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It is well known that people are getting older in all industrialized countries 
offering good quality of life as well as modern medical treatment. For instance, 
statistical mean age is as high as 86 years for women and 82 years for men in 
Switzerland, respectively. Similar figures are reported from other European 
nations. To provide optimal treatment for aged persons, many hospitals estab-
lished specialized geriatric departments in the last years. Even congresses with 
tailored programs are held to fit the scientific needs for treating elderly people.

A femur fracture in 80-year-old person may not only be a broken bone. In 
the presence of comorbidities, it is an “attack on the entire organism.” 
Identical surgical principles are applied. However, impaired bone quality and 
comorbidities make the healing process much more complicated. The follow-
 up care requires the advice of many specialists; the rehabilitation procedures 
have to be adapted.

The people 70+ suffer more severe injuries. According to publicly avail-
able data from the “German Trauma Registry,” 25% of the polytraumatized 
patients are over 70 years old. These injuries include not only high velocity 
trauma such as road traffic accidents but rather low impact trauma resulting 
from a fall on stairs. It is not unusual that frail patients present with head 
injury (intracerebral hematoma), serial rib fractures with lung contusions in 
addition to a hip fracture. Many persons 70+ are on anticoagulant or anti-
platelet agents which aggravate their condition.

How to go on if you are called to an aged patient suffering from fractures 
in addition to many comorbidities such as an insulin-dependent diabetes and 
bleeding disorders due to antiplatelet agents following stent implantation ? 
Please, consult this textbook.

This textbook Senior Trauma Patients: An Integrated Approach is designed 
to improve diagnostics and treatments of patients 70+, who belong to the most 
difficult ones, a doctor has to deal with. The editors are to be congratulated: 
They realized a comprehensive overview on geriatric trauma. I am sure that this 
reference work will help to better understand and treat the sickest patients.

Professor Emeritus of Surgery, Former Chairman  
of the Department of Traumatology

University Hospital Zurich 
Zurich, Switzerland

Foreword

Hans-Peter Simmen
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The world’s aging population is rapidly growing, and many older adults will 
suffer low energy trauma due to falls or accidents. Over the past decade, 
many initiatives have been developed to improve the management of older 
adults with such injuries.

The two most popular approaches include efforts to improve the aftercare 
provided by orthopedic trauma surgeons and the interdisciplinary comanage-
ment approach that involves both geriatricians and surgeons. The latter 
approach has been adopted widely and involves care in the hospital, including 
medication management, peri-surgical care, and prevention of secondary 
fractures by standardized protocols.

Among these initiatives are Orthogeriatric Management with the Fragility 
Fracture Network (FFN) and the AO, the Geriatric Trauma Center certifica-
tion initiative by the German Trauma Association and the German Geriatric 
Association, and the “Own the Bone” by the American Orthopaedic 
Association (AOA).

This book covers the essential aspects of geriatric fracture management, 
perioperative care, postoperative ICU management, and follow-up care. 
Because the number of geriatric (poly-) trauma cases will rise significantly, it 
includes a new standard operating procedure (SOP) for these and other 
patients. Outcome differences (compared with younger patients) are explained 
for major fracture types along with physiological compensation mechanisms, 
frailty, and nutrition. We hope that this comprehensive text will add to the 
general knowledge of this important topic.

Zürich, Switzerland Hans-Christoph Pape  
Richmond, VA, USA  Stephen L. Kates  
Zürich, Switzerland  Christian Hierholzer  
Zürich, Switzerland  Heike A. Bischoff-Ferrari   
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Epidemiology

Marianne Comeau-Gauthier, Daniel Axelrod, 
and Mohit Bhandari

1.1  Introduction

Geriatric patients may pose unique and signifi-
cant challenges in the trauma setting with regard 
to injury severity assessment, resuscitation, and 
treatment, when compared to patients under the 
age of 65  years. Apart from the substantially 
higher morbidity and mortality [8, 9], one must 
recognize the critical and unique psychosocial 
components in the care of the elderly [10]. While 
special considerations should be made for the 
geriatric polytraumatized patient, current 
evidence- based recommendations are founded 
primarily on retrospective studies including a sig-
nificant portion of registry-based cohort studies 
and a limited number of prospective studies [7, 
11, 12]. To date, no randomized controlled trials 
have been performed to guide best practice and 
improve outcomes.

The geriatric trauma population is commonly 
defined as patients aged 65 and older [12], 

although trauma mortality increases significantly 
from the age of 55 [13–19], independently from 
the degree of injury. Additionally, some authors 
have reported specific predictive factors that may 
apply for patients aged 80 years and older only 
[14, 20]. The National Trauma Data Bank 
(NTDB) reports the first peak in the number of 
trauma-related injuries leading to admission to a 
trauma center between ages of 14–29 years old, 
primarily from motor vehicle-related accidents, 
and reports a second peak starting after the age of 
50 years, when falls begin to increase [1]. Males 
account for 70% of all incidents up to age 70, 
while after 71 years, most patients are female [1].

1.2  Clinical Significance 
of the Aging Process 
on the Polytraumatized 
Patient

1.2.1  Age-Related Physiologic 
Decline

Despite defining the elderly as aged above 
65 years, the impact of aging on trauma has been 
found to be as early as 40 years [21]. The combi-
nation of age-related immunosenescence and 
trauma-related immune dysregulation likely con-
tributes to a higher mortality and morbidity rate 
in older adults [22]. It was found that elderly vic-
tims had increased tissue inhibitor of metallopro-
teinases- 2 (TIMP-2) levels [23], an indicator of 
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the severity of pathologic immune activation, and 
polytraumatized geriatric patients more often 
develop SIRS compared with younger patients 
[24].

Decreased myocardial pumping efficacy [25–
27], decline in myocardial conducting system 
responsiveness to demands on the cardiovascular 
system [28, 29], hypertension [30], and accumu-
lation of atherosclerotic plaque [26] lead to a nar-
rower range of end diastolic volumes required to 
preserve and optimize cardiac function/output. 
These changes in the cardiovascular system 
translate into a reduced ability to respond to 
hypovolemia and shock and challenges during 
resuscitation, as both under-resuscitation and 
over-resuscitation are harmful [31], which is why 
some authors advocate for a lower threshold in 
implementing invasive monitoring in this popula-
tion [12, 32, 33]. The loss of functional respira-
tory reserve, decreased lung compliance, loss of 
alveolar surface, and increased ventilation/perfu-
sion mismatch [34] added with higher rates of 
multiple rib fractures with a seemingly lower 
transfer of energy [35–37] could partially account 
for a higher number of days on ventilators [3] and 
a higher risk of pulmonary infection [37] associ-
ated with elderly victims. Increased prevalence 
of osteoporosis in this population [38] leads to 
higher severity fractures compared to younger 
patients with a similar mechanism of injury. 
Increased intracranial space due to brain atrophy 
and greater stretching of intracranial vessels 
directly increase the rate of intracranial bleedings 
[18, 39].

1.2.2  Effect on Triage

In a 10-year retrospective review (1994–2004) of 
the Maryland Ambulance Information System by 
Chang et  al. [40], elderly victims were three 
times more likely to be under-triaged compared 
with younger patients, which remained signifi-
cant on multivariate analysis (controlling for 
year, sex, injury, mechanism, transport reasons, 
emergency medical service provider level train-
ing, jurisdictional region). These results were 

corroborated by two subsequent large registry- 
based cohort studies [41, 42]. These findings are 
highly significant as under-triage of an elderly 
victim leads to fourfold the mortality and dis-
charge disability rate as compared to their 
younger counterparts [43].

Several factors have been reported to impair 
adequate triage of elderly patients, including 
healthcare provider bias, unrecognized comor-
bidities, communication impairment, inaccuracy 
of Glasgow Coma Scale (GCS) scoring in geriat-
ric patients, and lack of reliable parameters indi-
cator of injury severity and sufficient resuscitation. 
Elderly victims are found to be less likely to trig-
ger a trauma team activation, despite a similar 
percentage of ISS above 15 and the higher need 
for urgent craniotomy and orthopedic procedures 
[43]. A noisy and chaotic trauma bay is certainly 
not favorable to doctor-patient communication 
and history taking in a “hard of hearing” elderly, 
which is often assumed as intellectual impair-
ment [10]. Mental status examinations and GCS 
scoring can be particularly difficult in geriatric 
patients with preexisting cognitive decline, hear-
ing impairment, or sequelae of previous strokes 
[44]. Furthermore, heart rate and blood pressure 
were not found to be predictive of severe impend-
ing mortality and inadequate resuscitation in 
patients aged above 65 years old [43]. Increased 
mortality has been reported among the elderly 
with heart rates greater than 90 beats per minute 
and systolic blood pressure less than 110 mmHg, 
while the same increase in mortality is not seen in 
younger patients [45].

Current guidelines from the America Trauma 
Life Support (ATLS) recommend transporting 
any patient older than 55 years old to a trauma 
center [46], while the Eastern Association from 
the Surgery of Trauma (EAST) guidelines rec-
ommend geriatric-specific care for any patient 
older than 65  years old [12]. Recent evidence- 
based review from EAST has shown decreased 
mortality in severely injured geriatric patients 
treated in trauma care centers as compared to 
non-trauma centers, and therefore, recommend 
initial assessment and care in a certified trauma 
center [7].

M. Comeau-Gauthier et al.
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1.3  Mechanisms of Injury

While trauma is the fifth cause of death in the 
elderly, blunt trauma secondary to a fall from any 
height is the leading cause of high-energy inju-
ries in the geriatric patient [1, 3, 47–50], repre-
senting nearly three-quarters of all traumas in 
this population [3], followed by traffic-related 
accidents, either as the driver or as a pedestrian 
hit by a car [1, 49, 50]. Penetrating trauma, 
 firearm injuries, assault, and burns are much less 
common. Adults aged over 65 are almost two to 
three times more likely to die of their injuries, 
even after controlling for race, sex, injury mecha-
nism, and ISS [3, 50, 51] Geriatric status was 
found to be one of the main independent factors 
for mortality across all mechanisms of injury 
[49].

A 10-year retrospective review found that 
nearly 60% of trauma admission in the geriatric 
population are secondary to high-energy mecha-
nism [3]. However, elderly presented following 
low or high-energy injury mechanism are nearly 
seven times more likely to have higher 
Abbreviated Injury Score (AIS) to any body 
region [2] and usually present with a higher ISS 
[3] as compared with younger patients.

Traumatic brain injuries (TBI) are the leading 
cause of trauma-related mortality and morbidity 
in the elderly, with falls as the leading causative 
mechanism (51%), followed by motor vehicle 
traffic crashes (9%) [4]. Independently of the 
mechanism of injury, subdural hematomas are 
three times more likely in the elderly population 
[3, 5]. Extensive guidelines on primary assess-
ment, imaging indications, and normalization of 
the lowering of the International Normalized 
Radio (INR) have been published in an attempt to 
prevent the disastrous outcomes associated with 
severe TBIs [52–54].

A 6-year retrospective chart review (2004–
2010) from a level I trauma center reported the 
frequency of fracture location in high-energy 
(ISS ≥ 16) geriatric traumas. Elderly most often 
sustained a fracture to the spine (74%), followed 
by the pelvis (35%), femur (31%), forearm 
(24%), clavicle (23%), scapula (21%), tibia/fib-
ula (19%), ankle (17%), acetabulum (10%), 

humerus shaft (7%), hand (7%), proximal 
humerus (5%), and foot (4%) [55]. Of all the 
spine injuries, only 13% required surgery [55]. 
Injuries to the odontoid and the C1–C2 level are 
the most frequent spinal injuries [5, 6] and can 
result from a seemingly trivial mechanism of 
injuries such as a fall from standing or seating 
height. Around 95% of the pelvis fractures did 
not require surgical management from which lat-
eral compression injury types are most frequently 
encountered [56], whereas 10% of the acetabu-
lum fracture were treated operatively [55]. Long 
bones, pelvic, rib, and sternal fractures are most 
commonly seen due to osteoporosis. These frac-
tures are usually more complex secondary to 
bone osteoporosis, making it more fragile or the 
presence of prosthesis/implants. Adults aged 
70 years old are less likely to have solid organ 
injuries compared with younger patients [57]. 
Although abdominal traumas are rare, they, much 
like other injuries, have four times higher mortal-
ity compared to the younger trauma patients [5, 
58] and are significantly more frequent in the 
non-survivors [59].

1.3.1  Falls

In the largest aggregation of U.S./Canadian 
trauma registry data, NTDB reports falls as the 
leading cause of admission in a trauma center, 
while the largest number of deaths are caused by 
fall-related injuries [1]. Elderly patients pre-
sented with an ISS ≥ 16 were more likely to have 
sustained a fall from any height [48, 60] and less 
likely to have sustained a firearm injury [60]. 
When comparing younger and older groups, 
same-level falls resulted in serious injury 30% of 
the time in the elderly group compared with 4% 
in the younger patients [48]. In the same study, 
falls from standing height were also responsible 
for an ISS above 15, approximately 30-fold more 
in the elderly group [48].

Low energy falls are responsible for more than 
50% of traumatic-related deaths in patients over 
65 years old, while they account for only 9–11% 
of injury-related deaths in younger individuals 
[61, 62]. Additionally, the elderly are up to 4 

1 Epidemiology
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times more likely to die from a fall compared 
with patients under the age of 65  years old [3, 
49]. Traumatic brain injury [4, 63, 64] and long 
bone fractures [4] are the leading cause of mor-
tality and morbidity following a fall. Other inju-
ries that commonly occur to the elderly following 
ground-level falls are cervical spine fractures, rib 
fractures, and pelvis fractures, which are most 
frequently lateral compression injuries, while 
abdominal injuries are rare [64]. Death-related 
falls from a low height (≤3  m) are most com-
monly associated with fractures of the skull, cer-
vical spine, and thoracic injuries and are more 
likely to occur as the height of the fall increases, 
whereas fracturing of the lower extremities is 
more likely to occur as the height of the fall 
decreases [65]. In the same study, postmortem 
skeletal analysis reports only a rare incidence of 
upper extremity fractures in cases of fatal low 
free falls [65]. Growing evidence supports the 
promotion of ground-level falls as high-energy 
mechanism of injury in geriatric trauma.

1.3.2  Traffic-Related Injuries

Traffic-related injuries account for 10–25% of 
trauma admission in the elderly population [3]. 
Although this particular population does not nec-
essarily have a higher incidence of traffic-related 
accidents [35], they have twice the mortality rate 
as compared to their younger counterpart [3, 35–
37, 66, 67], either as a driver, a passenger, or a 
pedestrian. Patients aged more than 55 years old 
are more likely to sustain severe (ISS ≥  16) or 
critical injuries (ISS ≥25) with a higher rate of 
severe head injuries (AIS head/neck score ≥ 3) 
[18, 36], spinal injuries [18], pelvis fractures 
[18], and chest injuries [18, 35–37], from which 
the three most common include rib fractures [35–
37], flail chest [35], and sternum fractures [35]. 
While younger patients have a higher rate of 
abdominal, solid organ (spleen, liver, kidney), 
and facial injuries [18, 35], operative rates for 
chest, abdomen, and musculoskeletal injuries are 
similar for both group ages [35]. Moreover, the 
number of rib fractures has been correlated with 
increased mortality and risk of pneumonia [37]. 

As such, healthcare providers should maintain a 
high suspicion index for chest injuries in this 
population and scrutinize radiographs for chest 
wall fractures that are easily missed on plain, 
low-quality, radiographs taken in the trauma bay 
[35].

1.3.3  Pedestrian Injuries

In regard to pedestrian injuries, tibia and com-
bined tibia and femur fractures are more common 
in adults and the elderly, whereas femur fractures 
are more common in children [15, 17]. This pro-
pensity for femur fracture is likely related to the 
patient’s height and location of the first impact. 
In general, patients older than 55 years will have 
more intracranial injuries [15, 17, 68], upper [68] 
and lower extremity fractures [15, 17, 68], and 
more pelvic fracture [15, 68], but similar rate of 
solid organ injury [17, 68], abdomen [17, 68], 
and GI injuries [17, 68]. The seriousness of the 
injuries also showed a significant linear increase 
with increasing age [15, 17] along with mortality 
rate [3, 15, 17, 68]. While spinal injuries are 
uncommon in children and young adults, the risk 
of spinal injuries increases significantly with age 
[15, 17], demonstrating the importance to have a 
high index of suspicion when evaluating the 
spine in elderly patients.

1.3.4  Other Mechanism of Injuries

Other mechanisms of injuries include penetrating 
trauma, abuse and assaults, and burns. They are 
less frequent in the elderly compared with their 
younger counterparts; nevertheless, they are 
associated with higher mortality, longer ICU stay 
[69], higher morbidity [69], more complications 
[69], and longer length of hospital stay [69] and 
less likely to be discharged home [69]. Geriatric 
patients have the highest suicide risk among all 
age group [70] and constitute the third leading 
cause of injury in this population [71]. Patients 
older than 75 years were significantly more likely 
than patients 55–74  years old to suffer self- 
inflicted injuries [72]. The most common meth-

M. Comeau-Gauthier et al.
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ods used are firearms and jumping from height 
[73, 74], both of which are associated with the 
highest case-fatality rate [1].

1.4  Outcomes

1.4.1  Comorbidities and Mortality

The in-hospital death rate in geriatric trauma vic-
tims has been estimated from 15% to 30%, 
whereas mortality in younger patients has been 
estimated at 4–8% [8, 75–78]. One explanation is 
the higher comorbidity rate compared with 
younger patients [49, 50, 79], longer Intensive 
Care Unit (ICU) stay [3, 35], and higher rate of 
overall complications [3, 80, 81], which increase 
the likelihood of death or severe disability [50]. 
In a meta-analysis by Hashmi et al. [8], combined 
odds of dying in those older than 74 years was 
1.67 (96% CI, 1.34–2.08) compared with patients 
aged 65–74 years old, while no significant differ-
ence was observed between those aged 
75–84 years old compared with those older than 
84  years old. However, registry-based cohort 
reported a linear relationship between age and 
mortality rate [47, 82, 83]. Among all injuries, 
head traumas, spinal cord, and extremity injuries 
have the highest risk of in-hospital mortality, 
with severe head injury correlating with mortality 
the most [4].

Geriatric status [80, 81, 84], ISS (≥9 and 
≥16) [47, 63, 76, 80–85], GCS (≤8) [20, 47, 63, 
76, 81–83, 85], intubation [20, 47], coagulopa-
thy and blood thinners [20, 63], anemia [63, 85], 
fluid requirements [76, 82, 84], dementia [86], 
and pre-existing pulmonary conditions [86], 
cardiovascular [80, 81, 86] or liver disease [80, 
81, 86], and chronic renal failure [20, 81, 86] 
have been shown to be predictors of mortality. 
Similarly, the development of cardiovascular 
complications [76, 80], ARDS [76], renal fail-
ure [80] or infections [47, 76, 80], and geriatric 
status [80, 81, 84] also contribute to a higher 
mortality rate. A retrospective review compar-
ing mortality and outcomes in the early decade 
vs late decade could not report a significant 

decrease in hospital mortality or ICU length of 
stay [87]. Others have reported a slight, but 
barely significant, improvement in mortality 
rates over the past 10 years [83, 88].

1.4.2  Discharge Status

Elderly trauma patients are more likely to be dis-
charged into a care facility compared with 
younger patients with similar injuries [36]. 
Grossman et  al. [78] examined long-term sur-
vival and functional status in geriatric trauma 
patients 5 years after previous study completion; 
nearly half of the patients were still alive, with 
22% of geriatric patients still living at home. The 
authors report that although it was not possible to 
determine the true cost-effectiveness of this out-
come, it is likely considered as a desirable out-
come following trauma and appreciable long-term 
survival with a reasonable functional status can 
be anticipated for some [78]. In another study, 
recorded discharge disposition demonstrated that 
45% of patients were ultimately discharged 
home, and 76% returned to baseline indepen-
dence with activities of daily living or returned to 
the baseline level of activity [89].

The ISS and comorbidities appear to play a 
role in predicting mortality, but not necessarily 
functional outcome and discharge status [11, 32, 
89]. Geriatric patients older than 80 years have 
poorer functional outcomes than those aged 
65–80 years [90]. Furthermore, geriatric patients 
who do not respond to aggressive resuscitation 
efforts within a timely fashion are more likely to 
have poorer outcomes [11]. The EAST guide-
lines propose to consider less aggressive resusci-
tation measures in “non-responders” or without 
improvement within 72 h in patients with initial 
GCS score less than 8 [11, 12]. Although elderly 
victims are at higher risk of mortality and mor-
bidity than younger patients, we are not able to 
accurately predict functional outcomes based on 
initial presentation, with the exception of severe 
head injury [11]. This requires prompt and 
aggressive treatment program to allow geriatric 
patients to regain their preinjury functional level.
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1.4.3  Palliative Care and Withdrawal 
of Care

A recent evidence-based review by EAST has 
not shown a definitive and solid evidence to jus-
tify the use of routine palliative care in the geri-
atric population, while no studies have 
effectively assessed the impact on discharge 
disposition, quality of life, pain, and long-term 
functional status [7]. The argument for routine 
palliative care in geriatric trauma patients is 
driven by the decreased length of stay [91–93] 
and hospital costs [91] without negatively 
impacting mortality in the ICU [94, 95]. 
However, Kupensky et al. [93] compared geri-
atric trauma patients who had received a pallia-
tive medicine consultation compared with those 
who had not; patients receiving palliative care 
were significantly older, had higher mean ISS, 
and higher mortality rate than patients who did 
not receive palliative care.

Withdrawal of support remains more common 
in the very old patient. There remains a paucity of 
documentation in regard to advance directives 
and code status [96, 97]. Patients receiving palli-
ative medicine care were significantly more 
likely to discuss advanced directives and resulted 
in consensus around goals of care [93].

1.5  Conclusion

The geriatric population is expected to live lon-
ger, with more comorbidities, while having more 
active lives much more later in life, thereby 
engaging in activities that increase the risk of 
high-energy trauma [3]. One must recognize 
one’s own bias regarding treatment of the geriat-
ric patient as well as the increased mortality rate 
associated with this specific population even in 
instances of low energy traumas. Evidence sug-
gests very little, if any, improvement in incidence 
rates of fall-related injuries and death and the 
need for much-needed investment in preventive 
measures. No specific factors have been found to 
be predictive of functional outcomes, and aggres-
sive management is warranted as there remains a 
substantial potential to retain the elderly as active 

and productive members of society, even after a 
significant trauma [50].
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2.1  Epidemiology

According to the World Health Organization, car-
diovascular diseases (CVD) are the leading 
causes of morbidity and mortality in industrial-
ized nations, and they are expected to become the 
first cause of mortality also in low- and middle- 
income countries in the near future.

Incidence of CVD has reached pandemic pro-
portions in light of combined social changes and 
medical improvements occurred in the last 
decades, resulting in a significant demographic 
shift that will lead by 2040 to a 22% prevalence 
of subjects older than 65 [1]. Owing to numerous 
preventive, diagnostic, and therapeutic means 
implemented on a global scale, life expectancy 
has dramatically increased over the course of the 
last 50 years, resulting in a 16.5 year gain in life 
expectancy within this timeframe and reaching a 
life expectancy of 71.9 years worldwide.

Increased life expectancy has, particularly in 
high-income areas, expanded the terminal phase 
of life which is characterized by a series of differ-
ent disabilities affecting the quality of life itself 
where non-mutually exclusive CVD lead to a 
final stage of cardiac impairment called heart 
failure [2]. Concomitantly, the clinical picture 
and therefore the general population outlook is 
heterogeneous with non-cardiovascular diseases 
also playing a role. Together with intrinsic risk 
factors, environmental ones such as nutrition [3], 
alcohol abuse [4], lack of physical exercise [5], 
and pollution [6] can determine the morphofunc-
tional phenotype of cardiac impairment.

A recent population study in the UK showed 
that, despite a reduction in the annual incidence 
of heart failure diagnosis (−7%), its prevalence 
increased (+12%) in light of adequate public 
health policies and effective therapeutic strate-
gies [7].

These numbers are translated into a public 
healthcare system challenge with an annual 
expenditure of nearly $125,000 per heart failure 
patient, a sum that is doomed to increase in the 
near future [8].

2.2  Features

With ageing, the cardiovascular system under-
goes a series of structural and functional changes 
dictated by molecular and cellular mechanisms 
affecting different anatomical structures such as 
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the myocardium, the valve apparatus, the con-
duction system, and the vasculature as shown in 
Fig. 2.1.

The indisputable evidence connecting CVD 
with age notwithstanding, it still remains elusive 
whether ageing per se should be considered as an 
independent risk factor, a process, or rather an 
epiphenomenon of accumulated stochastic molec-
ular events exhausting compensatory defensive 
response and ultimately yielding to reduced 
homeostasis and therefore morbid conditions.

2.3  Arterial Ageing

Over time, significant peripheral and coronary 
vascular changes occur leading to the two most 
common forms of CVD observed in the elderly: 

arterial hypertension and coronary artery disease 
(CAD). A key early step in the development of 
these diseases is represented by endothelial dys-
function where the bioavailability of nitric oxide 
(NO)—a key protective factor with vasodilatory, 
anti-adhesion, and anti-aggregation properties—
is drastically reduced.

2.3.1  Arterial Ageing: Arterial 
Hypertension

Starting from the age of 50, arterial hyperten-
sion in elderly patients is principally character-
ized by isolated, elevated systolic pressure with 
a progressive decline in diastolic pressure, intu-
itively leading to widened pulse pressure and an 
increased pulse wave velocity (PWV). Such 
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Fig. 2.1 Age-dependent changes to cardiovascular tis-
sues. Molecular, cellular, and tissue changes occurring 
with time ultimately altering morphology and function of 
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condition is primarily driven by concomitant 
endothelial dysfunction and central arterial 
stiffness, which are intimately interconnected 
within a self-sustaining vicious cycle of hemo-
dynamic load, endothelial activation, inflam-
mation, and persistent damage. Endothelial 
dysfunction includes reduced vasodilatatory 
capability determined by reduced NO bioavail-
ability [9], impaired endothelial-dependent 
responsiveness to prostaglandins [10], increased 
levels of the vasoconstrictor endothelin-1, and 
systemic molecular signature changes towards 
pro- inflammatory molecules, i.e. TNF-alpha, 
IL-6. Such changes are associated with altered 
vascular homeostasis, favouring a prooxidant 
and pro- inflammatory milieu with a tendency to 
cardiovascular adverse events [11]. On the 
other hand, arterial stiffness is due to altered 
proteolytic activities by metalloproteinases 
(MMPs), cathepsins, and neutrophil elastase as 
well as an age- related increased production of 
TGF-β favouring abnormal elastin fragmenta-
tion, fibers calcification, augmented collagen 
deposition, endothelial senescence, and tissue 
invasion by inflammatory cells and smooth 
muscle cells overgrowth [12]. This process is 
macroscopically translated into luminal 
enlargement and wall thickening as well as wall 
stiffening with reduced arterial distensibility 
yielding an increased PWV.

In order to compensate these changes and 
preserve sufficient peripheral perfusion, the 
myocardium undergoes a series of cellular, 
structural, and functional ploys which in the 
long run predispose to irreversible chronic car-
diac dysfunction. As shown in Fig. 2.2, increased 
aortic impedance and ventricular loading are 
counteracted by increased wall tension featur-
ing augmented wall thickness and prolonged 
systole.

A longer systolic interval is possible when 
time from diastole is borrowed. In order to pre-
serve contractile activity, this physiological com-
promise causes an incomplete relaxation and thus 
forces the heart to increase its cavities as well as 
filling pressures.

2.3.2  Arterial Ageing: Coronary 
Artery Disease

Among CVD, CAD is the most common cause of 
morbidity and mortality in elderly patients 
responsible for nearly one-fifth of death cases 
and representing the first aetiology of heart fail-
ure [13] as illustrated in Fig. 2.3.

In comparison to the general population, 
elderly patients are usually more difficult to diag-
nose in light of the concomitant comorbidities 
and of atypical clinical presentation; this still 
holds true despite this subpopulation being more 
frequently affected and with extended involve-
ment of the coronary tree.

Pathogenesis of CAD is based on a plethora 
of interconnected factors determining athero-
sclerosis. Despite being initially considered 
solely as a cholesterol storage disease, it is now 
accepted that inflammation plays a central role 
in atherosclerotic plaque formation, progres-
sion, and rupture. Initiation sites are usually 
localized in peculiar sectors where laminar 
blood flow is disturbed (branches); lack of 
luminal elastin coupled with proteoglycans 
exposure favours subendothelial low-density 
lipoproteins’ (LDL) deposition. In the presence 
of inflammatory cells, LDLs are a vulnerable 
substrate to a number of posttranslational mod-
ifications as well as to oxidative stress caused 
by myeloperoxidase or lypoxygenases release. 
LDL oxidation triggers endothelial adhesion 
molecules overexpression (CCL5, CXCR3, 
CCL2, CCR5, CCR2, CXCR1), promoting fur-
ther cellular invasion. Over time, plaques 
evolve from fatty streaks where T-cells and 
monocytes-derived foam cells load are predom-
inant towards more complex histological 
lesions [14–16].

The natural history of CAD is strongly 
affected by age: in fact, CAD is more commonly 
diagnosed in aged individuals and a positive 
direct correlation between age and number and 
size of lesions is present. As later discussed, com-
pensatory myocardial hypertrophy represents an 
additional metabolic challenge for coronary cir-

2 Cardiovascular Ageing
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culation. With prolonged systolic time, reduced 
luminal diameter, and decreased vascular density, 
chronic and/or acute ischemic damage can occur 
more frequently.

Specific histological features distinguish ath-
erosclerotic lesions that are more prone to rupture 
and thus cause acute coronary syndromes. Such 
lesions are usually larger, presenting a bigger 
necrotic core (cell debris and cholesterol crystals) 
and a protective fibrous cap invaded by pro-inflam-
matory cells and less smooth muscle cells [17].

2.3.3  Arterial Ageing: Cardiac 
Microvascular Disease

Microcirculation is defined as blood vessels with 
a diameter inferior to 100 mm and its role is par-
ticularly important in regulating tissue perfusion 
and cell function in response to the release of a 
multitude of dilating and constricting factors 
[18].

Even in the absence of image-detectable and 
clinically significant coronary lesions, dysfunc-
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ing mechanisms which will eventually lead to the well- 
characterized vascular dysfunction of the elderly (Lakatta 
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tional microcirculation can dramatically change 
patients’ prognosis. Microcirculation can be 
affected in a wide range of chronic and acute con-
ditions (ischemia, hypertension, diabetes, obe-
sity, tobacco use, renal impairment, and with age 
per se). As previously mentioned, senescent 
endothelium as well as smooth muscle cells, in 
low calibre arterioles, tend to lose their capability 
to regulate vascular resistance and match energy 
request with blood flow, ultimately affecting car-
diac performance itself and increasing the 
chances of myocardial ischemia. In fact, myocar-
dial oxygen extraction tends already to maximal 
capabilities in resting conditions, and therefore 
its delivery heavily relies on blood flow. In case 
of increased oxygen demand, a proportional 
increase in coronary blood flow must be matched 
with metabolic requests [19, 20].

2.4  Myocardial Hypertrophy

Pathological myocardial hypertrophy as fre-
quently observed in the elderly is an irrevers-
ible process governed by different yet 
intertwined molecular pathways in contrast to 
the physiological reversible hypertrophy 

observed in other conditions such as in ath-
letes. Hypertrophy in the failing ageing heart is 
characterized by cellular loss, partially com-
pensated with survived hypertrophic cardio-
myocytes, and due to the aforementioned 
ischemic burden, progressively replaced with 
nonfunctional fibroblasts.

Such structural changes can be regarded as a 
maladaptation of cardiomyocytes to mechanical 
and chemical stress events, reactivating the so- 
called “fetal gene program” by promoting chro-
matin remodelling, transcriptional, and 
posttranscriptional upregulation for specific 
genes transcription factors such as the myocyte 
enhancer factor 2 (MEF2A-C), erythroid tran-
scription factor (GATA4).

Upon reactivation, a series of common fetal 
isoforms genes are accessed for transcription 
such as muscle creatine kinase (Ckm), alpha 
myosin chain (Myh-6), myosin light chain 
(Myl1), and Troponins C and I (Tnnc1, Tnni3). It 
is now widely accepted that the aberrant expres-
sion of fetal genes in the postnatal heart involved 
in contractility, calcium handling, and myocar-
dial energetics has only a temporary beneficial 
effect as it bears a negative prognostic signifi-
cance [21].
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2.5  Amyloidosis

An additional, yet underestimated, cause of myo-
cardial hypertrophy is represented by amyloido-
sis caused by the extracellular deposition of 
insoluble fibrils. This is an autoptic finding; in 
nearly 20% of subjects older than 80, it is the 
amyloid deposition within the myocardium.

Amyloid plaques are stable, extracellular 
aggregates derived from proteinaceous by- 
products yielding to histological changes and 
organ dysfunction. All amyloidoses have a com-
mon pathogenic mechanism consisting of errone-
ous protein folding. In fact, each protein sequence 
undergoes a number of quality control systems in 
order to acquire a correct tridimensional structure 
and therefore fulfil the physiological function, 
localization, and interactions. In the unfortunate, 
yet not uncommon, case of combined adverse 
events (genetic mutation, protein overproduction, 
age per se, concomitant comorbidities, iatrogenic 
factors), proteins can acquire aberrant conforma-
tions. Once a single protein is abnormally 
arranged (monomer) and has overwhelmed addi-
tional cellular control systems, it aggregates into 
larger and more complex structures called oligo-
mers, and further on into fibers and finally deposit 
into stable and pathognomonic structures called 
amyloid plaques [22].

With the term cardiac amyloidosis, we 
engulf a heterogenous group of medical condi-
tions affecting the heart muscle which can have 
variable degrees of severity, prevalence, and 
evolution.

Light chain immunoglobulins can affect the 
heart in 50% of cases depending on the type of 
cell dyscrasia and median age of presentation can 
vary for the same reason. Of note, heart failure 
represents the worst prognostic factor in these 
patients [23].

Transthyretin, whether wild-type or mutated, 
is the biological precursor of systemic senile and 
systemic familial amyloidosis, respectively. In 
the absence of mutations, the mean age of pre-
sentation is around 75 years and cardiac involve-
ment prevalence increases with age. Nowadays, 
nearly 100 different transthyretin mutations have 
been reported, each with their peculiar physico-

chemical properties determining their noxious 
properties and natural progression. Cardiac 
involvement greatly varies in terms of age pre-
sentation and concomitant nervous involvement 
based on the type of mutation [24].

Other proteins of cardiac and noncardiac ori-
gins can deposit within the myocardium such as 
Atrial Natriuretic Peptide giving rise to isolated 
atrial amyloidosis, serum amyloid A to amyloid 
A amyloidosis, and β2-microglobulin which tends 
to deposit in patients with long-standing dialytic 
treatment [25].

At early stages when typical signs of promi-
nent cardiac involvement such as thickened myo-
cardial walls with reduced electrical voltages on 
ECG tracings are not apparent yet, cardiac amy-
loidosis can represent a challenging diagnosis. 
While endomyocardial biopsy represents the 
definitive mean for confirming the diagnostic 
hypothesis [26, 27], Technetium 99 m pyrophos-
phate (Tc 99  m PYP) cardiac imaging has 
emerged as a highly sensitive and specific tech-
nique for detecting ATTR cardiac amyloidosis 
and capable of distinguishing it from AL cardiac 
amyloidosis [28].

2.6  Atrial Fibrillation

AF is already the most commonly occurring dys-
rhythmia with a lifetime risk for AF of around 
25%, indicating that one out of four women or 
men over age 40 will experience AF.

The estimated global prevalence of AF of 33 
million in 2010 is expected to double by 2050 
because of population ageing, the rising preva-
lence of cardiometabolic risk factors, and the 
improved survival from cardiovascular events 
[29, 30]. Importantly, prevalence, both of the 
global incidence and the age-adjusted mortality 
rates, is also rising [29]. The most important 
modifiable risk factors, particularly elevated 
blood pressure and obesity, explain about 50% 
of the population’s attributable risk for AF 
development.

While AF is associated with a five-fold 
increase in the risk of ischemic stroke and up to 
20% of all strokes are attributable to AF, the lack 
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of temporal relationship between arrhythmia epi-
sodes and adverse outcomes has questioned the 
causal role of AF in the development of stroke.

Characterized by the presence of rapid, irregu-
lar, and fibrillatory waves that vary in magnitude, 
shape, and timing, possibly affecting hemody-
namic cardiac performance itself [31], atrial 
fibrillation usually develops in the context of a 
diseased left atrium due to the hemodynamical 
challenges of high filling pressures, as in hyper-
tension and/or heart failure with preserved or 
reduced ejection and fraction, and altered histo-
logical substrates that predispose to arrhythmic 
event or increased vulnerability. Indeed, on top of 
structural abnormalities, AF normally requires a 
trigger event of cardiac or noncardiac origin such 
as autonomic tone change, neurohormonal acti-
vation, inflammation, or other stimuli.

2.7  Valvular Diseases

Cardiac valve diseases are of remarkable impor-
tance in the general population; over the last 
decades, they have changed aetiology and demo-
graphic patterns transitioning from prevalent 
rheumatologic sequelae of the adult to a typical 
degenerative process of the elderly with increas-
ing prevalence starting from the sixth and seventh 
decade of life.

As shown in Fig. 2.4, heart valve diseases of 
any severity rapidly increase from 0.5% before 
the age of 55 and they reach at least a 12% preva-
lence in subjects older than 75, with mitral regur-
gitation being the most common (from 10.9% to 
7.1%) form followed by aortic stenosis (4.6–
2.8%), aortic regurgitation (2–1.7%), and mitral 
stenosis (0.2%) [32].

Each type of valve disease challenges the myo-
cardium with peculiar combinations of pressure 
and/or volume overload determining temporary 
compensatory responses, ultimately exhausting the 
morphofunctional reserve of the heart itself and 
becoming a significant determinant of mortality.

Mitral regurgitation provokes left ventricular 
cavities enlargement without compensatory 
wall hypertrophy; on the other hand, aortic 

insufficiency predisposes to ventricular enlarge-
ment coupled to hypertrophy. Patients with aor-
tic stenosis have hypertrophic hearts without 
cavities dilatation, whereas mitral stenosis pres-
ents with significant left atrial enlargement leav-
ing the left ventricle unaffected.

Mitral insufficiency can be divided into two 
distinct nosocomial entities: a primary degenera-
tion of the valve called organic and a function 
regurgitation due to altered surrounding struc-
tures. Organic mitral valve degeneration can have 
two major pathogenic mechanisms: myxomatous 
degeneration or fibroelastic deficiency. The for-
mer is believed to be driven by myofibroblast 
activation secreting MMPs and altering extracel-
lular matrix turnover as well as TGF-β sustaining 
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myofibroblast proliferation and differentiation. 
The latter is still not well-understood, but it is 
characterized by an age-dependent impairment of 
connective tissue fiber synthesis. Myxomatous 
mitral valves feature redundant prolapsing tissue, 
leaflet, and annulus calcification as well as annu-
lar dilatation in contrast to the other form which 
usually tends to tether chordae and eventually 
rupture them [33, 34]. Patients may remain symp-
tomatic over the vast majority of the natural his-
tory of the disease until an irreversible stage 
characterized by preserved systolic function with 
pulmonary hypertension or atrial fibrillation 
begins.

Concerning aortic stenosis, the sclerotic pro-
cess (with or without stenosis) represents a clas-
sic echocardiographic finding of the elderly being 
detectable in nearly half of subjects older than 85 
[35]. Aortic valve calcification is believed to 
progress with the same cellular and molecular 
mechanisms of atherosclerosis; nevertheless, 
such hypothesis remains open in light of the lack 
of benefit from statin therapy.

After a long asymptomatic phase where the 
myocardium can counteract flow obstruction 
with compensatory hypertrophy, patients with 
severe aortic stenosis rapidly complain of angina, 
syncope, and fatigue and mortality rate abruptly 
rises to 25% per year [36].

2.8  Therapy

Medical therapeutic mainstays of the various car-
diovascular conditions rely on judicious evalua-
tion in the setting of polymorbic patients who 
most likely require multidrug therapy. In addi-
tion, renal function should be regularly moni-
tored in order to correctly provide dose 
medication and to avoid expectable, adverse, and 
overdosing effects. Unfortunately, the elderly 
population is underrepresented in the vast major-
ity of clinical trials in spite of the unmet need for 
tailored medical therapy for this subpopulation. 
The above-mentioned complex clinical scenario 
poses an additional challenge in the decision 
making process since classic, clinical hard end-
points should be coupled with the quality of life 

and frailty scoring systems. In fact, life expec-
tancy might not be perceived as a pivotal determi-
nant by senior patients who are more concerned 
in preserving their daily activity independence.
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Bone Mineralization 
and Osteoporotic Changes
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3.1  Introduction

The human skeleton comprises bones, which are 
organs that are connected by joints. These joints 
allow the bones—with the exception of the cra-
nium bones—to move, thanks to the contractions 
of the muscles inserted on them. This muscle 
action is regulated by the peripheral nerves, 
which conduct electrical impulses that originate 
in the spinal cord. This set of elements is called 
the locomotor system. It makes it possible to 
move the lower limbs in order to travel and the 
upper limbs in order to grasp objects. An ade-
quately developed musculature of the lower 
limbs allows for normal standing and walking 
while minimizing falls and the upper limbs also 
play a role in both actions by providing stability.

There are other soft tissues in this system, 
including several varieties of connective tissue as 
well as the skin, which serves as a covering. The 
entirety of the system is supplied with blood by 
the vascular system. In addition to movement, the 
skeleton serves to protect the organs and is also 
involved in cellular regulation of the hematopoi-

etic system, which is contained within it, and 
mineral metabolism.

Bone tissue, the substrate that forms the skel-
eton, is organized into a hierarchical structure 
called building blocks (BB) [1], which consist of 
collagen fibers and other proteins configured in 
intertwined lamellae, osteons, and trabecular as 
well as cortical bone. This structure is intercon-
nected by molecular links that mechanically join 
the BBs. Significant changes in bone quantity 
and quality occur in the structure throughout the 
lifespan, leading to a decrease in both.

The bone, as an organ, is composed of a com-
pact external structure called cortical bone which 
encloses another less compact, spongier structure 
called cancellous bone. The cortical bone is 
responsible for 80% of the organ's weight. Its 
function is fundamentally mechanical and pro-
tective, although it also plays a role in regulating 
mineral metabolism when there is a prolonged 
severe deficiency, as it is affected by the hor-
monal changes that reach it through the blood 
supply. For example, in cases of postmenopausal 
osteoporosis, the cortical bone grows thinner 
with the passing of the years, especially in the 
long bones (Fig. 3.1).

Trabecular bone forms both ends of the organ 
in long bones and is surrounded by cortical bone 
that is thinner than diaphyseal cortical bone. 
While trabecular bone is much more active in 
metabolic processes than cortical bone, it also 
plays a role in mechanical support, though not for 
its hardness but rather for the architectural 
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arrangement of its trabeculae. This is much more 
important in short bones, like the vertebrae. 
However, with age and especially after meno-
pause, bone trabeculae grow fewer and thinner 
(Fig. 3.2) [2, 3]; as such, the trabeculae structure 
is less resistant to mechanical stress. This can lead 
to vertebral fractures due to a low-energy mecha-
nism. These are most common in  postmenopausal 
ages, as the vertebral bodies have a very thin corti-
cal layer, and the trabeculae, due to their decreas-
ing number and thinning, are not able to maintain 
the height of the vertebrae (Fig. 3.3).

When on a diagnostic imaging test such as an 
x-ray, it is observed that the cortical bone is thinner 

and the trabeculae are less numerous and thinner, it 
is affirmed that the bone is osteoporotic. Although 
this is a judgment based on anatomical pathology, it 
is the image of the bone which indicates porosis. 
That is to say, the pores in the trabeculae are 
observed to be larger on the diagnostic test. The 
bone tissue whose image is used to diagnose osteo-
porosis would have osteopenia, if its matrix is 
diminished, or osteomalacia, if its matrix is less cal-
cified. If the density analysis is performed via 
x-ray—on which a loss of 15-30% of bone mass is 
necessary for the image to be significantly differ-
ent—osteoporosis will be diagnosed later than if the 
analyses were performed via a biopsy [4].

a b

Fig. 3.1 With menopause, the cortical bone is observed to thin considerably, especially the long bones. (a) X-ray of a 
31-year-old patient. (b) X-ray of an 81-year-old patient
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Therefore, the concept of osteoporosis is 
quantitative and based on an image of osteopenia 
or osteomalacia. Thus, the term osteoporotic 
fracture is erroneous because osteoporosis is a 
variable defined based on the image of an 
osteopenic or osteomalacic bone. Indeed, other 
variables such as age or sarcopenia, which are 
also independent variables and which cause falls, 
do not define a fracture and the use of the terms 
sarcopenic or senile fracture is not common [4–
6]. It would therefore be more correct to use the 
term fracture in an osteopenic or osteomalacic 
bone. A fracture in an osteopenic bone thus 
includes everything from fractures in children 
who have osteogenesis imperfecta to those in the 
elderly who have “osteoporosis.”

However, usage has made it so that the visual 
opinion of the anatomy-pathology is inferred and 
it is understood that osteoporosis is characterized 
by loss of bone mass, changes in trabecular 
microstructure, and, as a consequence, skeletal 
fragility. This leads to a greater risk of fracture as 
a result of low-energy trauma and greater diffi-
culty in achieving stable osteosynthesis (Fig. 3.4). 
Nevertheless, there is a more objective definition 
that differentiates between the concepts of osteo-
porosis and osteopenia based on the bone mineral 
density (BMD) T-score [7]. This definition, how-
ever, is very controversial [8–13].

a b

Fig. 3.2 With age, bone trabeculae are thinner and fewer 
in number, making the trabecular structure less resistant to 
mechanical stress. (a) Image of a bone from a patient with 

coxarthrosis (obtained via 4× optical microscopy). (b) 
Image of a bone from a patient with osteoporosis (obtained 
via 4× optical microscopy)

Fig. 3.3 Vertebral fractures due to a low-energy 
mechanism

3 Bone Mineralization and Osteoporotic Changes
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A BMD T-score that is equal to or less than 
2.5 standard deviations (SD), after having ruled 
out other causes of low BMD, is defined as osteo-
porosis. When the T-score is less than 1-2.5 SD, 
it is defined as osteopenia. When it is within 1 SD 
of the value for young adults, BMD is considered 
normal. Although values below 2.5 SDs tend to 
indicate a greater risk of fracture, these are more 
frequent in the 1-2.5 SD range due to the greater 
number of people in this category. This WHO 
categorization [7], which has been adopted by 
patients’ associations, has been called into ques-
tion [9–11, 13] and systematically distorts both 
the evidence and the evidence-based medicine 
and indications [8, 12]. As a result, osteopathies 
that present with fragility are divided into differ-
ent types, including non-osteopenic (normal bone 
mass), simple osteopenia (decreased bone mass), 
or osteopenic disorders that lead to fragility, such 
as osteoporosis. In clinical practice, however, this 
classification is not as categorical.

3.2  Bone Cells

Bone tissue is composed of a calcified protein 
matrix and the cells that regulate it: osteoblasts 
synthesize the matrix and osteoclasts digest it. In 
addition, it includes the precursor cells of both as 

well as other cells related to hematopoiesis and 
the immune system that are precursors to osteo-
clasts. When osteoblasts are surrounded by the 
protein matrix, they differentiate into osteocytes 
and their functions shift more toward the regula-
tion of bone metabolism than the synthesis of the 
osteoid matrix.

3.2.1  Osteoblasts

Osteoblasts are cells that secrete the bone matrix 
protein that is later mineralized. They arise from 
the differentiation of multipotent mesenchymal 
stem cells (MSCs) [14] located in the bone mar-
row, such as stromal cells or pericytes, which are 
the MSCs adhered to the vascular endothelium 
and are also fundamental to the formation of 
blood vessels [15, 16].

The Runx2 protein, also known as core- 
binding factor alpha-1 (CBFA1), a member of the 
runt homology domain transcription factor fam-
ily, is fundamental to the differentiation of MSCs 
into osteoblasts [17]. Runx2 is the earliest differ-
entiation marker of osteogenic lineage and, along 
with Runx3, acts in the maturation of hypertro-
phic chondrocytes [18]. The Sp7 transcription 
factor (Osterix) and a zinc-finger protein act after 
Rnx2 and are responsible for the specialization of 
osteoprogenitor cells into preosteoblasts. The 
nuclear receptor peroxisome proliferator- 
activated receptor (PPAR)-gamma also acts, 
spurring the commitment process of multipotent 
osteoprogenitor cells [19, 20]. The differentiated 
osteoblasts express genes for these three proteins 
as well as for others such as osteopontin, or bone 
sialoprotein [21, 22]. Runx2 inhibits osteocalcin, 
halting the cells in differentiation [23]. Osterix 
controls the transcription of specific genes of 
osteoblasts, such as osteocalcin, osteopontin, and 
type I collagen [19].

Wnt proteins are also important. They form 
part of a group of signaling molecules for skeletal 
and bone mass development and are mobilized 
through stimulation of genetic expression of 
Runx2. Activation of the canonical Wnt pathway 
gives rise to the formation of a complex of Wnt 
proteins, low-density lipoprotein receptor-related 
protein 5 (LRP5), or LRP6, which leads to the 

Fig. 3.4 Skeletal fragility leads to greater difficulty in 
achieving stable osteosynthesis. Loss of reduction and 
failure of osteosynthesis in a hip fracture
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phosphorylation and inactivation of glycogen 
synthase kinase (GSK)-3 beta, inhibition of beta- 
catenin degradation, and the subsequent accumu-
lation of this metabolite in the osteoblast nucleus 
[24, 25]. Nuclear beta-catenin binds to the family 
of TCF/LEF transcription factors and induces 
expression in the target genes [26]. Therefore, 
beta-catenin is essential for the differentiation of 
precursor cells into osteoblasts, preventing dif-
ferentiation into chondrocytes or adipocytes. The 
action of beta-catenin in later stages can elimi-
nate or activate osteoclastogenesis through regu-
lation of osteoprotegerin as well as abnormalities 
in Wnt signaling, which may lead to defects in 
skeletal homeostasis that can lead to early-onset 
hereditary osteoporosis or osteogenesis imper-
fecta, as also occurs with loss of function or 
mutation in LRP5 [27, 28].

Osteoblasts are arranged lengthwise, increas-
ing their surface area in order to deposit the 
secreted matrix protein (Fig. 3.5).

3.2.2  Osteocytes

When osteoblasts are surrounded by osteoid, they 
differentiate into osteocytes, transforming their 
phenotype through the development of long cyto-
plasmic extensions that connect to other osteo-
cytes, surrounded by a gelatinous matrix linked 
through the bone tissue canaliculi (Fig.  3.6). 
Osteocytes are the last step in the cellular differ-
entiation of MSCs into the osteogenic line and, 
therefore, as they are highly differentiated cells, 
they do not multiply [29]. Many osteoblasts do 
not differentiate into osteocytes, but rather die by 
apoptosis [30]. This differentiation is an active 
process in which the cell develops long cytoplas-
mic extensions thanks to the action of a protein 
called podoplanin [31]. Mature osteocytes also 
express high levels of SOST, an inhibitor of the 
canonical Wnt/β-catenin pathway. They also 
intervene in bone regulation through the secre-
tion of sclerostin, a product of the SOST gene, 
which can antagonize LRP5 and LRP6. In fact, 
the absence of the SOST gene leads to a patho-
logical increase in bone mass [27].

Osteocytes express different proteins related 
to mineral metabolism. These proteins include 
fibroblast growth factor (FGF), which regulates 
renal excretion of phosphorus, or matrix extracel-
lular phosphoglycoprotein (MEPE), which inhib-
its mineralization [32].

Osteocytes, through their cytoplasmic exten-
sions, play a very active role in bone mechanics. 
The transport of solutes through the canaliculi 
system that the osteocytic cytoplasmic exten-
sions pass through is regulated by blood pressure 
and diffusion and convection induced by mechan-
ical stress. This physical and chemical process is 
called mechanotransduction, a phenomenon by 
which mechanical stimuli are translated into 
molecular variations that lead to changes in cel-
lular multiplication and differentiation [33, 34]. 
Cytoplasmic extensions bind the osteocytes to 

Fig. 3.5 Image of osteoblasts depositing osteoid sub-
stance (obtained via electron microscope)

Fig. 3.6 Long cytoplasmic elongations that connect 
osteocytes to one another. (a) Osteoblast precursor cells, 
(b) Osteoblasts. (c) Noncalcified extracellular matrix. (d) 
Calcified extracellular matrix. (e) Osteocytes with cyto-
plasmic elongations in the canaliculi
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the collagen, which allows them to note changes 
in fluids, modulating secretion of sclerostin in 
order to stimulate bone formation or absorption 
[35, 36]. This distinctive response of the connec-
tive tissue to mechanical stimuli (mechanotrans-
duction) characterizes Wolff’s law [37]. This is 
the reason why physical exercise is so important 
before and after menopause in order to preserve 
bone and muscle mass.

3.2.3  Osteoclasts

Osteoclasts are multinucleated cells formed by 
the fusion of monocytes from the monocyte- 
macrophage lineage which dissolves bone and 
produce resorption [38, 39]. The macrophages 
come from the hematopoietic lineage and have a 
function in inflammation, although they are now 
known to also have a role in bone metabolism 
itself.

Osteoclasts are stimulated by two cytokines: 
receptor activator of nuclear factor-kappa B 
ligand (RANKL) and macrophage colony- 
stimulating factor (M-CSF). They are differenti-
ated from monocytes by the nuclear factor of 
activated T cells 1 (NAFATc1), the master regu-
lator transcription factor responsible for this dif-
ferentiation [40–43]. Osteoblasts and osteocytes, 
whether apoptotic or alive, are the main source of 
RANKL and osteoprotegerin, the signaling pro-
teins which stimulate bone resorption in osteo-
clasts, although they are also produced by other 
cells, such as T lymphocytes [44–46].

The RANKL protein interacts with an osteo-
clast precursor cell receptor called RANK, which 
is identical to that of the T-cells and dendritic 
cells [42]. NFATc1 is induced by RANKL and 
coactivated by immunoglobulin-like receptors 
[39, 42, 47]. RANKL also binds to osteoprote-
gerin or osteoclastogenesis inhibitory factor [39, 
42, 47]; as such, when osteoprotegerin or a 
RANKL antibody is administered to postmeno-
pausal women, bone turnover markers (BTMs) 
reduce drastically, indicating increasing bone 
mass.

Bone resorption is carried out by osteoclasts, 
which have phosphatase acid in their cellular 

membrane and other hydrolytic enzymes that act 
on the calcified osteoid, releasing collagen frag-
ments and minerals deposited in the reticular 
structure that collagen forms together with pyr-
idinoline and deoxypyridinoline. These mole-
cules are also released, circulating freely in the 
blood until they are excreted in urine [48]. Some 
of these molecules are digested incompletely and 
circulate, such as pyridinoline cross-links bound 
to alpha-1 and alpha-2 chains, which also circu-
late and are excreted in the same manner [49]. 
Some diseases, such as diabetes, can interfere 
with this metabolism [50, 51].

Both acid phosphatase and alkaline phosphate 
activity take place in other locations, but activi-
ties that occur there are fundamentally different 
from what occur in bone cells in regards to insen-
sitivity to tartrate-tartrate-resistant acid phos-
phate (TRAP) inhibition, in the case of 
osteoclastic activity [52], and in regards to 
hepatic and pancreatic antigenic characterization, 
in the case of osteoblastic activity.

Therefore, osteocytes, their precursor osteo-
blasts, osteoclasts, and monocyte-origin cells are 
molecularly connected so that the bone formation- 
resorption balance is appropriate [45, 46, 53, 54].

3.3  Osteogenesis 
and Mineralization

3.3.1  Osteoid Synthesis

Bone formation is initiated by osteoblasts, which 
synthesize the triple-helix type I collagen of the 
bone tissue [55, 56] as well as other proteins—
including osteocalcin—which combine extracel-
lularly to form the osteoid on which mineralization 
occurs [57, 58].

This collagen is deposited in layers and 
strengthened by multiple intra- and intermolecu-
lar cross-links, interconnected with an alpha 2 
polypeptide chain with two alpha 1 chains. This 
structure, known as procollagen, goes through a 
cleavage process in its aminoterminal and car-
boxyterminal peptides in order to form tropocol-
lagen. In addition to a helicoidal structure, it also 
has a nonhelicoidal area in the aforementioned 
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terminal peptides called N-telopeptide (NTX) 
and C-telopeptide (CTX), respectively. [59, 60].

