da. This young boy with low level spina bifi da developed right cavo-varus foot and left plano- 
valgus foot       
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Ponseti Method with a minimum follow-up of 1 year. Five 
patients for a total of nine feet in their cohort, had spina 
bifi da. All nine feet were corrected using the Ponseti Method. 
Mean number of casts for correction was 4.2 per foot; only 
two of them did not require a percutaneous Achilles tenot-
omy. In these nine feet, there were fi ve recurrences two of 
which were treated with serial casting only and three of 
which needed a postero-medial release. The recurrence rate 
in patients with myelomeningocele was 55 % compared to 
13 % in idiopathic clubfeet. Major surgical release was 
required in 33 % of the spina bifi da feet and only in 6.4 % of 
the non-syndromic feet (signifi cant difference) [ 76 ]. 

 Gerlach et al. followed prospectively 16 consecutive patients 
with myelomeningocele (28 clubfeet) and twenty consecutive 
patients with idiopathic clubfeet (35 clubfeet) managed with 
the Ponseti Method. The average duration of follow-up was 34 
months for the myelomeningocele group and 37 months for the 
idiopathic group, respectively. The deformity at presentation 
was signifi cantly more severe in patients with spina bifi da 
according to the Dimeglio system [ 81 ]. The Ponseti Method 
was successful in all the idiopathic feet and in 27 clubfeet 
(96.4 %) in the myelomeningocele group. A signifi cant differ-
ence was observed in the relapse rate of the two groups, which 
was 68 % in the spina bifi da group and 26 % in the idiopathic 
group, respectively. All the recurrences were initially treated 
with the Ponseti Method and only four of the clubfeet in the 
myelomeningocele group (14 %) and one of the clubfeet in the 
idiopathic group (3 %) required extensive soft tissue release 
(no statistical difference). Complications, including blister and 
iatrogenic distal tibia fractures, were signifi cantly higher in the 
spina bifi da group [ 75 ]. 

 Gurnett et al. and Moroney et al. reported their results on 
the treatment of non-idiopathic clubfeet including spina 
bifi da with the Ponseti method. Authors did not parse their 
results by specifi c diagnosis, but the investigators noted that 
the non-idiopathic clubfeet had a signifi cantly higher relapse 
rate [ 79 ,  80 ]. Over the 5-year follow-up, Moroney et al. 
observed that 37 % of non-idiopathic feet required extensive 
surgical release compared with 2 % in the idiopathic group. 
Despite this signifi cant difference, authors found the Ponseti 
method benefi cial because it certainly determined an 
improvement of the deformity with a huge advantage intra-
operatively [ 79 ]. 

 The evidence available for the use of Ponseti method in 
the treatment of equino-cavo-varus deformity in spina bifi da 
is fair and limited to a short follow-up. 

   Soft-Tissue Release 
 Traditionally an extensive postero-medial release, including 
complete tenotomies and/or excisions of tendons rather than 
lengthening, was the preferred treatment for equino-cavo- 
varus deformity in myelomeningocele. Although the  outcome 

seems to vary with the motor level of involvement, overall, 
good results have been reported in 61–83 % of patients after 
surgical release [ 70 ,  73 ,  74 ,  82 ]. 

 Sharrard and Grosfi eld treated 78 clubfeet with spina 
bifi da with an “extensive medial release”. In more than half 
the patients medial release of soft tissues alone with tendon 
transfer was suffi cient. The overall revision rate was 22 % 
and some feet required up to four soft-tissue procedure (122 
soft-tissue releases in total). Seven of the 52 patients devel-
oped skin breakdown, and another fi ve progressed to superfi -
cial infection, despite the use of a V-Y incision. Authors 
recommended completing the correction by a calcaneal oste-
otomy if adequate correction of the deformity by soft-tissue 
release without excessive skin tension could not be obtained 
at the fi rst operation, in order to avoid further soft-tissue 
release through scarred, contracted and adherent tissues [ 70 ]. 

 De Carvalho Neto et al. performed a “radical postero- 
medial release” (PMLR) with excision of tendons, through a 
Cincinnati incision [ 83 ] in 63 equino-cavo-varus feet. In 21 
feet, the talus was derotated in the ankle mortise with a tem-
porary K-wire while 57 feet required a plantar fascia release 
through a separate plantar incision. Outcomes were good 
63 %, fair in 14 %, and poor in 23 % of the feet. In 21 feet in 
which the talar derotation with a K-wire was performed, 
76 % of the feet had a good result, 14 % fair and 10 % poor 
result. Fifty percent of the feet with thoracic/high lumbar 
level of involvement had poor results. Combining the low- 
lumbar and sacral-level groups, only 10 % of the feet had 
poor results [ 82 ]. 

 Flynn et al. reported their outcome on 72 feet with 8 years 
of follow-up that had undergone a radical circumferential 
release. They observed 61 % good results, 26 % fair results 
and 13 % poor results. Authors did not observe any correla-
tion between age at surgery, neurosegmental level and the 
fi nal outcome. Twenty-six feet (36 %) required further sur-
gery, including repeat releases, talectomies, osteotomies, and 
arthrodesis, with an overall success rate of 67 % [ 73 ]. 

 Akbar et al. reviewed 167 equinovarus deformities in 123 
patients with myelomeningocele who had a circumferential 
release through a Cincinnati incision [ 83 ]. A plantigrade foot 
was achieved in 83 % of the patients, with 17 % requiring a 
second surgical procedure. Muscular imbalance greatly 
affected success rates, with the highest success rates in the 
high- or low-level lesions (95 % success for thoracic to L2 
level, 83 % for L5 to sacral level), and the least success for 
the mid-lumbar level lesions (64 %) [ 74 ].  

   Talectomy 
 It is considered a salvage procedure for rigid equino-cavo- 
varus deformity aiming to correct both equinus and heel 
varus deformities without tension. A successful outcome 
varies between 47 % and 75 % [ 84 – 86 ]. 
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 Sherk and Ames published their results on 11 children 
with spina bifi da who underwent 20 talectomies for clubfoot 
deformities, at an average of 5.3 years of age. Their longest 
follow-up was only 5 years, and they noted a 25 % recur-
rence rate complicating brace and shoe wear due to a reduced 
foot height. Failure was mostly related to incomplete removal 
of the talus because of extensive scarring and fi brosis due to 
prior infection or surgery and/or severe concomitant external 
rotational contracture of the hips in patients with high spinal 
lesions [ 84 ]. 

 In a subsequent follow-up study, Sherk et al. evaluated 19 
patients with spina bifi da who underwent a total of 31 talec-
tomies between the ages of 4 and 39 years, with an average 
follow-up of 12 years. Authors observed that all feet were 
corrected enough for brace/shoe wear. Overall, 16 feet 
(52 %) appeared plantigrade, 14 feet (45 %) had a relapse of 
the deformity with different degrees of varus and equinus, 
and in 3 feet (10 %) the talectomy converted an equino-varus 
into a cavo-varus deformity. Finally, force plates analysis 
revealed that only 6 plantigrade feet (38 %) were actually 
biomechanically plantigrade with uniformly distributed 
ground reaction forces [ 85 ]. 

 Trumble et al. reported their results for talectomies per-
formed to correct resistant equino-cavo-varus deformity in 
17 myelomeningocele feet at an average age of 3.5 years and 
an average 7-year follow-up. Correction of the hindfoot was 
good in 15 feet and poor in 2 feet. Severe residual forefoot 
deformity in 9 feet compromised remarkably the functional 
result of the operation and the overall success rate was only 
47 % [ 86 ]. 

 Studies on talectomies that grouped multiple diagnoses 
together but did not sparse the results according to the diag-
nosis are diffi cult to interpret and a defi nite conclusion on the 
outcome of the procedure on patients with spina bifi da can-
not be extrapolated [ 87 – 90 ].  

   Triple Fusion 
 The role of surgical arthrodesis in Spina Bifi da is controver-
sial. The stiffness resulting from the fusion in combination 
with an insensate foot can result in the development of neu-
ropathic skin changes [ 91 ]. 

 Olney and Menelaus reported their results of a triple 
arthrodesis in 18 feet with spina bifi da at an average fol-
low- up of 10 years. Each foot had multiple operations 
before the fusion. Fifteen of 18 feet (83 %) had a satisfac-
tory outcome, two had recurrent planovalgus deformities 
and one a painful pseudarthrosis. Three feet had required 
revision of the triple arthrodesis, and there was one post-
operative infection. No patient had lost ambulatory status 
because of foot problems and eight of the 10 patients who 
previously needed callipers were able to discard them or to 
use lighter ones [ 92 ].  

   Other Procedures: Osteotomies 
 Relapses after extensive soft-tissue release, very often present 
in the form of an adduction deformity with a relative shortened 
medial column and a relative elongated lateral column. For 
such cases, a “double osteotomy” consisting of a closing wedge 
osteotomy of the cuboid and an opening wedge osteotomy of 
the medial cuneiform similarly to those performed in patients 
with idiopathic clubfoot [ 93 ], has been suggested [ 64 ]. 

 To date no publication is available on the correction of 
residual forefoot deformity after equino-cavo-varus defor-
mity in patients with myelomeningocele. 

 Based on the current literature on equino-cavo-varus foot 
deformity in spina bifi da, the evidence is that:

•    The Ponseti method is effective at a short follow-up. The 
recurrence rate after Ponseti method is signifi cantly 
higher when compared to idiopathic clubfeet [ 75 ,  76 ,  79 ] 
(Level of Evidence II/III).  

•   Although the outcome seems to vary with the motor level 
of involvement, overall, good results have been reported 
in 61–83 % of patients after extensive soft-tissue release 
[ 7 ,  10 ,  11 ,  19 ] (Level of Evidence IV).  

•   Talectomy is a salvage procedure. Successful outcomes 
vary between 47 % and 75 %. Relapse is not infrequent. 
Ground reaction force is poorly distributed leading to 
recurrent pressure sore [ 84 – 86 ] (Level of Evidence IV).  

•   Triple arthrodesis in a spina bifi da patient is a demanding 
operation and may require revision, but once the defor-
mity is corrected and a solid fusion obtained, the results 
do not deteriorate with time. However, the stiffness result-
ing from the fusion in combination with an insensate foot 
can result in the development of neuropathic skin changes 
[ 91 ,  92 ] (Level of Evidence IV).       

    Calcaneus Deformity 

 Calcaneus deformity occurs in approximately 17–35 % of 
patients with myelomeningocele and it is most common in 
L4 or L5 level of involvement. It is due to the strength or 
spasticity of the ankle dorsifl exors combined with weak or 
absent plantar fl exors. The heel can be either in varus or in 
valgus. It is a progressive deformity and it leads to diffi cult 
brace and shoe wear, pressure sores and heel ulceration, and 
impaired gait [ 71 ,  74 ,  94 ,  95 ]. The gait peculiarity is the loss 
of toe-off, in fact, during the stance phase the heel has con-
tact with the fl oor but the forefoot remains elevated with poor 
balance. In order to get the forefoot to contact the fl oor, the 
knees have to fl ex resulting in crouch gait [ 96 ]. 

 In the early phases, the foot is not usually rigid and there is 
no fi xed bony deformity. Early treatment consists of passive 
stretching, serial casting and bracing aiming to prevent a 
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severe rigid calcaneus foot. Once the child becomes old 
enough, early surgical intervention has been recommended 
because prolonged weight bearing may lead to calcaneovalgus 
deformities and external tibial torsion. The goal of surgery is 
to prevent a rigid deformity by eliminating the deforming 
forces, possibly augmenting the ankle plantarfl exors, and bal-
ancing the force acting on the foot [ 94 ,  95 ,  97 ,  98 ]. 

    Tendon Transfers 
 Transfer of tendons to restore, or at least improve, the poor 
ankle plantarfl exion are the most commonly described pro-
cedures, usually a transfer of the anterior tibialis posteriorly 
through the interosseous membrane to the calcaneal 
tuberosity. 

 Bliss and Menelaus reviewed 25 patients with calcaneus 
deformity who had had 46 anterior tibialis transfers at an 
average follow-up age of 22 years. Only 10 patients had a 
plantigrade foot with no residual deformity and did not 
require any further surgery. The remaining 36 patients 
required a total of 66 surgeries (40 bony procedures). At the 
last follow-up, fi ve of them had a plantigrade foot, 25 patients 
had a recurrence of the deformity with associated valgus, 
while in six patients the transfer never proved to work. The 
overall success rate in this series was 22 % [ 99 ]. 

 Janda et al. reviewed 12 feet of six patients who had 
undergone transfers and found that 50 % of the feet had non- 
functioning transfers but they were plantigrade. 

 Paradoxically, of the six functioning transfers, fi ve devel-
oped secondary deformities (planovalgus, equinovalgus, equin-
ovarus), and three of them required surgical correction. The 
overall success rate was 50 % and Authors did not fi nd any 
correlation between age at time of surgery and outcome [ 100 ]. 

 Fraser et al. reported their experience of tibialis anterior 
transfer for calcaneus deformity in 46 feet of 26 ambulant 
patients with myelomeningocele. At an average follow-up of 
8.4 years, 89 % of the patients had satisfactory results and 
64 % of them were able to stand on their toes. Pre-operative 
trophic ulceration of the heel increased from 3.2 % to 33 % 
if surgery was delayed. Secondary deformities developed in 
76 % of feet. In total 33 of the 46 feet required subsequent 
operations with an actual success rate of 28 %. Authors could 
not fi nd any correlation between age at the time of surgery 
and outcome. The neurological level seemed to affect the 
outcome; in fact 80 % of patient with neurological level L5 
or S1 results were good, while 90 % of patient with L5 level 
of involvement had poor results [ 101 ]. 

 The above studies show a poor correlation between the 
correction of the calcaneus deformity and a successful trans-
fer. Subsequent dynamic electromyographic studies found a 
continuous anterior tibialis activity throughout the gait cycle. 
This electromyographic pattern likely represents a spastic 
muscle, which acts primarily as a tenodesis and cannot 

 prevent excessive ankle dorsifl exion [ 100 ,  102 ,  103 ]. Authors 
have therefore postulated that it would be better to transect 
the tendon rather than transfer it [ 40 ,  41 ], and they all recom-
mended continued use of postoperative orthotic support 
[ 100 ,  102 ,  103 ]. 

 Bradley et al. suggested that the anterior tibialis tendon is 
simply not strong enough to replace the triceps surae [ 104 ]. 
Other authors augmented the transfer of the tibialis anterior 
with other procedures reporting better outcomes. 

 Wenz et al. transferred tibialis anterior and posterior, 
peroneus brevis and longus, extensor digitorum and hallu-
cis longus to the Achilles but also performed the equiva-
lent of a triple arthrodesis (Inverse Lambrinudi) which 
elevated the talus to function as a bone block against the 
anterior distal tibia, limiting dorsifl exion. They reported 
the outcome of nine patients, average age 17.5 years, at a 
follow-up of 32 months. Eight out if the nine patients 
could walk without splints. Only in 2 patients they observed 
an overcorrection of the deformity that required further 
treatment [ 105 ]. 

 Georgiadis et al. [ 106 ] and Park et al. [ 95 ] showed that 
adjunctive procedure like further tendon transfers/releases, 
osteotomies and or arthrodesis aiming to correct all the 
deforming forces and residual deformities improved the out-
come remarkably. In fact, both authors observed no defor-
mity recurrence or progression, or development of secondary 
deformities and an overall success rate of 95 % and 100 % 
respectively at an average follow-up of 6 and 4 years, respec-
tively [ 95 ,  106 ].  

    Soft-Tissue Release 
 Rodrigues and Dias have described a complete anterolateral 
release of the ankle including sectioning the ankle dorsifl ex-
ors, toe extensors, the peroneus brevis and longus. They 
reported their result on 76 patients. Sixty-two had a planti-
grade and braceable foot with a success rate of 82 %. The 
remaining 14 that failed required further treatment, i.e. six 
required a repeat procedure, and eight underwent Achilles 
release for equinus deformity [ 94 ]. 

 Swaroop and Dias recently recommended to address 
long-standing rigid deformities with an anterolateral release, 
combined with a posteriorly based closing wedge osteotomy 
of the calcaneal tuberosity to shift the tuberosity more poste-
rior and proximal [ 64 ]. These procedures have been described 
for patients with poliomyelitis but no data is yet available on 
patients with myelomeningocele [ 107 ,  108 ]. 

 Based on the current literature on calcaneus foot defor-
mity in spina bifi da, the evidence is that

•    Anterior tibialis tendon transfer is successful in 22–64 % 
of cases but there is a poor correlation between the correc-
tion of the calcaneus deformity and a successful transfer. 

40 Evidence-Based Treatment for Feet Deformities in Children with Neuromuscular Conditions



388

Orthotic support after surgery is always recommended 
[ 99 – 103 ] (Level of Evidence IV).  

•   Adjunctive procedure (tendon transfers/releases, osteoto-
mies and or arthrodesis) aiming to correct the residual 
deformities can increase the overall success rate up to 
95–100 % [ 95 ,  106 ] (Level of Evidence IV).  

•   A complete anterolateral release of the ankle including 
sectioning the ankle dorsifl exors, toe extensors, the pero-
neus brevis and longus is successful in 82 % of the patients 
[ 94 ] (Level of Evidence IV).      

    Vertical Talus 

 Congenital vertical talus is a rare but complex foot deformity 
in children with spina bifi da. It has been reported in 4–5 % of 
children with spina bifi da and represents 10 % of foot defor-
mities in these patients [ 65 ,  66 ,  70 ]. 

 It can present as a congenital deformity, more commonly, 
or a developmental deformity. Drennan and Sharrard in path-
ological anatomy study concluded that it is the result of the 
imbalance between a weak tibialis posterior and strong dor-
sifl exors and evertors [ 109 ]. 

 The mainstay of treatment is operative. As with other foot 
deformities in spina bifi da patients, the goal of treatment is a 
plantigrade and splintable foot. The best evidence available 
includes small case series of patients with idiopathic vertical 
talus and other syndromic conditions, including spina bifi da, 
with short-term follow-up. 

 Sharrard and Grosfi eld used different soft tissue and bony 
procedures (soft tissue release on the outer side of the foot, 
reduction of the talonavicular dislocation and fi xation with a 
Kirschner wire, transplantation of dorsifl exors and peroneal 
tendons to restore muscle balance, calcaneal osteotomy, 
extra-articular subtalar fusion) to correct this deformity with 
a high failure rate (37 %) [ 70 ]. 

 Single or two-stage soft tissue release approaches have 
been described. In the fi rst part of the two-stage approach the 
contracted dorsolateral tendons and joint capsules are 
released and talonavicular and subtalar are reduced. The sec-
ond stage consists of lengthening the Achilles and peroneal 
tendons and a release of the posterolateral joint capsule 
release [ 110 ]. The authors of this technique reported satisfac-
tory outcomes in 12/15 feet treated. Among these patient 
there was a child with spina bifi da. 

 Kodros and Dias reported on the result of a single stage 
approach using the Cincinnati incision [ 111 ]. The cohort of 
patients included 32 patients (18 patients with neural tube 
defects – 21 feet) with a follow-up of 7 years. The results in the 
patients with neural tube defects were good in 18 feet and fair in 
3 feet. There were no excellent or poor results. On patient devel-
oped equinovarus deformity and two a cavus deformity. 

 Mazzocca et al. compared two approaches, one dorsal and 
one posteromedial more extensive [ 112 ]. They concluded 
that the dorsal approach provided better correction with 
fewer complications. 

 A minimally invasive approach has been described by 
Dobbs et al. [ 113 ,  114 ]. This consists of serial manipulation 
and casting followed by temporary stabilization of the talo-
navicular joint by K-wire and an Achilles tenotomy. The 
results of this approach were compared with the traditional 
more extensive soft tissue release [ 115 ]. All patients had 
minimum follow-up of 5 years (mean 7 years). The mini-
mally invasive treatment method resulted in better ankle 
range of motion and pain scores. The good outcomes using 
this approach have been reported by other centers [ 116 ,  117 ]. 

 The cohort of the previous studies included children with 
both idiopathic congenital vertical talus and syndromic 
(including spina bifi da). Chalayon et al. reported on the out-
comes of 15 patients (25 feet) with non-idiopathic deformi-
ties (4 with spina bifi da) [ 118 ]. All of the myelomeningocele 
patients were successfully corrected without recurrences. In 
the short-term follow-up, the results were excellent in four 
patients, good in ten and fair in one. In this cohort of patients, 
the percentage of feet that achieved full reduction of the talo-
navicular joint with casting alone was smaller than in the 
groups of patients with idiopathic congenital vertical talus. 
Many patients required release of the talonavicular joint and 
the anterior aspect of the subtalar joint. 

 In a prospective cohort study, the outcomes of the mini-
mally invasive technique were compared between children 
with idiopathic and syndromic congenital vertical talus 
[ 119 ]. The authors reported higher relapse rates (10/21 feet) 
at a mean follow up of 36 months. No statistically signifi cant 
differences between the two groups were found (recurrence 
rate, pain/comfort score, correction score), despite the recur-
rence rate of the syndromic group of patients was higher 
(67 % vs 33 %). 

 In older children, the deformity becomes rigid. Surgery 
that is more extensive is required to correct these deformi-
ties. Combination of soft tissue release with bony surgery is 
required. This can be medial column shortening with lateral 
column lengthening, extra-articular subtalar arthrodesis and 
triple arthrodesis [ 120 ,  121 ,  92 ].

•    A minimally invasive technique, as described by Dobbs, 
gives promising and replicable good results in the short 
term. The risk of recurrence seems higher comparing to 
idiopathic vertical talus. (Level of Evidence IV)  

•   In older children, a single stage dorsal approach of soft 
tissue releases can give good outcomes in the mid-term. 
(Level of Evidence IV)  

•   A triple arthrodesis can be used as a salvage procedure. 
(Level of Evidence IV)     
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    Hindfoot Valgus 

 Hindfoot valgus deformity in children with spina bifi da 
develops as the child matures and starts to ambulate [ 122 ]. 
Mild and supple deformities can be controlled with rigid 
ankle-foot orthosis. As the deformity progresses it can cause 
skin problems, diffi culties with bracing or pain. Appropriate 
clinical and radiologic assessment to distinguish hindfoot 
valgus from ankle valgus is important. 

 Hindfoot valgus can be corrected with a calcaneal sliding 
osteotomy. Parsons et al. reported unsatisfactory outcomes 
with sliding or medial closing wedge osteotomy [ 123 ]. Eight 
out of ten feet of seven patients had recurrence of the defor-
mity at 6.5 years of follow-up. Good outcomes were reported 
only in patients that had previous extra-articular subtalar 
arthrodesis. 

 Torosian et al. reported more favorable outcomes using 
the calcaneal sliding osteotomy in 38 feet of 27 patients with 
spina bifi da [ 122 ]. Good results were reported in 31 feet 
(82 %) with more than 5 years of follow-up. 

 Extra-articular subtalar or triple fusion has been used to 
correct this deformity in children with spina bifi da [ 92 ,  124 ]. 
These should be used as salvage procedures only. A rigid and 
insensate foot is at risk of developing skin ulceration and 
breakdown [ 64 ,  91 ].       
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      Upper Limb Problems in Children 
with Cerebral Palsy                     

     Jonathan     A.     Baxter      and     Matthew     F.     Nixon    

    Abstract  

  The decision regarding the management of upper limb spasticity in cerebral palsy is multi-
factorial. Intervention ranges from therapy and splinting through to multilevel surgery 
utilising tendon transfers and arthrodesis procedures. This article presents the current evi-
dence behind treatment choice. A literature search has been conducted on each topic with a 
subsequent summary of the evidence. The use of Botulinum toxin type A in cerebral palsy 
has been the focus of several randomised trials. There exists good evidence of effi cacy when 
used in conjunction with therapy however currently there is no clear consensus on optimal 
dose, frequency and post injection therapy regime. There exists good evidence that the sur-
gical treatment of thumb in palm deformity has benefi cial outcomes. The effi cacy of surgi-
cal intervention for other upper limb deformities is less well understood. Each patient 
should be thoroughly assessed and surgical plans tailored to their specifi c needs. Surgical 
intervention should be delayed until the appropriate age to avoid recurrence with growth 
and the child should have voluntary motor control of the limb and reasonable cognition in 
order to comply with post-operative therapy.  

  Keywords  
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      Introduction 

 Cerebral palsy (CP) is a non-progressive upper motor neuron 
disease due to injury to the immature brain. It is the common-
est cause of neurological disability in children and a common 
condition seen by the paediatric orthopaedic surgeon. Upper 
limb involvement, particularly in those patients with spastic 
hemiplegic CP, can have a signifi cant impact on function. 
Generally, fl exors exhibit increased tone over extensors. 
Pectoralis major, biceps brachii, forearm fl exors and pronator 
teres are often hypertonic leading to shoulder fl exion, adduc-
tion and internal rotation with elbow fl exion, forearm prona-
tion, wrist fl exion with ulnar deviation. In the hand, fi nger and 
thumb fl exion is seen along with thumb adduction giving the 

classic thumb-in-palm deformity. MCPJ dislocations and 
swan neck deformities can signifi cantly affect opposition and 
therefore grasp. Patient factors such as cognitive capacity and 
limb sensation will signifi cantly affect the management and 
therefore intervention must be tailored to each individual. 

 Non-invasive management strategies include physiother-
apy and occupational therapy aimed at maximising function. 
Newer modalities are subject to extensive investigation and 
include bimanual therapy, constraint-induced movement 
therapy, action observation therapy, virtual reality and robot- 
assisted therapy. Functional splinting aims to improve motor 
function by supporting joints in the optimal position during 
use. There is however a paucity of evidence to support their 
effi cacy. Non-functional splinting provides prolonged stretch 
with the aim of preventing contraction. These devices pro-
vide a small improvement in hand function that is not 
 maintained Jackman [ 1 ]. Splinting in the younger age group 
is not well tolerated. 
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 Common discussions encountered in the clinic focus on 
the use of Botulinum toxin type A (BoNT-A) and surgical 
intervention. We therefore set out to answer key questions on 
each subject.  

    Botulinum Toxin A 

 A literature review was undertaken using the PubMed data-
base. All randomised controlled trials (RCTs) comparing 
BoNT-A injection or BoNT-A injection and occupational 
therapy in the upper limb with other types of treatment 
(including no treatment or placebo) in children with CP were 
included. The bibliographies of all retrieved trials were 
reviewed to identify further studies. Fifteen studies meeting 
the inclusion criteria were identifi ed, including two meta- 
analyses [ 2 ,  3 ]. 

    Key Questions 

    What are the indications and aims of BoNT-A use?  
  What evidence is there to support its use?  
  What is the optimal dose, frequency and post injection 

therapy?  
  What are the complications and side effects?    

    What Are the Indications and Aims of BoNT-A 
Use? 
 Botulinum toxin type A acts by presynaptic blockade of cho-
linergic receptors at the neuromuscular junction. It is used as 
an adjunct to standard therapies aimed at improving range of 
movement and function through the reduction of muscle tone 
and spasticity. There has been much in the way of investiga-
tion into the different facets of BoNT-A administration 
chiefl y dose, duration of effect, repetition and timing of stan-
dard therapeutic intervention after injection. The long-term 
outcome is also under investigation and is understandably of 
some interest, as the period of clinically useful relaxation 
appears to be between two and six months following admin-
istration [ 4 – 6 ]. The overall aim of BoNT-A injection is to 
produce a reduction in tone hence allow splinting, casting or 
therapy for increased muscle length with the hope of improv-
ing motor function and therefore reducing, or at least delay-
ing, the need for surgery. NICE guidelines updated in 
September 2014 list the indications for the use of BoNT-A in 
children and young people with focal spasticity of the upper 
limb. These include spasticity impeding fi ne motor function, 
compromising care and hygiene, causing pain, impeding tol-
erance of other treatments such as orthoses or causing cos-
metic concerns to the patient [ 7 ]. Contraindications include 
severe muscle weakness, previous adverse reaction or if the 
patient is receiving aminoglycoside treatment.  

    What Evidence Is There to Support Its Use? 
 The use of BoNT-A in the upper limb in children with cere-
bral palsy was the subject of a Cochrane review in 2010 [ 8 ]. 
They report the pooled data of seven randomized controlled 
trials and three unpublished trials aimed at understanding the 
effectiveness of intramuscular BoNT-A versus BoNT-A and 
occupational therapy [ 5 ,  6 ,  9 – 14 ]. They report a signifi cant 
decrease in spasticity following BoNT-A administration, 
however a resultant functional gain that is sustained, was not 
proven. Moderate evidence exists that BoNT-A alone is not 
effective compared to placebo or indeed no treatment at all. 
High-level evidence was presented supporting the use of 
BoNT-A as an adjunct to concomitant occupational therapy. 
BoNT-A and occupational therapy was shown to be more 
effective than occupational therapy alone in reducing impair-
ment, improving activity level and goal achievement based 
on the chosen functional outcome scoring methods. 
Interestingly however, no improvement in quality of life or 
perceived self-competence was found. 

 Supporting the fi ndings of this review is a further RCT by 
Ferrari et al. [ 15 ] comparing BoNT-A and therapy with pla-
cebo and therapy. They found that both groups demonstrated 
an improvement in function with a signifi cantly better 
improvement in assisted hand assessment (AHA) in the 
BoNT-A group. However Rameckers et al. [ 16 ] report an 
RCT looking at the benefi t of BoNT-A and intensive therapy 
over intensive therapy alone. Over six months no signifi cant 
differences were reported between groups with regard to 
functional measures. Muscle force decreased following 
BoNT-A injection but returned during the therapy period. 
The therapy group displayed signifi cantly higher increase in 
force and accuracy relative to the group receiving BoNT-A 
[ 16 ]. Van Heest et al [ 17 ] also report a lack of functional 
improvement after BoNT-A injection relative to therapy 
alone. They again observed a signifi cant reduction in grip 
strength following BoNT-A injection. In this RCT however 
the reduction in strength continued for six months after the 
fi nal injection was administered [ 28 , #11568].  

    What Is the Optimal Dose, Frequency and Post 
Injection Therapy? 
 There is no recognized, superior dose regime recommended 
in the current literature. Doses used in controlled trials to 
date range from 2 to 12 U/kg body weight per session with a 
maximum does of 400 units. Forearm muscles have received 
0.3–2 U/kg increasing in the upper arm to 4 U/kg body 
weight per muscle [ 5 ]. The commonly employed concentra-
tion is between 50 and 100 U/ml [ 3 ]. 

 Lowe in 2006 demonstrated better longer-term outcomes 
with a low volume, higher concentration BoNT-A injection 
(200 U/ml saline) [ 10 ]. However, similar results were not 
recreated by Kawamura et al. who specifi cally compared 
the effects of low dose BoNT-A with a high dose (double 
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strength) BoNT-A on outcome [ 11 ]. In this study however, 
muscle localization was performed by palpation without 
stimulation or imaging. Further studies using adults also 
suggests the high-volume, low concentration injections 
achieve greater neuromuscular blockade, spasticity reduc-
tion and greater range of elbow extension than low-volume, 
high concentration injections [ 17 ]. With a paucity of evi-
dence to support the use of higher doses of BoNT-A in the 
upper limb of patients with CP, currently there is no reason 
to deviate from those recommendations contained in the 
paediatric upper limb hypertonicity BoNT-A evidence 
based guidelines for intervention and aftercare published in 
2010 [ 5 ]. 

 This consensus report outlines a pragmatic and evidence 
based approach to calculating the dose of BoNT-A depen-
dent on muscle groups injected and aims of treatment. Due to 
the small size of forearm muscles that are in much closer 
proximity than other areas, lower doses with less dilution are 
recommended if functional gains are the aim [ 10 ,  13 ,  18 ]. 

 In terms of concentration the smaller the volume injected, 
the lower the diffusion within and beyond the muscle [ 19 , 
 20 ]. If the treatment is to improve function, it is recom-
mended that the calculated dosage be distributed in a small 
amount of normal saline in the muscle at one to two injection 
sites, depending on the age and size of the child. At the fore-
arm, a volume exceeding 0.5 ml is likely to diffuse into 
neighbouring muscles. A preparation of 100 U/ml saline 
dilution is therefore recommended dependent on the product 
used. In children with larger muscles or if the aim of inter-
vention is to improve appearance, tolerance of orthoses, or 
facilitate care, then a higher volume would be appropriate 
such as 100 units in 2 mls. 

 The therapeutic effect of BoNT-A lasts approximately 
2–6 months. There is a risk of antibody formation with 
BoNT-A use and in order to minimise this, intervals between 
injections should exceed 3 months [ 21 ,  22 ]. In practice it 
seems sensible to prolong intervals between injections as 
long as clinically justifi able without jeopardising treatment. 
This approach will help to allow adaptation to reduce tone 
and avoid excessive weakness through repeated injections. 

 No study was found investigating the effect of repeat 
BoNT-A injections against single injections. Olesch et al. 
performed an RCT into repeat BoNT-A injections and ther-
apy vs therapy alone. They report progressively reduced 
spasticity and improved parental perception of performance 
in the BoNT-A group [ 23 ]. They included 22 children with-
out fi xed contractures. Three BoNT-A injections were 
administered no more frequent than every 16 weeks. They 
prescribed 6 weeks of intensive therapy (twice weekly ses-
sions) followed by routine therapy until the next injection. 
This study was underpowered however and the only signifi -
cant difference between the groups was seen in areas where 
the assessors were not blinded. 

 In a recent RCT, Lidman et al. compared repeat BoNT-A 
injections and therapy with therapy alone on hand function. 
Their injection protocol included BoNT-A administered 2 
weeks prior to 8 weeks of therapy. Thereafter parents went 
back to normal therapy with a second injection at 6 months. 
They report improvements in ROM and goal performance in 
both groups. The BoNT-A group demonstrated a signifi -
cantly better AHA. They included all functional levels; how-
ever there were clinical differences at baseline that may have 
affected functional outcomes. This was a small study (20 
participants) with no power calculation and only partial 
blinding [ 24 ]. 

 An investigation into multi-sessional intramuscular injec-
tions of BoNT-A performed at weeks eight and 20 following 
initial injection to muscles still exhibiting marked spasticity 
was performed by Koman et al. [ 25 ]. This prospective, 
double- blind RCT concluded that after these three injections, 
children receiving BoNT-A displayed a clinically meaning-
ful improvement in function at 26 weeks compared to those 
who received placebo. Their cohort included children with 
varying levels of functional impairment some of whom were 
not surgical candidates. Follow-up was to 26 weeks but grip 
strength was not assessed. 

 Using a similar protocol with injections at initiation, 12 
and 24 weeks followed by a supervised therapy regime and 
continued home therapy; Van Heest et al. did not reproduce 
these fi ndings. They performed a fi nal assessment 6 months 
after last injection and report no signifi cant improvements in 
measurements of bodily impairment, activity limitations or 
participation restrictions in the BoNT-A group or those 
treated with ongoing therapy alone at 12 months. Furthermore, 
they report a signifi cant reduction in grip strength in the 
BoNT-A group up to 6 months following last injection. 

 There is great variation in therapy regimes following 
BoNT-A injection in the literature. To date there is little high 
quality evidence that any is superior. Hoare et al. report an 
RCT into whether modifi ed constraint-induced movement 
therapy (mCIMT) leads to superior gains compared with 
bimanual occupational therapy (BOT) in young children 
with unilateral CP following BoNT-A injections. They con-
clude that there is no benefi t to mCIMT despite increased 
intensity of the home programme over standard BOT [ 2 ]. 
Most regimes utilise static splinting between therapy ses-
sions to maintain any improvement in spasticity achieved.  

    What Are the Complications and Side Effects? 
 The 2010 Cochrane review reported excessive grip weak-
ness as the most common adverse event. Several studies 
report the difference in strength reduction in the smaller 
muscles of the upper limb compared to the larger muscles of 
the lower limb. BoNT-A use in the forearm can result in a 
90 % reduction in the amplitude of the EMG after electrical 
stimulation of the corresponding nerve compared to 20 % in 
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the gastrocnemius muscle [ 26 ,  27 ]. The impact of BoNT-A 
on grip strength has been investigated by Van Heest et al. 
They report that the reduction in grip and pinch is not only 
present immediately after administration but persists for at 
least 6 months after last injection [ 28 ]. Other less commonly 
reported complaints include nausea, vomiting, fl u like 
symptoms, coughing, soreness at injection site, respiratory 
infections and headache.  

    Future Research 
 There are still many unanswered questions when it comes to 
the use of BoNT-A in children with CP, not least of all the 
fundamental question as to whether it is benefi cial to func-
tional outcome at all. Key areas for future research include:

    1.    The impact of BoNT-A dose, concentration, volume and 
delivery methods to the muscles   

   2.    The impact of repeat injections with detail of the optimal 
timing and cumulative effects   

   3.    The long-term effect on function investigated using robust 
outcome measures   

   4.    The optimal frequency, timing and intensity of therapy 
following BoNT-A injection        

    Surgical Intervention 

 The majority of the literature on this topic comprises of 
retrospective case series. There were no level I studies 
identifi ed. A meta-analysis of case series was performed in 
2005 on the management of thumb-in-palm deformities 
[ 29 ]. 

 One prospective RCT of level II quality was subse-
quently published comparing surgical intervention, 
BoNT-A injection and therapy alone [ 28 ]. Both the tendon 
transfer and BoNT-A group received the same standardised 
therapy protocol as the therapy group. They report that chil-
dren undergoing surgical treatment demonstrated greater 
improvement, of modest magnitude, than BoNT-A injec-
tions or regular, ongoing therapy at twelve months of fol-
low-up. The surgical protocol that they followed addressed 
the classical deforming factors in the upper limb in children 
with CP. This included a transfer of the fl exor carpi ulnaris 
to the extensor carpi radialis brevis, pronator teres release, 
and extensor pollicis longus rerouting with adductor polli-
cis release. They report a signifi cant increase in pinch 
strength and the movement domain of the Pediatric Quality 
of Life Inventory relative to BoNT-A injection or therapy 
alone. However there was no signifi cant difference in the 
other four domains or indeed in activity limitations. Patient 
reported satisfaction was greater following tendon transfer 
in the absence of a signifi cant improvement in 
performance. 

    Key Questions 

     1.    What are the indications for surgery?   
   2.    When should you operate?   
   3.    What are the common deformities and how are they 

addressed?     

    What Are the Indications for Surgery? 
 The goal of surgery needs to be clearly defi ned. Aims include 
improved function, to facilitate hygiene or improve appear-
ance. NICE guidelines on consideration for operative inter-
vention in spasticity and co-existing motor disorders include 
limited limb function (for example getting dressed) by unfa-
vourable posture or pain, as a result of muscle shortening, 
contractures or bony deformities; contractures of the shoul-
der, elbow, wrist or hand cause diffi culty with skin hygiene; 
the cosmetic appearance of the upper limb causes signifi cant 
concern for the child [ 30 ]. The goals of surgical intervention 
in upper limb spasticity are to reduce the contractile effect of 
the spastic muscles by release or fractional lengthening, 
increase the strength of weak antagonists through tendon 
transfer or improve joint stability through arthrodesis or 
tenodesis. 

 The overall condition of the patient affects the decision 
making process. The ideal candidate to achieve functional 
improvements should demonstrate adequate cognition, sen-
sibility and motor control of the limb. If these prerequisites 
are not met, surgical intervention will likely result in 
improved appearance and hygiene alone [ 31 ]. The aim of 
management prior to reconstruction should be to maintain 
joint ROM and reduce contractures. It is unwise to attempt 
tendon transfers in a joint lacking passive movement and 
post-operative active ROM will not be greater than pre- 
operative passive ROM. If intensive therapy cannot over-
come joint and soft tissue contractures, release and 
lengthening procedures need to be incorporated into the sur-
gical plan prior to tendon transfer.  

    When Should You Operate? 
 The age of surgical intervention remains controversial. 
Ideally reconstruction should be delayed until at least the age 
of four to six as at this age the cerebral defect is mature there-
fore the deformities are easily assessed. The child also stands 
a better chance of cooperating with rehabilitation regimes 
[ 32 ,  33 ]. Older age is not a contraindication as long as the 
patient has a degree of voluntary hand control. A Cochrane 
review of surgical treatment for thumb-in-palm deformity 
included nine studies with a mean age ranging from 7.5 to 15 
years [ 29 ]. 

 Care should be taken however in performing tendon 
transfers in younger patients as late deformities may occur 
related to growth spurts. Patterson et al. report that of 24 
patients receiving an FCU to ECRB transfer, 12 developed 
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late deformity between 10 and 105 months postoperatively 
[ 34 ]. Nine required revision surgery commonly for extension 
deformity. Of the 12 patients, nine were younger than 13 
years old at time of index procedure.  

    What Are the Common Deformities and How Are 
they Addressed? 

   Forearm Pronation, Wrist Flexion with Ulnar 
Deviation 
 Forearm pronation is a deformity caused by a combined 
spasticity of both the pronator teres and pronator quadratus 
muscle with wrist fl exion a result of spasticity of the FCU 
tendon with or without involvement of the long fi nger fl ex-
ors. This deformity can seriously limit hand function. The 
aim of reconstruction is to restore active supination, without 
compromising the existing pronation movement, and achieve 
a neutral wrist position to improve grip. This can be achieved 
using a combination of muscle releases and tendon 
transfers. 

 FCU to ECRB (Green’s) transfer is the classical proce-
dure used to increase wrist extension with the benefi t of gain-
ing active supination [ 35 ,  36 ]. The Green transfer removes 
FCU as a spastic wrist fl exor and augments wrist extension 
power, thus improving position [ 37 ]. The range of fl exion 
extension arc may not improve signifi cantly however cen-
tralising this arc at neutral results in improved function and 
cosmetic appearance [ 38 ]. Concomitant procedures includ-
ing pronator quadratus myotomy, pronator teres myotomy, 
lengthening or rerouting act to reduce pronation deformity. 
An average gain in supination of 54° with pronator teres 
tenotomy and 78° with rerouting has been reported [ 39 ]. 

 However it should be borne in mind that operating results 
in improved extension at the price of wrist fl exion [ 40 ,  41 ] 
and that the Green transfer tensioned past neutral can result 
in excessive loss of wrist fl exion creating extensor habitus 
[ 42 ,  43 ]. This may be particularly pertinent if the patient has 
marked spasticity in the long fi nger fl exors as part of the 
deformity that may lead to diffi culty when attempting to 
open the hand.  

   Thumb-in-Palm Deformity 
 A Cochrane review was conducted in 2005 and although 
studies into this area are of relatively poor design, modest but 
signifi cant improvements in ROM, pinch grip and hand func-
tion were found following operative intervention for thumb- 
in- palm deformity [ 44 ]. There is great diffi culty in drawing 
fi rm conclusion from published studies due to the heteroge-
neity of the patients, differing eligibility criteria for surgical 
intervention and lack of standardised functional assessment 
tools. 