The hydroxylysine side chains of different tro-
pocollagen molecules condense to form a pyri-
dinium ring, thus creating the pyridinoline 
cross-links that connect three different tropocol-
lagen molecules. A deoxypyridinoline (D-PYR) 
cross-link is a variant of a pyridinoline cross-link 
that is formed when two hydroxylysine side 
chains condense with a lysine side chain. 
Pyridinoline cross-links are also present in many 
types of collagen in other tissues, except for in 
the skin [59, 61, 62]. There are three types of pyr-
idinoline cross-links that are characteristic of 
bone collagen: D-PYR, which is only found in 
large amounts in the bone and dentin; 
N-telopeptide, which is the pyridinoline cross- 
link in the N-telopeptide region that binds to the 
alpha 1 and alpha 2 chains; and C-telopeptide, 
which is a fragment of alpha 1 peptide with an 
isomerized bond between the aspartate and the 
glycine of the C-telopeptide region [63, 64].

Immature collagen fibers do not have the nec-
essary tensile strength until they are connected by 
these covalent bonds, which are resistant to deg-
radation. Noncollagenous proteins in the bone 
matrix are fundamental in regulating mineraliza-

tion and strengthening the collagen structure, 
forming a protein lattice which calcium and 
phosphate are deposited on in the form of 
hydroxyapatite crystals [60, 65, 66] (Fig. 3.7).

3.3.2  Mineralization

Noncollagenous proteins that bind calcium 
include vitamin K-dependent carboxylation/
gamma-carboxyglutamic (Gla) proteins—includ-
ing osteocalcin, which is secreted by osteo-
blasts—which contain gamma-carboxyglutamic 
acid and, like many coagulation factors, are vita-
min K-dependent [67–69]. Some of these 
 proteins, such as the calcification-inhibiting 
matrix Gla protein (MGP), can delay mineraliza-
tion and allow for the bone matrix to mature. In 
this manner, secondary bone mineralization in 
humans does not cease suddenly, but rather 
slowly continues until a calcium content of 
around 30% of the bone’s weight is reached [70].

Although osteocalcin is the most specific pro-
tein product of osteoblasts, eliminating the osteo-
calcin gene does not alter growth or skeletal 
mineralization [68, 71] due to the concurrence of 
other proteins. Osteopontin—bone sialopro-

a b

Fig. 3.7 Microscopic images. (a) bone trabeculae of a 
larger size in a patient with coxarthrosis. Picrosirius stain-
ing that allows for identification of fibrillar collagens in 
red on bright-field microscopy. The same staining 

observed via polarized light microscopy in image (b) 
shows zones in which collagen has a parallel structure, 
which is seen with positive birefringence (between green, 
orange, and red). 40×
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tein—binds both to calcium and to collagen and 
can also play a role in the adherence of osteo-
clasts to the bone surface [22, 72].

Phosphorylated osteopontin (OPN) inhibits 
the formation of hydroxyapatite crystals, whereas 
bone alkaline phosphatase (BALP) promotes 
extracellular mineralization through the release 
of inorganic phosphate from inorganic pyrophos-
phate (PPi), which inhibits mineralization. 
Tartrate-resistant acid phosphatase (TRAP) pro-
duced by osteoclasts, osteoblasts, and osteocytes 
exhibits potent phosphate activity toward osteo-
pontin, though its potential effect on mineraliza-
tion regulation is unknown. Therefore, 
osteopontin is important for mineralization inhi-
bition regulated by TRAP, but not by BALP.  In 
conclusion, BALP and TRAP appear to be able to 
improve the effect of osteopontin on mineraliza-
tion, suggesting a potential role of TRAP in skel-
etal mineralization [52, 73].

Crystallized hydroxyapatite that is deposited 
on the aforementioned protein lattice—collagen 
or noncollagenous—represents approximately 
one-fourth of the volume and half of the mass of 
normal adult bones. The Ca and P (inorganic 
phosphate) components of these crystals are pro-
duced from blood plasma and, in turn, from nutri-
tional sources. Amorphous Ca phosphate matures 
through various intermediate stages in order to 
form hydroxyapatite, with the vitamin D metabo-
lites acting as important mediators of Ca regula-
tion. Therefore, vitamin D deficiency will lead to 
the depletion of bone minerals [74–76]. Likewise, 
insufficient intake of Ca and P will lead to miner-
alization defects. Hydroxyapatite crystals may 
also contain carbonate, fluoride, and a variety of 
trace minerals, depending on the environment in 
which the skeleton grows. These crystals are rela-
tively small, which is appropriate for a structure 
which may be subjected to tension, and thus suf-
fer minor microdamage. However, despite the 
plasmatic and nutritional origin of the Ca and P 
that form hydroxyapatite crystals, in a study on 
bone extracted from the metaphysis of the proxi-
mal end of the femur in patients with hip fracture 
treated surgically with arthroplasty, our group 
found lower levels of Ca, P, and vitamin D in the 
blood, but not in bone concentration, when com-

pared to a control group of patients without hip 
fracture, despite the fact that the patients with hip 
fracture were malnourished [3]. All results of the 
samples from both groups were calculated 
according to the weight of Ca and P [77]. The 
differences were not statistically significant for 
Ca, P, or the Ca:P ratio, revealing that bone min-
eral composition, measured by quantitative 
microanalysis of trabecular bone obtained from 
patients with hip fracture, is similar to the bone of 
patients with hip osteoarthrosis. This finding, 
associated with abnormal serum Ca and P con-
centrations (serum/bone levels with a correlation 
coefficient of −0.197 for Ca and −0.274 for P), 
refutes the idea of increasing Ca intake or admin-
istering medications to increase mineralization in 
patients with osteoporosis with the objective of 
preventing hip fractures. Therefore, it is to follow 
that some authors recommend measuring Ca and 
P fractions in BMD measurements in order to 
improve the evaluation of fracture risk and deter-
mine more specific therapies [78].

In the literature, there is little evidence of a 
relationship between bone density and calcium 
intake, but there is evidence of the occurrence of 
adverse effects such as gastrointestinal problems, 
kidney stones, or even cardiovascular problems 
[79]. Therefore, treatment of osteoporosis with 
Ca and vitamin D does not seem to be appropri-
ate if there is no hypovitaminosis or hypocalce-
mia, as many authors have asserted [79–83]. On 
the other hand, extrapolating the results of 
research on vitamin D in animals to humans must 
be done cautiously, given that there are differ-
ences depending on the species. For example, 
whereas vitamin D stimulates mineralization in 
humans, it inhibits it in rodents [76].

3.3.3  Distribution of the Mineral 
Phase

In addition to the mineral composition of bone, 
the geographical distribution of mineralization 
within the proximal end of the femur is also 
important. In studies of the nanostructure, com-
position, and microarchitecture of the superolat-
eral area of the femoral neck in elderly patients 
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with hip fracture compared to healthy control 
subjects, it was observed that mineral crystals on 
the external cortical bone surfaces of the fracture 
group were larger and had a greater mineral con-
tent and a more homogeneous mineralization 
profile. Samples from the patients with hip frac-
ture showed cortical porosity values that were 
nearly 35% higher [84]. In general, the Ca:P ratio 
did not appear to differ between the hyperminer-
alized osteocytic lacunae (micropetrosis) and the 
bone matrix in the osteoporosis and osteoarthro-
sis groups, though the micropetrosis was greater 
in the group of patients with hip fractures [84]. 
Although the role of hypermineralized osteocyte 
lacunae in bone remodeling and the biomechani-
cal properties of the bone requires more research, 
these findings are very interesting in regard to the 
relationship between hypermineralization and 
susceptibility to femoral neck fracture [85].

3.4  Contribution to Biochemical 
Homeostasis of the Mineral 
Phase

3.4.1  Calcium

In addition to its biomechanical function, the 
mineral fraction of the bone also plays an impor-
tant role in the regulation of mineral metabolism 
in the human body. More than 98% of the body’s 
Ca is found in the bone, where in addition to act-
ing as a mechanical support, it serves as an 
endogenous reservoir. One percent of bone Ca is 
exchangeable with extracellular fluid in order to 
maintain a stable Ca equilibrium. The Ca in the 
extracellular fluid, which, in turn, is 1% of total 
Ca, is found in various forms: as free ions (active 
form), ions bound to plasma proteins (predomi-
nantly albumin), and in compounds (phosphate, 
sulfate) [86]. Intestinal absorption of Ca is poor 
(<50%) and decreases in the elderly [87]. It is 
eliminated in urine, sweat, and feces. Kidney 
losses vary little even if the quantity consumed 
varies greatly. In cases of negative Ca balances, 
with greater losses than the Ca absorbed in the 
intestines, calcium levels will remain within nor-
mal ranges as a result of reabsorption of bone Ca. 

Normal total plasma Ca values in healthy adults 
range from 8.8 to 10.4 mg/dl [88]. Serum cal-
cium levels in patients with hip fracture are lower 
with respect to patients with coxarthrosis, 
although this could be an effect of the malnutri-
tion that the majority of these patients present 
with [3].

3.4.2  Phosphorus

The most important location of phosphorus is in 
the bone, where 80–85% of phosphorus in the 
human body is found. The remaining phosphorus 
is distributed in extracellular fluid and soft tis-
sues. Phosphorus intervenes in a multitude of 
metabolic processes as an energy store. It acts as 
a cellular intermediary in membrane transport 
and is a component of ribonucleic acid (RNA) 
and deoxyribonucleic acid (DNA) [86]. Normal 
plasma concentration of phosphorus in an adult is 
between 2.5 and 4.5 mg/dl. This range is main-
tained thanks to intestinal absorption, renal tube 
reabsorption, and intracellular and bone 
exchanges [88]. Our group found phosphorus 
levels within normal range in both the group of 
patients with hip fracture and the control group. 
However, in the case of the fracture group, phos-
phorus levels were on the lower limit of normal 
[3].

3.4.3  Other Ions

Sodium balance regulation within the human 
body is very complex. Appropriate sodium con-
tent in the body is necessary in order to maintain 
central blood volume and renal perfusion. 
Therefore, it is closely regulated by homeostatic 
defense mechanisms mediated by the renin- 
angiotensin- aldosterone (RAAS) system [89]. 
The role of elevated sodium intake in health 
problems has been the subject of controversy [90, 
91]. The World Health Organization recommends 
limiting sodium intake to less than 2 g per day 
[92]. In the United States of America, it is recom-
mended that sodium intake should not exceed 
2300 mg per day or 1500 mg per day or less for 
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certain populations. Sodium increases calcium 
excretion, which is associated with lower BMD 
that, in turn, is a predictor of bone fragility risk 
[89]. Consequently, a hypothesis has been posed 
that high sodium intake may also be a risk factor 
for developing osteoporosis [93, 94]. Our group 
found that the patients with hip fracture presented 
with lower serum sodium levels than the patients 
with coxarthrosis [3]. These low serum sodium 
levels must theoretically be a “protective” mech-
anism against calcium deficit, but serum calcium 
was also lower in this group of patients.

A high intake of potassium increases the 
absorption of calcium, but studies in this regard 
are not unanimous. Therefore, this could mean 
that the relationship between sodium intake and 
osteoporosis may depend on calcium and potas-
sium intake [89, 95]. Our group found that potas-
sium levels in the group of patients with fractures 
were significantly lower than in the coxarthrosis 
group [3].

3.5  Age- and Disease-Related 
Changes in Mineralization

There are other interactions in bone mineraliza-
tion that in large part are related to age and dis-
eases [62, 96–98].

Whereas gender and bone mass are not associ-
ated with bone mineralization, age is indeed 
related to the populations’ average increased cal-
cium concentration spikes, the percentage of 
highly mineralized bone areas, and mean bone 
calcium content. Both the bone volume fraction 
and trabecular thickness are inversely correlated 
with mean calcium. Trabecular thickness is asso-
ciated with calcium spikes, high calcium levels, 
and the quantity of poorly mineralized bone. It is 
the only structural parameter which can predict 
bone mineralization independently of age. 
Variables associated with the osteoid correlate 
with mineralization parameters and are the only 
predictor of its heterogeneity. Although elevated 
trabecular mineralization correlates with age and 
bone loss, these associations are attributed to the 
thinning of the bone trabeculae which occurs 
with high mineralization due to the loss of poorly 

mineralized bone surfaces. Therefore, it appears 
that the degree of bone mineral reabsorption is 
primarily associated with the quantity of osteoid 
that is physiologically present and the thickness 
of the mineralized trabecular bone [99].

Menopause is a physiological phenomenon in 
women that begins at varying ages which tend to 
range from 45 to 55 years. In menopause, in addi-
tion to various clinical symptoms due to hor-
mones, some histological changes in bone also 
occur; these changes are generally asymptom-
atic. The mineralized bone matrix appears to be 
preserved during the first year post-menopause; 
its density does not change [100]. In young post-
menopausal women with vitamin D deficiency, 
isolated supplementation with 1000  IU of vita-
min D3 for 9 months is associated with a reduc-
tion in BTMs. However, no differences in BTMs 
were observed between the group that was sup-
plemented with vitamin D and the group that was 
not [101].

Inorganic calcium and phosphate are also 
critically important for many body functions. 
Consequently, regulation of their plasma con-
centration is strictly controlled by renal 
absorption- reabsorption, intestinal absorption, 
and bone exchange, as bone is a reservoir of cal-
cium and phosphate. Parathyroid hormone and 
1,25- dihydroxyvitamin D control calcium homeo-
stasis, whereas these hormones and FGF 23 are 
derived from bone control phosphate homeostasis 
[74, 75, 102–105]. As a result,  hypoparathyroidism 
can cause hypocalcemia and hyperphosphatase-
mia, whereas deficient vitamin D action can cause 
osteomalacia in adults and rickets in children. On 
the contrary, hyperparathyroidism can cause 
hypercalcemia and hypophosphatasemia. In order 
to diagnose these abnormalities associated with 
calcium and phosphate metabolism, a laboratory 
diagnostic test for calcium, phosphate, PTH, and 
25- hydroxyvitamin D is very important [74, 75, 
102–105].

On the other hand, the combination of elevated 
mean calcium concentration in the bone and low 
mineralization heterogeneity in adults with type 
2 diabetes can have detrimental effects on the 
biomechanical properties of the bone. These 
microscopic abnormalities in bone mineraliza-
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tion, which may be obstructed by suppression of 
bone remodeling, provoke a higher risk of frac-
ture in adults with type 2 diabetes [50].

3.6  Bone Turnover Markers

Continuous bone remodeling is important 
because it allows for a bone to adapt to physical 
requirements, such as load, through the forma-
tion of more bone (mechanotransduction) or as a 
result of chemical stimulants produced by signal-
ing molecules that are released in fractures [33, 
34, 37]. Modulation of sclerotin secretion is 
important in order to stimulate bone formation or 
bone absorption that occurs based on the cyto-
plasmic extensions of osteocytes into the colla-
gen, which capture changes [35, 36].

The nature of this continuous replacement of 
bone tissue can be determined thanks to the mea-
surement of molecules released by osteoblasts 
and osteoclasts in the bone formation and resorp-
tion processes. These BTMs can be measured in 
blood or urine.

The amino acids that form the cross-link 
between collagen molecules are released during 
bone resorption as free forms or as peptides that 
can be measured in serum or urine. Although 
cross-links are not exclusive to the bone, given 
that bone tissue is the largest reservoir of type 1 
collagen in the entire human body and is remod-
eled more quickly than the rest of the connective 
tissues, it is believed that the majority of cross- 
links present in the urine of an adult come from 
the bone resorption process. In this process, col-
lagen begins to break down, releasing free forms 
of cross-links (40%) and peptide-bound cross- 
links (60%), both of which are excreted in the 
urine. Measurement of BTMs is very useful for 
detecting bone metabolism abnormalities [98].

BMTs are predictive of loss of bone mass and 
in some studies are used as a fracture risk test 
[106–109]. However, they must be measured 
over time because a single measurement is mean-
ingless. Measured over time, progressive bone 
mass loss does seem to correlate to fracture risk. 
Therefore, although BMTs are useful when they 
are measured over time, their variability makes it 

so that they do not form part of the majority of 
osteoporosis diagnostic and treatment guidelines, 
despite their usefulness in detecting lack of 
response to treatment.

For bone formation, serum measurements of 
bone-specific alkaline phosphatase (BSAP)—
which requires normal liver functioning, given 
that on the contrary, they may appear abnor-
mal—, osteocalcin, and aminoterminal propep-
tide of type I procollagen (PINP) are highly 
clinically useful. The serum concentration of 
BSAP and osteocalcin shows osteoblastic activ-
ity [71]. The serum concentration of carboxyter-
minal and aminoterminal propeptides of type I 
collagen (PICP and PINP, respectively) shows 
changes in the synthesis of new collagen; mea-
suring PINP is more specific than measuring 
PICP.  For bone resorption, the N-telopeptide 
(NTX) cross-link in urine and the C-terminal 
telopeptide of type I collagen (ICTX) and the 
pyridinoline cross-link can be measured in blood 
[63, 97].

Urine and serum measurements of collagen 
cross-link concentrations show bone resorption. 
Therefore, these substances are better indicators 
of bone resorption than calcium in urine or excre-
tion of hydroxyproline. What is more, as D-PYR 
and the peptide binding alpha 1 to alpha 2 NTX 
and ICTX are almost exclusively derived from 
bone collagen, measurement of these substances 
specifically shows bone resorption.

The measurement of these metabolites 
(BTMs) can vary depending on the measurement 
method as well as patient variables. The circadian 
rhythm, which peaks at dawn and decreases in 
the afternoon; a high body mass index; tobacco 
use; ovulation; and the first 4–6 months follow-
ing a fracture increase BTMs. Use of contracep-
tion, the postprandial period, and physical 
exercise decrease BTMs. Therefore, urine collec-
tion must always be done at the same time mid- 
morning and in the same laboratory. Likewise, 
dietary intake also influences these measure-
ments [110].

The validity of BTM measurements must 
comply with some requirements. Changes in the 
metabolite must correspond to real changes in 
turnover measured by means of histomorphome-
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try and calcium kinematics. Serum and urine 
concentrations of these metabolites must corre-
spond to the appearance of metabolic bone dis-
eases such as those related to the thyroids and 
parathyroids or to the administration of certain 
drugs.

Nevertheless, although these markers are use-
ful for understanding a drug’s mechanism of 
action, their role in each patient is unclear; 
indeed, they are not important for the selection of 
candidates for osteoporosis treatment. In addi-
tion, there is significant variability between indi-
viduals, which in some instances may lead to 
poor clinical interpretation. Furthermore, it is 
important to note that the predictive validity of 
variations in BTM values varies according to 
which BTM is measured. For example, a varia-
tion by a factor of more than 2.8 is considered 
abnormal, whereas for a lower value of NTX to 
be predictive of improvement in mineral density 
and decrease of fracture risk, it must be 50% or 
30% of serum values of ICTX, PINP, or BSAP 
[97, 111–113]. (Table 3.1)

3.7  Osteoporosis

Osteoporosis is a generalized skeletal disease 
classified as an osteopenic fragilizing osteopathy 
that predisposes individuals to a greater risk of 
fracture. Therefore, it is called fragilizing because 
fracture can occur with low-energy trauma. One 
of the etiopathogenic problems related to these 
fractures is establishing the limit from which 
trauma is considered of low- or high-energy. 
Though it seems clear that vertebral fractures 
spontaneously appear in patients with osteoporo-
sis, hip fractures require a fall, even if it is from 
standing, for them to be considered significant 
trauma. Even a young individual who is not wear-
ing protective gear whose trochanteric area 
impacts directly on the ground has a high proba-
bility of fracturing the hip [114]. However, unlike 
an elderly person, a young person has reflexes 
and the protection of the upper limbs to avoid this 
impact.

Generally speaking, the literature offers 
diverse classifications of osteoporosis. Five types 

can be distinguished: Type I: primary or due to a 
decrease in estrogen; type 2: due to aging; type 3: 
secondary or due to a genetic or acquired disease 
excluding menopause or aging, most often meta-
bolic or rheumatic diseases; type IV: idiopathic 
juvenile; type V: regional due to immobility.

3.7.1  Symptoms and Diagnosis 
of Postmenopausal 
Osteoporosis

The majority of postmenopausal women present 
with osteoporosis due to estrogen deficiency. 
Medical records show the osteoporosis risk- 
related medical history, and thus, the indication 
for the imaging and laboratory tests that should 
be performed (Table 3.2). Early diagnosis offers 
the possibility of slowing disease progression, 
especially in cases of osteoporosis secondary to 
endocrinologic or rheumatic disease.

In general, there are no symptoms of osteopo-
rosis unless a fracture occurs which reveals the 
disease. This, among other circumstances, differ-
entiates it from osteomalacia, in which there is 
pain even if a fracture does not occur. Therefore, 
it is very common to incidentally observe verte-
bral fractures as well as a progressive decrease in 
height in osteoporotic women.

A diagnosis of osteoporosis is usually made 
when a fracture occurs. These fractures are 
 generally located in the vertebral body, hip, wrist, 
humerus, rib, or pelvis. Many of them, except for 
hip and wrist fractures, occur without clinical 
episodes of pain or trauma. Therefore, the con-
cept of clinical onset of osteoporosis is related to 
the occurrence of a fracture [2, 87, 114, 115].

Nevertheless, it is believed that a more objec-
tive diagnosis of osteoporosis, especially if there 
has not been a fracture due to fragility, would be 
when the T-score is less than or equal to 2.5 SD 
of BMD measured via dual-energy x-ray absorci-
ometry (DXA) and after ruling out other causes 
of low BMD. The T-score is a comparison of a 
patient’s mean bone density with that of a healthy 
30-year-old person of the same sex and ethnicity. 
This value is used in men and postmenopausal 
women older than 50 years of age as it better pre-
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dicts the risk of future fractures. Another mea-
surement, the Z-score, is the number of SD of a 
patient with a mean bone density different from 
the mean bone density that corresponds to a per-
son of their age, sex, and ethnicity. This value is 
used in premenopausal women, men younger 
than 50 years of age, and children. It also serves 
to establish whether a patient has a mean bone 
density that is so low with respect to his/her age 
group that it leads the physician to suspect a sec-
ondary cause [7].

According to the pharmaceutical industry, all 
people who present with these abnormalities 
must have pharmaceutical treatment, even if the 
clinical situation does not indicate illness [7]. 
Moreover, the industry claims that people older 
than an unspecified age should receive pharma-
ceuticals to increase and preserve their bone 
mass. Consequently, to the majority of physi-
cians, the elderly population is in large part 
undertreated. Nevertheless, there is not enough 
evidence to support these assertions, according to 
reports from assessment agencies [5, 10, 11, 
116]. It is also important to highlight that 
although all elderly people present with osteope-
nia, only a small percentage suffer a fall and less 
than half sustain a lesion as a consequence of 
trauma. People older than 65 years of age who 
suffer a fall may have another within 1 year with-
out this necessarily entailing a fracture [117].

Various epidemiological studies have 
attempted to identify osteoporosis early in order 
to prevent complex fracture patterns. However, 
only a better understanding of the molecular 
pathways, gene expression regulators, and gene 
expression profiles related to osteoporosis can 
allow for personalized treatments to be intro-
duced [118–120]. Given that osteoporosis is 
caused by changes in the number or activities of 
osteoblasts and osteoclasts, by monitoring the 
biomarkers of these cells’ activities, trends in 
osteoporosis risk can be identified. However, the 
majority of osteoporotic fractures occur not in 
individuals with osteoporosis, but rather in indi-
viduals with osteopenic BMD. While osteopenic 
patients (T-score of BMD −1 to −2.5 SD accord-
ing to DXA testing) have an individual risk of 
fracture that is lower than osteoporotic patients 
(T-score <−2.5 SD), the larger overall number of 
osteopenic patients means that the majority of 
fractures will occur in this subset of the total pop-
ulation [121].

Therefore, the positive predictive value of 
abnormal BTM levels for accelerated bone loss 
in elderly white women is modest [122]. Due to 
the low efficiency and cost-effectiveness of 
detection programs, use of BTMs as a public 
health measure for identifying patients at 
increased risk of rapid bone loss is not currently 
recommendable [116].

The bone equilibrium index is a creative solu-
tion to this problem. It is based on a regression to 
determine the relative quantities of osteocalcin 
(OC) versus urine NTX observed in a cohort of 
patients with stable bone mass [123]. Patients are 
then evaluated in relation to this regression stan-
dard in order to determine if their quantity of 
NTX in relation to osteocalcin is greater than or 
less than the expected quantity that corresponds 
to stable bone mass.

It is necessary to distinguish between the 
capacity of BTMs to predict bone loss, as dis-
cussed above, and their capacity to predict frac-
ture risk, as patients may have markedly different 
fracture risks but the same general level of bone 
mass due to demographic variations, clinical fac-
tors, and bone microarchitecture.

Table 3.2 Osteoporosis risk factors

Osteoporosis risk factors
   – Age.
   – Female sex.
   – Caucasian or Asian race.
   – Primary or secondary hypogonadism.
   – Primary or secondary amenorrhea.
   – Weight (BMI).
   – Alcohol/tobacco/caffeine consumption.
   – Medical history of fracture due to fragility.
   – Use of glucocorticoids.
   – Type I diabetes.
   – Untreated hyperthyroidism
   – Hyperparathyroidism
   – Chronic liver disease
   – Malnutrition-malabsorption
   – Low dietary calcium intake, or vitamin D 

deficiency
   – Low physical activity, prolonged immobilization
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In general, prospective studies that analyze the 
relationship between bone formation markers and 
posterior fracture risk have not demonstrated a clear 
utility for anabolic BTMs for this purpose [122]. On 
the contrary, many studies have demonstrated that 
an increase in bone resorption markers is predictive 
of fracture due to posterior fragility [124].

Comorbid clinical conditions can alter the 
relationship among BTMs for predicting fracture 
risk. One of the better studied examples is that 
measurements of BMD underestimate fracture 
risk in people with diabetes [125]. ROC analyses 
have not been able to demonstrate that a combi-
nation of low BMD and an increase in BTMs 
detects more women at risk of fracture than low 
BMD alone [126].

In conclusion, though BTMs are powerful 
research tools for epidemiologists who study 
populations’ fracture risks, the current evidence 
is insufficient for recommending their routine use 
for identifying individual patients who would 
optimally benefit from pharmaceutical therapies 
for osteoporosis. However, a distinction must be 
made for patients with “secondary” bone loss for 
reasons such as hyperparathyroidism, hyperthy-
roidism, vitamin D deficiency, and paraprotein-
emia, as BTMs may be useful for these subgroups 
of higher-risk patients.

Furthermore, unlike the limitations of the use 
of BTMs to identify patients at risk for rapid 
bone loss, their use in guiding osteoporosis ther-
apy has a clearer potential utility. The pattern of 
change in BTMs in response to treatment is well- 
described. These changes have been used to pre-
dict both increases in bone density and therapeutic 
efficiency for reducing fracture risk.
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4.1  Introduction

The European population is aging rapidly. By 
2030, the number of adults aged 75 and older is 
predicted to double [1], as is the number of older 
adults with physical frailty [2]. Physical frailty 
[2] is defined by a decline in multiple body sys-
tems [3] causing increased vulnerability that has 
been linked to multiple negative health outcomes, 
including extended length of stay in acute care 
due to complications [4, 5], hospital readmis-
sions [6], and mortality [7, 8] among older 
patients [9]. Therefore, frailty causes an enor-
mous challenge to the individual, to medical care, 
and the society as a whole.

A condition that is considered central to the 
development of physical frailty and its conse-
quences is sarcopenia [10–25] and the loss of 
muscle mass and strength. Notably, to date, both 
frailty and sarcopenia are underdiagnosed in clin-
ical care, although effective treatments for these 
conditions (i.e., exercise, vitamin D, protein) 
have been proposed especially for older adults at 
risk for or after fragility fractures [11, 17, 26–
31]. This textbook is addressing diagnostic 
options of sarcopenia and frailty and treatment 
options for these conditions, among the target 

population of older adults seen in senior trauma 
centers, in individual chapters.

4.2  Overlap Between Sarcopenia 
and Frailty

Muscle mass is reduced by as much as 40% from 
age 20 to age 80, most pronounced in the lower 
limb [32]. It has been estimated that 5–13% of 
adults aged 60–70 and 11–50% of adults aged 
80+ years are affected by sarcopenia [26–28, 33, 
34]. Conceptually, while sarcopenia is central to 
the development of frailty [35–38], not all 
patients with sarcopenia are frail. In fact, it has 
been suggested that sarcopenia is about twice as 
common as frailty [14, 28, 35, 36].

4.3  Relevance of Frailty

About 10–30% of community-dwelling older 
adults are considered frail [39], with an addi-
tional 40% being at risk for the condition (pre- 
frailty [40–42]). Frail older adults consume 
3-times more health care resources than their 
robust counterparts [43]. Thus, the health eco-
nomic impact of frailty is expected to be enor-
mous [44] and a call to action has been posed [2]. 
Relevant to outcomes in acute care settings, 
frailty is considered a better predictor of adverse 
outcomes than chronological age alone [45]. 
Therefore, several medical specialties have 
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started to assess frailty in older trauma patients 
[46–48], in cancer patients [49, 50], and in heart 
surgery candidates [51–53].

4.4  Relevance of Sarcopenia

As described above, sarcopenia is a driver frailty 
[13, 54–56], plus causes mobility disability, 
falls, fractures, and loss of autonomy [13, 54–
56]. Based on a representative sample of U.S. 
adults aged 60 and older, the estimated direct 
healthcare cost attributable to sarcopenia in 
2000 was $18.5 billion, which represented about 
1.5% of total healthcare expenditures for that 
year [24]. According to Janssen et al., the assess-
ment of 10% reduction in sarcopenia prevalence 
would result in savings of $1.1 billion (dollars 
adjusted to 2000 rate) per year in U.S. health-
care costs [24].

4.5  Summary

The importance of diagnosing and treating sarco-
penia and frailty among older patients, at risk for 
or treated in acute care for a fall-related injury 
such as a fragility fracture, cannot be overesti-
mated for their overt and independent link to 
adverse outcomes after surgery and regaining 
autonomy [4–8]. The close collaboration between 
trauma surgeons and geriatricians, as well as 
expert teams in physiotherapy and nursing trained 
within senior trauma centers, will allow these 
conditions to be addressed most effectively 
[46–48].
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Applied Fall and Fracture 
Epidemiology 70+

Heike A. Bischoff-Ferrari

5.1  Introduction

Over 90% of fragility fractures occur after a 
fall and fall rates increase with age [1] and 
poor muscle strength or function [1]. 
Mechanistically, the circumstances [2] and the 
direction [3] of a fall determine the type of 
fracture, whereas bone density and factors that 
attenuate a fall, such as better strength or better 
padding, critically determine whether a frac-
ture will take place when the faller lands on a 
certain bone [4]. Moreover, falling may also 
affect bone density through increased immo-
bility from self-restriction of activities [5]. 
Notably, after their first fall, about 30% of per-
sons develop a fear of falling resulting in self- 
restriction of activities, decreased quality of 
life, and a high risk of sustaining another fall 
or fracture [5]. Therefore, relevant to clinical 
care of older trauma patients with fall-related 
injuries, the implementation of integrated care 
concepts that include early rehabilitation and 
nutritional concepts that target both fall and 
fracture prevention is of significant importance 
[6, 7].

5.2  Epidemiology of Falls

Each year, one out of three persons aged 65 and 
older and one out of two aged 80 and older expe-
rience at least one fall [7–10]. Serious injuries 
occur with 10–15% of falls, 9% of these falls 
require an emergency room visit and 5–6% result 
in a fracture [11]. Fall injuries are among the 20 
most expensive medical conditions [12] amount-
ing to $34 billion annually of direct medical costs 
for fall injuries [13].

As an independent determinant of functional 
decline [14], falls lead to 40% of all nursing 
home admissions [15]. The primary risk factor 
for a hip fracture is a fall, and over 90% of all 
fractures occur after a fall [16]. Recurrent fall-
ers may have close to a fourfold increased odds 
of sustaining a fall-related fracture compared to 
individuals with a single fall [17]. As the num-
ber of adults aged 65 and older is predicted to 
double by 2030 [18], the number of fall-related 
fractures will increase substantially. Notably, 
even today, 75% of fractures occur among 
seniors aged 65 and older [19]. Because of the 
increasing proportion of older adults, annual 
costs from all fall- related injuries in the US in 
persons aged 65 years or older were projected 
to increase from $20.3 billion in 1994 to $32.4 
billion in 2020, including medical, rehabilita-
tion, hospital costs, and the costs of morbidity 
and mortality [20].
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5.3  Fall Definition 
and Ascertainment Methods

Buchner and colleagues created a useful fall defi-
nition for the common database of the FICSIT 
(Frailty and Injuries: Cooperative Studies of 
Intervention Techniques) trials [21]. Falls were 
defined as “unintentionally coming to rest on the 
ground, floor, or other lower level.” Coming to 
rest against furniture or a wall was not accounted 
as a fall [21].

Challenging for their ascertainment is that 
falls tend to be forgotten if not associated with 
significant injury [22], requiring short periods of 
follow-up. Thus, high quality fall assessment in 
older adults requires a prospective ascertainment 
of falls and their circumstances, ideally in short 
periods of time (<3 months) [22].

Useful fall ascertainment methods include 
postcards, phone calls, or diary/calendar [23]. 
Only recently, the usefulness and comprehen-
siveness of different ascertainment methods have 
been compared directly for 704 falls recorded 
with the same fall protocol among pre-frail and 
frail older adults [23]. The authors concluded that 
most falls were reported by active-asking by 
monthly phone calls: 81% of total falls in pre- 
frail, and 78% in frail older adults. Among pre- 
frail older adults, diaries captured additional 19% 
falls, while a telephone hotline added none. 
Among frail older adults, the hotline added 16% 
falls, while diaries added 6%. Further, the authors 
found that while monthly active-asking by phone 
calls captures most falls in both groups, this 
method alone missed 19% of falls in pre-frail and 
22% in frail seniors. Thus, a combination of 
active-asking and diaries for pre-frail and active- 
asking and the hotline for frail older adults was 
recommended by the authors [23].

5.4  Epidemiology of the Four 
Most Common Fragility 
Fractures

Hip fractures are the most serious and most fre-
quent fragility fractures occurring among adults 
aged 75 and older [24, 25]. In fact, an estimated 
one in three women and one in six men will have 

sustained a hip fracture by their 90th decade [26]. 
Notably, by 2050, the worldwide incidence of hip 
fractures is expected to increase by 240% among 
women and 310% among men [27]. Critical for 
the understanding of fragility fractures at the hip 
is their close relationship with muscle weak-
ness[16] and falling [28].

Apart from hip fractures, the other two most 
common fragility fractures at non-vertebral 
sites are distal forearm and proximal humerus 
fractures, and similar to hip fractures, distal fore-
arm and proximal humerus fractures show a steep 
increase with age [24]. Notably, the circum-
stances of these fractures are strikingly different. 
Hip fractures tend to occur in less active individ-
uals falling indoors from a standing height with 
little forward momentum, and they tend to fall 
sideways or straight down on their hip [29–31]. 
On the other hand, distal forearm or humerus 
fractures tend to occur among more active older 
individuals who are correspondingly more likely 
to be outdoors and have a greater forward 
momentum when they fall [32–34]. This may 
also explain why hip fracture incidence shows 
little to no seasonal change, while the winter/
summer seasonal swing is pronounced in the dis-
tal forearm and humerus fractures, and more so 
in men than in women [35]. Men aged 65 and 
older have a 51% greater risk to sustain a distal 
forearm and 23% greater risk to sustain a proxi-
mal humerus fracture in the winter compared 
with the summer season [35]. Women aged 65 
and older have a 15% greater risk to sustain a dis-
tal forearm and 19% greater risk to sustain a 
proximal humerus fracture in the winter com-
pared with the summer season [35]. In the same 
study, in winter, total snowfall was associated 
with a reduced risk of hip fracture (−5% per 
20 in./51 cm), but an increased risk of distal fore-
arm and proximal humerus fractures (6–12%; 
p < 0.05 at all sites) [35].

Compared to the three most common fragility 
fractures at non-vertebral sites (hip, distal forearm, 
and proximal humerus), the epidemiology of ver-
tebral fractures is challenging with less than 30% 
of vertebral fractures coming to clinical attention 
[25]. Similar to the three non-vertebral fragility 
fractures, vertebral fractures increase exponen-
tially after age 65 among men and women, and 
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incidence rates for vertebral fractures project 
between hip and radius fractures for both genders 
after age 75 [25]. Women with a first vertebral 
fracture have a more than 19% risk of developing 
a second vertebral fracture in the subsequent year 
[36], a 2.5-fold increased risk for any subsequent 
fracture [37], and a 2.8-fold increased mortality 
rate within the following 10 years [38].

Notably in men, after age 80, vertebral frac-
ture rates have been reported to be similar to 
those in women [39]. However, mechanistically 
there are gender-specific differences: more than 
90% of vertebral fractures in women result from 
mild to moderate trauma, while among men, this 
proportion is only 55% [40]. Severe vertebral 
deformities in both genders appear to have a pre-
dilection between T10 and L1 [40].

5.5  Risk of Repeat Fragility 
Fractures

For a future perspective on the fragility fracture 
epidemic, it is important to note that often the 
first fragility fracture is followed by a second fra-
gility fracture, and drawing attention to that first 
fracture and the need for secondary prevention is 
key in fragility fracture care [6]. Based on a 
16-year follow-up of one large population-based 
study in Australia [37], the absolute risk for a 
repeat fracture increases steeply and equally in 
men and women with age, despite a lower abso-
lute risk for the first fracture among men. The 
relative risk for a repeat fracture among women 
aged 60–69, 70–79, and 80+ is 1.65 (95% CI: 
1.18–2.32), 2.36 (1.91–2.92), and 1.80 (1.45–
2.25), respectively [37]. The relative risk for a 
repeat fracture among men aged 60–69, 70–79, 
and 80+ is 3.75 (2.19–6.43), 4.32 (3.00–6.21), 
and 2.77 (1.69–4.54), respectively [37].

5.6  Summary

We will see many more falls and fall-related fra-
gility fractures in the coming 20  years and an 
integrated care approach as implemented in 
senior trauma centers, including an interprofes-
sional team of traumatologists, geriatricians, 

physiotherapist, nutritionists, and nursing experts 
will be needed to face this challenge. One inte-
grated care concept developed at the University 
Hospital in Zurich (Zurich-POPS) that includes 
both a novel communication tool and a compre-
hensive research agenda is described in a chapter 
of this textbook.
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Protein Malnutrition, Falls, 
and Fractures in Older Trauma 
Patients

Patricia Lanz and Heike A. Bischoff-Ferrari

6.1  Introduction

People with higher muscle strength fall less, have 
stronger bones, and suffer significantly fewer frac-
tures [1]. Therefore, the prevention of fragility frac-
tures in older adults should focus not only on bone 
healths but also muscle health and fall prevention (as 
illustrated in Fig. 6.1). Both mechanically and bio-
logically, the bone is linked to the muscular system. 
The prevention of vitamin D deficiency and a diet 
rich in calcium and protein combined with regular 
physical activity are key strategies to fall and frac-
ture prevention [2]. In this chapter, we will summa-
rize the available evidence on the amount and quality 
of protein intake from diet and supplements relevant 
to fall and fracture prevention among older adults.

6.2  Fragility Fracture: 
Osteoporosis, Sarcopenia, 
and Falls

The risk of suffering a fragility fracture, such as a 
hip fracture, increases exponentially with age [3]. 
Important drivers of this risk are the presence of 

reduced bone density (osteoporosis) and reduced 
muscle mass and function (sarcopenia) and thus 
increased risk of falling [2] (as illustrated in 
Fig. 6.1). Fragility fractures have been associated 
with permanent functional disability, loss of 
quality of life, and loss of autonomy and increased 
mortality [3]. The socioeconomic burden caused 
by fragility fractures and their consequences are 
enormous and will continue to increase in view 
of demographic developments [4].

Risk factors of both increased bone loss 
(osteoporosis) and sarcopenia plus increased risk 
of falling are listed in Table 6.1.

6.2.1  Sarcopenia

The term sarcopenia (Greek “sarx” meat and 
“penia” loss) was proposed by Rosenberg in 1989 
and describes the age-associated decrease in skel-
etal muscle mass and strength that exceeds the 
average [5]. While the diagnostic crieteria of sar-
copenia is still under debate [6], there is increas-
ing international consensus that sarcopenia should 
be diagnosed both by the presence of reduced 
appendicular muscle mass (ALM) and functional 
decline assessed by reduced muscle strength or 
gait speed, as proposed by the EWGSOP 
(European-working group on Sarcopenia in Older 
People) in 2010 [7, 8] and updated in 2019 [9]. 
Further, and relevant to clinical care, since 2017 
the ICD-10-CM M62.84 exists for sarcopenia 
[10]. Notably, the prevalence of sarcopenia among 
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adults aged 70 years and older with a prior fall 
event may vary between 2.5–27.2% depending on 
sarcopenia definition [6].

Muscle mass reaches its maximum in humans 
between the age of 20 and 30 and accounts for 
about 44% of body weight among young men and 
about 37% among young women. Between the age 
of 20 and 80, muscle mass decreases by about 

40%, especially on the lower limbs [11]. An accel-
erated decrease in muscle mass occurs in both 
sexes after the age of 50 (decrease: 1–2%/year) 
[11]. This decline is explained by an increasing 
metabolic resistance of muscle with age [12].

Muscle is comprised of two basic fiber types 
and a loss of these fibers has been described with 
age [13]. With aging, there is preferential loss of 

Osteoporosis

Sarcopenia

Trauma
Fall

Fracture Risk Fragility Fracture

Fig. 6.1 Relationship 
between osteoporosis, 
sarcopenia, and fracture

Table 6.1 Risk factors for increased bone loss and sarcopenia and increased risk of falling

Osteoporosis [61] Sarcopenia [9] Increased risk of falling [16, 62]
  • Previous fracture
  • Parent Fractured Hip
  • Current smoking
  •  Intake of glucocorticoids (>5 mg 

prednisolone daily for three months 
or equivalent steroid dose)

  • Rheumatoid arthritis
  •  Excessive alcohol consumption 

(three or more standard units/day)
  •  Other secondary causes of 

Osteoporosis (e.g., diabetes mellitus, 
untreated hyperthyroidism and 
hypothyroidism, hypogonadism, 
malabsorption in the context of 
inflammatory bowel disease)

  •  Age-associated muscle loss
  • Diseases
      –  Inflammatory conditions 

(e.g., organ failure, 
malignancy)

      – Osteoarthritis
      –  Neurological disorders
  • Inactivity
      –  Sedentary behavior 

(e.g., limited mobility or 
bedrest)

      – Physical inactivity
  • Malnutrition
      –  Undernutrition or 

malabsorption
      –  Medication-related 

anorexia
      – Overnutrition/obesity

  • Previous falls
  • Balance impairment
  • Decreased muscle strength
  •  Sensual impairment (visual, 

presbyacusis)
  •  Medication (>4 or psychoactive 

medication)
  •  Gait and impairment or walking 

difficulty (e. g., due to underlying 
neurological and/or orthopedic 
disease)

  • Depression
  • Dizziness or orthostasis
  •  Functional limitations, ADL 

disabilities
  • Age > 80 y
  • Female
  • Low body mass index (BMI)
  • Urinary incontinence
 • Cognitive impairment
  • Arthritis
  • Diabetes
  • Pain
  • Vitamin D deficiency
  • Fear of falling

P. Lanz and H. A. Bischoff-Ferrari



55

Type II fibers, related to a decline in the Type II 
fiber stem cell or satellite cell population [14]. 
Type II fibers have fast contraction time, high 
force production, and low resistance to fatigue 
(<5 min) and are needed for fast reactions in the 
prevention of a fall. Type I fibers decline less with 
age and have a slow contraction time, low force 
production, and high resistance to fatigue (hours) 
and are needed for endurance tasks [13]. In addi-
tion, the number of innervating motoneurons 
decreases with age, and as a consequence, fat is 
deposited in the atrophied muscle [7].

6.2.2  Falls

More than 90% of all fragility fractures occur as 
a result of a fall [15]. Further, falls are frequent 
and are regarded as “Hallmark of Frailty”. Every 
third person aged 65 and every second person 
aged 80 fall at least once a year [16, 17]. Risk 
factors of both increased bone loss (osteoporosis) 
and sarcopenia plus increased risk of falling are 
listed in Table 6.1.

6.3  Risk Factors 
for the Development 
of Malnutrition at Older Age

Malnutrition is a broad term used to define any 
deviation from normal nutritional status. The 
imbalance between food intake and demand can 
lead to malnutrition with associated deficiency of 
one or more essential nutrients or obesity with an 
excess of nutrients [18]. Malnutrition in older 
adults has been linked to chronic diseases, infec-
tions, frailty, loss of autonomy, and mortality risk 
[19]. It is favored by a decrease in energy demand 
with age and the associated reduction in energy 
intake [20]. The term “anorexia of aging” (AA) 
was coined in 1988 by Morley and Silver [21]. It 
attributes AA to changes in appetite regulation and 
the prolonged absence of hunger [22]. Contributing 
physiological changes include reduced sensory 
impressions (smell, taste, and visual stimuli), 
changes in secretion and peripheral effect of regu-
latory hormones for appetite, hunger, and satura-

tion, and changes in the gastrointestinal tract 
(reduced motility) [22]. Further aggravating fac-
tors are the presence of comorbidities, polyphar-
macy, psychosocial factors (isolation, depression, 
cognitive disorders, poverty in old age), a reduced 
functional status (reduced mobility that impairs 
shopping and cooking activities), as well as a poor 
condition of oral health [19].

In addition to regular weight monitoring and 
the calculation of the Body Mass Index (BMI), 
the uses of validated questionnaires such as the 
Nutritional Risk Screening Tool [23] and the Mini 
Nutritional Assessment [24] are recommended 
tools in clinical care to identify older adults at risk 
of malnutrition. Protein Energy Malnutrition 
(PEM) is a special form of malnutrition in which 
the body has too little energy in the form of calo-
ries and too little protein. This can be caused by 
reduced nutrient intake, insufficient absorption 
and assimilation, increased energy requirements, 
or a combination of these [25, 26].

6.3.1  Protein

Proteins are essential macronutrients and can be of 
both animal and plant-based origin. They provide 
structural and functional building blocks for bones 
and muscles. The amino acids contained in dietary 
proteins are required for the synthesis of bone 
matrix and muscle proteins [27]. Consequently, 
inadequate protein intake contributes to bone [28–
30] and muscle mass [31, 32] loss, frailty, and 
increased risk of falls [33] and fractures [34].

Notably, the development of protein malnutri-
tion may be caused by inadequate protein intake 
(in anorexia, inappetence, due to gatrointestinal 
disorders), reduced ability to utilize ingested pro-
tein (insulin resistance, anabolic resistance, high 
splanchnic extraction, immobility), and increased 
protein requirement in chronic inflammatory 
conditions [35].

The recommended daily intake of protein by 
the WHO for adults irrespective of age and gen-
der is 0.8 g/kg body weight/d [36]. In contrast, 
the PROT-AGE Group recommends a daily pro-
tein intake for individuals over 65 years of age to 
be higher, namely of at least 1.0–1.2 g/kg body 
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weight/d, and 1.2–1.5  g/kg body weight/d for 
active older adults and geriatric patients with 
acute or chronic diseases [35].

The Swiss SEMOF study showed in 2006 
that 26.2% of women over 75 years of age take 
in less than 0.8  g/kg body weight/d and only 
29.9% more than 1.2  g/kg body weight/d pro-
tein [37]. A survey from the U.S. showed that 
15–38% of older men and 27–41% of older 
women could not even cover the minimal rec-
ommendation of 0.8 g/kg body weight/d of pro-
tein with food [38].

6.4  Effects of Dietary Proteins 
on Bones and Muscles

A meta-analysis by Komar et al. published in 
2015 found that protein supplementation tested 
in 16 small clinical intervention studies with a 
total of 999 participants aged 65+ led to an 
increase in body weight with an almost exclu-
sive increase in lean body mass [39]. This 
increase was particularly pronounced in rela-
tively sarcopenic individuals and was not 
linked to additional muscle training. Also, with 
regard to large cohort studies, a protein intake 
of 1  g/kg body weight/d or more was associ-
ated with a significant reduction in hip fracture 
incidence in the Framingham study [34], con-
firmed by a more recent meta-analysis of 12 
cohort studies including 407,104 individuals 
[40]. One clinical trial among older patients 
with acute hip fracture found that patients 
receiving a protein supplement compared to 
placebo had a 40% shorter rehabilitation 
time[30] and a higher probability of remaining 
independent [41].

A more recent meta-analysis of five randomized 
clinical trials in healthy adults concluded that a 
higher (1.4  g/kg body weight/d) compared to a 
lower protein intake (0.8 g/kg body weight/d) has a 
positive effect on lumbar bone mineral density [42].

Mechanistically, next to the fact that proteins 
are building blocks of bone matrix and muscle, it 
has been found that a higher protein intake 
increases insulin growth factor-1 (IGF-1) [30, 
43]. IGF-1 is synthesized in the liver and has an 

anabolic effect on bone and muscle plus supports 
the conversion of vitamin D into its active form 
(1, 25 dihydroxyvitamin D) [44].

The same randomized controlled trial con-
ducted in geriatric patients with acute hip frac-
ture found a 40% reduction on rehabilitation 
time, also documented a significantly higher 
IGF-1 levels in the blood at six months with an 
oral milk-based protein supplement of 20 g/day 
compared to an isocaloric placebo (85.5 ± 14.8% 
versus 34.1 ± 7.2%, p = 0.003 [30].

Studies of whey protein, naturally rich in leu-
cine, also support a direct anabolic effect on mus-
cle protein synthesis [45]. With regard to large 
cohort studies, the Health ABC Study showed 
that a higher protein intake over 3  years in 
70–79-year-old adults was associated with a 
decreased loss of muscle mass [31].

With regard to clinical trials, as mentioned 
above, the 2015 meta-analysis by Komar et al. 
including 16 trials with 999 participants found 
that protein supplementation led to an increase 
in lean body mass among older adults at risk of 
sarcopenia [39]. Conversely, a meta-analysis 
of five clinical trials (n  =  557) published in 
2017 by Tieland et al. found no evidence that 
protein or amino acid supplementation 
increases muscle mass or function in healthy 
older adults [46].

6.5  What Protein Supplement Is 
Recommended and How 
Should It Be Ingested?

The definition of protein quality is used to be 
based on the composition and content of essen-
tial amino acids [47]. Newer concepts also take 
into consideration the digestibility of the protein, 
the intestinal absorption (slow vs. fast), and the 
presence of branch-chained anabolic amino 
acids (BCAA) like leucine [48–50]. Based on 
these criteria, in comparison to casein or soy 
protein, whey protein seems to be superior [51]. 
Based on current literature, for the anabolic 
effect on muscle, the target dose of whey protein 
appears to be a minimum of 20 g per day [52]. 
For optimal benefits of protein supplementation, 
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a temporal link to exercise has been recom-
mended [52, 53]. Also, giving a large amount of 
protein as a bolus (defined as taking 50% or 
more of the daily amount of protein in a meal or 
as a single supplement) has been suggested ben-
eficial to overcome anabolic resistance of muscle 
among older adults [52]. Also, even distribution 
of protein intake for all meals has been shown to 
be advantageous: a study of 481 nursing home 
residents in Australia found that an even distri-
bution of the amount of protein over several 
meals, in contrast to pulse administration, led to 
an overall increase in protein intake (RDI of 
0.8  g/kg body weight/d achieved: 96.2  ±  30% 
against 87.3  ±  30.5%) [54]. Therefore, regard-
less of dose, ensuring protein sources at each 
meal is an essential basic strategy also in clinical 
care of older patients [35].

6.6  Negative Effects 
of an Increased Protein 
Intake

In contrast to earlier beliefs, a high protein intake 
does not promote bone loss but improves bone 
health [55]. In fact, a higher protein intake has 
been found to increase intestinal calcium absorp-
tion and improve bone mineral density and 
reduced risk of hip fracture [56].

While it has been long suspected that high 
protein intake may affect kidney function, results 
from large cohorts (WHI and NHS) suggest that 
high protein intakes do not affect kidney function 
[57, 58].

However, it has been suggested that among 
patients with severe renal insufficiency grade 3 
and 4 (GFR < 30 ml/min), it may be warranted to 
limit protein intake to 0.8 g/kg/d [59, 60]. Patients 
requiring dialysis, on the other hand, should fol-
low a protein-rich diet (REF).

6.7  Summary

The declines in bone and muscle mass are driv-
ers of fragility fractures in older adults. Effective 
preventive strategies that address both bone and 

muscle health are therefore of great clinical 
value. In this chapter, we summarize available 
evidence in the literature that a protein-rich diet 
has positive effects on both bone and muscle 
health in older adults at risk for or with a fragil-
ity fracture. A uniform recommendation as to 
how much dietary protein is optimal in this risk 
situation is still under investigation. However, 
there is increasing consensus that a higher pro-
tein intake than currently recommended would 
be advantageous in senior adults, especially 
among those at increased risk for falls and frac-
tures. The newer recommendations by the Prot-
AGE group support an increase from the current 
0.8  g/kg body weight/d to 1.2–1.5  g/kg body 
weight/d for active older adults and geriatric 
patients with an acute or chronic disease [35]. 
Further evidence is expected by ongoing 
research. The results of one Investigator initi-
ated and independently funded trial (Swiss 
National Foundations) investigating a 40 g whey 
protein supplement with and without exercise 
among 800 older adults who sustained a fall 
injury (STRONG study) are expected in the near 
future. In the meantime, based on evidence 
reviewed in this chapter, we believe that for 
enhancing protein intake in patients with fragil-
ity fractures protein supplementation is war-
ranted, especially among those with malnutrition 
and sarcopenia.

Key Messages

• Nutritional proteins have a positive effect on 
muscle and bone health.

• There is increasing consensus that the recom-
mended protein intake for older adults needs 
to be increased for optimal muscle and bone 
health.

• The PROT-AGE study group recommends a 
daily protein intake of at least 1.0–1.2  g/kg 
body weight/d and 1.2–1.5 g/kg body weight/d 
for active older adults and those with an acute 
or chronic disease, respectively.

• There is evidence that whey protein supple-
ments may be superior to other protein types 
due to their composition and higher leucine 
content.
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Supplementation: Vitamin D, 
Calcium

Heike A. Bischoff-Ferrari

7.1  Introduction

Vitamin D deficiency remains prevalent in older 
adults aged 65 and older, with about 50% not 
reaching the threshold for a replete vitamin D sta-
tus of 20  ng/mL [1]. Among older adults, the 
highest prevalence of vitamin D deficiency is 
seen in patients with fragility fractures, reaching 
80% among hip fracture patients [2, 3]. This may 
be best explained as reduced mobility limiting 
sun exposure, but also the fact that aging reduces 
skin production of vitamin D four-fold compared 
with younger adults [4, 5].

Mechanistically, vitamin D deficiency con-
tributes to the risk of sustaining a hip fracture in 
two ways: (1) vitamin D deficiency causes mus-
cle weakness and thereby promotes the risk of 
falling [6, 7]; (2) and impairs calcium metabo-
lism causing secondary hyperparathyroidism and 
thereby bone loss [1].

Notably and central to this chapter targeted 
to the care of older patients with fragility frac-
tures [1], vitamin D deficiency has been linked 
to an increased risk of falls and fractures, as 
well as worse functional outcomes after hip 
fractures [8]. Further, based on meta-analyses of 
double-blind RCTs among vitamin D-deficient 
adults aged 65 and older, daily vitamin D sup-

plementation of 800–1000  IU with or without 
calcium has been found to significantly reduce 
fall risk by 38% with a treatment duration of 
2–5 months and a sustained significant effect of 
17% with a treatment duration of 12–36 months 
[7, 9], and a 30% reduction of hip fractures [10]. 
Relevant to clinical care, this chapter will review 
the recent meta- analysis on vitamin D and fall 
plus fracture prevention that extended to adults 
without vitamin D deficiency and osteoporosis. 
Finally, this chapter will discuss daily versus 
large-dose bolus application of vitamin D, of 
which the latter has been consistently shown to 
increase the risk of falls and fractures among 
older adults.

7.2  Risk Factors for Vitamin D 
Deficiency and Its Prevalence

Most vulnerable to vitamin D deficiency are 
older adults [4, 5], individuals living in northern 
latitudes with prolonged winters and thus low 
UVB exposure [11, 12], obese individuals [13], 
and individuals of all ages with a dark skin tone 
[14–16]. Other risk factors include medical con-
ditions such as malabsorption and the use of anti-
epileptic drugs [17]. The prevalence of vitamin D 
deficiency (serum levels below 20  ng/mL or 
50 nmol/L) among older adults has been found to 
be about 50% in many countries around the world 
[18], with the highest prevalence (80%) in older 
women with hip fractures [2, 3]. As a first sign of 
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toxicity, only serum 25(OH)D levels of above 
220 nmol/L have been associated with hypercal-
cemia [19, 20].

7.3  Evidence Linking Vitamin D 
to Muscle Health

First, proximal muscle weakness is a prominent 
feature of the clinical syndrome of vitamin D 
deficiency [6]. Clinical findings in vitamin D 
deficiency myopathy include proximal muscle 
weakness, diffuse muscle pain, and gait impair-
ments such as waddling way of walking [21]. 
Second, the vitamin D receptor (VDR) is 
expressed [7] in human muscle tissue, as docu-
mented in all [22–27] but one [28] investigation. 
Further, several studies among older individuals 
suggest that VDR activation in muscle promotes 
de novo protein synthesis preferentially in type II 
fast twitch muscle fibers relevant for fall preven-
tion [29–31]. Third, several observational studies 
suggest a positive association between 25(OH)D 
and muscle strength or lower extremity function 
in older persons [32, 33]. Fourth, vitamin D sup-
plementation in vitamin D-deficient older adults 
increased muscle strength and balance [34, 35] 
and reduced the risk of falling in community- 
dwelling individuals [35–37], as well as in insti-
tutionalized individuals [34, 38].

7.4  Vitamin D Supplementation 
and Fall Risk Reduction 
Among Vitamin D-Deficient 
Older Adults

Several meta-analyses of clinical trials that tar-
geted older adults with vitamin D deficiency sug-
gest a reduction in falls [7, 39–46] with vitamin 
D supplementation, although conclusions have 
varied by trial quality, dose, and bolus applica-
tion. Notably, low dose vitamin D (<700 IU/day) 
did not reduce fall risk significantly, while high 
bolus doses (500,000  IU vitamin D3 annually 
[47], 100,000  IU monthly [48], and 60,000  IU 
monthly [49]) increased the risk of falling in 
older adults at risk of falling and are therefore not 

recommended in the care of older patients with 
fragility fractures.

On the other hand, based on a meta-analysis of 
double-blind RCTs among older adults at risk of 
falls and vitamin D deficiency [7, 9], a higher 
daily dose of 700–1000 IU vitamin D reduced the 
risk of falling by 38% with a treatment duration 
of 2–5 months and a sustained significant effect 
of 17% fall reduction with treatment duration of 
12–36 months, and this benefit was independent 
of type of dwelling and age [7, 9].

7.5  Recent Recommendations by 
the USPSTF Regarding 
Vitamin D and Fall 
Prevention

In 2019 [50], the US Preventive Services Task 
Force (USPSTF) panel revised their earlier 
favorable assessment of vitamin D supplemen-
tation for fall prevention in 2012 [51] to a rec-
ommendation against supplementation with 
vitamin D for fall prevention among commu-
nity-dwelling adults, 65 or older, who are not 
known to have osteoporosis or vitamin D defi-
ciency, or to be at high risk of falling or fracture 
[52]. The latter conclusion was based on the 
inconsistent findings from 5 trials and strongly 
influenced by evidence from a single trial that 
tested a large bolus dose of 500,000 IU of vita-
min D annually [47] and reported increased 
risks of both falls and fractures with this treat-
ment among community- dwelling adults at 
increased risk of falling.

Notably, for patients at increased risk of 
osteoporosis and/or those with vitamin D defi-
ciency, evidence from double-blind RCTs sup-
ports vitamin D supplementation (800–1000 IU/
day), consistent with recommendations of other 
professional societies such as the U.S. Endocrine 
Society [17] and National Osteoporosis 
Foundation [53]. The literature is especially 
supportive of a benefit of vitamin D supplemen-
tation in most vulnerable populations, such as 
older adults living in institutions, or at high risk 
of fracture, and those with vitamin D deficiency 
[52, 54].
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7.6  Vitamin D and Function 
and Strength and Frailty

In three double-blind RCTs among older adults 
with vitamin D deficiency and increased risk of 
falling, supplementation with 800 IU vitamin D3 
resulted in a 4–11% gain in lower extremity 
strength or function [34, 35] and up to 28% 
improvement in body sway[35, 37] in older adults 
aged 65+ within 2–12  month of treatment. 
Extending to individuals better vitamin D status, a 
2014 meta-analysis by Beaudart et al. included 30 
randomized controlled trials (5615 individuals 
with mean age 61.1 years) and found a small but 
significant positive effect of vitamin D supplemen-
tation with or without calcium on global muscle 
strength with a standardized mean difference 
(SMD) of 0.17 (P  =  0.02), while no significant 
effect was found on muscle mass and muscle 
power [55]. Results on muscle strength were most 
pronounced in individuals with 25-hydroxyvita-
min D level below 30  nmol/L and were more 
effective in adults aged 65 years or older compared 
to younger subjects (SMD 0.25; 95% CI 0.01–0.48 
vs. SMD 0.03; 95% CI −0.08 to 0.14) [55].

Regarding frailty, low levels of 
25- hydroxavitamin D have been associated with 
a higher risk of frailty in the majority of cohort 
studies [56, 57]. However, insufficient evidence 
exists regarding the effectiveness of vitamin D 
supplementation for older adults preselected for 
frailty. However, frailty is very common in older 
adults at risk of hip fracture, where a daily 
median supplementation of 800  IU vitamin D 
reduced hip fracture risk by 30% [10].

7.7  Fracture Prevention 
with Vitamin D 
Supplementation Based 
on The Four Recent 
Meta-Analyses

From 2016 to 2018, four meta-analyses efforts 
were undertaken to review the benefit of vitamin 
D on fracture prevention. Two of these meta- 
analyses focused on primary prevention of frac-

tures among adults aged 50 years and older, who 
are not at risk of fracture or vitamin D deficiency 
[58, 59], which has not been established before. 
One of these meta-analyses focused on the com-
bination of vitamin D plus calcium only [60] and 
one on the individual effect of vitamin D without 
calcium [61]. Notably, only the meta-analysis 
that focused on the combined effects of vitamin 
D and calcium [60] targeted primarily adults 
aged 65 and older living in the community or in 
institutions.

The latter found a significant 15% reduction 
of total fractures (RR = 0.85; 95% CI 0.73–0.98) 
and a significant 30% reduction of hip fractures 
(RR = 0.70; 95% CI 0.56–0.87) for a daily com-
bination of vitamin D plus calcium [60]. The 
other three meta-analyses suggested that there 
was no benefit of vitamin D. In order to transfer 
these findings to clinical care of older patients 
with fragility fractures, it is important to under-
stand the goals and target groups of these recent 
meta-analyses.

Regarding the meta-analyses by Zhao et  al. 
[58] and the US Preventive Task Force [59], both 
teams of authors state that their recommenda-
tions only apply to community-dwelling adults 
who are not known to have osteoporosis or vita-
min D deficiency or are not at high risk of falling. 
Their results therefore do not apply to a large seg-
ment of older adults who have these risk factors.

The fourth meta-analysis by Bolland et  al. 
[61] included trials of primary and secondary 
prevention among adults aged 50 years and older. 
Their findings regarding no benefit of vitamin D 
have been questioned based on the exclusion of 
about 40% of high-quality trials on the combined 
effect of vitamin D and calcium and their biased 
results by vitamin D dose [62] that combined 
800 IU with any lower dose. In fact, a published 
reanalysis of the Bolland meta-analysis for trials 
that tested the currently recommended dose of 
800–1000  IU vitamin D with more than 50% 
adherence, and excluding the large annual dosing 
trials, suggested a significant 14% reduction in 
total fractures (RR  =  0.86; 95% CI 0.75–0.98) 
and a significant 12% reduction of falls 
(RR = 0.88; 95% CI 0.81–0.95) [62].
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7.8  In Summary

For older adults at increased risk of falls and fra-
gility fractures and/or vitamin D deficiency, evi-
dence from double-blind RCTs supports 
supplementation with 800–1000  IU vitamin D 
per day to treat their high prevalence of vitamin 
D deficiency and reduce their risk of falls and 
fractures [63, 64].

This is consistent with the International 
Osteoporosis Foundation [65], the US Endocrine 
Society [17], and NOF [53] guidelines on vita-
min D.  In fact, reducing the risk of fractures 
among vulnerable older adults aged 65 and older, 
who sustain 75% of all osteoporotic fractures 
[66], remains an important public health target. 
At a public health level, in view of the small risk 
and cost, we believe that it is essential not to dis-
courage older adults from receiving daily 800–
1000 IU vitamin D.
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Exercise Concepts for Fall 
Prevention

M. Mattle  and R. Theiler

8.1  Introduction

Exercise is an established and effective concept 
in fall prevention among both community- 
dwelling and frail older adults [1]. Many stud-
ies demonstrate that simple balance and 
weight- bearing exercise programs improve gait 
speed, muscle strength, and balance in 
community- dwelling and frail older adults, 
which translates into fall reduction by 15–50% 
[2–6]. As falls are the primary risk factor for 
fractures, the rationale is that these interven-
tions should also protect against fractures [1]. 
In this chapter, we review the currently avail-
able evidence concerning the effect of exercise 
on fall prevention among healthy community-
dwelling older adults, as well as pre-frail and 
frail older adults with a history of previous falls 
or cognitive decline.

8.2  Physical Exercise 
Approaches to Prevent 
Falling in Older Adults

Older adults who engage regularly in physical 
exercise and reduce their time spent with seden-
tary behavior are more likely to maintain their 
health and stay independent [7, 8]. Moreover, 
physical exercise has been shown to be the most 
promising prevention strategy for falls and injuri-
ous falls, both as a single intervention component 
and as a part of a multifactorial approach, as, e.g., 
in combined behavioral, educational, and envi-
ronmental adaption approaches [9].

8.2.1  Home- or Group-Based 
Multicomponent Exercise 
Interventions

Recently, Sherrington et al. published a Cochrane 
review evaluating exercise for falls prevention in 
older adults living in the community (average age 
of participants in included trials was 76) and con-
firmed the findings about exercise as an effective 
prevention strategy to reduce falls among older 
adults found earlier by Gillespie et al. [5]. This 
updated meta-analysis including 63 trials with a 
total of 13,518 participants showed that the num-
ber of persons experiencing one or more falls was 
reduced by 15% in the intervention groups, if tak-
ing into account all types of exercise programs 
(risk ratio (RR): 0.85; 95% Confidence Interval 
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(CI): 0.81–0.89) [6]. Further, the rate of falls was 
reduced by 23% for participants in exercise 
groups (all types) compared to controls (rate ratio 
(RaR): 0.77; 95% CI 0.71–0.83; 12,981 partici-
pants in 59 trials) [6]. Moreover, in this meta- 
analysis, exercise (all types) reduced the number 
of people experiencing at least one fall-related 
fracture by 27% (RR: 0.73; 95% CI 0.56–0.95; 
10 trials including 4047 participants) compared 
to controls [6].

Exercise strategies incorporating the enhance-
ment of more than one physical ability simulta-
neously (interventions that comprise balance, 
strength, and functional exercises at once) seem 
more effective than single-component exercise 
strategies [5, 6]. Specifically, for so-called multi-
component exercise interventions, a subgroup 
analysis within the same Cochrane review by 
Sherrington et al. including 11 trials with a total 
of 1374 community-dwelling participants 
showed that the rate of falls was reduced by 34% 
(RaR: 0.66; 95% CI 0.50–0.88) for participants 
in intervention groups compared to controls [6].

8.2.2  Mind-Motor Exercise 
Interventions

Mind-motor exercise interventions (also known 
as cognitive-motor or cognitive-physical inter-
ventions) combine physical and cognitive tasks 
(e.g., dual-, or multitasking) and involve working 
memory and deliberate motor-control [10–12]. 
Classic examples of mind-motor exercises are Tai 
Chi, a form of exercise which emphasizes static 
and dynamic balance, incorporates specific 
weight transferences, and requires upright pos-
ture and subtle changes of head positioning and 
gaze direction [13]; dance, which involves a wide 
range of dynamic movement qualities, speeds, 
and step patterns [14]; and volitional and reactive 
stepping interventions, where participants stand 
on platforms or grids painted on the floor and 
need to place their feet into the accurate square in 
their front, in the back, or side wards timed onto 
visual or acoustic cues [15].

The Prevention of Falls Network Europe 
(ProFaNE) summarizes Tai Chi, Qi Gong, Yoga, 

and dance under “3D training” [16]. ProFaNE 
characterizes 3D training as “constant move-
ments in a controlled, fluid, repetitive way 
through all three spatial planes or dimensions 
(forward and back, side to side, and up and down” 
[6]. This definition was used to classify exercise 
interventions in the Cochrane Reviews evaluating 
interventions to prevent falls [5, 6].

Huang et  al. found in their meta-analysis a 
reduced risk of falling at least once (RR: 0.80; 
95% CI 0.72–0.88; 16 trials including 3539 par-
ticipants) and a reduction of the rate of falls 
(Incidence Rate Ratio (IRR): 0.69; 95% CI 0.60–
0.80; 15 trials including 3470 events) for older 
adults aged 65 and older participating in a Tai Chi 
intervention group compared to participants in 
control groups. Notably, this meta-analysis 
included studies among healthy community- 
dwelling older adults, as well as participants with 
comorbidities such as stroke, frailty, or 
Parkinson’s disease [17]. Nevertheless, the 
Cochrane review by Gillespie et  al., which 
included trials with participants aged 60 and 
older living in the community and explicitly 
excluded trials among patients post-stroke or 
with Parkinson’s disease, showed that Tai Chi 
reduced the risk of falling by 29% (RR: 0.71; 
95% CI 0.57–0.87; 6 trials including 1625 par-
ticipants), while the reduction in rate of falls bor-
dered on statistical significance (RaR: 0.72; 95% 
CI 0.52–1.00; 5 trials including 1563 partici-
pants) [5].

The Cochrane Review by Sherrington et  al. 
found only one trial with an intervention that 
classified as 3D-dance and reported on falls [18]. 
The latest available systematic review (7 trials 
including 354 participants) suggested that dance 
may improve balance, strength, and gait parame-
ters [19].

Most recently, in a meta-analysis, dance-based 
mind-motor activities (defined as “coordinated 
upright mind-motor movements that emphasize 
dynamic balance, structured through music or an 
inner rhythm (e.g., breathing) and distinctive 
instructions or choreography, and that involve 
social interaction” which includes different styles 
of dance as well as Tai Chi) were reported to 
reduce risk of falling (RR: 0.63; 95% CI 0.49–
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0.80; 8 trials including 1579 participants) and 
rate of falls (IRR: 0.69; 95% CI 0.53–0.89, 7 tri-
als including 2012 participants) among 
community- dwelling older adults aged 65 and 
older—alongside statistically significantly 
improving balance, mobility, and lower-body 
strength [20].

Yoga, a form of exercise focusing on static 
balance, isometric strength, and stretching, seems 
to improve balance, physical function, and qual-
ity of life, but no meta-analysis has been pub-
lished yet investigating the effect of Yoga on falls 
in older adults [21, 22].

A meta-analysis (7 trials including 660 par-
ticipants) evaluating stepping exercises and 
 exercise setups, which instruct the participant to 
place her feet within a given rhythm on target 
fields on a platform (so-called dance platforms), 
found a reduced risk of falling at least once (RR: 
0.51; 95% CI 0.38–0.68) and a reduced rate of 
falls (RaR: 0.48; 95% CI 0.36–0.65) [15].

8.2.3  Perturbation-Based Balance 
Training and Active Video 
Games

New approaches to physical exercise modalities 
include perturbations-based balance training 
(PBT) or the use of modern devices and virtual 
realities (such as, e.g., the Nitendo Wii 
exergame).

In PBT, participants are exposed to unex-
pected balance perturbations while exercising on 
a treadmill or performing tasks of daily living. 
Perturbations can be induced by a therapist or 
through the exercise device (e.g., treadmill shifts 
or accelerations). When performed with older 
adults at high risk of falling, participants may be 
supported by weight-bearing belts [23].

Preliminary randomized controlled trials 
using PBT were summarized in a meta-analysis 
by Mansfield et al. (2015) including participants 
within the age range of 50–96  years. In this 
meta- analysis, participants who completed PBT 
were less likely to report at least one fall (RaR 

0.71; 95% CI 0.52–0.96) and had a lower num-
ber of falls compared to the control groups (RaR 
0.54; 95% CI 0.34–0.85) [24]. However, this 
meta- analysis pooled studies including healthy 
participants as well as patients with Parkinson’s 
disease or frailty (total 8 trials including 404 
participants) [24].

In the last decade, home-based active video 
games (AVG) gained popularity. Examples of 
AVG used to enhance physical activity and 
train specific functions in rehabilitation settings 
are the Wii exergames (Nintendo Co. Ltd., 
Kyoto, Japan, 2006). A monitor displays a vir-
tual reality and the players react on gaming 
commands given within this reality. Their 
movements are detected through cameras and 
accelerometers and then transmitted back to the 
computer program executing the game. 
Activities provided include different sports, 
such as tennis or soccer, as well as balance 
trainings and fun activities such as imaginary 
dance battles. The effects of interventions using 
virtual realities have been evaluated in several 
different populations, including healthy com-
munity-dwelling older adults, participants with 
Parkinson’s disease, stroke survivors, and frail 
older adults [25, 26]. However, the trials pub-
lished to date were small with a focus on bal-
ance and feasibility. None of these novel virtual 
reality approaches have been tested with regard 
to incident falls or number of fallers in older 
adults. Nevertheless, relevant to clinical care, 
the meta-analyses summarizing PBT, and AVG, 
suggest that these novel exercise interventions 
are feasible and potentially beneficial as well in 
frail older patients [24, 26].

8.3  Effect of Physical Exercise 
in Older Adults at High Risk 
of Falling

The most important risk factors for accidental 
falls encompass the experience of previous falls 
often promoted by muscle weakness, gait impair-
ment, as well as decreased balance [27].
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8.3.1  Exercise for Older Adults 
with Previous Falls (with or 
Without Fractures) and Frailty

Sherrington et al. report in their Cochrane Review 
that in trials where all participants were at 
increased risk of falling, exercise (all types) 
reduced the number of people experiencing at 
least one fall by 13% (RR: 0.87; 95% CI 0.83–
0.91; 35 trials including 7171 participants) com-
pared to controls. The rate of falls in the high-risk 
populations was reduced by 20% for participants 
in the exercise groups (all types) compared to 
controls (RaR: 0.80; 95% CI 0.72–0.88; 30 trials 
including 6858 participants). The same review, 
when evaluating the effect of multicomponent 
exercises specifically, found a reduction of the 
rate of falls of 30% for participants at high risk of 
falling in intervention groups compared to con-
trols (RaR: 0.77; 95% CI 0.63–0.94; 5 trials 
including 618 participants) [6].

8.3.2  Home-Based Exercises 
Programs

Home-based exercise programs include safe and 
simple strength and balance exercises that focus 
on the functionality needed for daily life tasks. In 
general, a trained health care professional 
instructs the patient how to conduct home-based 
exercises, e.g., at discharge from the hospital or 
in a rehabilitation setting. In the following, the 
patients perform the exercises on their own at 
home. Regular control and adaptions by a trained 
health professional are crucial for the success of 
home-based exercise programs (adjust intensity, 
provide motivation, and enhance adherence).

A comprehensive home-based exercise pro-
gram for older adults at high risk of falling is the 
Otago Exercise Program (OEP) [28]. Campbell 
and colleagues developed the OEP in New 
Zealand specifically to prevent falls [28]. The 
OEP is an extended, individually tailored, and 
expert-supported home exercise program with 
gradually increased intensity and a focus on 
strength and balance [28]. The program includes 
17 exercises initially delivered by a physical ther-

apist or trained health care professional [28]. 
Additionally, five home visits by the exercise 
instructor and monthly telephone calls to ensure 
adherence are part of the program [29]. In a meta- 
analysis of 7 trials including 1503 community- 
dwelling participants with a mean age of 
81.6 years, a positive effect of OEP on reducing 
fall rates over 12 months was found (IRR: 0.68; 
95% CI 0.56–0.79) [30]. Additionally, the authors 
found that OEP significantly reduced risk of 
death over 12 months (RR: 0.45; 95% CI 0.25–
0.80) [30].

Significant limitations of individualized and 
complex home-based exercise programs such as 
the OEP are their high costs and implementation 
time and personnel burden. Before implementing 
such programs at a broader level within a health 
care system, these barriers need to be addressed 
in a cost-effectiveness analysis [1].

Notably, less complex interventions have been 
shown to be effective to prevent falls in patients 
at high risk as well. In a randomized controlled 
trial among 173 patients (mean age 84 years), a 
simple home exercise program instructed during 
acute care after hip fracture surgery reduced falls 
significantly by 25% over a 12 months follow-up 
compared to standard of care without the simple 
home exercise program (adjusted relative rate 
difference, −25%; 95% CI, −44% to −1%) [31]. 
Relevant to clinical care, this trial supports feasi-
bility and effectiveness of unsupervised home 
exercise among older adult trauma patients [32,  
33].

Clemson et al. developed an exercise program 
for patients at high risk for falling with an inte-
grative approach: The LiFE training program 
(Lifestyle integrated Functional Exercise) [34]. 
Instead of performing prescribed exercises iso-
lated from daily living activities, in the LiFE pro-
gram, the participants learn how different 
activities of daily life can be converted to small 
exercise sessions themselves (e.g., balance train-
ing during tooth brushing, strength training while 
walking stairs) [34]. In an RCT with 317 partici-
pants who experienced either multiple falls or 
one injurious fall in the 12 months prior to study 
inclusion, the participants in the LiFE program 
group had a 31% reduction in the rate of falls 
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compared to participants in the control group 
(IRR: 0.69; 95% CI 0.48–0.99) [34]. Life-style 
integrated exercise programs with approaches of 
behavioral change seem to be promising alterna-
tives to structured home-based exercises for 
community- dwelling older adults with a history 
of falls or institutionalized older adults [35]. 
However, more research is needed to confirm the 
positive results in different target populations on 
rate of falls, physical function, and quality of life, 
as reported in the recent systematic review by 
Weber et al. (2018) [35].

De Labra et al. (2015) performed a systematic 
review about the effects of exercises  interventions 
on frail older adults including only studies which 
provided an operational definition of frailty [36]. 
The included studies assessed very heteroge-
neous populations (community- dwelling, institu-
tionalized, and hospitalized populations) and 
most of the reported exercise interventions were 
delivered in supervised group settings. 
Consequently, the results regarding the risk of 
falling were controversial among the studies and 
further research using state-of-the-art definitions 
of frailty, as well as evaluating standardized exer-
cise programs, is needed [36]. As a precaution of 
exercise programs in frail older adults with poor 
balance, increased mobility may lead to an 
increased opportunity to fall and fracture [1]. 
Therefore, more complex exercise programs 
should preferably be supervised and include suit-
able and tailored adaptions of the common 
strength and balance exercises [1].

8.3.3  Mind-Motor Exercise 
Interventions

Tai Chi has been successful in reducing falls 
among healthy older individuals [3, 37] and 
physically inactive community-dwelling older 
individuals [38], while frail older individuals 
[13] and fallers [37] may not benefit as much [1, 
5]. However, one trial by Tousignant et al. (2013) 
among community-dwelling frail older adults 
showed greater reduction of falls for Tai Chi 
compared to conventional physiotherapy (RR: 
0.74; 95% CI 0.56–0.98) [39].

Dalcroze Eurhythmics, a music-based exer-
cise including multitasking and balance exercise 
executed to improvised piano music, has been 
shown to reduce the risk of falls by 39% (RR: 
0.61; 95% CI: 0.39–0.96) in community- dwelling 
older adults at high risk of falling [4].

A comprehensive meta-analysis summarizing 
the evidence of mind-motor interventions such as 
Tai Chi, dance, or Dalcroze Eurhythmics on the 
risk of falls in the frail population is missing.

8.3.4  Exercise for Older Adults 
with Cognitive Impairment

Prevalence of dementia increases with age: 
Among community-dwelling adults aged 65 and 
older, prevalence of dementia has been reported 
to be around 6–10% [40, 41] rising to around 
43% among those aged 90  years [42]. 
Additionally, 16–20% of adults without dementia 
are affected by mild cognitive impairment, 
MCI—an intermediate stage within the trajectory 
of normal age-related cognitive decline to demen-
tia, of whom 20–40% are expected to progress to 
dementia [43, 44]. Notably, the presence of 
dementia more than doubles an older person’s 
risk of falling [45–47].

The decline of physical and cognitive func-
tion has been proposed to interrelate and has 
similar underlying mechanistic pathways [5, 
48–51]. In particular, muscle weakness [50] 
and slow walking speed [52] were identified as 
shared risk factors for both, falls and dementia. 
Considering the interrelationship of cognitive 
and physical function, effective physical exer-
cise strategies targeted to this population at 
high risk for falling are urgently needed. 
Randomized controlled trials evaluating the 
effects of exercise programs among this par-
ticular population often face challenges related 
to adherence, recruitment, sample size, and 
time of follow-up [53, 54]. Nevertheless, a 
meta-analysis of 7 trials including 781 partici-
pants with MCI and mean ages 80 or older 
showed that group-based exercise programs 
reduced the number of falls (RaR 0.68, 95% CI 
0.51–0.91) [55].
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Multimodal cognitive-physical exercises or 
multitasking mind-motor interventions (such as 
Dalcroze Eurhythmics or Tai Chi) showed most 
promising results on gait speed, balance, and 
global cognitive function [56, 57].

8.4  Motivation of Older Adults 
to Engage in and Adhere 
to Physical Exercise

Different factors are relevant for the motiva-
tion of older adults to implement physical 
exercise programs successfully into their lives. 
These factors include the availability and 
knowledge about the appropriate type of exer-
cise, accessibility of the venue without trans-
port needed, affordable costs, and options to 
tailor the program to their personal needs [58, 
59]. Furthermore, the decision of health pro-
viders about which programs could be offered 
to a specific population needs to account for 
environmental conditions, cultural and indi-
vidual preferences, available provider 
resources, and the amount of supervision 
needed [60].

Picorelli et  al. (2014) found in their review 
that adherence to physical exercise programs 
among older adults was higher in supervised set-
tings, although one trial of an unsupervised and 
simple home-based exercise program among 
frail hip fracture patients found good adherence 
and was effective as discussed earlier [32, 61]. 
With regard to exercise type, home exercise pro-
grams including balance exercises were associ-
ated with higher adherence [61]. Participants 
living alone, with higher socioeconomic status 
and better education, were more likely to adhere 
to exercise programs [62]. Further, adults with 
better health status (measured by fewer health 
conditions, better self-rated health, taking fewer 
medications) and lower-body mass index are 
more likely to adhere to exercise programs [62]. 
In contrast, participants affected by psychologi-
cal challenges including depression, loneliness, 
psychoactive medication use, and a higher per-
ceived risk of falling or with cognitive impair-

ment (lower scores on the Mini-Mental Status 
Examination) showed poorer adherence [62]. 
Interventions focusing on physical activity and 
exercise as a fun, sociable, and achievable lei-
sure-time activity with relevant short-term health 
benefits were reported to be more likely to lead 
to high adherence [63]. Finally, personal goal-
setting is important for adherence to exercise and 
might differ greatly within younger and older 
age groups [64].

8.5  Guidelines 
and Recommendations

Physical exercise has been included in various 
official guidelines and recommendations and is a 
major topic in most prevention programs related 
to falls reduction across countries. Further, the 
importance of general practitioners (GPs) and 
health care professionals (HCP) to implement 
exercise programs for falls prevention success-
fully in the field of secondary prevention has 
been recognized.

In the United Kingdom (UK), the guideline of 
the National Institute for Health and Care 
Excellence (NICE) recommends muscle strength 
and balance exercises to prevent falls among 
community-dwelling older adults, especially for 
those who experienced repeated falls [65]. In 
their survey from 2019 (2019 surveillance of falls 
in older people: assessing risk and prevention, 
NICE guideline CG161), NICE found that 
according to the current evidence, an expansion 
of their guidance towards a broader set of physi-
cal exercise programs is needed [66]. The NICE 
guideline further states that exercise programs 
should be prescribed individually and delivered 
by trained HCP [65].

Following the NICE guideline, the British 
Geriatrics Society promotes the Falls 
Management Exercise (FaME) program. FaME 
includes a manual on how to implement the indi-
vidually tailored and progressive exercise pro-
gram in supervised groups, as well as on how to 
implement additional home exercises if appropri-
ate [67]. The effects of the FaME program on the 
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prevention of falls and physical function are cur-
rently studied in the “physical activity implemen-
tation study in community-dwelling adults” 
(PhISICAL) study at the University of 
Nottingham [68].

The United States Preventive Services Task 
Force (USPSTF) recommends exercise programs 
to prevent falls. Their recommendations are 
based on an analysis of 21 studies including 7297 
participants aged 65 and older, whereas half of 
the studies reported effects among older adults at 
high risk for falls [69].

The US Centers for Disease Control and 
Prevention (CDC) promote comprehensive 
falls risk assessments through GPs and HCPs 
and provide prevention strategies via their 
STAEDI initiative (STEADI—Stopping 
Elderly Accidents, Deaths & Injuries) [70]. 
The STAEDI initiative recommends strength 
and balance exercises (including Tai Chi) and 
provides a comprehensive website focusing on 
the prevention of falls among community-
dwelling older adults as well as for those living 
in institutions—offering screening tools, back-
ground information, and recommendations for 
health care providers, older adults, and their 
relatives [71].

The updated joint guidelines of the UK/US 
geriatric societies recommend physical exercise 
programs delivered in groups or as individual 
home exercise programs, specifically including 
balance, gait, and strength training (including Tai 
Chi and physical therapy) [72].

In Switzerland, stakeholders from community 
and health care services (Beratungsstelle für 
Unfallverhütung (bfu), ProSenectue, 
Gesundheitsförderung Schweiz, Rheumaliga 
Schweiz, PhysioSwiss) launched the campaign 
«sicher stehen, sicher gehen», which promotes 
simple evidence-based exercises performed in 
supervised groups or individually at home [73–
75]. The campaign website provides easy-to- 
follow exercise examples on different levels [76]. 
Further, courses for HCPs on how to instruct the 
exercises to patients are offered by the profes-
sional associations of the Physio- and 
Ergotherapists [76].

8.6  Implication for Research 
and Practice

8.6.1  Research Gaps

Research gaps include the feasibility and effects 
of exercise programs in general among frail older 
adults at high risk of falling, as well as of novel 
types of exercise such as balance training on plat-
forms, step training, and the use of virtual reality 
or real-time online interventions. It is recom-
mended that more exercise studies should include 
falls and fall-related injury as outcomes using the 
standardized definition of falls published by 
ProFaNE [77, 78]. For broad implementation of 
complex and individualized exercise programs, 
future research needs to include cost-benefit 
analyses [77]. Further, evidence about the fre-
quency, safety, and intensity, as well about the 
most appropriate components of physical exer-
cise programs among frail older adults and older 
adults with cognitive impairment, is needed. 
Finally, there is lack of evidence considering the 
long-term effects and characteristics of required 
maintenance schemes for exercise interventions. 
Finnegan et al. (2019) reported in a meta-analysis 
summarizing that exercise interventions aimed to 
prevent falls among community-dwelling older 
adults were sustained for up to 2 years after ran-
domization concerning rate of falls (20 RCTs 
including 5929 participants, RaR 0.79, 95% CI 
0.71–0.88) and risk of falling (16 RCTs, 4442 
participants, RR 0.83, 95% CI 0.75–0.93) [79]. 
However, in this meta-analysis, only three studies 
evaluated follow-ups longer than 24 months, and 
for those, no effect on rate of falls and risk of fall-
ing was reported [79].

8.6.2  Promotion of Physical 
Exercise for Falls Prevention 
Through The Medical System

Senior trauma centers include a comprehensive 
fall assessment and implement fall prevention 
strategies as part of the fracture liaison service 
with acute care of older adults with fragility frac-
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tures or other fall-related injuries [80]. In such 
units, the comprehensive Geriatric assessment 
identifies key risk factors of falling (i.e., malnu-
trition, gait impairment, muscle weakness, sen-
sory loss, impaired hearing and vision, 
fall-promoting medication use, comorbidities 
that increase fall risk and are not well-controlled, 
and cognitive impairment) and derives an indi-
vidualized treatment plan implemented in the 
acute care early rehabilitation program. The early 
rehabilitation team consisting of physiotherapists 
and nurses monitors the patients regularly and 
adapts their exercise program to the current level 
of functionality and frailty. Once the patient is 
discharged to post-acute care or at home, the 
treating GPs and persons in charge of assisting 
living facilities or nursing homes are informed 
about the post-acute home exercise program 

instructed to the patient. Ideally, the patient is 
seen for a follow-up by the senior trauma center 
team, also to identify functional progress and 
possible challenges with the home exercise pro-
gram. The GP has an important role as a gate-
keeper and process-optimizer and builds the 
bridge not only to specialized care, but also to the 
community HPCs and therapists delivering 
evidence- based exercise programs. Telemedicine 
options could be introduced in the monitoring 
and supervision process. Figure 8.1 shows a pro-
posed pathway of cooperation of GPs, primary 
health care practitioners (PHPs), Geriatricians, 
and HCPs to successfully implement fall preven-
tion programs. The assessed level of risk of fall-
ing should be considered carefully when 
implementing the appropriate exercise program 
(see Fig. 8.2).

General Screening
for elevated risk of falling

GP and PHP

Specialized Falls Risk 
assessment

Geriatricians

Evidence-based falls 
risk assessment

Delivery of appropriate
falls prevention programs 
according to risk status:

Evidence-based, personalized
and multi-component

physical exercise programs 
including strength, balance, 
and multi-tasking exercises

HCP

Legend:
GP: General practitioner, family doctor
PHP: Primary health care practitioners
HCP: Health Care Professionals, e.g.: Physiotherapists, Sporttherapists, Human Movement Scientists, Ergotherapists, Skilled Nurses, Community Nurses (e.g. Spitex in CH), Activity Therapists

Older Adult > 65 years 
with or without previous falls 

presenting at health care 
facility / GP

Assessment of physical
activity

Low Risk

Medium Risk

High Risk
Comprehensive

Geriatric Assessment

Promotion of physical exercise programs for falls prevention trough general practitioners and geriatricians 

Fig. 8.1 Pathway of cooperation of different health care providers to implement fall prevention programs
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Falls Risk Assessment

Jesse Zanker, Steven Phu, and Gustavo Duque

9.1  Introduction

Health care and socioeconomic advancement 
have led to aging of the global population. This is 
arguably one of the twenty-first century’s greatest 
achievements. With this demographic shift comes 
an evolution of population health needs and a 
requirement for health care systems to be respon-
sive to society’s changing needs. An increase in 
age-related causes of morbidity and mortality 
(such as falls) has thus been observed and pose a 
significant public health challenge in the decades 

ahead [1]. Clinical interactions with older adults 
in the hospital and community setting present an 
important opportunity to undertake a falls risk 
assessment, which can be used to inform the mul-
tifactorial and interdisciplinary approach to inter-
ventions aimed at mitigating falls risk.

This chapter will examine the epidemiology 
falls, falls risk factors, the clinician’s approach to 
falls assessment (history, examination, and inves-
tigations), and review the tools at the clinician’s 
disposal when undertaking a falls risk assessment 
in both inpatient and community settings.

9.2  Epidemiology of Falls

A fall is defined as “an event which results in a 
person coming to rest inadvertently on the ground 
of floor, or other lower level” [2]. Approximately 
one third of adults over the age of 65 fall each 
year, and this proportion increases with each 
decade of life lived [3]. Falls are the second lead-
ing cause of accidental injury resulting in death 
after road traffic accidents [2]. However, nonfatal 
effects of falls are far more frequent. For every 
death due to a fall, there are approximately four 
people who experience disability, 13 people who 
require admission to hospital for greater than 10 
days, and 690 people who will seek primary 
medical care [2].

The impacts of falls on older adults, carers, 
community, health care systems, economies, and 
governments are extensive and wide-ranging. 
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Many of the injuries and impacts resulting from 
falls are obvious (such as fractures), yet other 
important impacts may be less obvious. At an 
individual level, falls can limit the ability of indi-
viduals to perform their activities of daily living 
(ADLs) and precipitate a cascade of adverse syn-
dromes such as recurring fear of falling, social 
withdrawal, immobilization, depression, and 
dependence [4].

9.3  Falls Risk Factors

Over 400 risk factors for falls have been identi-
fied in older adults [5]. While it is not practical 
nor feasible to identify every falls risk factor, a 
targeted history, physical examination, and inves-
tigations focused on the risk factors most likely 
to contribute to falls risk should be undertaken. A 
single, major risk factor can be identified in 
approximately 20% of falls [6]. The greatest risk 
factor for a fall is a previous fall [7]. Therefore, 
any clinical encounter resulting from a fall or for 
which a fall is identified in the history should 
prompt exploration for falls risk factors. Falls 
risk factors have a cumulative effect on total falls 
risk [8]. A key component of the falls risk assess-
ment is identifying risk factors that are modifi-
able, or reversible, which become the targets of 
interventions aimed at mitigating falls risk. 
Common potentially modifiable and non- 
modifiable falls risk factors are listed in Table 9.1.

9.4  Assessment

9.4.1  History

The falls risk assessment starts with clearly defin-
ing the fall and the history surrounding it. Among 
clinicians, there may be a consistent understand-
ing of what constitutes a fall. However, lay peo-
ple may understand a fall differently (i.e., an 
older adult might not consider a “trip” or a “slip” 
a fall). Individuals may tend to focus only on falls 
for which an injury was sustained [10]. The clini-
cian should take care to ensure this understanding 
is established during the consultation. 
Furthermore, concomitant cognitive and sensory 

(hearing and visual) impairments are highly prev-
alent in older adults, particularly in those who 
experience falls. Clinicians may be required to 

Table 9.1 Risk factors for falls in older adults

Potentially modifiable
Non-
modifiable

Cardiac
Arrhythmias
Congestive cardiac failure
Hypertension and hypotension
Environmental
Carpets, rugs, crowding (people, 
objects), tripping hazards within the 
home
Pets
Functional
Use of a gait aid or assistive device
Impairment in activities of daily living
Medications 
Antidepressants, sedatives, hypnotics, 
narcotics, antipsychotics, and 
beta-blockers.
Metabolic
Diabetes Mellitus
Low body mass index (BMI)
Vitamin D deficiency
Musculoskeletal
Balance impairment
Foot problems
Gait impairment
Limited activity
Musculoskeletal pain
Sarcopenia
Neurological
Delirium
Dizziness or vertigo
Movement disorder (Parkinson’s 
disease)
Peripheral neuropathy
Psychological
Depression
Fear of falling
Sensory impairment
Visual impairment
Auditory impairment
Multifocal lens
Other
Acute illness
Anemia
Cancer
Inappropriate footwear
Nocturia
Urinary or fecal incontinence
Obstructive sleep apnea

Age
Arthritis
Dementia
Female sex
History of 
stroke
History of 
falling
History of 
fractures
Recent 
discharge 
from 
hospital

Postural hypotension

Adapted from Moncada LVV, Mire LG. Preventing Falls 
in Older Persons. American family physician. 

2017;96(4):240–7 [9]
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use sensory assistive devices or obtain informant 
history from next of kin or carers to best establish 
an understanding of the fall(s) and associated risk 
factors. This is particularly important in older 
adults admitted to hospital, where the prevalence 
of delirium is high [11] and may impact upon the 
individual’s ability to provide an accurate account 
of the fall.

An important element of the falls history is 
determining whether the fall was related to pre-
syncope or syncope. Presyncope and syncope 
may reflect underlying cardiac or neurological 
pathology, and thus warrant targeted, specialist 
investigation. Other high-risk features that may 
prompt clinicians to refer to specialist clinics 
(such as falls clinic or a geriatrician-led clinic) 
include two or more falls in a year, unexplained 
falls, falls occurring in ADLs, recurrent falls 
occurring at home, fall with a long lie, or gait dis-
turbance [12].

To complete the falls history, information 
should be obtained on medical comorbidities, 
medications (high-risk medications are listed in 
Table  9.1), continence, sensory impairments, 
cognition, and social and functional history.

9.4.2  Physical Examination

In both inpatient and community settings, the 
falls risk assessment must include a physical 
examination. The physical examination in a falls 
risk assessment is a head-to-toe examination of 
physical characteristics and performance/func-
tion focusing on identifying falls risk factors and 
modifiable characteristics.

The co-occurrence of cognitive impairment 
and falls risk is high in older adults [13]. The 
clinician should examine for both delirium and 
background cognitive impairment. Useful delir-
ium assessment tools include the Cognitive 
Assessment Method (CAM) [14], which has 
been validated in multiple demographics and 
settings, and the 4AT [15]. If delirium is not 
present, background cognitive screening tests 
such as the standardized mini-mental status 
examination (MMSE) [16], Montreal Cognitive 

Assessment (MoCA) [17], or Rowland Universal 
Dementia Assessment Scale (RUDAS) [18] 
should accompany the collateral cognitive his-
tory. A neurological examination follows and 
includes assessment of visual acuity, hearing, 
and peripheral sensation. A review of the feet 
and footwear is important as abnormalities are 
readily reversible and referral to a podiatrist may 
be indicated.

Frailty is common among older adults at risk 
of falling and is an independent risk factor for 
falls and morbidity [19]. There are numerous 
useful definitions of frailty, each with variable 
clinical application and predictive ability for 
adverse outcomes. The Clinical Frailty Scale by 
Rockwood et  al. is a useful, rapidly applied 
frailty assessment tool that describes individuals 
on the basis of their phenotype, comorbidities, 
and function [20]. Individuals are classified into 
categories from 1 (Very Fit) through to 9 
(Terminally Ill) [20] and these classifications can 
be used in communicating with other care pro-
viders the individual’s level of function and 
morbidity.

Sarcopenia, a progressive condition of gener-
alized loss of muscle mass, strength, and function 
[21], is related to but clinically distinct from 
frailty [22]. Sarcopenia independently predicts 
falls risk in older adults [23]. When sarcopenia 
coexists with osteoporosis or osteopenia, this 
condition is known as osteosarcopenia [24]. 
Some of the authors have previously argued that 
osteosarcopenia should be considered in any 
comprehensive geriatric assessment [25]. 
Osteosarcopenia may predict risk of falls and 
fractures beyond sarcopenia and osteoporosis 
individually; however, studies have been conflict-
ing [26]. An international consensus has recom-
mended that clinicians considering the diagnosis 
of sarcopenia can use any of the currently vali-
dated definitions of sarcopenia [27]. A diagnosis 
of osteosarcopenia can guide person-centered 
treatment decisions to reduce falls and fracture 
risk.

Both frailty and sarcopenia are addressed in 
detail in Section A of this text.

9 Falls Risk Assessment
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9.4.3  Investigations

A range of metabolic and endocrine conditions 
increase the risk of falls and fractures. 
Investigations should target those conditions 
which may be suggested by the history and 
physical examination, in addition to those which 
may guide treatment. However, some common 
conditions may be asymptomatic (such as vita-
min d deficiency and hyperparathyroidism) and 
therefore screening investigations are recom-
mended for those at high risk of falls and frac-
tures. These investigations include vitamin D, 
calcium, parathyroid hormone, thyroid-stimu-
lating hormone, creatinine, and serum testoster-
one (men) [28].

9.5  Inpatient vs. Community 
Falls Risk Assessment

The approach taken to the comprehensive falls 
risk assessment is dependent upon a range of fac-
tors including setting, clinician capacity, breadth 
of the interdisciplinary team, and availability of 
resources. There are unique differences between 
a clinical encounter with an older adult at risk of 
falls consulted in the community and that with 
the hospital. Clinicians, therefore, need to be 
agile in their falls risk assessments based on cir-
cumstances and setting. The National Institute of 
Clinical Excellence (NICE) has developed guide-
lines which aim to guide an individualized 
approach to hospital-based falls assessment in 
the United Kingdom [5]. A summary of the key 
NICE Quality Statements includes:

• Practitioners should ask older people about 
falls during routine assessments and hospital 
admissions;

• Multifactorial falls assessments are offered to 
older adults at risk of falling;

• Multifactorial fall prevention interventions are 
provided to those at risk of falling or those 
who have had a fall;

• Assessments of older adults who experience 
an in-hospital fall are medically examined for 
injury (fracture or spinal) before movement 

and receive a full medical examination 
thereafter;

• Community-dwelling older adults with a his-
tory of falls should receive a referral for 
strength and balance training; and

• A home safety assessment and appropriate 
interventions should be offered to older adults 
admitted to hospital following a fall [5].

9.5.1  Falls Risk Assessment Tools

Based on understanding the risk factors for falls 
in older adults, several assessment tools have 
been developed to assist the clinician in predict-
ing the risk of falls. This includes the use of spe-
cific physical performance measures and 
questionnaires. These tools are designed to 
accompany the history, physical examination, 
and investigations as described. Given the diver-
sity of falls mechanisms, this section has been 
divided into falls assessment tools for inpatient 
and community-dwelling older adults. An over-
view of each assessment tool will be provided, in 
addition to the available data regarding sensitiv-
ity (ability to correctly identify falls risk) and 
specificity (ability to correctly rule out those with 
low falls risk) and area under receiver operating 
curve (AUC) where available. A summary of the 
commonly used tools can be found in Table 9.2. 
Assessment tools with high values in each of 
these measures indicate good predictive value. 
However, in many cases cut-points presented are 
the result of a balancing of risks for over- and 
underdiagnosis.

9.5.1.1  Falls Risk Assessment in Acute 
Care (Inpatient) Settings

St Thomas’s Risk Assessment Tool 
in Falling Elderly Patients (STRATIFY)
The STRATIFY falls risk assessment is a 5-item 
questionnaire which can be used to easily clas-
sify older adults presenting as inpatients in hospi-
tal, containing questions regarding a patient’s fall 
history, transfers and mobility, continence, visual 
impairment, and emotional state (agitation) [29]. 
In this tool, a score greater than 2 is indicative of 
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falls risk, with the initial study finding a sensitiv-
ity of 93% and specificity of 88% in the original, 
local setting (St Thomas’s Hospital).

Several studies including systematic reviews 
and meta-analysis have been conducted since the 
original study, with mixed findings for use of the 
STRATIFY tool. A multicentre study including 
six hospitals in Belgium found high sensitivity 
(90%) and low specificity (59%) in the total sam-
ple, with interesting results for subgroups, includ-
ing high predictive value in inpatients under 65 
years of age (sensitivity 92% and specificity 
81%) [30]. More recently, a systematic review 
and meta-analysis reported low sensitivity (67%) 
and specificity (57%) for the STRATIFY tool, 
with the authors suggesting that it should not be 
used in isolation for falls risk assessment [31].

Hendrich II Fall Risk Model
The Hendrich II Fall Risk Model is a tool which 
contains 8-items, with each item assigned a 
score, increasing with risk and a cut-point of 5 
used to indicate a high risk for falls [32]. Risk 
factors were designed for acute care settings and 
include depression, disorientation, continence, 
dizziness/vertigo, gender, medications, and 
lower limb strength.

An assessment of the Hendrich II fall risk 
model in geriatric inpatients of an Italian hospital 
found the tool to be easily administered with high 
sensitivity (86%) and low specificity (43%) with 
the depression and confusion components being 
the most significant risk factors [33]. Higher 
specificity (69%) but lower sensitivity (72%) was 
found when using this tool in a Chinese popula-
tion [34]; however, both studies suggested results 
supported use of the Hendrich II Fall Risk Model 
for screening older inpatients. A comparison of 
the STRATIFY and Hendrick II Fall Risk Model 
found a higher AUC and sensitivity for the 
Hendrick II Fall Risk Model [35].

9.5.1.2  Falls Risk Assessment 
for Community-Dwelling Older 
Adults

Berg Balance Scale
The Berg Balance Scale is an assessment tool 
consisting of 14 different tasks to assess the 
static and dynamic balance of older adults and 
can be completed within 20 min [36]. Each test 
is scored out of 4, with a maximum score of 56 
achievable and a score of 45 originally used to 
indicate falls risk.

Table 9.2 Overview of commonly used falls risk assessment tools

Risk assessment 
tool Population

Assessment 
items

Time to 
administer

Proposed 
cut-points Sensitivity Specificity

STRATIFY [29] Acute – 
Inpatient

5 <5 min 2 93% 88%

Hendrich II Fall 
Risk Model [33]

Acute – 
Inpatient

8 <5 min 5 86% 43%

Berg Balance 
Scale [37]

Community- 
dwelling older 
adults

14 20 min 45 64% 90%

FROP-COM 
[39]

Community- 
dwelling older 
adults

28 15 min 19 71% 56%

FAB Scale [42] Community- 
dwelling older 
adults

10 15 min 25 75% 53%

Timed Up and 
Go [45]

Community- 
dwelling older 
adults

1 <5 min 13.5 sec 87% 87%

STRATIFY—St Thomas’s Risk Assessment Tool in Falling Elderly Patients
FROP-COM—Falls Risk for Older People – Community
FAB Scale—Fullerton Advanced Balance Scale
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In a study assessing use of the cut-point of 45 
as a marker for those at risk of falls, a sensitivity 
of 64% and specificity of 90% were evident, with 
the authors stating that this was low as one third 
of individuals could be misclassified [37]. More 
recently, in a study assessing the use of the Berg 
Balance Scale score of 45 in predicting those to 
have (1) any falls, (2) multiple falls, and (3) inju-
rious falls, the Berg Balance Scale did not show 
good sensitivity [38]. In this study, sensitivity for 
all three categories of falls did not exceed 42%, 
while specificity was near 87%, with the authors 
suggesting the use of 45 as a cut-off score should 
not be recommended. Meanwhile, AUC was 
greatest for multiple falls (0.68), highlighting 
some value of use of the Berg Balance Scale to 
predict those at risk for multiple falls as opposed 
to any or injurious falls. This was somewhat in 
agreement with the findings of a more recent 
study into the Berg Balance Scale, which found 
moderate predictive value (pooled sensitivity 
0.72, pooled specificity 0.73) with the greatest 
predictive value for those with 2 or more falls 
(AUC 0.83) which was similar to previously 
mentioned.

Falls Risk for Older People-Community 
Setting (FROP-COM)
The FROP-COM is an assessment tool which 
assesses 13 risk factors of falls using 28 criteria, 
most of which are rated on scale from 0 to 3, with 
the total score (out of 60) used to determine risk 
for falls and need of specific interventions [39]. 
The original FROP-COM can be performed 
within 15 min and individuals can be classified as 
having a mild (score 0–11), moderate (score 
12–18), or high (score 19–60) falls risk. 
Additionally, a 3-question screening tool (total 
score out of 9) has been developed with a score of 
0–3, indicating low risk of falls and 4 or more 
recommending performance of the full FROP- 
COM [40].

Using this tool, correlations have been found 
between balance and mobility (timed up and go 
and functional reach), physical activity, and falls 
risk assessment efficacy [39]. The reported cut-
point of 19 to indicate a high risk of falls pro-
vided a sensitivity of 71% and specificity of 56%. 

AUC was 0.68, indicating a moderate capacity to 
predict falls, and higher than the timed up and go 
test (AUC 0.63) and functional reach (0.60). With 
regard to the FROP-COM screening tool, a score 
of 3 provides a sensitivity of 80% and specificity 
of 50% [40].

However, it is important to note that the valid-
ity and reliability of this tool were assessed in 
community-dwelling adults presenting to a hos-
pital emergency department with a fall, and 
therefore, results cannot be extrapolated to indi-
viduals with no history of falls or those in resi-
dential aged care.

Fullerton Advanced Balance (FAB) Scale
The FAB scale has been described as a 
performance- based measure which consists of 10 
items scored from 0 to 4 to assess multiple dimen-
sions of balance in community-dwelling older 
adults [41]. Each of the 10 tasks assesses a range 
of sensory and motor systems, including the 
somatosensory, visual, vestibular, and musculo-
skeletal systems, with the test able to be com-
pleted within 15 min.

Studies evaluating the FAB scale have typi-
cally focused on its ability to discriminate 
between those with and without a history of 
recurrent (2 or more) falls. Given the maximum 
achievable score of 40 points, an assessment of 
the tool to predict falls status found a cut-point 
score of 25, provided a sensitivity of 75% and 
specificity of 53% in determining history of 2 or 
more falls [42]. This was in contrast with another 
study with fewer participants which reported 
greater sensitivity (85%) and specificity (65%) 
using a cut-point of 22 and AUC of 0.72, with 
results similar to that of the Berg Balance Scale 
[43].

Timed Up and Go test
The Timed Up and Go test is a simple measure of 
an individual’s ability to transfer and change 
directions and mobility [44]. In this test, individ-
uals begin in a seated position and are instructed 
to stand and walk to a marked area 3  m away, 
before turning and returning to the seated posi-
tion. The time taken to complete this task is 
recorded, and several trials can be performed to 
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ensure accuracy. Given its simplicity, testing can 
be completed efficiently.

As a screening tool for falls risk, this test has 
been commonly used in multiple studies to pre-
dict falls with the test itself showing high sensi-
tivity and specificity (both 87%) and a cut-point 
of 13.5 s, providing a sensitivity and specificity 
of 80% and 100%, respectively [45]. Addition of 
a cognitive (subtraction task) and motor (carrying 
a cup of water) task was also found to be highly 
sensitive and specific for falls prediction. 
However, it is important to note that this study 
only provided a cross-sectional comparison of 
multiple fallers (2 or more) and non-fallers, and 
therefore, cannot provide predictive value.

In a recent systematic review and meta- 
analysis of use of the Timed Up and Go test in 
predicting falls in a period of 6 months up to 2 
years, it was found that use of the Timed Up and 
Go test showed greater value (sensitivity of 73%) 
in identifying those with high risk of falls [46]. 
However, the ability to accurately rule out those 
with low risk of falls was reduced (specificity 
32%). This resulted in poor predictive value, with 
an AUC of 0.57.

9.6  Fracture Risk Assessment

A falls risk assessment is a fundamental compo-
nent in the comprehensive care of older adults. A 
falls risk assessment alone does not assist in 
guiding interventions to reduce the risk of injury 
related to falls. A significant and common out-
come of falls are fractures. A marked proportion 
of fractures are avoidable with the appropriate 
primary and secondary prevention. The clinician 
should complete the falls risk assessment with a 
fracture risk assessment. Fracture risk assess-
ment has been addressed in Chap. 12 of this 
book.

9.7  Conclusion

In summary, a wide range of assessment tools 
are available to the clinician for the assessment 
of falls risk in both inpatients and community- 

dwelling older adults. These tools should not be 
used in isolation, but accompany a comprehen-
sive assessment including history, physical 
examination, and person-centered investiga-
tions. A large body of research has focused on 
the ability to diagnose a history of falls, with 
results used as a marker for future risk of falls 
given a history of falls is the primary risk factor 
for future falls. Currently, there is no single 
assessment which provides the highest sensitiv-
ity and specificity for assessing falls risk. As 
such, clinicians are recommended to employ a 
combination of tools to better classify falls risk 
and assist in the development of individualized 
falls prevention strategies.
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FRAX

John A. Kanis, Nicholas C. Harvey, 
Helena Johansson, Mattias Lorentzon, Enwu Liu, 
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10.1  Introduction

Osteoporosis is operationally defined on the 
basis of bone mineral density (BMD) assessment 
by dual-energy X-ray absorptiometry (DXA), 
with recent refinements of the description focus-
ing on measurements at the femoral neck as a 
reference standard [1]. The WHO-defined 
T-score of −2.5 SD or lower, originally designed 
for classification in epidemiological studies, has 
since been widely adopted as both diagnostic 

and intervention thresholds. The principal diffi-
culty for fracture risk assessment is that whereas 
this threshold has high specificity, it has low sen-
sitivity, such that the majority of fragility frac-
tures occur in individuals with BMD values 
above the osteoporosis threshold [2]. Many risk 
factors have been identified over the last two 
decades that contribute to fracture risk, at least 
partly if not wholly independently of DXA 
BMD. These include age, sex, a prior fracture, a 
family history of fracture, and lifestyle risk fac-
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tors such as physical inactivity and smoking [3]. 
These and other factors have been combined in 
analyses of individual cohort studies to develop 
algorithms and scores to characterise future risk 
at the level of an individual. Such independent 
risk factors used with BMD can enhance fracture 
risk assessment; additionally, the incorporation 
of risk factors that correlate with BMD (e.g. age, 
fracture, body mass index (BMI)) can also facili-
tate fracture risk assessment in situations in 
which DXA is not available. These were the con-
siderations underlying the development of the 
FRAX® tool, which was devised by the former 
WHO Collaborating Centre at the University of 
Sheffield.

10.2  Components of FRAX

The principal aim of treatments for osteoporo-
sis is to decrease the risk of fragility fractures. 
Thus, the ability to assess fracture risk is criti-
cal in identifying patients who are eligible for 
therapeutic intervention. FRAX—a fracture 
risk assessment tool for estimating individual-
ised 10-year probability of hip and major osteo-
porotic fracture (hip, clinical spine, distal 
forearm, or proximal humerus) [3, 4], integrates 
eight clinical risk factors (CRFs: prior fragility 
fracture, parental hip fracture, smoking, sys-
temic glucocorticoid use, excess alcohol intake, 
BMI, rheumatoid arthritis, and other causes of 
secondary osteoporosis), which, in addition to 
age and sex, contribute to a 10-year fracture 
risk estimate independently of BMD [3, 4]. 
BMD at the femoral neck is an optional input 
variable.