 In this review no consensus on the selection criteria for 
eligibility to undergo surgical intervention was reached. No 

study provided an evidence base for inclusion however some 
voluntary control appeared to be necessary to achieve func-
tional improvement. Furthermore there was no standardised 
method for evaluating operative data either prior to or fol-
lowing intervention. With few exceptions, most assessment 
tools were not validated. It is not possible on the evidence 
presented to make judgement about the effi cacy of one par-
ticular intervention as different procedures were used within 
most studies along with a variety of outcome measures. 

 The Cochrane review tells us that surgical intervention 
can result in correction of thumb-in-palm deformity leaving 
the thumb out of the palm [ 31 ,  41 ,  45 ,  46 ], improved grip and 
pinch [ 41 ,  45 – 49 ], function [ 41 ,  46 ,  50 ,  51 ], appearance [ 45 , 
 47 – 49 ], stereognosis [ 41 ] and quality of life [ 31 ,  45 ]. 

 Although intervention varied widely, common combina-
tions include release of the spastic adductor pollicis from its 
origin with EPL rerouting through the fi rst dorsal retinacular 
compartment. This technique reduces thumb adduction and 
augments the weak extension-abduction force [ 50 ,  52 ,  53 ]. 

 The thumb-in-palm posturing is a complex problem with 
multiple muscle involvement combining to produce the 
resultant deformity. There are several surgical procedures 
that can be employed when dealing with thumb-in-palm 
deformity and a combination of procedures is often required. 
Each patient must therefore be thoroughly assessed and sur-
gical plans tailored to their specifi c needs.   

    Future Research 
 Due to small numbers of procedures being undertaken in 
such a heterogenous group, robust studies into the effi cacy of 
specifi c surgical procedures for CP affecting upper limb is 
fraught with diffi culty. Certainly progress has been made 
with more recent studies comparing surgical intervention to 
conventional use of BoNT-A and therapy with some benefi t 
being reported in the former group. Key areas for future 
research include:

    1.    Further study of the effi cacy of tendon transfers relative 
to conventional intervention   

   2.    The long-term outcome following tendon transfers to 
quantify the risk of recurrent deformity   

   3.    The optimal timing for surgical intervention to improve 
function specifi cally in younger patients        

    Authors’ Recommendations 

 These patients are very heterogeneous and the management 
of their spasticity varies according to a number of factors. In 
general we would recommend spasticity management using 
botulinum and hand therapy in the younger patients followed 
by single event multi-level surgery when they are at the 
appropriate age. 
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    Age 

 The very young patients (under 2 years) need proactive hand 
therapy (including techniques such as constraint induced ther-
apy) and carer education to maintain passive range of motion. 

 Patients up to the age of 10 years are at risk of deformity 
recurrence or over correction with tendon transfer surgery are 
better treated with botulinum toxin. These patients may also 
be suitable for selective peripheral neurotomy which reduces 
spasticity to a similar degree but on a permanent basis 

 Older children (over 10 years) generally have lower levels 
of spasticity are suited to defi nitive surgery such as tendon 
transfers or joint arthrodesis. Higher functioning adolescents 
often have concerns regarding their body-image and this 
needs to be taken into consideration when deciding whether 
to offer surgery  

    Differentiation Between Fixed Flexion 
and Spasticity 

 Spasticity is dynamic and the deformity can be corrected 
with sustained pressure – these patients are suitable for botu-
linum toxin and joint rebalancing transfers. 

 Fixed fl exion is static and due to muscle and joint fi brosis 
with secondary osseous changes. These deformities will not 
fully correct without appropriate soft tissue releases/joint 
stabilisations.  

    Degree of Active Control and Level 
of Cognition 

 High functioning patient with good active control but poor 
dynamic posturing would function well with tendon rebal-
ancing whereas lower functioning patients with fi xed contrac-
tures may benefi t from a stabilisation such as wrist arthrodesis) 
if they are having issues with hand hygiene/dressing etc.  

    Type of Cerebral Palsy 

 High tone spasticity is most common and usually presents 
and behaves in a fairly typical fashion. 

 Dystonic cerebral palsy has a much higher risk of over- 
correction deformity and are better treated with judicious use 
of botulinum toxin and joint stabilisation procedures rather 
than tendon re-balancing 

 Non-cerebral palsy types of neuromuscular pathology also 
need treating with caution as their natural history may be 
quite different, particularly if it is a progressive condition.       
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    Abstract  

  Musculoskeletal infection (MSKI) in children is a common cause of hospitalization in the 
pediatric population worldwide. Severity of disease is dependent upon the amount and type 
of tissue involved. Though common, pediatric MSKI diagnosis and treatment can be chal-
lenging. In this chapter, we have critically reviewed and summarized the evidence that 
underpin the current practice in the developed world. Evidence-based treatment guidelines 
applied by a multidisciplinary team resulted in better care of children with MSKI (Grade 
B). Non-contrasted MRI is the diagnostic modality of choice to distinguish isolated septic 
arthritis from adjacent infection (Grade B). Septic arthritis is the most common diagnosis 
with synovial fl uid WBC counts between 25,000 and 75,000 cells/mm3 and can be ade-
quately treated by both arthroscopy or traditional arthrotomy (Grade B). Acute haematog-
enous osteomyelitis (AHO) can be treated with short course of IV antibiotic, followed by 
oral antibiotic for 3–4 weeks (Grade B).  

  Keywords  

  Musculoskeletal infection   •   Osteomyelitis   •   Pyomyositis   •   Septic arthritis  

      Background 

 Musculoskeletal infection (MSKI) in children is a common 
cause of hospitalization in the pediatric population world-
wide. Outcomes are typically good with relatively few long 
term sequelae when recognized and treated in a timely fash-
ion. Pediatric MSKI is traditionally classifi ed based on the 
type of tissue infected: superfi cial abscess, septic arthritis, 
osteomyelitis, deep abscess/pyomyositis and complex 
MSKI, which involves multiple tissue types (Table  42.1 ). 
This chapter will focus  primarily on septic arthritis, osteo-
myelitis, and pyomyositis.

   Children with MSKI typically present with a constella-
tion of symptoms including limp or inability to bear weight 
and pain. Physical examination will often reveal joint irrita-
bility, pain with ROM, and tenderness to palpation. The 
workup of pediatric MSKI generally includes baseline labo-
ratory work including blood culture, complete blood count 
(CBC) with differential, c-reactive protein (CRP) and eryth-
rocyte sedimentation rate (ESR). Plain fi lms should also be 
obtained in order to evaluate for possible trauma. Further 
work-up is directed by the clinical picture and level of con-
cern by the treating physician and may consist of advanced 
imaging (ultrasound (US), computed tomography (CT), and/
or magnetic resonance imaging (MRI)) to evaluate the loca-
tion and extent of infection. Some pediatric MSKI can be 
treated with antibiotics alone, while others require surgical 
debridement. Early recognition and appropriate treatment 
leads to favorable outcomes in most cases. Infection is 
deemed to be disseminated when there are multiple positive 
blood cultures, multiple foci of infection, evidence of throm-
bus formation (deep vein thrombosis (DVT) or pulmonary 
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embolism (PE)), septic pulmonary emboli or endocarditis. 
These children have the potential to become very sick and 
may require intensive care. While long-term morbidity from 
pediatric MSKI is low, there are recognized complications 
from delayed diagnosis and treatment. The two most com-
mon sequelae are joint destruction and physeal arrest, which 
can lead to limb length discrepancy or angular deformity.  

    Septic Arthritis 

    Diagnosis 

 Most children with septic arthritis will demonstrate joint irri-
tability with limited ROM, refusal to bear weight, fever, ele-
vated infl ammatory markers such as CRP, ESR, and white 
blood count (WBC) and joint effusion on ultrasound [ 1 – 14 ]. 
Other pediatric MSKI can mimic septic arthritis, especially 
when involving the hip joint. While “Kocher Criteria” has 
long been used to differentiate between children with septic 
hip arthritis and transient synovitis, recent studies have 
shown that this diagnostic criteria is unable to distinguish 
been septic arthritis and other types of infection (osteomyeli-
tis and pyomyositis) around the hip [ 15 ]. For this reason, it 
has been advocated that in cases where there is concern for 
septic arthritis of the hip based on clinical exam and elevated 
infl ammatory markers that an MRI be obtained as quickly as 
possible to evaluate the hip and surrounding structures for 
contiguous infection. One study of 53 patients evaluated in 
the emergency room for “rule out septic hip arthritis” dem-

onstrated that pelvic pyomyositis was twice as common as 
isolated septic hip arthritis based on MRI [ 15 ] and a different 
study found that 70/103 patients with septic arthritis had 
contiguous osteomyelitis on MRI [ 16 ]. Rosenfeld et al. 
found fi ve variables (age above 3.6 years, CRP > 13.8 mg/L, 
duration of symptoms >3 d, platelets <314 × 10 cells/μL, and 
ANC > 8.6 × 10 cells/μL) to be predictive of adjacent infec-
tion. Patients with ≥3 risk factors were classifi ed as high risk 
for septic arthritis with adjacent infection (sensitivity: 90 %, 
specifi city: 67 %, positive predictive value: 80 %, negative 
predictive value: 83 %). The authors of this study recom-
mend preoperative MRI in patients in who meet ≥3 of these 
criteria [ 17 ]. In cases where there is infection adjacent to the 
joint in question, MRI also has the added benefi t of directing 
the approach for joint aspiration (Fig.  42.1 ). Hip joint aspira-
tion is commonly performed through a medial approach, just 
posterior to the adductor longus tendon. It is known, how-
ever, that a large percentage of cases of pelvic pyomyositis 
affect the adductor musculature. Therefore, there is a theo-
retical risk of contaminating the hip joint if joint arthrocente-
sis is unknowingly performed through the standard medial 
approach [ 15 ]. In many institutions, however, MRI is not 
readily available and in younger patients requires sedation. 
Therefore in a patient for whom the exam is clearly consis-
tent with septic arthritis or who is becoming septic, treatment 
can be based on the presence of effusion on US and should 
not be delayed in order to obtain advanced imaging.

   The gold standard for diagnosis of a joint infection is the 
acquisition of a joint fl uid sample for gram stain, culture, cell 
count and occasionally, molecular testing [ 1 ,  2 ,  18 ]. This can 

   Table 42.1    Classifi cation of pediatric MSKI based on tissue type   

 Diagnosis  Defi nition  Example 

 Tissue injury of unknown origin  Diagnosis of exclusion 
 Negative tissue and/or blood culture 
 Joint effusion 

 Transient synovitis of the hip 

 Superfi cial abscess  Superfi cial to deep fascia of limb or 
located in hand or foot 

 Septic pre-patellar bursitis 
 Superfi cial forearm abscess 

 Septic joint  Limited to joint space only with no 
extension to the surrounding muscles or 
bone 
 Synovial aspirate is grossly purulent, 
>50,000 cells, positive gram stain and/or 
positive bacterial culture 

 Septic knee 

 Osteomyelitis  Isolated to bone only, no extension to 
sub-periosteal space or surrounding 
muscle/joint 

 Proximal femur osteomyelitis 

 Deep abscess/Pyomyositis  Deep to fascia of limb 
 Isolated to muscle only, no extension into 
nearby bone or joint 
 May include multiple muscle groups 
 May be mild (edema only), moderate 
(Phlegmon) or severe (abscess) 

 Obturator internus myositis 
 Adductor and rectus femoris myositis 

 Complex  Involving a combination of bone, muscle 
and joints 

 Subperiosteal abscess, pericapsular myositis 
with ischial osteomyelitis, clavicular 
osteomyelitis with supraclavicular abscess 
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be done under conscious sedation in the emergency depart-
ment or general anesthesia in the operating room. In most 
children with bacterial arthritis, the nucleated cell count of 
the joint fl uid aspirate is greater than 50,000 cells/mL with 
>75 % of the cells identifi ed as segmented neutrophils. 
Occasionally arthrocentesis can lead to diagnostic uncer-
tainty due to intermediate joint fl uid cell counts (10,000–
75,000 cells/mL) [ 19 ]. In this case, the clinician may consider 
arthrotomy or arthroscopy as a surgical intervention to treat 
the possibility of septic arthritis due to incomplete evidence. 
The most common cause of septic arthritis in children is 
Staphylococcus aureus and Streptococcus. 

 In endemic communities, Lyme arthritis due to Borrelia 
burgdorferi, may demonstrate an overall clinical impression 
of possible septic arthritis and should be differentiated by 
supplemental tests [ 20 – 23 ]. This is commonly performed 

using a sensitive enzyme immunoassay or immunofl uores-
cent assay followed by a Western immunoblot. Joint aspira-
tion is recommended in order to rule out bacterial septic 
arthritis. Joint fl uid cell counts in cases of Lyme arthritis may 
demonstrate a spectrum of fi ndings [ 19 ,  23 ]. For example, 
the average cell count for a patient with Lyme arthritis is 
60,200 cells/mm 3 , however, for septic arthritis the average 
cell count is 123,000 cells/mm 3  [ 23 ]. In a study of 506 
patients with joint effusions, 49 % of the children who were 
ultimately diagnosed with Lyme arthritis had a joint fl uid cell 
count >50,000 cells/mm 3 , while 13 % had counts 
>100,000 cells/mm 3 . Based on this study, patients with syno-
vial fl uid cell counts >100,000 cells/mm 3  were more 3.63× 
more likely to have septic arthritis than Lyme arthritis [ 23 ]. 

 Kingella kingae is a gram-negative organism that is becom-
ing increasingly recognized as a common cause of MSKI in 

  Fig. 42.1    Septic arthritis of the hip joint       
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children age 6 months to 4 years [ 24 – 27 ]. The clinical presen-
tation of MSKI caused by K kingae is more subtle, with nor-
mal or only mildly elevated infl ammatory markers. The hip 
joint is a common site of K kingae infection and therefore a 
high index of suspicion in needed to make the diagnosis, as 
these cases are often mistaken for transient synovitis of the 
hip and blood/synovial fl uid cultures are never obtained [ 24 , 
 25 ,  28 – 31 ]. The benign clinical presentation along with the 
observation that several patients with culture proven K kingae 
septic arthritis improve without antibiotic treatment [ 32 ] calls 
into question the importance of missing a septic arthritis 
caused by K kingae [ 24 ]. There have been a few case reports 
of long term adverse sequelae from K kingae MSKI, which 
indicates that appropriate antibiotics should be given to all 
children from whom this organism is recovered [ 24 ,  25 ,  33 –
 35 ]. K kingae is notoriously diffi cult to culture from synovial 
fl uid using normal culture techniques. Inoculation of synovial 
fl uid into blood culture vials can signifi cantly improve the 
recovery of this organism and more recently, real time poly-
merase chain reaction (PCR) assays have become available to 
further enhance the detection of K kingae in synovial fl uid 
[ 24 ,  36 – 43 ]. While PCR shows improved rates of detection of 
K kingae over traditional joint fl uid culture, the turnaround 
time for results is quite delayed, with an average of 14.6 days 
at one center [ 43 ]. PCR also does not provide any information 
regarding antibiotic sensitivity [ 43 ].  

    Treatment 

 Adverse sequelae among children with septic arthritis are 
well described and are attributed to delayed or inadequate 
treatment. Clinicians should therefore treat bacterial arthritis 
by urgent irrigation and drainage of the infected joint [ 44 – 55 ]. 
Favorable outcomes are generally achieved as long as surgical 
and antibiotic therapy are initiated for bacterial arthritis within 
5 days of the clinical onset of infection [ 48 ,  49 ,  54 ,  56 ]. Septic 
arthritis of the shoulder and elbow in children are also associ-
ated with delay in recognition and intervention and therefore 
require a higher index of suspicion [ 57 ,  58 ]. Successful treat-
ment of bacterial arthritis can be accomplished by either 
arthrotomy or arthroscopy depending on the surgeon’s level 
of comfort with these techniques [ 59 – 63 ]. Following irriga-
tion and debridement of the joint, a drain may be placed to 
allow continued evacuation of the joint space and is typically 
removed at bedside 2–3 days later. Primary closure of the 
wound is associated with shorter hospital stays with no 
adverse affect on outcomes [ 64 ]. While aspiration and lavage 
of the infected joint may act as a temporizing measure, it is 
recommended that formal irrigation and debridement of the 
involved joint be performed after bacterial arthritis has been 
confi rmed, unless the clinical and laboratory improvement 
are substantial [ 56 ,  65 ]. Serial aspirations of bacterial arthritis 

are rarely performed due to the logistical challenge of repeat-
edly aspirating joints in  children [ 65 ]. Children who do not 
demonstrate appropriate clinical and laboratory improvement 
within the fi rst 96 h after joint irrigation and debridement may 
require repeat surgical intervention. The possibility of con-
tiguous osteomyelitis or pyomyositis should be considered 
and can be evaluated using MRI prior to repeat surgery.  

    Levels of Evidence 

 The majority of literature on pediatric septic arthritis are 
Level III retrospective reviews, with few well designed pro-
spective studies available (Table  42.2 ). There are also a sig-
nifi cant number of case series with Level IV evidence. Based 
on the best available literature, septic arthritis is best diag-
nosed based on clinical exam (fever, refusal to bear weight 
and joint irritability) in combination with several infl amma-
tory markers, including WBC, CRP, and ESR. CRP has the 
highest sensitivity and specifi city. While children with septic 
arthritis have joint effusions on US, the mere presence of an 
effusion alone, in the absence of other clinical signs and 
symptoms of infection, can be a false positive (as in transient 
synovitis or Lyme arthritis). MRI is slowly replacing US as a 
better diagnostic test due to the ability of MRI to demon-
strate the presence of contiguous infection. The gold stan-
dard for diagnosis of septic arthritis remains a culture positive 
joint aspirate. While synovial fl uid cell counts >50,000 cells/
mm 3  are often considered diagnostic of septic arthritis, there 
is no good evidence to support this number. There is a wide 
range of synovial fl uid cell counts reported in cases of cul-
ture positive septic arthritis, as well as in cases of transient 
synovitis and Lyme arthritis, making this test diffi cult to 
interpret. Clinicians should have a high index of suspicion 
for K kingae and Lyme arthritis in the appropriate patient 
populations. K kingae is diffi cult to culture via standard cul-
ture methods and detection of this bacteria is enhanced with 
the addition of real-time PCR. All available literature recom-
mends early arthrotomy and irrigation of septic joints in chil-
dren to avoid devastating long term sequelae. There are no 
studies looking at the optimal timing of such intervention. 
Several studies, including the lone prospective randomized 
control trial (Level 1B evidence) suggests that arthroscopic 
debridement is as effective as open arthrotomy and drainage 
for the management of septic arthritis in children.

        Osteomyelitis 

    Diagnosis 

 Children with acute hematogenous osteomyelitis (AHO) 
may present similarly to those with other osteoarticular 

M. Mignemi et al.



407

   Table 42.2    Levels of evidence for pediatric acute hematogenous osteomyelitis   

 Author  Type of study  Level of evidence  Grade 

 Kan et al. [ 67 ]  RR  III  B 

 Ju et al. [ 102 ]  RR  III  B 

 Shrader et al. [ 103 ]  RR  III  B 

 Section et al. [ 104 ]  RR  III  B 

 Gwynne-Jones et al. [ 68 ]  CS  IV  C 

 Saavedra-Lozano et al. [ 69 ]  RR  III  B 

 Hawkshead et al. [ 70 ]  RR  III  B 

 Vander Have et al. [ 71 ]  CS  IV  C 

 Gafur et al. [ 72 ]  RR  III  B 

 Creel et al. [ 105 ]  CS  IV  C 

 Yamagishi et al. [ 106 ]  CS  IV  C 

 Hulten et al. [ 73 ]  PS  IIB  B 

 Kaplan et al. [ 81 ]  PS  IIB  B 

 Fergie et al. (2007)  RR  III  B 

 Naimi et al. [ 75 ]  PS  IIB  B 

 Herold et al. [ 76 ]  RR  III  B 

 Jungk et al. [ 77 ]  RR  III  B 

 Frederiksen et al. [ 107 ]  CS  IV  C 

 Ish-Horowicz et al. [ 108 ]  CS  IV  C 

 Wong et al. [ 109 ]  CS  IV  C 

 Goergens et al. [ 110 ]  CS  IV  C 

 Buckingham et al. [ 78 ]  RR  III  B 

 Martinez-Aguilar et al. [ 79 ]  RR  III  B 

 Gonzalez et al. [ 80 ]  CS  IV  C 

 Kaplan et al. [ 81 ]  PS  IIB  B 

 Zaoutis et al. [ 111 ]  RR  III  B 

 Arnold et al. [ 112 ]  RR  III  B 

 McCaskill et al. [ 83 ]  RR  III  B 

 Browne et al. [ 84 ]  RR  III  B 

 Zimbelman et al. [ 85 ]  RR  III  B 

 Frank et al. [ 88 ]  RR  III  B 

 Sattler et al. [ 89 ]  PS  IIB  B 

 Martinez-Aguilar et al. [ 90 ]  RR  III  B 

 Mishaan et al. [ 91 ]  PS  IIB  B 

 Chang et al. [ 92 ]  RR  III  B 

 Seal et al. [ 93 ]  CS  IV  C 

 Tanir et al. [ 94 ]  RR  III  B 

 Pannaraj et al. [ 95 ]  RR  III  B 

 Hasty et al. [ 96 ]  RR  III  B 

 Olesevich et al. [ 97 ]  RR  III  B 

 Tsuji et al. [ 98 ]  RR  III  B 

 Elliott et al. [ 99 ]  RR  III  B 

 Carrillo-Marquez et al. [ 100 ]  RR  III  B 

 Young et al. [ 101 ]  CS  IV  C 

 Hidayat et al. [ 113 ]  PS  IIA  B 

 Lundy et al. [ 114 ]  CS  IV  C 

 Trobs et al. [ 115 ]  CS  IV  C 

 Danielsson et al. [ 116 ]  CS  IV  C 

 Perlman et al. [ 117 ]  CS  IV  C 

 Aigner et al. [ 118 ]  RR  III  B 
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infections such as septic arthritis and pyomyositis. On 
clinical exam, they may have fever and exhibit refusal to 
bear weight, but typically lack the joint irritability of chil-
dren with bacterial arthritis. Instead, they may have point 
tenderness to palpation of the affected bone. Infl ammatory 
markers, including CRP, ESR, and WBC, will be elevated 
as in other musculoskeletal infections. The best imaging 
modality to diagnose AHO is MRI, which will demon-
strate increased signal intensity within bone on T2 images, 
but decreased signal intensity on T1 sequences. MRI also 
has the advantage of also demonstrating contiguous 
sources of infection, such as sub-periosteal abscess, septic 
arthritis and pyomyositis [ 66 ]. While gadolinium should 
not be routinely used to evaluate for MSKI in children, 
contrasted MRI can increased the detection of small 
abscesses. In a study of 90 children who had MRI with 
and without contrast performed for evaluation of MSKI, 8 
had abscesses requiring surgical intervention that were 
only identifi ed on post-contrast images. No child with a 
normal pre-contrast study ended up with a diagnosis of 
MSKI [ 67 ]. Due to the increase in the prevalence of 
MRSA MSKI in some regions over the last two decades 
[ 68 – 101 ], one institution created a predictive algorithm to 
distinguish MRSA vs. MSSA AHO in children. Risk fac-
tors for MRSA AHO included hematocrit <34, WBC >12, 
CRP >13 mg/L and temperature >38. If all 4 factors are 
present, the risk of MRSA AHO is 92 % [ 102 ]. This algo-
rithm, however, has been tested at other institutions with a 
higher incidence of MRSA infections and was found to 
have poor diagnostic performance, calling into question 

the utility of the predictive algorithm outside the original 
authors’ institution [ 103 ].  

    Treatment 

 Antibiotics are considered the fi rst line of therapy in chil-
dren with AHO who have no evidence of abscess formation 
(intra- osseus, sub-periosteal, or extra-periosteal) on imag-
ing and in whom there is no concern for developing sepsis. 
The timing of appropriate empiric antibiotic administration 
should balance the priorities of identifying the causative 
organism and avoiding the unnecessary delay of antibiotic 
administration. In a study of 860 children with pediatric 
MSKI, antibiotic exposure, either pre-hospital or within the 
authors’ own institution, was not associated with a lower 
rate of culture positivity of material from the site of infec-
tion [ 104 ]. Antibiotics should therefore be held until blood 
cultures have been obtained and given any time thereafter 
depending on the clinical situation. Whenever there is clini-
cal concern about the potential for disease dissemination or 
evolving sepsis (high fever, ill appearing, hemodynamic 
instability, severely elevated infl ammatory markers), antibi-
otics may be given regardless of the timing of advanced 
imaging or surgery. If urgent aspiration or surgical debride-
ment is planned after initial evaluation or advanced imag-
ing, antibiotics may be held until local tissue culture is 
obtained or can be started once the decision is made to pur-
sue conservative treatment without surgical intervention or 
obtainment of local tissue culture. Anaerobic, fungal and 

Table 42.2 (continued)

 Author  Type of study  Level of evidence  Grade 

 Unkila-Kallio et al. [ 119 ]  PS  IIB  B 

 Unkila-Kallio et al. [ 120 ]  PS  IIB  B 

 Roine et al. [ 121 ]  RR  III  B 

 Khachatourians et al. [ 122 ]  RR  III  B 

 Arnold et al. [ 82 ]  RR  III  B 

 Roine et al. [ 123 ]  RR  III  B 

 Paakkonen et al. [ 124 ]  PS  IIB  B 

 Copley et al. [ 125 ]  RR  III  B 

 Courtney et al. [ 126 ]  RR  III  B 

 Kan et al. [ 127 ]  RR  III  B 

 Tuason et al. [ 128 ]  RR  III  B 

 Chou et al. [ 129 ]  CS  IV  C 

 Paakkonen et al. [ 130 ]  CS  IV  C 

 Peltola et al. [ 131 ]  PSRC  IB  B 

 Peltola et al. [ 132 ]  PSRC  IB  B 

 Peltola et al. [ 133 ]  PSRC  IB  B 

 Peters et al. [ 135 ]  CS  IV  C 
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AFB cultures should not be routinely performed during the 
initial evaluation of children with MSKI unless there is a 
history of immunocompromise, penetrating injury or failed 
primary treatment [ 104 ]. 

 Empiric antibiotic therapy for children with MSKI is 
dependent upon the local microbiology of the community 
and surveillance monitoring must be done to ensure 
 appropriate empiric antibiotic selection [ 68 – 77 ,  81 ,  105 , 
 106 ]. Neonatal deep infection deserves special consideration 
as these infections are often acquired in the NICU while the 
newborn is exposed to invasive lines and catheters [ 107 , 
 108 ]. Thus, neonates are at risk of exposure to hospital 
acquired pathogens, including multi-drug resistant methicil-
lin resistant staphylococcus aureus (MRSA) and Candida 
Albicans [ 107 ,  108 ]. Neonates who are otherwise healthy 
and leave the hospital after birth may develop deep infection 
within a few weeks of birth [ 45 ,  109 ]. These neonates are at 
risk for infection due to Enterobacteriaceae or group B 
Streptococcus (GBS) to which they were exposed during 
delivery. Empiric antibiotic selection in the neonate should 
therefore cover gram negative organisms, GBS and S aureus 
[ 37 ,  45 ,  109 ,  110 ]. Outside of the neonatal group, the most 
common causative organism is S aureus [ 68 – 77 ,  81 ,  105 , 
 106 ]. MRSA is now thought to be responsible for a suffi cient 
percentage of culture positive cases of AHO in some regions 
to warrant clindamycin or vancomycin as the empiric antibi-
otic of choice in children [ 68 ,  69 ,  72 – 81 ,  83 – 101 ,  111 ,  112 ]. 
In some communities, there is increasing evidence of 
clindamycin resistance, which typically invokes the use of 
vancomycin [ 73 ]. Monitoring of local antibiotic resistance 
patterns is therefore essential to ensure that empiric antibi-
otic therapy is rational based on the local microbiologic epi-
demiology of the community. When vancomycin is used, 
there is evidence that using a higher dose protocol leads to 
better effi cacy in cases of MRSA infection [ 113 ]. In the 
6 month to 4 year old age group, ceftriaxone should be added 
to clindamycin for empiric treatment when K kingae infec-
tion is suspected [ 31 ,  36 ,  101 ,  114 ,  115 ]. When a patient 
appears to have developed sepsis (ICU, fever, bacteremia, 
multi-focal disease, and/or pulmonary involvement) empiric 
treatment should include high-dose vancomycin and 
ceftriaxone. 

 Surgery is indicated for children with AHO who demon-
strate failure to respond to antibiotic therapy, evolving sep-
sis, or who have imaging fi ndings consistent with abscess 
formation (intra-osseus, sub-periosteal, or extra-periosteal) 
(Fig.  42.2 ). Surgical treatment involves irrigation and 
debridement of infected or necrotic bone. This is done by 
making a cortical window in the region of affected bone 
with care taken to avoid injury to the growth plate or peri- 
chondral physeal ring. The bone window should be large 

enough to perform an adequate debridement but not com-
promise the overall architecture of the bone. Surgical 
decompression reduces intra-osseus pressure, which may 
restore perfusion to the affected area and enhance anti-
biotic delivery. One study demonstrated antegrade drilling 
of the femoral neck in children with AHO of the proximal 
femur to decrease the rate of contiguous septic arthritis and 
osteonecrosis [ 116 ]. Similar to septic arthritis, drains 
should be left in place to allow for evacuation of the space 
in the post-operative period. Pre-operative imaging must be 
studied carefully to identify all foci of infection. Any adja-
cent or contiguous abscesses (both sub-periosteal or extra-
periosteal) should be drained at the time of bone 
decompression. Involvement of adjacent joints may occur 
in as many as 42 % of children with AHO [ 117 ]. If there is 
an effusion present in an adjacent joint, this should be aspi-
rated at a minimum and evaluated for the presence of bacte-
rial arthritis and/or irrigated and debrided when appropriate. 
Post-operative limitations on weight bearing and activity 
should be considered, depending on the location of infec-
tion and extent of debridement, to avoid pathologic 
fracture.

   CRP and ESR levels should be monitored during the 
course of treatment of AHO to ensure appropriate response 
to treatment, including both antibiotics and surgery. The 
acute phase of AHO is accompanied by a rapid rise in CRP 
which declines at a moderate pace when the infection is 
being adequately treated. The ESR rises and declines more 
gradually, and may continue to rise even after treatment of 
the infection has been initiated [ 82 ,  118 – 124 ]. Monitoring 
of infl ammatory markers should be accompanied by careful 
physical exam. Children who fail to demonstrate appropri-
ate clinical or laboratory improvement after treatment has 
been initiated should be carefully evaluated to determine 
the need for repeat imaging with MRI. Repeat imaging in 
the early post-operative setting is advised only if the clini-
cian feels there is a previously unaddressed focus (either 
local or remote) of infection. Otherwise, clinical and labo-
ratory examinations should be used to guide the decision 
for repeat surgical intervention of known, or previously 
addressed foci [ 125 – 127 ]. In a series of 59 children with 
AHO, 104 repeat MRI studies were assessed regarding the 
indications for the imaging study and the impact on treat-
ment. Twenty-eight of the MRIs were obtained within 
2 weeks of the index imaging study because of a worsening 
clinical course. In this group of children a change in treat-
ment occurred after 8 of the MRIs (29 %) compared with 
management changes in only 3 of the 76 MRIs (3.9 %) per-
formed >14 days after the index study. Of the 11 children in 
whom repeat MRI changed the ultimate treatment plan, 
CRP levels were increasing in 7 and were elevated or 
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  Fig. 42.2    Brodie’s abscess treated with incision and drainage       
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unchanged in 4 [ 126 ]. Based on this is it not recommended 
that MRI be used in the routine monitoring of infection 
resolution as MRI in the aftermath of infection and surgical 
intervention has a prolonged appearance that is diffi cult to 
interpret. One study of 57 children with AHO showed that 
children with sustained elevation of CRP after 96 h after 
their initial surgery and who remain febrile while on antibi-
otic treatment have an increased likelihood of repeat surgi-
cal intervention and should be evaluated carefully for 
additional surgical treatment [ 128 ]. 

 The convalescent phase of infection is accompanied by 
rapid decline and normalization of CRP (1–2 weeks) and 
more gradual decline of ESR (3–6 weeks). The patient can 
be considered for discharge and outpatient management 
with transition from parental to oral antibiotic therapy 
when there is suffi cient clinical and laboratory improve-
ment to ensure that the acute phase of the infection is 
over. In a study of 194 children with acute bacterial osteo-
articular infections, a CRP of 3 mg/dL (in addition to 
improving clinical exam) was used as a guide for transi-
tioning from parental to oral antibiotic therapy with 
99.5 % success rate. Long term outcomes were similar to 
those expected with the more traditional extended paren-
tal therapy course [ 82 ]. Another study employed a CRP of 
2 mg/dL as part of the criteria for discharge of children 
with osteomyelitis within a clinical practice guideline. 
They reported a shorter length of stay and lower hospital 
readmission rate among children in whom these criteria 
was applied [ 125 ]. Other institutions consider transition 
to outpatient care and oral antibiotic therapy when the 
CRP has reached 50 % of its peak value in addition to 
improvement in the clinical exam. In one study, 92 % of 
children with MSKI experienced a 50 % decline in CRP 
over 4 days [ 129 ]. While the clinical exam will not have 
 normalized , there should be signifi cant improvement in 
the following clinical parameters: temperature trend, 
inspection/palpation of site of infection for erythema, ten-
derness, swelling, range of motion, surgical site drainage 
and general appearance/demeanor of the child. The deci-
sion to terminate antibiotic therapy altogether is based on 
the normalization of laboratory markers and is typically 
dependent upon the normalization of ESR. The clinical 
exam should normalize over 6–12 weeks, depending on 
the location and extent of infection. If clinical and labora-
tory normalization does not occur as anticipated within a 
3–6 week time frame, the clinician should continue antibi-
otic therapy and re-assess laboratory markers every 
1–2 weeks. Failure to improve clinical or to normalize 
markers of infection should be considered a treatment 
failure and a repeat MRI should be considered to look for 
residual focus of infection or involucrum that is driving 
the ongoing infl ammatory process. If identifi ed, the clini-
cal should perform repeat irrigation and debridement with 

new culture acquisition. Complications that can occur 
from osteomyelitis include: pathologic fracture, growth 
disturbance leading to limb length difference or defor-
mity, joint contracture, osteonecrosis, spinal degeneration 
with loss of disc space and arthritis [ 130 – 135 ].  

    Levels of Evidence 

 Most studies on pediatric AHO are retrospective reviews or 
case series (Level III and IV evidence). There are however, 
a few well designed prospective studies (Level II) and even 
a few prospective randomize control studies available 
(Level 1). Based on the best available literature, pediatric 
AHO is best diagnosed based on clinical exam and elevated 
infl ammatory markers (mainly ESR and CRP) in combina-
tion with MRI. MRI with contrast is not necessary to diag-
nose AHO in children. Although based mostly on Level III 
and IV evidence, there is evidence to suggest an increase in 
the number of MSKI due to MRSA (in some areas), as well 
as the severity of disease. Surgery is required when there is 
evidence of abscess formation (whether intra-osseous, 
extra-osseus or subperiosteal). Otherwise, AHO can be suc-
cessfully treated with antibiotic therapy. Choice of antibiot-
ics should be tailored to the local epidemiology and 
resistance profi le of the institution. Level II evidence sug-
gests that ESR and CRP can be used to monitor the response 
to treatment, with CRP decreasing to 50 % of peak values 
in 4 days. This is combination with improving clinical 
exam can be used as discharge criteria. Level I evidence 
suggests that most cases of AHO can be treated with a short 
duration of IV antibiotics, followed by 3–4 weeks of oral 
antibiotics.   

    Pyomyositis 

    Diagnosis 

 Pyomyositis in children occurs most commonly around the 
hip joint (hip pericapsular pyomyositis) (Figs.  42.3  and  42.4 ) 
and as such, children present with symptoms similar to a sep-
tic hip joint – joint irritability with limited ROM, refusal to 
bear weight, fever, and elevated infl ammatory markers such 
as CRP, ESR, and WBC [ 15 ,  86 ,  95 ,  136 – 138 ]. Clinical 
exam and laboratory markers frequently fail to distinguish 
pyomyositis from other infectious etiologies (septic arthritis 
and AHO) and the diagnosis can be delayed while workup 
for these other conditions is performed. Pyomyositis is not 
visualized on plain radiographs and when involving the deep 
pericapsular musculature around a large joint, pyomyositis is 
diffi cult to visualize using US. Therefore, MRI is the most 
useful imaging modality for diagnosing pyomyositis and has 
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the advantage of detecting other foci of infection. In a study 
of 53 children presenting to the ED with an acutely irritable 
hip, pelvic pyomyositis was found to be twice as common as 
septic arthritis of the hip based on MRI [ 15 ]. In a similar 
study of 130 children with concern for septic arthritis of the 
hip, only 39 % were found to have an isolated septic joint 
while the rest had other areas of infection around the hip. 
Patients who had joint aspiration before advanced imaging 
were 2.8 times more likely to require a reoperation than 
those who had an MRI prior to surgical intervention [ 139 ]. 

Scanner availability and the need for sedation are the two 
biggest barriers to the use of MRI in the acute setting. The 
use of limited MRI has been studied and found to be effec-
tive at diagnosing cases of pelvis pyomyositis [ 109 ]. In one 
study, a FAST-sequence MRI protocol was utilized to evalu-
ate children for pelvic pyomyositis. The protocol is a non- 
contrasted, non-sedated study that can be done in less than 
30 min and provides a coronal short T1 inversion recovery 
(STIR) sequence and an axial T2 sequence [ 15 ]. For patients 
with a clinical exam concerning for septic arthritis and ele-
vated infl ammatory markers, ideally an MRI should be 
obtained as quickly as possible to evaluate the hip and sur-
rounding structures for infection. However, in a patient for 
whom the exam is clearly consistent with septic arthritis or 
who is becoming septic, treatment should not be delayed in 
order to obtain advanced imaging.

        Treatment 

 In the early stages of pyomyositis with only infl ammation or 
phlegmon formation on MRI and no evidence of frank abscess 
formation, the fi rst line of treatment is empiric antibiotic ther-
apy. As in other pediatric MSKI, Staphylococcus and 
Streptococcus are the most common causative organisms and 
empiric antibiotic therapy should cover these organisms [ 15 , 
 86 ,  95 ,  136 – 138 ]. Once treatment is initiated, clinical exam 
and infl ammatory markers should be monitored for signs of 

  Fig. 42.4    Pyomyositis of the hamstring muscles       

  Fig. 42.3    Pyomyositis of psoas, iliacus, piriformis, and obturator 
internus       
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improvement. If there is no improvement after 2–3 days, 
repeat imaging should be considered to evaluate for progres-
sion of disease. When advanced imaging shows abscess for-
mation, the mainstay of treatment is evacuation of the abscess 
[ 15 ,  86 ,  136 ]. This can be done in the operating room under 
general anesthesia with surgical debridement of the abscess, 
as well as any other foci of infection seen on MRI. A drain 
should be placed in the abscess cavity for 2–3 days postopera-
tively to allow for continued egress of fl uid postoperatively. If 
the abscess is accessible by interventional radiology, this is an 
appropriate alternative to formal surgical debridement [ 138 ]. 
One caveat to this is pyomyositis affecting the obturator mus-
culature, which occurs in nearly half of all cases of pelvic pyo-
myositis [ 15 ]. Because of the deep location of these muscles 
within the pelvis, abscesses in the obturator musculature are 
often not amenable to drainage by interventional radiology. 
One institution recently published their experience with a 
medial approach to safely access the obturator musculature for 
abscess decompression [ 140 ]. In one series, 70 % of pyomyo-
sitis cases required debridement despite the early initiation of 
antibiotic therapy. When MRI reveals a joint effusion in addi-
tion to pyomyositis, this fi nding should not be ignored. Joint 
aspiration should be performed to evaluate for septic arthritis.  

    Levels of Evidence 

 There is very poor evidence in the literature for pyomyosi-
tis in children (Table  42.3 ). Most of the evidence is Level 
IV (small case series). There are a few retrospective series 
(Level III) and only 1 prospective study, which provides 
only grade B evidence. One reason for the poor quality lit-
erature on pyomyositis in children is that this was previ-
ously thought to be a disease isolated only to the tropics, 
however, with increasing availability of MRI, we know 
realize that pyomyositis more common in temperate cli-
mates than previous thought. MRI is the best test to diag-
nose pyomyositis. The majority of cases occur in the pelvis, 
around the hip joint. Many children have contiguous infec-
tion, either septic arthritis or osteomyelitis. Surgical treat-
ment is necessary when there is frank abscess formation, 

however, there is some level IV evidence that these 
abscesses can be drained percutaneously by interventional 
radiology.

        Conclusion 

 Pediatric MSKI represents a wide spectrum of disease, 
from non-bacterial infl ammatory conditions including 
transient synovitis, to more complex infection involving 
bone, muscle and/or joint tissue. MRI is becoming increas-
ingly recognized as an important tool in the evaluation of 
children with MSKI due to its ability to quickly quantify 
the amount and location of infection. Care of children with 
MSKI can be complex, requiring the use of precious hos-
pital resources (MRI, operating room time, etc.) as well 
as the coordination of multiple different services – pediat-
rics, infectious disease and pediatric orthopaedic surgery. 
Despite this, early recognition and prompt treatment lead 
to favorable outcomes in the majority of cases. 

 A summary of evidence for pediatric MSKI is given in 
Table  42.4 .

       Future Questions 

 Pediatric MSKI leads to signifi cant hospital resource uti-
lization worldwide. Effective clinical practice guidelines 
are necessary to guide care and maximize the use of hos-
pital resources. Based on the literature, it is clear that 
there is signifi cant variation in regional epidemiology and 
clinical practice guidelines for children with MSKI. For 
example, there is a signifi cant burden of pediatric MSKI 
caused by S aureus in the southeast, while, in the north-
east, less invasive organisms, such as B burgdorferi, are 
more common. In order to improve care, reduce costs and 
streamline the use of hospital resources for children with 
MSKI, prospective multicenter studies need to be per-
formed to determine the regional variations in epidemiol-
ogy and practice patterns in order to come up with the 
most effi cient and accurate clinical practice guidelines to 
treat children with MSKI.      