FRAX computes fracture probability, 
accounting for both the risk of fracture and the 
risk of death. This is important because some of 
the risk factors affect both of these outcomes. 
Examples include increasing age, low BMI, low 
BMD, glucocorticoids, and smoking. Other risk 
engines calculate the risk of a clinical event 
without taking into account the possibility of 
death [5–7].

10.3  Models and Uptake of FRAX

Fracture probability differs markedly within and 
across regions of the world [8, 9], and thus 
FRAX models are calibrated to the epidemiol-
ogy of fracture and mortality in individual coun-
tries. Models are currently available for 78 
nations or territories covering more than 80% of 
the world population [10]. The FRAX web site 
(http://www.shef.ac.uk/FRAX) receives approx-
imately three million visits annually, and the 
tool is available in 34 languages. Website usage 
markedly underestimates the uptake of FRAX 
since it is not the sole portal for the calculation 
of fracture probabilities using the FRAX tool. 
For example, FRAX is available in BMD equip-
ment, on smartphones and, in some countries, 
through handheld calculators.

10.4  Performance Characteristics

The characteristic of major importance, for the 
purpose of risk assessment, is the ability of a tool 
to correctly predict the occurrence of new frac-
tures, traditionally expressed as the increase in 
relative risk per standard deviation (SD) unit 
increase in risk score. This is termed the gradient 
of risk. The gradient of risk with the use of FRAX 
is shown in Table 10.1 for the use of the clinical 
risk factors alone, femoral neck BMD alone, and 
the combination [11]. Overall, the predictive value 
compares very favourably with other risk engines 
such as the Gail score for breast cancer [12].

Whereas both BMD and the CRFs alone pro-
vide significant gradients of risk, the best perfor-
mance (highest gradients of risk) is observed 
when BMD is also entered into the FRAX model. 
Importantly, the impact of the CRFs and BMD is 
not purely multiplicative as there is some inter-
dependence (r = −0.25). The importance of this 
observation is that the selection of patients with 
high FRAX probability, but without knowing 
their BMD, will preferentially select patients 
with low BMD and that the higher the fracture 
probability, the lower will be the BMD [13, 14]. 
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These findings consistently indicate that the cat-
egorisation of patients at high risk on the basis of 
FRAX without the use of DXA selects patients 
with low BMD, and the higher the probability, 
the lower the BMD.  This has obvious signifi-
cance for case finding in the absence of access to 
DXA scanning.

10.4.1  Validation

The performance characteristics of FRAX have been 
evaluated in eleven independent cohorts that did not 
participate in the model synthesis. In all the valida-
tion cohorts, the use of clinical risk factors alone or in 
combination with BMD gave gradients of fracture 
risk that differed significantly from unity and which 
were comparable to those in the original cohorts used 
for model building (see Table 10.1) [11].

10.4.2  Calibration

Since age-specific rates of fracture and death differ 
across the world, all FRAX models are calibrated 
with regard to the epidemiology of hip fracture 
(preferably from national sources) and mortality 
(usually UN source). Thus, where the population of 
each country is “FRAXed”, the numbers of hip 
fractures and deaths estimated would match those 
indicated by the source data. It follows that the cali-
bration of the FRAX algorithms is only as good as 
the epidemiology with which the tools are popu-
lated. Additionally, any validation exercise will be 
critically dependent on the representativeness of the 
population tested for the index country. There are 
several studies which have examined populations 
that are nationally representative. The first was 
based on a UK prospective open cohort study of 
over two million men and women aged 30–85 years 
using routinely collected data from 357 general 
practices [7]. The area under the ROC curve (AUC) 
for the FRAX algorithm in hip fracture prediction 
was 0.85 for women and 0.82 for men. Given the 
small differences in the incidence of hip fracture 
assumed by FRAX and that observed in the cohort, 
FRAX appears well-calibrated for the UK. Similar 
findings were reported from Norway: AUC for hip 
fracture was 0.81 (0.78–0.83) for women and 0.79 
(0.76–0.83) for men [15]. In a study from Israel, the 
AUC for hip fracture was 0.82 (0.81–0.82) [16].

Fracture probabilities based on the Canadian 
FRAX tool (both without and with BMD) were com-
pared with observed 10-year fracture incidence from 

Table 10.1 Gradients of risk (RR per SD change in with 
95% confidence intervals) with the use of BMD at the 
femoral neck, clinical risk factors, or the combination [[11] 
with kind permission from Springer Science+Business 
Media B.V]

Gradient of risk

Age (years)

BMD 
only

Clinical risk 
factors alone

Clinical risk 
factors + 
BMD

(a) Hip 
fracture
50 3.68 

(2.61–
5.19)

2.05 
(1.58–2.65)

4.23 
(3.12–5.73)

60 3.07 
(2.42–
3.89)

1.95 
(1.63–2.33)

3.51 
(2.85–4.33)

70 2.78 
(2.39–
3.23)

1.84 
(1.65–2.05)

2.91 
(2.56–3.31)

80 2.28 
(2.09–
2.50)

1.75 
(1.62–1.90)

2.42 
(2.18–2.69)

90 1.70 
(1.50–
1.93)

1.66 
(1.47–1.87)

2.02 
(1.71–2.38)

(b) Other osteoporotic 
fractures
50 1.19 

(1.05–
1.34)

1.41 
(1.28–1.56)

1.44 
(1.30–1.59)

60 1.28 
(1.18–
1.39)

1.48 
(1.39–1.58)

1.52 
(1.42–1.62)

70 1.39 
(1.30–
1.48)

1.55 
(1.48–1.62)

1.61 
(1.54–1.68)

80 1.54 
(1.44–
1.65)

1.63 
(1.54–1.72)

1.71 
(1.62–1.80)

90 1.56 
(1.40–
1.75)

1.72 
(1.58–1.88)

1.81 
(1.67–1.97)
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men and women in the CaMos study in Canada 
(n  =  1919 and 4778, respectively) [17]. FRAX-
estimated 10-year probability for a major osteopo-
rotic fracture did not differ from the incidence rates in 
men (5.4% vs. 6.4%, respectively) and was very 
similar in women (10.8% vs. 12.0%). Results for hip 
fracture risk were similar. Comparable findings were 
reported in a large Canadian BMD referral popula-
tion from Manitoba [18] (Fig. 10.1). A strength of 

these studies is that fracture incidence was collected 
over 10 years and only the first major fracture taken 
into account. Note, however, that incidence is com-
pared with probability so that, as expected from a 
comparison of incidence and probability, incidence 
values are higher than probability values as they do 
not account for the competing hazard of death. 
Nevertheless, FRAX appears well-calibrated for 
Canada.

10.5  The Use of FRAX 
in Assessment Guidelines

FRAX has been incorporated into more than 80 
guidelines worldwide [19], although the nature of 
this application has been heterogeneous. Several 
guidelines have adopted FRAX into pre-existing 
guidelines. In the US, for example, the gateway to 
treatment includes either a prior fracture (hip or spine 
fracture) or a BMD T-score of <−2.5 SD [20] irre-
spective of FRAX probability. FRAX is reserved for 
individuals in whom the T-score is in the osteopenic 
range and treatment is recommended if the probabil-
ity of a major fracture or hip fracture lies at 20% or 
more or 3% or more, respectively. Similarly in Japan, 
the use of FRAX is reserved for individuals without a 
prior fracture and a BMD that lies between a T-score 
of −1.8 to −2.7 SD and treatment is recommended if 
the probability of a major fracture is 15% or more 
(Fig. 10.2) [21].

30

20

10

0

3020100

Observed fracture rate (%)

FRAX probability (%)

With BMD

Without BMD

Fig. 10.1 10-year fracture probability for a major frac-
ture derived from the Canadian FRAX tool with and with-
out BMD versus observed 10-year fracture rates (95% 
confidence interval) by risk category (low, less than 10%; 
moderate, 10–20%; high, greater than 20%) with BMD 
(solid circles) and without BMD (open circles). The 
dashed line depicts the line of identity. Redrawn from [18]

Spine or hip fracture

BMD <70% YAM

Other fragility fracture

Family history

Treat

FRAX ≥15% 

BMD <80% YAMBMD 70-80% YAM

No

No

Yes

Yes
No

Fig. 10.2 Algorithm for 
the assessment of 
patients in Japan 
[adapted from Orimo 
2012]. YAM = young 
adult mean. A YAM of 
70% and 80% is 
equivalent to a T-score 
of −2.7 SD and −1.8 
SD, respectively, using 
the NHANES III 
reference for BMD at 
the femoral neck in 
Caucasian women aged 
20–29 years (the 
international T-score 
referent used in FRAX)
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The intervention thresholds in the US, set at 
20% for a major osteoporotic fracture and 3% for 
hip fracture probability, were based on an eco-
nomic analysis [22]. While such analyses are 
appropriate for North America (at least at the time 
they were undertaken), they should not be indis-
criminately applied elsewhere: there are many dif-
ferences in fracture risks, cost of fracture, 
willingness to pay, and a myriad of other factors to 
be considered in health-economic evaluation. 
Notwithstanding such considerations, some coun-
tries have adopted these thresholds for no other 
reason that they were used in the National 
Osteoporosis Foundation guideline.

Other countries (e.g. China, Finland, Greece, 
Poland, Switzerland, Sri Lanka, and Sweden) have 
determined intervention thresholds more appropri-
ate to the local health care setting [19].

Like the National Osteoporosis Foundation, 
the US Preventive Services Task Force recom-
mends BMD testing in all women aged 65 years 
or older. For younger women aged 50-65 years, 
FRAX is recommended as a screening tool for 
BMD testing. A probability threshold of 8.4% for 
a major fracture is currently recommended for 
the following reason: A BMD test is recom-
mended in younger women whose fracture prob-
ability is equal to or greater than that of a 
65-year-old white woman who has no additional 
risk factors. With the US FRAX tool, a 65-year- 
old white woman of average BMI with no other 
risk factors has a 9.3% 10-year risk for a major 
osteoporotic fracture. In women aged 50–65 years 
who exceed this threshold, a BMD test is indi-
cated and treatment recommended in those in 
whom BMD is in the range for osteoporosis [23, 
24].

The probability threshold of 8.4% used by the 
USPSTF appears logical, but is actually inappro-
priate for the stated objective “to identify post-
menopausal women with T-scores of −2.5 SD or 
lower” [25]. If detection of osteoporosis is the 
goal, it is clearly more appropriate to use algo-
rithms that detect osteoporosis rather than a tool to 
assess fracture risk [26]. Appropriate tools include 
the Osteoporosis Self-Assessment Tool (OST) and 
Simple Calculated Osteoporosis Risk Estimation 
Tool (SCORE), which have higher sensitivity than 

FRAX for the detection of osteoporosis [27, 28]. A 
similar error of logic is made in the Scottish 
Intercollegiate Guidelines Network [29].

The use of BMD alone or BMD with prior 
fracture as a gateway to assessment is not without 
problems, as recently reviewed [26]. First, 
although reduced bone mass is easily quantifiable 
and strongly related to fracture risk, most fragil-
ity fractures occur in individuals with a BMD 
T-score above the operational threshold for osteo-
porosis [30]. Second, the significance of any 
given T-score threshold differs by age [31]. For 
example, at 65 years, a T-score of −2.5 SD con-
fers a modest increase in the probability of frac-
ture compared with women with no clinical risk 
factors and in whom BMD is not measured. With 
advancing age, the difference in the probability 
of fracture between the general population and 
those with a T-score of −2.5 SD reduces; indeed, 
from the age of 78 years in the US, fracture prob-
ability becomes progressively lower than that of 
the age and sex-matched general population 
(Fig.  10.3) [26]. Thus, a T-score of −2.5 SD 
becomes a protective factor from the age of 
78 years in the US, relative to the general popula-
tion. Third, fracture rates differ widely between 
countries, much more so than can be explained 
by variations in BMD [32]. Thus, the T-score at a 
given probability will vary from country to coun-
try. For example, when an intervention threshold 
is set at a 10-year probability of a major fracture 
of 20% (as used in Canada and the US) in women 
aged 65 years, the femoral neck T-score ranges 
from −4.6 SD in Venezuela to −2.0 SD in Iceland 
[26].

For the reasons above, many countries have 
used FRAX rather than BMD as the principal gate-
way for assessment. The approach is summarised 
in Fig. 10.4 [4]. The management process begins 
with the assessment of fracture probability and the 
categorisation of fracture risk on the basis of age, 
sex, BMI, and the clinical risk factors. Using this 
information alone, some patients at high fracture 
risk may be offered treatment without use of BMD 
testing (e.g. prior fracture). There will be other 
instances where the probability will be so low that 
a decision not to treat can be made without 
BMD. An example might be the well woman at 

10 FRAX



94

menopause with no clinical risk factors. Thus, not 
all individuals require a DXA scan and are thus 
excluded from the intermediate category in 
Fig. 10.4.

The size of the latter category will vary in dif-
ferent countries. In the US, this would be a large 
category, whereas in a large number of countries 
with limited or no access to DXA, the size of the 
intermediate group will necessarily be small. In 
other countries (e.g. the UK), where provision for 
BMD testing is suboptimal [33], the intermediate 
category will lie between the two extremes. It has 
been conservatively estimated that a minimum of 
10 DXA units are required per million of the popu-
lation and such provision is available for less than 
20 countries worldwide [33].

The first step in defining the intermediate group 
is to establish an intervention threshold and target 
DXA scans to those lying at or around this thresh-
old, in order to maximise the impact of the scan on 
decision making. Nearly all guidelines interna-
tionally recommend that women with a prior fra-
gility fracture should be considered for intervention 
without the necessity for a DXA scan (other than 
to monitor treatment). Since a prior fracture is 
associated with sufficient risk that treatment can 

Prior fracture

40

10-year probability (%)

35

30

25

20

15

10

5

0
50 55 60 65 70 75 80 85 90

Prior fracture &
T-score = –2.5 SD

T-score = –2.5 SD

No risk factors, no BMD

Age (years)

Fig. 10.3 Ten-year probabilities (%) of a major osteopo-
rotic fracture for white women from the United States 
according to a T-score of −2.5 SD (circle), prior fracture 
(triangle), or the combination (square) (BMI is set to 

24  kg/m2) [http://www.shef.ac.uk/FRAX]. Note the 
decreased probability after the age of 85 years attributable 
to the competing effect of mortality. Redrawn from [6]

CRFs

Fracture
probability

High Intermediate Low

Treat BMD

Reassess
probability

High Low

Treat

Fig. 10.4 Management algorithm for the assessment of 
individuals at risk of fracture. CRFs, clinical risk factors. 
Adapted from [4] with kind permission from Springer 
Science and Business Media
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be recommended, the intervention threshold in 
women without a prior fracture can be set at the 
age-specific fracture probability equivalent to 
women with a prior fragility fracture [4] and there-
fore rises with age, for example from a 10-year 
probability of 8 to 33% in the UK. This may be 
termed the ‘fracture threshold’. This is the 
approach to intervention thresholds first used by 
the UK National Osteoporosis Guideline Group 
(NOGG) [34] and has since been adopted into 
European guidelines [35, 36] and elsewhere [19, 
37]. The same intervention threshold is applied to 
men, since the effectiveness and cost-effectiveness 
of interventions in men are broadly similar to those 
in women for equivalent risk [38].

10.6  FRAX and Efficacy 
of Intervention

European guidelines on the evaluation of medici-
nal products in the treatment of primary osteopo-
rosis [39] place an emphasis on the study of 
patients at high fracture risk. As a consequence, 

FRAX has been applied to several phase 3 studies 
in order to determine the enrolment characteristics 
of patients. This information has also been used to 
determine whether treatment efficacy varies 
according to baseline fracture risk. Interventions 
studied include abaloparatide, raloxifene, baze-
doxifene, clodronate, daily and weekly teripara-
tide, denosumab, alendronate, and strontium 
ranelate as well as a basket of interventions used 
by general practitioners in the UK [36]. Most of 
these were post hoc, but, in the case of denosumab, 
was a pre-planned analysis. In addition, the 
‘screening for prevention of fractures in older 
women’ (SCOOP) study was a prospective ran-
domised trial in which screening older women for 
treatment on the basis of FRAX hip fracture prob-
ability led to a 28% reduction in hip fracture 
occurrence over 5 years [40].

Greater efficacy against fracture in individuals 
at higher risk treated with clodronate, denosumab, 
and bazedoxifene (Fig. 10.5) [41] has been dem-
onstrated. This FRAX-dependency has marked 
economic consequences, illustrated when com-
paring two hypothetical treatments with similar 
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Fig. 10.5 Hazard ratio between treatments (bazedoxi-
fene versus placebo) for vertebral fracture and all clinical 
fractures according to the 10-year probability of a major 

osteoporotic fracture calculated with BMD and other risk 
variables included in FRAX. Redrawn from [41]
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overall effectiveness on fracture risk, but the effi-
cacy of one increases in women with higher base-
line fracture probability (treatment B). In contrast, 
the relative risk reduction with the other is con-
stant over the range of fracture probabilities stud-
ied (treatment A) (Table 10.2). As a consequence, 
treatment A has better cost-effectiveness in terms 
of fractures saved at low fracture probabilities, 
whereas treatment B has the better cost- 
effectiveness at high baseline fracture probabili-
ties [36].

These results have a number of important 
implications. First, they remove any concern that 
patients identified on the basis of clinical risk fac-
tors with FRAX would not respond to pharmaco-
logic interventions. Indeed, these studies showed 
that high FRAX probabilities are associated with 
efficacy, even when BMD is not used to character-
ise risk. Second, they support the views of the 
regulatory agencies that treatments should be tar-
geted preferentially to men and women at high 
fracture risk. Third, the finding of greater efficacy 
at higher fracture probabilities with some inter-
ventions has important implications for health 
technology assessments and challenges the cur-
rent meta-analytic approach. Finally, since treat-
ments directed to high-risk patients improve the 
budget impact, greater efficacy in the higher risk 
groups will improve still further the budget impact 
and the cost-effectiveness of intervention.

10.7  Addressing the Limitations 
of FRAX

The limitations of FRAX have been extensively 
reviewed [19, 42] and are only briefly addressed 
here. The risk factors included in FRAX were 
carefully chosen to limit complexity, for ease of 
input, and to include only well-established, inde-
pendent contributors to fracture risk. In addition, it 
was important that the factors used identified a risk 
that was amenable to an intervention [42]. The 
FRAX tool has been appreciated for its simplicity 
of use in primary care, but criticised for the same 
reason because it does not take account of expo-
sure response. For example, the risk of fracture 
increases with exposure to glucocorticoids, but 
FRAX only accommodates a yes/no response to 
the relevant question. Other well- researched 
examples of ‘dose–response’ include the number 
of prior fractures and the consumption of alcohol. 
Other concerns are the lack of provision for lum-
bar spine BMD (which is commonly recom-
mended in treatment guidelines) and the absence 
of measurements of the material or structural 
properties of bone. A concern that treatment might 
invalidate the interpretation of FRAX appears mis-
placed [43].

Relatively simple arithmetic procedures have 
been proposed, in order to address some of these 
limitations, which can be applied to conventional 
FRAX estimates of probabilities of hip fracture 
and a major osteoporotic fracture to adjust the 
probability assessment. Thus, adjustments have 
been devised to accommodate knowledge of the 
following:

• High, moderate, and low exposure to gluco-
corticoids [44].

• Concurrent data on lumbar spine BMD [45, 
46].

• Information on trabecular bone score (TBS) 
[47, 48].

• Hip axis length [49].
• Falls history [50].
• Type 2 diabetes [51].
• Immigration status [52].
• Recency of prior fracture [53, 54].

Table 10.2 Contrasting effects on the number of frac-
tures saved with an intervention, the efficacy of which is 
that the relative risk reduction (RRR) is independent or 
dependent on FRAX (average RRR set at 40%)

A. FRAX 
independent

B. FRAX 
dependent

Fracture 
probability 
(%)

RRR 
(%)

Fractures 
saved

RRR 
(%)

Fractures 
saved

0 40 0 0 0
5 40 2 14 1
10 40 4 27 3
15 40 6 40 6
20 40 8 54 11
25 40 10 68 17
30 40 12 80 24
Total 42 62
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With regard to glucocorticoids, for example, a 
woman aged 75 years from the UK taking gluco-
corticoids for rheumatoid arthritis (no other risk 
factors and BMI of 24 kg/m2) has a 10-year prob-
ability for a major fracture of 29%. If she is on a 
higher than average dose of prednisolone (>7.5 mg 
daily), then the revised probability should be 
uplifted by 15% (29 × 1.15 = 33) [44]. Such analy-
ses can inform the clinician how to temper clinical 
judgement on the existing output of the FRAX 
models. More precise adjustments are available 
through the FRAX website (FRAXplus).

10.8  Summary

The FRAX fracture risk assessment tool provides 
country-specific algorithms for estimating individu-
alised 10-year probability of hip and major osteopo-
rotic fracture (hip, clinical spine, distal forearm, or 
proximal humerus). Following its release in 2008, 86 
models are now available for 78 countries or territo-
ries covering more than 80% of the world population. 
The FRAX website receives approximately three 
million visits annually. Following independent vali-
dation, FRAX has been incorporated into more than 
80 guidelines worldwide. However, the application 
of FRAX in guidelines has been heterogeneous with 
the adoption of several different approaches to setting 
intervention thresholds. The relationship between 
FRAX and efficacy of intervention has been explored 
and is expected to influence treatment guidelines in 
the future. A more unified approach to setting inter-
vention thresholds with FRAX is a research priority.
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11.1  Introduction

The demographic changes occur mostly in west-
ern societies. An increasing number of traumatic 
events are associated with these changes [1–6]. In 
general, falls are a major global public health 
problem and leading cause of accidental or unin-
tentional injury and hospitalization. If occurring 
in hospitals, they are associated with a longer 
length of stay, need for readmissions, and adverse 
outcomes. Overall, they are accompanied by a 
dramatic increase in health care costs, both for 
in-hospital and outpatient treatments. In the 
elderly population, its influence is potentially 
underestimated, as even in the cognitively func-
tioning patients, reconstructing the fall may not 
be possible [7]. Only few studies examined falls’ 
risk and those were performed in health care 
facilities, e.g., hospitals or nursing homes [8]. 
According to home-based video analysis of falls, 
it became evident that only few falls happen dur-
ing the day – most occur in the morning or in the 
evening [2].

Moreover, those falls leading to readmission 
to a hospital have been closely examined. In a 
large study [9], out of 358.581 initial fall-

related readmissions (FRR) in geriatric adults, 
21,713 experienced ≥1 fall-related readmission 
(6.06%). The authors describe independent pre-
dictors, such as age (OR 1.007, 95% CI 1.005–
1.009), depression (OR 1.25, 95% CI 
1.21–1.30), drug abuse (OR 1.37, 95% CI 1.15–
1.63), liver disease (OR 1.25, 95% CI 1.15–
1.43, P < 0.001), psychosis (OR 1.16, 95% CI 
1.09–1.23), valvular heart disease (OR 1.07, 
95% CI 1.02–1.12), chronic pulmonary disease 
(OR 1.10, 95% CI 1.06–1.13), and number of 
chronic conditions (OR 1.022, 95% CI 1.016–
1.29). Patients in the FRR group were less 
likely to be discharged to their previous resi-
dence (5.9% versus 21.0%).

In addition, previous gait or balance disabili-
ties seem to be strong and reliable predictors of 
future falls. Simple screening questions might 
therefore perform well enough in predicting falls. 
It has been discussed that little or no additional 
value may be gained by performing a complex 
screening test [10–12].

It has clearly been shown that a previous fall is 
a strong predictor [10], and further ones are 
impairments of strength, gait, and balance impair-
ments. The causes of falls can be multifactorial 
and may derive from cardiac arrhythmias, cere-
brovascular, neurologic causes, or are well- 
described to require the care of an ear, nose, and 
throat physician.
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11.2  The Role of Proprioception 
in The Prevention of Falls

Proprioception plays an important role in main-
taining balance and controlling body posture. 
With aging, deterioration of the proprioceptive 
mechanisms occurs and involves changes in 
peripheral and central nervous system. Due to 
alterations in proprioception, the neuromuscular 
control of the limbs changes, resulting in the bal-
ance disturbances. The proprioceptive functions 
decline during the aging process, which has been 
associated with the balance deficits, thus result-
ing in an increase in the likelihood of falls [13, 
14]. An associated decrease in the dynamic 
response of muscle spindles and the atrophy of 
axons reduces the speed of translation by nerve 
fibers. In geriatric patients, exercise programs 
have been shown to improve muscle function 
despite older age [15]. Most of the available falls’ 
assessment scales use a variety of questions in 
order to demonstrate a well-rounded picture of 
the patient at risk [10, 16, 17].

The main purpose of a less complex first 
screening tool is the identification of a potential 
balance problem [11, 12, 17, 18]. Simple screen-
ing questions have been reported to perform as 
well as more complex screening tests in predict-
ing who will fall [10]. The American Geriatric 
Society/ British Geriatric Society guidelines 
therefore suggest that all older individuals should 
be assessed regarding the incidence and number 
of falls within the year prior to the assessment. 
Furthermore, the evaluation should include a 
detailed physical examination and a timed per-
formance test. Those found by this screen to be at 
higher risk should be given more intensive assess-
ment and intervention [10, 11].

11.3  Self-Assessment Tool

In addition, it has been shown that the involve-
ment of affected patients may be helpful in deter-
mining the risk analysis and effectively reduce 
the number of falls [19]. Our group has previ-
ously developed a self-assessment tool in order to 
minimize the risk of falls in the elderly popula-

tion [20]. This was performed by using certain 
A-priori assumptions, as summarized in 
Table 11.1. We concluded that the compilation of 
questions covers the most important diseases 
known to contribute to ground level falls 
(Table 11.2).

These screening algorithms usually have in 
common that the evaluation is undertaken by 
trained individuals in a hospital setting. This 
leads to the inclusion of a high proportion of low- 
risk people and a waste of resources, while at the 
same time the omission of a large proportion of 
people at high risk limits the potential reduction 
in falls achievable [10].

In this light, it would be advantageous to pre-
test the individuals at risk in their own environ-
ment using a simple self-assessment approach.

We thus searched to develop a scale that can 
be used by older citizen at higher risk of falling. 
The current manuscript summarizes the results of 
this review, consensus, and selection process. It 
was designed to allow for a prospective test of 
ease of use, validity, and specificity.

Runge et  al. suggest five musculoskeletal 
tests. According to their study, self-selected gait 
velocity represented the most important predic-
tive parameter, when frailty was used as deter-
mining factor [18]. However, all their assessments 
used an environment where helpers were close to 
the individual at risk. It is evident that these tests 
cannot be for self-assessment.

Table 11.1 Prerequisites for the development of a 
self-assessment

  •  Each individual should be able to assess his/her 
own risk at defined time points.

  •  The assessment should be feasible by any layman. 
Assistance from a physician should not be 
required.

  •  Among the causes of falls, those caused by 
medical, neurologic, and orthopaedic reasons 
should be covered.

  •  The assessment should combine a questionnaire 
and a practical part.

  •  There should be no risk of a fall of the elderly 
while performing the practical part.

  •  The assessment should be reliable and repeatable 
to allow for longitudinal comparison.

  •  Feasibility represents a key factor, thus a 
10-question limit was selected.

S. Halvachizadeh et al.
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Assessment tools for gait and balance are 
straightforward, self-contained, fast to apply, and 
can apparently be used to predict the risk of fall-
ing [21]. However, there is a lack of evidence that 
any of the available screening tests is clearly use-
ful for identifying fallers [10]. Evaluation of 
these tests has mostly been performed in single 
studies or in multiple but diverse and incompa-
rable studies in terms of sample size or study 
design [10].

11.4  Screening for Mobility

Currently, the Timed Up and Go Test (TUG) is 
the most frequently recommended screening test 
for mobility. It is even used for assessment of cer-
tain fracture-associated scenarios, such as pelvic 

ring injuries [22]. It uses agreement in stop-watch 
durations instead of rating scales, thus probably 
making it the most reliable test [17, 23]. The most 
frequently evaluated tool is the Tinetti balance, 
gait, and mobility scales. However, different ver-
sions of the test were used by different studies 
[24]. Disadvantages of the scale include diffi-
culty to assess many of the items on a 3-point 
scale and its poor specificity. Despite being 
widely used in gerontology, the gait section is 
seldom used [23]. The Berg Balance Scale (BBS) 
is easy to use and shows strong internal consis-
tency and a high intra- and interrater reliability. 
On the other hand, the sensitivity is only poor to 
moderate [25]. In line with several other clinical 
tests, it is poor at identifying the affected sub-
components of gait and balance [17]. The Tandem 
Stance is reported to have poor discriminatory 
ability and sensitivity, but good specificity [26]. 
One-leg stance duration with eyes closed is often 
too difficult and variable to serve as a useful clin-
ical test so that the eyes open version is generally 
used. Disadvantages include the difficult nature 
of the test and its lack of evaluating dynamic bal-
ance control [17].

In this light, we think the introduction of the 
combination of a simple questionnaire with a 
safe and quick balance tool, such as the 10  s 
standing test (‘Aachen Falls Prevention Scale’), 
meets the criteria to identify whether or not a bal-
ance problem exists. An elderly patient who fails 
this quick balance screen should have a more 
complete balance or gait evaluation by a physi-
cian or occupational therapist. Balance disorders 
can have serious consequences for the social 
function. Fear of falls leads to activity restriction 
and social isolation. However, in the light of lack-
ing evidence on the accuracy of screening tools 
for predicting falls risk [10], the ‘Aachen Falls 
Prevention Scale’ finally uses a self-assessment 
tool grading falls’ risk on a scale of 1–10 by the 
individual itself after completion of Part I and 
Part II.  This summarizes the felt falling risk 
resulting from the multidimensional evaluation 
of risk factors and the balance control.

Table 11.2 Aachen falls prevention scale

Part I
Self-questionnaire (10 questions, one point per question  
answered ‘yes’, 10 points max.):
                  Yes → no
   1. Do you have problems with hearing or vision?
   2.  Do you feel unsafe or have you been falling  

recently?
   3. Are you afraid of falling?
   4.  Do you take medication for sleep, cardiac  

problems, diuretics, or sedatives?
   5. Do you loose urine or stool involuntarily?
   6. Do you have memory problems?
   7.  Do you feel lonely at times and think that your  

life is without value?
   8. Do you use a walking aid on a regular basis?
   9.  Do you suffer from Parkinson’s, Arthritis, or  

Rheumatism?
   10.  Are there many traps that might cause  

a fall in your home?
Part II
Self-Test with your partner
Stand freely, do not lean or hold on anybody, measure  
the time until you have to do a corrective action  
with your arm, upper body, or lower extremity.
Standing test
Successfully completed:   10 s or more
Failed:          less than 10 s
                  Yes → no

11 Falls’ Prevention by Self-Managed Scoring
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11.5  Co-Managed Care in the Case 
of a Fall

If a fall requires hospitalization or even surgical 
intervention, the co-managed care concept fore-
sees initial geriatric assessment. This implies a 
common treatment plan both for the fracture and 
the comorbidities. During the hospital stay, com-
mon ward rounds between geriatricians, ortho-
paedic trauma surgeons, social workers, and 
specialized nurses have become the rule, at least 
in geriatric fracture centers [4]. In some areas, 
even hospitals were built that focused on co- 
managed care [5]. Some studies document that 
the implementation of a standardized 
orthopaedic- geriatric care plan improves the out-
come of proximal femur fractures [6, 27]. It 
appears, though, that the current literature about 
prospective studies regarding interdisciplinary 
treatment in hip fractures is difficult to prove and 
inconsistent results were shown. Furthermore, 
there is no consensus on efficacy of the different 
ways of cooperation between orthopaedic sur-
geons and geriatricians [28]. Using multidimen-
sional assessment strategies, it is difficult to 
identify the specific patient cohorts who could 
potentially benefit from this complex coopera-
tion [29]. In addition, attention should be paid to 
cost-value ratios [29]. Several countries in 
Europe have begun a process of certification in 
order to improve the issues of co-managed care. 
Among others, our group has contributed to the 
selection process and the standardization of cri-
teria for geriatric trauma centers [30].

It has been discussed that multiple factors are 
important for rendering effective falls programs 
difficult. Among these, time constraints, compet-
ing demands, and inadequate reimbursement 
appear to be relevant factors [31, 32].

11.6  Conclusion

Certain medical comorbidities are associated 
with increased risk of falling. Especially, cardiac 
and neurologic disorders as well as the time of 
day increase susceptibility of the elderly to fall. It 

is of high importance to screen risk factors that 
are associated with falling and to control for 
these risk factors as early as possible in order to 
decrease the risk of falls and fall-associated 
injuries.

References

 1. Moore L, Turgeon AF, Sirois M-J, Lavoie A. Trauma 
centre outcome performance: a comparison of young 
adults and geriatric patients in an inclusive trauma 
system. Injury. 2012;43(9):1580–5.

 2. Vlaeyen E, Deschodt M, Debard G, Dejaeger E, 
Boonen S, Goedeme T, et al. Fall incidents unraveled: 
a series of 26 video-based real-life fall events in three 
frail older persons. BMC Geriatrics. 2013;13

 3. Liem IS, Kammerlander C, Suhm N, Blauth M, 
Roth T, Gosch M, et  al. Identifying a standard set 
of outcome parameters for the evaluation of ortho-
geriatric co-management for hip fractures. Injury. 
2013;44(11):1403–12.

 4. Kammerlander C, Gosch M, Blauth M, Lechleitner 
M, Luger TJ, Roth T.  The Tyrolean geriatric frac-
ture center an orthogeriatric co-management 
model. Zeitschrift Fur Gerontologie Und Geriatrie. 
2011;44(6):363–7.

 5. Bielza Galindo R, Ortiz Espada A, Arias Munana E, 
Guzman V, de Lazaro R, Mora Casado A, Moreno 
Martin R, et  al. Opening of an acute orthogeriatric 
unit in a general hospital. Revista espanola de geria-
tria y. Gerontologia. 2013;48(1):26–9.

 6. Patel NK, Sarraf KM, Joseph S, Lee C, Middleton 
FR. Implementing the National Hip Fracture Database: 
an audit of care. Injury. 2013;44(12):1934–9.

 7. Ungar A, Rafanelli M, Iacomelli I, Brunetti 
MA, Ceccofiglio A, Tesi F, et  al. Fall preven-
tion in the elderly. Clin Cases Miner Bone Metab. 
2013;10(2):91–5.

 8. Nevitt MC, Cummings SR, Kidd S, Black D. Risk- 
factors for recurrent nonsyncopal falls—a prospective- 
study. J Am Med Assoc. 1989;261(18):2663–8.

 9. Prabhakaran K, Gogna S, Pee S, Samson DJ, Con J, 
Latifi R.  Falling again? Falls in geriatric adults-risk 
factors and outcomes associated with recidivism. J 
Surg Res, 2019.

 10. Gates S, Smith LA, Fisher JD, Lamb SE. Systematic 
review of accuracy of screening instruments for pre-
dicting fall risk among independently living older 
adults. J Rehabil Res Dev. 2008;45(8):1105–16.

 11. Lundebjerg N, Rubenstein LZ, Kenny RA, Koval KJ, 
Martin FC, Tinetti ME, et al. Guideline for the pre-
vention of falls in older persons. J Am Geriatr Soc. 
2001;49(5):664–72.

 12. Ganz DA, Bao Y, Shekelle PG, Rubenstein LZ. Will 
my patient fall? JAMA. 2007;297(1):77–86.

S. Halvachizadeh et al.



105

 13. Ribeiro F, Oliveira J.  Aging effects on joint pro-
prioception: the role of physical activity in pro-
prioception preservation. Eur Rev Aging Phys Act. 
2007;4(2):71–6.

 14. Petrella RJ, Lattanzio PJ, Nelson MG. Effect of age 
and activity on knee joint proprioception. Am J Phys 
Med Rehabil. 1997;76(3):235–41.

 15. Martinez-Amat A, Hita-Contreras F, Lomas-Vega R, 
Caballero-Martinez I, Alvarez PJ, Martinez-Lopez 
E.  Effects of 12-week proprioception training pro-
gram on postural stability, gait, and balance in older 
adults: a controlled clinical trial. J Strength Cond Res. 
2013;27(8):2180–8.

 16. Tinetti ME, Kumar C.  The patient who falls 
"It's Always a Trade-off". J Am Med Assoc. 
2010;303(3):258–66.

 17. Mancini M, Horak FB. The relevance of clinical bal-
ance assessment tools to differentiate balance deficits. 
Eur J Phys Rehabil Med. 2010;46(2):239–48.

 18. Runge M, Hunter G. Determinants of musculoskeletal 
frailty and the risk of falls in old age. J Musculoskelet 
Neuronal Interact. 2006;6(2):167–73.

 19. Radecki B, Keen A, Miller J, McClure JK, Kara 
A. Innovating fall safety: engaging patients as experts. 
J Nurs Care Qual, 2019.

 20. Pape HC, Schemmann U, Foerster J, Knobe M. The 
‘Aachen Falls Prevention Scale’—development of a 
tool for self-assessment of elderly patients at risk for 
ground level falls. Patient Saf Surg. 2015;9:6.

 21. Berg K, Norman KE. Functional assessment of bal-
ance and gait. Clin Geriatr Med. 1996;12(4):705.

 22. Pastor T, Tiziani S, Kasper CD, Pape H-C, 
Osterhoff G.  Quality of reduction correlates with 
clinical outcome in pelvic ring fractures. Injury. 
2019;50(6):1223–6.

 23. Yelnik A, Bonan I. Clinical tools for assessing balance 
disorders. Neurophysiol Clin-Clin Neurophysiol. 
2008;38(6):439–45.

 24. Koepke S, Meyer G.  The Tinetti test—Babylon in 
geriatric assessment. Zeitschrift Fur Gerontologie 
Und Geriatrie. 2006;39(4):288–91.

 25. Berg K, Wooddauphinee S, Williams JI. The balance 
scale—reliability assessment with elderly residents 
and patients with an acute stroke. Scand J Rehabil 
Med. 1995;27(1):27–36.

 26. Stel VS, Pluijm SMF, Deeg DJH, Smit JH, Bouter 
LM, Lips P. A classification tree for predicting recur-
rent falling in community-dwelling older persons. J 
Am Geriatr Soc. 2003;51(10):1356–64.

 27. Bachmann S, Finger C, Huss A, Egger M, Stuck AE, 
Clough-Gorr KM. Inpatient rehabilitation specifically 
designed for geriatric patients: systematic review and 
meta-analysis of randomised controlled trials. Br Med 
J. 2010;340

 28. Kammerlander C, Roth T, Friedman SM, Suhm N, 
Luger TJ, Kammerlander-Knauer U, et  al. Ortho- 
geriatric service-a literature review comparing differ-
ent models. Osteoporos Int. 2010;21:S637–S46.

 29. Knobe M, Siebert CH.  Hip fractures in the elderly: 
osteosynthesis versus joint replacement. Orthopade. 
2014;43(4):314–24.

 30. Pape HC, Friess T, Liener U, Ruchholtz S, Schmucker 
U, Sturm JA, et al. Development of geriatric trauma 
centers: an effort by the German Society for Trauma 
and Orthopaedics. Injury. 2014;45(10):1513–5.

 31. Baker DI, King MB, Fortinsky RH, Graff LG, 
Gottschalk M, Acampora D, et al. Dissemination of an 
evidence-based multicomponent fall risk- assessment 
and -management strategy throughout a geographic 
area. J Am Geriatr Soc. 2005;53(4):675–80.

 32. Tinetti ME, Gordon C, Sogolow E, Lapin P, Bradley 
EH. Fall-risk evaluation and management: challenges 
in adopting geriatric care practices. Gerontologist. 
2006;46(6):717–25.

11 Falls’ Prevention by Self-Managed Scoring



107© Springer Nature Switzerland AG 2022 
H.-C. Pape et al. (eds.), Senior Trauma Patients, https://doi.org/10.1007/978-3-030-91483-7_12

Pharmacological Treatment 
of Patients with Osteoporosis

René Rizzoli

12.1  Introduction

Osteoporosis is defined as a systemic skeletal dis-
ease characterized by low bone mass and micro- 
architectural deterioration of bone tissue, with a 
consequent increase in bone fragility and suscep-
tibility to fracture risk [1]. At the age of 50, the 
lifetime risk of sustaining an osteoporotic frac-
ture is close to 50% for women and more than 
20% for men [1, 2]. Major osteoporotic fractures 
comprise spine, hip, distal forearm, and proximal 
humerus fractures.

Despite a rising number of old subjects and a 
forecasted increase of absolute number and inci-
dence of hip fractures, a decrease in age-adjusted 
incidence has been observed in several regions, 
thus a reversal of a secular trend [3]. However, 
the incidence of other osteoporotic fractures is 
continuing to increase, as is the total number of 
days in orthopedic and rehabilitation wards, 
because of more frequent multiple fractures and 
higher number of co-morbidities [4]. This under-
lines the need for anti-osteoporosis treatment.

12.2  Whom to Treat

An osteoporosis diagnosis threshold as deter-
mined by DXA-provided areal bone mineral den-
sity (BMD) values should not be automatically 
translated into a therapeutic threshold. Other fac-
tors such as age, clinical risk factors (prevalent 
fracture, parental hip fracture, smoking, ≥3 alco-
holic drinks/day, rheumatoid arthritis, current 
corticosteroid use, body mass index (BMI) 
<20  kg/m2, or secondary osteoporosis), bone 
turnover level, or treatment cost/benefits should 
be included into the treatment decision [1]. In 
terms of fracture risk, the same T-score has dif-
ferent significances at different ages. For any 
BMD, fracture risk is much higher in the elderly 
than in younger individuals [1]. The objective of 
the risk assessment is to identify the individuals 
at higher fracture risk and to provide them with 
treatment [1].

Of the various fracture risk assessments devel-
oped in osteoporosis, the FRAX® tool is the most 
widely used. FRAX® is a computer-based algo-
rithm (http://www.shef.ac.uk/FRAX) that calcu-
lates the 10-year probability of a major 
osteoporotic fracture (hip, clinical spine, 
humerus, or wrist fracture) and the 10-year prob-
ability of hip fracture. It has been updated to take 
into account glucocorticoid dose [5], large differ-
ences between femoral neck and lumbar spine 
BMD [6]. This tool adjusts the result in very old 
patients for the competing hazard of death and 
for country- specific fracture epidemiology. The 
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intervention thresholds for osteoporosis depend 
on regional guidances and country-specific reim-
bursement policies. These are increasingly 
guided by economic evaluations to determine 
cost-effective intervention thresholds. All treat-
ments are cost-effective, and even cost-saving in 
the oldest old [1, 7].

There are two main approaches for determin-
ing an intervention threshold (Fig.  12.1). One 
approach suggests a fixed age-independent 
threshold. A treatment is recommended for 
T-score of ≤−2.5 at femoral neck; or, if the 
T-score is between −1.0 and −2.5, for a 10-year 
probability of fracture (based on FRAX) of ≥3% 
for hip or ≥20% for a major fragility fracture [8]. 
Another approach is to treat when the age-related 
fracture probability exceeds a threshold given by 
FRAX, equivalent to the fracture risk of a woman 
with a prior fragility fracture [1]. The argument 
for an age-dependent intervention threshold is to 
avoid under-prescription of treatment in eligible 
younger patients as well as the over-prescription 
in older age groups that could arise from a fixed 
threshold [9]. For instance, using an anti- 
osteoporosis treatment intervention threshold of 
20% for major fractures, 10-year probability 
would concern 70% of a population older than 

75  years [7]. Most guidelines recommend that 
women with a prior fragility fracture should be 
considered for intervention without the necessity 
for a BMD test (other than to monitor treatment). 
Therefore, a prior fragility fracture can be con-
sidered to carry a sufficient risk that treatment 
can be recommended. To identify these patients 
and ensure an optimal osteoporosis treatment for 
secondary fracture prevention, the Fracture 
Liaison Services are playing a major role [10, 
11]. FRAX tool can also be applied in an osteo-
porosis screening approach, as shown in the 
SCOOP trial (SCreening of Older wOmen for the 
Prevention of fractures) [12]. The application of 
this screening algorithm resulted in an increase in 
the use of anti-osteoporosis medication, a greater 
compliance with therapy, and a lower hip fracture 
risk.

12.3  General Management: 
Strategies to Prevent Bone 
Loss in Older Individuals 
(Fig. 12.2)

Physical activity: Weight bearing exercise forms 
an integral component of osteoporosis manage-
ment [13]. At all times, increased muscle strength 
through resistance training contributes to reduce 
fracture risk by maintaining bone mass through a 
stimulation of bone formation and a decrease of 
bone resorption [14]. Mixed loading exercise 
appears to be effective to reduce bone loss in 
postmenopausal women [15, 16]. Some preven-
tion of hip fracture by physical activity has been 
consistently reported [17].

Vitamin D supplementation: Vitamin D plays 
an essential role in the maintenance of bone 
strength and muscle function [18]. Many older 
people suffer from hypovitaminosis D.  This is 
particularly true in patients with hip fracture [19]. 
A large number of clinical studies have tested the 
effects of vitamin D supplementation (often in 
combination with calcium) on fracture risk in 
older and/or osteoporotic population samples. 
Meta-analyses of these trials have provided 
inconsistent results. However, in a pooled analy-
sis of 11 trials (N = 31,000), a lower fracture risk 

0

10

20

30

40

40 50 60 70 80 90

Age (years)

No treatment

Consider treatment

10 year fracture probability (%)

Interventio
n th

reshold

Fig. 12.1 Intervention threshold according to FRAX- 
determined 10-year fracture probability. The age- 
dependent threshold corresponds to the risk equivalent to 
that associated with a prevalent fragility fracture
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was observed in patients having a plasma con-
centration of 25-hydroxyvitamin D (25-(OH)D) 
of at least 60  nmol/L at baseline as compared 
with those having levels below 30 nmol/L [20]. 
Vitamin D supplementation has beneficial effects 
beyond a direct effect on bone health. Raising the 
levels of 25-(OH)D decreased the incidence of 
falls in older persons by 19%.

Sufficient levels of vitamin D are a prerequi-
site for the efficacy of anti-osteoporosis medica-
tion, as all studies on these agents have been 
conducted in calcium and vitamin 
D-supplemented patients. The recommendation 
of a dose of 800  IU/day (20  μg/day) in older 
adults (>70  years) has been adopted by most 
European guidelines, as well as the International 
Osteoporosis Foundation (IOF) and the Institute 
of Medicine (IOM), and was also advised in a 
recent ESCEO consensus paper [18, 21, 22]. 
There is no strong necessity to systematically 
measure circulating levels of 25-(OH)D in older 
patients with suspected high fracture risk since 
the cost of testing far exceeds that of supplemen-
tation. Vitamin D supplementation should pre-
cede any anti-osteoporosis therapy. The adverse 
effects of hypercalcemia/hypercalciuria and 
nephrolithiasis are more frequently associated 

with high serum 25-(OH)D levels (>125 nmol/L), 
which has been set as the potential upper limit of 
adequacy. Studies with large annual doses of 
vitamin D have reported an increased risk of falls 
and hip fracture [23]. Thus, a yearly regimen of 
vitamin D high-dose supplementation should be 
avoided.

Calcium supplementation: Calcium and vita-
min D supplements decrease secondary hyper-
parathyroidism and reduce the risk of proximal 
femur fracture, particularly in the elderly living 
in nursing homes [24]. Overall, the literature can 
be summarized as follows: (1) calcium and vita-
min D supplementation may lead to a modest 
reduction in fracture risk; (2) supplementation 
with calcium alone does not reduce fracture risk; 
(3) side effects of calcium supplementation 
include renal stones (mostly driven by the WHI 
trials results) and gastrointestinal symptoms; (4) 
increased cardiovascular risk consequent to cal-
cium supplementation is not convincingly sup-
ported by current evidence; (5) calcium and 
vitamin D supplementation is recommended for 
patients at high risk of calcium and vitamin D 
insufficiency and in those who are receiving 
treatment for osteoporosis [25]. Intakes of 800–
1000 mg/day of calcium in addition to 800 IU of 

Osteoporosis Management

Lifestyle
• Nutrition: calcium 800-1000 mg/day, protein ≥ 1g/kg BW/day
• Vitamin D: 800 IU/day
• Daily weight bearing physical activity 
• Fall prevention measures

Pharmacological treatment
a. Intervention threshold
• FRAX® Score for major osteoporotic fractures or hip fracture ≥ risk 

equivalent to that associated with a prevalent fragility fracture 
• Fragility spine or hip fracture (role of Fracture liaison service)
b. Intervention type (selection based on osteoporosis severity, patient 
preference and regional drug reimbursement policy)
• Oral bisphosphonates (gastro-resistant formulation may increase adherence)
• Intravenous bisphosphonates
• Denosumab
• Menopausal Hormone Therapy, raloxifene, bazedoxifene
• Teriparatide (if high fracture risk or imminent risk), or romosozumab followed by 

an anti-resorber
• Local osteo-enhancement procedure (if increased hip fracture risk)

Fig. 12.2 Management 
of patients with 
osteoporosis (adapted 
from Kanis et al Calcif 
Tissue Int 2019) [94]
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vitamin D can be recommended in the general 
management of patients with osteoporosis [1].

Dietary protein: Correction of protein insuffi-
ciency can lead to a rapid normalization of IGF-I 
levels in frail older adults and in patients with a 
recent hip fracture, together with a favourable 
outcome [26]. In view of the impaired protein 
assimilation of older individuals, the RDA (0.8 g/
kg body weight) should be increased to 1.0 or 
1.2 g/kg per day in the older age group without 
adverse event [27, 28]. Dairy products are a 
source of both protein and calcium, since one 
litre of milk provides 32 g of protein and 1200 mg 
of calcium. Dairy products, some being fortified 
with calcium or vitamin D, decrease circulating 
PTH, increase IGF-I, and decrease bone resorp-
tion markers [29]. Dairy products are associated 
with higher bone strength [30]. In older men and 
women, higher dairies consumption is associated 
with a lower hip fracture risk [31, 32].

12.4  Drugs Strategies (Fig. 12.3)

12.4.1  Efficacy of Anti-Osteoporotic 
Drugs

Anti-osteoporosis drugs are either inhibitors of 
bone resorption (anti-resorbers) or stimulators of 
bone formation. The efficacy of the available 
anti-osteoporotic agents in increasing bone 
strength and reducing osteoporotic fracture risk 
is well-established [1, 9]. For some of the anti- 
osteoporosis agents, the beneficial effect of treat-
ment has also been demonstrated on hip fractures 
(Table 12.1). Agents that have been approved for 
the treatment of osteoporosis in postmenopausal 
women include selective bisphosphonates 
(alendronate, risedronate, zoledronic acid, and 
ibandronate), denosumab, oestrogen-receptor 
modulators, and teriparatide [1].

Osteoporosis Management Follow-up

Follow-up
• Assess compliance and/or side effects
• Bone turnover markers to verify compliance to bone resorption inhibitors 

(after 3-6 months)
• Consider continuing or changing treatment: 

� After 3 years for iv or 5 years for oral bisphosphonates
� If incident fracture
� Low risk patients: possible discontinuation for 2 years (reconsider yearly) 
� High risk patients: continue treatment

• Denosumab discontinuation may be associated with vertebral (multiple) 
fractures, consider then bisphosphonates for 1-2 years

Fig. 12.3 Follow-up of 
patients treated for 
osteoporosis (adapted 
from Kanis et al Calcif 
Tissue Int 2019) [94]

Table 12.1 Anti-fracture efficacy of the most frequently used treatments for postmenopausal osteoporosis when given 
with calcium and vitamin D, as derived from randomized controlled trials [updated from [1]

Effect on vertebral fracture risk Effect on non-vertebral fracture risk
Osteoporosis Established osteoporosisa Osteoporosis Established osteoporosisa

Alendronate + + NA + (including hip)
Risedronate + + NA + (including hip)
Ibandronate NA + NA +b

Zoledronic acid + + NA +c

HRT + + + + (including hip)
Raloxifene + + NA NA
Teriparatide NA + NA +
Denosumab + +c + (including hip) +c

NA No evidence available
+ Effective drug
aWomen with a prior vertebral fracture
bIn subsets of patients only (post-hoc analysis)
cMixed group of patients with or without prevalent vertebral fractures
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12.4.1.1  Bisphosphonates
Bisphosphonates are stable analogues of pyro-
phosphate characterized by a P-C-P bond. Their 
potency depends on the length and structure of 
the side chains [33]. Bisphosphonates have a 
strong affinity for bone hydroxyapatite and are 
potent inhibitors of bone resorption. They reduce 
the recruitment and activity of osteoclasts and 
increase their apoptosis. Aminobisphosphonates 
(alendronate, risedronate, ibandronate, zole-
dronic acid) inhibit the farnesyl pyrophosphate 
synthase step in the mevalonate pathway, thereby 
modifying the isoprenylation of guanosine 
triphosphate- binding proteins. Non-nitrogen 
containing bisphosphonates (clodronate, etidro-
nate, tiludronate) act as ATP competitors. The 
potency and chemical affinity to bone of bisphos-
phonates determines their effect to inhibit bone 
resorption and varies greatly from compound to 
compound [33].

Oral bioavailability of bisphosphonates is 
around 1% of the dose ingested and is impaired 
by food, calcium, iron, coffee, tea, and orange 
juice. The oral formulation needs a 30- to 
60- minute fast after ingestion and before any 
meal, without standing up, to ensure optimal 
intestinal absorption and prevent oesophageal 
damages. Bisphosphonates are quickly cleared 
from plasma, about 50% being deposited in bone 
and the remainder excreted in urine. Their half- 
life in bone is very prolonged.

12.4.1.2  Alendronate
Daily oral alendronate lowers the incidence of 
vertebral, wrist, and hip fractures by approxi-
mately 50% in women with prevalent vertebral 
fractures [34, 35]. In women without prevalent 
vertebral fractures, there is no significant decrease 
in clinical fractures in the overall population, but 
a reduction in those patients with baseline hip 
BMD T-score lower than −2.5 SD [36]. In a 
 case- control study performed in more than 
90,000 men and women aged 80 years and older 
and with a prevalent fracture, alendronate use is 
associated with a 34% decrease in hip fracture 
risk and a 12% lower mortality risk, but with a 
58% increase in the risk of mild upper gastroin-
testinal symptoms [37]. Pivotal trials have been 

conducted with a daily dose. The efficacy of the 
weekly 70 mg regimen has been shown in bridg-
ing studies with BMD and bone turnover markers 
as outcome [38].

12.4.1.3  Risedronate
Daily oral risedronate reduces the risk of verte-
bral and non-vertebral fractures by 40–50% and 
30–36%, respectively, in women with prevalent 
vertebral fractures [39, 40]. In a large population 
of elderly women, risedronate decreases the risk 
of hip fractures by 30%. This effect is greater in 
osteoporotic women aged 70–79  years (–40%), 
but not significant in women over the age of 
80 years without evidence of osteoporosis [41]. A 
delayed-release formulation of 35 mg risedronate 
weekly allows osteoporotic patients to take their 
risedronate dose immediately after breakfast, 
offering thereby a potentially improved adher-
ence to treatment [42].

12.4.1.4  Ibandronate
Daily oral ibandronate (2.5 mg) reduces the risk 
of vertebral fractures by 50–60%, whereas a 
lower non-vertebral fracture risk was only dem-
onstrated in a post-hoc analysis of women with a 
baseline BMD T-score below −3 SD [43–45]. In 
bridging studies, oral ibandronate 150 mg once 
monthly or intravenous ibandronate 3 mg every 
3 months are equivalent or superior to daily regi-
men in increasing BMD and decreasing bio-
chemical markers of bone turnover [46, 47]. In 
post-hoc analyses, ibandronate regimens with 
annual cumulative exposure ≥10.8  g increase 
time-to-fracture for all clinical fractures versus 
placebo [48].

12.4.1.5  Zoledronic Acid
In a large phase III trial comprising 7700 post-
menopausal osteoporotic patients, the yearly per-
fusion of zoledronic acid 5  mg over 3  years 
reduces the incidence of vertebral, non-vertebral, 
and hip fractures by 70%, 25%, and 40%, respec-
tively [49]. Intravenous zoledronic acid decreases 
fracture risk and mortality when given shortly 
after a first hip fracture [50]. From an extension 
study to 6 [51] and 9 [52] years, it appears that 
prolonging treatment beyond 6  years does not 
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provide additional benefits. In a 6-year random-
ized placebo-controlled trial conducted in 
osteopenic non-osteoporotic women, zoledronic 
acid given at 18-month interval instead of yearly 
reduces non-vertebral and symptomatic vertebral 
fracture risk, as well as height loss [53].

Bisphosphonates Safety [54]: Upper GI events 
with oral bisphosphonates include irritation of 
the oesophagus, dysphagia, and heartburn. 
Generic versions of bisphosphonates may be 
associated with higher rates of GI events and 
greater risk of treatment discontinuation [55]. 
Weekly or monthly dosing formulations are asso-
ciated with lower rates of upper GI effects than 
daily dosing. Of potential interest for the oldest 
old is the development of an alendronate formu-
lation in effervescent forms that are easier to 
swallow.

Bone pain, as well as joint and muscle pain, 
has been frequently associated with bisphospho-
nates use, both oral and IV (about 5–10% of 
patients), and also to some extent with raloxifene 
and teriparatide [54].

Intravenous bisphosphonates are associated 
with transient flu-like symptoms (myalgia, 
arthralgia, headache, and fever), collectively 
called an acute phase reaction (APR) [54]. Rates 
of fever of about 30% have been reported post- 
dosing with zoledronic acid. The symptoms of 
APR seem to be evoked by the release of pro- 
inflammatory cytokines from circulating T cells, 
generally appear 24–48  h after administration 
and resolve within 48 h. The likelihood of having 
an APR after an IV bisphosphonate may be 
reduced by administration of acetaminophen 
(paracetamol) prior to dosing.

Rare cases of oesophageal cancer have been 
reported in patients exposed to oral bisphospho-
nates. But the results from epidemiological stud-
ies on prescription databases have been 
conflicting. In the most recent analysis performed 
on the UK GPRD, 95 out of the 4442 annually 
reported cases of upper gastrointestinal cancer 
could be linked to bisphosphonate use (Odds 
Ratio of 1.34 for bisphosphonates) [56].

An increased risk of atrial fibrillation (AF) 
reported as a severe adverse event was observed 
in the pivotal HORIZON study with zoledronic 

acid. Post-hoc analyses of other bisphosphonate 
trials and several large population-based studies 
have not confirmed this suspicion. No increase 
in risk of cardiovascular mortality with use of 
bisphosphonates is reported and indeed a 
decrease in myocardial infarction has been asso-
ciated with bisphosphonate use in patients with 
rheumatoid arthritis [57]. In patients with hip 
fracture, alendronate was associated with a 
lower risk of 1-year cardiovascular mortality 
(HR 0.33) and incident myocardial infarction 
(HR 0.55), whereas marginally significant 
reduction in risk of stroke was observed at 5 and 
10 years [58].

There is no evidence for impaired fracture 
healing. Cases of osteonecrosis of the jaw (ONJ) 
have been reported [59]. They are defined as 
exposed bone in the maxillofacial region that 
shows negligible healing over a period of 
8  weeks. They are mostly reported in cancer 
patients receiving high-dose IV bisphosphonates 
for the prevention or treatment of cancer-related 
bone disease.

Atypical subtrochanteric, low-trauma, and 
femur fractures in bisphosphonate-treated 
patients have been reported, some with prodro-
mal thigh pain in the preceding period. Although 
there is an association with duration of BP use, 
atypical fractures can also be observed in 
untreated patients [60, 61].

Impaired renal function is common in older 
patients causing concern for various drug treat-
ments, including bisphosphonates, since these 
are excreted via the kidney [33]. Therefore, these 
products (both oral and IV forms) are not recom-
mended in patients with creatinine clearance 
<30–35 mL/min.

12.4.1.6  Denosumab
Receptor activator of nuclear factor NFkB 
(RANK), its ligand RANKL, a member of the 
tumour necrosis factor (TNF) superfamily, and 
osteoprotegerin (OPG), which acts as a decoy 
receptor for RANKL, are critical molecules for 
differentiation and action of osteoclast and hence 
for bone resorption. The fully human antibody 
against RANKL denosumab prevents the interac-
tion of RANKL with the receptor RANK.
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Over a 3-year placebo-controlled pivotal trial, 
there is a 68% reduction in the incidence of new 
vertebral fractures with denosumab given subcu-
taneously every 6  months at a dose of 60  mg. 
Non-vertebral fracture risk is reduced by 20% 
and hip fractures by 40% [62]. In an extension 
study, women from the denosumab group had 
seven more years of treatment (long-term group) 
and those in the placebo group received seven 
years of denosumab (cross-over group) [63]. The 
yearly incidence of new vertebral fractures 
remained low during the extension, whereas non- 
vertebral fractures further decreased to reach a 
stable level [63].

Discontinuation of denosumab is associated 
with a rapid increase in bone turnover, even 
above pretreatment levels, a BMD decrease, and 
a marked increase in vertebral fracture rate [64]. 
Multiple vertebral fracture risk was even higher 
than in the placebo group. A short duration of 
bisphosphonate could be considered when dis-
continuing denosumab to prevent the rebound 
turnover [65].

Denosumab is not excreted by the kidney and 
could therefore be used in patients with impaired 
renal function. However, the administration of 
such a potent bone resorption inhibitor in patients 
with terminal renal failure and possibly adynamic 
bone disease may further inhibit bone turnover. 
Regarding adverse events, seven cases of ONJ 
were reported in the long-term group and six 
cases in the cross-over group [63]. Their inci-
dence rates seem to be similar to those of zole-
dronic acid [66]. In a meta-analysis of four trials, 
a non-statistically significant relative risk of seri-
ous adverse events for the denosumab group 
compared with the placebo group was 1.33, of 
serious adverse events related to infection 2.10, 
of neoplasm 1.11, of study discontinuation due to 
adverse events 1.10, and of death 0.78 [67].

12.4.1.7  Selective Oestrogen-
Receptor Modulators

Selective oestrogen-receptor modulators are non-
steroidal agents that bind to the oestrogen- 
receptor and act as oestrogen agonists or 
antagonists, depending on the target tissue. 
Raloxifene is available for the prevention and 

treatment of postmenopausal osteoporosis. 
Raloxifene prevents bone loss and reduces the 
risk of vertebral fractures by 30–50% in post-
menopausal women with low bone mass, with or 
without prior vertebral fractures as shown in the 
MORE trial [68]. There is no significant reduc-
tion of non-vertebral fractures, except in women 
with severe vertebral fractures at baseline [69].

As adverse events, there is an increase of deep 
venous thrombo-embolism, of hot flushes, and of 
lower limb cramps. The risk of invasive breast 
cancer is reduced by about 60% [70]. Raloxifene 
is approved for the prevention and treatment of 
postmenopausal osteoporosis.

Though approved in Europe, bazedoxifene is 
only available in Spain and Germany. It reduces 
the risk of new vertebral fracture, with favourable 
effects on BMD, bone turnover markers, and 
lipid profile [71, 72]. In a subgroup of women at 
increased risk of fracture, bazedoxifene decreases 
non-vertebral fracture risk. Like with raloxifene, 
venous thromboembolic events, deep vein throm-
boses, leg cramps, and hot flushes are reported 
adverse events [73]. Bazedoxifene is also com-
bined with conjugated equine estrogen to create a 
tissue selective estrogen complex for the man-
agement of vasomotor symptoms and the preven-
tion of osteoporosis associated with menopause 
(bazedoxifene 20 mg/conjugated equine estrogen 
0.45 mg) [74]. This association improves vaso-
motor symptoms, while opposing breast and 
endometrial proliferation, preventing bone 
resorption, increasing BMD, and improving lipid 
profile [74].

12.4.1.8  Menopausal Hormone 
Therapy (MHT)

MHT decreases the risk of vertebral and non- 
vertebral fractures (including hip fracture) by 
about 30%, regardless of baseline BMD [75, 76]. 
In a recent re-assessment of the long-term out-
comes of WHI trials, MHT with conjugated oes-
trogen and medroxyprogesterone acetate for a 
median of 5.6 years or with conjugated oestrogen 
alone for a median of 7.2 years was not associ-
ated with an increased risk of all-cause, cardio-
vascular, or cancer mortality during a cumulative 
follow-up of 18 years [77].
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12.4.1.9  Teriparatide
While a continuous increase of endogenous pro-
duction of parathyroid hormone (PTH) is delete-
rious for the skeleton, intermittent administration 
of PTH (e.g. daily subcutaneous injections) leads 
to an increase in bone mass and an improvement 
in skeletal microstructure at both cancellous and 
cortical skeletal sites [78]. At a daily subcutane-
ous dose of 20 μg, the 1-34 N-terminal fragment 
(teriparatide) reduces the risk of vertebral frac-
tures (−65%) and non-vertebral fractures (−53%) 
[79]. Treatment with PTH is registered for 
18–24  months, and beneficial effects on non- 
vertebral fracture with teriparatide persist for up 
to 30 months after stopping teriparatide [80].

Adverse events with teriparatide are nausea, 
pain in the limbs, headache, and dizziness. Slight 
and transient elevations of serum calcium con-
centrations have been observed following the 
injection of teriparatide. The use of peptides of 
the PTH family is contraindicated in conditions 
such as hypercalcemia, metabolic bone diseases 
other than osteoporosis, Paget’s disease, prior 
radiation therapy to the skeleton, in malignan-
cies, or bone metastasis or severe renal impair-
ment. In rats, very high doses of teriparatide since 
weaning increase the risk of osteosarcoma [81]. 
There is no confirmation of these findings in 
human.

12.5  Perspectives

Abaloparatide is a 34-amino-acid peptide with 
76% homology to parathyroid-related protein 
(PTHrP) (1–34) and 41% homology to PTH 
(1–34) [82]. Abaloparatide is a potent and selec-
tive activator of the PTH receptor type 1 (PTHR1) 
signaling pathway.

At a daily subcutaneous dose of 80 μg, abalo-
paratide increases BMD more than teriparatide 
and reduces major osteoporotic fractures to a 
greater extent than teriparatide, with a possible 
more rapid onset of action [83, 84]. Use of abalo-
paratide for 18 months followed by alendronate 
for 24 months improves spine, total hip, and fem-
oral neck BMD and reduces vertebral, non- 
vertebral, major, and clinical fractures compared 

to that observed after 18 months of placebo fol-
lowed by 24 months of alendronate [85]. Adverse 
events are nausea, dizziness, headaches, and pal-
pitations, which are generally mild to moderate 
in severity [86]. Presently, abaloparatide is 
approved in the US.

Romosozumab is an anti-sclerostin monoclo-
nal antibody, which transiently stimulates bone 
formation and more persistently inhibits bone 
resorption [87]. In a one-year placebo-controlled 
study, followed by one year of denosumab in 
both groups, romosozumab given subcutaneously 
monthly reduced vertebral fracture risk by 73%, 
while the −25% observed for non-vertebral frac-
ture was not statistically significant [88]. In 
another trial, romosozumab was compared to 
weekly alendronate during the first year and then 
both groups received the bisphosphonate for one 
year. By 2 years, vertebral, non-vertebral, and hip 
fracture risk was decreased by 48, 19, and 38%, 
respectively [89]. In the latter trial, a higher num-
ber of adjudicated severe cardiovascular events 
were recorded in the romosozumab-treated 
patients. These results open the way to sequential 
regimens for the treatment of osteoporotic 
patients. Romosozumab has just been registered 
in the US.

12.6  Early Onset of Anti-Fracture 
Efficacy

Anti-osteoporosis treatments are frequently 
under-prescribed, even in women who have sus-
tained an osteoporotic fracture and are at increased 
risk of a subsequent fracture [90]. Clinicians may 
be reluctant to prescribe treatment because of 
doubts they might have over the effectiveness of 
treatment in a short period of time in patients with 
a limited life expectancy. Clinically significant 
benefits in terms of fracture reduction have been 
demonstrated within the first year of treatment 
[9]. Thus, even in an oldest old patient population, 
treatment with an anti- osteoporosis agent is worth 
to be introduced, because of an early onset of 
fracture risk reduction. Over the long-term, anti-
osteoporosis treatments seem to maintain effec-
tiveness and remain safe [91]. Various guidelines 
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recommend bisphosphonate treatment re-evalua-
tion after 3 years for parenteral administration and 
5 years for oral formulations [92].

12.7  Treatment Adherence 
in Osteoporosis

Yearly persistence rates in osteoporosis are from 
26% to 56% for daily anti-osteoporosis regimens 
and from 36% to 70% for weekly regimens. 
Estimates of compliance (medication possession 
ratio) range from 46% to 64% and 58% to 76%, 
respectively. Compliance tends to diminish with 
increasing follow-up duration and the drop is par-
ticularly rapid over the first 2 years of treatment. 
In a meta-analysis of six studies (171,063 
patients), the increase in fracture risk for non- 
compliant patients was 28% for hip fractures and 
43% for clinical vertebral fractures [93].

The main reasons underlying non-adherence 
are the financial limitation of paying for the 
treatment, the fear or experience of side effects, 
concerns about pharmacological treatments in 
general, and lack of perceived need for an anti- 
osteoporosis treatment. Given the rather wide 
range of side effects outlined earlier, many 
patients are likely to believe that the negative 
effects of anti-osteoporosis medication out-
weigh any possible benefits. Patients with fra-
gility fractures may deny that their facture is 
related to bone health, attributing all causality to 
the fall [10].

12.8  Conclusions

The risk of osteoporotic fractures is a major 
healthcare concern. The impact of a major frac-
ture on patients’ quality of life is immense, often 
heralding the transition to frailty and dependence. 
The costs borne by society are also significant, 
both in terms of immediate care and rehabilita-
tion, and over the longer term if dependence 
begins to take hold. Many people at high risk of 
fracture receive no treatment or highly inade-
quate treatment [1]. There is now sufficient evi-
dence of the short-term benefits of treatment and 

of the long-term safety profile of anti- osteoporosis 
treatments. Many older people are undernour-
ished and vitamin D-deficient. These are situa-
tions that should be easily improved. In order to 
promote awareness and encourage proactive 
treatment in high-risk patients, the Capture the 
Fracture Campaign of the IOF and a wide imple-
mentation of fracture liaison services [10, 11] to 
strengthen secondary fracture prevention should 
be strongly advocated.
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Prevention of Delirium 
in The Elderly

Egemen Savaskan

Delirium or acute confusional state is a clinical 
syndrome that manifests as fluctuations in mental 
status. It is characterized by disturbed conscious-
ness, cognitive function, and perception. The 
Diagnostic and Statistical Manual of Mental 
Disorders, DSM-5, of the American Psychiatric 
Association describes delirium as a disturbance 
in attention and awareness which develops over a 
short period of time and tends to fluctuate in 
severity during the course of the day [1]. 
Additional disturbances in cognition (e.g., mem-
ory deficit, disorientation, language, visuospatial 
ability, or perception) can be part of the acute 
syndrome. These disturbances are not better 
explained by a preexisting, established, or evolv-
ing neurocognitive disorder and do not occur in 
the context of a severely reduced level or arousal 
such as coma. There is evidence from the history, 
physical examination, or laboratory findings that 
the disturbance is a direct physiological conse-
quence of a medical condition.

Several international guidelines focus on pre-
vention, diagnostic, and therapy of delirium repre-
senting clinical evidence and expertise of the 
professionals and practitioners [2–24]. Some of 
them are developed for delirium in the elderly [2, 7, 
10–17, 20, 21, 23, 24]. The “Recommendations for 
the Prevention, Diagnostic and Therapy of Delirium 

in the Elderly” of the Swiss Society for 
Gerontopsychiatry are the most recently published 
guidelines for delirium in the elderly [23, 24].

The prevalence of delirium in the population 
among the elderly aged 65+ years is 1–2% and 
rises up to 10% among a general population aged 
85+ and up to 22% in a population with dementia 
[25]. In long-term care, prevalence ranges 
between 1.4 and 70%, depending on diagnostic 
criteria and the prevalence of dementia. Delirium 
is highly prevalent among persons with 
Alzheimer’s disease who are hospitalized: 56% 
developed a delirium during hospitalization [26]. 
These patients experienced greater cognitive 
deterioration in the year following the hospital-
ization relative to patients who had not developed 
delirium. Therefore, strategies to prevent delir-
ium in patients with dementia may help to slow 
cognitive deterioration.

13.1  Clinical Subtypes of Delirium

Delirium is not a homogenous syndrome and 
three subtypes have been described in the litera-
ture: hyperactive, hypoactive, and mixed [23, 
24, 27, 28]. Although the hyperactive subtype 
with the prominent psychomotor disturbance 
may be recognized more readily, hypoactive and 
mixed subtypes are more common. Verbal and 
physical agitations are the core symptoms of the 
 hyperactive subtype. Hallucinations, delusions, 
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sleep- wake cycle disturbances, disorientation, 
and cognitive deficits are other clinical symptoms 
of the hyperactive subtype. These patients may 
be hyperalert and have vegetative symptoms. In 
the hypoactive variant, reduced motor activity 
and apathy are the prominent features. The 
patients are lethargic and quiet and easily over-
looked on an acute clinical setting. Psychotic 
symptoms are present in more than half of the 
patients with hypoactive type of delirium, but 
often underdiagnosed. Finally, in the mixed sub-
type, the patients can alternate unpredictably 
between hyperactive and hypoactive subtypes 
within a single day or over the course of a few 
days. While the mixed subtype has the worst 
prognosis, the hyperactive subtype shows the 
best.

13.2  Risk Factors of Delirium

Delirium is a complex syndrome, mostly of mul-
tifactorial origin. While in some cases delirium 
may be caused by a single factor, in the majority 
of cases delirium is a result of combined action of 
predisposing and precipitating factors in the 
elderly [29].

The most common predisposing risk factors 
for delirium are as follows [23, 24, 29]:

 – Older Age
 – Preexisting cognitive impairment or dementia
 – Sex (male)
 – Severe underlying illness
 – Multiple comorbidities (more than 3)
 – Polypharmacy (more than 3 drugs)
 – Renal impairment
 – Hepatic impairment
 – Drug/Alcohol withdrawal
 – Sensory impairment (deafness, vision 

impairment)
 – Post-general anesthesia
 – (Postfracture) surgery

The most common precipitating factors for 
delirium are as follows [23, 24, 27]:

 – Infection
 – Dehydration
 – Malnutrition
 – Use of physical restraints
 – Use of urinary catheter
 – More than 3 medications added
 – Drugs (particularly psychoactive drugs and 

drugs with anticholinergic properties)
 – Any iatrogenic event
 – Electrolyte disturbance
 – Immobility
 – Constipation
 – Pain
 – Urinary retention
 – Metabolic disturbances
 – Environmental change (ward transfer, lack of 

orientation cues)
 – Sensory deprivation (hearing or visual aid not 

available)
 – Sleep deprivation

13.3  Diagnosis and Assessment 
of Delirium

Identification of risk factors and underlying 
causes of delirium is essential for the prevention 
and therapy. A detailed clinical history (including 
preexisting diseases and drugs/medication) fol-
lowed by physical examination (including neuro-
logical examination) is the basis of diagnostic 
procedure. Since the delirium is an acute syn-
drome laboratory testing of electrolytes, signs of 
infection, etc. should be performed urgently. 
Additional diagnostic procedures (ECG, EEG, 
imaging, lumbar puncture, chest X-ray, etc.) may 
be necessary depending on the findings from his-
tory and examination [23, 24].

The following assessment instruments have 
been recommended for the screening of delirium 
in the elderly depending on setting [23, 24]:

 – Delirium Observation Screening Scale (DOS) 
[30]

 – Confusion Assessment Method (CAM) [31]
 – Confusion Assessment Method for Intensive 

Care Unit (CAM-ICU) [32]
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 – Modified Confusion Assessment Method for 
the Emergency Department (mCAM-ED) [33]

 – Delirium Rating Scale Revision 1998 (DRS- 
R- 98) [34]

 – Intensive Care Delirium Screening Checklist 
(ICDSC) [35]

The “Delirium Risk Assessment Tool” detects 
patients with high risk of delirium [18]. When 
people first present to hospital or long-term care, 
the person is at risk of delirium if any of the fol-
lowing risk factors is present:

 – Age 65 years or older
 – Cognitive impairment (past or present) and/or 

dementia
 – Current hip fracture
 – Severe illness

Two new assessment scales, I-AgeD 
(Informant Assessment of Geriatric Delirium 
Scale) for caregivers and 4AT (4 A’s Test for 
Delirium Screening), are in development as use-
ful instruments in delirium screening.

13.4  Non-Pharmacological 
Interventions 
for The Prevention 
of Delirium

Multicomponent intervention strategies have 
been recommended for the prevention of delir-
ium in hospitalized (postoperative, post-trauma) 
patients [7, 10, 11, 18, 20, 23, 24, 29, 36, 37] as 
follows:

 1. Collect information: Age, indication for hos-
pitalization, medication, substance depen-
dency, cognitive impairment, severe illness.

 2. Orientation aids for patients with cognitive 
impairment (regular and repeated cues, at 
least three times daily), cognitively stimulat-
ing activities. Appropriate environmental 
stimuli. Use of clocks and calendars.

 3. Eyeglasses and hearing aids for vision and 
hearing impairment.

 4. Regulation of sleep-wake-cycle disturbances 
and minimization of sleep deprivation.

 5. Appropriate lighting levels during daytime.
 6. Elimination of unexpected and irritating 

noise.
 7. Early mobilization (postoperative) and reha-

bilitation. Physiotherapeutical interventions 
for mobilization and to avoid falls.

 8. Adequate CNS oxygen delivery (assessing 
for pain, looking for nonverbal signs, appro-
priate pain management).

 9. Monitoring/restoring fluid/electrolyte 
balance.

 10. Treatment of pain.
 11. Monitoring medication (interactions), elimi-

nation of unnecessary medication (especially 
benzodiazepines, anticholinergics, 
antihistaminergics).

 12. Regulation of bowel, bladder function.
 13. Adequate nutritional intake.
 14. Address constipation.
 15. Avoid fixation and physical restraints.
 16. Avoid catheterization if possible.
 17. Prevention and treatment of infections (uri-

nary tract infection, pneumonia).
 18. Early detection and treatment of major post-

operative complications (myocardial infarc-
tion, arrhythmias, pneumonia, embolus).

 19. Treatment of agitated delirium.
 20. Educate and train the multidisciplinary team.
 21. Continuity of care from nursing staff.
 22. Ensure/improve communication (patient and 

caregiver)
 23. Involve and inform caregivers, family mem-

bers. Explain the cause of delirium. 
Encourage family members to help calm the 
patient.

13.5  Pharmacological Prophylaxis 
of Delirium

Several drugs have been investigated as pro-
phylactic intervention strategy for delirium [23, 
24, 38–44]. However, since the results of the 
medical intervention studies are conflicting, no 
recommendation can be made for the moment 
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for a medical prophylactic intervention. 
Pharmacological therapies should be restricted 
to patients with delirium; when the non- 
pharmacological interventions are not effective, 
the patients or staff are out in danger by symp-
toms such as agitation and aggression, and the 
symptoms of delirium severely impair the 
patient’s capacity to cooperate with diagnostic 
and therapeutic procedures.

Antipsychotics are the best investigated drugs 
as prophylactic therapy strategy [38]. 
Perioperative prophylactic haloperidol adminis-
tration reduced delirium duration and total hospi-
tal days when compared to placebo, but not the 
incidence of delirium in patients presenting for 
hip surgery [39]. There are also some studies 
demonstrating that prophylactic haloperidol [40] 
or olanzapine [41] administration after noncar-
diac surgery decreases the incidence of delirium. 
However, antipsychotics are highly associated 
with side effects and increased mortality in 
elderly multimorbid patients. Therefore, the use 
of antipsychotics in the prevention of postopera-
tive delirium may be restricted to certain high- 
risk subgroups of the surgical population.

Since cholinergic depletion is a causative fac-
tor for delirium development, acetylcholinester-
ase inhibitors have been investigated as 
prophylactic therapy strategy. But both perioper-
ative rivastigmine [42] and donepezil [43, 44] 
administration have failed to show any impact on 
delirium development.

Other substances such as dexmedetomidine, 
ketamine, statins, and steroids have been investi-
gated as prophylactic agents [38]. However, the 
results do not allow a recommendation for these 
drugs as a medical prevention strategy for delir-
ium at this point.
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Frailty Assessment and Treatment

Michael Gagesch and Olga Theou

14.1  Integrated Approach 
to the Frail Older Adult

The complex care of older adults warrants a 
holistic approach beyond the disease-centered 
perspective of today’s highly specialized and 
fragmented medical care tailored to younger 
patients [1]. Geriatric medical care should focus 
on being appropriate, timely, and identifying 
reduced functional capacities and abilities (e.g., 
mobility and activities of daily living) [2]. This is 
especially important for the care of frail older 
patients. Frailty (described in detail in Sect. 14.5) 
is a state associated with an increased risk of 
adverse outcomes due to age-related multidimen-
sional decline. Frailty is linked to accelerated 
functional decline and diminished resistance to 
even minor external stressors [3]. Over the past 
20  years, the literature on frailty has increased 
exponentially and various frailty operationaliza-
tions and screening tools have been published 
[4]. However, no single screening tool has 
emerged to be of superior feasibility, validity, and 

reliability across care settings and therefore no 
undisputed gold standard exists [5].

As clinical experts in the field, geriatricians 
use a patient-centered treatment and management 
plan based on a comprehensive geriatric assess-
ment (CGA); the diagnostic instrument of choice 
in primary and acute care settings. Performing a 
CGA identifies deficits and resources in aging 
body systems such as cognition, musculoskeletal 
strength and function, nutrition, and environment 
in order to determine individual patient care 
needs [6]. The efficacy of a structured geriatric 
evaluation and management plan based on CGA 
has already been investigated by multiple ran-
domized controlled trials and meta-analyses, 
including for orthogeriatric patients with fragility 
fractures [7–11].

While CGA can be considered the gold stan-
dard for the evaluation and management of older 
patients [12], its application is often considered 
time-consuming for the first step of evaluation 
(screening) [13], especially for the acute care of 
older trauma patients. Including a validated 
screening tool for frailty in the CGA framework 
has been recommended by the 2017 Asia-Pacific 
guidelines for frailty management [14].
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14.2  Frailty in The Acute Care 
Setting

Important factors that inform about the acute care 
of older adults include physiological changes that 
occur with aging, such as musculoskeletal, car-
diopulmonary and neuropsychological decline, 
nutritional impairments, multimorbidity, and 
polypharmacy [15]. These factors (described in 
detail in other sections of this textbook), in addi-
tion to the often atypical disease presentation—
which can be considered “typical” for frail 
patients [16], can explain the substantially higher 
risk for adverse outcomes that older patients 
experience in the face of external stressors [12, 
17]. These stressors range from minor infections 
(e.g., upper respiratory or lower urinary tract 
infections) to acute organ decompensation (e.g., 
decompensated heart failure), medical interven-
tions (e.g., invasive diagnostic procedures or per-
cutaneous coronary interventions), or 
environmental challenges (e.g., enduring heat 
waves) and can lead to accelerated or acute func-
tional deterioration, increased morbidity, and 
premature mortality. Due to this, early detection 
and treatment of frailty is a priority for public 
health [18]. Frailty could be integrated in a com-
prehensive geriatric care framework with the aim 
of countering the risk of functional decline and 
the adverse outcomes associated with increased 
health care costs (e.g., permanent care depen-
dency, institutionalization).

Experts in the field of acute care see frailty as 
an emerging “geriatric giant” [2, 3, 19]. 
Consequently, whether the assessment of frailty 
is done using case finding screening or embedded 
within a CGA, it is a timely window of opportu-
nity to support the early identification of risk for 
adverse outcomes from acute to long-term care 
settings.

The two most widely used frailty concepts are 
the syndromic frailty phenotype (with its five 
components of fatigue, low physical activity 
level, slowness, weakness, and unintentional 
weight loss) and the deficit accumulation 
approach, operationalized in a Frailty Index (i.e., 
the ratio of deficits by the total number of items 
assessed) [4]. Although there is no agreement on 

a universal frailty screening tool, a frailty consen-
sus in 2013 recommended frailty screening in all 
adults aged 70 years or older using tools such as 
the Fried Phenotype, the FRAIL scale, or the 
Clinical Frailty Scale [20]. Similarly, the British 
Geriatric Society recommended in their 2014 
best practice guidelines on frailty that all formal 
health care encounters with community-dwelling 
older adults include frailty screening, using tools 
such as the PRISMA-7 or mobility assessments 
(standardized gait speed test or the Timed Up and 
Go test) [21].

A recent scoping review identified 204 studies 
that measured frailty in an acute care setting [22]. 
They concluded that most frailty studies were 
conducted in non-geriatric settings and the most 
commonly used tools were the Clinical Frailty 
Scale, the Frailty Index, and the Frailty 
Phenotype. Even though there was great variabil-
ity in the tools used, frailty was a good predictor 
of acute care outcomes including mortality, 
length of stay, complications, and rehospitaliza-
tion. They recommended that a validated frailty 
assessment should be used in acute care to assist 
with formulating the care plan and improving 
informed and shared decision making [16].

14.3  Frailty in The Geriatric 
Trauma Setting

Frail older adults have a high risk of falls and 
fractures [23], and older trauma patients gener-
ally experience worse outcomes than their 
younger counterparts [24]. Therefore, optimizing 
care of older trauma patients is of growing impor-
tance. Frailty is now among the nine core compo-
nents of the geriatric assessment (together with 
cognitive/behavioral disorders, cardiac evalua-
tion, pulmonary evaluation, functional/perfor-
mance status, nutritional status, medication 
management, patient counseling, and preopera-
tive testing) as defined by the 2015 Best Practices 
Guideline from ACS NSQIP®/American 
Geriatrics Society for optimal perioperative man-
agement of geriatric patients [25]. In a joint state-
ment, the American College of Surgeons and the 
American Geriatric Society recommended frailty 
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assessment in geriatric surgical patients, includ-
ing in traumatology settings [26].

Postsurgical complications in older patients 
often arise from nonsurgical factors (e.g., postop-
erative pneumonia, heart failure, or gastrointesti-
nal bleeding), as demonstrated in hip fracture 
patients [27]. Frailty tools used to assess orthoge-
riatric patients must consider functional limita-
tions due to acute illness and should not be too 
time-consuming or invasive [24]. A multidisci-
plinary team made up of surgeons, geriatricians, 
and other health care professionals may be  useful. 
Furthermore, using physical and occupational 
therapy soon after admission has proven benefi-
cial compared to geriatric liaison services [28]. 
More evidence is needed from large randomized 
controlled trials with standardized measures for 
the widespread implementation of geriatric 
comanagement programs.

14.4  Frailty Tools

Frailty assessment in the acute care of older 
trauma patients requires the selection of a suit-
able screening tool for the individual care envi-
ronment. This depends largely on the local 
structural and personal resources, the availability 
of geriatric expertise, and the characteristics of 
the targeted patient population. A frailty screen-
ing tool used in the orthogeriatric setting should 
be validated for geriatric trauma patients and 
should be reliable, feasible, and easy to 
administer.

The phenotypic frailty approach focuses more 
on physical frailty and can add a structured mea-
surement to the “eyeball-exam” of clinical 
experts. It also allows for follow-up after care 
transitions when patient clinical data might not 
be as easily available as in the acute care setting. 
Our group demonstrated in 2017 the feasibility of 
frailty screening based on the frailty phenotype 
in an investigation of the association of impaired 
nutritional status and frailty in older trauma 
patients [29].

The Frailty Index approach, utilizing patient- 
related data without a physical examination, has 
been validated for the prediction of institutional-

ization and mortality in the orthogeriatric setting 
[30, 31]. Strengths of the Frailty Index approach 
are that it can be constructed using existing data 
(not every index need includes the same items to 
achieve closely comparable estimates in frailty 
levels), it is a comprehensive assessment of 
health, and it provides a continuous score from 
fitness to frailty. Joseph and colleagues demon-
strated in 2014 the superiority of a Frailty Index 
for predicting adverse outcomes in geriatric 
trauma patients beyond chronological age alone 
[32]. A national initiative is currently ongoing in 
Switzerland (Swiss Frailty Network and 
Repository) to investigate a harmonized Frailty 
Index in older acute care inpatients at all five 
Swiss university hospitals using data from elec-
tronic health records.

Both frailty approaches can trigger a CGA and 
management plan for patients classified as frail 
or at risk for frailty. This two-step case finding 
concept could be applied in clinical settings to 
deal with the influx of frail older patients.

In summary, the frailty screening tool of 
choice should be reliable and validated in the 
desired setting. Table 14.1 provides a brief sum-
mary of validated frailty tools for older adult 
trauma patients; a complete overview of available 
instruments is beyond the scope of this chapter. 
Additionally, the cited literature contains key 
papers for implementing frailty assessment in the 
orthogeriatric setting.

14.5  Comprehensive Treatment 
Approach

Targeting frailty requires a multisystem treat-
ment approach. Like other progressive conditions 
affecting older adults, early identification and 
intervention is a key to success. Interventions 
should consider the characteristic deficits of frail 
older adults and focus on improving physical 
function and activity and counteracting malnutri-
tion and polypharmacy [33–37].

So far, evidence for frailty interventions 
comes mainly from observational studies in 
community- dwelling older adults. However, a 
small number of clinical trials have investigated 
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the efficacy of nutritional or exercise-based inter-
ventions in the acute care setting.

A 2011 systematic review by Theou and col-
leagues examined 47 randomized controlled tri-
als on exercise interventions for the management 
of frailty [37]. They included participants aged 
60 years or older recruited from community and 
hospital settings and found that multicomponent 
exercise programs of 30–45  min duration, per-
formed 3 or more times a week for ≥5 months, 
generally resulted in better outcomes compared 
to other exercise programs. Of note, in this 
 systematic review, the heterogeneity of studies 
was large and only a minority used a validated 
frailty measure.

Among older trauma patients, malnutrition is 
associated with the development of frailty yet 
remains underdiagnosed [38]. In an orthogeriat-
ric unit at a tertiary medical center in Switzerland, 
50% of patients were at risk of malnutrition, 7% 
were malnourished, and 33% of frail patients had 
impaired nutritional status (vs. 8% for non-frail) 
[29]. The authors recommended screening for 
malnutrition in all older trauma patients. For 
community-dwelling frail older adults, there is 
evidence for improving nutrition using protein 
[39] and vitamin D3 [40, 41] supplementation. A 
promising but challenging approach might be to 
prevent frailty and its long-term detrimental out-
comes at mid-life while reducing falls as the 
main cause of trauma for older adults.

14.6  Summary

Frailty assessment in the orthogeriatric setting 
seems promising to further improve patient- 
centered care and promote beneficial outcomes in 
this vulnerable population. However, there is cur-
rently no universally recommended frailty instru-
ment for this setting. A Frailty Index based on the 
deficit accumulation approach is useful for the 
assessment of frailty and perioperative risk and 
does not require additional examinations since it 
can be constructed using existing patient data. On 
the other hand, a frailty assessment which 
includes performance-based measures of health 
such as the frailty phenotype might provide more 

in-depth information about the patients’ func-
tional impairments. In summary, assessing frailty 
using a validated tool independent of the selected 
approach provides a timely window of opportu-
nity to further improve outcomes for older adults 
in the acute trauma setting.
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Pain Management

Markus Gosch

Uncontrolled pain is a common contributor to 
poor outcomes. In contrast, adequate pain man-
agement enhances early mobilization, lowers 
delirium rates, and may shorten the length of hos-
pital stay. It may also lead to a reduced cardiovas-
cular, renal, respiratory, and gastrointestinal 
morbidity [1]. Early onset of sufficient pain con-
trol—ideally at the scene of trauma or at least in 
the emergency room—is of importance, and 
more than that, has been shown to reduce the rate 
of delirium. However, pain treatment in older 
adults is difficult, complicated in patients with 
comorbidities and impaired cognition, and may 
be harmful because of the vulnerability of these 
patients. In light of the many factors necessary to 
achieve safe and adequate pain control, a thought-
ful and thorough approach is required to manage 
pain appropriately.

15.1  Types of Pain

For clinical work, it is useful to distinguish 
between different types of pain. From the time-
line, pain can be characterized as acute or chronic 
pain. Acute pain is defined by an abrupt onset, 
caused by a specific trauma, and only lasts for a 
relatively short period of time. Chronic pain per-

sists for more than 3–6 months and is not linked 
to special event or trauma. Prevalence of chronic 
pain ranges from 20% to 46% in community- 
dwelling older adults and from 28% to 73% in 
older adults in long-term care [2]. Older women 
have higher prevalence rates of pain than older 
men [2]. The reported effect of age on pain preva-
lence in older people is inconsistent, with some 
studies reporting an increase in prevalence with 
age and others reporting a decrease in prevalence 
with age. The effect also varies by sites of pain. 
The three most common sites of pain in older 
adults are the back, leg/knee, or hip and other 
joints [2].

There are three different pathophysiological 
subtypes of pain [3]: nociceptive, neuropathic, 
and mixed. Pain related to a hip fracture is typi-
cally a nociceptive, somatic type of pain. It is due 
to the activation of sensory receptors by noxious 
stimuli. This kind of pain tends to originate in the 
skin, muscle, or bone and it is easily localized. 
Another form of nociceptive pain is visceral pain. 
In contrast to somatic type, visceral pain is caused 
by internal organs such as the heart, lung, or gas-
trointestinal tract. Usually visceral pain is diffi-
cult to localize and it is described as aching, dull, 
or vague. Neuropathic pain is caused by irritation 
or inflammation of nerve fibres and/or neurons. It 
is described as burning, tingling, or numbness. It 
is localized easily, but may have a radiating com-
ponent that follows path of the nerves itself. 
Neuropathic pain may have an insufficient 
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response to typical pain medication, including 
non-steroidal-anti-inflammatory drugs (NSAID) 
or opioids. In that case, anticonvulsants or antide-
pressants may be more effective. In mixed pain, 
we find a combination of nociceptive and neuro-
pathic pain. Mixed pain can be seen in patients 
with vertebral fractures, as well as in patients 
with hip fractures, if nerve fibres are disturbed by 
the fracture itself, a hematoma, oedema, or 
inflammation.

15.2  Pain Assessment

Pain has to be assessed as the fifth vital sign. Its 
assessment is quite difficult in younger age 
groups, but it is really challenging in older fragil-
ity fracture patients, especially in patients with 
multiple comorbidities, polypharmacy, cognitive 
impairment, or pre-existing pain medication. 
Each treatment has to be based on an appropriate 
assessment.

Different pain assessment tools are available. 
The most frequent used tools are the Visual 
Analog Scale (VAS) and the Numeric or Verbal 
Rating Scale (NRS, VRS). These scores are based 
on patient’s self-reporting. Therefore, it is obvi-
ous that their value is extremely dependent on the 
cognitive function of patients. In our daily clini-
cal work, we have to distinguish between older 
patients with preserved cognition and those with 
an impaired cognition.

Cognitive function should be assessed as 
soon as possible. The point is to evaluate the 
patient if he/she is able to use a VAS or VRS 
or not. The goal is not to screen or to diag-
nose dementia. There are many reasons for an 
impaired cognition after sustaining a trauma 
like a hip fracture. It is not indicated to use 
complex assessment tools like a Mini-Mental-
State-Examination (MMSE). Cognition should 
be checked by an experienced physician, ide-
ally a geriatrician. If emergency physicians or 
orthopaedic surgeons are not familiar to diag-
nose a cognitive impairment, they may use 
simple assessment tools like the Clock Drawing 
Test or a short memory test.

15.2.1  Assessment of Patients 
with Preserved Cognition

The NRS is a verbally obtained pain scale from 0 
to 10 (0 is considered no pain and 10 the most 
severe pain imaginable). The NRS is the most 
common valid pain scale in older adults capable 
of self-report [4]. The VAS is a related tool that 
asks a patient to rate their pain on a printed line 
between 0 (no pain) to 10 (maximum pain). This 
tool has limitations, not only in patients with cog-
nitive impairment, but also in other older adults 
and it is seen as less effective and has a high rate 
of errors [5]. The VRS has also been validated in 
older adults and assesses pain by using verbal 
indicators, like mild, moderate, or severe, to 
quantify the intensity of pain. The VRS is pre-
ferred for older adults and can also be used in 
patients with mild to moderate dementia [4]. Pain 
intensity varies a lot during day and different sit-
uations, like mobilization or toileting. Therefore, 
it is an obligation to assess pain on different time 
during a day and during different activities.

15.2.2  Assessment of Patients 
with Impaired Cognition

In this group of patients, pain assessment has to 
be focused on observation of nonverbal indica-
tors of pain. The American Geriatric Society 
(AGS) recommends the evaluation of six behav-
ioural domains: facial expression, verbalization/
vocalization, body movements, changes in inter-
personal interactions, changes in activity pat-
terns, and changes in mental status [5].

Fractures are associated with pain. Therefore, 
older fragility fracture patients usually receive 
any kind of pain medication, mostly according to 
a local guideline or standard operating procedure 
(SOP). Even under treatment in many patients, a 
complete pain relief is not realistic. Overtreatment 
can be as harmful as undertreatment. For a suffi-
cient and safe pain treatment, we have to take into 
account the individual tolerability to pain of our 
patients. A trigger to increase the dose of pain 
killers is not the question “Do you have pain?”, 
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but “Do you need more pain medication?”. From 
a personal clinical experience, this is a simple, 
but very valuable question, even in patients with 
moderate and sometimes also severe dementia, to 
find the adequate dose of pain medication.

15.3  Treatment of Pain

Physiological changes in older adults increase 
the sensitivity to some analgesic drugs, resulting 
in them sometimes requiring lower doses and 
with a higher risk for adverse drug events (ADR). 
Analgesics should always be titrated to response. 
To minimize the risk of side effects, usually we 
start with low dose, particularly regarding strong 
opioids. Although the risk of ADRs is high in 
older patient, sufficient pain treatment is essential 
for good outcome and reluctance could be harm-
ful. Considering existing comorbidities and poly-
pharmacy, analgesics can still be safe and 
effective. Besides pharmacological treatment, 
non-pharmacological strategies such as counsel-
ling, bedding of patients, or physiotherapy and 
mobilization should be considered. For sure, 
these measures alone are not sufficient, but may 
help to reduce the doses of analgesics.

NSAIDs are one of the most widely prescribed 
pain killers. However, in older adults with rele-
vant comorbidities and polypharmacy, NSAIDs 
should no longer play a major role in pain man-
agement. Despite good efficacy, NSAIDs have a 
high risk of potentially serious and life- 
threatening side effects. The gastrointestinal 
bleeding risk of the upper gastrointestinal tract 
can be minimized by the additional prescription 
of proton pump inhibitors. Remaining risks of 
bleeding of the lower gastrointestinal tract, renal, 
and cardiovascular side effects exclude NSAIDs 
as an option for pain treatment in older fragility 
fracture patients.

15.3.1  Preoperative Phase

Pain treatment should start as soon as possible. 
Transportation, transfers, or x-rays can be very 
painful. Usually, medical pain treatment of fra-
gility fracture patients starts with intravenous 

opioids. In some patients, who report only few 
pain or present with minor injuries, acetamino-
phen or metamizol is sufficient. If pharmacologi-
cal pain treatment is not sufficient or there is a 
need for optimization of the patient that leads to 
a significant delay of surgery, local nerve blocks 
should be considered as an additional option. 
There is evidence for adequate pain relief by 
regional anaesthesia using femoral nerve blocks 
preoperatively. Apart from that, nerve blocks 
reduce the need for opioids and significantly 
reduce the incidence of pulmonary complications 
[6]. Nerve blocks are also a good option in the 
first hours or days after surgery.

Hydromorphone is the preferred opiate for 
older adults, particularly in patients with renal 
impairment. Starting dose is 0.2 mg intravenous. 
Application can be repeated every 30  min until 
pain relief is achieved, followed by an application 
every 2–4 h. Morphine is another option. However, 
ADRs increase in patients with renal failure 
(eGFR < 35 mL/min). Starting dose is 1 mg intra-
venous; it should be repeated every 30 min until 
sufficient pain relief, followed by an application 
every 2–4  h. Fentanyl is an option for patients 
who are already on transdermal pain treatment 
with fentanyl. Starting dose is 10  mcg, every 
15 min until pain relief, afterwards every 30 min.

Weak opioids do not play a role in the preop-
erative setting. They are less effective but the risk 
of ADRs is similar to strong opioids. 
Acetaminophen and metamizol are an option as 
mentioned above. For both, the dose is 1 g intra-
venous. In contrast to metamizol, acetaminophen 
should be infused over a very short time. 
Intravenous metamizol has the risk of acute 
hypotension, especially if the infusion rate is too 
fast. Therefore, application rate should be below 
0.5 g per minute. The application of both can be 
repeated in 4–6  h. If pain relief is insufficient 
after the first applications, strong opioids should 
be used.

15.3.2  Postoperative Phase

Postoperative pain management should be stan-
dardized using a SOP or a guideline. The whole 
team should be familiar with the recommended 
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drugs, doses, and possible side effects. Complete 
pain relief could not be a realistic goal in patients 
after fragility fracture. However, treatment has to 
be sufficient to allow early mobilization and 
physiotherapy.

15.3.3  Pharmacological Treatment

Acetaminophen is widely used. It can be pre-
scribed as oral or intravenous application. Pain 
relief and efficacy have been shown especially 
for intravenous application [7]. Although acet-
aminophen is generally well-tolerated, we have 
to be aware of some side effects. Gastrointestinal 
bleeding increases by the factor 3.6, if doses 
more than 2 g are prescribed [8]. In combination 
with Vitamin K antagonists, acetaminophen leads 
to a significant increase of the INR resulting in a 
higher bleeding risk [9]. Apart from that, the use 
of acetaminophen results in a higher risk for mor-
tality, hypertension, and cardiovascular compli-
cations [10]. A dose of more than 7  g per day 
could lead to acute liver failure. A dose of 4 g per 
day is usually safe, but oral prescription should 
be limited to 2  g per day to avoid a potential 
lethal overdose.

Metamizol is not available in every country. It 
is the most relevant pyrazolon. It has high analge-
sic, good antipyretic, but no antiphlogistic effects. 
Usually, metamizol is well-tolerated and side 
effects are rare. But, there are also ongoing dis-
cussion about severe side effects, like agranulo-
cytosis or hypotension caused by intravenous 
application. The risk of agranulocytosis varies 
from doses as well as from countries. The inci-
dence ranges from 1.1 per million in Spain to 1 
per 1439 persons in Sweden. In literature, we find 
two different kinds of agranulocytosis. One is 
dose-independent, caused by an allergic reaction 
that leads to a toxic effect on granulocytes. The 
other one is only toxic and dose-dependant [11]. 
The mortality of metamizol-induced agranulocy-
tosis is low (9%), and leucopenia is reversible 
after withdrawal of metamizol. More hazardous 

is the intravenous application. Hypotension can 
be caused by the high osmolarity and the relaxing 
effect on smooth muscles. Mortality can be up to 
25% [12].

In many fragility fracture patients, opioids are 
required for sufficient pain relief, at least for 
some days. On one hand, starting dose should be 
low, on the other hand sufficient pain treatment 
from the beginning is crucial for the outcome. So 
it is reasonable to start with a single low dose and 
adapt the dose immediately, if pain relief is not 
sufficient. Especially for starting opioids, nausea, 
vomiting, and obstipation are frequent side 
effects. To minimize these side effects, opioids 
should be prescribed in combination with anti-
emetics, like metoclopramide, and laxatives. The 
risk of interactions with other drugs is small. 
Hydromorphone is recommended as first choice. 
It can also be used in patients with impaired renal 
function. In patients with a combination of noci-
ceptive and neuropathic pain, tapendatol (starting 
does 50 mg twice) is a good option. Oral applica-
tion is always first choice. Intravenous is an alter-
native way, if swallowing is impossible or not 
safe. Transdermal application is not useful.

Adjuvant drugs, like antidepressants, do not 
play any role in this indication. Antiepileptics 
may help in some patients with mixed pain. 
However, possible side effects are more relevant 
than the benefit of pain treatment.

15.3.4  Non-Pharmacological 
Treatment

Besides drug treatment, non-pharmacological 
interventions should be integrated in pain man-
agement. Benefit to risk ratio is excellent. Early 
mobilization, physical therapy, positioning, ice, 
massage therapy, acupuncture/acupressure, and 
the use of transcutaneous electrical nerve stimu-
lation (TENS) help to save drugs and their doses, 
and for some intervention, there is evidence in 
terms of reduction of mortality, reduced length of 
stay, and physical disability [13].
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Key Messages
Pain has to be seen as the fifth vital sign.

Pain assessment in older fragility 
patients is difficult and needs special 
consideration.

Sufficient pain relief is essential for 
good outcome.

NSAIDs are more or less contraindicated.
Non-opioids: use Acetaminophen and 

Metamizol (be aware of local situation)
Opioids: first choice Hydromorphone or 

Tapentadol
Create an own SOP, in accordance to 

your local situation.
Do not forget non-pharmacological 

treatment of pain!
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Polypharmacy: Less is More

Thomas Münzer

16.1  Introduction

Older trauma patients often present with chronic 
disease that may interfere or even complicate 
perioperative management. As with the number 
of diseases, the number of medical treatments is 
rising significantly. Especially frail older persons 
take more medications than non-frail persons [1]. 
While the primary focus of care should be trauma 
surgery, geriatric medical expertise may help to 
improve outcome [2, 3]. Pharmacological treat-
ment of geriatric trauma patients is complex 
because of several services and disciplines are 
involved. This includes emergency room staff, 
anesthesiologists, surgeons, and geriatricians. To 
provide a structured approach to the complex 
management of polypharmacy in geriatric trauma 
patients, the following chapter is divided into six 
periods that aim to follow a typical patient path-
way with focus on pharmacological treatment of 
geriatric trauma patients. During the clinical 
course, these periods normally overlap 
(Fig.  16.1). Given that polypharmacy is associ-
ated with higher mortality in geriatric patients, all 
measures to reduce medication load may improve 
outcome [4].

16.2  Pre-Trauma Period

At a first glance, it does not seem important to 
collect a medication history of drugs older people 
took before a trauma event. Nevertheless, such 
information might help to avoid serious periop-
erative adverse events. This is especially true, 
when information is not transferred adequately or 
even missing. For example: knowing the type and 
the dose of a sleeping pill in an old person suffer-
ing from chronic insomnia and reinstalling this 
drug immediately after surgery may help to avoid 
severe postoperative withdrawal delirium [5]. 
Similarly, alcohol or drug abuse information is 
very helpful for the estimation of the periopera-
tive delirium risk. Furthermore, information on 
chronic pain as well as type and dose and pain 
medication might help to give guidance for post-
operative pain management. Finally, functional 
and cognitive capacities during the time preced-
ing the trauma are important elements for the 
management of polypharmacy. Information on 
both factors may help to determine the degree of 
preoperative medication adherence. A patient 
who was not able to take the medication because 
of functional problems or did not take the medi-
cation as prescribed because of cognitive prob-
lems might be at extremely high risk for 
postoperative complications [6]. The initial 
trauma is a risk factor for following trauma events 
in an older person.

T. Münzer (*) 
Geriatric Medicine, University of Zurich Medical 
School, Zurich, Switzerland

Geriatrische Klinik St. Gallen, St. Gallen, Switzerland
e-mail: thomasmuenzer@geriatrie-sg.ch

16

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91483-7_16&domain=pdf
https://doi.org/10.1007/978-3-030-91483-7_16#DOI
mailto:thomasmuenzer@geriatrie-sg.ch


144

16.3  Ambulance and Emergency 
Room Period

Several key elements characterize geriatric acute 
trauma patients during transportation and their 
stay in an emergency room. In this early phase, 
most older trauma patients receive an intravenous 
line and crystalloid fluids or plasma extenders. 
After an acute trauma, patients are often not able 
to take their regular oral medication. Usually 
pain management involves intravenous opioids or 
other anesthetics. Thus, medication is rather 
added than reduced. From a geriatric point of 
view, preoperative fluid management in old 
trauma patients should be monitored very care-
fully. The goal of fluid therapy should be to com-
pensate for potential blood loss and to provide a 
physiological circulating volume. Older persons 
usually have a low thirst and drink less [7]. It is 
clinically very difficult to estimate hydration sta-
tus in geriatric patients [8, 9]. Thus in this early 
phase, volume management should be the main 
pharmacological intervention. The goal should 
be to avoid postoperative fluid overload which is 
associated with higher mortality [10]. Due to the 
several consequences of preoperative volume 
overload, all disciplines involved in the manage-
ment of the geriatric trauma patients should 
receive appropriate training.

16.4  Intraoperative Period

The time interval between trauma and surgery, 
the type of the surgical approach as well as the 
selection of prosthetic materials that allow imme-
diate postoperative full weight bearing are key 
elements of a successful geriatric trauma man-
agement [11]. In addition, the selection of the 
anesthesia method in geriatric trauma patients is 
as important as using an operation procedure that 
induces minimal surgical trauma. Regional anes-
thesia is the preferred method in geriatric patients 
since they have lesser delirium risks [12]. 
Combined methods using low doses of analgetic 
and anesthetic drugs may be beneficial for geriat-
ric trauma patients [12]. Older persons tend to be 
very sensitive to anesthetics and might suffer 
from severe drops in blood pressure during gen-
eral anesthesia. Normally, such a situation trig-
gers an increase in crystalloid infusion rate. Thus, 
intraoperatively fluid management should be tai-
lored to the minimal amount of volume possible.

16.5  Early Postoperative Period

In this early phase, geriatric trauma patients suf-
fer from immobilization and pain and have a high 
risk of venous thromboembolism which leads to 

Discharge Period Amublance & ER Period

Mobilisation Period

Early Postoperative Period

Intraoperative Period

Pre-Trauma Period
Medication history
Functional history

Patient education
Information for health care provider

Fluid management
Treatment of trauma pain

Assessment of polypharmacy
Reduction of medications

Selection of procedures
Fluid management

Fluid management
Pain management

Fig. 16.1 Geriatric 
trauma treatment periods 
and key tasks
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increased mortality [13, 14]. Usually they have 
indwelling catheters and still receive intravenous 
fluids. Due to several factors, geriatric patients 
are prone to edema that may impact upon wound 
healing [15]. Given that geriatric trauma patients 
should be mobilized as early as possible, this 
phase should preferably concentrate on optimal 
pain management. Usually WHO step 1 medica-
tion such as paracetamol (acetaminophen) is 
well-tolerated and can be given intravenously 
[16]. Although there is no clear recommendation 
for geriatric patients, dose should be reduced in 
frail persons with low body weight [17]. If opi-
oids are needed, short acting drugs are recom-
mended in order to avoid overdoses [18]. Due to 
age-associated changes in body composition 
such as decreased muscle mass and increased fat 
mass, older patients are at higher risk for opioid 
accumulation and should be frequently assessed 
for incidental delirium and opioid toxicity [19]. A 
structured pain assessment in geriatric trauma 
patients helps to apply the lowest possible dose 
and serves as a basis for the adaptation of pain 
medication during early mobilization (see also 
Chap. 15).

16.6  Mobilization and Discharge 
Period

This period is characterized by therapeutic inter-
ventions aiming at “getting the persons back on 
their feet”. The analgetic drugs should now be 
tailored to the patient’s therapy schedule allow-
ing additional on-demand drug doses prior to a 
given therapeutic session. Again, a structured 
pain assessment helps to adjust the patient’s anal-
getic needs and to determine the minimally effec-
tive dose. Removal of indwelling bladder 
catheters and unnecessary intravenous lines is a 
simple measure to decrease the incidence periop-
erative delirium [20]. Postoperative early mobili-
zation might be accompanied with orthostatic 
dysregulation which is associated with a high risk 
of falls [21]. To approach this problem, fast act-
ing antihypertensive drugs such as calcium chan-
nel blockers should be used with caution.

Several studies have examined the use of pro-
ton pump inhibitors (PPI) in geriatric patients in 
the perioperative setting. Due to low evidence 
and the number of adverse events, PPI should be 
tapered as soon as possible in all patients without 
a medical indication for the long-term use [22]. 
Insomnia is a common perioperative problem. In 
patients complaining about sleep problems, all 
avoidable factors causing sleeplessness should be 
identified. Non-pharmacological interventions 
should be tried first. A good alternative to benzo-
diazepines and z-drugs are low dose antidepres-
sants with sleep-inducing properties such as 
mirtazapine.

Geriatricians systematically assess and man-
age comorbidities and over- or undertreatment in 
old patients [23]. The goal of such an interven-
tion is to reduce medication-associated adverse 
events. Potentially inappropriate medications 
(PIMS) can cause significant medical problems 
and are associated with increased mortality [24] 
or delayed recovery [25]. Indeed, many pre-
scribed drugs may lead to falls [26, 27] or induce 
delirium [28]. Thus, polypharmacy poses a high 
risk for older persons. This is especially true for 
drugs that act centrally such as benzodiazepines, 
z-drugs (e.g., zolpidem), antidepressants, or neu-
roleptic drugs. However, other commonly used 
medications such as opioids, GABA receptor 
agonists, or dopaminergic substances do have 
significant central activities and are frequently 
associated with falls and fractures.