   Table 42.3    Levels of evidence for pediatric pyomyositis   

 Author  Type of study  Level of evidence  Grade 

 Mignemi et al. [ 15 ]  PS  IIB  B 

 Gubbay et al. [ 86 ]  CS  IV  C 

 Pannaraj et al. [ 95 ]  RR  III  B 

 Karmazyn et al. [ 136 ]  CS  IV  C 

 Mitsionis et al. [ 137 ]  CS  IV  C 

 Spiegel et al. [ 138 ]  CS  IV  C 

 Gottschalk et al. [ 139 ]  RR  III  B 

 Menge et al. [ 140 ]  RR  III  B 
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      Evidence-Based Treatment of Simple 
Bone Cyst                     

     Sattar     Alshryda      and     James     Wright    

    Abstract  

  Simple bone cyst is a common benign lesion of bone. Although it is considered to be benign 
(non cancerous), it can cause fractures, deformities and psychosocial problems. Several 
treatments have been advocated with variable success, and the search for better treatments 
is ongoing. In this chapter, we have summarised the evidence that underpin current 
treatments.  

  Keywords  

  Simple bone cyst   •   Unicameral bone cyst   •   Solitary bone cyst   •   Benign bone tumours   • 
  Steroid injection   •   Bone marrow injection   •   Pathological fractures   •   Children tumours  

      Background 

 A simple bone cyst (SBC) is a common, benign, fl uid-fi lled 
lesion of bone. The true prevalence is unknown as many are 
asymptomatic. It constitutes approximately 3 % of all bone 
tumors. It is often described as a unicameral (single cham-
ber) cyst; however multiple septations may be present. There 
is a male: female preponderance of 3:1 [ 1 ]. The most com-
mon sites for SBC are the proximal humerus and proximal 
femur which account for nearly 90 % of all SBC. However, 
any bone may be affected [ 2 – 4 ]. 

 The aetiology remains largely unknown. There are sev-
eral aetiological theories. The vascular theory was one of 
the earliest; it postulated that a localized blockage of the 
drainage of interstitial fl uid from cancellous bone is the 
cause for SBC [ 5 ]. A study in seven patients found a higher 
pressure inside the SBC compared to the contralateral nor-
mal bone marrow. Also, the oxygen tension in the cyst 

fl uid was lower than that in venous or arterial samples 
taken at the same time. These authors suggested that 
venous obstruction within the bone was the likely cause of 
such SBC [ 6 ]. 

 The cells and biochemistry contents of the cyst fl uid have 
also been the subject of research with increased prostaglan-
din E 2  levels demonstrated in the cyst fl uid [ 7 – 9 ]. Steroids 
have been reported to inhibit prostaglandin synthesis [ 10 ,  11 ] 
and this may help explain the benefi cial effect of steroid 
injection in treatments. High levels of oxygen free radicals, 
IL-1 and an increased lysosomal enzyme activity have been 
found in SBC and this may play a pathological role in bone 
erosion, expanding the cyst and increasing the pressure 
inside the cyst [ 12 – 14 ]. 

 Another theory suggested that SBC may be an intraosse-
ous synovial cyst or entrapped synovial tissue in the bone. 
Both synovial type A and type B cells were found in the lin-
ing of SBC [ 15 ,  16 ]. More recently genetic abnormalities 
have been described in children with SBC [ 17 ]. 

 Cysts can be considered to be in a latent or active phase 
based on their proximity to the growth plate. A cyst that is 
juxtaphyseal (<0.5 cm from the physis) is considered active. 
Epiphyseal involvement is rare, but if present may increase 
risk of growth disturbance. A cyst that has grown away from 
the plate is considered latent. Latent cysts continue to have 
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growth potential, as proved by their recurrence after treat-
ment [ 18 ]. 

 Patients with a SBC usually present with a pathologic 
fracture or pain. Some patients with SBCs are asymptomatic 
and discovered incidentally. A plain radiograph is usually 
diagnostic when the typical features of cyst are present. 
SBCs are well defi ned geographic lucent lesions with narrow 
zone of transition, centrally located and show sclerotic mar-
gin in majority of cases with no periosteal reaction or soft 
tissue component. They sometimes expand the bone with 
thinning of the endosteum without any breach of the cortex 
unless there is a pathologic fracture. If present, the fallen- 
fragment, or “fallen leaf” (a bony fragment that breaks free 
and falls to the bottom of the cyst), can aid the radiographic 
diagnosis of a SBC. The fallen leaf sign is found in approxi-
mately 20 % of patients who present with a pathologic frac-
ture [ 19 ,  20 ]. MRI is indicated when atypical features such 
as periosteal reaction, eccentric site, extending to the articu-
lar surface or soft tissue shadow. Cases of pseudocystic 
osteosarcoma or low-grade central osteosarcoma that were 
mistaken for SBC have been reported [ 21 ]. 

 Several treatments variations have been reported in the 
literature, these can be simply classifi ed into:

    1.    Non interventional treatment.   
   2.    Intralesional injection such as (corticosteroids [ 9 ,  22 – 24 ], 

autologous bone marrow [ 2 ,  25 ], demineralized bone matrix 
[ 26 ], calcium sulfate pellets [ 27 – 29 ] and fi brin sealant [ 30 ]).   

   3.    Disruption/curettage of cyst lining or cyst wall with or 
without grafting [ 31 – 33 ].   

   4.    Decompression of the cyst such as multiple drill holes 
[ 13 ,  34 ] and cannulated screws [ 35 ,  36 ]. In addition to 
decompressing and opening the cyst to the intramedullary 
canal [ 37 ], fl exible intramedullary nailing provides struc-
tural support [ 36 ,  38 ,  39 ].   

   5.    Subtotal resection with or without bone grafting and total 
resection [ 40 – 43 ]. These are regarded as historical treat-
ments and are associated with surgical complications and 
are rarely, if ever, used today [ 18 ].   

   6.    Various combinations of the above interventions.     

 Healing is not often well defi ned, particularly in old stud-
ies. The success rate of healing varies dramatically according 
to series and intervention. 

 To better defi ne “healing” of SBC, Neer et al. [ 44 ] intro-
duced a grading system which has been modifi ed by several 
authors [ 45 – 47 ]. Neer’s grading consists of:

•    Excellent: complete obliteration of the cyst  
•   Residual defect: one or more static, cyst like residual with 

good bone strength on x-ray  

•   Reoperation: subsequent operation required by 
recurrence    

 Neer emphasised that incomplete obliteration of the cyst 
after operation appears to be of little clinical signifi cance, 
provided there is good bone strength. 

 Wright et al. [ 48 ] conducted a randomised controlled trial 
comparing intralesional bone marrow and steroid injections 
for simple bone cysts [ 49 ], introducing a new version of the 
grading system (reverse of Neer’s grading):

•    Grade 1: cyst clearly visible  
•   Grade 2: cyst visible, but multilocular and opaque  
•   Grade 3: sclerosis around or within a partially visible cyst  
•   Grade 4: complete healing with obliteration of cyst    

 In the following sections we answer commonly asked 
clinical questions about SBC substantiating the answers with 
published evidence.  

    What Is the Natural History of Simple Bone 
Cyst? 

 The common belief is that SBC is benign and tend to 
improve or resolve in late adolescence. In a study of the 
natural history of SBC in 57 patients (58 cyst) [ 50 ], Kaelin 
showed that these cysts caused signifi cant number of 
recurrent fractures. In their series, 31 children with 
humeral cysts sustained a total of 50 fractures (average 1.6 
fractures a child; range 0–5). Twenty-one children with 
femoral cysts sustained a total of 14 fractures (average 0.7 
fractures a child; range 0–2). They observed the natural 
history of SBC in 11 untreated humeral cysts that were fol-
lowed for more than 1 year. Spontaneous healing occurred 
in fi ve cases only (<50 %), who had sustained a total of 
nine fractures. 

 Donaldson and Wright [ 51 ] evaluated 24 subjects with 
SBC who participated in a prior randomized clinical trial 
[ 49 ] but had not healed at trial conclusion. Eighteen (75 %) 
cysts were located in the humerus and 4 (25 %) in the femur. 
Patients were followed for 7.0 ± 1.0 years following initial 
treatment with a mean age at follow-up of 17.2 ± 3.2 years 
and 14 (87 %) of growth plates were closed. Of the 24 sub-
jects, none were graded as completely healed at time of 
follow-up. 

 Several studies showed that SBCs resulted in growth dis-
turbance in up to 10 % of patients [ 52 – 57 ] leading to angular 
deformity or limb length discrepancy (Figs.  43.1  and  43.2 ). 
Although simple bone cyst is oncologically not malignant, 
its course is far from being innocent.
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        Do Simple Bone Cysts Heal Spontaneously 
After a Pathological Fracture? 

 A simple bone cyst seldom heals after a pathological frac-
ture. While abundant callous may initially form, it tends to 

resorb after 6 months and there is a low likelihood of the cyst 
healing following a fracture (Fig.  43.3 ). Garceau and Gregory 
[ 58 ] showed a 15 % healing rate after a fracture. Others 
found less than 5 % [ 59 – 61 ]. Moreover, Neer [ 44 ] found 
70 % of the cysts developed another fracture within 2 years.

  Fig. 43.1    This 13 old boy with a simple bone cyst of the humerus had 5 pathological fractures over 5 years and the cyst did not heal       
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       Can We Predict Simple Bone Cysts that Could 
Cause Problems Such as Fractures or 
Deformities? 

 Researchers have been trying to identify patients and/or cyst 
features that predict outcomes in SBC. Several factors were 
investigated including but not limited to the size and site of 
the cyst, symptoms, previous fractures, patients’ age, sex, 
types of interventions and length of follow-up. The literature 
is contradictory on virtually all these prognostic factors. 
Issues included defi nition of prognostic factors, duration of 
follow-up (cyst often recurs after signs of initial healing), 
defi nition of healing, lack of multivariate analysis and lack 
of blinding. 

 Kaelin and MacEwen [ 50 ] found that the larger the cyst, 
the more cortex was destroyed and the bone weakened. To 
quantify the strength of the remaining cortex, which is 
related to the size of the cyst and the size of the involved 

bone, they devised the cyst index. This gives the proportion 
between the radiographic area of the cyst and the size of the 
involved bone, measured as the diameter of the diaphysis 
squared: 

 Cyst Index = Area of the cyst/Diaphysis diameter 2  
 A low cyst index indicates a small cyst area in relation to 

the bone; conversely, a high index indicates a large cyst. The 

  Fig. 43.2    A simple bone cyst caused pathological fracture and subse-
quent growth arrest at the right distal femur physis       

  Fig. 43.3    This young boy was treated non-operatively for simple bone 
cyst. He had a pathological fracture in January 2010. After a month, 
plain x-ray showed the cyst was fi lling with bone; however, the cyst was 
larger after a year (see also Fig.  43.7 )       
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smallest cyst in their series was measured 0.1, the largest 
12.78. Recent pathological fractures were found in 53 
 radiographs and the cyst index was measured in each. The 
average index in humeral fractures was 6.12 (SD = 1.8) and 
in femoral fractures 4.74 (SD = 1.19). The humeral index is 
higher because these fractures occurred later than those in 
the lower limb. 

 Before the fi rst fracture, the children are normally active, 
but once the diagnosis is made activity is often reduced, and 
for a subsequent fracture the trauma is likely to be less than 
in the fi rst instance. The index would then be larger, and the 
results confi rmed this hypothesis. However, as discussed 
below the change in cyst index could be due to the natural 
history of the cyst and/or reaction to the fracture. 

 In 21 initial fractures through humeral cysts, the average 
index was 5.38 (SD = 1.02), and in 14 recurrent fractures the 
index was 7.38 (SD = 2.4) which was a signifi cant difference 
(P < 0.005). Interestingly it was shown that the cyst index 
does not show any tendency towards regression after a frac-
ture, in fact the cyst often continues to grow in parallel to the 
healing process. In these cases the slope of the increase 
remained in the same range as before fracture, showing a rise 
of about two points a year. Thus a fracture did not change the 
natural course of the development of a cyst. Kaelin reported 
that there were no fractures in 40 patients who had an index 
lower than 3.5 and who did not curtail their activities. 

 In all 57 included patients, Kaelin found no further 
increase in the index occurred after its spontaneous. Cysts 
with at least two consecutive decreased indices of <3 and a 
cortical wall thicker >2 mm are considered to be healed. 
When these conditions are present, fractures never occur and 
the result is always favourable. 

 A recent study questioned the reliability of the cyst index 
as a predictor of fracture [ 62 ]. The cyst index of 32 femoral 
and humeral SBCs was determined by 8 reviewers. The risk 
group cyst index was compared with whether a fracture took 
place. Sensitivities, specifi cities, and positive and negative 
predictive values were calculated across varying cutoff lev-
els. Intra-observer and inter-observer reliability testing for 
10 cysts was also made. The mean value for the cyst index 
was signifi cantly different for different observers (P < 0.05). 
The sensitivities, specifi cities, and positive and negative pre-
dictive values were small; particularly for the femoral cysts 
(0.5, 0.33, 0.33 and 0.50 respectively). The study conclusion 
did not validate the cyst index to be an accurate predictor of 
fracture. One signifi cant weakness of the study was the short 
follow-up of 1.4 years. 

 Ahn and Park [ 59 ] carried out a retrospective review of 75 
children with SBC to determine which cysts were likely to be 
at risk and whether healing was accelerated after a fracture. 
They found the percentage of bone occupied by the cyst in 
the transverse plane was more than 85 % in both AP and lat-

eral radiographs in every case of pathological fracture. In 
most cases, the cyst recurred and sometimes became large 
without any acceleration of healing after fracture. 

 In another study, Leong et al. [ 63 ] investigated the use of 
quantitative computed tomography-based structural analysis 
to predict fractures in children with a benign appendicular 
skeletal lesion between 2002 and 2007. The resistance of the 
affected bone to compressive, bending, and torsional loads 
was calculated with rigidity analysis performed with the use 
of serial transaxial quantitative computed tomography data 
obtained along the length of the bone containing the lesion 
and from homologous cross sections through the contralat-
eral, normal bone. At each cross section, the ratio of the 
structural rigidity of the affected bone to that of the normal, 
contralateral bone was determined. 

 Thirty-four of 41 of included individuals completed activ-
ity questionnaire at least 2 years after the quantitative com-
puted tomography-based rigidity analysis. None of the 
patients for whom no increased fracture risk had been pre-
dicted by the rigidity analysis sustained a fracture, even 
though they had not received surgical treatment. 

 In conclusion, quantitative CT may be the most accurate 
method of predicting fracture but even this method has false 
positives and false negatives and does involve risks associ-
ated with ionising radiation.  

    What Are the Indications to Treat Simple 
Bone Cyst? 

 Parent and child psycho-social attitude to treatments or activ-
ity restriction usually guide indication for surgery. Families 
may choose observation for an asymptomatic humeral SBC 
with satisfactory cortical thickness. For cysts that are gradu-
ally increasing in size, causing expansions and progressive 
thinning of the cortex with imminent threat of pathological 
fracture, families may want surgical treatment. 

 Some authors have suggested the use of a cyst index 
aimed at predicting the future risk of a pathologic fracture as 
shown above. Kaelin et al. recommended observation for 
humeral cysts with an index of less than 4 and for femoral 
cysts with an index of less than 3.5. As noted above the value 
of these is uncertain [ 62 ].  

    What Is the Best Evidence We Have 
to Support the Current Treatment Options 
for Simple Bone Cyst? 

 Treatments of SBC have evolved over time; we present treat-
ments and the underlying evidence, from a historical 
perspective. 
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    Curettage and Grafting 

 The lining of SBC is believed to play a role in its formation. 
Hence removing the lining is a logical action for treatment. 
Aggressive curettage of the lining was practiced and often 
this was combined with using phenol or zinc chloride to fur-
ther destroy the cyst lining. Curettage was often followed by 
bone grafting. Graft materials were initially autograft. 
Allograft and other non-biologic materials were also used 
(no donor site morbidity, less operating time and potentially 
unlimited quantity). 

 Neer et al. [ 44 ] reported on 175 SBC treated between 
1930 and 1960 with a minimum follow-up of 2 years. One 
hundred and twenty nine cysts were treated by curettage 
and bone grafting within 1 year of the diagnosis. Twenty-
seven underwent chemical cauterisation using phenol or 
zinc chloride and 44 did not. The results were excellent in 
15 (55 %), residual defect in 4 (15 %) and re-operation in 
8 (30 %). Forty-four cysts were not cauterised with phenol 
or zinc chloride and the results were excellent in 21(48 %), 
residual defect in 17 (39 %) and re-operation in 6 (13 %). 
He concluded that chemical cauterisation was not of value. 

 In 93 cysts of the proximal humerus or femur, comparison 
between bone autograft and allograft was possible. In 35 
treated with autograft the results were excellent in 21 (60 %), 
residual defect in 6 (17 %) and reoperations in 8 (23 %). In 
58 cysts that treated with allograft the results were excellent 
in 28 (48 %), residual defect in 12 (21 %), and reoperation in 
8 (36 %) favouring autograft over allograft. 

 Neer also demonstrated that the results of treatment dif-
fered depending upon the specifi c bone involved; cysts pres-
ent in infrequent locations heal far better than those present 
in common locations such as humerus and femur. The inci-
dence of re-operations was 30 % in the upper ends of the 
humerus, 17 % in the proximal femur, 11 % in the upper end 
of the tibia and none in the lower end of the tibia, whereas in 
the infrequent sites or unusual location, the incidence of 
recurrence was mostly 12 %. 

 Neer also found that true recurrence following surgical 
treatment is signifi cantly more frequent in patients over 10 
years old and age was a better prognostic criterion than the 
proximity of these cysts to the epiphyseal plate. 

 In another large study of 144 SBCs treated by curettage 
and grafting with freeze-dried, crushed, cortical-bone 
allograft, all had been followed from 12 to 48 months after 
surgery, Spence et al. [ 47 ] showed that 98 healed primarily 
and completely and 10 healed with a small, static, non- pro-
gressive residual defect, for an over-all rate of healing of 
75 %. However there was a recurrence in 36 patients (25 %) 
which was quite apparent in most cases by 6 months. In none 
of the recurrent cysts did spontaneous healing occur after the 
recurrence had been established. 

 Spence also concluded that age, sex, size and site of the 
SBC, cyst activity and extent of cyst packing were important 
factors in cyst healing. In his series, in contrast to that of 
Neer, above, the rate of recurrence was higher in patients 
below the age of ten than in patients above that age. Of the 82 
cysts in patients under 10 years old, 57 (70 %) healed and 25 
(30 %) recurred, while of the 62 cysts in patients over ten, 51 
(82 %) healed and 11 (18 %) failed to do so. The correlation 
between age and healing was consistent regardless of the 
activity (active or latent) of the cyst and the sex of the patient. 

 Eighty-one percent of the 103 cysts in male patients 
healed after the fi rst allograft, while only 61 % of the 41 in 
female patients healed primarily. The recurrence rate in 
males was 19.4 % (20 of 103) in comparison to 39 % (16 of 
41) in females. This recurrence rate was not related to the 
location, size, or type of cyst. 

 The size of the cyst was classifi ed as small if its longest 
diameter was less than one-eighth of the length of the 
involved bone; medium, if the length was from one-eighth to 
one third of the bone length; and large, if its maximum 
dimension was longer than one-third of the bone length. The 
incidence of postoperative healing was 73 % for the small, 
64 % for the medium and 82 % for the large cysts. Authors 
stated that low incidence of healing in the medium-sized 
cysts could not be explained by differences in distribution 
with respect to sex, age, cyst type, or cyst site. However, test-
ing these fi ndings revealed the difference was not statisti-
cally signifi cant (χ 2 : P = 0.26). 

 All cysts in non tubular bones (6 in number) were fully 
healed. While 73 % of the 78 humeral cysts, 77 % of the 43 
femoral cysts healed primarily and 67 % of the 12 tibial cysts 
healed. 

 Thirty-one (53 %) of the 59 active cysts and 75 (91 %) of 
the 85 latent cysts were healed after allografting. The degree 
of cyst packing was also correlated directly with the healing 
results since 88 % of 110 cysts which were completely 
packed healed primarily while only 32 % of the 34 incom-
pletely packed ones healed, giving an over-all recurrence rate 
of 68 % in cysts not completely packed at the time of 
surgery. 

 Other contemporary studies demonstrated that curettage 
and grafting as a primary treatment was associated with cyst 
recurrence and/or persistence [ 40 ,  64 ].  

    Subtotal Resection with and Without Grafting 

 A more aggressive surgical approach was used to overcome 
the high recurrence rate of curettage and grafting. Subtotal 
resection with bone grafting was fi rst presented in a scientifi c 
exhibit at the Annual Meeting of The American Academy of 
Orthopaedic Surgeons in 1962. It involved sub-periosteal 

S. Alshryda and J. Wright



425

excision of the cyst and the adjacent normal bone, followed 
by bone autograft harvested from the iliac crest or tibia. 
Freeze-dried allograft was also used in grafting large defects 
in younger children. 

 Fahey [ 40 ] published his fi ndings in 20 patients who were 
treated with subtotal resection and bone grafting. There was 
only one recurrence (5 %). One patient developed growth 
arrest after surgery. 

 McKay and Nason [ 41 ] published their series of 21 
patients who underwent subtotal resection but without bone 
grafting. They reported a 90 % (19/21) success rate. No 
infectious or neurovascular complications were reported, 
however six patients with humeral lesions and one with a 
femoral lesion, a fracture occurred at the time of operation as 
a result of the extensive decortications. The authors reported 
three patients with humeral growth disturbances before the 
surgery. To avoid the high rate of fractures, authors used 
internal fi xation [ 42 ,  43 ]. 

 In 1973, Scaglietti et al. [ 23 ,  24 ], an Italian surgeon intro-
duced the approach of using steroids to treat SBC. He found 
that the chemical composition of fl uid obtained from SBC 
was indistinguishable from that of a tissue transudate seen in 
joint arthritis [ 23 ]. On the basis of these observations, 
Scaglietti injected corticosteroids into these cysts. 
 Depo- Medrol was chosen because it is a microcrystalline 
suspension of acetate of methylprednisolone that is relatively 
insoluble and, therefore, believed to have a prolonged phar-
macological effect. Dr Scaglietti reported a 96 % healing 
success rate which started a new era of percutaneous treat-
ment of simple bone cyst.  

    Percutaneous Techniques/Corticosteroid 
Injection 

 In 1979, Scaglietti published his series of 72 cysts treated 
with up to 6 injections of methylprednisolone acetate. 
Follow-up period was a minimum of 18 months; 60 % of 
patients healed completely, and 36 % healed “almost com-
plete and only a 4 % failure to heal rate.” In 1982, he pub-
lished a larger series (163 cysts) with a longer follow. 
Complete obliteration of the cyst was noted in 55 % of the 
cases and recurrence of the lesion was rare. However, in 
45 % of the cases in which there was some improvement fol-
lowing injection, e.g., thickening of the cortex, some areas of 
new bone formation within the cyst interspersed in areas 
with little evidence of repair, there was a higher “recurrence” 
rate, i.e., the lesion subsequently enlarged or a lesion of a 
signifi cant size persisted. He also stated that complete repair 
of the cystic cavity was observed mainly in patients younger 
than 11 years who have lesions localised in metaphyses near 
the epiphyseal line whereas older patients who were nearer 

to growth termination had arrest of the osteoblastic process 
and the persistence of some part of the cyst. 

 Capanna [ 22 ,  45 ,  65 ,  66 ] reported similar success rate 
with steroid injection and recurrence rate of 7 % only. 
Capanna et al. [ 67 ] promoted using contrast examination to 
identify non-contiguous septated areas to ensure the steroid 
was distributed through the whole cyst (Fig.  43.4 ).

   Various authors have reported comparable results and 
suggested refi nements of the percutaneous steroid techniques 
such as using different types of steroids, different doses and 
combination with bone graft [ 68 – 72 ]. 

 Two studies have compared steroid injection with curet-
tage and grafting (Level III). Oppenheim and Galleno [ 73 ] 
compared 37 patients with SBC treated operatively to 20 
patients treated with steroid injection with a minimum fol-
low- up of 2 years. In the operative group the average opera-
tive time was 100 min, with a mean estimated blood loss of 
300 ml. The recurrence rate was 40 %, rising to 88 % in 
patients under the age of 10 years with active cysts (less than 
1 cm from the physis). Major complications occurred in 
15 % and included infection, refracture, coxa vara, extremity 
shortening, and physeal damage. In contrast, the steroid- 
injected group had a recurrence rate of 5 %, although 50 % 
required more than one injection for maximum obliteration. 
The average operative time was 30 min, with negligible 
blood loss and a minimum hospital stay and rehabilitation. 
The only complications were a mild steroid fl ush in one 
patient and extremity shortening due to preexisting fracture 
in another. The end point of healing for this study was recon-
stitution of cortical thickness, rather than total obliteration at 
the cyst. No secondary fractures were encountered. They 
concluded that both operative treatment and percutaneous 
steroid injection exhibited a high rate of recurrence or persis-
tence. The greater simplicity and lesser morbidity associated 
with the steroid technique favored it as their method of 
choice. 

 Bovill and Skinner [ 74 ] reviewed 32 patients with SBC 
treated in 3 different ways; 15 patients were treated surgi-
cally, 12 were given steroid injections, and fi ve were treated 
nonoperatively. Thirteen of the 32 cysts were latent and 19 
were active, judged by their proximity to the growth plate. 
The average follow-up was 5.6 years. They showed that ste-
roid injections were as effective as surgical intervention 
while having lower morbidity.  

    Percutaneous Techniques/Bone Marrow 
Injection 

 The cellular contents of bone marrow particularly stem and 
undifferentiated cells have been the subject of extensive 
research in various medical fi elds. Bone marrow transplant 
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has been successfully used in haematological malignancy, 
severe types of haemoglobinopathies and mucopolysaccha-
roidosis. It has also been used to promote fracture healing. 

 Lokiec [ 25 ] published a preliminary case series of 10 
patients with SBC who were treated with bone marrow injec-
tion. Of note these patients also had curetting of the cyst, 
raising the possibility that mechanical disruption rather than 
the injection was responsible for cyst healing. All the patients 

became pain free after a mean of 2 weeks and resumed full 
activities within 6 weeks. All ten cysts consolidated radio-
logically and showed remodeling within 4 months. Review 
at 12–48 months showed satisfactory healing without 
complications. 

 Several authors reported positive results (but not 100 % 
healing) [ 75 – 77 ]. Yandow [ 75 ] reported 83 % (10/12) suc-

  Fig. 43.4    Proximal humerus cyst underwent a cystogram before steroid injection. Bottom images show a non-contiguous septated areas       
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cess rate. Delloye et al. [ 78 ] reported good results in approxi-
mately 88 % (7/8) of their patients. 

 Kose et al. [ 77 ] prospectively evaluated the outcome of 
the autologous bone marrow procedure in 12 patients. The 
mean volume of the lesions was 51.2 cc (27–74 cc). The 
mean follow-up time was 23 months (range: 18–38 months). 
Complete healing occurred in two of the patients. Three 
cysts had residual cystic defect in which two required curet-
tage and bone chip grafts. Six cases recurred. One patient 
failed to show any signs healing. He found factors such as 
the size, multi-loculation, and completeness of the fi lling of 
the cyst with bone marrow grafting might infl uence the 
results. 

 Chang et al. [ 79 ] published a study comparing the results 
of aspiration and injection of bone marrow with those of 
aspiration and injection of steroid (level III). All were treated 
by the same protocol. The only difference was the substance 
injected into the cysts. The mean radiological follow-up to 
detect activity in the cyst was 44 months (12–108). Of the 79 
patients included, 14 received a total of 27 injections of bone 
marrow and 65 a total of 99 injections of steroid. Repeated 
injections were required in 57 % of patients after bone mar-
row and in 49 % after steroid. No complications were noted 
in either group. In this series no advantage could be shown 
for the use of autogenous injection of bone marrow com-
pared with injection of steroid in the management of SBC. 

 We identifi ed a single randomised controlled trail [ 48 ] 
(level I) and a Cochrane systematic review and meta-analysis 
[ 80 ,  81 ] that compared bone marrow injection with steroid 
(methylprednisolone acetate) injection for treating simple 
bone cysts. The Cochrane systematic review and meta- 
analysis was published in 2014 and based on the above RCT 
only. 

 In their RCT [ 48 ] of 90 patients (72 were available after 2 
years follow-up) Wright et al. randomly allocated to treat-
ment with injection of either bone-marrow or methylpred-
nisolone. The primary outcome was radiographic evidence 
of healing. The cyst was judged by independent radiologist 
to be either:

    1.    Not healed (grade 1 = a clearly visible cyst or grade 2 = a 
cyst that was visible but multilocular and opaque).   

   2.    Healed (grade 3 = sclerosis around or within a partially 
visible cyst or complete healing (obliteration of the cyst)).    

  Patient function was assessed using the Activity Scale for 
Kids, and pain was assessed with the Oucher Scale. Sixteen 
(42 %) of the 38 cysts treated with methylprednisolone ace-
tate healed, and 9 (23 %) of the 39 cysts treated with bone 
marrow healed (p = 0.01). There was no signifi cant differ-
ence between the treatment groups (p > 0.09) with respect to 

function, pain, number of injections, additional fractures, or 
complications. Although the rate of healing of simple bone 
cysts was low following injection of either bone marrow or 
methylprednisolone, the latter provided superior healing 
rates. This trial suggested that even with steroid, the healing 
rate was low (42 %). Hence the search for better treatments 
modalities must continue.  

    Mechanical Disruption of the Cyst with or 
Without Fixation 

 Simple mechanical disruption of the cyst wall in a con-
trolled fashion may produce a facture healing like state and 
potentially continuous drainage of the cyst and open cyst to 
marrow contents. Kirschner wires (K-wires), elastic nails 
and cannulated screws have been used to allow such con-
tinuous drainage [ 38 ,  82 – 85 ]. Elastic nails may also pro-
vide mechanical support for the bone while cyst is healing 
(Fig.  43.5 ).

   Komiya et al. [ 34 ] introduced the term “trepanation” 
which consists of drainage of cyst fl uid, lavage of the cystic 
cavity with saline, and the making of multiple drill holes 
through the cortical and the medullary bone of the cyst wall. 
Injection of corticosteroid was omitted. He reported good 
outcome in 91 % (10/11) based on clinical judgment, but no 
validated clinical or radiological outcome was used. One 
patient had a pathological fracture and another two had par-
tial recurrence. 

 Chigira et al. [ 6 ] reported similar success with multiple 
drilling in 86 % (6/7) of their patients. Their technique 
included leaving 2 mm K-wires in place to allow drainage 
of the fl uid through the cyst wall. They also reported on the 
long-term results with ten patients with SBC. They stated 
that cortical thickening was initially observed within 3 
months, and minimal new bone formation around K-wires 
left in situ was observed within 4 months. New bone for-
mation gradually progressed from the cyst wall and around 
the wire. Consolidation of a cyst cavity was uniformly 
observed 6–7 months after drilling. In several patients 
residual cysts were seen between the wire and cortical 
shell. In younger patients, a cystic cavity reappeared after 
extraction of the wire, although complete radiographic 
healing had been observed. These fi ndings suggest that a 
K-wire may play a role in preventing relapse of SBC after 
hole drilling [ 86 ]. 

 In a retrospective comparative study (level III) of 46 
patients with bone cyst treated with curettage involved lin-
ing and cyst wall (10 patients), methylprednisolone injec-
tion (17 patients) or autologous bone marrow injection (19 
patients), the healing rates were 70 % , 41 % and 21 % 
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respectively (P = 0.08) [ 32 ]. In another study [ 36 ], 40 
patients were treated with one of four methods: serial per-
cutaneous steroid and autologous bone-marrow injection 
(Group 1, 9 patients); open curettage and grafting with a 
calcium sulfate bone substitute either without instrumenta-
tion (Group 2, 12) or with internal instrumentation (Group 
3, 7 patients); or minimally invasive curettage, ethanol cau-
terization, disruption of the cystic boundary, insertion of a 
synthetic calcium sulfate bone-graft substitute, and place-
ment of a cannulated screw to provide drainage (Group 4, 

12 patients). Group-4 patients had the highest healing rate 
(11/12) compared with 3/9 in Group 1; 8/12 in Group 2 and 
6/7 in Group 3. Group-4 patients also had the shortest mean 
time to union (mean±SD): 3.7 ± 2.3 months compared with 
23.4 ± 14.9, 12.2 ± 8.5, and 6.6 ± 4.3months in Groups 1, 
2, and 3, respectively (Figs.  43.6  and  43.7 ).

    In conclusion, the literature reports different healing rates 
with different treatments. While superior to simple injection 
of bone marrow, methylprednisolone has low rates of com-
plete cyst healing at 2 years.   

  Fig. 43.5    A distal femoral simple bone cyst treated with isolated curettage and stabilisation using fl exible intramedullary nailing       
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    What Alternative Graft Materials Can 
Be Used in Treating Simple Bone Cysts? 

 Studies comparing steroid to bone marrow injection con-
vincingly showed that the nature of the injected material 
infl uences the outcome. Wright et al. [ 48 ] showed that at 2 
years with blinded assessment that steroid provides only 
42 % radiographic cyst healing. In a recent review by 
Donaldson and Wright [ 87 ], various materials have been 
used in treating SBC. All published works have been case 
series (level IV). Most also included some sort of variation of 
the above intervention making untangling the effect of mate-
rial  per se  diffi cult if not impossible. 

 Our search identifi ed two ongoing randomised controlled 
trials comparing various material injections:

    i.    Simple Bone Cysts in Kids (SBoCK) study [ 88 ] compar-
ing curettage with puncture and curettage with puncture 
and injection of Vitoss morsels.   

   ii.    A phase-2, randomised, open-label, multicentre, ascend-
ing dose study of the effi cacy, safety and tolerability of 
Osteogenic Gel I-040302 versus control injection (bone 

marrow aspirate or steroids) in children and young adults 
with solitary bone cysts [ 89 ].      

    What Is the Prognosis of Simple Bone Cysts? 

 As stated earlier the SBCs are noncancerous and malignant 
transformation is extremely unusual. Six cases of malignant 
conversion of SBC to sarcoma have been reported, but 5 did 
not have a biopsy to confi rm that they were truly SBC before 
transformation [ 90 ]. There was a single report of malignant 
transformation to chondrosarcoma from a biopsy-proved 
SBC [ 91 ]. 

 As stated in the natural history section, SBCs do not 
always run a benign course. In up to 10 % of patients, 
SBCs in a limb may result in growth disturbance [ 53 – 55 , 
 92 ] leading to angular deformity or limb length discrep-
ancy [ 52 ,  57 ] Thus, children with SBC are at risk for con-
tinued pain, activity restriction, anxiety, or recurrent 
fracture [ 93 ]. Recommendations for treatment are outlined 
in Table   43.1  .

  Fig. 43.6    A boy with proximal femoral simple bone cyst who was treated with curettage, osteoset pellets, cannulated screw and stabilization       
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  Fig. 43.7    Humeral simple 
bone cyst treated curettage, 
osteoset pellets, cannulated 
screw and stabilisation (same 
patient in Fig.  43.3 )       

   Table 43.1    Recommendations   

 Statement  Grade of evidence 

 Fracture does not heal a simple bone cyst  B 

 Intervention is superior to observation in healing a simple bone cyst  B 

 Percutaneous injection of steroid is superior to bone marrow  B 

 Curettage with or without grafting is superior to percutaneous injection of steroid or bone 
marrow 

 C 

 Curettage, synthetic calcium sulfate bone-graft substitute, and placement of a cannulated 
screw to provide drainage is superior to all other interventions 

 I 
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  In Children, the vast majority of bone tumours are benign or benign aggressive entities. For 
the purposes of this discussion however, we are focusing on the management of primary and 
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   In Children, the vast majority of bone tumours are benign or 
benign aggressive entities. For the purposes of this discus-
sion however, we are focusing on the management of pri-
mary and secondary bone malignancies. 

    Primary Tumours of Bone 

    Osteosarcoma 

 Osteosarcoma (OSA) is the most common malignant primary 
bone tumour and the third most common tumour of adoles-
cence, with highest incidence in the second decade of life [ 1 ]. 
Yet, it is still considered an orphan disease with between 4.4 
and 7.08/1,000,000 cases per year [ 1 – 3 ]. It is an osteoid pro-
ducing tumour with multiple histological subdivisions, osteo-
genic OSA being the most common. However, these 
subdivisions have little infl uence on treatment or prognosis. 
Due to loss of tumour suppressor genes, OSA exhibits genetic 
instability, tumour heterogeneity, and rapid metastatic poten-
tial. Genetic conditions characterized by genomic instability, 
such as retinoblastoma, Rothmund Thomson Syndrome, 
Werner syndrome and Li-Fraumeni syndrome are all associ-

ated with a high risk of OSA [ 4 – 6 ]. Children with previous 
cancer and radiation exposure are also at higher risk [ 7 ]. 

 OSA lesions are most frequently located about the knee, 
particularly the distal femur, followed by proximal tibia. 
Those who present with singular appendicular lesions can 
expect a 5-year survival rate of 60–70 % [ 8 ,  9 ]. Approximately 
10 % of OSA occur in the axial skeleton, of which have a 
signifi cantly poorer outcome, with 3-year survival rates 
between 11 % and 56 % [ 1 ,  8 ]. Joint involvement is rare as 
the metaphysial plate and articular cartilage serve as barriers 
to disease spread. 

 Radiologically, it is aggressive with sclerotic and lucent 
features, poorly defi ned margins and wide transitional zone, 
prominent periosteal reaction and destruction of surrounding 
cortical bone [ 4 ]. 10–20 % of patients present with visible 
metastatic disease, most commonly located in the lungs and 
occasionally in other bones or lymph nodes. However, it is 
speculated that up to 80 % of patients have micro-metastatic 
disease not detectable on current imaging modalities [ 4 ].  

    Ewing’s Sarcoma 

 Ewing’s sarcoma family tumours (ESFT) are small round- 
cell tumours and the second most common bone tumours in 
children. Overall, ESFT patients tend to present at a younger 
age than OSA [ 10 ]. Eighty percent occur in patients younger 
than 20 years of age and slight tendency towards males 
(1.5:1) [ 11 ] ESFT includes classic Ewing’s sarcoma (EWS), 
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primitive neuroectodermal tumours (PNET) and Askin 
tumours [ 12 ]. These tumours are exceptionally rare 
(2.93/1,000,000), accounting for less than 5 % of all child-
hood malignancies [ 13 ]. Ninety-fi ve percent of these tumours 
are derived from a translocation of the EWS gene on chro-
mosome 22 and an ETS gene on chromosome 11, resulting 
in a chimeric ESW-ETS protein [ 11 ]. Like OSA, EWS is also 
frequently found about the knee, but has a higher rate of axial 
involvement. EWS is highly aggressive and can quickly 
metastasise to bone marrow, lungs, and other tissue [ 12 ]. 
Lymph node involvement is rare, but can occur [ 14 ]. The 
5-year survival rate for EWS is lower than that of OSA, 
roughly 50 % [ 15 ]. 

 Radiologically, lesions demonstrate a mottled mixed lytic 
and sclerotic appearance. A speculated or layered ‘onion 
skin’ periosteal reaction is a classic fi nding with EWS [ 14 ].  

    Adamantinoma 

 Adamantinomas (ADA) are rare low-grade osteolytic tumours 
of the bone, closely associated with osteofi brous dysplasia 
(OFD) [ 16 ,  17 ]. Extensive investigation involving immuno-
histochemistry, molecular studies and cell cultures have not 
been able to conclude whether OFD represents a reparative 
process related to pre-existing ADA or if OFD, differentiated 
ADA and classic ADA represent a continuum of tumours 
[ 18 ]. It is most commonly found in adolescents and are almost 
exclusively localized to the tibia (83–90 % of cases) and are 
considered slow growing, low grade malignant tumours [ 17 ]. 
Nonetheless, they are capable of distant metastases, occurring 
in about 10 % of cases. Metastases usually occur in lung and 
lymph nodes and can occur many years after initial presenta-
tion of the primary lesion [ 19 ]. Chemotherapy and radiother-
apy has been shown to be largely ineffective [ 20 ]. Surgical 
resection is the mainstay of treatment.  

    Langerhans Cell Histiocytosis 

 Langerhans Cell Histiocytosis (LCH) is a spectrum of dis-
ease associated with the proliferation and accumulation of 
monoclonal Langerhans’ cells. Disease can be single or mul-
tisystem, with the skeletal system most commonly involved 
in either a monostotic or polyostotic process [ 21 ]. Incidence 
is 2–9 per million children under 15 years of age [ 22 ]. The 
aetiology of LCH has been widely debated, with no unani-
mous agreement to whether it is a disorder of immune regu-
lation or a true malignant condition [ 22 ]. Cytogenic 
abnormalities have been associated with LCH suggest that it 
is a low grade malignancy [ 23 ]. A small number of patients, 
usually those with multisystem involvement, have rapidly 
progressive disease courses that can be fatal [ 24 ]. 

 The nomenclature regarding LCH is controversial as the 
disease has historically been categorized according to clinical 
manifestations. Previously the term Eosinophilic Granuloma 
(EG) has been used if a solitary lesion presents, but this does 
not distinguish the varying clinical entities that LCH repre-
sents. Other eponymous associations include Hand-Schuller-
Christian disease and Letterer-Seiwe disease. 

 Patients with solitary disease typically present with local-
ised pain, but those with disseminated disease may present 
with lymphadenopathy, skin lesions, or diabetes insipidus 
[ 25 ]. X-ray appearances of LCH typically show an osteolytic 
lesion, often with benign features such as circular appear-
ance, sclerotic rim and well-defi ned margins. Occasionally, 
LCHs will have a more aggressive characteristic such as 
moth-eaten appearance and wide zone of transition, similar 
to that of a Ewing’s sarcoma [ 26 ]. 

 There is limited information regarding medical treatment 
for LCH. For local lesions, general observation, injections 
with steroids, local excision and curettage, chemotherapy 
and irradiation have been trialled. In younger patients, there 
is a high rate of spontaneous resolution, or resolution after 
biopsy [ 27 ]. In systemic disease the role of standard therapy 
(Steroid +/− vincristine) is the subject of ongoing Children’s 
Oncology Group trials (LCH-III and LCH-IV).  

    Others 

 Chondrosarcoma is considered an adult tumour of bone and 
is exceedingly rare in children, comprising approximately 
2 % of all paediatric sarcomas [ 28 ]. It is a malignant hyaline 
cartilage tumour. CSA in a patient under 20 is usually the 
result of genetic disorders such as Ollier’s or Maffucci syn-
drome and very occasionally seen in Li-Fraumeni and mul-
tiple hereditary exostoses [ 29 – 31 ]. Currently, surgical 
excision is the mainstay of treatment. The use of chemother-
apy and radiotherapy is controversial, as it is typically resis-
tant to these modalities [ 32 – 34 ]. Recent advances in 
understanding the molecular variations of CSA have led to 
potential therapies being piloted in clinical trials [ 35 ]. There 
is considerable diagnostic diffi culty in differentiating CSA 
from chondroblastic OSA, with obvious implications in 
treatment modalities used. From a practical point of view, 
the response of Chondroblastic OSA to chemotherapy is usu-
ally suboptimal however [ 36 ].   

    Secondary Tumours of Bone 

    Lymphoma 

 In the Paediatric age group Lymphoma is almost exclusively 
seen as a secondary bone tumour. The adult variant of pri-
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mary lymphoma of bone is exceedingly rare in the paediatric 
population. 

 In disseminated systemic lymphoma with bone involve-
ment, bone lesions often respond well to systemic therapy 
and it is unusual for treatment of the bone lesions to be 
required. However in the situation that they are, surgical sta-
bilisation can be considered, or Radiation therapy as either 
local control or palliative treatment can be used.  

    Neuroblastoma 

 Neuroblastoma is a solid tumour of primitive sympathetic 
nervous cells. It is the most common cancer to be diagnosed 
in the fi rst year of life. In the United States it affects 10.2 per 
1,000,000 under the age of 15 [ 37 ,  38 ]. 70 % of patients pres-
ent with metastatic disease, with bone marrow, bone, and 
liver being the most likely metastatic sites [ 39 ]. Neuroblastoma 
cells express proteins leading to maturation and activation of 
osteoclasts, leading to an osteolytic response. This occurs via 
the receptor activator RANK-L or activation of mesenchymal 
bone marrow stem cells and overexpression of IL-6, a strong 
factor in osteoclast activation [ 40 ]. 

 These osteolytic lesions can present with severe pain, 
pathological fractures, spinal cord and nerve compression 
and severe hypercalcaemia [ 39 ]. Treatment is a combination 
of chemotherapy, radiotherapy, and surgical excision.   

    Leukaemia and Other Myeloproliferative 
Disorders 

 Haematologic malignancies and their variants often present 
with vague musculoskeletal pain, but rarely progress to the 
stage of fracture. A simple blood fi lm is mandatory in any 
patient presenting with unexplained pain for greater than 
6 weeks, but these malignancies rarely require orthopaedic 
intervention following adequate chemotherapy or systemic 
therapy. 

 The long-term effects of chemotherapeutic treatment of 
Leukaemia can be signifi cant. The high doses of steroids used 
can be associated with avascular necrosis of various joints 
such as the hip, shoulder and knee. This complication can 
cause signifi cant morbidity and treatment can be diffi cult.  

    Diagnosis and Staging 

    Clinical History 

 Typical presentation for almost all types of malignant bone 
tumours is weeks to months of dull, aching pain and local-
ised swelling [ 41 ]. As patients are young and may be very 

active, pain is initially attributed to injury or growth [ 3 ]. Pain 
is constant and increasing over time, will be present at night 
and does not usually respond to simple analgesics. In most 
cases, patients are otherwise well, with systemic symptoms 
being very rare [ 41 ]. Pathological fractures are present in 
10–20 % of cases and usually carry a poorer prognostic 
outcome.  

    Imaging 

    X-ray 
 Plain x-ray is the required fi rst step in the diagnosis of any 
bone lesion. X-ray provides information regarding the site of 
the tumour as well as strong clues to morphology. Lesions 
that appear benign on X-ray (and are accompanied by a clini-
cal history and examination that supports a benign process) 
rarely require further imaging. However, radiographic evi-
dence of lysis is not seen until bone mineralization loss 
reaches 30–50 %, so normal x-rays in the context of abnor-
mal history may warrant further investigation [ 42 ]. 
Ultimately, if there is any suspicion from either clinical or 
radiological fi ndings, further investigation and imaging is the 
most appropriate next step [ 5 ].  

    Magnetic Resonance Imaging 
 MRI accurately analyses the location and extension of the 
tumour, soft tissue component and neurovascular involve-
ment, and the extent of peritumour oedema. MRI studies 
should contain at least one coronal or sagittal sequence of the 
entire involved bone to detect any skip metastases. MRI also 
has a critical role in pre-operative planning, and assessing 
planned marginal status.  

    Computed Tomography 
 For paediatric populations, the radiation exposure associated 
with CT limits its use and acceptance. However, in certain cir-
cumstances CT provides excellent information. For example, 
CT more accurately assesses the extent of bone involvement 
such as pathological fracture and cortical destruction. It is also 
helpful to obtain CT when investigating tumours in diffi cult 
locations such as the scapula, sacrum and pelvis [ 43 ,  44 ]. The 
use of multi-detector CT in children may result in a reduced 
Radiation dose, but availability limits widespread use.   

    Systemic Staging 

    Laboratory Investigations 
 Any patient with a suspected malignant lesion requires a full 
blood workup. These should include CBC, blood fi lm, 
Electrolytes, CRP/ESR, LDH and LFTS. In Paediatric 
Sarcoma routine laboratory values are typically normal, 
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although Alkaline phosphatase (ALP) and infl ammatory 
markers such as ESR/CRP may be raised, particularly in 
OSA [ 3 ]. Lactate Dehydrogenase (LDH) may be of prognos-
tic signifi cance in OSA and EWS. The primary utility in 
laboratory investigations is providing a baseline before che-
motherapy or radiotherapy initiation, particularly as chemo-
therapy can cause renal, cardiac, and auditory damage. All 
patients undergoing chemotherapy should have assessment 
of baseline renal and cardiac function, and audiogram [ 5 ].  

    Genetic Testing 
 Many bone tumours occur sporadically, however there are 
multiple conditions that predispose a patient to bone tumours. 
If there is suspicion of a genetic cause to the tumour, genetic 
testing should be sought [ 45 ]. Identifi cation of a genetic pre-
disposition is important, as the condition can affect manage-
ment strategies. These patients are also at high risk for 
subsequent tumour development. Familial testing and coun-
selling may also be required.  

    CT Imaging 
 CT modality is an integral part of staging, as the most com-
mon location of metastasis is the lungs. Certain subgroups of 
bone tumours also exhibit lymphatogenous spread and imag-
ing of the Abdomen and Pelvis in addition to the usually 
imaged chest may be indicated. Post-treatment Surveillance 
CT scans are also indicated at regular intervals.   

    Functional Imaging 

    Bone Scan 
 A whole body technetium bone scan is also indicated in 
order to detect distant metastases or skip lesions.  

    Positron Emission Technology 
 Positron Emission Technology (PET) combines CT detec-
tion with a radiolabelled useless substrate for glycolysis 
(18-Flurodeoxyglucose 18-FDG) as a measure for tissue bio-
logic activity, and this is then used as a surrogate for assess-
ment of tumour viability. PET-CT is not currently widely 
used for OSA or EWS initial staging, but is utilized in some 
facilities for assessing treatment response. The prognostic 
signifi cance of PET-CT is not yet well established or accepted 
despite increasing evidence. Issues such as radiation dose, 
cost and accessibility limit usage currently. The separate 
issues of unique substrate use by an previously un-imaged 
tumour is also controversial and poorly understood. Much 
variability is also seen in tumour detection with PET-CT. For 
example, whilst in EWS PET-CT has been shown to be more 
sensitive than bone scans at detecting bone metastases, in 
OSA bone scans are actually still superior to PET scans at 
metastatic detection [ 46 ,  47 ].  

    Biopsy 
    Obtain representative tissue without compromising further 
management  

   Before biopsy can be considered, a full history, examina-
tion and appropriate radiographic analysis is required. While 
core needle biopsy (CNB) and fi ne needle aspiration (FNA) 
are utilized in some institutions, incisional biopsy is the gold 
standard for musculoskeletal tumour diagnosis [ 48 ]. The 
biopsy of any lesion should strictly incorporate the biopsy 
principles to ensure adequate sampling and to minimize cell 
spread. Poorly planned biopsies can lead to signifi cantly 
poorer outcomes. Ideally, the surgeon performing the initial 
biopsy should also be the surgeon who will perform the wide 
excision or should be in close communication with the sur-
geon performing the defi nitive surgical treatment, in order to 
position the biopsy tract appropriately. There are a number of 
basic principles which should be followed;

•    Incision should be longitudinal and small as possible, so 
it may be easily incorporated into the fi nal resection.  

•   It should be directly perpendicular to the lesion and 
should not cross multiple planes or compartments to 
avoid contamination.  

•   It is critical that meticulous haemostasis be maintained 
throughout the biopsy to prevent microcellular tumour 
spread.  

•   Any biopsy of bone should be oblong in shape running 
parallel to the axis of the bone to prevent further weaken-
ing and pathological fracture [ 49 ].  

•   Three samples should be obtained that give a good repre-
sentation of the lesions cytology, and microbiology should 
be obtained.  

•   Communication with a histologist prior to biopsy is help-
ful to guarantee a quality sample is obtained prior to 
closure.  

•   Samples should be quickly submitted for assessment, 
preferably within half an hour. Before formalin fi xation, 
tumour imprints can be taken (for tumour-specifi c trans-
location by FISH), and freezing of tissue/cell suspensions 
should be done in cryomolds [ 5 ].  

•   Drains can be utilized in closure, but must exit in line with 
the biopsy tract.    

 Failure to adhere to these principles has been associated 
with misdiagnosis of disease, compromise of defi nitive surgi-
cal options, and negative impact on patient survival (see [ 50 ]).  

    Cultures 
 The saying ‘culture what you biopsy and biopsy what you 
culture’ should always be in the mind of the operating sur-
geon in order to rule out differential diagnoses. 
Occasionally bone tumours and infection can be diffi cult 
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to distinguish by radiography alone [ 51 ]. There are many 
reported cases demonstrating misdiagnosis of tumour for 
infection and vice versa [ 51 – 53 ]. This is particularly true 
for EWS, which can have striking similarities to osteomy-
elitis on imaging [ 54 ].   

    Staging 

 The most widely used staging method and the one imple-
mented at our institution is the Enneking/Musculoskeletal 
Tumour Rating Score (MSTS). The goal of staging is to pro-
vide a consistent standard for communicating a patient’s dis-
ease extent and estimated prognosis and to assist in 
management decisions, both medical and surgical [ 55 ]. The 
Enneking system for malignant tumours is categorised into 
three stages (Table  44.1 ). The most typical grade at presenta-
tion for both OSA and EWS is Grade IIb [ 42 ].

       Other Prognostic Factors 

 More proximal site of primary disease, tumour volume 
>100 mL, and presence of metastatic disease indicate poorer 
prognostic outcome. In OSA and EWS, a high LDH is also 
considered to be a poor prognostic indicator [ 56 ].   

    Treatment 

 The cornerstone to all malignant bone tumours is a combina-
tion of chemotherapy and wide-margin excision. This 
requires a multidisciplinary approach in order to create the 
best management plan. The medical and surgical team should 
include a musculoskeletal oncologist, a bone pathologist, 
paediatric oncologist, paediatric medical specialist, radiation 
oncologist and radiologist. 

 The major concept of modern treatment is neoadjuvant 
therapy. This means that systemic treatment is initiated rap-
idly after diagnosis (chemotherapy), local control treatment 
can be planned and tailored for specifi c circumstances (radi-
ation therapy and/or limb salvage/ablation surgery) and then 
ongoing treatment can further tailored depending on tumour 
factors such as necrosis rates and margins. 

    Chemotherapy 

    Chemotherapy Principles 
 Chemotherapy has drastically improved the survival rates of 
cancer patients, when combined with complete tumour 
resection. Chemotherapy response is the most signifi cant 
factor in local recurrence. A successful chemotherapeutic 
response is considered to be 90 % tumour necrosis. Those 
with less than 90 % necrosis have a higher rate of relapse in 
the fi rst two years [ 44 ]. Protocols for chemotherapy are 
based on those of the Children’s Oncology Group (COG). 
These are implemented in over 200 centres in the USA, 
Canada, Europe, Australia and New Zealand that treat chil-
dren with cancer. Chemotherapy is not routinely required for 
low-grade intramedullary or surface OSAs and is variable for 
periosteal for low-grade periosteal OSAs [ 56 ]. All high- 
grade or metastatic OSA, Ewing’s and neuroblastomas 
require chemotherapy according to local protocol. 

 Complications from chemotherapy are a signifi cant issue 
for patients. Mucositis and ototoxicity are the most common, 
but renal damage and cardiac damage can occur and function 
of these organs should be monitored. Ototoxicity is especially 
challenging for neuroblastoma patients. The damage is not 
only bilateral and irreversible, but affects detection of high-
frequency sounds required to hear human speech. As nearly 
90 % are under the age of 5 and receiving ototoxic agents 
while language skills are developing, this can have severe 
implications on social and academic development [ 57 ]. 

 Fertility should also be addressed before initiating che-
motherapy. Some chemotherapy agents can have irreversible 
effects on fertility and tends to affect males more than 
females [ 58 ]. Patients may need to be referred for sperm 
banking/embryo freezing.  

    OSA 
 Therapy is a multi-agent regime including various combina-
tions of doxorubicin, cisplatin, methotrexate, cyclophospha-
mide, ifosfamide, carboplatin, etoposide and vincristine [ 2 ]. 
The COG protocol is pre-operative high-dose methotrexate 
with doxorubicin and cisplatin. Patients undergo several 
cycles before surgical excision. Post-operatively, patients 
with more than 90 % necrosis are divided into two groups. 
Half receive the same post-operative medications and the 
other half receives the same post-operative medications with 

   Table 44.1    Enneking staging of malignant sarcoma   

 Stage  Grade  Location  Distant metastasis 

 IB  Low grade  Intracompartmental  No 

 IB  Low grade  Extracompartmental  No 

 IIA  High Grade  Intracompartmental  No 

 IIB  High Grade  Extracompartmental  No 

 III  Low or High  Intra or extra-compartmental  Yes 
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an added pegylated form of interferon alpha 2b. If tumour 
necrosis is less than 90 %, post-operative chemotherapy is 
the same as pre-operative as well as randomly assigned ifos-
famide or etoposide [ 59 ].  

    Ewing’s Sarcoma 
 Multiagent therapy for Ewing’s sarcoma is for at least 
12 weeks in duration and those with metastatic disease 
should receive treatment for 6-months to a year. Combinations 
may include doxorubicin, ifosfamide, vincristine and etopo-
side. Dactinomycin and cyclophosphamide may also be 
incorporated. VAC/IE is the preferred regimen for local dis-
ease and VAdriaC for those with metastases [ 56 ]. Restaging 
with MRI or PET should be done following initial treatment, 
to determine if local control with surgery is appropriate.  

    Neuroblastoma 
 Platinum-based therapy with cisplatin, doxorubicin, cyclo-
phosphamide, teniposide and etoposide is the basis of neuro-
blastoma treatment [ 57 ]. Chemotherapy may be used with 
the intent of myeloablation followed by autologous bone 
marrow transplant.    

    Radiation Therapy 

 The role of radiation in sarcoma management has dimin-
ished as chemotherapy and surgical technique has improved. 
Currently, it is indicated for patients with very large tumours, 
or for tumours that cannot be fully resected [ 12 ,  44 ]. It may 
also be used as an adjunct for marginal control. 

 There is an increasing evidence and acceptance for the 
use of Radiation therapy as sole local control therapy for 
Pelvic Ewings Sarcoma. This is, at least in part, due to the 
signifi cant morbidity associated with pelvic resection sur-
gery. Several studies have demonstrated equivalence in terms 
of local recurrence and disease free survival. 

 The risk of radiation in children is subsequent develop-
ment of secondary tumours. Radiation is the most signifi cant 
risk factor for secondary development. The excess relative 
risk of secondary OS is 1.4 per Gy [ 7 ]. Patients who have 
radiation treatment for a primary tumour require thorough 
follow-up to facilitate early detection of further tumours.  

    Surgical Treatment 

 Surgery should be considered for all patients, even those 
with metastatic disease. However, paediatric patients pose 
unique challenges for the operating surgeon. As chemother-
apy has increased the survival rate for most childhood can-
cers, most children who develop OSA and EWS or secondary 
tumours can expect have a long life expectancy. The funda-

mental difference in a paediatric population is the potential 
for the immature skeleton and patient to heal, grow and adapt 
to the surgical manipulations available. The corollary of this 
is that the surgical reconstruction needs to be durable poten-
tially able to withstand a ‘lifetime’ of use. 

 To decide the best surgical option for a patient, there are 
multiple factors that must be considered. Complete tumour 
resection is the priority and any reconstruction must accom-
modate for this. Other crucial considerations are the patient’s 
age and future growth, the location of the tumour, and the 
consequences the procedure will have with regards to func-
tional outcome and quality of life. 

 Finally, quality of life (QOL) is a major infl uence on 
treatment choice. This is a broad, ill-defi ned concept, but 
encompasses a number of facets that need consideration. 
QOL includes social, emotional, and physical components. 
Measuring these can especially be diffi cult when managing 
young children. Expectations around quality of life come 
primarily from parents and may not be congruent with the 
best surgical option. For example, while amputation carries a 
very negative preconception, amputees have faster accep-
tance and better quality of life based on patient surveys. In 
fact, there is minimal data to support that limb salvage is in 
any way better than amputation with regards to QOL [ 60 ]. 

    Planning 

 Successful surgical management requires scrupulous pre- 
operative planning and multi-disciplinary input. 
Communicate with oncology and medical teams to coordi-
nate care, as surgery cannot interfere with chemotherapy. 
Discussion with surgeons from other specialties such as gen-
eral, plastics, vascular or neurosurgery may be necessary 
depending on tumour location and tissue involvement. 

 MRI studies will be the guide surgical approach and pre-
cise excision. T1-weighted images are preferred. They cor-
respond more closely to pathologic fi ndings than STIR 
images, as STIR images can overestimate tumour extent 
[ 61 ]. MRI is highly accurate at determining neurovascular 
involvement, which will infl uence surgical management. 
Nerve involvement is rare but devastating. In these cases, the 
only likely option is amputation, as there is little value in 
sparing a limb if the nerve is resected [ 62 ]. The most fre-
quent cause of nerve contamination is from pathological 
fracture. Vascular involvement is variable as diseased sec-
tions can be resected and vessels anastomosed. 

 If the growth plate has tumour involvement, the age and 
future growth of the patient are also important factors. A full 
workup of bone age and estimated adult height is useful 
when planning surgical measurements. 

 Ultimately, there is no standard algorithm for planning the 
correct procedure. It is a complex decision and must be tailored 
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to the situation of the patient. Furthermore, even with exten-
sive pre-operative planning, there are always unforeseen fac-
tors. The defi nitive surgical decision will ultimately be made 
intra-operatively and alternative plans should be in place.  

    Resection 

 En-block resection of all diseased tissue, previous biopsy 
tracts and adjacent soft tissue is required to consider treatment 
as curative. Adequate margins are a fundamental component 
of surgical treatment for sarcomas, and the second most 
important factor infl uencing local recurrence, after chemo-
therapeutic response [ 63 ]. It is universally accepted that posi-
tive margins are associated with increased risk of recurrence; 
however, exactly what is a ‘safe’ margin is not well estab-
lished. It is usually defi ned in quantitative measurements, with 
recommendations varying between 2 mm and 7 cm of normal 
tissue surrounding a tumour [ 64 ]. Some consider the measure-
ment to not be relevant; the margin is adequate as long as the 
quality of surrounding tissue is good. Regardless of margin 
width, there are uncontrollable factors such as tumour loca-
tion, size, grade and metastasis that will have infl uence overall 
prognosis [ 65 ]. The fi nal excision biopsy should be assessed 
for margins, overall tumour necrosis, as well as the size and 
dimensions of the tumour to ensure complete removal and to 
guide post-operative chemotherapy [ 56 ].  

    Reconstruction 

 There are fundamental questions that must be asked when 
considering limb salvage. First, is limb salvage possible? 

This is primarily based on location of the tumour and neuro-
vascular involvement. Second, is limb salvage functionally 
desirable? This will be based on age and future growth, any 
future reconstruction that may be required and what the 
functional outcome of reconstruction will be. Currently, over 
90 % of patients diagnosed with OSA can be treated with 
some form of limb salvage. However, it is important to be 
aware that this is accompanied by a 60 % complication rate 
and 75 % revision rate. 

 Following the resection of some bone tumours, recon-
struction offers no functional benefi t. Examples of this 
include the proximal fi bula (Fig.  44.1 ), individual ribs, the 
clavicle and parts of the scapula.

       Biologic Reconstruction 

    Autograft 
 Autograft can either be involved tumour bone that has been 
sterilised or unaffected host bone. Unaffected host bone can 
either be vascularised or non-vascularised. 

 Irradiated or pasteurized autografts of the patients affected 
bone have a variable success rate. Experimentation using 
cryosurgery with liquid nitrogen of the autograft has also been 
trialled [ 66 ]. In order to consider using autograft tumour bone, 
there must be less than one-third cortical bone destruction, 
tumour confi nement to one compartment and osteoblastic pat-
tern [ 66 ,  67 ]. Positive features include the fact that no foreign 
material is used and a perfect fi t is achieved at reconstruction 
[ 68 ]. Mid-term survivorship is comparable to other methods; 
however, non-union and infection rates are still very high. 

 Other biologic autografts may be used. The most common 
donor site for vascularised grafts is the fi bula (Fig.  44.2 ), 

a b

  Fig. 44.1    Osteosarcoma of the 
proximal fi bula. Thirteen year 
female presenting with 
osteosarcoma of the left proximal 
fi bula; ( a ) presentation fi lm and 
( b ) resection of the proximal half 
of the fi bula without 
reconstruction       
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followed by the tibia and iliac crest. These can be combined 
with fascial, muscle and cutaneous components. If the bone 
defect is greater than 6 cm, vascularised autograft is prefer-
able. As it is the patient’s own vascular bone, excellent inte-
gration and healing is typically seen, and for these reasons 
they are often combined with allograft usage.

   Non-vascularised autograft is typically particulate graft 
harvested from the iliac crest. This provides good osteoin-
ductive properties but limited osteoconductive properties.  

   Distraction Osteogenesis 
 Following tumour resection, a temporary spacer placement 
can be utilised to encourage vascularised membrane forma-
tion followed by a delayed secondary grafting procedure. 
This technique was popularised by Masquelet and col-
leagues. They describe excellent longterm results with this 
technique [ 69 ,  93 ]. 

 Distraction Osteogenesis utilises a similar principle to 
achieve biologic fi lling of a bony defect [ 94 ].  

    Intercalary Allograft 
 Allografts can be composed of either cancellous bone or cor-
tical bone. The use of intercalary allografts for metaphyseal 
and diaphyseal lesions (with or without vascularized fi bula) 
can provide excellent outcomes and sparing of the growth 
plate eliminates the issues of limb length discrepancy [ 4 ,  70 ] 
(Fig.  44.3 ). Consolidation time is long, averaging 6.5 months 
at the metaphyseal and 16 months in the diaphyseal osteot-
omy sites and overall survival rate of the graft is approxi-
mately 76 % at 10-years. The most signifi cant risk is 
non-union, thus adequate fi xation of cortical grafts is vital, 
achieved with plates. Allograft collapse is also a possibility; 
therefore, the number of screw holes placed in the graft 
should be minimal to prevent structural compromise. 
Intramedullary nails have also been used for fi xation but 
non-union of the diaphyseal junctions are higher with nail 
fi xation, likely due to inadequate compression between graft 
and host bone [ 71 ]. Some studies using compressible intra-
medullary devices have shown improved rates of union [ 72 ].

a b c

  Fig. 44.2    Osteofi brous dysplasia right fi bula. Osteofi brous dysplasia 
right tibia; ( a ) presentation age 6 with pathologic fracture. ( b ) following 
union and observation, deformity and further pain developed age 12. 

( c ) following resection and intercalary allograft reconstruction aug-
mented with an ipsilateral vascularised fi bula transport       
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       Osteoarticular Allograft 
 Osteo-articular allografts are an option when the joint cannot 
be preserved. Fracture, non-union, joint instability, articular 
degeneration, and infection are common, thus it is utilised as 
a temporary solution for patients who still have signifi cant 
growth [ 73 ]. Graft survival is 37–71 % at 5–10 years [ 73 ]. It 
carries a very high re-operation rate. Once skeletal maturity 
is reached, a conversion to a composite endoprosthetic joint 
can be performed.  

    Transepiphyseal Resection 
 Transepiphyseal resection may be considered a safe 
method of limb salvage for patients with juxta-articular 
lesion. If there is no indication of tumour involvement 
within the joint on MRI and a safe margin can be obtained, 
an osteotomy can be made through the epiphysis to pre-
serve the articular portions. Reconstruction has been 
achieved with epiphyseal fragments as little as 0.5–2 cm, 
with no reported incidences of AVN or epiphyseal non-
union. Reconstruction is with an intercalary graft with or 
without vascularised fi bula [ 74 ]. Fixation is achieved with 
a lateral plate and screws. Diaphyseal fi xation is with a 
plate or with rod. 

 Complications include deep infection, joint stiffness, 
diaphyseal non-union and stress fractures. In follow-up stud-
ies of patients receiving a transepiphyseal resection (82 
patients in 5 studies over an average follow-up time of 
54.2 months), there were no cases of local recurrence. 
Functional outcome is very good, with no restrictions of 
physical activity [ 74 – 76 ].  

    Arthrodesis 
 Arthrodesis is utilised primarily for the salvage of a failed 
allograft or failed ER. It usually is not desirable as it removes 
the joint function. However in certain circumstances it is a 
useful treatment option. Joints which can be arthrodesed 
with minimal functional loss include the wrist, shoulder, hip 
and ankle. Arthrodesis of the knee greatly decreases gait effi -
ciency, but it is durable and functional with 86 % of patients 
achieving independent ambulation [ 60 ,  77 ]. In general, 
patients with arthrodesis have reasonable functional out-
comes with average MSTS scores of 77 % [ 77 ] (Fig.  44.4 ).

        Prosthetic and Alloprosthetic Reconstruction 

    Endoprosthetic Reconstruction 
 At fi rst glance, endoprosthetic reconstruction appears to be 
the silver bullet for limb salvage surgery (LSS). They can be 
modular or custom made while the patient is undergoing pre- 
operative chemotherapy. It enables early mobility and is aes-
thetically desirable to patients (and parents) as it recreates 
the entire limb. It creates a mechanical joint for patients who 
have joint involvement and for many has very good func-
tional outcomes in the short term. MSTS scores are very high 
with ER in the fi rst post-operative years. 

 Its downfall is in longevity and durability and for growing 
patients, a lack of dynamicity. Paediatric patients have many 
decades of active life ahead of them, and it is unlikely that an 
endoprosthetic reconstruction will withstand a lifetime of 
wear and tear. Implant survival is variable and can be 

a b c

  Fig. 44.3    Right distal femoral osteosarcoma. A 13 year. female with 
right distal femoral osteosarcoma; ( a ) Presentation fi lm, ( b ) Coronal 
MRI demonstrating tumour extent and oedema at the level of the phy-

sis, ( c ) Following transepiphyseal resection and intercalary allograft 
reconstruction       
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anywhere from 50 % to 90 % at 5–10 years [ 78 ,  79 ]. ER has 
a high complication rate including aseptic loosening, 
mechanical failure, periprothetic fracture and infection [ 79 ]. 
Thus, when performing an ER on a young patient, one should 
anticipate and plan for future revisions. Surprisingly LSS 
does not correlate with signifi cantly improved levels of qual-
ity of life when compared to other options such as rotation-
plasty or amputation. 

 Children with more than 2–3 cm of growth should not be 
considered for ER, as there is much anticipated growth and 
the limb length discrepancy will be too signifi cant [ 44 ]. This 
has been challenged with the advent of telescopic devices 
that “grow” and extend with the child. Newer versions use an 
electromagnetically driven gearbox that turns a drive screw 
to extend the prosthetic rod. Lengthening is a non-invasive 
outpatient procedure and avoids subsequent surgeries. Short 
term outcomes are attractive but are still fraught with risk 
[ 80 ]. Infection rates between 25 % and 40 % are the most 
common complication, but implant breakage, gearbox fail-
ure and loosening also can occur, leading to high rates of 
revision [ 60 ,  81 ,  82 ]. 

 For all endoprosthetic devices, infection risk is high. 
A significant contributing factor to infection is poor soft-
tissue coverage and sufficient coverage of implants is 
essential. This may be through the use of muscle flaps. 
For example, in tibial reconstruction, introducing a gas-
trocnemius flap reduced the risk of infection from 36 % 
to 12 % [ 83 ] (Fig.  44.5 ).

        Allograft Prosthetic Composite 

 APC techniques replace the necessary bone stock with fro-
zen allograft combined with a metallic implant. The allograft 
provides soft tissue attachments and the metallic joint 
implant provides better stability and function than osteoar-
ticular allografts. Common sites for APC are the distal femur 
and proximal tibia, proximal femur and proximal humerus. 
APCs pose the same complication risks as ER and allograft, 
but can provide excellent functional results in the reconstruc-
tion of diffi cult soft tissue organs such as the extensor mech-
anism (Fig.  44.6 ).

       Rotationplasty 

 Rotationplasty is a modifi ed amputation reserved for patients 
for which limb salvage is not feasible. It involves the resec-
tion of the tumour site and rotation of the distal limb portion, 
creating a biological recreation of a joint. Pre-operative plan-
ning is imperative in this operation as children undergoing 
rotationplasty are young. The remaining growth of the child 
needs to be taken into consideration to minimize limb length 
discrepancies. Contraindications include compromise of the 
sciatic nerve, poor ankle or foot function, or limb infection. 

 The most common variation is the Vann-Nes [ 84 ], where 
tumours about the knee are resected en block and the 
 neurovascular bundle is spared with the distal portion of the 

a b

  Fig. 44.4    Chondroblastic osteosarcoma right distal fi bula. A 17 year. female with chondroblastic OSA right distal fi bula; ( a ) presentation fi lms 
and ( b ) following fi bula resection and tibiotalar arthrodesis       
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a b
  Fig. 44.5    Right distal femoral 
OSA. A 14 year. female with 
right distal femoral OSA, 
metastatic at presentation; 
( a ) presentation fi lm and 
( b ) following resection and distal 
femoral endoprosthetic 
reconstruction       

a b
  Fig. 44.6    Osteosarcoma 
of right proximal tibia. 
A 13 year. male with OSA 
right proximal tibia; 
( a ) presentation fi lm and 
( b ) following resection 
and allograft-prosthetic 
reconstruction       

leg. The remaining leg is rotated 180 degrees and reattached 
with the foot at the level of the contralateral knee when 
accounting for future growth. To provide plantar fl exion of 
the ankle, the femoral origins of the gastrocnemius muscle 
are augmented to the quadriceps muscles at their origins 
[ 84 ]. The anterior and posterior tibial and peroneal muscles 
usually stay fi xed to the tibia and fi bula providing dorsal 
fl exion of the ankle joint or can be fi xed to the hamstrings 
fascia. 

 This procedure is a valuable option for patients not suit-
able for limb salvage. It eliminates the issue of growth in the 
skeletally immature, avoids risks of endoprostheses such as 
infection or device failure, has better functional results over 
amputation, maintains foot proprioception and overcomes 
phantom limb pain by sparing the sciatic nerve. Patients who 
receive a rotationplasty have excellent functional outcomes 
compared to amputation [ 85 ]. In fact, even when compared 
to endoprosthetic reconstruction, rotationplasty is not 
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associated with any functional disadvantages or differences 
in quality of life [ 86 ]. Patients receiving a rotationplasty can 
participate in high intensity activities more frequently than 
children receiving endoprosthesis as there is no risk of recon-
struction failure [ 87 ,  95 ]. 

 The only apparent drawback to rotationplasty is cosmetic 
appearance. There has been much literature exploring the 
risk of psychological diffi culties due to the appearance of a 
rotationplasty. This has not observed this at our institution 
nor in other published evaluations [ 88 ,  89 ] (Fig.  44.7 ).

       Amputation 

 For nearly all patients, amputation should be the last resort. 
Unless the tumour cannot be fully resected or the function of 
the limb will be useless, there is no advantage in amputation 
with regards to disease survival or local recurrence [ 90 ]. If 
there is a close margin and or poor chemotherapy response, 
limb salvage should still be considered fi rst. While amputation 
achieves better local control, there is no signifi cant increase in 
survival when compared to patients receiving an limb salvage 
[ 65 ]. In some circumstances, it may be reasonable to consider 
amputation fi rst if there is the likelihood of multiple opera-
tions or factors that will prevent good functional results. 

 Other than poorer functional outcomes, amputation in young 
children can be problematic. As a child grows, the remaining 
bone can either too short or may outgrow the surrounding soft 
tissue at the distal end, requiring surgical revision [ 60 ].  

    Post-operative Considerations 

 Accurate evaluation of post-operative complications and true 
implant/reconstruction failure rates is diffi cult to assess. The 
competing risks of local recurrence and death combine to 
eliminate 30–40 % of patients from long-term follow-up.  

    Early Post-operative Care 

 Infection rates are generally high in the immediate post- 
operative phase and are infl uenced by the type of reconstruc-
tion implemented. It is the most common complication and 
can occur in the short or long term, and is also infl uenced by 
the adjuvant therapies of chemotherapy and radiation 
therapy. 

 Skin care and wound healing is key to prevent delays in 
post-operative chemotherapy. Rehabilitation begins directly 
after surgery. Active mobilization that does not compromise 
the operated limb promotes blood fl ow, preserves strength 
and motor function in other limbs.  

    Infection 

 Infection is the leading cause of implant revision over the 
long term. Time to infection development can range from 1 
to 50 months, and is usually Staphylococcus aureus and 
Staphylococcus epidermis [ 83 ].  

a b

  Fig. 44.7    Left distal femoral Ewing sarcoma. Four year male with left distal femoral EWS; ( a ) Presentation fi lm and ( b ) following rotationplasty 
of the right lower limb. Note the telescoped femur inside the proximal tibia and limited fi xation required       

 

A.J. Graydon et al.



445

    Aseptic Loosing 

 Rates of aseptic loosening in ER are approximately 6 % at 
10–15 years and 14 % at 20 years [ 91 ]. Bone:stem ratio is the 
major factor predicating aseptic failure. Patients with small 
stem sizes and higher bone:stem ratios are more likely to 
develop aseptic loosening.  

    Non-union 

 Non-union is particular high in allograft reconstruction, but 
is a risk for any procedure. Those who receive extensive 
adjuvant chemotherapy have an increased risk of non-union 
due to its adverse effects on bone quality.  

    Fracture 

 Fracture can be associated with the bone around the implant 
or in other areas secondary to decreased bone mineral den-
sity (BMD) from chemotherapy. BMD is signifi cantly lower 
in survivors who received chemotherapy when compared to 
age-matched reference populations, leading to a high rate of 
fractures in the long-term.  

    Long-Term Follow Up 

 After completing post-operative chemotherapy patients 
should undergo regular radiographic follow-up occurring 
every 3 months for the fi rst year, every 6 months in the sec-
ond year and annually thereafter. Five years after fi nal ther-
apy is considered ling-term survival. Follow-up should also 
include functional measures and prosthetic function evalua-
tion. The MSTS score is a useful subjective and objective 
assessment of functional outcome. It incorporates pain lev-
els, functional levels, emotional acceptance, support needs, 
waling ability and gait [ 92 ]. 

 Another consideration in follow-up is screening depend-
ing on adjuvant treatment, as chemotherapy and radiotherapy 
have long-term consequences. For example, abdominal or 

pelvic radiation requires colorectal cancer screening, gonadal 
function and renal screening. Patients who received cisplatin 
and carboplatin may need ongoing cardiovascular renal and 
audiological assessment. This list is not exhaustive and it is 
the role of the managing team to ensure appropriate screen-
ing is arranged based on the patient’s needs. There are 
detailed guidelines developed by the Children’s Oncology 
Group for recommended long-term follow up. Table  44.2  
outlines the evidence-based recommendations.
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      Physeal Injury, Epiphysiodesis 
and Guided Growth                     

     Laura     Deriu      and     Deborah     M.     Eastwood    

    Abstract  

  The evidence for the best treatment of acute physeal injuries is based mainly on epidemio-
logic studies, retrospective reviews, and expert opinion (LoE IV/V). 

 Epiphysiodesis is indicated to treat mild to moderate leg length discrepancy (<5 cm). 
Percutaneous epiphysiodesis produces a growth arrest as effectively as open procedures 
but with a signifi cantly lower complication rate. A percutaneous (drill) epiphysiodesis is 
more effective than staples, PETS technique (percutaneous ephiphysiodesis with trans-
physeal screws) and guided growth with tension band devices and has fewer complica-
tions (LoE III). Staples work signifi cantly better than PETS to correct leg length 
discrepancy but show a signifi cantly higher complication rate. 8-plates show signifi -
cantly less peri-operative complications than staples and PETS but do not signifi cantly 
reduce growth. 

 Hemiepiphysiodesis with staples and transphyseal screw is a safe and reliable procedure 
to correct angular deformity around the knee. The latter is less invasive, more cosmetic and 
does not produce permanent physeal arrest. Angular deformity correction with staples and 
8-plate is equally effective even in younger patients. Correction of angular deformity with 
8-plate in the presence of a pathological physis shows a slower correction rate. Treatment 
should be considered at younger age to improve the overall appearance of the affected and 
non-affected physes.  

  Keywords  

  Physis   •   Physeal injury   •   Growth arrest   •   Physeal bar   •   Langenskiold procedure   • 
  Epiphysiodesis   •   Guided growth  

      Physeal injury 

    Introduction 

 The physis is the primary growth centre of the immature 
skeleton. It appears as a cartilaginous disc organised in fi ve 
layers or zones (germinal, proliferative, columnar, hypertro-
phic, and provisional calcifi cation) [ 1 ]. Discoid physes occur 
at the ends of long bones whilst spherical physes are the 
growth centres of the epiphyses and the carpal and tarsal 
bones. Apophyses have a similar structure but are usually 
subjected to tension forces rather than compression forces. 
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Any injury to the growth plate, particularly if it involves the 
germinal cell layer, may produce irreversible damage 
 resulting in growth disturbance [ 2 ]. 

 Physeal injuries are most commonly caused by trauma 
and they may account for approximately 30 % of long bone 
fractures in children [ 3 ]. Less frequent causes include [ 2 ,  4 ]:

•    Infection  
•   Physical agents such as laser, radiation, and heat  
•   Child abuse  
•   Tumor (benign or malignant)  
•   Disordered growth

 –    Metabolic bone disease  
 –   Neuromuscular conditions       

 The most obvious and catastrophic consequence of a phy-
seal injury is complete cessation of growth; this is, however, 
infrequent and its signifi cance depends on patient age and 
the site of the injury. Complete growth arrest may result in 
signifi cant limb length inequality with functional impair-
ment in younger children and if it occurs in one of the paired 
bones (in the lower leg or forearm) there may also be signifi -
cant deformity and restriction of joint movement. Partial 
growth arrest occurs when a central or peripheral physeal 
bone bridge links the epiphysis to the metaphysis tethering 

growth [ 4 ]. The size and location of the bar determine the 
type of deformity and dictate treatment [ 2 ].  

    How Are Physeal Injuries and Their Late Effects 
Recognised? 

 If the x-ray beam is tangential to the radiolucent physis, a 
displaced physeal fracture can be recognised indirectly on 
standard plain radiographs by observing the relative posi-
tions of the epiphysis to the metaphysis. Interpretation 
becomes diffi cult when the physis is oriented obliquely to 
the x-ray beam [ 5 ], in such cases comparison with the con-
tralateral extremity may be helpful (LoE V) although it is 
essential to limit radiation exposure in the immature skeleton 
[ 6 ]  ( Fig.  45.1 ).

   Although rarely required, Computed Tomography (CT) 
and Magnetic Resonance Imaging (MRI) have proven to be 
reliable tools for recognizing physeal injuries and for identify-
ing fracture fragments [ 7 – 11 ]. Carey et al. looked at the plain 
radiographs and MRI of 14 patients: 9 injuries were noted on 
plain radiographs and one occult injury was  identifi ed on 
MRI. Additional MRI information changed the Salter–Harris 
classifi cation in two of the nine patients and management 
changed in 5/14 cases [ 11 ]. Similarly, Seifert et al.  investigated 

  Fig. 45.1    Subtle distal tibial 
injury involving the physis and 
extending into the joint: notice 
the relative position of the 
epiphysis to the metaphysis on 
the lateral view       
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the role of MRI in the diagnosis of distal tibia fractures in 22 
adolescents comparing standard radiographs and MRI images 
for each patient. They found that fracture type was misclassi-
fi ed and displacement underestimated on plain radiographs. 
MRI provided better anatomic details,  moreover, it helped to 
diagnose a transitional fracture in two patients [ 11 ]. Hence, 

MRI was recommended for complex physeal injuries or when 
a growth plate injury was suspected (LoE III). [ 11 ,  12 ] MRI 
can also be useful for  distinguishing between radiograph nega-
tive Salter Harris Type I fractures of the distal fi bula and liga-
ment sprains allowing management to be tailored appropriately 
[ 13 ] (Fig.  45.2 ).

  Fig. 45.2    CT scan of physeal ankle fracture .  Four images of a CT scan of the same patient as in Fig.  45.1  which revealed that the fracture line on 
the lateral view extends into the epiphysis (i.e Salter Harris type IV rather than type II) which may affect the choice of the fi xation method       
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   Physeal fractures are followed-up with radiographs in the 
short term to ensure reduction has been maintained, and in 
the longer term to ensure that growth arrest has not occurred. 
There is no evidence that guides the length of follow-up. It is 
commonly believed (LoE V) that a Harris line [ 14 ] parallel to 
and some distance from the growth plate at 6–12 months post 
injury is a sign that normal growth has resumed. 

 An angled Harris line [ 14 ], a sclerotic bridge of bone, 
blurring and/or narrowing of the physis (especially in com-
parison to the non-injured and/or contralateral physis) all 
suggest permanent physeal damage (Fig.  45.3 ).

   CT defi nes the extent of the physeal bridge and enables 
measurement of the area affected [ 7 ]. Loder reported that 
helical CT mapped the location and size of bony bars accu-
rately in patients where bar excision was planned. The use of 
helical CT signifi cantly reduced the radiation dose and scan-
ning time (such that sedation was not required) and gave bet-
ter differentiation between bone and physeal cartilage. (LoE 
IV) [ 15 ]. Despite this, there seems to be common agreement 
that MRI is the method of choice for evaluation of physeal 
bridges. It maps the bridge accurately in terms of size and 
distance from known landmarks while demonstrating the 
injured and uninjured areas of the growth cartilage [ 9 ,  16 –
 20 ], and can be used to confi rm complete bar resection and/
or detect recurrence (LoE IV/V) [ 21 ]. 3D MRI reconstruc-
tion is useful to visualize very small physeal bars such as in 
the phalanges [ 20 ,  22 ]. Semi-automated segmentation tech-
niques allow for reliable 3D modelling of the physeal bar 
[ 23 ]. As any movement reduces the quality of the scan, the 
main disadvantage of MRI is the time required and thus the 

need for sedation/general anaesthesia particularly in the 
younger child.  