To manage polypharmacy, several positive 
and negative lists provide evidenced-based rec-
ommendations on which medication should be 
prescribed, avoided, or replaced [29]. Other lists 
have used a Delphi method approach having 
experts in the field decide on which drugs may 
help or harm older patients [30]. Finally, geriatric 
societies from different countries have made rec-
ommendations on the use of pharmaceutical 
drugs in older persons [31].

All these recommendations have been devel-
oped for a non-trauma setting and do not neces-
sarily reflect the needs of a geriatric trauma 
patient. In this special situation, the decision on 
which medication can be tapered, stopped, or 
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replaced is far more difficult [32]. In preparation 
for discharge, regular medication lists should be 
screened based on a benefit to risk ratio approach. 
Drugs with high risks of adverse events and low 
long-term benefit to the patients (see Fig. 16.2) 
should be replaced or avoided at all. This is espe-
cially important in frail person with limited life 
expectancy [33]. The major goal of perioperative 
medication management should be to tailor all 
pharmacological interventions to the patients’ 
individual needs and always aim to the lowest 
effective dose [23]. A simple categorization of 
drugs ranging from A to D has been shown to 
induce a deprescribing process in a nonsurgical 
setting [31]. A few services have managed to 
decrease the number of PIMS during a hospital 
stay using a comanagement approach in trauma 
patients [34].

During ward rounds, geriatric trauma patients 
should be regularly informed about modifications 
of their drug regimen. Important additional mea-
sures to improve adherence to reductions or adap-
tations is to involve family members and 
caregivers [35]. The explanation of a change in a 
new regimen can, however, be time-consuming 
and sometimes needs several attempts. In prepara-
tion for discharge, a medication plan that explains 
the dosage and reason to take any given drug 
improves adherence significantly [35]. Relevant 

modifications in the medication plan should be 
also communicated to the primary care providers 
[36]. This will help to reduce barriers and imple-
ment such recommendations effectively.

In summary, managing medical treatment in 
geriatric trauma patients can be divided into sev-
eral periods. Each period has a specific treatment 
focus that may increase the total medication load. 
As soon as older trauma patients are stable and 
during early mobilization, a sound assessment of 
current drugs and pre-trauma polypharmacy 
should trigger interventions that aim to reduce 
potentially dangerous drugs. Several tables and 
list may provide information on medications that 
should be avoided. These are currently not differ-
ent from those used in a non-trauma setting.
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17.1  Introduction

Perioperative care of patients aged 70 and older 
who suffered a fall-related injury such as a fragil-
ity fracture poses many challenges such as delir-
ium and multi-morbidity plus polypharmacy as 
well as malnutrition and frailty [1–3]. The need 
for new care concepts and research to overcome 
these challenges is enormous.

While fracture liaison services (FLS) have 
been successfully implemented in many acute 
care settings worldwide [4, 5], senior trauma cen-
ters that follow a next level shared-care concept 
are being established and evaluated [6]. In this 
chapter, we describe Zurich-POPS, as a model 
for an integrated care concept developed at the 
University Hospital in Zurich (Zurich-POPS). 
Next to its clinical concept of shared and inte-
grated care described below, Zurich-POPS 
defined a complete research agenda to further 
improve care of older adults with fall-related 
injuries and fragility fractures.

17.2  Evidence for Shared-Care 
Models

Zurich-POPS builds on prior evidence that shared 
care between traumatologists and geriatricians 
reduces length-of-stay and post-surgery compli-
cations most effectively compared to consulta-
tion models [7]. A recent meta-analysis compared 
18 studies with 9094 patients for three subgroups 
of orthogeriatric care after hip fracture: routine 
geriatric consultation, geriatric ward with ortho-
pedic consultation, and shared care [7]. The over-
all results suggested that ortho-geriatric 
collaboration was associated with a significant 
reduction of in-hospital mortality (RR 0.60, 
95%CI 0.43, 0.84) and long-term mortality (RR 
0.83, 95%CI 0.74, 0.94). Also, length of stay 
(SMD −0.25, 95%CI −0.44, −0.05) was signifi-
cantly reduced, and this was most pronounced in 
the shared-care model (SMD −0.61, 95%CI 
−0.95, −0.28) [7].

With regard to health economic considerations, 
based on data from 11 acute hospitals in a region 
of England [8], both nurse-led FLS models and 
shared-care models between orthopedic surgery 
and geriatrics were cost-effective, while the 
shared-care model was the most cost- effective [8].

H. A. Bischoff-Ferrari (*) 
Department of Aging Medicine and Aging Research, 
City Hospital Zurich-Waid, Zurich University, 
Zürich, Switzerland
e-mail: heike.bischoff@usz.ch

17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91483-7_17&domain=pdf
https://doi.org/10.1007/978-3-030-91483-7_17#DOI
mailto:heike.bischoff@usz.ch


150

17.3  Zurich-POPS Shared 
and Integrated Care Model

At a clinical level, Zurich-POPS follows a shared- 
care concept between traumatologists and geriat-
rics. Every patient aged 70 and older admitted to 
the traumatology unit for fall-related injuries is 
seen by a geriatrician within 24 h including pre-
surgery recommendations on delirium preven-
tion, medication use, and post-surgery care. Once 
a patient is enrolled in the shared-care concept, a 
geriatrician sees the patient regularly together 
with the traumatologist. Two to 8  weeks after 
 discharge, the patient is seen by both the trauma-
tologist and the geriatrician to define secondary 
prevention concepts based on the repeat compre-
hensive geriatric assessment, including fall risk 
and bone density measurement.

17.3.1  Specific Clinical Care 
Components of Zurich-POPS

Zurich-POPs developed a comprehensive geriatric 
assessment from which individualized recommen-
dations are derived and implemented by an inter-
professional team of doctors, physiotherapists, 
expert nurses, dieticians, and social workers—see 
Zurich-POPS communication tool in Fig. 17.1.

Further, Zurich-POPs includes an early reha-
bilitation program implemented by an interpro-
fessional team of geriatricians, physiotherapist, 
dieticians, and nursing experts in parallel to acute 
medical care. Early rehabilitation includes two 
therapy sessions per day, protein supplementation, 
and weekly interprofessional team meetings to 
define goals and progress of the patient. In addition 
to acute care and rehabilitation treatment recom-
mendations, the Zurich-POPS assessment supports 
post-hospital care need planning of post- hospital 
care needs, involving family and other proxies, as 
well as the general practitioner of the patient.

17.4  Zurich POPS 3-Step Research 
Agenda

• Step 1: To assess the risk of frailty, comorbid-
ity, polypharmacy, functional impairment, 
malnutrition, delirium risk, cognitive impair-
ment, and quality of life among consecutive 
patients admitted to the senior trauma center 
at the University Hospital Zurich [1–3].

• Step 2: To test new treatment strategies for 
both muscle and bone health in high-quality 
randomized controlled trials for their effect on 
the outcome after a fall or after a fragility frac-
ture among older adults.

 – The Zurich Disability Prevention trial [9–
11] and the Zurich Hip Fracture trial [1, 
12–14]) focused on vitamin D supplementa-
tion and a simple home exercise program.

 – The ongoing trials focus on whey protein 
with or without exercise (STRONG 
ClinicalTrials.gov Identifier: NCT03417531) 
among pre-frail older adults with a fall- 
related injury and a home-based rehabilita-
tion program among patients after acute hip 
fracture (STARK ClinicalTrials.gov 
Identifier: NCT03154684).

 – The largest European healthy aging trial 
focuses on vitamin D, omega-3, and a sim-
ple home exercise program for the preven-
tion of falls, injurious falls, and fractures 
(DO- HEALTHClinicalTrials.gov Identifier: 
NCT01745263).

• Step 3: Collaboration within international 
guidelines on fragility fracture care [15–17], 
sarcopenia [16, 18–21], and frailty [21, 22].

In summary, the Zurich-POPS’s shared- and 
integrated care concept may help to further 
advance shared- and integrated care concepts for 
older patients with fragility fractures.
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Zurich POPS Assessment

Summarized Results Comprehensive Geriatric Assessment

Zurich POPS Trauma Zurich POPS Heart Zurich POPS HAE/ONK

US Z GER Assessment

Patient/Date of Birth: Test Date:

Mobility Strength Nutrition

Cognition Risk of Delirium

Frailty

Quality of Life

Activities of Daily
Living (BADL)

Results in Detail:

Recommendations:

Universitätsspital Zürich, Dept. of Geriatric Medicine | Ramistrasse 100 | 8091 Zurich, Switzerland | Tel: 044 255 26 99

Polypharmacy or
Potentially Inadequate Medication

Legend: Green = Within normal limits Yellow = Interventions reccomended Red = Interventions needed / Immediate action

Mental Health

Activities of Daily
Living (IADL)

Sensory

Multimorbidity

Fig. 17.1 Zurich-POPS assessment
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Palliative Care Concepts

Mathias Schlögl

18.1  The Need for Palliative Care

Palliative care is an approach that improves the 
quality of life of patients and their families who 
are facing problems associated with life- 
threatening illness [1]. It prevents and relieves 
suffering through the early identification, correct 
assessment, and treatment of pain and other prob-
lems. Palliative care is the prevention and relief 
of suffering of any kind—physical, psychologi-
cal, social, or spiritual—experienced by patients 
living with life-limiting health problems. It pro-
motes dignity, quality of life, and adjustment to 
progressive illnesses, using best available evi-
dence. It already begins when the illness is diag-
nosed—and continues regardless of whether or 
not a patient receives treatment directed at the 
disease [2].

Several trends in healthcare suggest that there 
is an urgent need for integrating palliative care 
into trauma care [3]. First, despite all efforts, 
10–15% of trauma patients who make it to the 
hospital will die from their injuries. Second, as 
the geriatric population in the United States 
increases, trauma centers across the country are 
seeing older trauma patients. Patients aged 65 
years or older account for 20% of all hospital 
trauma-related admissions [3]. Of trauma patients 

admitted to the intensive care unit (ICU) in this 
age group, 10–20% die of their injuries [4, 5]. 
Finally, in recent years, a greater focus on quality 
of life and functional outcomes as endpoints 
along with survival became important in trauma 
care. Several studies, for example, suggest that if 
greater attention is paid to interventions in the 
acute hospital setting to improve parameters such 
as psychosocial support and symptom manage-
ment, long-term functional outcomes and quality 
of life may be improved [6, 7].

18.2  Palliative Care Interventions 
and Concepts for Surgical 
Patients

In 2003, the American College of Surgeons 
Palliative Care Workgroup [8] identified the fol-
lowing seven domains as potential research tar-
gets for studying the applications of palliative 
care in surgical settings: (a) surgical decision- 
making, (b) patient decision-making, (c) end-of- 
life (EOL) decision-making, (d) symptom 
management, (e) communication, (f) processes 
of care, and (g) surgical education about pallia-
tive care [9].

18.2.1  Surgical Decision-Making

Although innovations to improve preoperative 
communication and decision-making have been 
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described, whether these strategies improve the 
quality of surgical decisions (i.e., better patient 
understanding of their disease and procedure, 
realistic expectations of recovery, reduced deci-
sional regret) or other patient-oriented outcomes 
is unknown because assessment of these inter-
ventions is fraught with multiple serious method-
ological challenges [9, 10].

For example, Miner and colleagues used a 
communication technique, the palliative triangle, 
to guide decisions about palliative surgery for 
patients with advanced cancer [11]. This model 
incorporated patients’ symptoms, values, and 
treatment goals to create a context for decisions 
about surgery or medical treatments. In total, 227 
patients symptomatic from advanced incurable 
cancer receiving a procedure to palliate symptoms 
of advanced cancer were identified prospectively 
from all surgical palliative care consultations and 
observed for at least 90  days or until death. 
Patients selected for palliative operations using 
the palliative triangle approach had higher rates of 
symptom resolution (90.7% vs 80.0%), longer 
overall survival (median, 528 vs 194 days), and 
lower associated 30-day morbidity (20.1% vs 
40%) and mortality (3.9% vs 11.0%) [11].

In another study, Tan and colleagues tailored 
perioperative care to older patients who underwent 
major colorectal surgery with emphasis on preop-
erative evaluation, pre-rehabilitation, psychosocial 
needs, and functional recovery [12]. The broad 
input from a transdisciplinary team informed sur-
gical decision-making. Compared with patients 
receiving usual care, patients whose treatment was 
managed by this team demonstrated lower rates of 
30-day mortality (6.9%vs 9.6%) and major com-
plications (17.2%vs 30.8%) [12].

Finally, other cohort studies by Moorhouse 
and colleagues suggested that preoperative inter-
ventions to better clarify patients’ disease under-
standing and treatment preferences are associated 
with a decrease in surgical procedures among 
frail older adults [13].

18.2.2  Patient Decision-Making

Because patients who have surgery are at risk of 
losing decision-making capacity for prolonged 
periods, it is important to clarify—before sur-

gery—the desired outcome from the patient’s 
perspective, treatments patients are willing to 
endure to achieve those outcomes, and postoper-
ative outcomes patients find unacceptable (i.e., 
prolonged ventilator dependence) [10]. Patients 
who have major surgical procedures may also 
have desires to limit burdensome life-supporting 
treatments after surgery, and those with preexist-
ing directives restricting specific treatments may 
want to suspend these restrictions during the 
acute, perioperative period to achieve specific 
goals [10]. Despite the importance of clarifying 
treatment preferences before surgery, some sur-
geons are resistant or reluctant to pursue preop-
erative advance care planning and data suggest 
that such conversations are often incomplete, or 
altogether absent, which can lead to unwanted 
postoperative treatment and conflict between sur-
geons and patients. Unless preferences are clari-
fied beforehand, surgeons and surrogates may 
presume that permission for surgery implies per-
mission for all postoperative treatments neces-
sary to avoid postoperative death [10].

Legal standards for decision-making capacity 
for consent to treatment vary somewhat across 
jurisdictions, but generally they embody the fol-
lowing [14]:

• Cognitive ability: the ability to grasp at least 
the fundamental elements of the information 
relevant for the decision

• Evaluative ability: the ability to assign a per-
sonal meaning to the decision situation, in the 
light of the various options available

• Decisional ability: the ability to make a deci-
sion based on the information available and 
one’s own experience, motives, and values

• Expressive ability: the ability to communicate 
and defend this decision. The more complex 
the decision, the greater the demands placed 
on the mental abilities. Appropriate assess-
ment of these abilities calls for a holistic view 
of the person concerned.

18.2.3  End-of-Life Decision-Making

Early psychosocial and bereavement support, as 
well as communication with physicians and 
nurses, has clearly been shown to improve later 
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EOL decision-making and reduce conflict. Again, 
in the trauma setting, this support should be 
offered to all patients and families, regardless of 
prognosis; data suggest it not only facilitates 
EOL care, but may improve overall quality of 
care in the ICU [15, 16].

For example, a study by Swetz and colleagues 
found that palliative care consultation for pre-
paredness planning did not increase documenta-
tion of advance directives; however, the small 
sample size was inadequately powered to detect 
statistically significant differences [17]. In 
another study, Grimaldo and colleagues found 
that a brief, anesthesiologist-led information ses-
sion was associated with a 32% increase in pre-
operative EOL conversations between patients 
and their proxies and with a 170% increase in 
documentation of durable power of attorney 
compared with the control group [18].

18.2.4  Symptom Management

Several studies examined the role of palliative 
care in providing symptom management for 
patients after surgery. In 1997, Axelsson and col-
leagues [19] studied a home-based palliative sup-
port service for postoperative care of patients 
with symptomatic incurable cancer. Compared 
with controls, patients receiving the intervention 
had a shorter median duration of terminal hospi-
talization (3 vs 10 days), more days at home in 
the last 2 months of life (44vs 38.5 days), and a 
mean cost savings of $2500 per patient [19].

Studies by McCorkle and colleagues [20, 21] 
used home nursing care for postoperative treat-
ment of patients with cancer that involved tai-
lored, specialized care by an advanced practice 
nurse specializing in oncology, including symp-
tom management, emotional support, and care 
coordination [20, 21]. Overall, they found 
increased survival [21], less uncertainty [21], and 
less symptom distress [20].

18.2.5  Communication

There is an urgent need for an improved commu-
nication as a central element in providing goal- 
concordant care and reducing health care 

utilization and costs among seriously ill older 
patients. Given high rates of surgery in the last 
weeks of life, high risk of poor outcomes after 
emergency operations in these patients, and bar-
riers to quality communication in the acute set-
ting, it is necessary to support surgeons in 
communicating with seriously ill, older patients 
with surgical emergencies [22]

In 1995, a landmark study [23] (The Study to 
Understand Prognoses and Preferences for 
Outcomes and Risks of Treatments, SUPPORT) 
aimed to improve EOL decision-making and 
reduce the frequency of a mechanically sup-
ported, painful, and prolonged process of dying. 
Overall, this 2-year prospective observational 
study (phase I) with 4301 patients was followed 
by a 2-year controlled clinical trial (phase II) 
with 4804 patients and their physicians random-
ized by specialty group to the intervention group 
(n = 2652) or control group (n = 2152). Physicians 
in the intervention group received estimates of 
the likelihood of 6-month survival for every day 
up to 6  months, outcomes of cardiopulmonary 
resuscitation (CPR), and functional disability at 
2 months. A specifically trained nurse had multi-
ple contacts with the patient, family, physician, 
and hospital staff to elicit preferences, improve 
understanding of outcomes, encourage attention 
to pain control, and facilitate advance care plan-
ning and patient-physician communication [23].

In detail, the phase I observation documented 
shortcomings in communication, frequency of 
aggressive treatment, and the characteristics of 
hospital death: only 47% of physicians knew 
when their patients preferred to avoid CPR; 46% 
of do-not-resuscitate (DNR) orders were written 
within 2 days of death; 38% of patients who died 
spent at least 10 days in an ICU; and for 50% of 
conscious patients who died in the hospital, fam-
ily members reported moderate to severe pain at 
least half the time [23].

During the phase II intervention, patients 
experienced no improvement in patient-physician 
communication (e.g., 37% of control patients and 
40% of intervention patients discussed CPR pref-
erences) or in the five targeted outcomes, i.e., 
incidence or timing of written DNR orders 
(adjusted ratio, 1.02; 95% confidence interval 
[CI], 0.90 to 1.15), physicians’ knowledge of 
their patients’ preferences not to be resuscitated 
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(adjusted ratio, 1.22; 95% CI, 0.99 to 1.49), num-
ber of days spent in an ICU, receiving  mechanical 
ventilation, or comatose before death (adjusted 
ratio, 0.97; 95% CI, 0.87–1.07), or level of 
reported pain (adjusted ratio, 1.15; 95% CI, 
1.00–1.33). The intervention also did not reduce 
use of hospital resources (adjusted ratio, 1.05; 
95% CI, 0.99–1.12) [23].

In 2003, Schneidermann and colleagues inves-
tigated whether ethics consultations in the inten-
sive care setting reduce the use of life-sustaining 
treatments delivered to patients who ultimately 
did not survive to hospital discharge, as well as 
the reactions to the consultations of physicians, 
nurses, and patients/surrogates. This prospective, 
multicenter, randomized controlled trial in adult 
ICUs of seven US hospitals representing a spec-
trum of institutional characteristics enrolled 551 
patients who were randomly assigned either to an 
intervention (ethics consultation offered) 
(n = 278) or to usual care (n = 273). Overall, the 
intervention and usual-care groups showed no 
difference in mortality. However, ethics consulta-
tions were associated with reductions in hospital 
(−2.95  days, P  =  0.01) and ICU (−1.44  days, 
P  =  0.03) days and life-sustaining treatments 
(−1.7  days with ventilation, P  =  0.03) in those 
patients who ultimately did not survive to dis-
charge. The majority (87%) of physicians, nurses, 
and patients/surrogates agreed that ethics consul-
tations in the ICU were helpful in addressing 
treatment conflicts [24].

In 2014, an interdisciplinary panel of 23 
national leaders in surgery, palliative medicine, 
critical care, emergency medicine, geriatrics, 
anesthesiology, and health care innovation pro-
vided a communication framework to help sur-
geons (1) contextualize how an acute surgical 
condition relates to the patient’s underlying ill-
ness; (2) elucidate the patient’s goals and priori-
ties with respect to prolonging life, achieving 
cure, maintaining function and quality of life, 
and achieving life goals24; (3) understand how to 
describe treatments, including palliative 
approaches, that are most closely aligned with 
patient goals; (4) direct treatment to achieve these 

outcomes and allow opportunities to reconsider if 
necessary; and (5) affirm continued commitment 
to the patient’s goals of care no matter their treat-
ment decisions (Table 18.1) [25].

Table 18.1 Key elements of a communication frame-
work [25]

Guide Clinician steps
Clinician 
prompts

Prognosis Gather data about 
illness trajectory and 
formulate prognosis. 
Review prior 
advance directives.

Connect and 
elicit

Address symptoms, 
express concern for 
patient’s well-being, 
elicit patient illness 
understanding

“How would 
you describe 
your overall 
health/
functioning 
lately?

Inform Disclose information 
about the acute 
problem in context 
of illness trajectory

“It seems that 
we’ve hit 
something 
today that 
changes the 
course of 
things …”

Summarize Establish shared 
understanding of 
patient’s overall 
condition

“The way I am 
seeing things is 
that you have 
both a
serious 
ongoing 
medical issue, 
and a new 
acute
surgical crisis. 
I think what 
this means is 
that …”

Pause Allow the patient to 
process the 
information; respond 
to patient’s emotion

“I can see how 
upsetting this 
is …”

Options Describe the 
benefits, burdens, 
and likely outcomes 
of surgical
and nonsurgical 
options, including 
palliative treatments, 
in context of 
patient’s goals

“In your 
situation, here 
is what we 
expect this 
could
look like …”
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18.2.6  Process of Care

Several studies aimed to identify surgical patients 
who could benefit from palliative care consulta-
tion that is critical to improving access to these 
services. In 1991, Fisher and colleagues insti-
tuted weekly joint palliative care and surgical 
ward rounds with a hospital palliative care physi-
cian and a general surgeon who specialized in 

oncologic surgery. Overall, they found a 140% 
increase in palliative care team referrals after ini-
tiation of joint ward rounds and an increase in 
consultations for symptom management [26]. In 
2010, Bradley and colleagues performed a retro-
spective, pre- and post-intervention study exam-
ining the effect of an initiative involving palliative 
care consultation in a 21-bed ICU at an urban, 
tertiary referral center [27]. The initiative identi-
fied patients meeting a set of consultation trig-
gers suggested by a group of physicians with 
expertise in surgical palliative care. The charts of 
300 patients were reviewed retrospectively before 
the initiative (Group I), and 344 charts were 
reviewed after the initiative (Group II) for the 
presence of a trigger and/or subsequent palliative 
care consultation.

Less than 30% of patients who met at least one 
trigger criterion were referred for palliative care 
consultation, indicating a lack of investment 
among treating surgeons and intensivists and 
among patients and their families about the ben-
efits of palliative care in this setting. The triggers, 
including futility considered or declared by the 
medical team, death expected during the same 
surgical ICU stay, and multiple-organ system 
failure involving more than three systems, identi-
fied patients with acute critical illness who were 
not expected to survive and only approximately 
6% of patients met a single trigger [27].

In two studies [28, 29], the authors found an 
increased rate of palliative care consultation with 
the use of screening criteria that also identified 
patients with serious chronic illness who may 
benefit from palliative care. Furthermore, Ernst 
and colleagues found preoperative screening and 
palliative care consultation were associated with 
an increased rate of cancellations (19.3% vs 
5.6%; P < 0.05) and decreased mortality among 
frail older patients at 30, 180, and 360 days [28]

18.2.7  Surgical Education

The need for surgical palliative care education 
has in part been spurred by the documentation of 
the shortcomings of the seriously ill, e.g., in the 
Study to Understand Prognoses and Preferences 

Table 18.1 (continued)

Guide Clinician steps
Clinician 
prompts

Goals Understand patient’s 
goals, priorities, and 
tradeoffs. Discuss 
existing advance 
directives with the 
patient or designated 
surrogate.

“Have you 
thought about 
the kind of 
medical care 
you would 
want if you 
became very 
sick?”
“Are there any 
treatments or 
health states 
that are
intolerable to 
you?”
“How much are 
you willing to 
go through to 
try to
get you over 
this crisis?”

Recommend Recommend a 
course of treatment 
in the context of the 
patient’s goals.
Consider time- 
limited trials.

“Based on your 
priorities, I 
would 
recommend we 
do
x. We can meet 
again in x time 
and see 
whether
things are 
getting better 
or worse and 
reconsider the
options then.”

Support Affirm relationship, 
describe next steps 
to patient, document 
the conversation in 
the medical record, 
and communicate 
with
clinical team

“We are all 
committed to 
taking great 
care of you,
and respecting 
your goals.”
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for Outcomes and Risks of Treatments (SUPPORT) 
[23, 30]. However, only one measured patient-ori-
ented outcomes. Holloran and colleagues found 
that a case-based educational intervention for sur-
gical residents improved communication and 
reduced the surgical ICU length of stay without 
increasing mortality [31]. Multiple-modality strat-
egies for education,  recognizing three different 
audiences (a) to the practicing surgeon, (b) to sur-
gical educators, and (c) to those who were still in 
training, are urgently needed [30].

18.2.8  Quality Measures in Surgical 
Palliative Care

In 2017, the American College of Surgeons con-
ceptualized the surgical episode over five phases 
of surgical care, including preoperative evalua-
tion, immediate preoperative readiness, intraop-
erative, postoperative, and post discharge phases. 
Examples of overlapping and potentially adapt-
able quality measures are summarized in 
Table 18.2 [32].

Table 18.2 Existing quality measures relevant for palliative care delivery to surgical patients [32]

Phase of surgical 
episode

Example quality measures that overlap between
surgery and palliative care
(N = 18)

Examples of palliative care quality 
measures potentially
applicable to surgical patients
(N = 71)

Preoperative 
Evaluation
and Preparation

Percentage of elderly patients with preoperative 
discussions of goals and treatment preferences
(ACOVE/QIESP)

Percentage of seriously ill patients who 
received a physical symptom assessment 
during an inpatient palliative care
encounter (NQF/MWM)
Percentage of patients with a 
documented surrogate decision-maker 
(ACOVE/ASSIST/CCB)

Immediate 
Preoperative
Readiness

None Proportion of vulnerable elders with 
continuity of advance directive or care 
preference documentation between 
health
care settings (ACOVE)

Intraoperative None None
Postoperative Patient’s experience with postoperative 

communication or communication after cancer 
surgery (CAHPS)
Percentage of elderly patients whose documented 
treatment preferences were followed postoperatively 
(QIESP)

Percentage of ICU patients with 
documentation of an interdisciplinary 
meeting with patient/family (CCB)
Percentage of seriously ill patients with 
documentation of life-sustaining 
treatment preferences (NQF/ACOVE/
MWM)

Postdischarge Percentage of adult patients with improved ability to 
self-manage (measured by the Patient Activation 
Measures questionnaire) in the year after orthopedic 
surgery (NQF)

Percentage of cancer patients with 
screening for pain during a cancer- 
related outpatient visit (ASSIST)

End-of-Life None Proportion of older patients with 
documentation of end of life discussion 
if diagnosed with incurable cancer 
(ACOVE)
Proportion of patients who died from 
cancer not admitted to hospice (NQF)

Abbreviations: ACOVE Assessing Care of Vulnerable Elders, CAHPS Consumer Assessment of Healthcare Providers 
and Systems, Cancer-Quality ASSIST Addressing Symptoms, Side Effects, and Indicators of Supportive Treatment, 
CCB Care and Communication Bundle, ICU Intensive care unit, MWM Measuring What Matters, NQF National Quality 
Forum, QIES Quality Indicators for Elderly Surgical Patients
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Importantly, measures unique to surgery, such 
as documenting preoperative life-sustaining treat-
ment preferences or preoperative palliative symp-
tom assessment for palliative operations, are not 
captured among current measures. There is an 
urgent need to adapt and create palliative care qual-
ity measures relevant to seriously ill surgical 
patients. For this, these measures should be tested 
to establish baseline performance and set goals for 
improvement, then ultimately integrated into qual-
ity improvement programs to improve the value of 
surgical care for complex seriously ill patients [32].

18.2.9  Evidence-Based Outcomes 
in Surgical Palliative Care 
for Frail Elderly Patients

Despite the increasing availability of palliative 
care, elderly trauma patients continue to have 
unmet palliative care needs. This is especially 
true for those who survive their hospital stay but 
have diminished functional outcomes. It is 
increasingly clear that frailty and preinjury func-
tion are more important predictors of outcome 
than severity of injury in this population [10].

In 2016, McGreevy, Mosenthal, and col-
leagues performed a retrospective study of 
trauma patients aged 55 years or older admitted 
to the surgical ICU [33]. Using logistic regres-
sion, the Palliative Performance Scale (PPS) was 
assessed as a predictor of mortality, Glasgow 
Outcome Scale, and discharge destination. Out of 
153 patients, 28 died; 28% of the survivors had a 
Glasgow Outcome Scale 3 or less, and 13% were 
discharged to dependent care. PPS score of 80 or 
less was an independent predictor of mortality 
(odds ratio [OR]: 2.97 [1.08–8.66]), poor func-
tional outcome (OR: 12.59 [4.81–37.07]), and 
discharge to dependent care (OR: 8.13 [2.64–
30.09]), yet only 52% of the patients with PPS of 
80 or less received palliative care [33]. Although 
the same size is relatively small, this study clearly 
demonstrated that a prognostic tool capable of 
predicting poor functional outcomes on admis-
sion to the trauma center is valuable as a trigger 
for delivery of palliative care services in this vul-
nerable population.

In another study, Hwang, Mosenthal, and 
colleagues performed a prospective obser-
vational study of 516 trauma patients aged 
≥55  years (mean age 70  years) with preinjury 
PPS assessed at admission [34]. Primary out-
comes were mortality and functional outcomes, 
measured by Extended Glasgow Outcome Scale 
(GOSE), at discharge and 6 months. Poor func-
tional outcomes were defined as GOSE score of 
four or less. Secondary outcomes were patient-
reported outcomes at 6  months: EuroQol-5D 
and 36-ItemShort Form Survey. In summary, 
older trauma patients with decreased perfor-
mance status prior to injury are more likely to 
die in hospital and have poor functional out-
comes at discharge and 6 months. Although the 
overall cohort of survivors improved their func-
tional outcomes over 6 months, those with low 
PPS had much less improvement, which further 
highlights the importance of long-term evalu-
ations in multiple domains to assess outcomes 
and recovery [34].

18.2.10  Defining The Research 
Priorities

In 2018, the National Institutes of Health and the 
National Palliative Care Research Center con-
vened researchers from several medical 
 subspecialties to develop a national agenda for 
palliative care research. The surgeon work group 
reviewed the existing surgical literature to iden-
tify critical knowledge gaps [10]. Priorities for 
future research on palliative care in surgery 
include: (1) aligning surgical quality with out-
comes that matter to patients [10, 35], (2) com-
munication and decision-making, and (3) delivery 
of palliative care to surgical patients.

For example, one of the current major pitfalls 
is the assessment of 30-day mortality, which may 
motivate surgeons and hospitals to improve out-
comes, and theoretically empower patients to 
make informed choices [35]. However, use of this 
single metric unintentionally fails to accommo-
date patients who might benefit from palliative 
surgery, or patients who would prefer death to 
prolonged postoperative treatment in the ICU or 
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long-term chronic care after a major complica-
tion [10, 35]. Furthermore, defining surgical 
quality and value based solely on survival dura-
tion incentivizes surgeons to prolong life, not 
improve it, and can impede integration of pallia-
tive care. Alternatively, measures of functional 
independence [36], disability-free survival [37], 
days spent at home [38], or freedom from pain 
after surgery provide information on outcomes 
that are both clinically meaningful and important 
to patients [10]. Valuable palliative care out-
comes should include the alignment between 
patients’ goals and the likely outcomes of sur-
gery, reduction of burdensome, unwanted or non- 
beneficial postoperative interventions, and 
improvement in physical and psychological out-
comes after surgery [10].

In this context, currently little is known about 
the palliative care utilization among patients with 
dementia in possible need of surgical interven-
tion [39]. In 2017, Berlin, Mosenthal, and col-
leagues retrospectively queried the National 
Inpatient Sample for patients aged >50  years 
with dementia and acute abdominal emergency 
who were admitted nonelectively 2009–2013, 
utilizing ICD-9-CM codes for dementia and sur-
gical indication and identified predictors of pal-
liative care utilization. Among 15,209 patients, 
in-hospital mortality was 10.2%, the nonroutine 
discharge rate was 67.2%, and 7.5% received pal-
liative care. Patients treated operatively were less 
likely to receive palliative care than those who 
did not undergo operation (adjusted OR = 0.50; 
95% CI 0.41–0.62). Only 6.4% of patients dis-
charged nonroutinely received palliative care. 
This study clearly demonstrated that patients 
with dementia and acute abdominal emergency 
have considerable in-hospital mortality, a high 
frequency of nonroutine discharge, and low pal-
liative care utilization [39].

In another study, Baker and colleagues per-
formed a qualitative analysis of in-depth elite 
interviews conducted with a clinical care team 
involved in management of patients with demen-
tia after hospitalization for hip fractures. Hip 
fractures in older individuals, even without the 
presence of dementia, increase the risk of mortal-
ity (20%–30% within a year), secondary osteopo-

rotic fractures, and multiple medical 
complications [40]. These fractures decrease the 
patient’s quality of life due to impaired mobility 
and the need for increased level of care and 
supervision [41]. Among survivors, 25% of pre-
viously independent patients end up in nursing 
homes and 60% cannot perform at least one 
activity of daily living a year after a hip fracture 
[42]. Patients with dementia are at increased risk 
for hip fractures, and outcomes after hip fractures 
are worse [41]. Baker and colleagues showed that 
the three main themes that most interviewees dis-
cussed were pain control, functional status, and 
medical comorbidities [41]. The emphasis on 
dementia, advanced directives, and involving 
family or caregivers by the geriatricians indicated 
the importance of including geriatricians in the 
decision-making team for these patients.

In conclusion, as the population ages and 
technical innovation advances, surgical patients 
will become increasingly complex. Building the 
science around palliative care in surgery will 
require the engagement and support of stakehold-
ers, interdisciplinary collaboration, and develop-
ment of new, well-trained researchers with 
interest in this field. The proposed research pri-
orities will provide evidence to support lasting 
improvements and establish palliative care as a 
core tenet of high-quality surgical car [10].
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Fracture Liaison Service  
(FLS)—Intersectoral Treatment 
of the Disease After 
Osteoporosis- Associated Fractures

Wolfgang Böcker, Eric Hesse, 
and Christian Kammerlander

19.1  Current Situation

There is an increase in the life expectancy in 
western societies. Thus, the prevalence of age- 
related osteoporosis rises as well, leading to an 
increase in fractures after ground level falls. 
These patients frequently require in-house treat-
ment and surgeries. The prevalence of osteoporo-
sis in females >75  years is currently around 
59.1% [1]. In Germany, about 6.3 million people 
are dealing with osteoporosis and about 885,000 
new diagnoses are found per year [1]. In 2010, 
the incidence of osteoporosis-induced fractures 
was 725,000 and an increase up to 2025 might be 
as high as 928,000 per year [2]. The associated 
costs are estimated to be 4.5 Mrd. € per year [3].

Numerous studies confirmed that a specific 
treatment for osteoporosis is effective and can 

block up to 70% of subsequent fractures. 
Currently, there is a lack of preventive measures, 
especially for the prevention of secondary frac-
tures. This appears to be a particular problem in 
the German-speaking countries [1, 4]. Due to 
this, subsequent fractures appear to be a particu-
lar issue. The risk of a secondary fracture appears 
to be most sustained within the first year after an 
osteoporotic fracture. Nevertheless, about 90% 
of females and 97% of males do not receive fur-
ther treatment within 1 year after the first osteo-
porotic fracture [5, 6].

Even after adequate diagnostics and initiation 
of therapy, frequently there is a lack of adherence 
of medication, and in less than 30% of cases, 
there is continuation of the medical treatment [7]. 
One of the reasons may be the strict separation 
between the in- and outpatient treatment and 
reimbursement. There is a lack of structured care 
management for patients between in- and outpa-
tient status [8]. To address these issues, the so- 
called fracture liaison service (FLS) has been 
developed, as described below.

19.2  Effects of a Fracture Liaison 
Service

It has been shown that the development of a FLS 
leads to a more frequent application of a stan-
dardized and guideline-adapted osteoporotic 
therapy. A meta-analysis of 74 controlled studies 
has shown to improve diagnostics. When com-
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pared with standard treatment, there was a more 
frequent use of bone density measurements 
(48.0% vs. 23.5%) [9]. Also, the initiation of 
treatment began significantly more rapidly 
(38.0% vs. 17.2%), associated with better 
 adherence to medical treatment (57.0% vs. 
34.1%) [9]. This leads to a reduction in second-
ary fractures (33% over 2  years) and mortality 
rates (35%/2 years) [10, 11].

19.3  Practical Implications 
of a FLS

The main goal of a FLS program is to reduce the 
gap between in- and outpatient service by devel-
oping a so-called intersectoral care. To achieve 
this goal, a clinically active person is required to 
guide all treatment steps and connects the in- 
house care with outpatient follow-up. This is 
named an “FLS-nurse”, whose primary location 
is usually the hospital. It is not important to be 
located in a level I trauma center, as the coordina-
tion can occur in multiple locations. Among the 
outpatient care physicians, multiple subspeciali-
ties can be effective, such as orthopedic surgeons, 
rheumatologists, gynecologists, or general 
practitioners.

Likewise, the qualification of a “FLS-Nurse” 
can vary, in some instances even a person without 
medical background can take care of this task. 
However, continuous education in falls’ preven-
tion and networking is crucial.
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Building A Senior Trauma Centre

Carl Neuerburg, Alexander Martin Keppler, 
Evi Fleischhacker, Johannes Gleich, 
and Christian Kammerlander

20.1  Early Identification 
of Seniors at Risk/Elements 
of Care

The development of a successful senior trauma 
centre is particularly dependent on an early iden-
tification of seniors at risk and their management 
in an effective, interdisciplinary team approach 
within the patient’s journey. Within the course of 
treatment, some key elements have to be consid-
ered as summarized by Lisk et al. [1] and shown 
in Fig. 20.1 as follows:

• Prompt admission to orthopaedic care
• Rapid and comprehensive medical, surgical, 

and anaesthesiologic assessment
• Minimal delay to surgery
• Accurate and well-performed surgery (single- 

shot surgery)
• Prompt mobilization and rehabilitation
• Early supported discharge and ongoing com-

munity rehabilitation
• Secondary prevention, addressing bone pro-

tection and falls’ assessment

There is growing emphasis on minimizing sur-
gical delay for ortho-geriatric hip fracture patients 
[2]. It has been shown that a prolonged time to sur-
gery is a risk factor for delirium, whereas delirium 
was found to be associated with a poor functional 
outcome and increased mortality [3, 4]. Therefore, 
a standardized involvement of the emergency 
department is a first-line requirement for an early 
identification of seniors at risk. The development 
of patient care pathways such as the ones pre-
sented in a publication from Murphy et  al. can 
contribute to improved patient outcomes [5].

20.2  Treatment Pathways 
and Goal Setting

The implementation of standard operating proce-
dures is a crucial part in the treatment of elderly 
trauma patients to ensure routine use of best prac-
tice in the areas of osteoporotic fracture repair, 
anticoagulant management, treatment of comor-
bidities, and early mobilization. Numerous guide-
lines for various indications have been published 
so far, such as the NICE guidelines (National 
Institute for Health and Care Excellence) in which 
standardized pathways for the individual surgical 
and medical management have been proposed. In 
order to gain the official certification for an ortho-
geriatric centre, i.e. by the German Trauma 
Society (DGU), the guidelines are a prerequisite 
that are intensively studied within an audit. In a 
prospective study of ortho-geriatric patients who 
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suffered from a hip fracture, Ogilvie-Harris et al. 
[6] observed significantly improved outcomes for 
those patients treated with standardized medical 
and nursing protocols.

Another important issue of ortho-geriatric 
care is an early interdisciplinary goal setting for 
the individual patient. Based on protocols and 
guidelines, patient-specific short-term and 
medium-term treatment goals must be set and 
revised according to the dynamic status and func-
tional potential of each patient. Diagnostic and 
therapeutic interventions must be aligned with 
those goals. Goal setting is an excellent technique 

to get all clinicians and family members on the 
same page and to ease interprofessional and 
interdisciplinary communication.

20.3  Organization Chart and Staff 
Structure

Ortho-geriatric patients can be challenging for 
the entire team and a structured approach and 
collaboration of all team members as illustrated 
in Fig.  20.2 are of major importance. Some 
countries have already included the interdisci-

• Identification of seniors at risk (Screening tool) 

• Assessment of medication/home care 

• Clinical examination 

• Radiology

• Orientation along treatment pathways/practice guidelines 

• Pain therapy/placement of pain catheter if needed

• Treatment of preexisting correctable comorbidities  

• Minimal delay to surgery 

• Adapted single shot surgery

• Minimal-invasive approach/potentially use of augmentation techniques

• Co-managed care/early planning of discharge

• Rapid re-mobilization 

• Secondary fracture prevention (i.e. osteoporosis/falls prevention)

• supported discharge and ongoing community rehabilitation

Fig. 20.1 Illustration of the treatment of care of elderly trauma patients and the key elements that have to be 
considered
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plinary approach in their guidelines, i.e. for the 
treatment of elderly hip fracture patients, thus 
the “Best Practice Tariff” in the UK and the 
decision of the German Joint Government 
Committee (G-BA) [7, 8].

20.4  Collaboration 
of Geriatricians 
and Surgeons

The standardized collaboration of orthopaedic 
surgeons and geriatricians (ortho-geriatric co- 
management) was developed in the 
UK.  Originally, patients with frailty fractures 
were treated by an orthopaedic surgeon in charge, 
whereas specialists from other subject areas (in 
particular internists) were requested for a consul-
tative service [9]. In this setting, neither the 
patients’ comorbidities nor additional factors of 
influence for the patient are addressed adequately. 

As an attempt to reduce the mortality of these 
ortho-geriatric fracture patients, different models 
have been reported to reduce complications. 
Broadly speaking, four models of ortho-geriatric 
services have to be differentiated according to 
Pioli et al. (Table 20.1) [10].

According to the literature, the interdisciplin-
ary model with an integrated approach appears to 
be the most effective symbiosis which is associ-
ated with a reduction of perioperative complica-
tions, reduced length of hospitalization, improved 
functional outcome, and reduction of costs in the 
treatment of aged patients with a hip fracture 
[11–13]. The relatively extensive ortho-geriatric 
co-management model was primarily reported by 
a group from Rochester (NY, USA) [14, 15], 
whereas reports from Asia [16] and Europe [17, 
18] supported the investigations on an interdisci-
plinary approach. Treatment in an interdisciplin-
ary team requires extended resources, yet Kates 
et al. showed that the overall costs in an interdis-

Chair Department of Orthopedic/Traumasurgery

Team Leader/Members Geriatrics
Team leader/Members Surgery

Nursing staff

Senior trauma centre

Physiotherapy

Anaesthesiology Radiology Psychology Ergotherapy Logopedics Nutritional counselling Social care workers

Orthogeriatric
Outpatient clinic

Outpatient clinic osteoporosis/FLS

Fig. 20.2 Exemplary organization chart of a senior trauma centre illustrating the interaction of team members as 
implemented within the department of the authors. Each position has to be assigned to a specific team member
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ciplinary team were reduced due to a reduction of 
complications and reduced length of hospitaliza-
tion [19]. However, implementation of an inte-
grated approach is associated with organizational 
difficulties, which is why the second model 
(Table 20.1) in which the patient is treated on an 
orthopaedic ward having frequent consultative 
treatments by a geriatrician could be regarded as 
a first step approach that could be extended.

In this interdisciplinary approach including 
orthopaedic surgeons, geriatricians, anaesthesi-
ologists, etc., the multidisciplinarity of medical 
doctors, nurses, social workers, physiotherapists, 
occupational therapists, and others remains of 
primary importance, whereas decisions are made 
in a team with equal responsibilities [20].

20.5  Collaboration 
with Anaesthesiologists

Present comorbidities not only have a potential 
influence on the process of the underlying dis-
ease, the comorbidities could also have a relevant 
impact on the aetiology of the trauma. Thus, the 
trauma can be associated with an acute event 
such as a syncope, an apoplexy, or it can be the 
cause of a progressive deterioration of a chronic 
underlying disease. The immediate examination 
of the patient in the emergency department 
remains a major contribution of the ortho- 
geriatric co-management model.

Many of the aged patients take anticoagulants 
due to their underlying disease. Present treatment 
with anti-platelet agents, vitamin K antagonists 
such as warfarin, or treatment with an oral antico-
agulant should not preclude surgery within an 
optimal time slot [21]. Given rationale preopera-
tive diagnostic procedures, one could also save 

time and resources. Each diagnostic procedure 
should have a direct influence on the further pro-
cedure. If a preoperative optimization of the 
patient is indicated, the aimed time frame of the 
investigations should be discussed 
interdisciplinary.

Approximately, 60% of all patients in an 
ortho-geriatric fracture care system require a sur-
gical treatment and have to undergo anaesthesia 
[17]. There is a higher anaesthesiological risk in 
ortho-geriatric patients with regard to intra- or 
perioperative complications. Thus, selection of 
the type of anaesthesia has a high significance. 
Local or regional anaesthesia is associated with 
reduced mortality and morbidity such as reduced 
peripheral thrombosis; lower rate of post- 
operative delirium tends to have fewer rates of 
myocardial infarction and lethal pulmonary 
embolisms [21]. General anaesthesia has the 
advantage of a decreased risk in drop of blood 
pressure such as reduced time of surgery. For 
those patients with a hip fracture, local or regional 
anaesthesia is the method of choice, while the 
choice of best anaesthesia in senior hip fracture 
patients is still a matter of current studies as 
investigated in the multicentre iHOPE study at 
present [22]. Given the variety of individual fac-
tors in elderly multi-morbid patients, the choice 
of anaesthesia should currently remain an indi-
vidual decision [21].

Delirium remains a special challenge as it 
belongs to the most frequent complications and 
occurs in up to 60% of all bigger surgical inter-
ventions [23]. Thus, delirium increases the risk 
for further complications and leads to a direct and 
indirect impairment of the medical, functional, 
and cognitive outcome [23]. Given the limited 
scientific knowledge, treatment of this condition 
relies on preventive measures. Due to technical 

Table 20.1 It provides an overview of the different models of ortho-geriatric services in the treatment of aged patients 
with a hip fracture (modified from Kammerlander et al. [9]). 1 Traditional model; 2, 3 Leadership with different bases; 
and 4 Integrated ortho-geriatric co-management model

Model type Admitting care unit Consultation service Automated consultation service
1 Trauma surgery Internal medicine /Geriatrics No
2 Trauma surgery Internal medicine /Geriatrics Yes
3 Internal medicine/Geriatrics Trauma surgery Yes
4 Geriatrics and Trauma surgery None None
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problems in the implementation of a non- 
pharmacological prevention, various substances 
have been analysed in the past regarding their 
potential to reduce a delirium. There are indica-
tions showing that haloperidol and other new 
atypical neuroleptics such as risperidone and 
olanzapine, or melatonin are able to reduce the 
incidence of a post-operative delirium [24]. 
However, general therapy recommendations can-
not be provided. Pharmacological prophylaxis of 
delirium should therefore be reserved for patients 
with a high risk of suffering a delirium, taking the 
individual risk-benefit assessment into consider-
ation [24]. Despite the advanced age and the 
remaining comorbidities, the immediate mortal-
ity risk associated with delirium is limited. Given 
a 30-day mortality risk, the delirium-associated 
risk has been shown to be 3.6%, whereas the 
majority was associated with a cardiovascular 
cause (41%) [25]. Apart from delirium, urinary 
infections remain the most frequent complica-
tion. Catheter and continence managements are 
still paid little attention in ortho-geriatric trauma 
surgery. An early removal of the catheter is 
known to significantly reduce the risk of urinary 
infections [20].

Apart from an ortho-geriatric co-management 
model, patients’ multiple-medication remains 
another almost insurmountable challenge. 
Multiple drug usage leads to undesired pharma-
ceutical effects and interactions. Age-related 
physiological changes such as renal failure 
increase the risk of undesired pharmaceutical 
effects in ortho-geriatric patients. Especially, the 
implementation of an adapted analgesia has a 
crucial role in these patients. Non-steroidal anti- 
inflammatory drugs (NSAIDs) belong to the 
group of drugs with an increased risk and should 
be avoided in ortho-geriatric patients.

20.6  Collaboration with Nurses, 
Physiotherapists, and Social 
Workers

The interdisciplinary approach of ancillary per-
sonnel including physiotherapists, nurses, mid-
level providers, and social workers is crucial to 

regain patient’s autonomy and maintain best 
recovery of the patient. Thus, early mobilization, 
activation of the patient, nutritional management, 
and discharge management are of high relevance, 
which should be coordinated in regular team 
meetings as an integral part of the ortho-geriatric 
co-management model.

A first step towards early mobilization of the 
patient is a therapeutically active care accompa-
nied by the nursing staff [26]. Thus, the patient 
has to be guided to carry out as many activities as 
possible on his own. However, it has to be consid-
ered that this approach to guide the patients is 
generally more time-consuming for the nursing 
staff compared to the treatment of the patient 
themselves. Persuasion of the patients to take the 
meal in a common room has been shown to be 
another beneficial way of activation [26]. Thus, 
patients also experience a daily routine which 
could also be beneficial for the prevention of 
delirium.

In ortho-geriatric patients, physiotherapy has 
the objective of early re-mobilization, prevention 
of load, and adjacent fractures. Thus, programs 
of back and spine exercise courses are a relevant 
part of a postural and behavioural training. 
Strengthening of muscles increases the patients’ 
standing and walking ability, whereas on the 
other hand this leads to a stimulation of bone for-
mation of the skeletal system [27, 28]. With these 
exercises, also, the coordinative abilities can be 
trained, whereas falls can be reduced [29]. 
Mobilization in the early post-operative phase is 
of superior importance, as a delay is associated 
with diminished physical function at 2  months, 
and a worse survival rate at 6 months [30, 31]. 
Further, additional physiotherapy during acute 
care reduces falls in the first 12 months after hip 
fracture [32]. These patients generally struggle to 
comply with partial weight-bearing, yet post- 
operative weight-bearing restrictions are still rec-
ommended by nearly 25% of surgeons [33]. 
Thus, post-operative recommendations should 
clearly support the physiotherapeutical approach 
to encourage early re-mobilization in senior 
trauma patients. Also, the home environment 
should be adjusted with regard to an age-based 
conversion to prevent falls.
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A balanced nutrition including a sufficient 
intake of calcium and vitamin D, the reduction of 
risk factors such as smoking, and the intake of 
phosphate-rich food also play a relevant role in 
bone metabolism [34].

Besides these therapy approaches, depending 
on the patient’s health condition and autonomy 
prior to fracture, an intensive follow-up rehabili-
tation is needed. Thus, the cooperation with reha-
bilitation facilities, geriatric facilities, and 
nursing homes could be beneficial for reduction 
of the length of hospitalization.

20.7  Adapting Facilities 
in a Senior Trauma Centre

Besides interdisciplinary care pathways, the 
ward/ICU facilities also have a major impact in a 
senior trauma centre. Thus, elderly trauma 
patients are at a high risk to suffer a post- operative 
delirium and the nonpharmacological treatment 
is also well-known to be very effective. 
Nowadays, nonpharmacologic approaches focus 
on risk factors such as immobility, functional 
decline, visual or hearing impairment, dehydra-
tion, and sleep deprivation that can be addressed 

by the inpatient infrastructure [35]. Many struc-
tural factors can be modified with regard to the 
geriatric requirements. These are, i.e. walls/
colours, implementation of common rooms, 
adaptation of patient rooms/beds, and adjustment 
of washrooms and bathroom facilities such as 
implementation of nearby therapy rooms [36]. 
With these approaches, the special needs for 
elderly trauma patients can be influenced in many 
ways according to Mayr et  al. Thus, a suitable 
equipment on the ward should consider a suffi-
cient amount of handlebars and handrails. Also, 
the installation of large clocks can help to main-
tain orientation, while room changes throughout 
the course should be avoided. The rooms should 
also be spacious to store assistive devices for 
patients with difficult mobilization, while height- 
adjustable low-floor beds are beneficial. In com-
mon rooms, patients can have lunch together and 
chat with each other, while older posters may 
help to improve the recognition value.

Throughout the inpatient journey, many fac-
tors can have a beneficial impact on the outcome 
of geriatric trauma patients as reported recently 
in a comparative study with two different treat-
ment structures for elderly hip fracture patients 
(Table 20.2).

Table 20.2 Modified comparison of two different treatment structures as published by our group recently in which the 
outcome of hip fracture patients in a hospital with conventional trauma care (CTC) and interdisciplinary ortho-geriatric 
care (OGC) was assessed [37]

CTC OTC
Department    • Department of Trauma Surgery

   •  Other departments on consultation 
basis

   •  Department of Trauma Surgery with 
geriatricians working within the team

Facilities    • Trauma ward:
Single-triple bed rooms on different 
trauma wards with up to 30 beds

   •  Specific designed ortho-geriatric 
ward:

Single-double-bedrooms on one ward 
with up to 44 beds

Treatment    • Early mobilization after surgery
   • Physiotherapy 1×/day (30 min)
   • Social care workers on call

   • Early mobilization after surgery
   • Physiotherapy 2×/day (30 min)
   •  “activating care”: help for body care 

with greatest possible participation 
of the patient, shared meals with 
other patients in a common room 
with independent transfer (as 
possible)

   •  Interdisciplinary treatment with 
focus on: Somatic health, mental 
health, function, and social situation
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20.8  Rehabilitation 
and Secondary Fracture 
Prevention

In ortho-geriatric patients, it is of particular 
importance to start rehabilitation straight after 
surgery and to continue in the inpatient as in the 
outpatient setting to prevent a loss of selfcare and 
autonomy. Especially in patients with various 
comorbidities, a multidisciplinary rehabilitation 
process is an important factor, besides the surgi-
cal procedure and the medical management of an 
aged person with complex diseases and poly-
pharmacy [38]. Therefore, registration of the 
patients has to be ensured as early as possible, 
preferably starting on the day of admission to the 
hospital. To find out the best way of rehabilitation 
program, the individual’s health status has to be 
assessed. Therefore, analysis of mobility, cogni-
tion, depression, the risk to suffer falls, nutri-
tional status, continence, and visual function are 
of importance to rule out the right rehabilitation 
program [39]. To improve the physical outcome 
and the quality of life, such as daily activities, 
and reduce readmission rates, depression, and 
falls, an interdisciplinary rehabilitation program 
is known to have the best outcome [40].

Cooperation with rehabilitation facilities for 
elderly people, including departments for acute 
geriatrics, is a proven approach to ensure early 
discharge of the patient while connection of the 
patient with the hospital can be secured. 
Treatment of ortho-geriatric patients would be at 
its best if as much hospital-based care is guaran-
teed as necessary and as much home care pro-
vided as possible. Therefore, another new 
approach is the establishment of an Outreach 
Geriatric Re-mobilization which takes place in 
an environment that is familiar to patients and in 
which patients are mobilized in a place where 
they spend their everyday lives [38]. According 
to Pils et al., these projects have shown to con-
tribute to a reduction of time spent as an inpa-
tient, accelerate and encourage the reintegration 
of the patient in their familiar environment, and 
help maintain the patient’s social network.

Regarding secondary fracture prevention and 
treatment of an underlying osteoporosis, fracture 
liason services (FLS), which coordinate diagnos-
tics, treatment initiation, and therapy adherence, 
have shown encouraging results. Patients who 
suffer a fragility fracture and present with special 
risk factors for an osteoporosis are included and 
guideline-adapted treatment can be recom-
mended [41].

The importance of secondary fracture preven-
tion is also highlighted by a study of Ryg et al., 
who could show recurrent fractures following 
primary hip fracture [42]. Besides the FLS 
approach to improve bone quality and prevent 
fragility fractures, this includes adjustment of 
medication to decrease induced symptoms like 
dizziness, which is often followed by falls and 
removal of fall risk-increasing drugs.

20.9  Outcome and Quality 
Control

There are different outcome parameters to assess 
the effectiveness of an ortho-geriatric service 
(Table 20.3). Specific parameters of time includ-
ing the time to surgery, length of hospitalization, 
and one year mortality are comparable measures 
to monitor a system’s effectiveness. As stated 
above in patients with a hip fracture, longer pre-
operative waiting times increase the risk of medi-
cal complications due to immobility [9]. 
Similarly, the length of hospitalization is an 
important parameter as it can be associated with 
the formation of complications and there is a 
direct correlation with costs [25]. It has to be the 
goal to achieve an improvement or at least a 
restoring of the patients’ function, whereas mor-
tality should be lowered.

A new approach to monitor mobility, i.e. the 
cardiovascular system of elderly trauma patients, 
can be facilitated by the use of wearables. Various 
mobile systems including fitness/activity trackers 
such as specific pressure sensors have been intro-
duced and proven to be feasible in elderly trauma 
patients [43, 44].
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Table 20.3 Overview of the relevant outcome parameters, assessment tools, and their follow-up to monitor system’s 
effectiveness adopted and modified from Liem et al. [25]

Outcome parameter Assessment tool Admission* Discharge† 30 days 90 days 1 year
Mortality Mortality rate (%) X X
Length of stay Midnight census 

method
X

Time to surgery Time from admission 
until arrival in operating 
room (h)

X

Complications: Complication rate (%) 
using the complication 
list

   •  Medical X X
   •  Surgical X X X
Readmission: Readmission rate (%) 

using the complication 
list

   •  Medical X X
   •  Surgical X X X
Mobility    •  Parker Mobility 

Score
X X X

   •  Timed Up and Go 
test

X X

Quality of life EQ-5D X X X
Pain Verbal rating scale X‡ X X
Satisfaction No appropriate tool 

available
Activities of daily 
living

Barthel Index X X X X

Falls No appropriate tool 
available

Medication use:
   •  Inappropriate    •  Adverse drug 

reaction with 
complications

X X

   •  Osteoporosis    •  Medication list X X X X
Place of residence Living situation list X X X
Costs Percentage of expected 

national costs
X

Additionally, appropriate geriatric scores can 
be useful. Functional outcome and activities of 
daily living can be assessed, i.e. by the Barthel 
index which is used to measure performance in 
basic activities of daily living by scaling the pres-
ence or absence of faecal or urinary incontinence 
and the help needed with grooming, toilet use, 
feeding, transfers (e.g. from chair to bed), walk-
ing, dressing, climbing stairs, and bathing. For 
each question, there are 2–4 ordinal responses 
with a fixed count, which are summed up. The 

maximum of 100 points imply that the patient is 
independent in his basic activities of daily living. 
This score was found to be a reliable outcome 
parameter for hip fracture patients [45, 46].

Another frequently used index to assess activ-
ities of daily living is the Katz Score which anal-
yses the patient’s performance in six functions. 
Thus, the Katz Score uses yes or no questions to 
evaluate the functions of bathing, dressing, toilet-
ing, transferring, continence, and feeding, a score 
of 6 indicates full function, 4 moderate 
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 impairment, and 2 or less describes a relevant 
impairment of the patient’s ADL.  Also, the 
Functional Independence Measure (FIM) which 
uses similar items to evaluate motoric and cogni-
tive performance is frequently used to describe 
the ADLs of the patient at discharge. Another 
simple tool to evaluate mobility is the Parker 
mobility scale. The Timed Up and Go (TUG) test 
is another commonly used mobility score which 
is known to be a valid and reliable tool to assess 
the patients’ mobility [47].

Also, peri- and post-operative complications 
have to be evaluated. Thus, common complica-
tions of patients having suffered an ortho- geriatric 
fracture are cardiac, cerebral, thrombo-embolic, 
and pulmonary complications, such as, renal fail-
ure, urinary tract infection, delirium, pressure- 
ulcers, gastrointestinal (GI) complications, adverse 
drug reactions (ADR), and subsequent fractures. 
Further surgical problems are surgical site infec-
tion and other surgical complications [25].

Further parameters to assess quality improve-
ment are the readmission rate, analysis of the 
quality of life, pain, and patients’ satisfaction (i.e. 
with questionnaires such as the EQ-5D and the 
Visual analogue Scale).

Inadequate medication use remains another 
relevant issue which has to be assessed ideally 
within the time of hospitalization. Thus, specific 
screening tools have been described, such as the 
Screening Tool of Older Person’s Prescriptions 
(STOPP) criteria, which consists of 65 clinically 
significant criteria for potentially inappropriate 
medications, and the Screening Tool to Alert doc-
tors to Right Treatment (START) criteria, which 
consists of 22 evidence-based prescribing indica-
tors for commonly encountered diseases in older 
adults [25]. Thus, the diagnosis of osteoporosis 
should also be assessed ideally within the time of 
hospitalization and appropriate medication 
should be initiated or mentioned in the discharge 
report.

Given the high financial burden of osteoporo-
sis associated with osteoporotic fractures and 
estimated annual costs of 31.7 billion € in Europe 
[48], cost effectiveness remains another tool to 
evaluate a programme’s effectiveness.
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Specifics of Fracture Stabilization 
in Geriatric Bone

Richard Stange and Michael J. Raschke

21.1  Introduction

Fractures in the elderly patient represent a chal-
lenge to orthopaedic surgeons since osteoporosis 
does not only increase the risk of fracture but also 
represents a problem in fracture stabilization in 
the geriatric bone. The soft tissue envelope 
around the fracture often is compromised due to 
pre-existing diseases such as diabetes, chronic 
venous insufficiency or peripheral vascular dis-
ease. Therefore, the successful treatment of the 
fracture with fast recovery of the mobility is 
essential for the patient’s survival and well-being. 
The goals of treatment differ from those, which 
are valid for younger adults. Primary goal is pre-
serving independency of the elderly patient in his 
activities of daily life. Advantages and drawbacks 
of surgical procedures have to be balanced with 
those of conservative treatment.

When operative treatment is chosen, restoring 
stability with full weight-bearing has the highest 

priority, second priority is less invasive surgery, 
whereas restoring anatomy or optimal function 
becomes less important. The aim of surgical 
treatment mainly is to obtain a stable fixation that 
reduces pain and permits early mobilization. In 
some fracture types, restoration of stability has 
higher priority than preservation of blood supply. 
This shift is justified in the light of the different 
characteristics and functional requirements of 
geriatric patients. Optimal function of a shoulder, 
knee or hip joint was often not present prior to the 
injury; therefore, better function than before the 
accident cannot be expected. Being independent 
in activities of daily life such as personal hygiene, 
cooking, short walking or shopping is much more 
important than optimal function of a joint [1].

Geriatric, often osteoporosis-related, fractures 
are especially located meta-epiphyseal, in skele-
tal sites with particular morphological and bio-
mechanical characteristic, complex and with 
more fragments, with slow healing process and 
co-morbidities. Typical osteoporotic fractures are 
vertebral compression fractures, hip fractures, 
proximal humerus and distal radius fractures. 
They are considered as “indicator-fractures” for 
osteoporosis. Bone mineral density has decreased, 
which enhances the risk of implant loosening. 
The major technical problem that surgeons face 
is the difficulty to obtain a stable fixation of an 
implant due to osteoporotic bone. Different bio-
logical, technical and surgical aspects have to be 
taken into account for fracture stabilization in 
geriatric bone. The treatment of osteoporotic 
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fractures therefore can be demanding, despite 
optimal surgical techniques. Sometimes, replace-
ment of fractured joints is superior to reconstruc-
tion to allow immediate bearing.

Remarkably the overall complication rate and 
mechanical implant failure following surgical 
treatment of geriatric fractures are significantly 
higher compared with non-fragility fractures [2]. 
Geriatric bone is the main cause of failure of 
fracture fixation rather than implant failure itself. 
Complication rates after surgical therapy of 
osteoporosis-related fractures are twice as high 
as after treatment of healthy bone. The implant- 
related failure rate in osteoporosis-related frac-
tures is estimated to be about 10–25% [3]. 
Surgical treatment of these fragility fractures is 
also associated with a higher rate of complica-
tions as mal- or non-union [4]. Surgical success is 
based on the correct indication as well as on the 
correct surgical technique (“surgeon factor”), 
biological factors (e.g. perfusion of fracture frag-
ments) and biomechanical factors (e.g. bone 
quality, fracture configuration and anatomical 
reduction). Over the last years, implant design in 
orthopaedic and trauma surgery continuously 
developed towards devices, which are optimized 
in size, shape and screw orientation in certain 
anatomic regions. Implant scale and (bio)
mechanical properties have been progressively 
adapted to the biological surroundings and forces 
expected adapted to the technical surroundings 
discussed above.

A comprehensive strategy for improved 
treatment of geriatric fractures therefore should 
address biological and mechanical issues, and 
include the stimulation of fracture repair, 
removal of inhibitors to bone healing, improve-
ments in surgical implants and application of 
augmentation.

21.2  Biological Aspects

The general ability of bone to resist fracture and 
withstand loads depends on the amount of bone 
(bone mass), its distribution in space and the 
intrinsic material properties of the bone tissue 
[5]. Age-related degradation of bone and the 

additional bone weakening through age-related 
diseases such as osteoporosis reduce the ability 
of bone to withstand increased loading. The bio-
logical situation of osteoporotic bone in geriatric 
patients is characterized by poor bone quality, 
loss of bone mass and microarchitectural deterio-
ration of bone tissue [6] (Fig. 21.1). The reduc-
tion in bone mass mainly results from increased 
bone resorption and inadequate bone formation 
leading to a negative remodelling balance. 
Osteoporosis is further characterized by thinner 
cross-linking connections within trabecular bone 
[7]. At a tissue level, there is a decrease in the 
cancellous bone mineral density. There is also a 
decrease in the density of cortical bone, because 
of an increase in porosity, which can affect the 
holding capacity of screws. Intrinsic material 
properties of bone tissue are affected by ageing 
and osteoporosis [8] and include compositional 
factors such as mineralization distribution, con-
tent of collagen and cross-linking profiles of 
inter- and intrafibrillar collagen connections [9]. 
Bone fragility therefore results from typical mod-
ifications of mechanical and structural properties 
of the osteoporotic bone [10]:

• Reduction of mineral content (provides 
strength and stiffness) and protein content 
(limits the damage consequent to an impact 
and influences bone mechanical properties);

• Reduction of the ability to oppose to deforma-
tions (rigidity), to absorb energy (resistance), 
to adapt to repetitive loads (fatigue resistance) 
and to inhibit the progression of a lesion 
(resistance to fracture);

• Increase of anisotropy (major number of tra-
beculae with an orientation on the principal 
load axis) and therefore increase of fracture 
risk for abnormal loads (falls);

• Increase of microdamages (manifestation 
related to repetitive micro-stress on bony tis-
sue, age-related).

Age-related endosteal diaphyseal resorption 
and medullary expansion are common in both 
men and women. The changes in diameter of 
the inner and outer cortices affect the bending 
and torsional characteristics of the entire bone 
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and predispose to low-energy fractures, which 
often have a complex pattern. The load trans-
mitted at the bone–implant interface can often 
exceed the reduced strain tolerance of osteopo-
rotic bone [11].

Loss of bone mineral reflects the loss of bone 
mass in osteoporosis. Non-invasive evaluation of 
bone mineral has mainly been used to assess met-
abolic changes of bone. Non-invasive assessment 
of bone mineral is, today, mainly obtained by 
Dual X-ray Absorptiometry (DXA) and 
Quantitative Computed Tomography (QCT). The 
bone mineral content of cortical and cancellous 
bone is not distributed to meet similar demands 
in any one individual. Strong cortical bone does 
not imply strong cancellous bone, and vice versa. 
Although bone fragility in the elderly is a meta-
bolic problem, it does not develop similarly in all 
bones. It seems, for example, that the distal radius 
and the spine differ from the proximal femur. 

This indicates that the use of non-invasive bone 
mineral assessment in defining mechanical 
strength of bone has to address the individual 
bone [12]. To estimate local geriatric bone qual-
ity and expected implant anchorage, mechanical 
methods may be promising to measure bone 
strength intraoperatively. Although not in regular 
clinical application, it has been shown that the 
mechanical peak torque correlates with the local 
bone mineral density and screw failure load in 
hip, hindfoot, humerus and spine in vitro [13].

With ageing it is possible to observe an 
increase of microdamages that the physiological 
mechanisms of repair are not able to contrast. 
The healing of fractures in osteoporotic bone 
passes through the normal stages and concludes 
with union of the fracture although the healing 
process is prolonged [14]. The biological activity 
of the osteoblast, as for other mesenchymal cells, 
is influenced negatively by ageing. Clinically, 

Fig. 21.1 85-year old female: Distal femoral peripros-
thetic fracture with severe osteoprosis: Reduction of bone 
mass and mineral content, disappearance of diaphyseal 

and metaphyseal trabecular bone structure (arrows). 
Thinning 1 of cortical diameter and widening of the intra-
medullary canal
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although delay in fracture healing is not always 
obvious, the decreased healing capacity in osteo-
porosis is reflected in a dramatic increase in the 
rate of failure of implant fixation [15].

There are several possible explanations for 
this effect. There might be fewer mesenchymal 
stem cells in osteoporotic individuals, which 
have a lower proliferative response [16]. This 
may explain the age-related decrease in the 
 number of osteoblasts. Mesenchymal stem cells 
in post-menopausal women differ from those in 
the premenopausal by having a lower rate of 
growth and a deficiency in their ability to differ-
entiate along the osteogenic lineage [17]. Finally, 
bone cells from osteoporotic patients may have 
an impaired long-term response to mechanical 
stress [18].

Biological support which enhances the heal-
ing potential of osteoporotic fractures should 
therefore also be considered as an adjunct to sur-
gery, e.g. bone tissue-engineering using a suit-
able scaffold material, growth factors, bone grafts 
or adult mesenchymal stem cells [19].

21.3  Technical Aspects

The major problem facing the surgeon is the dif-
ficulty in obtaining secure fixation of an implant 
to geriatric bone. Osteoporotic bone structure 
provides less cortical and cancellous bone for the 
screw threads to gain purchase, so that the pull- 
out strength of implants is significantly reduced. 
Bone mineral density correlates linearly with the 
holding power of screws [20]. The load transmit-
ted at the bone–implant interface can often 
exceed the reduced strain tolerance of osteopo-
rotic bone. This may result in microfracture, 
resorption of the bone and loosening of the 
implant, with secondary failure of fixation [21]. 
Consequently, the common mode of failure of 
internal fixation in osteoporotic bone is bone fail-
ure rather than implant breakage (Fig. 21.2).

This high rate of complications in geriatric 
bone has encouraged extensive research into the 
development of implants, which can improve the 
bone–implant interface by preventing high stress 
and distributing the forces transmitted to bone in 
a load-sharing, rather than load-bearing way. The 

general principles of fracture management in 
osteoporotic bone require some changes in surgi-
cal technique in order to decrease the risk of fail-
ure at the bone–implant interface. These include 
the use of relative stability techniques such as 
intramedullary nails, bone impaction, buttress 
fixation, fixed-angle devices, bone augmentation 
and joint replacement [1, 11, 22]. Open reduction 
and internal fixation (ORIF) have been com-
monly developed for normal healthy bone but 
especially in geriatric bone it is paramount to 
apply these techniques subsequently. Techniques 
of internal fixation which aim to provide absolute 
stability with lag screws, however, are usually 
inappropriate in osteoporotic bone [3]. A biome-
chanical construct, which is adequate in younger 
adults, may fail in elderly persons with osteopo-
rosis [13]. Relative stability techniques are the 
most efficient at reducing strain at the bone–
implant interface, as the implant is within the 
load-bearing axis of the bone.

Several biomechanical principles can be 
employed to achieve sufficient primary stability 
in osteoporotic bone. Implants for osteosynthesis 
in osteoporosis must use the longest possible cor-
ridors, be angular stable and be inserted in regions 
with the highest bone mineral density [23–25]. 
Of uttermost importance in fracture fixation of 
geriatric bone is the interface between implant 
and bone. Internal fixation devices that allow 
load sharing with host bone should be chosen to 
minimize stress at the bone–implant interface. 
This can be achieved by employing fixation 
devices which have a maximum of contact area 
between implant and bone. Examples are long 
plates and nails with many locking options or 
plates with a larger surface area providing more 
possibilities for screw placement. Plates with a 
larger contact area effectively reduce the local 
compressional strain on the bone. Similarly, thin-
ner screws generate smaller local strain in corti-
cal as well as trabecular bone compared to thicker 
screws [26]. Thinner screws have the additional 
advantage of providing more flexibility and thus 
the ability to distribute the load within a larger 
volume of bone. External fixation devices may be 
difficult to apply to geriatric patients for a longer 
period since pin anchorage is hard to achieve in 
osteoporotic bone.
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Secondary stability can only be achieved if 
sufficient primary stability is provided and bone 
fatigue by brittle failure, creep or trabecular 
crushing is prevented. The limiting factor for sec-
ondary stability is the limited fatigue strength of 
osteoporotic bone. Since bone fatigues at loca-
tions of high strain the primary principle of 
 secondary stability is the prevention of excessive 
strain and strain concentrations. As mentioned 
above, implants which distribute the strain over a 
larger area by large surfaces or by more screws or 
bolts may prevent bone from early fatigue. 
Loading which generates excessive strains locally 
has to be avoided, e.g. by implants with addi-
tional features such as anti-rotation or anti- 
gliding mechanisms which can potentially 
prevent excessive shear or tensile loads (Fig. 21.3) 
[27]. In certain situations, additional augmenta-
tion of screws with bone cement is very effective 
in distributing the load from the metallic implant 
to the bone [28, 29].

Significant developments have taken place in 
order to address the difficulties which surgeons 
encounter in the stabilization of osteoporotic 
fractures. These can be summarized as being 
implant-related (fixed-angle devices, locking 
plates, coating of implants and joint replacement 
implants) or technique-related (bone impaction, 
buttress fixation, bone augmentation and lever- 
arm modification).

The specific demands involved in the treat-
ment of osteoporotic fractures calls for specific 
solutions. Various treatment methods and innova-
tions have been attempted in order to improve the 
past poor results. In general, researchers and 
developers have worked on three different 
approaches:

 1. adapted design and anchoring of implants;
 2. improved load distribution;
 3. augmentation techniques using bone autograft 

or allograft, bone cement or bone substitute.

a b

c d

Fig. 21.2 73-year old female: Proximal humeral fracture 
(a): Initial osteosynthesis with angular stable proximal 
humerus plate (PHILOS, Synthes) (b). Secondary failure 

of fixation and loosening of the implant in osteoporotic 
bone (c). Revision and reverse total shoulder arthroplasty 
(d)
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21.3.1  Implant Design 
and Anchorage

21.3.1.1  Implant Design
Over the last years, implant design in orthopaedic 
and trauma surgery continuously developed 
towards devices, which are optimized in size, 
shape and screw orientation in certain anatomic 
regions. Implant scale and (bio)mechanical prop-
erties have been progressively adapted to the bio-
logical surroundings and forces expected adapted 
to the technical surroundings discussed above. 

Especially for geriatric bone and its “indicator 
fracture” regions huge progress has been made in 
terms of implant design and specialization. 
Implant devices, e.g. for the proximal humerus 
(Figs. 21.2 and 21.4) or periprosthetic fractures 
(Fig. 21.5), help to meet special demands of sta-
bilization in geriatric bone through certain com-
binations of implant shape and screw arrangement 
that support fracture stabilization in geriatric 
bone in vulnerable anatomical regions. Double 
plating in 90–90° positioning of the implants 
 further can increase torsional stability (Fig. 21.6).

a b

Fig. 21.3 95-year old female: Proximal femur fracture (a): Intramedullary nail with helical screw and augmentation 
(TFN, Synthes) (b), superior in resisting vertical or rotational displacement in comparison to conventional screws

a b

Fig. 21.4 64-year old female: proximal humeral fracture (a): angular stable plate osteosynthesis, augmentation 
(PHILOS, Synthes) (b)
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Fig. 21.5 Periprosthetic 
distal femur plate 
(Loqteq, aap) with 
hinges (arrows) attached 
laterally to a plate, 
adjusted as required and 
anchored in the bone 
around the prosthesis

a b

Fig. 21.6 85-year old female: Periprosthetic femoral fracture (a): double plating in 90–90° positioning (b)

21 Specifics of Fracture Stabilization in Geriatric Bone



186

In order to enhance the anchorage of screws in 
osteoporotic bone, efforts have been made to 
increase load distribution and to avoid stress ris-
ers at the implant interface by creating special-
ized fixation devices like helical screws 
(Fig. 21.3). The principle here is to compress the 
cancellous bone during insertion and hence 
increasing primary fixation.

On the other hand, this progress leads to an 
enormous increase of implants and devices that 
have to be stored and provided in each hospital 
treating geriatric patients. This affects not only 
storage but also economic capacities and may 
contribute to reserved treatment of geriatric frac-
tures in specialized centres. Current develop-
ments of customized implants by individual 3D 
printing might help to overcome these develop-
ments and may help to provide appropriate 
implants for geriatric fracture stabilization in the 
future.

21.3.1.2  Angular Stability
Various techniques and implants have been 
implemented to improve initial fixation and mini-
mize failure of open reduction and internal fixa-
tion, but the introduction of locking plates 
resulted in substantial increases in construct stiff-
ness even in osteoporotic bone [30]. Numerous 
biomechanical studies have demonstrated that in 
osteoporotic bone locking plates create increased 
fatigue strength and improve ultimate failure 
loads compared to conventional plates [31, 32]. It 
is today generally accepted that locking plate 
constructs have mechanical advantages com-
pared to conventional plate constructs and that 
these advantages are of particular benefit in 
osteoporotic bone [33].

The major difference between locking and 
conventional constructs is the load transfer 
between fracture fragments. Conventional plates 
rely on frictional load transfer between the plate 
and the bone. Thus loads are transferred from the 
bone to the plate across the fracture area and back 
to the bone again. The main advantage of the 
locking-plate device is the mechanical couple 
between the screw head and the plate (fixed-angle 
device) so that even if the screw–bone interface 
fails, the screw–plate interface remains intact 

(Fig. 21.2). In locked plating the plate is not com-
pressed to the bone surface. This preserves peri-
osteal perfusion and prevents delayed fracture 
healing. Therefore load transfer from the bone to 
the plate is achieved through the head of the lock-
ing screw. The load transfer from the bone to the 
screw is distributed along the length of the screw 
wherever the screw is in contact with bone. It has 
been shown that in osteoporotic bone locking 
plates indeed demonstrate clinical benefit by pro-
ducing considerably lower tensile strains in the 
bone around the bone screws. This provides a 
mechanical explanation for the improved perfor-
mance of locking plates in poorer bone quality 
and explains previously reported higher inci-
dence of screw loosening using the conventional 
plates. Complete failure of fixation is still possi-
ble and can be seen in severe osteoporosis. 
Therefore, implants such as the locking compres-
sion plate and the less invasive stabilization sys-
tem have significant advantages in osteoporotic 
bone [34, 35]. In intramedullary nailing, angular 
stable locking screws can also provide enhanced 
stability in geriatric bone by limiting the move-
ment of the constructed. A balance must be 
achieved between construct stiffness and efficient 
load transfer because rigid constructs might 
result in stress shielding and thus cause a delay in 
tissue organization and mineralization.

21.3.1.3  Augmentation
In addition to altering implant design characteris-
tics and screw fixation techniques, enhancing the 
surrounding bony environment is another method 
to enhance construct stability and minimize fixa-
tion failure in geriatric bone. This may be 
achieved at the fracture site or the screw–bone 
interface. Use of cancellous or structural bone 
grafts or synthetic bone graft substitutes can 
improve immediate screw purchase and even pro-
mote favourable bony remodelling.

Biological
Many biological adjuvants are available and 
widely utilized for general skeletal restoration. 
Their use for the specific task of osteoporotic 
fracture augmentation is less well recognized. 
Besides the autograft gold standard, allograft 
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bone represents an attractive alternative for the 
treatment of fractures, non-unions and fusion 
augmentation for the osteoporotic population 
where autogenous harvest would be less than a 
satisfying experience, with low bone yields 
expected and all the attendant risks associated 
with the second surgical site. Therefore, non- 
biological augmentation for augmentation of 
osseous voids and fracture fixation has become a 
promising treatment option to improve fracture 
stability and ultimate healing.

Non-biological
Different biomaterials have been developed for 
reconstruction of osseous defects and enhance 
fixation in fragility fractures in different ana-
tomic locations. Screw augmentation methods 
using polymethyl methacrylate (PMMA) or 
hydroxyapatite coatings have been used in an 
attempt to increase screw purchase in osteopo-
rotic bone [36, 37]. PMMA is effective because it 
interdigitates with surrounding cancellous bone 
and screw threads to distribute holding force. 
Hydroxyapatite-coated screws directly stimulate 
bone remodelling to increase screw holding 
strength.

Cannulated screws with side openings in order 
to inject PMMA around the screws and thereby 
enhance their purchase in fractures of the 
humerus, femur and tibia are already in clinical 
practice (Figs. 21.3 and 21.4). A similar principle 
can be applied to a hip screw of the proximal 

femur nail and could show to improve fixation, 
although local cement application through the 
implant was limited [28]. Fragility fractures of 
the pelvis are a cumulative index fracture of 
osteoporosis, which can be addressed by PMMA 
augmented screw fixation (Fig.  21.7) [38, 39]. 
However, these methods are limited in that 
PMMA-induced thermal necrosis may result 
in  local necrosis and might induce screw 
loosening.

Therefore calcium phosphate–based cements 
have been proposed for screw augmentation 
because the curing process is not exothermic and 
the material composition supports bone forma-
tion, which may promote fracture healing and 
long-term biologic fixation. Stadelmann et  al. 
demonstrated that calcium phosphate–based 
bone cement substantially enhanced screw pull-
out force and reduced the dependence of screw 
pullout strength on cortical fixation [40]. 
Resorbable polymers could also be used to pro-
vide the additional stability needed in osteopo-
rotic fractures until healing has occurred.

Strengthening implant fixation through the 
use of augmentation materials has shown promis-
ing mechanical and clinical results, with a major-
ity of these materials showing remarkable 
biocompatibility. Given the demographic changes 
of our ageing population, the need for early 
weight-bearing and mobilization to avoid com-
plications and the loss of function and 
 independence in older patients is of great impor-

a b

c d e f

Fig. 21.7 89-year old female (a, b): bilateral fragility fracture of the sacrum: Bilateral navigated (c) and augmented 
screw osteosynthesis. Guided K-wire (e) and cannulated screws (d): Post op x-rays (f)
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tance. Therefore, the need to develop biomateri-
als and composites that improve fixation in 
osteoporotic bone is of great importance.

First Line Arthroplasty
In case of severe joint comminution with osteo-
porotic bone and osteoarthritis, the benefit of 
internal fixation followed by prolonged non- 
weight- bearing is highly questionable. The indi-
cations for first-line arthroplasty in complex 
epiphyseal shoulder and elbow joint fractures are 
well established with the same rationale as for 
displaced femoral neck fracture in the elderly 
[41–43]. Primary arthroplasty is commonly used 
to treat acute fractures of the proximal femur, 
complex proximal humerus or elbow fractures, 
but is less common in other locations [44] 
(Fig. 21.8). However, there are good reasons for 
treating certain acute complex articular and 
metaphyseal fractures using primary replace-
ment, such as: significant symptomatic osteoar-
thritis prior to the fracture, fracture complexity, 
especially of its articular part, bone fragility mak-
ing fixation hazardous, and the need for early 
mobilization and the earliest possible resumption 
of walking in elderly patients, to avoid the decu-
bitus complications and the risk of becoming 
bed-ridden [45].

Reconstruction using primary arthroplasty in 
case of complex geriatric articular fractures 
therefore might be an interesting and promising 
surgical option, limiting the number of revision 
surgeries while addressing several main 
objectives:

1. saving the patient’s life by allowing early 
resumption of function and/or weight-bearing,

2. limiting the decubitus complications and 
preserving function, thanks to immediate unre-
stricted joint mobilization and limited loss of 
autonomy.

21.4  Surgical Aspects

Besides fracture configuration and bone quality, 
fracture stabilization in geriatric bone is deter-
mined by two other factors: The soft tissues and 
the patients’ status. Besides bone aspects, these 
factors may present particular problems as thin 
soft tissues and skin due to atrophy or malnutri-
tion, ischemic changes and poor healing, oedema, 
ulcers and chronic skin lesions. Even patient fac-
tors are often complex in the elderly, because the 
majority of patients also have medical comorbid-
ities, which require careful treatment. The soft 
tissues surrounding geriatric fractures are fre-

a b

Fig. 21.8 80-year old female: Distal femoral fracture severe osteoporosis (a): primary arthroplasty (MUTARS distal 
femur, Implantcast) (b)
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quently altered due to other concomitant diseases 
such as venous insufficiency, peripheral arterial 
disease, due to long-term cortisone intake or to 
pre-existing infections or decubitus. In these cir-
cumstances, there is a much higher risk of local 
complications when large incisions are made 
through compromised soft tissues or when long-
lasting surgeries with aggressive manipulations 
are performed. Therefore, soft tissue manage-
ment becomes even more important than in 
younger patients. The aim of surgical care after 
geriatric fracture in the elderly therefore is a sin-
gle stop fracture management with stable fracture 
fixation facilitating early full weight-bearing. 
Techniques of osteosynthesis and approaches 
have to be as less invasive as possible. Minimal 
invasive plate osteosynthesis (MIPO), intramed-
ullary nails, implants using long anatomical cor-
ridors and intra-osseous implants, using small 
incisions for insertion, are safe and prevent 
wound healing problems. An individual analysis 
of the specific benefits and drawbacks of conven-
tional techniques and their alternatives is needed 
[1].

21.5  Summary

Fracture stabilization in geriatric bone remains to 
be challenging due to bone quality, fracture pat-
terns and patients’ general status. The goal of 
returning the patient to prefracture level of func-
tion is ambitious and often difficult to achieve. 
Significant developments have taken place in 
order to address the difficulties which surgeons 
have encountered over the years in the stabiliza-
tion of osteoporotic fractures. These can be sum-
marized as being technique-related (bone 
impaction, double plating and bone augmenta-
tion), implant-related (fixed-angle devices, lock-
ing plates, coating of implants and joint 
replacement implants) or surgery-related (less 
invasive).

However, since osteoporosis is a disease that 
is nearly always subclinical until a patient sus-
tains a fragility fracture, and geriatric fractures 
are hard to treat, current management paradigms 
should continue to focus on prevention and on the 
concomitant treatment of the systemic disease.
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22.1  Introduction

Fragility fractures represent a rapidly growing 
major medical problem in terms of patient out-
come and cost. It is estimated that due to an aging 
population, the annual worldwide incidence of 
hip fractures will reach 6.26 million by the year 
2050 [1]. There is a 5–8 times greater risk of all- 
cause mortality within the first 3 months follow-
ing a hip fracture in older adults [2]. Independence 
also decreases sharply after fragility fracture, 
especially for patients whose fractures result in 
decreased mobility [3]. In a study following 733 
subjects greater than 65 years of age after a hip 
fracture, only 36% of those who were indepen-
dent in Activities of Daily Living (ADLs) prior to 
fracture returned to that level of independence 
[4]. The cost of treating hip fractures alone is 

estimated to increase to 62 billion dollars annu-
ally in the United States by the year 2040 [5]. The 
personal and economic impact of fragility frac-
tures, especially those of the hip, clearly warrants 
a thorough examination of the process of inpa-
tient management.

As the “Baby Boomer” (born between 1946 and 
1964) generation ages, the incidence of fragility 
fractures is expected to increase. For each decade 
reached after the age of 50, the risk of hip fracture 
doubles [6]. As of 2011, the Baby Boomer genera-
tion started turning 65 years old. It is estimated that 
74 million people in the United States will be 65 or 
older by 2030, a number that represents roughly 
21% of the population [7]. With continued advances 
in medicine, the percentage of the population at 
increased risk for fragility fractures will also con-
tinue to rise due to longer life expectancy.

Poor bone health, often secondary to osteopo-
rosis, contributes to fragility fractures [8]. 
Osteoporosis is the most common bone disease 
worldwide, causing an estimated 8.9  million 
fractures annually, a statistic that amounts to a 
fragility fracture approximately every 3  s [9]. 
One in three women over the age of 50 will sus-
tain an osteoporotic fracture in their lifetime [10]. 
Osteoporosis is estimated to increase in incidence 
by 87% for those aged 65–74. Unfortunately 
osteoporosis is often clinically silent, going 
untreated and resulting in a major burden in cost 
to the healthcare system due to complications 
such as fragility fracture [11].
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Fragility fractures and an aging population 
pose a threat to patients and the healthcare sys-
tem. However, by understanding and optimizing 
the process of fragility fracture management, 
physicians have an opportunity to lessen these 
threats. Strong leadership and careful interdisci-
plinary teamwork can help improve patient out-
comes and decrease the cost for the health system 
[12]. Orthopedic surgeons and geriatricians can 
improve how a health system approaches these 
patients by ensuring each member of the care 
team understands, accepts, and fulfills their role 
in the inpatient management of a fragility frac-
ture. This chapter will discuss the role of differ-
ent specialties in treating a fragility fracture 
optimizing patient safety and outcomes, and 
clearly defines the position orthopedic surgeons 
and geriatricians should assume in this process.

22.2  Establishing Goals 
of Orthogeriatric Inpatient 
Management

22.2.1  Surgery Within 24–48 h 
of Fracture

Surgical treatment of fragility fractures, espe-
cially those of the hip, within 24 h of the original 
fracture is ideal and is associated with better out-
comes for patients including decreased length of 
stay and complications, including lower mortal-
ity rates, lower rates of postoperative pneumonia, 
and fewer pressure sores [13–16]. Although 24 h 
is ideal, given some variability among studies, 
surgery should certainly be performed within 
48 h [17]. Patient safety is of utmost importance 
in the process of optimizing a patient for surgery; 
however, each test ordered should support the 
ultimate goal of early surgery. For example, 
although most institutions perform a full-body 
CT scan for high energy trauma patients, this 
“pan-scan” is typically not a necessary test for 
patients with a ground-level fall or fragility frac-
ture of the hip and should therefore be avoided.

Reducing unnecessary testing is one method 
to decrease the time to surgery for patients with 
fragility fractures. Once the patient is determined 

to be stable, tests not needed for the surgical deci-
sion and that do not provide obvious and immedi-
ate benefit to the patient should be avoided. Every 
specialty involved with the care of a fragility 
fracture patient should share a common goal for 
early surgical care within 24–48  h of fracture. 
The overall time to surgery can be decreased sig-
nificantly resulting in improved outcomes for 
patients and decreased costs to patients and 
health systems.

22.2.2  Establishing Goals of Care 
Prior to Operating

It is extremely important to understand the 
patient’s overall goals of care while completing 
the workup and optimizing a fragility fracture 
patient for surgery. Different approaches to 
patient management may be indicated depending 
on the patient’s goals of care, level of pre-fracture 
independence, and level of pain. All of these fac-
tors should be considered carefully. As one study 
with 357 participants from senior centers and 
assisted living facilities illustrated, only 11% of 
participants ranked “Staying Alive” as their high-
est priority when compared with “Independence,” 
“Pain Relief,” and “Symptom Relief” [18].

Additionally, before surgery it is important to 
understand whether the patient’s goals of care 
include specific orders such as Do Not Resuscitate 
and Do Not Intubate. Communication with the 
geriatrician, hospitalist, or primary care provider 
who is involved with the patient’s care team can 
help develop an understanding of the goals of 
care for each patient.

22.2.3  Weight-Bearing 
on Postoperative Day 1

With the prevailing goal of allowing the patient to 
bear weight immediately after hip fracture sur-
gery, careful selection of the most appropriate 
surgical procedure is of utmost importance. The 
geriatric population may struggle with limited 
weight bearing and mobility restrictions for mul-
tiple reasons including underlying dementia, 
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postoperative delirium, pre-existing functional 
limitations, and overall frailty [8]. Therefore, 
choosing a procedure that allows a patient 
“weight-bearing as tolerated” status on the 
repaired limb is optimal and associated with bet-
ter mobilization and recovery over time [19]. 
Immobility after surgery can be detrimental and 
can result in irreversible muscle loss in the geriat-
ric population [14].

To achieve the goal of “weight-bearing as tol-
erated” status immediately after surgical repair, 
clear communication must exist between the 
orthopedic surgeon performing the procedure, 
the geriatrician or hospitalist co-manager, thera-
pists, and the nursing staff caring for the patient. 
Restoring early mobility represents a key princi-
ple in orthogeriatric management allowing the 
patient to regain pre-injury function and decrease 
morbidity [20].

Even in non-hip fragility fractures, function 
and mobility remain a major goal in manage-
ment. For example, in some cases such as proxi-
mal humerus fractures where patients are 
wheelchair dependent, operating in a timely man-
ner and choosing a surgical technique that allows 
patients to weight-bear on the repaired limb is 
vitally important to minimize post-surgical com-
plications and regain pre-injury functional 
status.

22.3  A System Perspective

Three common models of care in fragility frac-
ture inpatient management are Traditional Care, a 
Consultant Team under Orthopaedic Leadership, 
and Comanaged Care [21]. Each system of care 
presents different challenges in meeting the goals 
of care for a fragility fracture, namely getting a 
patient to surgery within 24–48 h of their frac-
ture, weight-bearing as tolerated status on post-
operative day 1, decreasing functional loss, and 
decreasing length hospital stay. Improvements to 
the systems of care for fragility fractures can pro-
duce better outcomes for patients [12]. This sec-
tion will detail each of these common models and 
will highlight the advantages and disadvantages 
of each.

22.3.1  Traditional Care Model

The traditional model of care in fracture manage-
ment begins in the emergency department. 
Overcrowding of the emergency department is 
commonplace. Evidence suggests that over 90% 
of emergency departments experience over-
crowding several times per week, resulting in 
long wait times and full beds [22]. Fragility frac-
ture patients in the emergency department usu-
ally present as an obvious diagnosis, but often are 
triaged into the less acute areas of the emergency 
department due to underreported pain, higher 
acuity cases, and overcrowding [8]. Patients sus-
taining ground level falls with trauma activation 
in the emergency department regularly undergo a 
full-body CT once determined to have stable vital 
signs.

During the admission process of a fragility 
fracture patient, there may be disagreement about 
who should ultimately admit the patient, the 
medical team, or the surgical team. Such “turf 
wars” delay the patient’s admission and time to 
surgery and cause discord between two teams 
that need to have a strong interdisciplinary rela-
tionship to efficiently and effectively manage fra-
gility fractures. In the most traditional models of 
care, a fragility fracture patient would be admit-
ted under the care of the orthopedic surgeon and 
assessed for surgery. Further medical evaluation 
would be provided by the hospitalist or required 
medical subspecialist in a consultative manner 
under the direction of the orthopedic surgeon.

Medical physicians may feel uncomfortable 
with the process of optimizing a patient for early 
surgery, especially if this is not a common type of 
assessment for the consultant. Often, this care 
model results in excessive consultations and 
unnecessary testing, resulting in delayed surgery 
for fragility fracture patients [23]. Once the 
patient has been optimized by the surgical and 
medical teams, the anesthesia team will complete 
their assessment. Limited preoperative testing 
and consultation may make the anesthesiologist 
uncomfortable with proceeding to surgery, result-
ing in further delays or cancellations. These 
asynchronous and siloed evaluations waste valu-
able time. Simple protocols for fragility fracture 
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management and better communication between 
the medical, surgical, and anesthesia teams can 
help reduce these delays.

Once the patient undergoes surgery, the ortho-
pedic surgeon remains in charge of postoperative 
management, and in traditional models this por-
tion of management usually takes place in the 
orthopedic ward. As previously discussed, one of 
the goals of fragility fracture management is to 
get the patient to “weight bearing as tolerated” 
status within 24 h of operating. However, other 
comorbidities may restrict the patient’s weight- 
bearing ability and can contribute to the develop-
ment of pressure ulcers. In other models of care, 
interdisciplinary leadership may identify and 
address these comorbidities more accurately and 
decrease the risk of consequential 
complications.

Newer care models represent successive 
improvements to the Traditional Model of fragil-
ity fracture care [24]. The variations that have 
been described and examined appear as early as 
1988  in the literature, and have continued to 
evolve progressively toward more team-based 
care over the last three decades [21, 25]. While 
these developed slowly with only small changes 
made to the models over time, this chapter will 
focus on two of the more widely used and studied 
approaches.

22.3.2  Consultant Team Under 
the Leadership 
of Orthopedics

The addition of consultants to the care team of 
fragility fracture patients was one of the earlier 
changes made to the Traditional Model of Care. 
In this updated model, a team of medical consul-
tants from a variety of subspecialties provides 
recommendations for particular components of 
the patient’s care while still under the direction of 
an orthopedic surgeon [26]. The orthopedic sur-
geon still assumes the decision-making responsi-
bility of patient care from hospital admission, 
through peri- and postoperative care, and coordi-
nates the patients discharge. The medical special-
ists discuss individual cases with the orthopedic 

team and provide valuable input for the orthope-
dic surgeon’s decision-making, but this model 
again relies heavily on a single physician as the 
leader of the care team (in this case the orthope-
dist) [21].

This consultant model provides inconsistent 
benefits. In detailing the published results of this 
model of fragility fracture care, Giusti et al. have 
highlighted the differences in benefit based on 
timing of consultation [21]. If the consultation 
occurred postoperatively, no significant differ-
ences were reported between the traditional 
model of care and the consultant model [25, 26]. 
However, when the consultant team became 
involved preoperatively with daily visits, there 
was a slight decrease in hospital length of stay 
when compared with the Traditional Model of 
fragility fracture care [27, 28].

It is important to realize that the benefits seen 
here are likely from the involvement of multiple 
disciplines, albeit in a limited approach. 
Ultimately, while there are slight benefits to this 
“consultant” model of care, successive more pro-
gressive models have provided greater benefits 
both in the short and long term and for the patient 
and system at large [29]. These more complex 
models of care seek to build on this teamwork 
and apply it under different leadership strategies, 
namely a shared leadership between an orthope-
dic surgeon and a geriatrician [12].

22.3.3  Comanaged Care: Assuming 
Co-Leadership in Fragility 
Fracture Management

The comanaged care model in the inpatient man-
agement of fragility fractures is a truly interdisci-
plinary approach that involves complex and 
advanced teamwork. It evolved from many itera-
tions of approaches that stemmed from the 
Traditional Model of management and continued 
to involve multiple specialties as consultants in 
patient management [21, 25]. In the comanaged 
care model, leadership of the patient’s care team 
is shared equally between an orthopedic surgeon 
and a geriatrician (or generalist/hospitalist who 
specializes in the care of elderly patients). This 
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shared leadership presents several challenges in 
patient care and demands that those individuals 
involved in this approach communicate effec-
tively with one another.

Equally shared patient care responsibility 
between the orthopedist and geriatrician remains 
the most important guiding principle of the coman-
aged care model for fragility fracture management 
[29]. Simply put, both specialties share responsibil-
ity for seeing the patient, writing their own orders 
for the patient, and communicating with each other 
regarding management. Because the orthopedic 
surgeon and geriatrician are working in coopera-
tion, but both fully responsible for their own orders, 
this results in a more efficient and less error prone 
system of patient management [12, 29].

When a patient with a fragility fracture is 
admitted under the comanaged care model, the 
orthopedic surgeon and geriatrician will have 
consistent communication regarding the subse-
quent steps in patient care, namely in optimizing 
a patient for surgery and making a surgical deter-
mination. Because the two specialties work 
together in a collaborative setting, there should 
be no delays in admission (or turf wars”) while 
trying to determine which service will admit as 
primary team [29].

The comanaged care model of the inpatient 
management of fragility fractures is described as 
patient-centered, protocol-driven, standardized 
care [29]. The comanaged model uses standard 
orders and procedures at each step of patient 
management, while still recognizing the impor-
tance of a patient-centered approach. In other 
words, each patient will follow the same pathway 
and steps throughout their admission, but changes 
are made based on their individual needs. The 
preoperative stage of the comanaged care model 
also involves a “comprehensive geriatric consul-
tation” [29, 30]. This comprehensive consultation 
will be discussed in detail in the Sect. 22.6 later 
in this chapter.

The benefits in outcomes of fragility frac-
tures under the comanaged care model have 
been extensively reported. Friedman et al. fol-

lowed 193 patients with femoral fractures 
through a comanaged care model at the 
University of Rochester comparing outcomes to 
121 patients treated without a comanaged care 
model at a local hospital, one which shares 
some faculty and staff with the University of 
Rochester [12]. Although the patients admitted 
to the comanaged care system were signifi-
cantly older and had more comorbidities, the 
comanaged model was still associated with 
greater benefits [12]. The mean length of time 
from admission to surgery decreased from 37 h 
(standard deviation = 64 h) in the local hospital 
to 24  h (SD  =  17  h) in the comanaged care 
model at the University of Rochester (p = 0.02) 
[12] (see Table  22.1). Additionally, the mean 
length of hospital stay decreased from 8.3 days 
(SD  =  6.3) at the local hospital to 4.6  days 
(SD = 3.3) under comanaged care (p < 0.001) 
[12]. Decreasing time to surgery, as previously 
discussed, is associated with numerous benefits 
to the patient and the system in the manage-
ment of fragility fractures, and decreasing the 
hospital length of stay provides cost-saving 
advantages for the comanaged care model over 
previous systems [13–16]. Additional studies 
have also shown that the comanaged care model 
decreases major medical complications, 
decreases length of stay, decreases in hospital 
mortality, and has favorable survival curves in 
comparison to the consultant and traditional 
models [31–33].

Table 22.1 shows the outcomes (length of stay 
and time to surgery) of a comanaged care pro-
gram compared to a local hospital using usual 
care (non-comanaged care).

Given the successes of the comanaged model 
for fragility fractures, both orthopedists and geri-
atricians should commit to implementation in the 
United States and abroad. This model can be 
implemented in most hospitals in the United 
States with the commitment of a small group of 
orthopedic surgeons and geriatricians who dem-
onstrate a willingness to communicate and work 
together toward a common goal [21].
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22.4  Interdisciplinary 
Management: 
The Importance of Teamwork

The aging population has been met with a call for 
increased geriatric education at both the medical 
school and graduate levels. There is evidence to 
suggest that most medical schools have responded 
to the call by developing dedicated geriatric ini-
tiatives during training. Unfortunately, studies 
suggest that exposure between geriatric faculty 
and learners remains low with as little as 7.8% of 
geriatricians on faculty at medical schools par-
ticipating in those educational initiatives [34, 35]. 
As mentioned earlier, many disciplines beyond 
the geriatrician are needed to effectively manage 
an orthogeriatric patient including primary care 
physicians, emergency physicians, hospitalists, 
generalists, internal medicine subspecialists, and 
surgeons. With limited medical education in geri-
atrics, many inexperienced physicians may be 
unfamiliar or uncomfortable with their role in the 
management of elderly patients.

In hopes of curbing the expected rise in the 
number of fragility fractures as the population 
ages, orthopedic surgeons and geriatricians will 
need to assume leadership positions not only in 
the management of this population, but also in 
the education of those who will be part of the care 
team [1]. The fragility fracture management prin-
ciples should not only be taught at the medical 
school level but also be reinforced at the GME 
level.

When managing patients with fragility frac-
tures, each member of the team must share the 
same goals. Establishing protocols and holding 
brief interdisciplinary meetings with leaders 
from other specialties to refine those protocols is 
an imperative first step that should be taken 

toward optimizing inpatient management. For 
example, the importance of operating within 
24–48 hours of fracture, as well as allowing a fra-
gility fracture patient to “weight-bear as toler-
ated” immediately after surgery should be 
understood and accepted across disciplines and 
specialties. Additionally, allowing leaders of 
other disciplines to ask questions and express 
concerns about their specialty’s role in this pro-
cess is an important step that should take place 
here to facilitate buy-in to the system moving for-
ward. It is advised to have the involvement of a 
geriatrician in these interdisciplinary meetings, 
offering expertise on the inpatient management 
of elderly patients. As described in the coman-
aged care model, there are significant benefits to 
a co-led team by an orthopedic surgeon and geri-
atrician in the management of fragility fractures 
[29]. Having input from geriatricians in early 
meetings to establish protocol will facilitate fur-
ther interdisciplinary relationships and ensure 
that the needs of elderly patients are being met. 
To achieve the goal of early surgery for patients 
with fragility fractures, early admission to the 
hospital and avoidance of unnecessary testing are 
essential preoperative steps. The uncertainty that 
may exist around necessary vs. unnecessary pre-
operative testing for optimization for surgery 
may also be alleviated by involving a geriatrician 
in these early meetings.

22.5  Fragility Fractures: 
Emergency Department 
to Hospital Admission

Working with physicians in the emergency 
department to establish protocols and meet the 
goals of fragility fracture management is essen-

Table 22.1 Comparison of a Comanaged Care Program with usual care in Rochester, NY

Comanaged care model at 
University of Rochester

Local hospital without 
comanaged care p value

Mean time from admission 
to surgery

24 h (SD = 64) 37 h (SD = 17) 0.02

Mean length of hospital 
stay

4.6 days (SD = 3.3) 8.3 days (SD = 6.3) <0.001
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tial to avoid undergoing an extended workup that 
can significantly delay the time to surgery. 
Implementing a system that uses standardized 
orders and calls for minimal testing is often coun-
terintuitive to the usual training in this setting. 
This process requires dedication, communica-
tion, and patience from the leadership of orthope-
dic surgery, geriatrics, and the emergency 
department team.

When a fragility fracture patient presents to 
the emergency department, emergency medical 
physicians first identify the fracture based on pre-
sentation. A clear description of the injury event 
should be taken to identify the case as a fragility 
fracture, often occurring from a ground-level fall. 
It is important to note that a fragility fracture 
from a ground-level fall does not warrant the 
same protocols as a fully traumatized patient, 
such as a patient with fractures due to a motor 
vehicle accident or a fall from significant height. 
If the patient is deemed stable by the emergency 
medicine physician, a standardized order set 
should be activated, allowing the patient to be 
admitted under the co-leadership of the orthope-
dic surgeon and the geriatrician [29].

A clear and accurate history is also essential 
once the fracture has been identified as a fragility 
fracture. Clear communication and transfer of 
records if available when the patient presents in 
the emergency department is paramount. Many 
geriatric patients that have sustained a fragility 
fracture are transferred to the hospital from nurs-
ing homes or assisted living facilities; records 
from these facilities should arrive with the patient 
but occasionally are not sent [36, 37]. Records 
are helpful in ascertaining the patient’s pre-injury 
functional status, determining any history of cog-
nitive issues which may increase the risk of delir-
ium, and providing an accurate medication list to 
reconcile. Having accurate records can guide 
decision making throughout the patient’s hospital 
stay and help determine goals, especially trying 
to regain pre-injury functional status and 
independence.

Beyond having records that outline the 
patient’s co-morbidities, pre-hospital functional 
and cognitive status, having a complete record of 
the patient’s medication list is imperative. During 

the comprehensive geriatric assessment on 
admission, the medication list is reconciled and 
reviewed as medications can contribute to falls, 
fractures, and the unintended and unwanted 
sequela of the inpatient admission such as delir-
ium. An effective geriatric assessment has been 
shown to decrease delirium by over one-third 
[29, 38].

Common pitfalls befalling timely admission 
to orthopedic surgery and geriatrics include 
unnecessary testing in the emergency department 
and “turf wars” in models that do not have defined 
co-leadership in the management of fragility 
fractures. Overuse of imaging is a common 
example of unnecessary testing in fragility frac-
tures of the hip. A plain X-ray of the hip is most 
often sufficient in making a surgical determina-
tion for these patients and should be taken instead 
of a CT scan if the patient is deemed to be stable 
and is suspected to have a fragility fracture of the 
hip [8].

As stated, under a comanaged care model of 
fragility fracture management, the patient would 
be admitted to a team led by an orthopedic sur-
geon and a geriatrician to meet the goal of operat-
ing within 24–48 h after a fragility fracture [29]. 
Given the defined co-leadership and cooperation 
between the surgeon and geriatrician in the 
comanaged care model, no one specialty needs to 
rationalize, explain, or authorize, to which ser-
vice the patient will ultimately be admitted. 
However, in systems other than comanaged care, 
these types of disagreements occur routinely.

22.6  Efficiency and Safety 
in the Preoperative 
Assessment

Once admitted, safe and efficient optimization of 
the fragility fracture patient for surgery should 
take place. Within the comanaged care model, the 
orthopedic surgeon and geriatrician may submit 
their own orders during this time to reduce iatro-
genic errors; however, a standardized order set is 
used to reduce unnecessary tests and wasted time 
in the optimization of the patient [29, 30]. These 
standardized order sets avoid medications that 
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cause delirium, while providing a guide for medi-
cal management using generic medications to 
reduce cost [29]. It is important to note that the 
comanaged care model is “patient-centered,” 
meaning at any point during this workup, the pro-
tocols can be adjusted to meet the individual 
needs of the patient.

Anesthesia management will be detailed in a 
later section, but it is important to note that early 
communication with the anesthesia team during 
the preoperative period can help reduce delays 
before surgery after a patient is optimized [8].

The “comprehensive geriatric assessment” is 
an integral step in the comanaged care of fragility 
fractures [30]. During this encounter, the geriatri-
cian will see the patient and provide a compre-
hensive assessment including reconciliation of 
medications. Given the prevalence of polyphar-
macy, increasing rates of adverse drug events, 
including drug–drug interactions medications 
may be held prior to surgery or stopped com-
pletely [39, 40]. Additionally, the geriatrician 
working with the patient may add medications at 
this visit that will help optimize the patient or 
manage pain appropriately without inducing 
delirium.

During this same encounter, the geriatrician 
will perform a mental status exam, functional sta-
tus exam, and determine goals of care with the 
patient [29]. Ideally the mental status exam will 
identify patients with underlying cognitive 
impairment with or without superimposed delir-
ium. Hip fracture patients commonly develop 
delirium, with a prevalence estimated at up to 
61% [41]. As mentioned, identifying medications 
that could contribute to the development of delir-
ium is imperative. Because pre-injury functional 
status is a predictor of patient outcomes, deter-
mining the patient’s pre-hospital functional status 
is a necessary part of the geriatric assessment. 
Evidence suggests that patients with low func-
tional status may be 1.7 times more likely to die 
after hip fracture [42]. The patient’s pre-injury 
functional status will also help inform the sur-
geon when selecting a surgical technique or 
implant to best regain function [29, 43]. The geri-
atrician will also determine if the patient has spe-
cific goals of care such as Do Not Resuscitate and 

Do Not Intubate. Patient’s goals vary; as a leader 
in orthogeriatric management, understanding a 
patient’s expectations and respecting their goals 
is vitally important to providing compassionate 
care to patients with fragility fracture [18]. It is 
essential that the care team does not lose focus of 
this tenant while optimizing a fracture program.

Reviewing additional tests should be the 
responsibility of both the orthopedic surgeon and 
the geriatrician in the comanaged care model. 
This requires constant communication so that 
each physician is aware of the tests the other 
orders and the reasoning behind them [21]. 
Commonly the tests ordered during the workup 
of these fractures include a Basic Metabolic 
Panel, Complete Blood Count (CBC), 
Prothrombin Time (PT), Partial Thromboplastin 
Time (PTT), and Hematocrit (Hct) [8]. It is 
important to limit the number of tests ordered to 
decrease time to surgery, but these standard tests 
should be ordered for every patient and need to 
be included in the standard order sets in the 
comanaged care model.

The patient should be screened for anemia 
with a CBC. The anemia may be corrected before 
surgery if the hemoglobin is below 10 g, and the 
patient is at risk for excessive blood loss during 
the surgical repair. Should the patient present 
with a hemoglobin below 10  g, the co-led care 
team should consider a transfusion to minimize 
blood loss [8]. Significant electrolyte abnormali-
ties should be corrected before surgery. Geriatric 
patients often present with dehydration after lay-
ing on the ground for extended time after a fall 
and should be adequately hydrated. In fact, evi-
dence suggests that greater than one-third of 
older patients presenting to the hospital with 
medical emergencies suffer from hyperosmolar 
dehydration [44].

The prothrombin time (INR) and partial 
thromboplastin time should also be measured in 
the preoperative assessment to evaluate for coag-
ulopathies and determine the risk of excessive 
blood loss during operation. Many geriatric 
patients take medication such as warfarin for 
anti-coagulation, and thus the INR is often ele-
vated. The goal in preoperative management is to 
lower the INR to below 1.5. However, this goal is 
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not without controversy; variation has been 
shown in the management of semi-urgent hip 
fracture patients on warfarin with INR higher 
than 1.5 [45, 46]. Usually though, early reversal 
of anticoagulation is feasible and will allow for 
earlier surgery and the observed benefits of oper-
ation within 24–48  h [17, 47]. Oral vitamin K 
should be used to lower the INR preoperatively, 
and fresh frozen plasma may be infused periop-
eratively during the operation to further reduce 
blood loss in patients with elevated INR.

A urinalysis should be performed if the patient 
displays any symptoms of infection. Having a 
urinary tract infection has been shown to increase 
the relative risk of a superficial wound infection 
for patients undergoing orthopedic surgery by a 
2:1 ratio [48]. Even patients with asymptomatic 
urinary tract colonization have been shown to 
have higher rates of superficial wound infection 
in orthopedic surgery [48].