    Can You Predict Which Physeal Injuries Will 
Have a Poor Outcome? 

 The most important factors infl uencing both treatment and 
prognosis of physeal fractures are: the age of the child, the 
fracture pattern and the specifi c physis affected. 

  Age of the Child 
 The child’s age correlates to the amount of growth remaining 
and, hence, the potential growth disturbance if a complete or 
partial growth arrest occurs.  

    Fracture Pattern 
 Many classifi cation systems have been proposed but the 
most widely used one is that of Salter and Harris [ 24 ] based 
on joint congruity and physeal involvement and alignment. 

 Treatment varies with fracture type and site, but in gen-
eral, best practice guidelines are based on case series (LoE 
IV) [ 2 ,  24 – 27 ]. Care must be taken with manipulations, sur-
gical approaches and the use of fi xation devices to ensure 
that no additional, iatrogenic damage takes place. 

 In  Salter-Harris type I and II injuries  permanent growth 
disturbance is rare and healing is usually uneventful unless 
damage to the blood supply co-exists e.g. in intra- articular 
physeal injury (proximal femur, humerus and radius) 
(LoE IV) [ 24 ,  28 ]. Treatment varies with the specifi c site of 

a b
  Fig. 45.3    Harris growth arrest 
lines; parallel ( b ) and angled ( a ): 
the angled line ‘points’ to the site 
of the arrest       
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the fracture. In general, reduction should be gentle and ana-
tomical: closed reduction and cast immobilisation is consid-
ered adequate treatment but, if anatomic closed reduction 
cannot be achieved then open reduction should be consid-
ered. If the reduction is unstable, fi xation is required (LoE 
IV) [ 24 ,  26 ,  29 ]. 

 In  Salter-Harris type III and IV injuries  both the physis 
and the articular cartilage are involved; both must be reduced 
anatomically and open reduction and fracture stabilisation is 
common [ 29 ]. 

 In  Salter-Harris fracture types I-IV , fi xation, when neces-
sary, is usually achieved with non-threaded wires or cannulated 
screws in the metaphysis or epiphysis parallel to the physis, or 
non-threaded wires across the growth plate supplemented by 
cast immobilisation [ 26 ,  29 ]. Fixation methods have not been 
compared. Experimental and clinical studies reported the use 
of biodegradable rods or screws across the growth plate with 
no evidence of growth arrest at 2 years (LoE IV) [ 30 ,  31 ]. 
However Bostman described a high incidence of discharging 
infl ammatory foreign-body reaction and osteolytic foci in 
patients with displaced malleolar fractures treated by open 
reduction and internal fi xation using absorbable polyglycolide 
rods [ 32 ]. Moreover, pin fracture did occur and the technique 
was not recommended for supracondylar fractures [ 33 ]. The 
technique has fallen out of favour over recent years. 

  Salter-Harris type V injuries  are compression injuries to the 
growth plate. They usually lead to a complete growth arrest. 

  The Salter-Harris type VI injury  was not included in the 
original Salter-Harris classifi cation. It was fi rst described by 
Rang in 1969 as a compression injury to the periosteum or 
perichondrial ring resulting in a bony bridge, and subsequent 
angular deformity [ 27 ]. 

  Salter-Harris type V and VI injuries  are often not diag-
nosed acutely; therefore no specifi c treatment recommenda-
tion is available.  

    Site of Growth Plate Injury 
 Growth arrest can affect any injured physis, however it is more 
likely to affect some physes than others. Growth disturbance 
has been reported after injuries to the triradiate cartilage [ 34 , 
 35 ], the physes of the spine [ 36 ], the clavicle, [ 37 ] and those of 
the hands [ 38 ], and feet [ 39 ], but these are relatively rare events. 

  Distal Femur.     Fractures of the distal femoral growth plate 
represent approximately 5 % of growth plate injuries and 
nearly 50 % of them are associated with growth disturbance 
(LoE IV) [ 25 ,  40 ]. Expert opinion is that closed reduction 
should be attempted for all mild to moderately displaced 
 Salter–Harris type I and II fractures . Re-displacement is 
common in un-fi xed type I fractures suggesting that fi xation 
with one or two smooth heavy pins should be used to stabilize 
reduction (LoE IV) [ 41 ,  42 ]. Fixation methods have not been 
compared. In  Salter–Harris type II fractures  percutaneous 
screws across the metaphyseal fragment are often used but 
transphyseal fi xation may be required for stability (LoE IV) 
[ 41 ,  42 ].  Salter–Harris type III and IV fractures  can be fi xed 
with intra-epiphyseal screws (LoE IV) [ 25 ,  40 ] (Fig.  45.4 ).

     Proximal Tibia.     Fractures of the proximal tibial growth 
plate are not common but have a high rate of serious compli-
cations, including neurovascular injury [ 43 ,  44 ]. Case series 
(LoE IV) show that the incidence of growth arrest does not 
correlate with the fracture pattern, therefore close follow-up 
should be considered in all cases [ 43 ,  44 ]. Closed reduction 

  Fig. 45.4    Distal femoral physeal growth arrest affecting the medial portion of the physis       
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and long leg cast immobilization is usually adequate treat-
ment for minimally displaced fracture. All unstable and/or 
displaced  Salter-Harris type III and IV fractures  should be 
reduced and stabilized with internal fi xation and cast (LoE 
IV). [ 25 ] Apophyseal growth arrest can lead to signifi cant 
recurvatum.  

  Distal Tibia.      Salter–Harris I and II fractures  are usually 
treated with closed reduction and cast; acceptable displace-
ment in children with at least 2 years of growth remaining 
consists of no more than 15° of plantar tilt, 10° of valgus, 
and no varus. In children with less than 2 years of growth 
remaining, acceptable angulation is 5° degrees in all 
planes. Premature physeal closure is unusual (LoE V) [ 45 ]. 
 Salter- Harris III and IV fractures  require surgical inter-
vention (LoE IV) [ 25 ,  46 ]. Major deformity can be avoided 
with early treatment and close follow-up (LoE IV) [ 47 ]. 
Open or arthroscopic visualization of the joint surface may 
be required to confi rm anatomic reduction. 3.5/4.0 mm 
cannulated screws stabilize the fracture but the screw 
placement must be assessed carefully in two planes (LoE 
IV) [ 25 ].  Tillaux fractures  should be reduced and fi xed in 
the presence of more than 2 mm displacement; best judged 
on CT (LoE IV/V) [ 25 ,  26 ]. Closed reduction, open reduc-
tion, and a percutaneous method have all been described 
with no strong evidence favouring any of these techniques 
(LoE IV) [ 25 ,  48 ].  Triplane fractures  are assessed with 
standard radiographs and CT. Ertl et al. demonstrated that 
more than 2 mm intra- articular displacement led to poorer 
long-term results [ 49 ], hence open reduction and stable 
fi xation are indicated to improve the outcome (LoE IV) 
[ 25 ,  49 ] (Fig.  45.5 ).

     Distal Radius and Ulna.      Salter Harris type I and II frac-
tures  of the distal radius are common. Seventy-fi ve percent 
of forearm growth occurs from the distal physis and thus 
whilst growth arrest is rare (complicating only 1–7 % of inju-
ries) if it affects only one bone, signifi cant deformity can 
occur (LoE IV) [ 50 ,  51 ]. Waters et al. reported excellent 
clinical outcomes in a cohort of 30 patients with forearm 
deformity secondary to physeal arrest who underwent mul-
tiple procedures to achieve correction. All patients had good 
or excellent results, with decreased pain and increased activ-
ity level (LoE IV) [ 52 ] (Fig.  45.6 ).

         How Do You Manage Growth Arrest? 

 The key is to anticipate the problem, diagnose it promptly 
and quantify it accurately. The most important factors 
infl uencing the treatment are: the amount of growth 
remaining at that growth plate, the location of the physis, 
the type of growth arrest whether complete or partial, and 
when partial the proportion of the growth plate injured 
(LoE IV/V) [ 2 ]. 

    Complete Growth Arrest 
 Treatment aims to prevent and/or manage the length inequal-
ity. Options consist of no intervention, compensatory ortho-
ses for lower limb discrepancies, epiphyseodesis or 
shortening of the contralateral or paired bone, ipsilateral 
bone lengthening, or a combination of these (LoE IV/ V) [ 2 ].  

    Partial Growth Arrest 
 Bright [ 4 ] classifi ed partial growth arrest into three types: 
peripheral (type I), central (type II), and combined (type III). 
Partial arrests often result in some loss of length in addition to 
angular deformity and both problems need to be considered. 

 Angular deformity can be treated by acute (osteotomy) 
or gradual correction (distraction osteogenesis) in combina-
tion with a formal physeal closure and /or contralateral 
epiphyseodesis; or by physeal bar excision with interposi-
tion of an inert material. In the past, angular deformities 
were also treated by distraction of the growth plate and bar 
in children close to skeletal maturity (Hemichondrodiastasis) 
[ 2 ] (Fig.  45.7 ).

    The Langenskiold Procedure for Resection of a Physeal 
Bar.     In 1967, Langenskiöld reported the case of a 15-year- 
old boy with genu recurvatum secondary to a bone bar in the 
anterior proximal tibia whose etiology and duration were 
unknown. The bar was excised and the gap fi lled with autog-
enous buttock fat. During the 1.5 year follow-up, the recur-
vatum improved by 10° [ 53 ]. Over the years bone bar 
resection has become more popular and several interposi-
tion materials have been used; but evidence is based mainly 
on case series and a few comparative studies (LoE III and 
IV) [ 4 ,  53 – 62 ].  

 Physeal bar excision can be considered if less than 
30–50 % of growth plate is involved (LoE IV/V) [ 2 ]. Younger 
children tend to have a better prognosis and less than 2 years 
of remaining growth is a relative contraindication for bone 
bridge resection (LoE IV) [ 63 ,  64 ]. It has also been noted 
that central bars are more amenable to resection than periph-
eral ones: probably related to the periosteal stripping required 
to resect peripheral lesions. Ischemic or septic-related bone 
bars have a poorer prognosis (LoE IV) [ 2 ]. The forces associ-
ated with normal growth can overcome a small physeal bar 
and although correction up to 30° has been reported, the 
degree of correction is variable and inconsistent (LoE IV) 
[ 4 ]. Angular deformities greater than 20° are unlikely to cor-
rect following bar resection and thus a corrective osteotomy 
is required. (LoE IV) [ 2 ,  62 ,  65 ]. Several interposition mate-
rials have been used: fat [ 53 ,  66 ,  67 ], muscle [ 67 ], polymeric 
silicone [ 68 – 70 ], bone wax [ 71 ], and bone cement, [ 63 ] and 
none has been shown to be superior. Current literature on the 
Langenskiold procedure – for the treatment of partial growth 
arrest is summarized in Table  45.1  [ 5 ,  51 – 58 ,  60 ,  69 – 71 ]. 
Recent experimental studies have explored the use of autog-
enous chondrocytes to fi ll the defect [ 72 ]. The main problem 
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is to fi nd a suitable donor site with cells retaining a certain 
growth potential. These experimental studies are still in the 
preclinical evaluation phase.

    Hemichondrodiastasis     Closed gradual distraction of the 
growth plate to correct angular deformity has been described 
(LoE IV) [ 73 ,  74 ]. Authors observed that the best results 
were achieved in posttraumatic deformities when the bone 
bridge occupied less than 20–30 % of the physeal plate. 
Moreover, the procedure was best performed toward the end 

of growth, or earlier if a progressive deformity exceeded 
15–20 0  (LoE IV) [ 73 ].     

    Epiphysiodesis 

    Introduction 

 The purpose of epiphysiodesis is to produce either a perma-
nent or temporary growth arrest. Its primary indication is a 

  Fig. 45.5    Salter Harris Type II fracture of the distal tibial physis that caused a growth arrest note the slight asymmetry of the buttock creases and 
pelvic obliquity suggesting a short right leg       
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mild to moderate, (2–5 cm), actual or predicted leg length 
discrepancy in a skeletally immature child with adequate 
growth remaining and an acceptable fi nal height at skeletal 
maturity [ 75 – 79 ]. 

 Epiphysiodesis must be timed accurately so that leg 
lengths becomes equal at skeletal maturity: the timing 
of surgery is the most challenging aspect of this proce-
dure. [ 75 – 80 ]. Different methods have been proposed to 
determine the amount of growth remaining at any indi-
vidual time point: each has advantages and disadvan-
tages [ 75 ,  80 – 83 ]. 

 Several surgical techniques for epiphysiodesis are avail-
able. Some destroy the physis permanently [ 84 ,  85 ] while 
others, implant-mediated, are reversible and produce a tem-
porary growth arrest [ 86 – 91 ]. Current literature on epi-
physiodesis consists mainly of retrospective reviews, case 
series and expert opinion with few comparative studies 
(LoE III, IV and V).  

    Does Epiphysiodesis Restrict Limb Growth 
and Correct Leg Length Difference? 

  Permanent Epiphysiodesis     Phemister is credited with the 
fi rst description of the technique of permanent epiphysiode-
sis [ 85 ]. In 1933, he described his “epiphyseodiaphyseal 
fusion”, and reported the case of a girl with Ollier’s disease 
and deformity with shortening of the left upper and lower 
limbs. Prior to treatment, at the age of 8.5 years, she had 
6 cm leg length inequality. He excised the proximal physis of 
the left radius to correct the forearm deformity, and the prox-
imal femoral physis of the unaffected lower limb to arrest 
longitudinal growth. At age 18, the residual discrepancy was 
2.5 cm. He later reported good results on 20 additional 
patients treated by epiphysiodesis for leg length inequality 
(LoE IV) [ 85 ]. White and Stubbing modifi ed the shape and 
size of the Phemister cancellous bone plug [ 84 ] and reported 
their epiphysiodesis results on 202 physes (149 patients, dif-
fering aetiologies) showing a growth retardation of 3/8 inch 
per year at the distal femur and ¼ inch per year at the proxi-
mal tibia and fi bula. The complication rate was lower than 
the original Phemister technique (LoE IV) [ 84 ]. Stephens 
et al. reported their results of the White and Stubbins tech-
nique. Only 4 patients out of 56 had equal limb lengths at 
follow-up. Overcorrection and undercorrection were 
observed in 52 patients but only 4 of them required addi-
tional surgery (7 % of the group). Patients with residual dis-
crepancy did not notice the difference and treatment was 
considered successful. Finally, authors noticed a relative 
overgrowth of 5 mm in the fi bula in those cases where proxi-
mal tibia epiphysiodesis was not accompanied by a proximal 
fi bula epiphysiodesis (LoE IV) [ 92 ].  

 Green and Anderson reported preliminary results of 77 
procedures in 50 patients using several epiphysiodesis tech-
niques, including their modifi ed Phemister technique [ 93 ]. 
Later on they evaluated the results on 237 patients, 173 had 
permanent epiphysiodeses and 83 staplings [ 94 ]. With few 
exceptions, results were good or excellent in the 173 epi-
physiodesis patients. Two had overcorrection greater than 
½ inch, and 5 others underwent a contralateral epiphysiode-
sis to prevent overcorrection. Five patients developed angu-
lar deformity necessitating a corrective osteotomy in 4 and a 
repeat epiphysiodesis in 1. One patient developed osteomy-
elitis. Their overall rate of complications (including slow 
fusion) was 9.3 % (LoE III) [ 94 ]. 

 Concerns about the cosmetic appearance of the scars and 
joint stiffness with the open technique, prompted interest in 
percutaneous modifi cations. 

 In 1984, Bowen and Johnson published the results of 
their percutaneous technique of epiphysiodesis which con-
sisted of curetting the physis from either side and inserting 
an osteotome to a depth of 5 mm. They observed complete 

  Fig. 45.6    Growth arrest of the distal radius leading to a ‘long’ 
ulna       
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physeal arrest within 4 months in all 12 patients treated: the 
only complication was a keloid scar (LoE IV) [ 95 ]. In 1986, 
both Canale and Ogilvie, independently, reported that 
 percutaneous techniques using a combination of drills and 
high-speed burrs effectively produced the desired epiphys-
iodesis effect in an animal model [ 96 ,  97 ]. These experi-
mental fi ndings have since been confi rmed by many authors 
in clinical series using a variety of instruments (alone or in 
combination) such as cannulated tube saws or reamers, 
drills, burrs and curettes. Complete growth arrest was 
observed within 3–6 months from surgery in all series 
(LoE III and IV) [ 96 ,  98 – 107 ]. 

  Temporary Epiphysiodesis     Guiding growth to correct a 
deformity is perhaps one of the oldest concepts in orthopae-
dics. Implant-mediated guided growth is used for the correc-
tion of angular deformities ( Guided growth  pg 464) and the 
technique has recently been applied for the correction of leg 
length discrepancy.  

 Haas described the fi rst method of temporary, reversible 
epiphysiodesis, observing the retardation of bone growth 
when using a wire loop around the physis in an animal 
model. He used the same technique in fi ve patients: in two 
the wire loop broke and had to be replaced but he noted 
growth retardation while the wires were in place, and 

  Fig. 45.7    Growth arrest:  top  
is central in the proximal tibia 
and  bottom  is peripheral affecting 
the medial distal tibial physis       
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 subsequent resumption of growth when wires broke 
(LoE IV) [ 86 ]. Subsequently, he used staples in an animal 
model and obtained similar effects on growth inhibition but 
growth resumption after staple removal was not normal and 
not universal [ 87 ]. Blount and Clarke published the fi rst clin-
ical results of the use staples in 13 patients, 7 treated for leg 
length inequality and 6 for angular deformity. They noted 
that inserting three staples on either side of the physis, 
stopped growth immediately and almost completely (LoE 
IV) [ 88 ]. Green and Anderson evaluated 83 stapling proce-
dures in 61 patients at skeletal maturity and found stapling to 
be effective, although the distal femur grew an average of 
6 mm after stapling (LoE III) [ 94 ]. Similar experience was 
reported by other authors (LoE IV) [ 89 ,  108 – 110 ]. Bylander 
observed a gradual cessation of growth across the stapled 
physis over 6 months; moreover the incidence of staple 
extrusion was lower if staples had been bent prior to inser-
tion (LoE IV) [ 108 ,  109 ]. Blount reported that 426 opera-
tions were necessary in 185 patients, but only 2 patients 
required osteotomy for fi nal correction (LoE IV) [ 89 ]. 
Sengupta et al. found that 71 % of 503 patients treated with 
stapling had less than 1 cm of discrepancy at skeletal matu-
rity and concluded that stapling is a simple, effective proce-
dure in developing countries (LoE IV) [ 110 ]. 

 The main complications reported for epiphyseal stapling 
were slow arrest, asymmetric growth, overgrowth or reduced 
growth after staple removal, staple extrusion and a need for 
surgery to correct residual deformities [ 89 ,  94 ,  109 ,  111 – 113 ]. 

 In 1998, Metaizeau described his technique of temporary 
percutaneous epiphysiodesis using transphyseal screws 
(PETS). He reported results on 32 patients with limb length 
inequality concluding that the screws began to cause detect-
able growth inhibition within 6 months of insertion, slowing 
down the distal femoral and proximal tibial physes by 68% 
and 56 %, respectively. Maximum growth retardation was 
achieved at 12 months, when the distal femoral physis was 
inhibited by 89 % and the proximal tibial physis by 95 %. At 
skeletal maturity, total femoral growth was 45 % and total 
tibial growth was 52 % of the normal side (LoE IV) [ 90 ]. 

 Several reports have documented the success of PETS in 
the management of limb length difference (LLD). Nouth 
reported on nine patients, showing an average reduction in 
LLD from 3.33 to 1.36 cm over an average 2.2 year follow-
 up: 56 % reached an LLD of less than 1 cm (LoE IV) [ 114 ]. 
Khoury followed 30 patients to maturity: PETS was success-
ful in all cases and the average fi nal femoral and tibial lengths 
were 0.15 cm and 0.05 cm, respectively, from predicted 
length (LoE IV). Ilharreborde observed a mean effi cacy of the 
femoral epiphysiodesis of 35 % at 6 months, and 66 % at 
maturity and of the tibial epiphysiodesis, 46 % at 6 months, 
and 66 % at maturity when looking at 45 patients. The  revision 
rate was 18 % (8 patients): 7 of 8 revisions (87.5 %) involved 
the tibia and the authors advised caution using the technique 

at this site. (LoE IV) [ 115 ]. In a retrospective series of 59 
patients by Song, PETS showed an average LLD correction 
of 75.5 % in the distal femur and 78.9 % at the proximal tibia: 
the authors recommended that PETS should be performed at 
least 1 year earlier than the estimated epiphysiodesis timing 
in order to achieve equal leg length (LoE IV) [ 116 ]. Monier 
reported similar results in 16 PETS patients and concluded 
that results would have been better if the procedure had been 
performed at an earlier skeletal age [ 117 ]. 

 The most recent implant introduced on the marked for 
growth modulation is the 8-plate (LoE IV) [ 91 ,  118 ]. Early 
experience was on the correction of angular deformities and 
only recently has the implant been used to correct leg length 
discrepancy. Pendleton reported his results on 34 patients 
with either congenital or developmental LLD followed until 
screw removal or skeletal maturity. The LLD change in 
patients who had guided growth of the tibia was minimal, 
but in those patients who had femoral or combined femoral 
and tibial guided growth the change was an average 10 mm. 
Twenty of 33 patients had a LLD of less than 1 cm at matu-
rity or screw removal. One patient required treatment for 
angular deformity after guided growth for LLD (LoE IV) 
[ 91 ]. Stewart reported 11 patients who had dual 8-plate for 
LLD and observed a mean 4 mm improvement after 18 
months, compared toa mean 15.5 mm improvement in those 
patients who had physeal ablation (LoE) [ 119 ]. Gaumetou 
reported similar results with a mean effi cacy for femoral 
epiphysiodesis of 23 % at 6 months and 68 % at 18 months. 
The procedure was even less effective on the proximal tibia, 
with only 42 % of the expected growth arrest at 18 months 
(LoE IV) [ 120 ].  

    Which Technique Is the Most Effective? 

 Current literature [ 94 ,  98 ,  102 ,  119 ,  121 – 125 ] is summarized 
in Table  45.2 .

   Based on the evidence available:

•    Percutaneous epiphysiodesis produces a growth arrest 
within 6 months similar to an open epiphysiodesis 
(Phemister’s technique) but shows a signifi cantly lower 
complication rate. (LoE III) [ 98 ,  102 ,  121 ,  122 ].  

•   Percutaneous epiphysiodesis is signifi cantly more effec-
tive and shows signifi cantly less complications than sta-
ples, PETS and 8-plate (LoE III) [ 94 ,  119 ,  123 ,  125 ].  

•   Staples work signifi cantly better than PETS to correct leg 
length discrepancy but show a signifi cantly higher com-
plication rate. Staples and 8-plates are equally effective 
but the latter show signifi cantly less complications. 
8-plates show signifi cantly less peri-operative complica-
tions than staples and PETS but do not signifi cantly 
reduce growth (LoE III) [ 120 ,  124 ,  126 ].     
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    Does It Matter if the Limb Has a Pathological 
Growth Rate or Not? 

 The generic term “sick physes” is used to describe the radio-
graphic appearance of structurally defi cient or pathological 
physes in patients with generalized conditions affecting skel-
etal growth, including rickets, endocrinopathies, and skeletal 
dysplasias [ 127 ]. Correction of angular deformity in patients 
with pathological physes has showed a slower correction 
rate, however the evidence is limited [ 128 – 131 ]. Similarly, 
experts have hypothesized a slow correction for leg length 
discrepancy, however, to date, no literature has been pub-
lished to substantiate this.   

    Guided Growth 

    Introduction 

 The fi rst experiences on “guided growth” have been outlined 
in the previous section (“ Temporary Epiphysiodesis ” pg 459) 
[ 86 – 88 ]. This technique has been used for the treatment of 
leg length discrepancy (LLD) as well as the correction of 
angular deformity mostly at the knee. For decades, hemiepi-
physiodesis with staples, as described by Blount and Clarke, 
has been the only technique available to correct deformities 
in the coronal plane [ 88 ,  132 – 139 ], but more recently new 
implants have been introduced to treat, primarily coronal 
plane, deformities and these are now superseding staples [ 90 , 
 118 ,  140 ].  

    Does Guided Growth Work in Correcting 
Angular Deformity? 

 Hemiepiphysiodesis, employing multiple staples, has 
received mixed reviews since its introduction more than fi ve 
decades ago. Blount and Clarke fi rst reported their results on 
six patients with angular deformity of the knee. They observed 
full correction of the deformity in all patients (LoE IV) [ 88 ] 
and multiple further studies confi rmed this (LoE IV) [ 132 –
 139 ]. Hemiepiphyseal stapling was particularly effective in 
the treatment of knee deformities in patients ≤10 years of 
age. [ 132 ,  136 ] Metalwork fatigue, failure or migration, and 
under-correction with the need for further surgery were the 
main complications reported (LoE IV) [ 132 – 139 ]. 
Furthermore, a certain degree of rebound growth was 
observed after staple removal (LoE IV) [ 134 ] and other 
authors expressed concerns about the risk of permanent 
 physeal closure if the implants were retained for too long 
(LoE IV) [ 141 – 143 ]. In many centres, hemiepiphyseal sta-
pling has been abandoned. 

 Percutaneous hemiepiphysiodesis using transphyseal 
screws (PETS) became popular in Europe following 
Metaizeau et al’s description of the technique. They reported 
deformity correction to within 3° of the mechanical axis in 9 
patients with mild genu valgum (mean 7°, range 4–12°): 
only one patient required screw removal to prevent overcor-
rection (LoE IV) [ 90 ]. Subsequent studies have confi rmed 
the validity of this technique in patients with greater defor-
mity. Nouh and Kuo reported an average 12.5° correction by 
2.6 years in 9 patients whose mean initial deformity was 18°. 
The only failure was a patient with hypophosphatemic rick-
ets (LoE IV) [ 114 ]. Khoury et al. recorded differential cor-
rective rates of 0.8° per month in 4 patients with Blount 
disease and 0.2° per month in those with idiopathic genu 
valgum, suggesting that both site and pathology infl uenced 
the outcome. Screws were removed in 13 skeletally imma-
ture patients, and 6 of them had recurrence of deformity 
ranging from 2–15° (LoE IV) [ 144 ]. Mesa et al. reported sat-
isfactory results in 98 % of their patients with no major com-
plications (LoE IV) [ 145 ]. 

 A recent development is the use of the 8-plate (Orthofi x, 
Verona, Italy) (or similar) device which acts as a “tension 
band” with an extra-physeal fulcrum rather than a compres-
sion device at/within the physis like staples and transphyseal 
screws. This, theoretically, reduces the risk of permanent 
physeal arrest [ 118 ] and may enhance the rate of deformity 
correction: it was designed for the correction of angular 
deformity but has been used (with less success) for the man-
agement of LLD ( “Temporary Epiphysiodesis”  pg 461) In 
his prospective series of 34 patients (65 physes), Stevens 
described neutralization of the mechanical axis with a paral-
lel knee joint line in all but 2 patients. These 2 had recalci-
trant Blount’s disease and required screw readjustment. No 
premature physeal arrests were noted. Four patients, aged 
<11 years, with bilateral idiopathic genu valgum experienced 
recurrence of deformity after implant removal (LoE IV) 
[ 140 ]. Subsequent studies have confi rmed these results (LoE 
IV). [ 130 ,  146 – 148 ] 

 Burghardt et al. in their series of 11 patients observed 
full correction of the joint orientation angles and the 
mechanical axis in all cases, with the exception of 1 boy 
who had a resected osteosarcoma and a compromised 
growth plate. No hardware failures, extrusion, growth 
arrest, or other complications including further treatment 
were observed (LoE IV) [ 146 ]. Ten of eleven patients were 
followed up for an average of 16 months (range, 10–24 
months) after plate removal and an average rebound of the 
MAD of 15.7 mm or 1.0 mm/month, and of the joint orien-
tation angles of 3.7 degrees or 0.23 degrees/month was 
noted [ 149 ]. Guzman et al. and Ballal et al. obtained com-
parable result and noted faster deformity correction younger 
patients (LoE IV) [ 147 ,  148 ]. 
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 Schroerlucke et al. showed similar results in patients 
with idiopathic genu varum and genu valgum but reported 
an overall metalwork failure rate of 26 % in cases where 
the primary diagnosis was Blount’s disease. Excessive 
weight and a pathologic physis were presumed to place 
excess stress on the metalwork causing fatigue failure 
(LoE IV) [ 130 ]. 

 These studies have two main weak points: all except one 
[ 135 ] are small retrospective case series and with a short 
follow-up limited to the period of correction only. Only 2 
studies [ 148 ,  149 ] focused on the period after removal of the 
implant, which is critical to evaluate the rate of deformity 
recurrence after treatment with guided growth.  

    Which Technique Is the Most Effective? 

 Comparative studies available in the literature are summa-
rized in Table  45.3  and Table  45.4  [ 131 ,  150 – 154 ]. Studies 
summarized are comparative retrospective reviews (LoE III), 
except one RCT (LoE I) [ 154 ] which has a small sample size 
and a short follow-up.

    Sung et al. performed a decision analysis based on cur-
rent evidence in the relevant literature to investigate the best 
treatment modality for coronal angular deformity in grow-
ing children. Authors compared temporary hemiepiphysio-
desis using staples, percutaneous screws, or a tension band 
plate and used quality of life to unify the clinical outcomes 
with metal failure and incomplete correction of deformity. 
Their decision analysis model favored temporary hemiepi-
physiodesis using a tension band plate which showed an 
overall complication rate lower than 15.7 % and a better 
QoL over temporary hemiepiphysiodesis using PETS or sta-
pling (LoE II) [ 155 ]. 

 Based on the current literature, the evidence is that:

•    Hemiepiphysiodesis with a transphyseal screw is as safe 
and reliable as stapling to correct angular deformity of the 
knee in skeletally immature patients. Furthermore, this 
technique is less invasive, more cosmetic and does not 
produce permanent physeal arrest (LoE III) [ 146 – 148 ].  

•   The rate of correction of a deformity treated with staples 
and PETS is lower in older children, but the correction of 
the deformity at proximal tibia is faster with PETS (LoE 
III) [ 148 ].  

•   Despite a growing consensus that the 8-plate has super-
seded the staple, both techniques are equally effective 
even in younger patients. Complication rate seems higher 
in staples but it is not signifi cantly different (LoE I-III) 
[ 149 – 151 ].  

•   Both techniques show higher complication rates in 
patients with pathologic physes (LoE III) [ 149 ].     

    Does It Matter if the Limb Has a Pathological 
Growth Rate or Not? 

 Historically, it has been considered that pathological phy-
ses, such as in rickets, Blount’s disease or skeletal dyspla-
sia would not tolerate direct surgical manipulation. The 
main concern was that ‘sick’ physes could shut down com-
pletely, resulting in additional, iatrogenic deformities. 
Arbitrarily, the timing of hemiepiphysiodesis to correct 
angular deformities, has often been deferred until after 
8–10 years of age but this can undoubtedly lead to defor-
mity progression, gait disturbance and possibly further 
impairment of growth not only of the knee but of the hip 
and ankle as well. 

 In recent years, there has been a paradigm shift. Stevens 
and Klatt reported their results on 14 children with rickets 
who underwent hemepiphysiodesis with staples (10 patients) 
and 8-plates (4 patients) for a total of 68 hemiepiphysiodeses 
and 35 osteotomies collectively. In the group of patients 
treated with staples they noted 45 % migration rate and 
rebound of the deformity in 41 % of cases. No metalwork 
failure or rebound of the deformity was seen in the patients 
treated with 8-plates but the follow-up was too short in this 
group. The authors observed that whilst correcting the 
mechanical axis, the overall appearance of the physes 
improved including the physes at the hip and ankle (LoE IV) 
[ 129 ]. Boero et al. performed guided growth with 8-plates in 
58 patients with pathologic and idiopathic knee angular 
deformities. They noted full correction of all idiopathic 
deformities but in the group with pathologic physes they 
only observed complete correction in 78.5 %. This latter 
group was treated at a younger age. “Sick” physes showed 
signifi cantly slower correction rates reaching neutral 
mechanical axis in 18 months with a correction rate of 0.3°/
month. Idiopathic deformities demonstrated neutralization 
of the mechanical axis in 11 months with a correction rate of 
0.6°/month. Moreover, rebound of the deformity was 
observed in 3.8 % of patients with pathologic physes and in 
none of the patients with idiopathic deformity (LoE IV) 
[ 128 ]. Additional medical management must be optimized 
when appropriate. 

 Weimann et al. observed a similar pattern in their small 
group of patients with “sick” physes and concluded that chil-
dren with skeletal dysplasia and abnormal physes were sig-
nifi cantly more likely to require osteotomy to correct residual 
angular deformity after hemiepiphysiodesis (LoE IV) [ 131 ]. 
Schroerlucke observed higher failure rates in patients with 
Blount’s disease perhaps related to their obesity (LoE IV). 
Several studies have shown no difference in the time taken 
for deformity correction in patients with skeletal dysplasia 
and Blount’s disease who had hemiepiphysiodesis using 
PETS (LoE IV) [ 114 ,  144 ,  151 ]. 
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 In conclusion, based on the current literature (LoE IV):

•    In the presence of a pathological physis, 8-plate correc-
tion of angular deformity shows a slower correction rate. 
Therefore a longer time is required to achieve full correc-
tion. Treatment should be commenced at a younger age to 
improve the overall appearance of the affected and non- 
affected physes (LoE IV) [ 128 ,  129 ].  

•   Correction of angular deformity with PETS in patients 
with skeletal dysplasia and Blount’s shows similar correc-
tion rate to patients with idiopathic deformities (LoE IV) 
[ 114 ,  144 ,  151 ].  

•   Obese patients with Blount’s disease show a higher rate of 
8-plate failure rate compared to patients with idiopathic 
deformities (LoE IV) [ 130 ].          
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      Evidence-Based Management of Limb 
Length Discrepancy                     

     Mohamed     Kenawey     ,     Ghulam     Abbas     , and     Farhan     Ali    

    Abstract  

  Limb length discrepancy is a common paediatric orthopaedic problem. Treatment is based 
on predicting the leg length difference at skeletal maturity and equalizing them if it is 
deemed necessary. Several methods have been used to achieve the above; predicting the leg 
length difference at skeletal maturity and matching them. In this chapter, we explored the 
published evidence behind the available methods.  

  Keywords  

  Limb length discrepancy   •   LLD   •   Long leg   •   Short leg   •   Bone age   •   Leg lengthening   •   Bone 
lengthening   •   Leg shortening   •   Leg equalization  

      Background 

 The management guidelines of limb length discrepancy LLD 
in childhood are based on the magnitude of the predicted 
LLD at skeletal maturity. Predicted LLD < 2 cm requires no 
treatment, while discrepancies between 2 cm and 5 cm are 
usually treated with growth arrest procedure of the contralat-
eral normal or long side; discrepancies 5–15 cm need length-
ening of the affected short side with or without timely 
contralateral physeal arrest surgery; and cases of massive 
discrepancies more than 15 cm might require prosthetic 
replacement with or without partial amputation [ 1 ]. Growth 
plate arrest techniques or epiphysiodesis of the long or 
healthy leg would allow the shorter limb to catch up with 
growth, gradually decreasing and correcting the limb length 
inequality. Many techniques were described for permanent 
epiphysiodesis like the original Phemister technique [ 2 ], 
Green-Phemister technique [ 3 ], or percutaneous epiphysio-
desis by either transphyseal drilling and curettage [ 4 ] or 

transphyseal screws (PETS) described by Metaizeau et al. 
[ 5 ]. The idea of growth modulation in the treatment of LLD, 
to allow temporary arrest of the physeal growth and decrease 
the likelihood of overcorrection in case of too early epiphys-
iodesis, was fi rst introduced by Blount using physeal plate 
stapling [ 6 ] and recently by using bilateral 8-plates designed 
originally by Stevens [ 7 ] for temporary unilateral growth 
modulation in the treatment angular deformities. 

 On the other hand, lengthening of the short or affected 
limb can be appealing because it corrects the diseased side 
and equalize limbs length without sacrifi cing physeal growth 
and losing some height. Current techniques of limb length-
ening utilize the distraction osteogenesis principles that were 
popularized and refi ned by Gavril Ilizarov in the early 1950th 
[ 8 – 10 ]. The landmark research done by Ilizarov in that fi eld 
emphasized the importance of stable fi xation, preservation of 
soft tissues and vascularity of the bony fragments and the 
infl uence of distraction rate and rhythm on the quality and 
success of bone regeneration. Different forms of external 
fi xation were used originally in limb lengthening [ 9 ,  11 ,  12 ] 
and the main disadvantages were pin track infections, mus-
cle contractures and joint stiffness, axial deviation, neuro-
vascular injuries, acute or chronic refractures and poor 
patient acceptance for the bulky external fi xator [ 13 ,  14 ]. 
Complication rates up to 200 % were reported for limb 
lengthening using external fi xation [ 13 ,  15 ]. Another 
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achievement in the fi eld of limb lengthening surgery is the 
 development of intramedullary expandable nails which are 
used for intramedullary lengthening. Different nail designs 
were developed like the motorized lengthening nail (Fitbone) 
[ 16 ], the mechanically activated lengthening nails as Albizzia 
nail [ 17 ] and the intramedullary skeletal kinetic distractor 
(ISKD) [ 18 ] and more recently the magnetically driven intra-
medullary lengthening nail (PRECICE nail) [ 19 ]. To date, 
the available intramedullary lengthening nails for clinical 
use are the Fitbone and the PRECICE nail while the mechan-
ically activated lengthening nails fell out of favour due prob-
lems with distraction ratchets and mechanism which led to 
either failure of distraction (jammed nail) or non-controlled 
distraction (runaway nail) [ 20 ,  21 ]. 

 When a pediatric orthopedic surgeon is confronted with 
a child with limb length inequality, his primary interest is to 
fi nd out the fi nal or the predicted LLD at skeletal maturity 
without surgery and then treatment decision would be based 
upon the magnitude of that predicted LLD. In case of choos-
ing growth arrest procedure or the combination of lengthen-
ing and growth arrest procedure, the second task would be 
to determine the optimal timing and location of the growth 
arrest procedure. In fact, predicting the future limb growth 
and the LLD at skeletal maturity and the calculation of opti-
mal timing for growth arrest procedures are the most contro-
versial aspects in the management of limb length inequality 
in a growing child. Predicting the timing of epiphysiodesis 
is still an imperfect science with relative reported inaccura-
cies in all different systems used in the determination of 
skeletal maturation [ 1 ]. Therefore, we aimed at this part to 
try to fi nd the best evidence and to analyze the diffi culties 
encountered in predicting future limb growth.  

    Predicting Future Limb Growth 

 Growth is a dynamic process with a great deal of individual 
variation. Limb equalization surgery for limb length discrep-
ancy in a growing child needs a good judgment for the 
amount of growth remaining in each limb segment and care-
ful calculation of the predicted limb length discrepancy 
(LLD) at skeletal maturity [ 22 – 24 ]. To achieve an acceptable 
accuracy in the prediction of future growth and limb length 
at skeletal maturity, a good understanding for the growth 
phases is required [ 25 ]. There are three distinct growth 
phases in childhood:

    1.    The rapidly decelerating growth phase from birth to 
5-years of age at which the standing height reaches 60 % 
of the adult height,   

   2.    The steady growth phase between the age of 6 to 9-years 
which is characterized by a stable annual growth rate 
reaching 80 % of the adult height at the age of 9-years,   

   3.    The fi nal acceleration (pubertal) phase which starts by 
the age of 10-years when the growth patterns and rates 
of boys and girls diverge markedly reaching the maxi-
mum growth rate between the age of 10 to 12-years in 
girls and 12 to 14-years in boys by the onset of the 
pubertal growth spurt. The rate of growth (increase in 
height) during pubertal growth spurt and the fi rst 
pubertal skeletal sign is more than 0.5 cm/month or 
6 cm/year [ 25 ].    

  It must be remembered that the age at which this max-
imum annual growth rate would be achieved and the 
absolute value of this increase are markedly variable 
between individual children [ 22 ]. For example, accord-
ing to Anderson et al. [ 22 ] the rate of increase in stand-
ing height at the age interval 8–9 years is in average 
5.7 ± 0.77 cm and 5.7 ± 0.88 cm for girls and boys 
respectively, while the growth rates at the middle of the 
pubertal growth spurt, 11–12 years of age for girls and 
13–14 years of age in boys, are 6.5 ± 1.91 cm and 
7.4 ± 2.02 cm respectively. The high standard deviations 
of growth rate values denote the inherent variability at 
pubertal phase of growth. 

 Diffi culties encountered with the prediction of fi nal limb 
length and the fi nal or predicted LLD at maturity fall in one 
of three main categories:

    1.     The reliability of different methods used to assess the 
maturity status; skeletal and physical maturity. 
    a.    Skeletal maturity or the assessment of bone or skeletal 

age
    i.    Greulich & Pyle skeletal atlas of hand and wrist 

radiographs [ 26 ]   
   ii.    Sauvegrain method using elbow radiographs [ 27 , 

 28 ]   
   iii.    The shorthand bone age assessment method [ 29 ]   
   iv.    Tanner-Whitehouse (TW) methods:

•    TW2 … 20 bones are assessed which include distal 
radius and ulna, 7 carpal bones (excluding the pisi-
form), fi rst, third, and fi fth metacarpals and their asso-
ciated phalanges (2, 3, and 3 respectively) [ 30 ].  

•   TW3 (TW3/RUS) system … refers to R = Radius, 
U = Ulan and S = Short bones (metacarpals and their 
phalanges). The carpal bones were no longer included 
[ 31 ].          

   b.    Physical maturity
    i.    Tanner staging for primary and secondary sexual 

characters [ 32 ,  33 ].   
   ii.    Voice changes   
   iii.    Onset of menarche       

   c.    Rate of annual growth [ 25 ].    
      2.     Diffi culties with the determination of the growth 

percentile    
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   3.     The calculation of the growth inhibition rate and the 
developmental growth pattern of the affected short 
limb and the state of the its growth plates  [ 34 ].      

    Maturity and Skeletal Age Determination 

 The maturity status is very essential in detecting the start of 
the pubertal growth spurt which is a very important period 
for physeal growth arrest procedures. The pubertal growth 
spurt can be divided into two phases: the acceleration and 
deceleration phases. In the acceleration or the ascending 
phase (11–13 years and 13–15 years  skeletal age  in girls and 
boys respectively), the standing height gain is in average 
12–14 cm/year for girls and boys respectively and this phase 
is the most important period for planned epiphysiodesis pro-
cedures. The deceleration or the descending phase (13–16 
years and 15–18 years skeletal age in girls and boys respec-
tively) during which the rate of growth progressively 
decreases till complete cessation [ 27 ]. To evaluate the matu-
rity status of an individual, both skeletal maturity or skeletal 
age and physical signs of maturity should be assessed. 
Skeletal maturity is determined by the skeletal or bone age, 
while physical maturity takes in account the development of 
the secondary sexual characters, the onset of menarche, 
voice change and the annual growth velocity. The most com-
monly used methods in the determination of the skeletal age 
are Greulich and Pyle atlas of hand and wrist radiographs 
[ 26 ], Sauvegrain’s method using elbow radiographs [ 28 ] and 
the shorthand bone age assessment method [ 29 ]. 

  Greulich and Pyle atlas of the hand and wrist  [ 26 ] uses 
postero-anterior radiographs of the left hand and wrist and 
remains the most widely used method for the assessment of 
skeletal age and maturation. The main disadvantage is that 
there are no radiographic data corresponding to 14.5 years of 
age in boys and 11.5 and 12.5 years of age in girls which are 
very important time periods during the pubertal growth spurt. 
Furthermore, during the phase of increased growth velocity 
between 11–13 years in girls and 13–15 years in boys, the 
morphologic changes in the hand and wrist are neither obvi-
ous nor important [ 27 ]. The start of puberty is marked by the 
appearance of the sesamoid bone of the fi rst metacarpal 
while the end is marked by fusion of the epiphysis of the 
distal phalanx of the thumb and the fi rst metacarpal. Other 
radiographic signs in between as the shape of the radial and 
ulnar epiphyses, the outline of the hook of the hamate, or the 
wideness of the metacarpal epiphyses are diffi cult to evalu-
ate [ 27 ]. The interobserver reliability is questionable as well. 
In a study by Cundy et al. [ 35 ], 60 hand and wrist radio-
graphs of children with known LLD were evaluated indepen-
dently by 4 radiologists to determine the skeletal age. 
Signifi cant variations were found, with 50 % of the children 
were assigned a skeletal age that differed by >1 year between 

radiologists and 10 % more than 2 years (Level III 
evidence). 

  Dimeglio et al.  [ 27 ] have studied the accuracy and the 
reliability (interobserver and intraobserver) of a modifi ed 
version of the Sauvegrain method [ 28 ] or the French method 
in the determination of the skeletal age by using elbow 
antero-posterior and lateral radiographs in comparison to the 
Greulich and Pyle system (level II evidence). The Sauvegrain 
method uses the anatomical landmarks around the elbow: the 
lateral condyle and epicondyle, trochlea, olecranon apophy-
sis and proximal radial apophysis. Antero-posterior and lat-
eral radiographs of the left elbow and postero-anterior 
radiographs of the left hand and wrist were obtained at the 
same point of time for 60 boys and 60 girls. Three observers 
independently assessed the skeletal age using the Sauvegrain 
method in two separate occasions, 4 weeks apart for every 
observer. Then the data was compared to the skeletal ages of 
the same 60 boys and 60 girls determined form the hand and 
wrist radiographs according to the system of Greulich and 
Pyle [ 26 ]. The same review protocol was followed for the 
Greulich and Pyle method. 

 The mean interobserver correlation coeffi cients were 
r = 0.93 and 0.88 for the Sauvegrain method and Greulich 
and Pyle system respectively, while the intraobserver corre-
lation coeffi cients were r = 0.96 and 0.92 respectively. 
Correlation between methods in the determination of skele-
tal age was strong with mean correlation coeffi cient of 
r = 0.85. The interobserver agreement was analyzed; the 
observers differed by 2 years or more in 5 % and 8 % of the 
girls and boys respectively when using the atlas of Greulich 
and Pyle while disagreement of 2 years or more was not 
found with the use of the Sauvegrain method. When the two 
methods were compared, the method of Sauvegrain was 
found to be more accurate because it allowed a clearer dif-
ferentiation of skeletal age in 6-month interval. 

 Advantages of the Sauvegrain method compared to 
Greulich and Pyle atlas for the determination of the skeletal 
age are: (1) The ossifi cation centers around the elbow have 
clear sequence in their development and fusion. At the onset 
puberty (11 years of age in girls and 13 years in boys), the 
elbow is still largely cartilaginous. Two years later, fusion of 
the elbow growth centers is complete marking the critical 
period of the pubertal growth spurt. (2) Sauvegrain method 
have the ability of identifying the two phases of pubertal 
growth spurt; the acceleration and deceleration phases. The 
beginning of the acceleration phase is marked by the appear-
ance of the second ossifi c center of the olecranon apophysis. 
The deceleration or the descending phase is marked by elbow 
physeal closure and Risser sign starts to appear 6 months 
after its onset. (3) According to the experience of Dimeglio 
and his coworkers, the changes of the olecranon apophysis 
alone are very characteristic (Table  46.1 ) and give direct clue 
the skeletal age by itself.
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   The main disadvantage of the Sauvegrain method is the 
limited use to the pubertal phase and the year preceding it 
(10–13 years and 11–14 years in girls and boys respectively). 
Prior to the pubertal phase, the elbow is largely cartilaginous 
and changes in the ossifi c centers cannot be clearly differen-
tiated (Fig.  46.1 ).

   The shorthand bone age assessment method developed by 
 Heyworth et al.  [ 29 ] was to simplify the determination of 
skeletal age by using a single radiographic criterion from 
Greulich and Pyle atlas for males between the ages of 12.5 to 
16 years and females from 10 to 16 years (Table  46.2 ). Good 
intraobserver and interobserver reliability was reported in 
assessing bone age of 140 males and 120 females. There was 
substantial agreement and strong correlation when compared 
with Greulich and Pyle assessments (Level III evidence).

       Growth Tables and Charts 
and the Determination of Growth Percentiles 

 The fi rst step in the prediction of the future growth remaining 
in a limb or a limb segment is to determine the growth per-
centile or the relative size for age (chronologic or skeletal 
age) within which this limb or limb segment would lie rela-
tive to the standard growth records. This is very important 
because an individual growth tends to be within the same 
growth percentile throughout different growth phases [ 23 ] 
and in turn would allow us to track and predict the future 
growth remaining along the records of his peers within the 

same percentile till skeletal maturity. The growth percentile 
can be assessed by using different available age and gender 
specifi c growth tables and charts which document the aver-
age values and percentiles [ 22 ,  23 ,  36 ,  37 ]. 

 The most complete set of longitudinal records of height 
and lower extremity growth in children and the most com-
monly used growth database in clinical practice is that pub-
lished by Green and Anderson [ 22 ,  23 ]. Green, Anderson and 
Messner published two landmark studies. In the fi rst one 
[ 23 ], they used longitudinal data for femoral and tibial 
lengths of healthy children, recorded by annual lower 
extremity radiographs from 1 to 18 years of age (67 boys and 
67 girls). Those growth data were for North American white 
males and females of predominately Irish origin and were 
collected as a part of a longitudinal series of child health and 
development studies conducted at Harvard School of Public 
Health, Boston from 1930 to 1956 [ 38 ]. They were able to 
construct gender specifi c growth tables and charts based on 
chronologic age from 1 to 18 years defi ning annual average 
growth values and standard deviations or growth percentiles 
(mean ± 1 and 2 SD). In a separate work [ 22 ], they published 
growth remaining charts and tables for the normal femur and 
tibia relative to chronologic and skeletal age of 50 boys and 
50 girls between the age of 8 and 18 years. Forty-nine chil-
dren (25 girls and 24 boys) had unilateral paralytic poliomy-
elitis which affected only one lower extremity and therefore 
data of the healthy side were used. All children had annual 
orthoroentgenograms for the recording of femoral and tibial 
lengths as well as hand and wrist radiographic assessment of 

   Table 46.1    Characteristic morphologic changes of the Olecranon apophysis according the skeletal age in boys and girls   

 Olecranon apophysis morphology 

 Skeletal age (Y) 

 Girls  Boys 

 Two ossifi c centers  11  13 

 Half-moon image  11.5  13.5 

 Rectangular aspect  12  14 

 Beginning of fusion  12.5  14.5 

 Complete fusion  13  15 

  Fig. 46.1    Sauvegrain skeletal bone age       
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the skeletal age according to Greulich-Pyle Atlas [ 22 ,  26 ]. 
They further calculated the annual growth contribution and 
the growth remaining in the distal femur and proximal tibia 
(71 % of the total femoral growth and 57 % of the total tibial 
growth respectively) according to the skeletal age. Growth 
remaining tables and charts for the normal distal femur and 
proximal tibia were derived based on the skeletal age between 
8 and 17 years with annual average values and four percen-
tile levels (90th, 75th, 25th and 10th) and those tables and 
charts were the bases of Green and Anderson growth remain-
ing method in predicting the optimal timing of epiphysiode-
sis. Green and Anderson work became the bases of Moseley 
straight line graph [ 39 ] and Paley’s multiplier method [ 24 ]. 

 Other racial specifi c growth charts and curves were devel-
oped by Pritchett and Bortel [ 37 ] for Scandinavian American 
children in Denver, Colorado, by Beumer et al. [ 36 ] for 
Dutch children in Rotterdam, Netherlands and by Ha et al. 
[ 40 ] for Korean children. Beumer et al. [ 36 ] studied the fem-
oral and tibial growth data in 182 Dutch children by serial 
orthoroentgenograms from 1979 to 1994. They found sig-
nifi cant differences in the length of the femur in girls aged 
8–9 years and boys 10–15 years and in the length of the tibia 
in boys and girls between the ages of 6–16 years. The Dutch 
children tend to be taller compared to the data of Anderson 
et al. [ 23 ]. They developed the Rotterdam straight line graph 
RSLG which is similar but not identical to Moseley straight 
line graph based on their own growth data.  

    Growth Inhibition Rate and Pattern 
of the Affected Extremity 

 Fredric Shapiro published an important article [ 34 ] in which 
he retrospectively reviewed longitudinal data of 803 children 
with LLD followed by the growth study unit at Boston 
Children’s Hospital over a 40-year period (1940–1980). All 
patients in this series were assessed at least annually (or 
more often semi-annually), for a minimum 5 years either to 

skeletal maturity or to the time of bony surgery. The disease 
entities which were included were: proximal focal femoral 
defi ciency (PFFD), congenital coxa vara and congenitally 
short femur, Ollier’s disease, physeal destruction, poliomy-
elitis, septic arthritic of the hip, fractured femoral diaphysis, 
hemangioma, neurofi bromatosis, hemiplegic cerebral palsy, 
hemiatrophy or hemihypertrophy, juvenile rheumatoid 
arthritis and Legg-Calvé-Perthe’s disease (LCPD). Shapiro 
was able to describe fi ve main basic developmental patterns 
for progressive lower extremity length discrepancies (Table 
 46.3  and Fig.  46.2 ).

    The calculation of the predicted LLD is easiest with  type 
I  discrepancies which increase at a constant rate during the 
whole growth. In other words, the percentage of the length 
achieved by the short limb relative to the healthy side at any 
age would be the same during the remaining growth and 
therefore, the fi rst step is to determine the length percentile 
of the normal bone or limb and calculate its fi nal length at 
maturity for that percentile. The short limb length is then 
easily calculated as a percentage of the normal side maturity 
length.  Type II  is a diffi cult pattern to project as the informa-
tion available from the period of constant increase before the 
deceleration phase has no predictive value. Multiple assess-
ments for the growth inhibition rate are needed to allow for 
additional calculations. An example of type II discrepancies 
is poliomyelitis in which there is a tendency for the discrep-
ancy to increase most rapidly in the fi rst four or fi ve years 
following infection then the rate of increased discrepancy 
diminishes gradually thereafter. In  type III  patterns, once a 
plateau has reached, the LLD will be the same throughout 
the remaining growth. The typical example for type III LLD 
is the overgrowth following femoral shaft fractures.  Type IV  
discrepancies were found to be characteristic for hip diseases 
in childhood. Premature closure of the proximal capital fem-
oral epiphysis is the cause for the late upward slope follow-
ing a long time of plateau phase and once detected, it is easy 
to calculate the remaining growth of the entire femur and to 
add a 30 % from that value (the contribution of the proximal 

   Table 46.2    The shorthand bone age assessment method   

 Radiographic criteria 

 Skeletal age (Y) 

 Girls  Boys 

 Appearance of hook of hamate ossifi c nucleus  10  12.5 

 Appearance of thumb sesamoid ossifi c nucleus  11  13 

 Width of proximal aspect of distal radius epiphysis equals width of distal 
aspect of distal radius metaphysis, but has not yet begun to cap 

 –  13.5 

 Capping of distal radius epiphysis  12  14 

 Closure of thumb distal phalanx physis  13  15 

 Closure index fi nger distal phalanx physis  13.5  15.5 

 Closure of index fi nger proximal phalanx physis  14  16 

 Closure of index fi nger distal metacarpal physis  15  – 

 Closure of distal ulna physis  16  – 

 Closure of distal radius physis  17  – 
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femoral physis the normal femoral growth) to pre-existing 
discrepancy to give the fi nal LLD. In  type V , the discrepancy 
starts to correct itself. It is commonly seen in chronic infl am-
matory diseases which stimulates growth under 10 years of 
age and then causes premature growth cessation towards the 
end of growth. 

  Calculating LLD at Skeletal Maturity and the Timing of 
Epiphysiodesis 
 To calculate the predicted LLD at skeletal maturity, one 
should fi rstly know the growth percentile of the long or 

healthy limb. With the help of the standard growth curves, 
the length of the long limb can then be projected to skeletal 
maturity to get its fi nal length. When the growth inhibition 
rate and pattern of the short limb are taken in account, the 
fi nal length of the affected limb at maturity and therefore the 
LLD at skeletal maturity can be calculated. 

 The most commonly used methods for predicting the limb 
length at skeletal maturity and calculating the timing of epi-
physiodesis are the Menelaus rule of thumb [ 41 ], Green and 
Anderson growth remaining method [ 22 ,  23 ], Moseley 
straight line graph [ 39 ] and Paley’s multiplier method [ 24 ].  

   Table 46.3    Developmental patterns of lower extremity length discrepancies according to Shapiro   

 Type  Description  Common disease entities 

 Type I – upward slope pattern  The discrepancy increases at a constant rate as 
the growth inhibition rate remains the same 
throughout growth 

 Congenital diseases like PFFD, physeal 
destruction 

 Type II – upward slope-deceleration 
pattern 

 The discrepancy increases at a constant rate for a 
variable period of time and then shows 
decremental rate of increase which is variable 
from patient to patient and from condition to 
condition 

 Poliomyelitis, Juvenile rheumatoid arthritis 

 Type III – upward slope-plateau pattern  The discrepancy increases with time and then a 
plateau is reached and it will not change 
throughout the remaining growth 

 Overgrowth following femoral fractures, 
Infections like diaphyseal osteomyelitis 

 Type IV – upward slope-plateau-upward 
slope pattern 

 The discrepancy increases then stabilizes for a 
variable period of time and then increases again 
towards the end of growth 

 Hip disease (septic arthritis of the hip, LCPD, 
AVN with the treatment of DDH) 

 Type V – upward slope-plateau- 
downward slope pattern 

 The discrepancy increases and then stabilizes 
and then decreases without surgery 

 Juvenile rheumatoid arthritis 
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Age

Age Age

Age Age

LLD LLD
Type I

Type IV Type V

Shapiro’s developmental patterns of LLD
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  Fig. 46.2    Shapiro’s 
developmental patterns of LLD       
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    Menelaus Rule of Thumb 

 Menelaus rule of thumb was a simplifi ed approach to project 
the limb length discrepancy at maturity based on chronologi-
cal age rather than skeletal age and it didn’t take in account 
the growth percentile of the individual. It was based on the 
assumptions of White and Stubbins [ 42 ] that the lower femo-
ral physis will grow by 3/8 inch/year while the upper tibial 
physis will grow by 1/4 inch/year. He assumed that growth 
would stop at the age of 16 years in boys and 14 years in girls 
[ 41 ]. He studied the results of 53 epiphysiodeses in 44 chil-
dren who had the timing of surgery calculated based on this 
assumption. At maturity, 52 % of this group had a residual 
LLD of ¼ inch, 41 % within ¾ inch and 7 % more than ¾ of 
an inch (level IV evidence).  

    Green and Anderson Growth Remaining 
Method 

 To use Green and Anderson method, fi rstly the normal leg 
length (the femoral and tibial length) is compared to the data 
reported by Anderson et al. [ 23 ] for the current age and sex 
to determine the current growth percentile. The leg length is 
then projected to skeletal maturity for that percentile group 
to predict its fi nal maturity length. The short leg length at 
maturity can be known after calculating the growth inhibi-
tion rate from previous assessments [(Growth of the long 
leg – Growth of the short leg)/growth of the long leg] and 
applying the same growth inhibition rate to the future growth 
of the long leg. 

 The next step is to use the growth remaining charts 
and tables to estimate the effect of physeal growth arrest 
procedures on the final length of the limb within the 
same growth percentile and hence the optimal timing of 
epiphysiodesis [ 22 ].  

    Moseley Straight Line Graph 

 Moseley converted Green and Anderson growth curve of the 
normal limb into a straight line of 45 ° slope by shifting the 
data points along the x axis and altering the distance between 
the age scale on the x axis by a comparable amount [ 39 ]. 
Another important concept for the straight line graph is the 
addition of a nomogram relating leg length to skeletal age for 
each gender which would provide a mechanism for taking 
the child’s growth percentile into account in predicting at 
what lengths the growth of the legs will stop. The main 
advantage of using Moseley straight line graphs is that it can 
demonstrate and take in account the rate of growth inhibition 
of the affected limb in predicting LLD and calculating tim-
ing of surgery. Furthermore, he added three reference lines 

which represent the amount of growth inhibition to be caused 
by epiphysiodesis of the proximal tibial and/or distal femoral 
growth plates (28 % and 37 % of the total growth of the leg 
respectively). Moseley compared retrospectively the use of 
straight line graph with Green and Anderson growth remain-
ing method [ 22 ] to predict the fi nal LLD at skeletal maturity 
in 30 patients (Level III evidence). In a group of 23 children 
who had been followed up for more than 1 year prior to sur-
gery, the mean error in predicting fi nal LLD was 0.6 cm for 
the straight line graph compared to 0.9 cm with the growth 
remaining method and the difference was statistically signifi -
cant. The accuracy of the straight line graph was even more 
striking with a mean error of 0.6 cm compared to 1.2 cm with 
the growth remaining method when the growth inhibition 
rate of the affected side was taken in account.  

    Paley’s Lower Limb Multiplier 

 Paley and coworkers [ 24 ] used the growth data of Anderson 
et al. [ 23 ] and divided the femoral and tibial lengths at skeletal 
maturity by the femoral and tibial lengths at different ages dur-
ing growth for each percentile group to get an age and gender 
specifi c multiplier (M = Lm/L, where M is the gender- and 
age-specifi c multiplier, Lm is the bone or limb length at matu-
rity, and L is the age-specifi c bone or limb length). Maresh [ 43 ] 
reported growth data of 175 children using roentgenographic 
measurements of femoral and tibial lengths, ranging in age 
from birth to skeletal maturity. Those data were included as 
well to complete the period from birth to one year of age. They 
further used growth data from 18 additional growth databases, 
9 based on radiographic or clinical length measurements and 9 
based on anthropological measurements of femoral and tibial 
bones. The multiplier derived from all those database were 
similar. Therefore, the multiplier method should be indepen-
dent of growth percentile, regional, racial, ethnic and genera-
tional differences in growth as it represents the percentage of 
growth remaining [ 44 ,  45 ]. Whatever the race or eventual limb 
length will be at maturity, 50 % of growth remains in the lower 
limb at 4 years of age. Other advantages for Paley’s method is 
that it is very useful in very young children and in cases with no 
available previous radiographs [ 46 ]. The main limitation is that 
it can be used only in patients with Shapiro type I progression 
pattern [ 34 ]. Paley et al. [ 24 ] compared the accuracy of their 
method to Moseley straight line graph in predicting the fi nal 
actual LLD in two groups of patients, an epiphysiodesis group 
of 16 patients and a limb lengthening group of 14 patients. The 
correlation coeffi cients of comparing the Moseley predictions 
and the multiplier predictions were excellent >0.9 in both 
groups. If a threshold of acceptable accuracy was set to ±1.5 cm 
in the epiphysiodesis group, 5 out of 16 predictions by Moseley 
method and one multiplier prediction fell out of this threshold 
(Level III evidence).   
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    Which Growth Prediction Methods Is 
the Most Accurate? 

 Evaluation of the accuracy of the different methods used to 
predict fi nal LLD at skeletal maturity was studied exten-
sively by several authors [ 44 – 49 ]. 

  Lampe et al.  [ 48 ] studied a group of children (15 boys 
and 15 girls) with LLD exceeding 2 cm who had 33 eiphys-
iodeses and the timing was based on Moseley straight line 
graph (Level IV evidence). Skeletal age was determined 
depending on hand and wrist radiographs according to 
Greulich and Pyle atlas [ 26 ]. The mean predicted LLD was 
5.2 cm (range 3–11 cm) and the mean fi nal LLD was 1.4 cm 
(range 0–4.3 cm). Eleven patients had failures, eight children 
had a fi nal LLI exceeding 1.5 cm, two had to be operated on 
twice, and one patient ended with a fi nal LLI exceeding 
1.5 cm despite two surgeries. Infl uence of skeletal matura-
tion was analyzed in cases with failures and they found that 
delayed skeletal maturation was responsible for overcorrec-
tion in 8 patients (6 patients had overcorrection <1.5 cm and 
2 patients >1.5 cm). Contralateral distal femoral epiphysio-
desis was performed in one patient with overcorrection 
>1.5 cm. Failures due to delay in skeletal maturation don’t 
seem to be preventable as they take place after the surgery. 
Variations in the determination of skeletal age is another 
source of error that would affect the appreciation of the stage 
of skeletal maturation. 

  Dewaele   and Fabry  [ 47 ] retrospectively compared two 
groups of patients who had the timing of epiphysiodesis cal-
culated by either Anderson & Green tables (Group A 47 
patients) or by Moseley straight line graph (Group B 36 
patients) (Level III evidence). Skeletal age was assessed 
using hand and wrist radiographs with the help of Greulich 
and Pyle atlas. In group A, 24/47 patients (51 %) had satis-
factory results (fi nal LLD <1.5 cm) while 23/36 (64 %) in 
group B. Six patients in group A and 2 in group B had over-
correction. Fifteen patients had poor results due to mistakes 
in estimation of the bone age (7/23 and 8/13 for group A and 
B respectively), while in 9 patients, unpredictable change in 
the growth rate caused poor results (7/23 and 2/13). Two 
patients had contralateral epiphysoidesis for overcorrection 
>1.5 cm. They agreed with Lamp et al. [ 48 ] that the assess-
ment of the status of skeletal maturity is a major source of 
error and the main reason was due to diffi culties with the 
determination of bone age. 

 In another retrospective comparative study by  Little et al.  
[ 49 ], eight variations of three methods (Anderson and Green 
method, Moseley straight line graph and Menelaus rule of 
thumb) were used for the prediction of post-epiphysiodesis 
fi nal LLD in 71 patients (42 girls and 29 boys) (Level III evi-
dence). Greulich and Pyle atlas was used for the determina-
tion of the skeletal age. The variations used were (Table  46.4 ):

   The computer generated straight line graph was the only 
method found to be signifi cantly less accurate in predicting 
fi nal LLD following epiphysidesis with 27 % of the calcula-
tions deviated >2 cm and 39 % >1.5 cm. For all other meth-
ods used excluding the computer generated straight line 
graph, the percentage of calculation errors >2 cm in predict-
ing fi nal LLD ranged from 10 % to 20 % of the patients 
while if errors >1.5 cm were considered, the range was 
18–37 %. The accuracy of predicting the length of the 
untreated limb at maturity using Moseley method was not 
acceptable. Moseley predictions deviated >2 cm (range −9.1 
to 10.9 cm) in 52 % of the patients when hand charts were 
used and in 61 % of the cases with the computer based 
graphs. The conclusion was that, all current methods of pre-
dicting the timing of epiphysiodesis and the fi nal LLD have 
similar and limited accuracy and that there was no signifi cant 
difference between methods relying on chronological age 
compared to those based on skeletal age. Furthermore, the 
main shortcomings of the Moseley method in predicting the 
fi nal limb length at skeletal maturity were: (1) the data used 
to construct the straight line graph was derived from the sec-
ond growth study by Anderson et al. [ 23 ] in which they 
reported femoral and tibial lengths in relation to chronologi-
cal age. Therefore, we are actually plotting skeletal age data 
on a chronological age database which might be a source of 
error. (2) the nomogram used for the determination of the 
standard deviation of the limb growth (the growth percentile) 
was derived by adding the standard deviations of the femoral 
and tibial lengths reported by Anderson et al. [ 23 ] (as the 
original Green and Anderson database is not available) which 
is not statistically valid. 

 In a retrospective study by  Lee et al.  [ 46 ], they compared 
the accuracy of the original Green and Anderson growth 
remaining method to Moseley straight line graph and to the 
multiplier method in predicting the timing and the results of 
epiphysiodesis (Level III evidence). Forty-four patients were 
included in this study (27 boys and 17 girls). Preoperatively, 
a modifi ed variant from Green and Anderson growth remain-
ing method was used to plan the timing of epiphysiodesis in 
all patients. The pre-operative LLD was assumed to be the 
expected LLD at skeletal maturity without surgery. The pat-
tern of growth inhibition of the affected limb (Shapiro type) 
was not taken in account as well as the SD of the height (the 
growth percentile). Instead, the timing of epiphysiodesis was 
calculated using the bone age and the Green and Anderson 
growth remaining chart (with the average value of growth 
remaining). Then the accuracy in predicting the effect of epi-
physiodesis (the fi nal LLD compared to the expected LLD at 
maturity with surgery) was compared to four other methods 
assuming that all the fi ve were used preoperatively. In 
Method 2: Green and Anderson growth remaining method 
was used as well, however the growth inhibition pattern of 
the affected side (Shapiro type) and the SD of the height 
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(growth percentile) were taken in account. In methods 3 and 
4: Paley’s multiplier was used based on the bone age or the 
chronologic age respectively while in method 5, Moseley 
straight line graph was used (Table  46.5 ).

   Regarding the growth inhibition rate and pattern, the clas-
sifi cation described by Shapiro was used [ 34 ] and there were 
22 type I, 13 type II, 9 type III and no type IV or V. For 
Shapiro type I, when using method 2, the growth inhibition 
rate was calculated and then the growth remaining of the 
long leg was calculated by Green and Anderson growth chart 
and the expected LLD at maturity without surgery and the 

timing of epiphysiodesis were calculated. With Paley’s mul-
tiplier method, patients with Shapiro type I were divided into 
either congenital or developmental as originally described by 
Paley et al. [ 24 ]. In case of Shapiro types II or III patients, the 
LLD at the deceleration or plateau phase was assumed to be 
the expected LLD at maturity without surgery. Interesting 
results were reported by this study. In 5 patients (11.4 %), the 
fi nal LLD at maturity with surgery was > 2 m. There was 
statistically signifi cant difference between the expected LLD 
at maturity with surgery and the fi nal LLD for all fi ve meth-
ods, however, method 2 (the original Green and Anderson 

   Table 46.4    The methods that were compared by Little et al.   

 Anderson and Green growth remaining 
method 

  Method 1:  The growth remaining was read simply as 
the mean value for skeletal age on the date of surgery 
(the growth percentile and pattern was not 
documented) 

 Mean values (no growth percentile) 

  Method 2:  as method 1 + calculating the percentage 
of growth inhibition from previous data and was used 
for the determination of the fi nal LLD after 
epiphysiodesis 

 Mean values + % growth inhibition 

  Method 3:  The standard deviation of the preoperative 
limb length for age was determined and used on the 
Anderson and Green chart to predict outcome (the 
growth percentile was taken into account) 

 Standard deviation (SD) 

  Method 4:  as method 3 + adding the percentage of 
growth inhibition to the calculations 

 SD + % growth inhibition 

 Menelaus calculation   Method 5:  The Menelaus calculation was applied with 
the assumption that the distal femoral physis 
contribute by 1.0 cm/year to growth, and the proximal 
tibia 0.6 cm/year 

 Multiple points of time used for the 
calculation 

  Method 6:  A simpler version of this method, ignoring 
all previous data and growth patterns, was also 
calculated. This was to assess the accuracy of the 
method if the patients had been seen late 

 Single direct preoperative point of time 

 Moseley straight line graph   Method 7:  The Moseley straight-line graph was 
generated and the reference slope was moved to the 
date of surgery, predicting the outcome in terms of the 
fi nal discrepancy at maturity after epiphysiodesis. The 
predicted length of the untreated limb at maturity was 
also recorded 

 Hand chart 

  Method 8:  A computer program for plotting the 
straight-line graph was used 

 Computer program 

   Table 46.5    The summary of the methods used by Lee et al.   

 Method  SD height 
 Growth remaining of the long 
leg  Age  Shapiro type 

 Modifi ed Green and 
Anderson growth 
remaining method 

 Not applied  Not calculated (assumed the 
preoperative LLD is the 
LLD at maturity without 
surgery) 

 Bone age  Not applied 

 Original Green and 
Anderson method 

 Applied  Calculated  Bone age  Applied 

 Paley’s multiplier  Unnecessary  Unnecessary  Bone age  Applied 

 Paley’s multiplier  Unnecessary  Unnecessary  Chronological age  Applied 

 Moseley straight line 
graph 

 Unnecessary  Unnecessary  Bone age  Applied 
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growth remaining method) was the most accurate and method 
4 (Paley’s multiplier with the use of the chronologic age) was 
the least accurate. Furthermore, the greatest correlation coef-
fi cient between the expected LLD at maturity with surgery 
and the fi nal LLD was for method 2. The main reported dis-
advantage for Green and Anderson growth remaining method 
is that it uses only the most recent assessment of bone age for 
the determination of the timing of epiphysiodesis (single 
assessment). Furthermore, concerns about racial and genera-
tional differences do exist. For Moseley’s straight line graph, 
it assumes that the growth inhibition pattern is always linear 
(Shapiro type I) and therefore, other growth inhibition pat-
terns cannot be plotted correctly and would be forced into a 
straight line introducing an inevitable error. 

  Aguilar   et al.  [ 44 ,  45 ] published 2-parts work trying to 
validate the accuracy of their multiplier method compared to 
both the original Anderson et al. [ 23 ] growth charts and 
Moseley’s straight line graph [ 39 ] (Level III evidence). They 
used in their studies the data reported by Little et al. [ 49 ]. In 
the fi rst part of their work, they studied the accuracy of those 
different methods in predicting individual non- 
epiphysiodesed bones (femora and tibiae) and the short limb 
lengths at skeletal maturity using radiographs of 60 patients 
treated for LLD. Greulich and Pyle atlas was used for the 
determination of skeletal age. The average error and standard 
deviation in predicting the length of the short limb (femur + 
tibia) at maturity was 2.5 ± 1.6 cm (95 % CI 6.3 cm) and 
2.7 ± 1.8 cm (95 % CI 7.1 cm) for the multiplier method 
using chronologic or skeletal age respectively, 2.8 ± 2.3 cm 
(95 % CI 9.1 cm) and 2.6 ± 1.6 cm (95 % CI 6.3 cm) for 
Anderson method and Moseley’s graph respectively. The 
multiplier method using chronologic age over-predicted 
58 % of the maturity lengths of the normal non- epiphysiodesed 
and short bones (mean 1.1 cm; range 0.1–8 cm), under- 
predicted 39 % (mean 1.1 cm; range 0.1–4.2 cm), and exactly 
predicted 3 %. The accuracy of the multiplier method varied 
by chronologic age. The highest prediction error was at 5 
years or younger for both boys and girls. The lowest error 
was at age 9 years for boys and 7 years for girls. Another 
noticeable increase in error occurred during the adolescent 
period for both sexes. Therefore, the best time to predict limb 
lengths is between the ages of 7 and 9 years. This is consis-
tent with the fi ndings of Anderson et al. [ 22 ] who observed 
greater variability of growth, based on chronologic age, after 
age 9 years for girls and 12 years for boys, with maximum 
variability occurring at approximately age 11 years in girls 
and 13 years in boys. Several factors contribute to this vari-
ability as the individual differences in in the extent and the 
chronologic age of the occurrence of the pubertal growth 
spurt [ 22 ], the deviation between chronologic age and skel-
etal age which starts around the beginning of the pubertal 
growth spurt [ 22 ,  36 ] and inaccuracies in the determination 
of skeletal age [ 35 ]. Therefore, the use of skeletal age in 

stead of chronologic age would be recommended or girls 
who are older than 9 years and boys who are older than 12 
years. 

 In the second part, they compared the multiplier method 
using the chronologic age and the skeletal age to Moseley’ 
method in predicting post-epiphysiodesis LLD and the epi-
physiodesed limb length at maturity. The average error in 
predicting the epiphysiodesed limb length at maturity was 
exactly the same among the three methods, 1.6 ± 1.2 cm 
(95 % CI 4.7 cm). The average error in predicting the fi nal 
LLD at maturity following epiphysiodesis was 0.9 ± 0.69 cm 
(95 % CI 2.6 cm) and 1 ± 0.72 cm (95 % CI 2.7 cm) for the 
multiplier method using chronologic and skeletal age respec-
tively and 1.3 ± 0.93 cm (95 % CI 3.6 cm) for Moseley’s 
method.  

    Recommendations 

 The evidence for the use of any growth prediction method 
compared to the other is still very limited and inconsistent. 
Additional research work with higher levels of evidence and 
superior methodology is required to compare different meth-
ods used to study the future growth of the lower extremities. 
Furthermore, the determination of the skeletal maturation 
stage and the skeletal age seems to be the most confl icting 
and the major source of error. The interobserver reliability of 
using Greulich and Pyle atlas seems to be questionable [ 27 , 
 35 ]. This reliability might be increased by the use of a modi-
fi ed short version, the shorthand bone age assessment 
method, which determines a single radiographic criterion 
from Greulich and Pyle atlas for males between the ages of 
12.5 to 16 years and females from 10 to 16 years [ 29 ]. The 
interobserver agreement seems to be higher with the use of 
Sauvegrain’s method based on elbow radiographs compared 
to Greulich and Pyle method and it allows assessment of the 
skeletal age in 6-months interval during the pubertal growth 
spurt which is advantageous. 

 Growth curves are not linear in particular during the 
pubertal growth spurt period in which physeal growth arrest 
procedure are usually indicated [ 22 ,  25 ]. Moreover, growth 
percentile might change during the rapid phase of the puber-
tal growth spurt. This is mostly due to the inherent inaccura-
cies and diffi culties in the determination of the stage of 
skeletal maturity and due to the presence of great individual 
variability of growth rates during this interesting phase [ 22 , 
 23 ]. Therefore, it might be more accurate and consistent to 
assess the individual relative size or growth percentile and to 
predict the fi nal limb length at maturity during the steady 
phase of growth between the age of 7–9 years [ 25 ,  45 ]. 

 Finally, racial, ethnic and generational differences do 
exist in skeletal growth and should be known and taken in 
consideration [ 36 ,  39 ,  40 ]. More research is needed 
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 incorporating growth data from different racial and ethnic 
backgrounds to refi ne the current growth charts and tables. 
On the other hand, factors like illness, nutrition, level of 
activity and socioeconomic level might change the growth 
percentile and should be studied and taken in account [ 36 ] 
(Table  46.6  ) .
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      Evidence-Based Treatment of Accessory 
Navicular Bone                     

     Ling     Hong     Lee      and     Akinwande     Adedapo    

    Abstract  

  Accessory navicular bone is a normal variant which can cause symptoms. Various operative 
and non operative treatments are used to improve symptoms. There is lack of good quality 
published literature on either non-operative or operative management. It is generally agreed 
that non-operative management in the form of symptomatic control, orthoses and physio-
therapy is the fi rst line of treatment method. Surgical options include excision of the acces-
sory navicular bone, excision with posterior tibialis tendon reconstruction, arthrodesis of 
the accessory to the anatomical navicular and percutaneous drilling. Flat foot deformity 
should be assessed because of its potential role in the development of symptoms and need 
to be managed together with the accessory navicular bone.  

  Keywords  

  Accessory navicular   •   Accessory tarsal navicular   •   Prehallux   •   Accessory scaphoid   •   Os 
tibiale externum   •   Os naviculare secundarium   •   Navicular secundum   •   Adolescent  

      Background 

 Accessory navicular bone is a normal anatomic variant 
 usually located medial and plantar in relation to the anatomi-
cal navicular bone. The navicular bone is the last tarsal bone 
to ossify, occurring between the age 1–3 year in girls and 
3–5 year in boys. The accessory navicular bone ossifi es even 
later. A proportion persists through adult life [ 1 ]. 

 In the modern English literature, accessory navicular 
bone is further divided into three types according to location 
and relationship with the navicular bone. Type 1 is a small 
round ossicle within the substance of the posterior tibialis 
tendon, Type 2 is larger triangular shaped and connected to 
the navicular by a cartilaginous or fi brocartilaginous syn-
chondrosis whereas Type 3 is a cornuate shaped navicular 

following the fusion between the accessory and the anatomi-
cal navicular bones (Fig.  47.1 ).

   The incidence and frequency of types varies according to 
geographical and age group population studies. Corkun et al. 
found 11 % of 650 Turkish adult displayed radiographic 
appearance of accessory navicular bone with similar  distribution 
within the three types (33 %, 31 % and 46 % respectively) [ 2 ]. 

 In a study of 148 patients younger than 18 year old with 
accessory navicular bone in Korea, there were more patients 
exhibiting Type 2 variant (76 % vs 15 % Type 1, 9 % Type 3) 
and 87 % of patients had bilateral accessory navicular bone [ 3 ].  

    Why Does It Become a Problem? 

 There are arguments for a traumatic origin with repetitive 
chronic stress. Histological examination showed areas of 
microfracture with acute and chronic infl ammation and 
 tissue cellular proliferation around the synchondrosis [ 4 ]. 
In this case, the accessory navicular bone is acting as an 
 irritant. On the other hand, there are also proponents of an 
inbuilt anatomical anomaly or abnormal posterior tibialis 
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tendon insertion with abnormal tissue between the accessory 
and navicular bones [ 5 ]. 

 Accessory navicular bone can become symptomatic with 
or without trauma [ 6 ,  7 ]. Pain is usually over the enlarged 
area of accessory navicular on the medial aspect of foot just 
at the insertion of posterior tibialis tendon. Tight shoes, 
walking and exercise exacerbate pain. There is increased 
pain with resisted inversion of the foot. 

 External oblique (medial to lateral) plain radiograph com-
plements the dorsoplantar view in diagnosing the accessory 
navicular bone. Magnetic resonance imaging is sensitive in 
showing marrow oedema in symptomatic adolescents. The 
marrow oedema also diminishes following the relief of 
symptoms after non-operative management [ 8 ]. Technetium 
bone scan is sensitive in showing increased tracer uptake but 
not specifi c because half of asymptomatic patients demon-
strate the similar features of symptomatic patients [ 9 ].  

    How to Treat Symptomatic Accessory 
Navicular Bone 

    Non-operative Management 

 Non-operative management including symptomatic manage-
ment in the form of soft pads between the foot and sole of 

shoe, footwear modifi cation, physiotherapy, orthoses to off- 
load midfoot and oral anti-infl ammatory can be effective 
even for active adolescent [ 10 – 12 ]. Non-operative treatments 
are usually individualised according to patient and provider 
factors and there is no known literature on the most effective 
or widely agreed non-operative protocol or comparison 
against operative treatment. Most authors tried at least three 
months of non-operative management before proceeding 
with surgery [ 6 ,  7 ,  12 – 17 ]. 

    Injection 
 We could not fi nd published English literature using digital 
search engines on the topic of effi cacy of injection in the 
management of symptomatic accessory navicular bone.  

    Surgery 
 Surgery aims to improve pain by removing the accessory 
bone or stabilising the synchondrosis and protecting the pos-
terior tibialis tendon. Most common accessory navicular 
bone requiring surgery was Type 2. Table  47.1  summarises 
the references discussed below.

     Excision 
 Bennett et al. recommended excision surgery with repair of 
the posterior tibialis tendon without advancement due to its 
simplicity and low rate of complication [ 18 ] (Fig.  47.2 ). 

  Fig. 47.1    Types of accessory navicular bone       
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They observed that 77 % of patients reported ‘excellent’ out-
comes after an average 12 years (range from 2 to 22 years). 
This was subjective patient rating of having ‘painless feet 
and had no shoeware problems’. Seven percent of the patients 
reported less than good outcome; experiencing ‘mild foot 
pain with activity but not restricting activity plus or minus 
shoeware modifi cation’ or ‘moderate foot pain restricting 
activity plus or minus shoeware modifi cation’.

   Kiter et al. reported on the outcome of excision of the 
accessory bone plus rasping of the remaining bone in patients 
aged 14–36 year old [ 12 ]. After a mean of three years 
(range 2–5), 11 out of 17 reported no pain, no restriction to 
activity and no shoewear modifi cation. Excision resulted in 
improvement of pain and footwear, but it was noticed that 
patients with fl atfoot and not able to perform single-heel rise 
test before the surgery still could not perform the test after 
surgery [ 12 ,  16 ]. This may be due to the older population in 
their studies. Following this observation, Kiter et al. sug-
gested that excision alone is unwise in patient fl atfoot [ 12 ].  

   Kidner Procedure 
 Kidner procedure involved shelling out of the accessory 
navicular bone and release of posterior tibialis tendon inser-
tion with a thin layer of bone which is then reattached to the 
undersurface of the navicular body [ 19 ]. Modifi cations of the 

technique of tendon release and fi xation is recognised. 
Patients were immobilised in below knee cast following this 
procedure for 4–6 weeks [ 7 ,  13 – 15 ,  17 ,  19 ,  20 ]. Series of 
patients undergoing excision of accessory navicular and reat-
tachment of posterior tibialis tendon reported ‘good’ results 
and improved AOFAS midfoot scores [ 15 ,  17 ]. Despite reat-
tachment of the tendon, Prichasuk and Sinphurmsukskul 
only observed that three out of 25 patients with fl exible fl at-
foot had improved arch after the surgery [ 17 ]. Similar to 
some reports, their patients included patients of older aged 
group [ 12 ,  16 ].  

   Excision vs. Kidner Procedure 
 Macnicol and Voutsinas reported positive outcomes in 
patients with symptomatic accessory navicular undergoing 
Kidner procedure or simply excision [ 7 ]. Both groups of 
patients experienced improvement in pain. In contrast to 
other more recent reports [ 12 ,  16 ,  17 ], 14 of 26 fl atfeet 
improved in shape following Kidner procedure. However, 
there were more complaints of protracted medial pain post-
operatively after Kidner procedure [ 7 ]. 

 There were improvements in study methodology in the 
recent years. In a prospective non-randomised comparison of 
25 consecutive excisions with postoperative insoles and 25 
consecutive Kidner procedures with postoperative casting, 

  Fig. 47.2    Excision and reattach-
ment of accessory navicular bone       
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Cha et al. reported improvement in both AOFAS midfoot 
scores and Visual Analogue Scale for pain with no statistical 
signifi cance between both groups [ 13 ]. They also reported 
similar rate of restoration of medial longitudinal arch in both 
groups. 

 In another retrospective study, Pretell-Mazzini et al. 
reported no statistically signifi cant difference in the subjec-
tive reported outcomes between patients undergoing exci-
sion (93 % good-to-excellent outcome) or Kidner procedure 
(83 % good-to-excellent outcome) [ 20 ]. They also reported 
more complications in patients undergoing Kidner procedure 
namely painful scar and tendinitis. There were four reopera-
tions for painful scar, three of which following Kidner 
procedure.  

   Arthrodesis 
 Scott et al. prospectively evaluated 20 patients undergoing 
fusion of the accessory navicular using 3.5 mm cannulated 
screw [ 19 ]. The surgical technique was changed to a modi-
fi ed Kidner procedure after 10 patients due to technical dif-
fi culty where the large size of the metalwork split the 
accessory bone. Comparison of the two groups of surgical 
technique showed improvement in the fi nal AOFAS midfoot 
scores but not statistically different. They noted three cases 
of progressive loss of the medial longitudinal arch with 
recalcitrant medial midfoot pain in the Kidner group.  

   Percutaneous Drilling 
 Nakayama et al. experienced non-union and metalware com-
plications after attempted fusion using screw [ 6 ]. Hence, 
they performed percutaneous drilling under radiological 
guidance. A 1.0 mm K-wire was introduced from posterior 
prominence on the accessory navicular to the primary navic-
ular through the synchondrosis at fi ve to seven points. The 
foot was then immobilised a below knee cast for 3 weeks. 
Their 29 subjects consisted of adolescents aged 10–18 and 
79 % reported returning to sports within three months. There 
were 43 % cases reported to be non-union but all reported 
improvement in symptoms (92 % good to excellent, 8 % 
fair). No patients reported a worse outcome or complication. 
One potential disadvantage of this procedure was there may 
be residual symptom from the prominent bone [ 21 ] but 
which may also not be solved by excision [ 18 ,  22 ].    

    Accessory Navicular and Flatfoot 

 A patient with fl atfoot and symptomatic accessory navicular 
bone can present challenge to treatment, partly due to incom-
plete understanding of the cause and effect relationship 

between these two Phenomena. In the adolescence, 
 non- operative management would aim to correct the fl atfoot 
with symptomatic relief of the accessory navicular in parallel 
with the natural development of the medial longitudinal arch. 
In cases of protracted symptoms, Garras et al. retrospectively 
reported improved AOFAS hindfoot and VAS scores at least 
2 years after subtalar arthroereisis performed with modifi ed 
Kidner procedure in patients with fl exible fl atfoot aged 
between 10 year old and 27 year old [ 14 ]. In the younger 
patient group aged 10–16 year old with severe fl exible fl at-
foot, modifi ed Kidner procedure was supplemented with 
calcaneo-cuboid-cuneiform osteotomy [ 23 ]. Post-operative 
outcomes in pain, appearance and functional capacity were 
signifi cantly improved at one-year follow-up.  

    Prognosis 

 Majority of patient satisfaction at one-year following surgery 
for symptomatic accessory navicular were favourable in case 
series reporting on surgical outcomes following a period of 
non-operative management [ 6 ,  7 ,  12 – 20 ,  23 ]. There had been 
no demonstrable signifi cant difference in the outcomes 
between excision surgery and Kidner procedure. However, 
one need to consider there is no good quality study to support 
or dispute surgery or non-operative management. Most stud-
ies were limited in the small number of cases, long duration 
of patient recruitment, heterogenous patient characteristics 
and variations of named procedure. 

 Common complications following excision or Kidner 
procedure were residual prominence, scar problems such as 
pain, superfi cial wound infl ammation and recurrence of 
accessory navicular [ 7 ,  18 ,  20 – 22 ]. 

 Table  47.2  provides a list of recommendations for treat-
ment of accessory navicular bone.

   Table 47.2    Table of recommendation   

 Statement 
 Grade of 
recommendation 

 First line treatment for symptomatic accessory 
navicular bone in paediatric patients is 
non-operative 

 C 

 Associated fl atfoot deformity is a predictor of 
less favourable outcome with surgery and may 
require treatment as well 

 I 

 Excision is the preferred surgical option for 
symptomatic accessory navicular 

 B 

 Percutaneous drilling is an effective, least 
invasive surgery for symptomatic Type 2 
accessory navicular 

 I 
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      Evidence-Based Treatment of Ingrown 
Toenails                     

     Arif     Razak      and     Mubashshar     Ahmad    

    Abstract  

  Ingrown toenail is a common condition affecting toenails causing infl ammation and pain. It 
is caused by the edge of the nail growing into the surrounding soft tissue. In this chapter we 
appraised the evidence that underpin the current approaches and we concluded that surgical 
treatments are superior to non surgical ones in term of recurrence rates (grade B). The use 
of chemical ablation reduces the recurrences rates regardless of the surgical interventions 
(grade B). Wedge excision is the fi rst line of surgical treatment (grade C). Phenol chemical 
ablation has been the most widely used ablating agent and it should be compared to other 
agents in more robust studies.  

  Keywords  

  Ingrowing toenail   •   Ingrown toenail   •   Painful toenail   •   Infected toenail  

      Background 

 Ingrown toenails are a common condition in adolescent and 
young adults. The nail plate penetrates into the skin causing 
foreign body infl ammation which is presented as redness, 
pain, and swelling (Fig.  48.1 ) [ 1 ]. The big toe is the most 
commonly affected [ 2 ]. The aetiology is not fully identifi ed 
and often there is no evident cause. Several causes have been 
implicated including improper nail trimming, tight fi tting 
shoes, trauma, genetic predisposition and familial causes [ 3 ]. 
The incidence is not known as a large proportion does not 
come to medical attention. There is no racial or gender pre-
dilection and teenage seems to be the commonest age to be 
involved.

   Ingrown toenail can be classifi ed into 3 stages. Stage 1 is 
characterised by pain and infl ammation. Stage 2 is essen-
tially stage 1 with infection. Stage 3 is stage 2 with lateral 
nail fold hypertrophy [ 2 ]. 

 Patients seek treatment when become symptomatic. 
Treatments options vary depending on the severity of the 
condition, previous treatment, frequency of recurrence and 
the healthcare provider expertise. Various surgical and non- 
surgical treatments have been advocated but there is a lack of 
evidence-based hierarchical indications for these treatments 
[ 4 ]. General hygienic measures are essential for successful 
treatment whether surgical or non surgical. They are also 
important in reducing the risk of infection and recurrence 
following surgery [ 5 ].  

    What Non-operative Methods Have Been 
Described in the Literature ?  

 The main principle of non-operative treatments is to prevent 
any physical contact between the nail edge and its nail fold. 
This will reduce the pressure in the surrounding soft tissue to 
allow for the infl ammation and pain to settle down. 

 Cotton wool pledgets or wisps can be placed underneath 
the ingrown nail edge (Fig.  48.2 ). Senapati described their 
technique, which involved cutting the nail straight across, 
placing a small piece of cotton wool under the free corner of 
the nail and cauterising the granulation tissue with a silver 
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nitrate stick. They quoted a success rate of 79 % at mean of 
23.7 weeks follow up [ 6 ]. Connolly and Fitzgerald used 
 cotton wool pledgets in children with 72 % success rate at 
mean of 2.5 years follow up [ 7 ].

   Toe taping is another alternative, where an elastic adhe-
sive tape is used to pull the affected nail fold away from the 
lateral nail edge. It may take away the pain instantly. 
However, the symptoms can easily recur if the taping treat-
ment is discontinued early. The usual length of time for this 
treatment is around 2 months. The success rate of this tech-
nique was reported to be less than 50 % [ 8 ,  9 ]. Tsunoda et al. 
showed that 265 out of their 541 patients who were treated 
with taping required additional treatment [ 9 ]. 

 Splints such as gutter or resin splints have been described 
in the literature. They are affi xed to the nail edge and this 
allows the nail edge to grow over the nail fold. Hence, the 
treatment sometimes takes several months to complete [ 10 ]. 
Matsumoto study quoted resin splint recurrence rate as 8.2 % 
with average duration of splint placement of 9.3 months [ 11 ] 
(Fig.  48.3 ).

   Shape-memory alloy was recently developed in Korea 
and reviewed by Park et al. [ 12 ] in their short-term study. 

They claimed that its application is simple. The alloy has a 
hook at each end, which hold onto the nail edge keeping it 
away from the nail fold. In 24 patients (31 nails) who were 
treated with these alloys the recurrence rate for stage 1, 2 and 
3 was 22.2 %, 33.3 % and 14.2 % respectively. One patient 
lost his nail. They claimed that they are simple to apply; they 
cause no deformity and patients have high satisfaction.  

    What Operative Methods Have Been 
Described in the Literature ?  

 Several surgical techniques have been described in the litera-
ture to treat ingrown toenails. This indicates that none of 
these techniques is clearly more successful than others. 
Newer techniques keep coming and rarely bring substantive 
progress [ 5 ]. Surgical approaches are usually fall in one of 
three categories:

    1.    Nail folds optimisation (Debulking of the hypertrophic 
nail fold and granulation tissue)   

   2.    Nail plate optimisation ( including nail matrix ablation)   
   3.    A combination of the above two approaches    

  The nail fold can be excised without disturbing the nail 
and its matrix. Several techniques have been described 
with slight modifi cation regarding the size, the direction of 
the incision and the amount of soft tissue excised [ 13 – 17 ]. 
The reported short term results are good however the long 
term results are often missing. A study in 50 children 
reported no recurrence with very high patient satisfaction 
[ 18 ]. Potential complications in this technique are bleed-
ing, nail deformity, and excessive granulation tissue. In 
another study, authors reported excellent short term results 
in 23 patients who were treated with foldplasty with no 
recurrences or severe complications over 12 months follow 
up period (Fig.  48.4 ).

   Simple nail removal, either part or all of the nail plate has 
a recurrence rate up to 70 % [ 5 ,  19 ,  20 ]. That is why the nail 
matrix is normally either excised or chemically destroyed 

  Fig. 48.1    Clinical photograph-ingrown toenail       

  Fig. 48.2    A drawing illustrating the cotton wall treatment         Fig. 48.3    Schematic illustration of gutter splint treatment       
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with either phenol or sodium hydroxide (corrosive base) as 
well. This is also known as matricectomy. 

 Total nail bed and matrix excision (Zadik’s operation) 
[ 21 ] has been promoted as the last resort treatment for 
patients with signifi cant morbidity associated with ingrown 
toe nail. However, the reported recurrence rates with total 
nail ablation are high (18–60 %) undermining the reasoning 
for the indication [ 22 ,  23 ]. 

 Partial excision of the nail and its matrix seems a less 
invasive intervention. This was fi rst described by Winograd 
[ 24 ] and subsequently underwent several modifi cations. The 
most common modifi cation in use is the wedge resection 
(Fig.  48.5 ). The nail plate edge is trimmed by about 2 mm 
and the matrix is destroyed surgically using a curette or 
blade. The reported recurrence rate varied from 16 % to 
30 % [ 25 ,  26 ].

   Physical and chemical cauterisations have been used to 
further ensure complete destruction of the matrix and 
reduce the risk of recurrence. The addition of [ 27 ] Phenol 
has been shown to have better short and long term results 
compared to matrix surgical excision alone [ 4 ,  25 ,  28 – 33 ]. 
Phenol is widely used in practice compared to sodium 
hydroxide and both have good comparable results com-
pared to matrix excision only [ 23 ,  34 ]. Bostanci et al. 
reviewed these two chemical agents in their patients and 
found that sodium hydroxide causes less postoperative 
morbidity and provides faster recovery [ 20 ]. Cryotherapy 
and electrocautery are another treatment options for 
matricectomy with low recurrence rates reported by 
Küçüktaş [ 35 ]. Matrix phenolisation however had reduced 
healing time compared to matrix electrocautery in a study 
by Misiak [ 36 ].  

    What Is the Best Treatment for Ingrown 
Toenail? 

 In the previous sections we presented the most commonly 
used treatments (surgical and non surgical) for ingrown 
toenails with brief description, pros and cons. In a compre-
hensive systematic review and meta-analysis published by 
Cochrane library, Eekhof et al. compared the outcomes of 
these treatments [ 4 ]. Twenty-four randomised controlled 
trials were included with a total of 2826 participants. Five 
studies investigated various non surgical treatments and 19 
studied surgical treatments. Recurrence rate was the com-
monest outcome used. They found surgical treatments in 
general were superior to non surgical ones in term of recur-
rence rates (13 % versus 32 % respectively). The use of 
chemical ablation seems to reduce the recurrences rates 
regardless the surgical interventions although the compar-
atives varied. The crude recurrence rates were 20 % in 
wedge resection alone. The addition of chemical will 
reduce the recurrence rate to around 11 %. Moreover, 
wedge excision achieved similar recurrent rate as total 
avulsion of the nail [ 28 ] but performed better than foldo-
plasty [ 37 ] (Table  48.1 ).

  Fig. 48.4    Schematic illustration of a fusiform excision to reduce the 
hypertrophic nail fold       

  Fig. 48.5    Schematic illustration of wedge excision       

   Table 48.1    Table of recommendations   

 Statement 
 Grade of 
recommendation 

 Surgical treatments are superior to non surgical 
ones in term of recurrence rates 

 B 

 The use of chemical ablation reduce the 
recurrences rates regardless the surgical 
interventions 

 B 

 Wedge excision is the fi rst line surgical treatment  C 

 Phenol chemical ablation is superior to other 
chemical and physical ablating agents 

 I 
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      Evidence-Based Treatment of Deformity 
in Multiple Osteochondromatosis                     

     Daniel     Porter      and     Li     Fei    

    Abstract  

  Multiple Osteochondromatosis is a relatively common genetic orthopaedic condition. 
Although the molecular basis of inheritance is well established, clinical features are vari-
able. It is known that deformity can occur, however its natural history in relation to the 
presence of local exostoses is poorly understood. The literature review identifi es some fea-
tures of local deformity that suggest a causal effect however there are no level III studies. 
The result of exostosis excision has only been studied in the forearm in four case-series and 
the results are contradictory. In a proportion of patients an improvement may be expected 
to occur. Optimal timing of surgery in relation to patient age and degree of deformity has 
not been established. Downsides to excision surgery are chiefl y exostosis recurrence and 
failure to achieve the desired improvement in deformity.  

  Keywords  

  Multiple Osteochondromatosis   •   Deformity   •   Excision  

      Introduction 

 Multiple Osteochondromatosis (MO) (hereditary multiple 
exostoses, multiple hereditary exostoses, multiple cartilagi-
nous exostoses, diaphyseal aclasis) is an inherited condition 
affecting 1/50,000 individuals which results in a combina-
tion of osteochondromas (characteristic tumours) and growth 
disturbance (characteristic skeletal dysplasias). In this regard 
the condition is unique – the most comparable condition; 
Ollier’s disease, is not heritable. 

 Several theories regarding pathogenesis have been pro-
posed [ 1 ]. The genetic and behavioural characteristics of 
osteochondromas tend to support a neoplastic pathogenesis 
for the condition. If this were the sole driver of pathology, 
then growth disturbance would be secondary to osteochon-
droma development. However growth disturbance can itself 
is genetically determined (nail-patella syndrome, short 

 stature syndromes, and some congenital limb ‘failure of 
 formation’ syndromes). 

 This question is not esoteric, since a purely neoplastic 
pathogenesis of growth disturbance means that removal of 
local osteochondromas should remove the stimulus for 
growth disturbance, hence halting the progress of deformity. 
On the other hand, a genetic process causing growth 
 disturbance via a wider ‘fi eld-change’ effect would not be 
ameliorated by removal of a local osteochondroma (Figs.  49.1  
and  49.2  ) .

    A fi eld-change effect could cause both an increase in local 
osteochondroma formation and growth disturbance. Hence 
local osteochondroma ‘burden’ might be associated with 
deformity without invoking ‘cause and effect’. A putative 
‘post-axial’ (ulnar and fi bular) preference for a ‘fi eld-change’ 
effect would result both in greater osteochondroma volume 
and the genetic effect would then result in more exostoses 
and a shorter ulna. However this theory becomes more dif-
fi cult to sustain if some patients are observed to have a ‘pre- 
axial’ preference and others a post-axial one. This is 
especially so of different preferences were to be observed in 
opposite limbs of the same patient; in this case a neoplastic 
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pathogenesis for local growth disturbance becomes more 
likely. 

 Solitary osteochondromas are not hereditary, but they 
appear identical to osteochondromas arising in the multiple 
form. Several studies have suggested that bi-allelic muta-
tions can be found in solitary osteochondromas, however this 
is not ubiquitous and perhaps other non-EXT pathways are 
involved in the development of these benign tumours [ 2 ]. 
Nevertheless, their clinical behaviour and pathological fea-
tures are indistinguishable from those in MO. The clonal 
nature of neoplasia means that the formation of a solitary 
osteochondroma will initially involve a genetic change in a 
single cell of the chondral mesenchyme of the peripheral 
physis. A fi eld change is unlikely to be responsible as there is 
no germline defect such as occurs in MO. Hence growth dis-
turbance caused by a solitary exostosis cannot easily invoke 
a fi eld-change effect to explain its occurrence. Consequently, 
studies which identify growth disturbance in solitary exosto-
ses can shed important light on the same effect in MO. 

 When a child with MO presents, the parents wish to know 
what the future is likely to hold. Without an understanding of 
pathogenesis there can be no certain advice about preventing 
the growth disturbance which in some children can be severe. 
If evidence favours solely a neoplastic pathogenesis then the 
surgeon will choose to remove exostoses in association with 
deformity as they develop at key sites (eg distal forearm, dis-
tal tibia and fi bula). He/she may even decide NOT to remove 
some exostoses if that decision might result in more bal-
anced growth disturbance affecting paired bones. On the 
other hand, if evidence favoured a fi eld-change effect, then 
removal of exostoses could not be justifi ed on grounds of 
amelioration of the disease process, only in order to reduce 
pain, improve range of movement or cosmesis. Finally it is 
possible that there is a mixed aetiology for growth distur-
bance; in which a fi eld-change effect might cause growth 
restriction at preferred sites in the absence of osteochondro-
mas yet additionally a local effect of a large osteochondroma 
could modify that effect. In that situation advice to parents 

  Fig. 49.1    A plain radiograph of a patient with multiple bony exostosis       
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about the result of surgery would be more guarded, and allow 
for both possibilities. If it is believed that the excision of 
exostoses might reduce growth-disturbance effects, then the 
question of timing (early or late) becomes important since 
early exostoses are confl uent with the growth plate, but later 
ones may have already resulted in signifi cant deformity.  

    Questions 

 Faced with a child with an established or developing growth 
disturbance at one of several sites (distal forearm, proximal 
femur, around the knee, distal tibia/fi bula) and one or more 

local exostoses which are not of themselves painful or caus-
ing signifi cant loss of function, the surgeon has the option to 
either to remove the local exostosis and observe the effect, or 
to remain vigilant and undertake deformity-correction sur-
gery at a later date. The purpose of this review is to seek 
evidence to help the surgeon in this decision-making 
process. 

 Key questions to answer therefore are:

    1.    Are local exostoses associated CAUSALLY with local 
growth disturbance?   

   2.    Does excision of exostoses result in amelioration of 
growth disturbance?   

  Fig. 49.2    Plain radiograph of a 
patient with MO and deformity 
of lower limbs. This patient with 
multiple bony exostosis 
developed left tibia knee valgus 
deformity and leg length 
discrepancy He was treated with 
guided growth using 8 plates       
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   3.    Is early removal better than awaiting the onset of distur-
bance prior to excision?   

   4.    Even if excision does ameliorate the pace of deformity, 
are there balancing risks to consider?      

    Levels of Evidence 

 MO is a rare condition. Even the largest tertiary medical cen-
tres are unlikely to treat enough patients to allow for inter- 
subject randomisation. However intra-subject randomisation 
might be achievable, for example with one limb acting as a 
control. It is recognised, however, that most if not all studies 
are likely to provide Level IV evidence only. 

 Most research into MO is based on an investigation at an 
anatomical location. Hence we fi ltered our search to identify 
publications which had both a diagnosis under the headings 
below AND an anatomical location as shown in Table  49.1 .

   This review has used Endnote® software (Thomson 
Scientifi c Inc) to identify publications found in Medline, 
PUBMED or EMBase at all time periods. Following dele-
tion of duplications in each set and cross-set, this search 
generated searchable references and abstracts (Table  49.1 ). 
Each abstract was read to identify whether a growth-distur-
bance effect of MO might be identifi ed within the publica-
tion. Single case-reports were included since it was 
anticipated that the quality of evidence would not exceed 
level IV. Full texts were sought and read (Table  49.1 ) in 
order to populate the data fi elds in Table   50    .3, on which evi-
dence the discussion section is written. In reading these full-
texts, where reference was made to a publication of 
importance not already identifi ed in the search, these were 
also sought and read and added to the database under the 
heading ‘General’ (Table  49.1 ). 

 There are no level I, II or III studies which address the 
question of growth disturbance in MO. Almost all evidence 
is found in case reports and case series. There are a very few 
retrospectively acquired longitudinal studies and two retro-
spective case-control study which do not reach the quality 
standard for classifi cation at level III (Table  49.2 ).

       Discussion 

 The Literature review identifi ed 16 publications in which 
there was no description of deformity [ 1 ,  3 ,  14 ,  18 ,  20 ,  28 , 
 49 ,  51 ,  58 ,  65 – 67 ,  73 ,  79 ,  83 ,  94 ]. These could provide no 
evidence to assist in answering our key questions 

    Are Local Exostoses Associated CAUSALLY 
with Local Growth Disturbance? 

 Most paediatric surgeons will have seen with their own eyes 
some evidence of deformity in children with MO. However 
it is necessary from time to time to review the published data 
which supports such beliefs. In this regard, a total of 8 papers 
reported exostoses, without deformity of signifi cance. These 
included case reports of single exostoses, for example intra- 
articular acetabular lesions [ 6 ,  30 ], larger metaphyseal soli-
tary exostoses [ 34 ,  40 ,  44 ,  52 ] and ‘post-traumatic’ exostoses 
[ 41 ,  50 ]. There were no reports in patients with MO in whom 
deformity could be defi nitely excluded. 

 In contrast multiple reports described exostoses in which 
deformity existed in some form. These included 10 in which 
deformity may be a misnomer – occurring simply due to 
physical pressure from an exostosis such as dislocation of 
the radial head due to the presence of a large proximal radial 

      Table 49.1    Summary of keywords and search output   

 Diagnostic keyword  Anatomical keyword  Total number of abstracts 
 Full texts for Tables  49.2  
And  49.3  Below 

 Cartilaginous exostoses  Forearm  74  32 

 Diaphyseal aclasia  Ulna  94  9 

 Diaphyseal aclasis  Radius  32  1 

 Exostoses  Elbow  101  6 

 Hereditary multiple exostoses  Wrist  37  1 

 Hereditary multiple exostosis  Lower limb  21  0 

 Multiple cartilaginous exostoses  Hip  269  18 

 Multiple hereditary  exostoses   Ankle  211  18 

 Multiple osteochondroma  Knee  233  6 

 Multiple osteochondromas  Tibia  109  5 

 Multiple osteochondromatosis  Fibula  82  15 

 Femur  68  7 

 Femoral  94  5 

 Malleolar  8  3 

 General  11 
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or ulnar exostosis [ 5 ,  21 ], fi bular indentation effects [ 17 ,  23 , 
 32 ,  72 ,  84 ] or hip joint subluxation [ 37 ,  57 ,  91 ]. A further 37 
reported deformity in MO without pressure-effects, but in 
which a detailed description of local exostoses was absent 
and hence no assessment of exostosis effect could be made. 
These reports included 2 papers about stature in MO [ 19 ,  77 ] 
and 35 in which MO was associated with ulnar shortening [ 8 , 
 9 ,  11 ,  16 ,  24 ,  35 ,  38 ,  45 ,  48 ,  55 ,  61 ,  78 ,  81 ,  82 ,  85 – 89 ,  92 , 
 95 ], fi bular shortening [ 10 ,  26 ,  29 ,  39 ,  54 ,  56 ,  63 ,  64 ], coxa 
valga [ 27 ,  46 ,  90 ,  93 ] or genu valgum [ 53 ,  56 ]. 

 Solitary exostoses are very common, and have no herita-
ble component. Six papers indentifi ed 8 patients with soli-
tary exostoses who also exhibited local deformity. These 
included coxa valga [ 62 ,  71 ], antecurvatum and genu valgum 
in the distal femur [ 4 ,  25 ], ulnar shortening [ 33 ] and phalan-
geal valgus [ 42 ]. Their association with deformity is moder-
ately strong evidence in favour of a local exostosis effect. 

 One study measured forearm length in MO compared 
with control patients. The authors found both short radius 
and short ulna compared to controls, and that the presence of 
exostoses did not correlate with the degree of shortening, 
suggesting that in MO there is a general fi eld-change effect 
whch results in shorter limbs. However forearms which had 
only isolated radial exostoses had normal forearm lengths 
compared to controls [ 13 ]. This paper provides moderately 
strong evidence for a fi eld-change effect on forearm growth 
in MO, but does not exclude the possibility that local exosto-
ses might also exert differential growth effects on the radius 
and ulna. 

 A study of fi bular shortening in MO identifi ed 2 cases 
with an enormous tibial exostosis alone [ 43 ]. This local 
effect might be explained by lateral tethering but provides 
weak evidence against a local effect of osteochodromas on 
growth at the ankle. 

 MO is a germline condition. An association of local 
deformity and local exostoses in paired bones of the forearm 
or leg, where no deformity occurs in the absence of exosto-
ses is evidence of a CAUSAL association since the effect is 
diffi cult to explain by means of a fi eld-change. In the upper 
limb, a Taniguchi type IIIA forearm has a short radius rather 
than ulna. Several authors correlate the presence of radial 
exostoses with this type of deformity [ 12 ,  31 ,  47 ,  59 ]. One 
series of 76 forearms for radiographic analysis showed 
shorter ulnae with in patients with ulnar exostoses compared 
to those with radial exostoses, although no statistical analy-
sis was performed [ 31 ]. In a study of 10 forearms, relative 
shortening of forearm bones depended on the relative exos-
tosis burden on each bone [ 59 ]. At the ankle, the presence of 
fi bular exostoses was associated with a greater degree of val-
gus and more rapid deterioration in deformity [ 80 ]. The lon-
gitudinal nature of this study provides moderately strong 

evidence that fi bular exostoses resulted in more rapid fi bular 
shortening 

 A similar differential effect around the hip was seen in 
one study; the degree of acetabular deformity was directly 
associated with peri-acetabular exostosis burden, whereas 
the degree of coxa valga was associated with proximal femo-
ral exostosis burden [ 60 ]. 

 Reports which show different effects on left and right 
sides of the body related to the presence or absence of exos-
toses also provide weak evidence in favour of a local growth- 
disturbing effect [ 47 ,  70 ]. 

 In a reports derived from a large cross-sectional study of 
172 patients with MO, number of distal femoral exostoses 
was an independent factor for the degree of knee valgus in a 
multivariate analysis where germline mutation and gender 
were included [ 22 ]. This constitutes weak evidence for a 
CAUSAL association.  

    Does Excision of Exostoses Result 
in Amelioration of Growth Disturbance in MO? 

 Publications which can address this question require a lon-
gitudinal component in which the only treatment is exosto-
sis excision. No studies could be found with a control 
group. 

 One study of 11 forearms in 10 patients found that the 
mean values for wrist anatomical parameters of deformity 
deteriorated (but not-signifi cantly) following excision sur-
gery. Mean age was 11 (range 5–16). Length of follow-up 
was unknown [ 7 ]. This study constitutes weak evidence 
against excision for deformity amelioration. 

 One study of 22 patients with forearm exostoses (mean 
age 9 and follow up 2–9 years) states in the abstract that exci-
sion of exostoses ‘will not halt progression of the disease’. In 
the results section it is stated that ‘radiological parameters 
did not change signifi cantly’. There was no tabulated data 
[ 69 ]. This study constitutes weak evidence against excision 
for deformity amelioration. 

 In contrast longitudinal evidence of an ameliorating 
effect of excision on future deformity was found in two 
studies: 

 One study of forearm deformity found that where single 
ulnar exostoses were the main radiographic features, (6 
cases) their removal resulted in a signifi cant improvement in 
relative ulnar shortening and radial bow after follow-up 
24–97 months. However in forearms with touching radial 
and ulnar exostoses (8 cases) excision did not result in 
improvement [ 36 ]. In a separate paper a further single case 
of radial exostosis excision resulted in improvement in radial 
shortening after 19 months [ 47 ].  
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    Is Early Removal Better than Awaiting 
the Onset of Disturbance Prior to Excision? 

 The evidence from studies quoted above is of poor quality 
and does not allow a confi dent assertion on timing of surgery. 
The patients in whom parameter of deformity improved after 
excision already had marked deformity at the time of sur-
gery. Age ranged from 4 to 12 years [ 36 ,  47 ].  

    Even If Excision Does Ameliorate the Pace 
of Deformity, Are There Balancing Risks 
to Consider? 

 Studies are lacking which report symptoms in patients who 
had excision to prevent future deformity. One study in 
which 36 MO patients had forearm exostoses removed for 
pain rather than ‘prevention of abnormal growth patterns’ 
resulted in generally satisfi ed patients by telephone 
 questionnaire at minimum 2 year follow-up [ 8 ]. Risk of 
recurrence is signifi cant, especially if the exostosis is close 
to the growth plate. Risk of recurrence in the forearm is 
36–57% [ 36 ,  69 ].   

    Future Questions 

 With only three level IV publications observing the result of 
excision on growth disturbance, the primary question has not 
yet been answered with satisfaction. The inclusion of a con-
trol group, or a contra-lateral control would add to the 
strength of evidence.  

    Summary 

 There is no evidence that a policy to remove widespread 
exostoses as they form can arrest the development of short 
limbs or short stature which is a manifestation of 
MO. However the balance of evidence is in favour of a local 
effect of osteochondroma growth on deformity, which also 
allows for the possibility of an additional more general ‘fi eld 
change’ effect on overall skeletal growth. 

 The effect of excision of exostoses on developing defor-
mity has only been studied in the forearm. There is some 
evidence that local excision surgery in childhood can arrest 
or even improve established local deformity, but by no means 
in all cases. It is not clear whether failure is due to inadequate 
excision, a defective physis which is already established or 
other unknown factors. Parents should be counselled that 
excision for prevention of future deformity has only a low to 
moderate chance of success, but occasionally has the poten-
tial to reverse deformity which has already occurred. Apart 

from failure to achieve the desired improvement in defor-
mity, risks are only those which pertain to excision of exos-
toses in general (Table  49.3 ).
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for Musculoskeletal Disorders 
in Children with Down’s Syndrome                     
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    Abstract  

  Down’s syndrome is one of the most common chromosomal abnormalities in humans, 
occurring in approximately 1 in 1000 live births. Of the orthopaedic manifestations that can 
occur in these patients, hip instability, patellofemoral instability and atlanto-axial 
instability. 

 Ligamentous laxity, hypotonia, and joint hypermobility are thought to be primary causes. 
However, other patho-anatomical factors seem to play important roles. In the following 
chapter, we examined the evidence behind current treatments of the hip and patellofemoral 
instabilities.  

  Keywords  

  Trisomy 21   •   Down’s syndrome   •   Hip dysplasia   •   Hip dislocation   •   Hip instability   • 
  Dislocation   •   Pelvic osteotomy   •   Patellofemoral instability   •   Patellar instability   •   Patellar 
dislocation   •   Patellofemoral dislocation  

      Background 

 Down’s syndrome or trisomy 21 is the commonest chromo-
somal disorder (1 in 1000) and sufferers have learning dis-
abilities and a cluster of medical problems including cardiac 
anomalies, musculoskeletal problems, thyroid disorders, 
immunological and haematological disorders. Not all 
patients show every disorder and there is variation in the 
severity of these conditions among children with Down’s 
syndrome. 

 Among the several musculoskeletal problems that a child 
with Down’s syndrome can have, three are considered the 
most signifi cant namely hip instability, recurrent patellar dis-
location and atlanto-axial instability. The main focus of this 
chapter is on hip instability and patellofemoral instability. 
Nevertheless, surgeons and anesthetists should consider 

atlanto-axial instability in every child with Down’s syn-
drome (Fig.  50.1 ).

       Hip Instability in Down’s syndrome 

 Hip dysplasia and instability is not common in children with 
Down’s syndrome; about 1 to 7 % develops hip instability 
between walking age and adolescence. Although this is usu-
ally attributed to the generalized ligament laxity and hypoto-
nia, other anatomical abnormalities may play roles [ 1 ]. 
Femoral anteversion is moderately increased and there is 
usually a near normal neck shaft angle [ 2 – 4 ]. The acetabu-
lum is retroverted in part due to a defi cient posterior wall 
(Fig.  50.2 ). Over time the centre-edge angle reduces and the 
tear drop widens as the hip starts to sublux [ 2 ,  4 ,  5 ]. If the hip 
remains untreated, a stiff, dislocated and painful hip will 
cause signifi cant functional impairment (Fig.  50.3 ) [ 6 ,  7 ].

    Hresko et al. [ 6 ] studied the natural history of hip dyspla-
sia in Down syndrome in 65 adults and found walking ability 
decreased markedly with age. Even in those with normal 
hips, 12 of 13 were still able to walk at the age of 40 years, 
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  Fig. 50.1    Atlanto-axial instability in a child with Down’s syndrome       
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but by the age of 60 to 70 years only half were community 
ambulators. In contrast, patients with hip disease could not 
function as community ambulators after the age of 30 years. 

 Bennet et al. [ 7 ] recognised three phases in the natural 
history of hip subluxation in Down’s syndrome. Initial phase 
(<2 years old): the hips are stable but there are features of 
hypermobility, and walking is usually delayed. Dislocation 
phase (2–10 years): the hip spontaneously begins to dislocate 

in a particular position without trauma and tends to sponta-
neously reduce (Fig.  50.4 ). Children may be brought for 
treatment at this stage because of clicking, an increasing 
limp or a complaint of giving way. Subluxation phase 
(>10 years): the hip starts to decentre and progressive acetab-
ular dysplasia develops. Fixed phase (>15 years): if untreated, 
the hip invariably develops a painful fi xed dislocation by the 
time the patient is in his late ‘teens or early twenties.

   Bennet reviewed a series of 28 patients (45 hips) with 
Down’s syndrome who were treated for hip dislocations. A 
variety of methods were utilized including closed reduction 
and hip spica [ 5 ], capsular plication [ 2 ], femoral osteotomy 
and capsular plication [ 3 ]; Innominate osteotomy and capsu-
lar plication [ 4 ], Chiari osteotomy [ 4 ], Schantz osteotomies 
[ 1 ] femoral osteotomies [ 9 ], one in conjunction with a dou-
ble pelvic osteotomy. Infection rate was high at 19 % and 
treatment was successful in only half of cases. They con-
cluded that a bony procedure in isolation is insuffi cient. 
Capsular plication combined with femoral +/− pelvic oste-
otomy yielded the best results but even this was associated 
with a 50 % failure rate. They also found open operative 
intervention is required following poor results with closed 
reduction and spica and that Knight et al. [ 8 ] published a 
single surgeon series of 9 children (16 hips) with Down’s 
syndrome. Patients were 5–7 years old at surgery with a 
mean follow-up of 5 years. All had a femoral varus derota-
tion osteotomy to reduce the neck shaft angle (NSA) from a 
mean of 166° to 106°. In 2 hips, intra-operative instability 

  Fig. 50.2    Left acetabular dysplasia in a child with Down’s syndrome       

  Fig. 50.3    Long-standing dislocated hips in a child with Down’s 
syndrome       
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remained, requiring immediate periacetabular osteotomy 
and capsulorraphy. Postoperatively, all patients demonstrated 
an asymptomatic waddling gait, which persisted in 1 
 individual. Two patients had implant-related fractures, one 
hip developed arthritis and no hips redislocated. They con-
cluded that performing a varus osteotomy to reduce the NSA 
to around 105° is effective treatment for hip dislocation in 
children with Down’s syndrome who are under 7 years old. 
Implants should be removed at the appropriate time. 

 Sankar et al. [ 9 ] reviewed their experience of 35 hips in 29 
patients (mean age 11.8 years). Twenty-fi ve hips underwent a 
redirectional pelvic osteotomy (periacetabular or triple osteot-
omy) and 10 hips underwent a varus femoral osteotomy +/− 
Dega or shelf acetabuloplasty (Fig.  50.5 ). Although hips that 
underwent a redirectional pelvic osteotomy were radiologically 

worse, they had a better outcome with 92 % remaining stable. In 
contrast to 50 % only of dislocated hips remained stable follow-
ing femoral osteotomy +/− acetabuloplasty.

   In summary, hip instability and subsequent dislocation in 
children with Down’s syndrome is an extremely challenging 
condition. Strong evidence to support various interventions or 
no intervention is lacking. Ambulation would be poor if hips 
are left unreduced (grade C). Closed reduction of the dislo-
cated hip is insuffi cient, as is isolated capsular plication (grade 
B/C). In a young child (<7 years of age), a femoral varus oste-
otomy with judicious derotation, combined with an acetabular 
procedure (should instability persist) is recommended. In the 
older child, a redirectional pelvic osteotomy is required due to 
the defi cient posterior wall and acetabular retroversion +/− 
femoral varus osteotomy (grade C). Post- operative infection is 
higher than normal and implants should be removed to mini-
mize the risk of an implant-related fracture.  

    Patellofemoral Instability in Down’s 
Syndrome 

 Patellofemoral instability prevalence children with Down’s 
syndrome ranges between 4 and 8 % and it can be debilitat-
ing [ 10 ,  11 ]. It often causes recurrent falls, pain, poor quality 
of life. As with many other musculoskeletal manifestations 
of Down’s syndrome, ligamentous laxity, hypotonia, and 
joint hypermobility are thought to be primary causes. An 
increase in the Q angle and dysplasia of the trochlear groove 
may also play a role [ 11 ,  12 ]. 

 Dugdale and Renshaw [ 11 ] divided patellofemoral insta-
bility in patients with Down’s syndrome into different grades 
by the degree of laxity (Table  50.1 ). Aside from this original 
paper, other have used this classifi cation system [ 13 ,  14 ] 
when studying patellofemoral instability/dislocation in 
Down syndrome.

      Is There Any Role for Non-operative 
Treatment? 

 There is limited published evidence regarding non-operative 
treatment for this condition. In a review article detailing 
orthopaedic manifestations of Down’s syndrome, Caird et al. 
[ 15 ] generally recommend non operative treatment for patel-
lofemoral instability in Down’s syndrome patients as a fi rst 
line treatment, especially in the initial phases, with low 
degrees of patellofemoral instability (grade II), no pain, and 
scarce functional disability. The treatment modalities include 
the knee sleeve and activity modifi cation. Additionally, if pes 
planus is a component of the problem, arch supports are rec-
ommended. Quadriceps strengthening exercises and patellar 
stabilising braces may be of benefi t to some individuals. 

  Fig. 50.4    Dislocatable right hip in a child with Down’s syndrome       
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 Mendez et al. [ 16 ] found that nonsurgical treatments, 
including physical therapy and orthotics, were effective in 
maintaining or improving ambulation in most patients who 
were ambulatory before treatment. In this particular retro-
spective study, twenty-six dislocatable or dislocated patellae 
(type III, IV and V) were seen in 16 patients with Down’s 
syndrome. Non operative treatment either maintained or 
improved the ambulatory status in 67 % of these knees with 
either fair or good ambulation. However, 80 % of the knees 
with poor ambulation did not improve. Operative treatment 

resulted in good ambulatory ability in 86 % of the knees with 
fair or poor preoperative ambulatory status. As such, in knees 
without signifi cant deformity, the authors recommended sur-
gical treatment, with attention paid to soft-tissue balancing 
and repositioning of the insertion of the patellar tendon. 
They did caution that degenerative arthritis eventually devel-
oped in patients with underlying deformities, despite the 
method of treatment of patellofemoral instability.  

    What Are the Operative Outcomes in Treating 
Patellofemoral Instability and Dislocation 
in Down Syndrome? 

 Despite the relative frequency of patellofemoral instability in 
Down’s syndrome, there is little analysis in the literature, 
especially with regards to its surgical treatment. Several sur-
gical techniques have been proposed, and the series reported 
in the literature are scarcely homogeneous in terms of proce-
dures performed. A summary of operative outcomes is pre-
sented in Table  50.2 . This represents the studies undertaken 
within the last 10 years.

   As previously mentioned, in most knees presenting with 
fair or poor ambulatory status, conservative treatment has 
shown to be ineffective [ 16 ], and surgery is indicated. A 

  Fig. 50.5    Dislocatable right hip in a child with Down’s syndrome treated with femoral VDRO and Dega pelvic osteotomy       

   Table 50.1    Patellofemoral stages according to Dugdale and 
Renshaw [ 11 ]   

 Grades  Description 

 I  Stable patellofemoral joint 

 II  Unstable or subluxed patella: patella subluxates 
laterally more than one half the patella width but does 
not dislocate 

 III  Dislocatable patella: the patella may be dislocated 
during examination 

 IV  Dislocated reducible patella: the patella is already 
dislocated, but the condition reversed manually 

 V  Dislocated irreducible patella: permanent loss of 
normal patellofemoral articular relationship, that cannot 
be reduced manually 
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 lateral retinacular release (LRR) can be performed [ 17 ]. 
Nevertheless, the long-term results reported in the literature 
for cases of unstable or hypermobile patellae treated by LRR 
are not satisfactory in about 50 % of the cases [ 18 ,  19 ]. This 
indicates that, particularly in patients with marked ligamen-
tous laxity, LRR may not be suffi cient, since it may actually 
worsen patellar instability. 

 In a growing child, surgical options for the transfer of the 
origin of the patellar tendon are limited by the open growth 
plate. Some authors have commented that depending on the 
degree of quadriceps dysfunction, lateral retinacular release, 
medial vector augmentation and patellar tendon alignment 
should be combined. Joo et al. [ 20 ] found the lateral patellar 
retinaculum, fascial bands and vastus lateralis to be very 
tight and vastus medialis was so defi cient, that suffi cient 
muscle advancement was not possible. The Insall technique 
[ 21 ] provided a secure repair which reduced the tension of 
the suture line to a minimum in their patients. 

 In addition, Joo et al. [ 20 ] reported their early results of the 
‘four-in-one’ procedure in younger children in whom patellar 
dislocation with ligamentous laxity and trochlear dysplasia. 
The procedure included lateral release, proximal ‘tube’ realign-
ment of the patella, semitendinosus tenodesis, and transfer of 
the patella tendon. Of the patients involved in the study, two 
patients had Down’s syndrome. Mean follow up was 47 months. 
Post operatively, both had normal patella tracking. Outcomes 
were good and excellent, with both patients at fi nal follow up 
having Type A trochlea dysplasia (Dejour classifi cation) (see 
Fig. 12.1). One of the two patients had a dislocatable patella 
with forceful lateral stress. However, no dislocations occurred 
during voluntary full knee movement. Complications occurred 
in one patient, this was marginal skin necrosis. This healed 
after debridement and secondary closure. 

 Bettuzzi et al. [ 13 ] published on six children with Down’s 
syndrome treated with a modifi ed Roux Goldthwait Campbell 
procedure, in which parents of fi ve children were satisfi ed 
with the outcome. Complete relief was achieved in one, and 
decrease of frequency of complaint was achieved in another. 
Falls during daily activities disappeared or decreased in all 
cases. However, limping persisted in two cases. No signs of 
recurrence of dislocation were noted over a mean follow up 
of 8 years and 8 months. An improved modifi ed Lysholm 
Knee Scoring Scale was seen overall but care must be taken 
with this interpretation, as this scoring system is not vali-
dated in this cohort of patients. Furthermore, the authors 
found that the more severe grades of patella instability were 
associated with worse functional scores in comparison with 
less severe cases, consistent with other reports [ 20 ,  22 ]. With 
this fi nding the authors concluded that surgery should be rec-
ommended in cases presenting with good/fair function and 
little or no pain, particularly in younger children, to avoid 
progression towards higher grades of instability and func-
tional worsening. 

 In addition to surgical intervention discussed, Kocon et al. 
[ 14 ] undertook a study to evaluate the mid-term results surgi-
cal intervention. Their inclusion criteria were as follows:

    1.    Irreducible or recurrent patellar dislocation   
   2.    Unsuccessful conservative treatment   
   3.    Knee pain   
   4.    Signifi cant limitation of locomotors abilities because of 

patellar instability   
   5.    Associated diagnosis of Down’s syndrome    

  Operative treatment involved Green’s quadricepsplasty in 
six patients (eight knees). This involved a LRR, transfer of 
the medial head of quadriceps on the lateral part of the patella 
and a duplication of the medial patella retinaculum and joint 
capsule. In two cases, this was augmented with a dynamic 
correction of the knee extension mechanism – modifi ed 
Galeazzi technique [ 23 ]. The two cases augmented were 
slightly older than the other patients in the study. Overall, 
80 % of operated knees had a satisfactory result, defi ned 
when the correction of the position of the patella was 
achieved, resulting in an improvement in gait and mobility. 
Uneventful wound healing and no complaints during follow 
up were additional requirements for a satisfactory result. 
Eight knees had Green’s procedure, in which two (25 %) 
were unsatisfactory. Both patients who underwent Green’s 
and modifi ed Galeazzi procedures had satisfactory results. 
The follow up for the latter was only 14 and 13 months, 
respectively. Whereas the average follow up for the patients 
having undergone Green’s procedure was 45 months. Eight 
out of ten knees operated on had improved regarding patellar 
stability according to the Dugdale classifi cation. Two 
patients, both group IV, remained in the same group follow-
ing surgery. Authors concluded that Green’s procedure in 
younger children led to satisfactory mid-term results. 
Whereas, in older children, Green’s combined with a modi-
fi ed Galleazzi procedure may give more favourable results. 
However, this statement was made on very small numbers 
and the authors acknowledge the need for further experience 
to support this. 

 In conclusion, few studies have investigated this condi-
tion; the majority Level IV evidence. Further studies with 
longer follow up in children with Down syndrome and patel-
lar instability are needed to determine the indications for 
non-operative and operative management of this condition, 
as well as more valid outcomes.       
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      Epilogue                     

     James     S.     Huntley     ,     Sattar     Alshryda     , 
and     Paul     Banaszkiewicz    

    Abstract  

  We have been delighted to learn so much by virtue of the evidence elucidated (and recom-
mendations made) by our co-authors. Conversely, in a few areas where we thought the 
subject might have advanced, we have been reassured that we are at least up to date. In set-
ting out the state of the evidence for our subspecialty, we hope to have also provided a 
resource for discussion and a basis for future research.  

  Keywords  

  Evidence-based medicine   •   Paediatric orthopaedics   •   Levels of evidence   •   Systematic review   
•   PICO   •   Grade of recommendation  

   We have been delighted to learn so much by virtue of the 
evidence elucidated (and recommendations made) by our co- 
authors. Conversely, in a few areas where we thought the 
subject might have advanced, we have been reassured that 
we are at least up to date. In setting out the state of the evi-
dence for our subspecialty, we hope to have also provided a 
resource for discussion and a basis for future research. 

 In the introduction, we sketched out the evidence-based 
approach to topic areas: ‘A clearly defi ned relevant question 
is required, followed serially by (i) identifi cation of the stud-
ies/evidence by a thorough search of the literature, (ii) a criti-
cal appraisal of available evidence and its applicability to the 
clinical situation, and (iii) a balanced conclusion to the clini-
cal problem and particular patient’ [ 1 ]. We have encouraged 
a pragmatic approach, not as exhaustive as a formal system-
atic review [ 2 ], to help practicing surgeons derive evidence- 

based answers to important clinical questions [ 3 ]. As in an 
earlier text, the  Evidence for orthopaedics  [ 4 ], we advocated 
appraisal of the literature with assignation of levels of evi-
dence and, for each Chapter a focussed summary ‘Grades of 
recommendation’ table. The importance and practicalities of 
assignation of levels of evidence [ 5 ] were broached in Chap. 
  2     on critical appraisal [ 6 ]. 

 The subject matter is diverse and, as with most multi- author 
texts, there is heterogeneity of approach and depth. Authors 
vary in their perceptions and experience of evidence- based 
medicine, and modes of analysis of the literature. For some 
topic areas, a major problem is formulating the right question(s) 
[ 7 ]. As put eloquently in  Think like a freak  [ 8 ]: ‘ Before spend-
ing all your time and resources, it’s incredibly important to 
properly defi ne the problem-or, better yet,   re  defi ne the prob-
lem. ’ Depending on the material to be addressed (but especially 
if the topic area is broad), a rapid scoping review, ‘ mapping the 
existing literature or evidence base ’ [ 9 ] may be a useful ante-
cedent to defi ning the parameters of a more formal subsequent 
review (eg question based on PICO format:  p opulation,  i nter-
vention,  c omparison,  o utcomes). In addition to the PICO for-
mula, it is worth recognising that advice for resource-rich 
environments may differ substantially from that for resource-
poor ones ie that the study  setting  can be important too [ 10 ]. 

 Since the early 2000s, the reporting of levels of evidence 
linked to paediatric orthopaedic studies has yet to be associated 

        J.  S.   Huntley      (*) 
  Sidra Medical & Research Center ,   Doha ,  Qatar   
 e-mail: huntleyjs@gmail.com   

    S.   Alshryda      
  Royal Manchester Children’s Hospital ,   Manchester ,  UK   
 e-mail: Sattar.alshryda@cmft.nhs.uk   

    P.   Banaszkiewicz      
  Queen Elizabeth Hospital ,   Gateshead ,  UK   
 e-mail: pbanaszkiewicz@hotmail.com  

  51

http://dx.doi.org/10.1007/978-3-319-41142-2_2
mailto:huntleyjs@gmail.com
mailto:Sattar.alshryda@cmft.nhs.uk
mailto:pbanaszkiewicz@hotmail.com


530

with an increase in the proportionate quality of evidence  per se  
[ 11 ]. An analysis of data from the  Journal of Paediatric 
Orthopaedics  2009–2013 was interpreted as refl ecting a trend 
in overall improvement in methodology, though this was 
largely as a result of the increase of self assignation of level of 
evidence, rather than a demonstrable change in proportions of 
higher level studies performed [ 12 ]. 

 Grades of recommendation are fundamentally linked to 
levels of evidence – but the level of evidence is not the only 
important factor. For instance, in the treatment of simple bone 
cysts [ 13 ], percutaneous injection of steroid is superior to bone 
marrow on the basis of level 1 evidence (Grade recommenda-
tion assigned: B). Other interventions (eg curettage with or 
without grafting) may be superior but are accorded only Grade 
C. How then to advise the patient with a bone cyst? Of course, 
surgical decision-making (itself prone to bias) places the 
patient at the centre: it depends on the particular patient, the 
situation, the alternatives, and the benefi ts/risks. 

 The point is that there can be a difference between quality 
of evidence and strength of recommendation. This has been 
addressed by the GRADE ( G rading of  R ecommendations, 
 A ssessment,  D evelopment and  E valuation) group [ 7 ,  10 ,  14 –
 16 ]. Within the GRADE system there are four levels of evi-
dence (similar to those elaborated by [ 5 ]):  high ,  moderate , 
 low , and  very low . However, beyond the initial level alloca-
tion dictated by study design, there are fi ve reasons to down-
grade quality of evidence:  high likelihood of bias, indirectness 
of evidence, inconsistency of results, imprecision of results, 
high likelihood of publication bias ) [ 10 ,  17 ]. Conversely, 
there are also reasons to upgrade quality of evidence:  large 
effect, dose-response, all plausible confounding would reduce 
a demonstrated effect or would suggest a spurious effect when 
results show no effect . In any case, the grading of recommen-
dations remains a subjective process. Certainly we have 
argued the distinction between B and C on several occasions, 
enough perhaps to propose the great fudge – an extra grade: 
‘the B/C borderline’. It may be that in future, there is a better 
way to formulate Grades of recommendation. 

 With the growth in the surgical literature, there will be an 
ongoing requirement to critically appraise and abstract the 
evidence. In the future, evidence-based tomes such as this 
may become more formulaic and protocol-driven [ 18 ], mini-
mizing risks of error and bias. There may be benefi ts to a 
stricter data extraction and review methodology, such as the 
more intensive approach of the PRISMA guidelines for sys-
tematic review [ 2 ]. Equally such an extended approach may 
confer untenable costs. 

 In the opening chapter of  Think like a freak , the authors’ 
remark: 

 ‘The fact is that solving problems is hard… …it takes a 
lot of time to track down, organize, and analyse the data to 
answer even one small question well.’ [ 19 ]. A conservative 
estimate of 60 h work per chapter suggests upwards of 
3000 h for this book. It is not just time; it is the time of 

 practitioners with relevant expertise, itself a tightly limited 
resource. We record our immense gratitude to the authors for 
their labour in thinking, drafting, arguing, revising, and 
proofi ng – all freely given. This has truly been a collabora-
tive and collective endeavour.     
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 autograft 

 irradiated or pasteurized , 439  
 non-vascularised autograft , 440  
 vascularised grafts , 439, 440  

 distraction osteogenesis , 440  
 osteoarticular allograft , 441  
 transepiphyseal resection , 441  

   Blount’s disease 
 adolescent Blounts    (see  Adolescent Blounts )  
 bowed legs , 133  
 differential diagnosis , 134  
 indications , 133  
 infantile    (see  Infantile )  
 measurements 

 angular , 134, 135  
 EMA , 134  
 MDA , 133, 134  
 radiographic , 134  
 TFA , 133, 134  

   Bone marrow injection , 425–429  
   Bone tumours 

 clinical history , 435  
 computed tomography , 435  
 Enneking system for malignant tumours , 437  
 functional imaging 

 biopsy , 436  
 bone scan , 436  

 cultures , 436–437  
 PET , 436  

 leukaemia , 435  
 magnetic resonance imaging , 435  
 myeloproliferative disorder , 435  
 primary tumours of 

 adamantinoma , 434  
 chondrosarcoma , 434  
 EWS , 433–434  
 LCH , 434  
 osteosarcoma , 433  

 prognostic factors , 437  
 radiation therapy , 438  
 secondary tumours of 

 lymphoma , 434–435  
 neuroblastoma , 435  

 surgical treatment 
 planning , 438–439  
 quality of life (QOL) , 438  
 reconstruction    (see  Reconstruction, bone tumours )  
 resection , 439  

 systemic staging 
 CT imaging , 436  
 genetic testing , 436  
 laboratory investigations , 435–436  

 treatment , 437–438  
 x-ray , 435  

   Botulinum toxin (BTX) , 365  
  Clostridium botulinum   ,  369  
 equinus deformity , 376–377  
 search strategy , 370–372  

   Botulinum toxin A (BoNT-A) , 185, 370, 397  
 injection , 157  
 lower limb spasticity , 365  
 upper limb 

 complications and side effects , 395–396  
 future research , 396  
 indications and aims of , 394  
 optimal dose, frequency and post injection 

therapy , 394–395  
 use of , 394  

   British Orthopaedic Association Standards for Trauma (BOAST) 
guidelines , 307  

   Bryant vertical overhead traction , 92  
   BTX-A   . See  Botulinum toxin A (BoNT-A) 
   Burst fractures , 271–273  

    C 
  CA   . See  Critical appraisal (CA) 
   Calcaneal axis-fi rst metatarsal base angle (CAMBA) , 162  
   Calcaneal osteotomy , 178, 179, 181, 186–188, 385, 388  
   Calcaneal pitch , 183, 184, 188  
   Calcaneofi bular (CFL) ligaments , 193  
   Calcaneonavicular coalitions 

 children with , 176  
 diagnosis , 176  
 non-operative treatment , 177  
 operative treatment , 177–180  

   Canadian C-spine rule , 266  
   Capsulotomy , 62, 111, 163, 170  
   Caregiver Priorities & Child Health Index of Life with Disabilities 

(CP CHILD) , 218  
   Catterall classifi cation , 44, 48  
   Cavendish classifi cation , 287, 288  
   CDK   . See  Congenital dislocation of the knee (CDK) 
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   Cerebral palsy (CP) , 217–218, 225  
 gait analysis 

 adequate stride length , 362  
 clearance in swing , 362  
 energy consumption , 362  
 foot preposition , 362  
 gait patterns , 362  
 stability , 362  
 surgical management of , 362–363  

 upper limb 
 age , 397  
 Botulinum Toxin A    (see  Botulinum Toxin A )  
 surgical intervention , 396–397  

   Cervical spine injuries 
 AARF , 269–271  
 AOD , 268  
 atlanto-axial injuries , 269  
 atlas fractures , 268  
 lower , 271  
 non-surgical management of 

 apophyseal injuries , 273  
 burst fractures , 272–273  
 compression fractures , 272  
 fl exion-distraction injuries , 273  
 fracture dislocations , 273  
 spondylolysis and spondylolisthesis , 273  
 thoracolumbar , 272  
 thoracolumbar injury management , 273–274  

 occipital condyle fractures , 268  
 odontoid epiphysiolysis , 269  
 SCIWORA , 271–272  

   Cervico-diaphyseal angle (CDA) , 103  
   CFD   . See  Congenital femoral defi ciency (CFD) 
   Chance fracture , 273  
   Charcot-Marie-Tooth (CMT) disease , 183, 185–189  
   Checklist, CA 

 case control studies , 11–12  
 case reports , 9  
 case series , 10  
 cohort studies , 12  
 cross-sectional studies , 10–11  
 RCTs , 13–16  

   Child Health Quality of Life Outcome (QOL) , 231  
   Childhood hip disorders   . See  Developmental dysplasia 

of the hip (DDH); Slipped upper femoral 
epiphysis (SUFE) 

   Children 
 ankle fractures in    (see  Ankle fractures, in children )  
 with calcaneonavicular coalitions , 176, 179–180  
 FAI in    (see  Femoro-acetabular impingement (FAI) )  
 forearm fractures 

 elastic nailing , 348, 349  
 incidence , 347  
 open reduction and internal fi xation , 348, 349  
 operative intervention , 348  
 ORIF and ESIN , 348, 350, 351  
 single elastic nail , 350, 351  
 surgical intervention , 348, 350  

 patello-femoral instability    (see  Patello-femoral instability )  
 Pes cavus in , 183  
 talocalcaneal coalitions , 181  
 wrist fractures    (see  Wrist fractures )  

   Chondrolysis (CL) , 52, 53, 67  
   Chondrosarcoma , 429, 434  
   Circumferential fusion (CF) , 245, 247, 250, 252  
   Cleary and Omer classifi cation, 326 

   Cleidocranial dysostosis , 279  
   Closed reduction and internal fi xation 

(CRIF) , 142  
   Closed reduction and percutaneous 

pinning (CRPP) , 306  
    Clostridium botulinum   ,  369  
   Clubfoot , 176  

 Botulinum toxin , 157  
 casting 

 application below/above knee , 155  
 changes in , 155–156  
 materials , 154–155  
 required for correction of deformity , 156  

 characteristics , 151  
 clinical photographs , 151, 152  
 complex idiopathic , 151  

 defi nition , 158  
 treatment for , 158  

 congenital limb deformity , 151  
 idiopathic 

 isolated anomaly in normal child , 151  
 treatment , 152–153  

 incidence , 151  
 late presenting , 153–154  
 non-idiopathic , 151  

 treatment , 158–159  
 recommendations , 159  
 relapse, treatment for , 157–158  
 TAT , 156–157  
 treatment timings , 154  

   Cochrane Database , 184  
   Cochrane Q test , 16  
   Coleman block test , 185, 186  
   Complex idiopathic clubfoot (CIC) , 151, 152  

 defi nition , 158  
 treatment for , 158  

   Compression fractures , 271, 272  
   Computed tomography (CT) scan , 141, 178, 194, 266, 

268, 273, 279, 289, 312, 319, 403, 423, 435, 
436, 454, 456  

 ankle fractures, in children , 198–199  
 atlanto-axial rotatory fi xation , 270  
 bilateral calcaneonavicular tarsal 

coalition , 176, 177  
 bilateral defect of pars interarticularis , 238  
 burst fractures , 271, 272  
 child with FAI , 85, 86  
 lower limbs assessing TGTT distance , 116, 117  
 physeal ankle fracture , 452–453  
 spondylolysis , 239  
 talocalcaneal tarsal coalition , 176, 177  

   Congenital clavicular pseudarthrosis 
 aetiology , 279  
 case series and retrospective comparative 

studies , 280–283  
 differential diagnosis , 279  
 natural history of , 280  
 Pubmed database , 280  
 timing of surgery , 283–284  
 treatment for , 280, 283  

   Congenital coxa vara , 77  
   Congenital dislocation , 120–123  
   Congenital dislocation of the hip (CDH) , 37  
   Congenital dislocation of the knee (CDK) 

 AMC , 109  
 clinical presentation , 109  
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 Congenital dislocation of the knee (CDK) ( cont. ) 
 Finder classifi cation , 109, 110  
 Finder type I , 109, 111  
 incidence , 109  
 knee hyperextension , 109  
 Larsen’s syndrome , 109  
 MMC , 109  
 pathology , 109  
 syndromic knees and hips dislocations , 109, 110  
 treatment 

 early  vs.  late reduction , 110  
 factors affecting , 113  
 femoral shortening  vs.  open quadricepsplasty , 112–113  
 isolated  vs.  syndromic CDK , 110–111  
 percutaneous tenotomy  vs.  open quadricepsplasty , 111–112  

   Congenital femoral defi ciency (CFD) 
 ablative procedure , 74–75  
 characteristics , 71  
 defi ciency , 71  
 disorder in children , 72–73  
 femur lengthening 

 acetabular surgery , 72–73  
 discrepancy , 72  
 distal osteotomy , 73  
 factors , 72  
 knee joint spanned during , 74  
 obtaining , 75  
 proximal osteotomies , 73–74  
 rodding after , 74  

 history , 71  
 recommendations , 75  
 SUPERhip/SUPERknee procedure , 74  
 treatment-based classifi cation , 71–72  

   Congenital oblique talus , 161  
   Congenital radio-ulnar synostosis (CRUS) 

 Cleary and Omer classifi cation , 325–326  
 derotation osteotomy, radius and ulna , 327  
 embroyology , 324  
 genetic associations , 324–325  
 indications for surgery , 326  
 natural progression of disease , 325  
 search methodology , 323, 324  
 surgical release of 

 patient selection , 326  
 surgical technique , 326–327  

   Congenital scoliosis 
 abnormal vertebra , 229, 230  
 brace/cast treatment effective in , 230  
 defi nition , 229  
 factors , 229  
 growing rods , 234, 235  
 hemiepiphysiodesis , 231–232  
 hemivertebra excision , 232–233  
 in situ fusion , 230–231  
 management of , 229–230  
 recommendations , 235  
 surgical strategy , 233–234  
 VEPTR treatment , 234, 235  

   Congenital talipes equinovarus (CTEV)   . See  Clubfoot 
   Congenital vertical talus (CVT) 

 acquired , 161  
 Adelaar score of convex foot , 162  
 characteristics , 161  
 diagnostic criteria , 162  
  vs.  fl exible oblique talus , 162  
 incidence , 161  
 initial plan of treatment , 163  
 isolated talonavicular dislocation , 161  

 management 
 Dobbs technique , 163, 165  
 Ponseti principle , 163  
 recommendations , 165  
 single stage correction , 163, 164  

 modifi ed Laaveg-Ponseti questionnaire , 162  
 natural history of untreated , 162  
 neurogenic , 161  
 oncomitant calcaneocuboid dislocation , 161  
 poor prognosis , 166  
 rocker bottom deformity , 161  
  vs.  severe fl atfoot , 161  
 teratogenic , 161  

   Congential short femur (CSF)   . See  Congenital femoral 
defi ciency 

   Corrective osteotomy , 53, 136, 137, 317, 319, 456, 458  
   Corticosteroid injection , 425  
   Cosmetic deformity , 287, 289  
   Coxa vara 

 classifi cation , 77  
 developmental    (see  Developmental coxa vara (DCV) )  
 with neck shaft angle , 77, 78  

   CP   . See  Cerebral palsy (CP) 
   Critical appraisal (CA) 

 advanced , 9  
 bias , 5–6  
 levels of evidence hierarchy , 5, 6  
 for new reviewer , 6–7  

 discussion , 8  
 fi gures/tables/graph interpretation , 8  
 introduction , 7  
 methods , 7–8  
 results , 8  

 process of , 6  
 scientifi c manuscript , 6  
 study types 

 case control study , 11–12  
 case reports , 9  
 case series , 9–10  
 cohort studies , 12  
 cross-sectional studies , 10–11  
 qualitative research , 9  
 RCT    (see  Randomized controlled trials (RCTs) )  

   CRUS   . See  Congenital radio-ulnar synostosis (CRUS) 
   CVT   . See  Congenital vertical talus (CVT) 

    D 
  DDH   . See  Developmental dysplasia of the hip (DDH) 
   Defl azacort , 220  
   Dega pelvic osteotomy , 35–36, 73, 522, 523  
   Derotation osteotomy , 327, 364, 521  
   Developmental coxa vara (DCV) 

 clinical presentation , 79  
 history , 77  
 normal femoral development , 78  
 pathophysiology , 78–79  
 pitfalls , 80  
 radiological fi ndings , 79  
 treatment , 80  

   Developmental dysplasia of the hip (DDH) , 169  
 cause of FAI , 84  
 characteristics , 27  
 clinical examination , 19  

 abduction in fl exion , 20  
 Barlow and Ortolani tests , 20  
 early detection , 21  
 late presentation rates , 21  
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 leg length discrepancy , 20  
 of newborn , 27  
 thigh creases, asymmetry of , 20  
  vs.  ultrasound examination , 21–22  

 current screening programme 
 patient outcomes , 20–21  
 value of , 20  

 incidence , 19, 27  
 prevention , 23  
 recommendations , 24  
 treatment , 19–20  

 outcomes , 29  
 Pavlik harness , 20  
 principles , 19, 28  
 Severin classifi cation , 29  

 ultrasound examination , 19  
  vs.  clinical examination , 21–22  
 Graf classifi cation , 27, 28  
 selective screening programmes , 22  
 universal surveillance , 21–22  

   Developmental dysplasia of the hip (DDH) management 
 closed reduction , 32  
 dislocated hips 

 age limitation in , 37  
 AVN , 33  
 closed reduction of , 32  
 femoral osteotomies in treating , 36–37  
 open reduction of , 34  
 outcomes , 36  
 Pavlik harness treatment    (see  Pavlik harness )  
 pelvic osteotomies in treating , 35, 36  
 recommendations , 38  
 Von Rosen splint treatment , 30, 31  

 in infant , 29–32  
 open reduction , 33–37  

   Dias-Tachdjian classifi cation , 199–200  
   Dimeglio scores , 152, 154, 158  
   Distal femoral physeal injuries 

 reduction and operative fi xation , 141–142  
 risk factors , 143  
 surgical fi xation , 142–143  
 transphyseal pinning , 143  

   Distal femoral valgus deformity (DFVD) , 100  
   Distal radial fracture , 348, 354  
   Distraction osteogenesis , 440  
   Dobbs technique , 163, 165, 166  
   Down’s syndrome 

 atlanto-axial instability , 519, 520  
 hip instability 

 capsular plication , 521  
 Dega pelvic osteotomy , 522, 523  
 dislocation phase , 521, 522  
 femoral anteversion , 519  
 femoral varus derotation osteotomy , 521–522  
 femoral VDRO , 522, 523  
 fi xed phase , 521  
 initial phase , 521  
 left acetabular dysplasia , 519, 521  
 long-standing dislocation , 519, 521  
 pelvic osteotomy , 521  
 postoperative , 522  
 redirectional pelvic osteotomy , 522  
 subluxation phase , 521  

 patellofemoral instability 
 non-operative treatment , 522–523  
 operative outcomes , 523–525  
 Q angle and dysplasia , 522  

   Duchenne muscular dystrophy (DMD) , 214, 216, 217, 219–221, 224  
   Dunn osteotomy , 53, 62  

    E 
  Edinburgh visual gait score , 362  
   Elastic stable intramedullary nails (ESIN) , 91, 94, 

348, 350, 351  
 complication rates , 98  
 fl exible nailing in femoral facture , 95–97  
 locked  vs.  non locked , 96  
 mini-open  vs.  closed reduction technique , 96, 98  
 removal of , 98  
 titanium rods  vs.  stainless steel alloys , 96  
 in unstable femoral fractures , 95  

   Elbow fractures 
 lateral condyle fractures , 310  
 medial epicondyle fractures , 312–313  
 radial neck fractures , 310–311  
 supracondylar humeral fractures    (see  Supracondylar humeral 

fractures )  
 treatment of , 313, 314  

   EMBase , 15, 502  
   Endnote ®  software , 502  
   Endoprosthetic reconstruction (ER) , 441–443  
   Eosinophilic Granuloma (EG) , 434  
   Epiphyseal fractures , 197  
   Epiphyseal–metaphyseal angle (EMA) , 134  
   Epiphyseodiaphyseal fusion , 458  
   Epiphysiodesis , 53–55  

 current literature on , 461–463  
 Madelung’s deformity , 319  
 permanent , 458–459  
 surgical techniques , 457  
 temporary , 459, 461  

   Equino-cavo-varus deformity , 378–380  
   Equino-valgus and plano-valgus deformity , 380–382  
   Equinus deformity 

 Botulinum toxin , 376–377  
 with cerebral palsy , 376  
 gastrosoleus complex , 377  
 non-operative treatment , 376  
 spina bifi da , 383–384  
 surgical correction of , 378  

   ESIN   . See  Elastic stable intramedullary nails (ESIN) 
   Evidence-based medicine (EBM) , 3–4, 6  
   Ewing’s sarcoma (EWS) , 433–434, 436–438, 444  
   Ewing’s sarcoma family tumours (ESFT) , 433–434  
   Excision surgery , 488, 491–492  
   Extensor digitorum brevis (EDB) , 177  

    F 
  FAI   . See  Femoro-acetabular impingement (FAI) 
   Feet deformities 

 calcaneus deformity , 386–387  
 equino-cavo-varus deformity , 378–380  
 equino-valgus and plano-valgus deformity , 380–382  
 equinus deformity 

 Botulinum toxin , 376–377  
 with cerebral palsy , 376  
 gastrosoleus complex , 377  
 non-operative treatment , 376  
 surgical correction of , 378  

 hindfoot valgus , 387  
 with spina bifi da    (see  Spina bifi da )  
 vertical talus , 387  
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   Femoral fractures in children   . See  Paediatric diaphyseal femoral 
fractures 

   Femoral neck isthmic physis , 103  
   Femoral varus derotation osteotomy , 521–522  
   Femoro-acetabular impingement (FAI) , 53, 89  

 acetabular deformity , 83  
 acetabular dysplasia classifi cation , 84  
 assessment 

 alpha angle measurement , 85  
 AP radiographs of hip , 85  
 CT , 85, 86  
 hip arthroscopy , 85, 86  
 MRI and arthrogram , 85, 86  

 asymptomatic , 83  
 cam type , 83, 84  
 causes , 83  
 femoral head deformity , 84  
 femoral neck deformity , 84  
 management , 89  

 mini-open approach , 86, 87  
 non-operative , 86  
 severe OA , 86  
 surgical , 86–88  

 mixed , 83, 84  
 normal , 83, 84  
 pincer , 83, 84  
 predisposing factors 

 epidemiology , 84  
 symptoms , 84–85, 89  

 prognosis , 88–89  
 in teenagers and young adults , 83  

   Fibular hemimelia , 176  
   Fibula trans-sacral interbody fusion (TSIF) , 247–250  
   Field-change effect , 499–501  
   Fish osteotomies , 53  
   Flexible fl at foot 

 clinical pathologies , 172  
 defi nition , 171  
 development , 172  
 effect of shoe-wearing on , 173  
 incidence , 172  
 long-term effect , 173  
 management , 173  
 recommendations , 172  
 resolving on tip toeing , 171, 172  
 surgical treatment , 173  
 treatments , 173–174  

   Flexible intramedullary nailing (FIN) , 93, 94, 
96, 420, 428  

   Foot abduction brace , 156, 157  
   Foot abduction orthosis , 155, 157, 158  
   Foot function index (FFI) , 186, 187  
   Forearm fractures 

 elastic nailing , 348, 349  
 incidence , 347  
 open reduction and internal fi xation , 348, 349  
 operative intervention , 348  
 ORIF and ESIN , 348, 350, 351  
 single elastic nail , 350, 351  
 surgical intervention , 348, 350  

   Fractures around knee joints 
 anterior tibial spine fractures , 143–144  
 arthrofi brosis , 145–147  
 arthroscopic  vs.  open surgery , 145  
 distal femoral physeal injuries 

 risk factors , 143  
 surgical fi xation , 142–143  

 transphyseal pinning , 143  
 treated with reduction and operative fi xation , 141–142  

 growth arrest 
 recommendations , 143  
 risk factors , 142–143  

 recommendations , 143  
 screw fi xation  vs.  sutures , 145, 146  
 type II fractures, operative/nonoperative treatment , 144–145  

   French methods , 152–153  
   Functional rating system (FRS) , 153  

    G 
  Gait analysis (GA) 

 ankle equinus , 365  
 BtxA , 365  
 in cerebral palsy 

 adequate stride length , 362  
 clearance in swing , 362  
 energy consumption , 362  
 foot preposition , 362  
 gait patterns , 362  
 stability , 362  
 surgical management of , 362–363  

 defi nition , 361–362  
 Gait Scoring Systems , 363  
 IGA , 363, 364  
 internally rotated lower limb , 364  
 knee fl exion deformity , 364  
 SDR , 365–366  
 SEMLS , 364  
 stiff-knee gait , 364–365  

   Gait deviation index (GDI) , 363  
   Gait profi le score (GPS) , 363  
   Gait Scoring Systems , 363  
   Galeazzi fractures , 347, 353, 354  
   Galveston technique , 222–224  
   Ganz periacetabular osteotomy , 73  
   Ganz surgical dislocation , 53, 59  
   Giuffre-Tsukahara syndrome (GTS) , 324  
   Glenohumeral dysplasia 

 glenoplasty , 300  
 internal rotation humeral osteotomy , 300  
 natural history of , 297  
 open reduction , 299  
 prevention , 297  
 subscapularis and anterior capsule release , 299  

   Grading of Recommendations, Assessment, Development and 
Evaluation (GRADE) system , 530  

   Green and Anderson method , 481–484  
   Green-Phemister technique , 475  
   Green procedure , 289–290  
   Green’s quadricepsplasty , 525  
   Green stick fractures , 353  
   Greulich and Pyle atlas , 126, 477–479, 482–484  
   Greulich and Pyle method , 477–479  
   Grice-Green arthrodesis , 166  
   Grisel syndrome , 269  
   Gross Motor Function Classifi cation System (GMFCS) , 216, 371, 375  
   Guided growth 

 angular deformity , 464–465  
 LLD , 464  
 pathological physes , 465, 470  
 stapling  vs.  PETS , 465–467  
 stapling  vs.  8-plates , 465, 468–469  

   Gunstock deformity , 307, 308  
   Gutter splint treatment , 496  
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    H 
  Harris hip score (HHS) , 62  
   Head-shaft angle , 79  
   Heel bisector axis (HBA) , 167  
   Hemichondrodiastasis , 457  
   Hemiepiphysiodesis , 230–233, 235, 464, 465  
   Hemiplegic cerebral palsy , 362, 363, 479  
   Hemivertebra resection, congenital scoliosis , 232, 233, 235  
   Herring lateral pillar classifi cations , 44, 45  
   Hilgenreiner-epiphyseal angle (HEA) , 79, 80  
   Hip instability , 27  

 Down’s syndrome 
 capsular plication , 521  
 Dega pelvic osteotomy , 522, 523  
 dislocation phase , 521, 522  
 femoral anteversion , 519  
 femoral varus derotation osteotomy , 521–522  
 femoral VDRO , 522, 523  
 fi xed phase , 521  
 initial phase , 521  
 left acetabular dysplasia , 519, 521  
 long-standing dislocation , 519, 521  
 pelvic osteotomy , 521  
 postoperative , 522  
 redirectional pelvic osteotomy , 522  
 subluxation phase , 521  

 neonatal , 19  
 sonographic signs of , 29  

   Hip joint aspiration , 404  
   Hip knee ankle foot orthosis (HKAFO) , 135  
   Hip spica , 38, 53, 54, 91–93, 103, 142, 521  
   Horner’s Syndrome , 296  
   Hybrid techniques , 128, 129  
   Hybrid  vs.  pedicle screw fi xation , 221–222  
   Hypertrophic nail fold , 496, 497  

    I 
  Idiopathic clubfoot 

 isolated anomaly in normal child , 151  
 treatment , 152–153  

   Iliotibial band reconstruction , 127  
   Infantile Blounts disease 

 corrective osteotomy , 136, 137  
 defi nition , 135  
 Langenskiold staging , 135, 136  
 nonoperative treatment , 135–136  
 operative treatment 

 early stage , 136–137  
 late stage , 137–138  

   Inferior tibiofi bular joint (ITFJ) , 193  
   Ingrowing toenail 

 classifi cation , 495  
 non-operative methods , 495–496  
 operative methods , 496–497  
 redness, pain, and swelling , 495, 496  
 treatment , 497  

   Instrumented gait analysis (IGA) , 363  
   Interphalangeal joint (IPJ) , 331, 339, 342  
   Intertrochanteric osteotomy , 53, 60–61, 80  
   Intramedullary skeletal kinetic distractor 

(ISKD) , 476  
   Isthmic spondylolysis , 273  

    J 
  Jefferson fractures , 268  
   Jewett braces , 274  

   Joint reaction force , 78  
   Jones procedure , 187  
   Joshi’s External Stabilisation system (JESS) , 154  

    K 
  Kidner procedure , 491–492  
   Kingella kingae , 405–406  
   King-Moe classifi cation , 207  
   Kite methods , 152–153  
   Klinefelter syndrome , 324  
   Knee ankle foot orthosis (KAFO) , 135  
   Knee fl exion deformity , 112, 364  
   Knee hyperextension , 109, 153  
   “Kocher Criteria,” 404 
   KT-1000 arthrometer , 144  

    L 
  Labral tears , 86–88  
   Langenskiöld technique , 318, 456, 460  
   Langerhans cell histiocytosis (LCH) , 434  
   Larsen’s syndrome , 109  
   Lateral condyle fractures , 310  
   Lateral epiphyseal shaft angle , 52  
   Lateral greater trochanter (LGT) , 103  
   Lateral proximal tibial hemiepiphysiodesis , 137, 139  
   Lauge-Hansen classifi cation , 194–195, 197  
   Leg length discrepancy (LLD) , 20, 72, 79, 80, 113, 126, 142, 257, 

458, 459, 461, 464, 501  
   Lenke classifi cation , 207, 208  
   Limb length discrepancy (LLD) , 100, 141  

 complication rates , 475  
 contralateral physeal arrest surgery , 475  
 distraction osteogenesis principles , 475  
 external fi xation , 475  
 Fitbone , 476  
 future limb growth prediction , 476–477  
 growth percentiles determination , 478–479  
 growth plate arrest techniques/epiphysiodesis , 475  
 growth tables and charts , 478–479  
 ISKD , 476  
 massive discrepancies , 475  
 maturity , 477–478  
 PRECICE nail , 476  
 recommendations , 484–485  
 Shapiro’s developmental patterns , 479, 480  
 skeletal age determination , 477–478  
 skeletal maturity 

 Green and Anderson method , 481–484  
 Greulich and Pyle atlas , 482–484  
 lower extremity length discrepancies , 479, 480  
 Menelaus rule of thumb , 481, 483  
 Moseley straight line graph , 481–484  
 Paley’s lower limb multiplier , 481, 483  

   Locomotor Index , 74  
   Lyme arthritis , 405  

    M 
  MA   . See  Metatarsus adductus (MA) 
   Madelung’s deformity (MD) 

 characteristic aesthetic appearance , 317, 318  
 corrective osteotomies , 317  
 growth arrest , 317  
 Manchester classifi cation , 320  
 natural history of , 318  
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 Madelung’s deformity (MD) (cont.) 
 nonoperative treatment , 318  
 operative options , 318  
 recommendations for , 319, 320  
 surgery to the radius 

 isolated radial osteotomy , 318–319  
 physiolysis , 318  

 surgery to the ulna 
 epiphysiodesis , 319  
 isolated ulna osteotomy , 319  

   Magnetic resonance imaging (MRI) scan , 116, 120, 126, 137, 138, 
176, 194, 198, 221, 239, 240, 242, 245, 268, 271–273, 297, 
299, 310, 406, 408, 409, 411–413, 420, 435, 438, 441, 454  

 accessory navicular bone , 488  
 ankle fractures, in children , 199  
 atlanto-occiptal dislocation , 270  
 child with FAI , 85, 86  
 MSKI , 403  
 physeal injuries , 452–453  
 septic arthritis , 404  

   Mallet score , 297, 298, 300  
   Manchester Madelung’s deformity classifi cation , 320  
   Maryland foot score (MFS) , 187  
   McFarland fractures , 200–201  
   MD   . See  Madelung’s deformity (MD) 
   Mears technique , 291–292  
   Meary angle , 184, 190  
   Medial epicondyle fractures , 312–313  
   Medline , 184, 295, 323, 370, 502  
   Melbourne Cerebral Palsy Hip Classifi cation System (MCPHCS) , 372  
   Menelaus rule of thumb , 480–483  
   Meningomyelocele (MMC) , 109  
   Metadiaphyseal angle (MDA) , 133, 134  
   Metaphyseal fracture , 353–354  
   Metatarsus adductus (MA) 

 angle , 167  
 Bleck’s clinical classifi cation , 167, 169  
 clinical photographs , 167, 168  
 DDH, as risk factor , 169  
 diagnosis , 167  
 and hallux valgus deformity , 169  
  vs.  metatarsus primus varus , 167  
 natural history , 167  
 orthotics , 169  
 radiological assessment , 167  
 recommendations , 170  
 serial casting role , 168–169  
 surgical treatment , 170  

   Midtarsal osteotomy (MTO) , 187  
   MO   . See  Multiple osteochondromatosis (MO) 
   Mobile pes planus , 172  
   Moseley straight line graph , 479, 481–484  
   Motor vehicle collision (MVC) , 264–265  
   MSKI   . See  Musculoskeletal infection (MSKI) 
   Multiple osteochondromatosis (MO) 

 balancing risks , 516  
 early removal , 516  
 exostosis excision , 515  
 fi eld-change effect , 499–501  
 growth disturbance , 499  
 levels of evidence , 502–514, 516  
 local exostosis effect , 501–502, 515  
 osteochondromas , 499  

   Multiplier method, lower limb , 481, 483  
   Musculoskeletal infection (MSKI) 

 classifi cation of , 403, 404  
 evidence for , 413, 414  
 laboratory work , 403  
 osteomyelitis 

 diagnosis , 406, 408  
 levels of evidence , 411  
 treatment , 408–411  

 physical examination , 403  
 pyomyositis 

 diagnosis , 411–412  
 levels of evidence , 413  
 treatment , 412–413  

 septic arthritis 
 diagnosis , 404–406  
 levels of evidence , 406–408  
 treatment , 406  

 symptoms , 403  
   Musculoskeletal Tumour Rating Score 

(MSTS) , 437, 441, 445  
   Myelomeningocele , 214, 216, 218, 255, 383, 385–388  

    N 
  Naviculectomy , 163, 166  
   Naviculocuneiform arthrodesis (NCA) , 187  
   Neck osteotomy , 53, 60  
   Neck shaft angle (NSA) , 73, 77–80  
   Neonatal hip instability , 19  
   Neuroblastoma , 435, 437, 438  
   Neurogenic CVT , 161  
   Neuromuscular scoliosis 

 anterior fusion 
 intra-operative skull-femoral traction , 225–226  
 multilevel anterior discectomies , 224, 225  
 risk to benefi t balance , 224–225  

 etiology , 214, 215  
 grades recommendation , 216  
 morphology , 214  
 pelvic fi xation 

 Galveston  vs.  iliac fi xation , 222–223  
 lumbar spine  vs.  pelvis , 224  
 SAI , 223  
 surgical approach, choice of , 223–224  

 PubMed search strategy , 216  
 QOL , 213–214  
 scoliosis correction 

 CP , 217–218  
 DMD , 219–220  
 patient  vs.  surgical , 214, 215  
 risks  vs.  benefi ts , 216–217  
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 SH-I and SH-II , 200  
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