If indicated based on presentation, the geria-
trician managing the patient may order an elec-
trocardiogram to review for abnormalities or 
changes from previous tracings to rule out a myo-
cardial infarction. However, extensive cardiovas-
cular testing that does not provide immediate 
benefit to the patient or increase safety in the sur-
gical procedure should be avoided otherwise, as 
it can delay time to surgery [8]. If the geriatrician 
does not feel that an electrocardiogram is essen-
tial for care during the preoperative stage, it is not 
necessary [30]. Additionally, patients with high 
cardiovascular risk factors already on beta- 
blockers will likely continue that class of medica-
tion during the perioperative period to help 
mitigate adverse cardiovascular events [49, 50].

Under the comanaged care model, very few 
consultations other than the comprehensive geri-
atric assessment take place for most patients. 
Once the patient has been evaluated, they are cat-
egorized into “low, medium, high, and very high” 
risk groups [29]. As soon as the patient is consid-
ered optimized for surgery by the geriatrician and 
the orthopedic surgeon under the comanaged 
care model, surgery should be scheduled. If the 
patient is at very high risk for surgery and the 
case is complicated, the surgery should be com-
pleted when a full support team is present. 

Patients should also be started on antibiotic treat-
ment within 1 h of incision, and stopped <24 h 
after the surgical procedure is completed to 
decrease the risk of wound infection [8].

22.7  Anesthesia Management 
for Fragility Fractures

The anesthesia team should be informed of the 
patient’s case early in management and notified 
of scheduling of surgery as soon as it takes place. 
Communication between the anesthesia team and 
the leadership of each case will help eliminate 
delays and cancellations. In complex cases, early 
involvement allows for the anesthesiologist to 
express concerns and work with the patient’s 
leadership team to promptly address them preop-
eratively. Additionally, the anesthesia team 
should be informed of the results of the compre-
hensive geriatric assessment to address any issues 
well before the operation takes place. This model 
requires strong interdisciplinary relationships 
which can be formed through early involvement 
in cases, clear communication, and respect. 
Departmental leadership in all disciplines 
involved can help facilitate these relationships 
both through organized meetings and personal 
mentorship and counseling.

There is some debate on the optimal anesthe-
sia technique for the management of fragility 
fractures. Many decisions on anesthesia manage-
ment will vary depending on the type of fracture 
the patient presents with, as well as the recom-
mendations of the geriatrician and the anesthesi-
ologist involved. However, there is evidence that 
regional anesthesia be associated with decreased 
complications and even decreased mortality rates 
for some fragility fractures. In a study of 
New York state hospitals following patients with 
hip fractures performed by Neuman et  al., 
regional anesthesia was found to have a 29% 
decreased adjusted odds of mortality over general 
anesthesia, and a 24% decreased adjusted odds of 
inpatient pulmonary complications [51]. It should 
be noted that these benefits significantly varied 
with the type of fracture, with intertrochanteric 
fractures displaying the above significant differ-
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ences but femoral neck fractures not showing 
similar associations with mortality or inpatient 
pulmonary complications. In other potential ben-
efits, regional anesthesia has also been shown to 
decrease delirium, and thus a neuraxial blockade 
should be used when possible for patients at 
increased risk [52]. Again, fragility fracture man-
agement should be patient-centered, and there-
fore adjustments can be made to standardized 
protocols to fit the needs of each patient depend-
ing on comorbidities or differing goals of care.

For more detailed information on anesthesia, 
see “Functional Recovery After Hip Fracture” 
(Chap. 37). For more information on delirium, 
see “Functional Recovery After Hip Fracture” 
(Chap. 37).

22.8  Guiding Principles 
in Choosing a Surgical 
Technique

The vast majority of fragility fractures will 
require surgical intervention. Infrequently, how-
ever, a patient will present with a non-displaced 
fragility fracture that can be managed nonopera-
tively. When possible, these fractures should be 
managed without surgery if the patient is expected 
to regain pre-injury functional status. Again, the 
patient’s goals of care and functional status 
should be ascertained prior to this 
determination.

Returning to pre-fracture level of function 
through early intervention and immediate weight 
bearing as tolerated remains the primary goal in 
the surgical intervention of fragility fractures, 
especially fragility fractures of the hip. A surgical 
technique should be chosen that allows for 
weight-bearing as tolerated on the joint [53]. 
Fully defining this goal for each patient requires 
a full understanding of the patient’s functional 
status before the fracture, and again highlights 
the importance of the comprehensive geriatric 
assessment, including a functional status 
assessment.

If the fracture is stable and non-displaced, 
often this can be treated with fixation. However, 
this is joint, fracture, and patient specific; comor-

bidities and goals should be weighed during sur-
gical determination. Fixation is also more often 
used in younger patients, or patients with high 
pre-injury function. For fractures that are irrepa-
rable or with a high likelihood of failure in fixa-
tion, arthroplasty may be indicated. The choice of 
surgical technique should also be guided by the 
skill of the surgeon, meaning that orthopedic sur-
geons who are more familiar with joint replace-
ments may be more likely to perform that 
procedure, and surgeons who are less familiar 
with total joint replacement may opt for hemiar-
throplasty [8].

Ultimately, “weight-bearing as tolerated” sta-
tus within 1 day of surgery and maintaining func-
tional status remain guiding principles when 
choosing a surgical technique in a fragility frac-
ture patient. Once the fracture has been repaired 
and confirmatory imaging has been completed, 
geriatric patients should be allowed to bear 
weight immediately to aid in recovery [19]. Many 
elderly patients may use assistive devices such as 
canes, walkers, and wheelchairs to help maintain 
functional independence. Therefore, including 
fractures of the humerus and wrist in this discus-
sion is necessary as the ability to bear weight 
postoperatively on the repaired upper limb will 
impact early mobilization in these patients.

Specifics of surgical techniques are largely 
outside the scope of this chapter; for more infor-
mation please see “Functional Recovery After 
Hip Fracture” (Chap. 37).

22.9  Effective Postoperative 
Management

Within a comanaged care fracture program, the 
leading orthopedic surgeon and geriatrician pro-
vide the standardized order sets specific to the 
institution [12]. These standard order sets are 
established to decrease the incidence of delirium 
in the postoperative period and should not include 
“deliriogenic” medications. The standardized 
order sets should also address bone health as 
GLFs or low energy hip fractures indicate osteo-
porosis. As a first step a Vit D level should be 
checked [8]. Antibiotics initiated perioperatively 
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should be stopped within 24 h after the procedure 
[8]. Postoperatively each physician continues to 
write their own orders and communicate fre-
quently with the other physician to decrease iat-
rogenic errors [12]. Beyond physician orders, 
standardized nursing care plans should be used, 
and both the orthopedic surgeon and the geriatri-
cian continue to assume a shared responsibility 
for the patient’s care.

Immediately after surgery, the patient should 
start bearing weight on the limb as tolerated. 
Often it is not possible for elderly patients to 
limit their weight-bearing status, and early mobi-
lization is essential to regain pre-injury func-
tional status [29]. Mobilization is not only 
necessary for functional outcomes, but to help 
mitigate delirium as well. For each day a patient 
does not ambulate after a hip fracture, they have 
an increased risk of developing postoperative 
delirium [54]. Each member of the postoperative 
care team including nursing, therapies, care part-
ners, and providers must understand this crucial 
component to recovery and work together to 
mobilize patients.

Other prevention strategies to decrease the 
risk of postoperative delirium include family or 
friends at bedside [40] and removal of all 
restraints and tethers as soon as possible, includ-
ing catheters, nasal cannula, and IVs. Patients 
should be allowed and encouraged to wear their 
glasses and hearing-aids during their entire hos-
pital stay, as this has also been shown to decrease 
the risk of delirium [38, 55]. The patient should 
also undergo a daily evaluation by the geriatri-
cian to identify whether they are at increased risk 
of delirium or exhibiting signs of delirium. 
Medications with an increased risk for causing 
delirium should be avoided during this period as 
well. For more on avoiding delirium in the man-
agement of fragility fractures, please see 
“Functional Recovery After Hip Fracture” 
(Chap. 37).

It can be difficult to accurately quantify a fra-
gility fracture patient’s pain postoperatively. 
Elderly patients have been shown to have a higher 
pain threshold and have a tendency to not accu-
rately report their pain [56, 57]. While there is 
some conflicting evidence regarding pain man-

agement in elderly patients, especially those with 
fragility fractures of the hip, a few guiding prin-
ciples do exist. Low doses of opioids as needed 
may be used in conjunction with consistent acet-
aminophen as an effective strategy with minimal 
side effects. The side effects of non-steroidal 
anti-inflammatory medications (NSAIDs) are 
well documented and can include acute kidney 
injury, gastrointestinal bleeding, and the develop-
ment of delirium [58]. However, there is also evi-
dence that NSAIDs reduce the opioid dose 
needed to control pain and opioid side-effects, 
and therefore may be considered in selected 
patients [59]. All deliriogenic medications should 
be avoided in managing pain and postoperative 
symptoms. Certain muscle relaxants and neuro-
pathic pain agents may be contraindicated, and 
the Beers Criteria should be reviewed to help 
determine the appropriate medications [60].

Patients undergoing surgical treatment of fra-
gility fractures should be treated with anticoagu-
lants postoperatively to avoid complications such 
as deep venous thrombosis, stroke, or pulmonary 
embolism. Rapid anticoagulative agents such as 
unfractionated heparin and low molecular weight 
heparins can be considered. Complications asso-
ciated with heparin include bleeding from the 
incision site, risk of heparin-induced thrombocy-
topenia (HIT), and risk of heparin-induced 
thrombocytopenia with thrombosis (HITT). 
Therefore, patients who receive unfractionated 
heparin should be monitored closely. Low molec-
ular weight heparins are a good alternative to 
unfractionated heparin as they have a lower risk 
of HIT and do not require the same intensity in 
monitoring. However, low molecular weight hep-
arins are often expensive and are injected subcu-
taneously, which can be cumbersome [8]. 
Fondaparinux is another expensive anticoagulant 
that primarily inhibits factor Xa in the coagula-
tion cascade. Despite the expense, fondaparinux 
is an effective medication for thromboembolic 
prophylaxis and therefore should be considered 
in patients undergoing surgical management of 
fragility fractures.

Warfarin is an inexpensive medication that 
can be used as thromboprophylaxis in patients 
undergoing surgery for a fragility fracture. As an 
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oral medication, this is an easily administered 
anticoagulant, but also presents a risk for bleed-
ing and warfarin-induced skin necrosis. Patients 
taking warfarin should be closely monitored by 
following the INR to assess the risk of bleeding 
and other complications. Additionally, warfarin 
takes 72–96 h to reach a peak plasma level, which 
is significantly longer than unfractionated hepa-
rin and the low molecular weight heparins [61]. 
This time frame is not ideal for patients undergo-
ing a surgery for fragility fracture. Newer antico-
agulative agents such as coagulation factor Xa 
inhibitors are also commonly used in as thrombo-
prophylaxis in the postoperative period. These 
medications include apixaban and rivaroxaban 
and have proven effective at minimizing postop-
erative complications such as deep vein thrombo-
sis and pulmonary embolism [62]. The benefits, 
costs, and side effects of each medication should 
be discussed between the fragility fracture co- 
leadership team to reach a consensus for 
thromboprophylaxis.

In fragility fracture patients, pressure sores are 
a painful and detrimental consequence and can 
lead to infection and subsequent complications. 
As discussed, patients undergoing fragility frac-
ture management should be weight-bearing 
within 24 h of operation. This should help effec-
tively minimize the development of pressure 
sores after operation, but additional measures 
should also be taken. Frequent repositioning 
postoperatively, pressure-reducing mattresses, 
and avoidance of compression clothing are 
important ways that the care team should avoid 
pressure sore development in fragility fracture 
patients. There is also evidence that the risk of 
pressure sore development may also be decreased 
by nutritional supplements and moisturizing 
sacral skin [63]. Delirium has also been associ-
ated with the development of pressure sores [64]. 
Therefore, minimizing medications that may 
cause delirium and adhering to protocols dis-
cussed earlier (no restraints to the bed, etc.) are 
additional methods of reducing the incidence of 
pressure sores.

Management of the patient’s osteoporosis and 
prevention of a secondary fragility fracture are 
discussed in a later section. However, it should be 

noted here that it is the role of both the orthopedic 
surgeon and the geriatrician as a team to counsel 
the patient regarding bone health and the need for 
follow up. Fragility fractures are the result of 
suboptimal bone health, and therefore patients 
are at risk for sustaining another fragility frac-
ture. The postoperative period is a time when 
physicians involved in inpatient management 
have an opportunity to intervene in this cycle.

The vast majority of fragility fracture patients 
will continue rehabilitation at a Skilled Nursing 
Facility following discharge [12, 30]. In the 
comanaged model, the patient (and SNF staff) 
should be given standard instructions and their 
final medication list. The orthopedic surgeon and 
geriatrician should have both reviewed this list, 
discontinuing potentially harmful medications or 
medications that may have had drug–drug inter-
actions due to “polypharmacy” [29, 40]. The 
orthopedic surgeon should follow-up with the 
patient regarding their bone health and their reha-
bilitation; after a successful discharge from the 
skilled nursing facility patients usually return to 
their previous primary care home and do not 
require formal follow up with the geriatrician 
[29].

22.10  Secondary Prevention 
of Fragility Fractures: 
The Role of a Fragility 
Fracture Care Team

Sustaining a fragility fracture of any kind is a 
major risk factor for the development of another 
fragility fracture. A patient’s risk of sustaining a 
major osteoporotic fracture increases 2.7-fold in 
the first year after sustaining a first major osteo-
porotic fracture, with the risk declining over time 
[65]. Immediate and long-term interventions are 
essential to help decrease the risk of a secondary 
fracture due to poor bone health. Studies suggest 
that many patients with these fractures are not 
being effectively evaluated and treated for osteo-
porosis [66, 67]. Within the comanaged model of 
a fragility fracture, there are steps that the care 
team can take to decrease the patient’s risk of 
sustaining a second fragility fracture and ensure 
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the patient understands the importance of follow-
ing up on their bone health.

While the specifics of secondary prevention 
of fragility fractures are largely outlined in the 
Chaps. 36 and 37, the role that orthopedic sur-
geons and geriatricians should take in preven-
tion will be outlined here. This is an opportunity 
for those managing the fragility fracture to have 
an impact other than direct treatment. Although 
the patient should be started on vitamin D ther-
apy during inpatient management as a first step 
for the treatment of osteoporosis, stressing to 
the patient that they should closely monitor 
their bone health with their primary care physi-
cian is an important step in management and 
can be undertaken by either the orthopedic sur-
geon or the geriatrician leading the patient’s 
care team [29].

22.11  Leadership in Implementing 
a Fragility Fracture Program

The co-managed care model has been studied 
and proven to be an effective model given due to 
the extensive benefits shown in patient outcome 
and cost-reduction [12, 29, 30, 68]. However, 
based on local practice patterns and established 
relationships, these leadership tenants may be 
used to optimize other systems of management 
already in place.

22.11.1  Individual Counseling

The new fragility fracture protocol may represent 
a drastic change to the way the institution man-
ages these cases and may be very different than 
how physicians involved in the new program 
were initially trained in the management of these 
patients. Orthopedic and geriatric leadership 
need to be aware that such a change may be very 
difficult for some physicians if they feel previous 
handling of these fractures provided better care. 
In these situations, one-on-one counseling can 
make a major difference for physicians. These 
are not meant to be meetings where physicians 
feel forced into a new protocol that they are 

uncomfortable with. Rather, they should be an 
open dialogue between the leadership of the spe-
cialty involved and the individual physician. The 
goal is to understand why an individual may feel 
strongly about how they have previously handled 
these fractures and address differences. These 
counseling sessions build rapport between people 
involved in these fragility fracture programs and 
will help facilitate communication and respect 
between all involved.

22.11.2  Patience

Sweeping changes to conventional hospital pro-
tocol take significant time to solidify and produce 
results, even when they are within one depart-
ment. Given the degree of interdisciplinary 
dependence and teamwork involved in imple-
menting an effective fragility fracture protocol, 
this process may take longer than expected for 
each specialty to consistently make the necessary 
changes. Having an awareness of this opposition 
to change and setting smaller achievable goals 
should help the adoption and acceptance of the 
comanaged fragility fracture program over time.

Working toward manageable goals is an effec-
tive way to ensure that everyone is participating 
in the program. For example, ensuring that 90% 
of fragility fracture patients will have a compre-
hensive geriatric consult within 6 h of admission 
would be a good starting point to ensure geriatri-
cians are fully involved in the fragility fracture 
program. Early notification of the anesthesiology 
team within 6 h of fragility fracture patient’s hos-
pital admission with the goal to decrease delays 
and cancellations due to uncertainty in the anes-
thesia decision-making will help garner support 
from the anesthesia team.

Regardless of how the short-term goals are 
set, the overall objective remains the same in 
orthogeriatric inpatient comanagement: imple-
ment a patient-centered, protocol-driven, stan-
dardized care program for fragility fractures. 
Operating this system with compassion and 
adjusting for the patient’s functional status and 
overall goals allow for the optimal care of a wide 
variety of patients with fragility fractures.

22 Orthogeriatric Inpatient Management



204

References

 1. Cooper C, Campion G, Melton LJ 3rd. Hip fractures 
in the elderly: a world-wide projection. Osteoporos 
Int. 1992;2:285–9.

 2. Haentjens P, Magaziner J, Colon-Emeric CS, et  al. 
Meta-analysis: excess mortality after hip fracture 
among older women and men. Ann Intern Med. 
2010;152:380–90.

 3. Schemitsch EH, Sprague S, Heetveld MJ, et al. Loss of 
independence after operative management of femoral 
neck fractures. J Orthop Trauma. 2019;33:292–300.

 4. Tang VL, Sudore R, Cenzer IS, et al. Rates of recov-
ery to pre-fracture function in older persons with hip 
fracture: an observational study. J Gen Intern Med. 
2017;32:153–8.

 5. Youm T, Koval KJ, Zuckerman JD.  The economic 
impact of geriatric hip fractures. Am J Orthop. 
1999;28:423–8.

 6. Friedman SM, Mendelson DA. Epidemiology of fra-
gility fractures. Clin Geriatr Med. 2014;30:175–81.

 7. Wallman K.  Older Americans—key indicators of 
well-being. In: Federal Interagency Forum on Aging 
Related Statistics; 2016.

 8. Mears SC, Kates SL. A guide to improving the care 
of patients with fragility fractures, edition 2. Geriatr 
Orthop Surg Rehabil. 2015;6:58–120.

 9. Johnell O, Kanis JA.  An estimate of the worldwide 
prevalence and disability associated with osteoporotic 
fractures. Osteoporos Int. 2006;17:1726–33.

 10. Melton LJ 3rd, Chrischilles EA, Cooper C, et  al. 
Perspective. How many women have osteoporosis? J 
Bone Miner Res. 1992;7:1005–10.

 11. Kling JM, Clarke BL, Sandhu NP. Osteoporosis pre-
vention, screening, and treatment: a review. J Womens 
Health (Larchmt). 2014;23:563–72.

 12. Friedman SM, Mendelson DA, Bingham KW, et  al. 
Impact of a comanaged Geriatric Fracture Center on 
short-term hip fracture outcomes. Arch Intern Med. 
2009;169:1712–7.

 13. Al-Ani AN, Samuelsson B, Tidermark J, et al. Early 
operation on patients with a hip fracture improved 
the ability to return to independent living. A prospec-
tive study of 850 patients. J Bone Joint Surg Am. 
2008;90:1436–42.

 14. Orosz GM, Magaziner J, Hannan EL, et al. Association 
of timing of surgery for hip fracture and patient out-
comes. JAMA. 2004;291:1738–43.

 15. Pioli G, Frondini C, Lauretani F, et al. Time to sur-
gery and rehabilitation resources affect outcomes 
in orthogeriatric units. Arch Gerontol Geriatr. 
2012;55:316–22.

 16. Simunovic N, Devereaux PJ, Sprague S, et al. Effect 
of early surgery after hip fracture on mortality and 
complications: systematic review and meta-analysis. 
CMAJ. 2010;182:1609–16.

 17. Moja L, Piatti A, Pecoraro V, et  al. Timing matters 
in hip fracture surgery: patients operated within 48 
hours have better outcomes. A meta-analysis and 

meta-regression of over 190,000 patients. PLoS One. 
2012;7:e46175.

 18. Fried TR, Tinetti ME, Iannone L, et  al. Health out-
come prioritization as a tool for decision making 
among older persons with multiple chronic condi-
tions. Arch Intern Med. 2011;171:1854–6.

 19. Hoffmann RH, Np. Femur:proximal. In: Ruedi TP, 
Murphy WM, editors. AO principles of fracture man-
agement. New York: Thieme; 2000. p. 441–54.

 20. Siu AL, Penrod JD, Boockvar KS, et al. Early ambula-
tion after hip fracture: effects on function and mortal-
ity. Arch Intern Med. 2006;166:766–71.

 21. Giusti A, Barone A, Razzano M, et  al. Optimal set-
ting and care organization in the management of older 
adults with hip fracture. Eur J Phys Rehabil Med. 
2011;47:281–96.

 22. Derlet R, Richards J, Kravitz R. Frequent overcrowd-
ing in U.S. emergency departments. Acad Emerg 
Med. 2001;8:151–5.

 23. Katz RI, Cimino L, Vitkun SA.  Preoperative medi-
cal consultations: impact on perioperative man-
agement and surgical outcome. Can J Anaesth. 
2005;52:697–702.

 24. Pioli G, Giusti A, Barone A. Orthogeriatric care for 
the elderly with hip fractures: where are we? Aging 
Clin Exp Res. 2008;20:113–22.

 25. Gilchrist WJ, Newman RJ, Hamblen DL, et  al. 
Prospective randomised study of an orthopaedic geri-
atric inpatient service. BMJ. 1988;297:1116–8.

 26. Naglie G, Tansey C, Kirkland JL, et al. Interdisciplinary 
inpatient care for elderly people with hip fracture: a 
randomized controlled trial. CMAJ. 2002;167:25–32.

 27. Khasraghi FA, Christmas C, Lee EJ, et al. Effectiveness 
of a multidisciplinary team approach to hip fracture 
management. J Surg Orthop Adv. 2005;14:27–31.

 28. Swanson CE, Day GA, Yelland CE, et al. The man-
agement of elderly patients with femoral fractures. A 
randomised controlled trial of early intervention ver-
sus standard care. Med J Aust. 1998;169:515–8.

 29. Kates SL, Mendelson DA, Friedman SM. Co-managed 
care for fragility hip fractures (Rochester model). 
Osteoporos Int. 2010;21:S621–5.

 30. Friedman SM, Mendelson DA, Kates SL, et  al. 
Geriatric co-management of proximal femur frac-
tures: total quality management and protocol-driven 
care result in better outcomes for a frail patient popu-
lation. J Am Geriatr Soc. 2008;56:1349–56.

 31. Barone A, Giusti A, Pizzonia M, et al. A comprehen-
sive geriatric intervention reduces short- and long- 
term mortality in older people with hip fracture. J Am 
Geriatr Soc. 2006;54:711–2.

 32. Gonzalez-Montalvo JI, Alarcon T, Mauleon JL, et al. 
The orthogeriatric unit for acute patients: a new model 
of care that improves efficiency in the management of 
patients with hip fracture. Hip Int. 2010;20:229–35.

 33. Vidan M, Serra JA, Moreno C, et  al. Efficacy of a 
comprehensive geriatric intervention in older patients 
hospitalized for hip fracture: a randomized, controlled 
trial. J Am Geriatr Soc. 2005;53:1476–82.

Z. A. Kons et al.



205

 34. Eleazer GP, Doshi R, Wieland D, et al. Geriatric con-
tent in medical school curricula: results of a national 
survey. J Am Geriatr Soc. 2005;53:136–40.

 35. Warshaw GA, Bragg EJ, Shaull RW, et al. Academic 
geriatric programs in US allopathic and osteopathic 
medical schools. JAMA. 2002;288:2313–9.

 36. Jones JS, Dwyer PR, White LJ, et al. Patient transfer 
from nursing home to emergency department: out-
comes and policy implications. Acad Emerg Med. 
1997;4:908–15.

 37. Sweitzer BJ.  Preoperative screening, evaluation, 
and optimization of the patient’s medical status 
before outpatient surgery. Curr Opin Anaesthesiol. 
2008;21:711–8.

 38. Marcantonio ER, Flacker JM, Wright RJ, et  al. 
Reducing delirium after hip fracture: a randomized 
trial. J Am Geriatr Soc. 2001;49:516–22.

 39. Baranzini F, Diurni M, Ceccon F, et  al. Fall-related 
injuries in a nursing home setting: is polypharmacy a 
risk factor? BMC Health Serv Res. 2009;9:228.

 40. Jyrkka J, Enlund H, Korhonen MJ, et al. Polypharmacy 
status as an indicator of mortality in an elderly popu-
lation. Drugs Aging. 2009;26:1039–48.

 41. Inouye SK, Westendorp RG, Saczynski JS. Delirium 
in elderly people. Lancet. 2014;383:911–22.

 42. Berry SD, Samelson EJ, Bordes M, et  al. Survival 
of aged nursing home residents with hip fracture. J 
Gerontol A Biol Sci Med Sci. 2009;64:771–7.

 43. Robinson TN, Eiseman B, Wallace JI, et al. Redefining 
geriatric preoperative assessment using frailty, disabil-
ity and co-morbidity. Ann Surg. 2009;250:449–55.

 44. El-Sharkawy AM, Watson P, Neal KR, et al. Hydration 
and outcome in older patients admitted to hospital 
(The HOOP prospective cohort study). Age Ageing. 
2015;44:943–7.

 45. Ashouri F, Al-Jundi W, Patel A, et  al. Management 
of warfarin anticoagulation in patients with fractured 
neck of femur. ISRN Hematol. 2011;2011:294,628.

 46. Cohn MR, Levack AE, Trivedi NN, et  al. The hip 
fracture patient on warfarin: evaluating blood loss and 
time to surgery. J Orthop Trauma. 2017;31:407–13.

 47. Gleason LJ, Mendelson DA, Kates SL, et  al. 
Anticoagulation management in individuals with hip 
fracture. J Am Geriatr Soc. 2014;62:159–64.

 48. Ollivere BJ, Ellahee N, Logan K, et al. Asymptomatic 
urinary tract colonisation predisposes to superficial 
wound infection in elective orthopaedic surgery. Int 
Orthop. 2009;33:847–50.

 49. Van Klei WA, Bryson GL, Yang H, et  al. Effect of 
beta-blocker prescription on the incidence of post-
operative myocardial infarction after hip and knee 
arthroplasty. Anesthesiology. 2009;111:717–24.

 50. Wallace AW, Au S, Cason BA. Association of the pat-
tern of use of perioperative beta-blockade and postop-
erative mortality. Anesthesiology. 2010;113:794–805.

 51. Neuman MD, Silber JH, Elkassabany NM, et  al. 
Comparative effectiveness of regional versus gen-
eral anesthesia for hip fracture surgery in adults. 
Anesthesiology. 2012;117:72–92.

 52. Sieber FE, Zakriya KJ, Gottschalk A, et al. Sedation 
depth during spinal anesthesia and the development of 
postoperative delirium in elderly patients undergoing 
hip fracture repair. Mayo Clin Proc. 2010;85:18–26.

 53. Koval KJ, Sala DA, Kummer FJ, et al. Postoperative 
weight-bearing after a fracture of the femoral neck or 
an intertrochanteric fracture. J Bone Joint Surg Am. 
1998;80:352–6.

 54. Kamel HK, Iqbal MA, Mogallapu R, et  al. Time to 
ambulation after hip fracture surgery: relation to hos-
pitalization outcomes. J Gerontol A Biol Sci Med Sci. 
2003;58:1042–5.

 55. Inouye SK. Delirium after hip fracture: to be or not to 
be? J Am Geriatr Soc. 2001;49:678–9.

 56. Chai E, Horton JR. Managing pain in the elderly pop-
ulation: pearls and pitfalls. Curr Pain Headache Rep. 
2010;14:409–17.

 57. Gibson SJ, Helme RD.  Age-related differences 
in pain perception and report. Clin Geriatr Med. 
2001;17:433–56, v–vi.

 58. Wongrakpanich S, Wongrakpanich A, Melhado K, 
et al. A comprehensive review of non-steroidal anti- 
inflammatory drug use in the elderly. Aging Dis. 
2018;9:143–50.

 59. Marret E, Kurdi O, Zufferey P, et al. Effects of nonste-
roidal antiinflammatory drugs on patient- controlled 
analgesia morphine side effects: meta-analysis 
of randomized controlled trials. Anesthesiology. 
2005;102:1249–60.

 60. By the American Geriatrics Society Beers Criteria 
Update Expert P.  American Geriatrics Society 2019 
updated AGS beers criteria(R) for potentially inap-
propriate medication use in older adults. J Am Geriatr 
Soc. 2019;67:674–94.

 61. Ansell J. Warfarin versus new agents: interpreting the 
data. Hematology Am Soc Hematol Educ Program. 
2010;2010:221–8.

 62. Fisher WD, Eriksson BI, Bauer KA, et al. Rivaroxaban 
for thromboprophylaxis after orthopaedic surgery: 
pooled analysis of two studies. Thromb Haemost. 
2007;97:931–7.

 63. Reddy M, Gill SS, Rochon PA. Preventing pressure 
ulcers: a systematic review. JAMA. 2006;296:974–84.

 64. Remaley DT, Jaeblon T. Pressure ulcers in orthopae-
dics. J Am Acad Orthop Surg. 2010;18:568–75.

 65. Johansson H, Siggeirsdottir K, Harvey NC, et  al. 
Imminent risk of fracture after fracture. Osteoporos 
Int. 2017;28:775–80.

 66. Ekman EF.  The role of the orthopaedic surgeon 
in minimizing mortality and morbidity associated 
with fragility fractures. J Am Acad Orthop Surg. 
2010;18:278–85.

 67. Hooven F, Gehlbach SH, Pekow P, et  al. Follow-up 
treatment for osteoporosis after fracture. Osteoporos 
Int. 2005;16:296–301.

 68. Kates SL, Mendelson DA, Friedman SM. The value 
of an organized fracture program for the elderly: early 
results. J Orthop Trauma. 2011;25:233–7.

22 Orthogeriatric Inpatient Management



207© Springer Nature Switzerland AG 2022 
H.-C. Pape et al. (eds.), Senior Trauma Patients, https://doi.org/10.1007/978-3-030-91483-7_23

Comanagement Admission 
and Timing of Surgery

Valentin Neuhaus and Carina Pothmann

23.1  Introduction

The main goal in geriatric trauma is to achieve 
positive outcomes for patients. Typical outcome 
measures in geriatric trauma are mortality, post-
operative delirium, or patients returning home. 
Many factors influence these outcomes. Lisa 
Lezzoni, a Harvard Medical School professor, 
wrote the book “Risk Adjustment for Measuring 
Health Care Outcomes” [1]. She presented the 
formula in which “outcome equals patient fac-
tors plus effectiveness of care plus random 
events.” Comanagement admission and the tim-
ing of surgery affect and interact with all factors 
and have a paramount influence on outcomes, 
particularly mortality. An increasing number of 
studies on the geriatric and surgical comanage-
ment of elderly trauma patients have been pub-
lished, showing a positive synergistic effect. 
Most studies on the timing of surgery were per-
formed in patients with hip fractures. Early hip 
surgery was associated with lower mortality and 
morbidity, especially fewer pressure ulcers, 
cases of urinary tract infection, and cases of 
pneumonia [2, 3]. Consequently, many national 

and international guidelines recommend early 
surgery in patients with hip fractures for better 
outcomes. However, there are some controver-
sies [4, 5]. Some studies have also shown a 
favorable outcome with delayed surgery in dis-
tinct patient groups. Hence, more factors must 
be included in such disclosures. Analogous to 
Lisa Lezzoni’s formula, we propose the formula 
in which “timing depends on patient factors, 
medical care, and random events”:

• Patient-Related Factors
 – Sustained injuries, life- or limb-threaten-

ing, multiple or isolated
 – Comorbidities that can or cannot be 

improved
 – Current medication
 – Patient’s will

• Medical Care
 – Surgeons, including those who have com-

pleted training
 – Hospital (e.g., operating room availability)
 – Need for special implants/prosthesis/

material
• Random Events
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23.2 Patient-related Factors

23.2.1 Injuries

23.2.1.1 Life- or Limb-Threatening 
Injuries

Life-threatening and potentially life-threatening 
injuries must be addressed immediately. We are 
hunting for airway obstruction, tension pneu-
mothorax, open pneumothorax, massive hemo-
thorax, flail chest, and hemodynamic instability 
due to hemorrhage [6]. Usually, a heart rate 
>100 per minute and a systolic blood pressure 
<90 mmHg are the cut-offs for defining hemo-
dynamic instability. These values are probably 
not ideal in geriatric trauma patients due to 
some effects of aging on physiologic and patho-
physiologic responses. Some studies suggest 
using a higher systolic blood pressure of 
110 mmHg as a threshold [7]. After life-saving 
procedures are performed, open fractures, com-
partment syndrome, and injuries with compro-
mised arterial supply, or limb- threatening 
injuries, must be treated. The timing of the treat-
ment of life- and limb-threatening injuries is not 
under debate. They must be treated as soon as 
they are diagnosed.

23.2.1.2  Multiple or Isolated Injuries
Multiple injuries often warrant a damage control 
procedure in unstable or extremis patients. 
Several factors are used to distinguish stable, 
unstable, or extremis patients [8–11]. The pres-
ence of shock, coagulopathy, hypothermia, and 
distinct chest, abdominal, or pelvic injuries are 
the main parameters. Age is not a specific risk 
factor for classification as unstable or in extre-
mis. Current research is ongoing about this topic. 
One question is how well elderly patients endure 
the second hit and, consequently, if this hit must 
be further minimized in elderly patients. Because 
of missing evidence, the sequencing of treatment 
and fracture care remains the same as in younger 
individuals.

Fractures in the lower extremity cause pain 
and immobility. It seems obvious that early sur-
gery will allow earlier mobilization and, as a con-
sequence, fewer complications. The association 

between timing of surgery and outcome is best 
studied in hip fractures, since fractures of the hip 
are very common. Many national guidelines rec-
ommend early surgery within 24 or 48 h. Lewis 
and Waddell performed an intensive literature 
review and concluded that the goal is to achieve 
painless mobilization with a low rate of morbid-
ity and mortality [4]. While the goal is obvious, it 
is less clear which outcome parameters are the 
best measures. Looking at the most often used 
outcome parameters (mortality, pressure ulcers, 
urinary tract infection, and pneumonia), they 
concluded that a healthy elderly patient with a 
hip fracture should be operated on as soon as pos-
sible. They also concluded that in the case of sig-
nificant reversible comorbidities, it seems 
advisable to improve the patients’ health status 
for one or two days and consequently perform the 
operation in a healthier individual. One-year 
mortality is 20% in hip fracture patients [12]; 
however, mortality can be decreased by improv-
ing comorbidity in these patients [13]. Typical 
examples are patients with decompensated heart 
failure or with coronary heart disease, which 
must be treated with a stent or a coronary artery 
bypass first. In brief, healthy patients must be 
treated in a timely manner, and a nonmedical 
delay must be avoided. If a comorbidity repre-
sents a significant risk factor for mortality or 
morbidity and can be improved, then a delay of 
one or two days is acceptable to treat this disease. 
Prophylactic decubitus measures must be started 
simultaneously. Especially in these patients with 
a medical delay, the comanagement among geri-
atric specialists, internal specialists, and trauma 
surgeons is of exceptional importance [14, 15]. A 
comprehensive and multidisciplinary approach is 
indicated in these patients, along with standard-
ized operating procedures. Early evaluation and 
assessment in the emergency department, medi-
cal comanagement if necessary, and surgery as 
soon as possible to keep door-to-knife time as 
short as possible must be the goal. All these 
actions improve mortality, shorten the length of 
stay, and lower the postoperative complication 
rates.

Fragility fractures of the pelvis or the spine 
are often treated nonoperatively, depending on 
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the type of fracture [16, 17]. After failed nonop-
erative treatment, mostly because patients cannot 
be mobilized due to pain, a surgical approach is 
offered. The duration of nonoperative treatment 
is disputable; some surgeons offer surgery within 
days [18], while other surgeons wait more than 
one to two weeks [19] to proceed with surgery. 
Spinal injuries have a higher impact on negative 
outcomes [20] and should be performed earlier.

The timing of surgery in fractures of the upper 
extremity usually does not represent a major issue 
or a risk factor for mortality and morbidity. Similar 
to cases of fractures in the lower extremity, we 
tend to operate as soon as the patient is fit for the 
operation. An earlier operation, especially at the 
proximal humerus, can be associated with better 
outcomes and fewer complications, and patients 
can be mobilized and discharged earlier [21, 22].

23.2.2  Comorbidities

Polymorbidity is a normal part of the aging pro-
cess [23, 24] and geriatric trauma care. It can even 
be the reason for falls. Cardiovascular assessment 
in the emergency department is essential to rule 
out low blood pressure or arrhythmia as the cause 
of the fall. Nevertheless, polymorbidity causes an 
immense delay and the need for specialist involve-
ment [25]. We are facing an increasing number of 
patients with a disease causing falls; the disease 
needs to be treated immediately, either opera-
tively or nonoperatively. Typical examples are 
acute stroke or myocardial infarction. The medi-
cal consequences are often the use of anti-aggre-
gative medication with a higher risk for 
perioperative complications. Another problem is a 
patient having a disease (e.g., decompensated 
heart failure), which has an important effect on 
outcomes and can be improved with simple 
maneuvers. All these interventions cause a delay 
in the treatment of injuries; however, geriatric 
comanagement helps to improve the current 
patient’s health status and consequently lowers 
mortality and morbidity [26]. Standardized proto-
cols with clear pre- and postoperative diagnostic 
and treatment algorithms and the involvement of 
specialists, if needed, can improve the outcomes 

of geriatric trauma patients [27]. The prioritiza-
tion is a multidisciplinary decision involving the 
trauma surgeon, intensivists, and diverse special-
ists in geriatrics, cardiology, neurology, and other 
disciplines.

23.2.3  Current Medication

Polypharmacy is common and causes many dan-
gerous problems [28, 29]. The cessation of ace-
tylsalicylic acid (aspirin) and other medications 
is very common to lower the risk of operation. 
However, the cessation of certain medications 
can cause the recurrence of certain diseases or 
symptoms. Currently, there is quite a high discor-
dance between daily practice and some guideline 
recommendations [30]. We tend to continue aspi-
rin, especially in patients with stents.

New oral anticoagulants (NOACs), as an alter-
native to vitamin K antagonists, are emerging 
into the market. Typical agents are rivaroxaban 
and apixaban. They are very potent, convenient, 
and sometimes safer; however, they are not ideal 
in patients needing surgery [31]. Many national 
guidelines recommend ceasing NOACs for at 
least 24 h before invasive or surgical procedures 
without bridging during cessation. NOACs 
should be stopped for at least 48  h in cases of 
high-risk procedures (e.g., brain, spinal cord). As 
an alternative, the assessment of their blood level 
can be helpful in distinct situations.

23.3  Medical Care

23.3.1  Surgeons

Orthogeriatric trauma care is becoming increas-
ingly specialized. The bone quality and the aim 
of the operation (full weight-bearing as soon as 
possible) warrant special considerations and 
techniques. A “one-shot surgery” is the main 
goal. There are many courses and meetings only 
about orthogeriatric trauma care, which help sur-
geons become familiar with these issues.

In parallel, politicians are regulating the health 
care sector. These regulations (e.g., being allowed 

23 Comanagement Admission and Timing of Surgery



210

to perform or being prohibited from performing 
distinct procedures) can result in a certain non-
medical delay in early treatment.

23.3.2  Hospital

Delays in treating patients with hip fractures are 
quite common. In many hospitals, orthogeriatric 
trauma care is performed during the nights or 
weekends. Fracture care has a lower priority. 
Accordingly, the outcomes can be negative. The 
organization of an emergency theatre in the case 
of limited operating room capacity to get the 
patients into the OR as quickly as possible could 
improve the outcomes [32]. The goal must be 
early surgery. Another issue is that most of the 
nonmedical delays are due to hospital factors 
[33], which could be improved by organizational 
actions.

As a further step, the presence of an orthogeri-
atric service, characterized by a collaboration 
between trauma surgeons and geriatric specialists 
focusing on the early and professional assess-
ment and treatment of elderly trauma patients, 
improves the mortality and morbidity of these 
patients [34]. Such services usually also priori-
tize elderly patients before younger and healthier 
patients.

23.3.3  Need for Special Implants/
Prosthesis

As patients grow older, we also see older prosthe-
ses and implant models, which can cause further 
problems. The local availability of many differ-
ent implants and prostheses is no longer possi-
ble—there is the pressure of high costs, and the 
outsourcing of materials is common.
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Oral anticoagulants (OAC) are prescribed to a 
significant proportion of the population. The 
main indications are the therapy and secondary 
prophylaxis of venous thromboembolism, the 
prevention of stroke and systemic embolism in 
non-valvular atrial fibrillation, and thrombopro-
phylaxis after hip and knee replacement. These 
entities affect predominantly older patients in 
whom comorbidities with an impact on OAC 
excretion and bleeding risk occur more fre-
quently. Substances used for oral anticoagulation 
are vitamin K antagonists (VKA) such as phen-
procoumon, acenocoumarol, or warfarin and the 
newer direct oral anticoagulants (DOAC). 
Available DOAC include the thrombin (factor 
IIa) antagonist dabigatran etexilate, and the fac-
tor Xa antagonists rivaroxaban, apixaban, and 
edoxaban. Betrixaban is another factor Xa antag-
onist with a longer half-life which is currently not 
available in Europe (Table 24.1).

In trauma patients, a significant residual OAC 
effect promotes hemorrhage, delays surgery, and 
may trigger the administration of an antidote. 
Trauma patients are often unable to indicate 
whether they are taking an OAC. Also, the type of 

OAC often remains unknown as well as the indica-
tion for anticoagulant treatment or the time of its 
last ingestion. In addition, potentially interacting 
co-medication is frequent. Fast and reliable deter-
mination of an OAC’s plasma level is therefore 
essential for the clinical management of these 
patients, and is recommended by the latest 
European Trauma Treatment Guidelines [1]. 
Accordingly, we give an overview on how OAC 
affect routine coagulation assays, and which assays 
are useful for discriminating between the different 
substances and for monitoring their plasma level.

24.1  Oral Anticoagulants 
and Routine Assays 
of Coagulation

Whether routine assays of coagulation (pro-
thrombin time [PT/Quick test] and international 
normalized ratio [INR], activated partial throm-
boplastin time [aPTT], thrombin time, and fibrin-
ogen according to Clauss as a thrombin 
time-derived test) are affected by an OAC and to 
what extent depends on several factors. The most 
important of these are:

• The OAC’s mechanism of action and target: 
decreased synthesis of vitamin K-dependent 
coagulation factors, thrombin inhibition, or 
factor Xa inhibition.

• The OAC’s dosage and pharmacokinetics, and 
the interval between its last ingestion and 
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blood sampling all affecting plasma 
concentration.

• The assay’s or reagent’s sensitivity to the 
respective OAC.

VKA affect primarily PT/Quick test and 
INR, which serve for their monitoring. VKA 
have no effect on thrombin time and fibrinogen 
(Clauss).

In contrast, the thrombin antagonist dabiga-
tran significantly prolongs the thrombin time. 
Fibrinogen (Clauss) which is determined by a 
thrombin time-derived test may be underesti-
mated in the presence of a high dabigatran plasma 
concentration. PT/INR is prolonged to a lesser 
extent, and for some reagents only in the pres-
ence of a high dabigatran plasma concentration.

Factor Xa antagonists (rivaroxaban, apixaban, 
edoxaban) may affect PT/INR but have no effect 
on thrombin time or fibrinogen (Clauss). They 
are the only class of OAC with an impact on anti-
 Xa activity assays.

Because of such differences among the OAC, 
their fast and reliable discrimination in the emer-
gency setting is achieved by combining three 
routine assays of coagulation: PT/INR, thrombin 
time, and anti-Xa assay (Table 24.2).

The higher the dose and the plasma concentra-
tion of an anticoagulant, the more pronounced is 
its effect on coagulation assays. Equally impor-
tant is the OAC’s pharmacokinetics and the inter-
val between its ingestion and the blood 
sampling.

• VKA have a long half-life (e.g., phenprocou-
mon approximately 160 h) so that their effect 
on coagulation assays will not change signifi-
cantly during a day.

• In contrast, DOAC reach peak plasma level 
with a maximal impact on coagulation assays 
approximately 1–4 h after ingestion (dabiga-
tran 0.5–2  h, rivaroxaban 2–4  h, apixaban 
3–4  h, and edoxaban 1–2  h). Trough levels 
with no or only minor impact on coagulation 
assays are observed after 12–24 h.

24.2  Assays for DOAC

Different assays and types of reagents show a dif-
ferent sensitivity for DOAC [2]. Therefore, PT/
INR within the normal range do not exclude a 
clinically significant residual DOAC plasma con-
centration. For a precise quantitation of their 

Table 24.1 Characteristics and monitoring of direct oral anticoagulants (DOAC). If assays with DOAC-specific cali-
bration (preferred) are not available, routine assays serve for detecting a clinically relevant residual plasma concentra-
tion (exclusion)

Substance Dabigatran Rivaroxaban Apixaban Edoxaban
Trade name Pradaxa® Xarelto® Eliquis® Lixiana®

Target Factor IIa 
(thrombin)

Factor Xa Factor Xa Factor Xa

Tmax (h) 0.5–2 2–4 3–4 1–2
T1/2 (h) 12–14 5–9 (young)

11–13 (elderly)
12 10–14

Preferred assay for 
monitoring

Calibrated anti-IIa Calibrated 
anti-Xa

Calibrated 
anti-Xa

Calibrated 
anti-Xa

Assay for exclusion Thrombin time Anti-Xa (heparin) Anti-Xa (heparin) Anti-Xa (heparin)

Table 24.2 Discrimination between oral anticoagulants using three routine coagulation assays

PT/INR Thrombin time Anti-Xa assay
VKA 0 0
Dabigatran Variable 0
Factor Xa antagonists Variable 0

PT/INR prothrombin time/international normalized ratio, VKA vitamin K antagonists,  strong effect, 0 no effect

J.-D. Studt et al.
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plasma concentration, assays calibrated for the 
respective DOAC are used [3, 4].

• Thrombin time-derived assays calibrated for 
dabigatran for the quantitation of the thrombin 
(FIIa)-antagonist dabigatran (“anti-factor IIa 
activity assay”). If not available, a thrombin 
time that is not prolonged serves for excluding 
a clinically significant dabigatran plasma 
concentration.

• Anti-FXa activity assays calibrated for rivar-
oxaban, apixaban, or edoxaban for the quanti-
tation of the respective DOAC’s plasma 
concentration. If DOAC-calibrated assays are 
not available, a universal anti-FXa activity 
assay calibrated for low molecular weight- 
heparin (LMWH) serves for excluding a clini-
cally significant plasma concentration. Due to 
its correlation with DOAC-specific assays, it 
allows a quantitative estimation, in addition.

It is important to remember that anti-factor IIa 
and anti-factor Xa assays are affected not only by 
DOAC but also by coadministration of unfrac-
tionated or LMWH. Unless an assay contains a 
heparin-neutralizing agent (such as the Biophen 
DiXaI assay [Hyphen Biomed, Neuville-sur- 
Oise, France]) it is not possible to discriminate 
the respective contributions of DOAC and coad-
ministered heparin.

Anesthesiological guidelines provide recom-
mendations on standard preoperative intervals 
after the last ingestion of DOAC. However, the 
perioperative bleeding risk associated with 
DOAC has not been systematically investigated 
and at present, different recommendations on 
preoperative cut-off concentrations are proposed. 
The Swiss Society of Anaesthesiology and 
Resuscitation Guidelines recommend a residual 
rivaroxaban plasma level of <50 ng/ml for elec-
tive surgery as it was shown that this concentra-

tion does not exacerbate ongoing hemorrhage. 
The International Society on Thrombosis and 
Haemostasis and the French Working Group on 
Perioperative Haemostasis recommend a DOAC 
plasma concentration of <30  ng/ml for surgery 
with a high bleeding risk.

Factors should be considered that can result in 
a higher-than-expected residual DOAC plasma 
level. We retrospectively investigated 518 mea-
surements in 368 patients and identified amioda-
rone co-medication and impaired renal function 
with a glomerular filtration rate of <60 ml/min as 
such factors. In these patients, preoperative deter-
mination of DOAC plasma level would be advis-
able even when routine preoperative intervals are 
observed [5].
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Prevention and Management 
of Infections in Elderly

F. Ziegenhain, G. N. Jukema, and H. Sax

25.1  Background

25.1.1  Infectious Complications

Infectious complications in trauma patients are 
one of the major adverse events in trauma patients 
and affect the primary outcome [2, 3]. They lead 
to a significant increase in length of stay and 
costs as well as morbidity and mortality [4, 5]. 
The four most important healthcare-associated 
infections (HAI) are pneumonia, catheter- 
associated urinary tract infection (CAUTI), cen-
tral line-associated bloodstream infections 
(CLABSI), and surgical site infections (SSI). 
They all have in common, that, in theory, most of 
them would be preventable [6–8]. A reduction of 
these infections thanks to the implementation of 
preventive measures could be obtained over the 
last few years, yet there is still considerable room 
for improvement [9]. Over the last 15 years, it has 
become increasingly clear that insights from 
implementation science [10], social sciences, and 
human factors engineering [11, 12] are needed to 

achieve safer hospitals, including the eradication 
of the preventable proportion of HAI. The World 
Health Organization (WHO) is producing ample 
guidance and tools in this approach [13]

The definition of the four most common HAIs 
according to the latest version of the European 
Centers for Disease Prevention and Control are 
listed in Table 25.1 [14]

25.1.2  Hospital-Acquired Pneumonia

Hospital-acquired pneumonia (HAP) is subdi-
vided in two groups, ventilator-associated pneu-
monia (VAP) and non-ventilator-associated 
hospital-acquired pneumonia (nvHAP) [15]. 
Pneumonia is one of the most common HAI in 
general [16]. Many of the elderly patients are 
especially vulnerable for these HAP due to pre- 
existing conditions like dysphagia, dementia, and 
neurological conditions [17, 18].

25.1.3  Catheter-Associated Urinary 
Tract Infections

Between 75% and 80% of urinary tract infections 
that occur in hospitals are associated with the use 
of indwelling catheters [19, 20]. If the patient 
develops an urosepsis, mortality rates are as high 
as 20–40% [21, 22]. Approximately a quarter of 
all patients are catheterized during their hospital 
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stay with even a higher proportion among the 
elderly [23, 24]. Prevention of CAUTI is crucial 
to improve the outcome in trauma patients. 
Taking steps to educate the medical staff and 
implementing basic measurements can signifi-
cantly reduce the number of urinary tract infec-
tions [20].

25.1.4  Central Line-Associated 
Bloodstream Infections 
(CLABSI)

The use of a central venous catheter is often inev-
itable in patients after severe trauma. However, 
they entail the risk of serious infectious compli-
cations. Risk of infection increases with every 
day the central line stays in place. CLABSI are 
associated with higher mortality and prolonged 
hospital stay [25–27].

25.1.5  Surgical Side Infections

SSI is defined as an infection that occurs after a 
surgical intervention and is located at the surgical 
site [28]. They can be further divided into superfi-
cial and deep wound or organ space infections. 
The criteria of diagnosis include local signs of 
infection, purulent secretion from the wound, pos-
itive cultures from the wound, spontaneous or sur-
gical wound reopening [29]. Cases with implanted 
foreign material tend to be more difficult to treat, 
as a biofilm forms on the implants with reduced 
antibiotic penetration [1]. In traumatology, 
implant-associated surgical site infects still pose 
one of the most difficult problems to solve. 

Especially when the implanted material cannot be 
removed, controlling the infection often confronts 
the medical team with serious challenges [30]. In 
that particular situation a new challenging treat-
ment modality, so-called ‘negative pressure 
wound therapy with instillation technique’ can be 
helpful to treat infection to retain implants. This 
treatment is highly effective if applied within 90 
days after implant of (metal) hardware [31, 32].

25.1.6  Comorbidities

Elderly patients often have more comorbidities 
then their younger counterparts [33]. These pre- 
existing conditions make them more vulnerable 
for infections. Especially frail patients are at risk 
for developing complications and therefor 
adverse outcomes [34–36]. Medical staff dealing 
with elderly trauma patients need to assess that 
risk and emphasize it.

25.2  Prevention

25.2.1  Hand Hygiene

Hand hygiene is the most effective way in pre-
venting the spread of virulent or multi-resistant 
pathogens [37, 38]. An internationally established 
ruleset exists in the ‘My five moments for hand 
hygiene’ for hand hygiene indications [39]. Yet, 
the use of this simple preventive measure by 
healthcare providers is still substandard [40]. This 
topic should be especially emphasized as this 
basic measurement can significantly reduce the 
incidence of all nosocomial infections [1, 6, 37, 
38, 41]. The WHO has issued guidance and tools 
for the successful implementation of hand hygiene 
rules on the institutional and national level [42] 
based on ‘five avenues of action’: (1) system 
change, i.e. an adequate infrastructure with the 
availability of alcohol-based handrub at the bed-
side; (2) monitoring of hand hygiene performance 
and feedback to those concerned; (3) education 
and training of all healthcare providers; (4) visual 
reminders at the workplace; and, (5) institutional 
patient safety culture and leadership [43].

Table 25.2 Preventive measures against non-ventilator- 
associated hospital-acquired pneumonia

Basic steps Oral hygiene
Eating and drinking in upright 
position
Assessment and treatment for 
dysphagia

Physiotherapy Respiratory therapy
Early mobilization

Medication Avoid Sedativa
Re-evaluation of PPI and antiacids
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25.2.2  Pneumonia

For prevention of pneumonia several interven-
tions have proven effective [15, 44–46]. The most 
effective measures for nvHAP are listed in 
Table 25.2 below. The prevention of VAP follows 
the well-established principles. Especially the 
assessment and treatment of dysphagia, oral 
hygiene, and early mobilization should be 
emphasized in older patients.

25.2.3  Catheter-Associated Urinary 
Tract Infections

The use of indwelling urinary catheters is one of 
the most important risk factors for developing a 
urinary tract infection. Elderly patients are more 
likely to be catheterized during their hospital stay 
[23]. The risk of infections increases with every 
day the catheter stays in place [24]. Therefore, 
indwelling catheters should only be used for 
defined indications and removed as soon as they 
are not indicated anymore. These include surgical 
procedures of long durations, acute bladder reten-
tion, immobilization (e.g. in patients with unsta-
ble spine injuries), critically ill patients who need 
an exact monitoring of urinary output, and decu-
bital ulcera in incontinent patients and palliative 
care [19]. In incontinent patients, other options 
like urinary condoms in men and diapers should 
be the first choice. Strategies for the successful 
implementation of preventive measures have been 
established, including daily reminders to re-eval-
uate the indication for catheterization, attributing 
the responsibility for removal to nursing staff, 
standardization and training of staff on the aseptic 
catheterization [47]. If an infection is suspected, 
the system whole system should be changed under 
antibiotic treatment since biofilm is likely to form 
that jeopardizes treatment success [1, 48].

25.2.4  Central Line-Associated 
Bloodstream Infections

Similar to CAUTI, the risk of CLABSI increases 
with every day the catheter stays in place [27]. 

Therefore, the same preventive strategies apply, 
including aseptic handling of insertion site and 
hubs, aseptic insertion using maximal barrier pre-
cautions. Additionally, the femoral insertion site 
should be avoided, and chlorhexidine-patches 
applied at the insertion site [26] The handling of 
the system must be exclusively done by trained 
medical staff. The insertion side should be 
checked regularly for signs of infection (swell-
ing, pain, purulent secretion). If there is any sus-
picion of infection, the catheter should be 
removed and the tip sent in for microbiological 
testing [25, 26]. Blood cultures taken simultane-
ously through the central line and from a periph-
eral vein allow for the assessment of the 
differential time-to-positivity to distinguish a line 
infection from another reason for the blood-
stream infection.

25.3  Treatment of Healthcare- 
Associated Infections

Antibiotics should be administered when a HAI 
is clearly suspected on the basis of a thorough 
clinical and laboratory evaluation. The primary 
choice should be active against the range of 
expected bacteria compatible with the clinical 
suspicion(s). Adequate microbiologic sampling 
should always be done prior to the first dose of 
antibiotics. As soon as the results of the sampling 
are available, antibiotics should be targeted to 
match the identified compartment, bacteria and 
antibiotic resistance profile. Pre-existing condi-
tions should be considered before administering 
antibiotics, especially chronic renal insufficiency, 
liver diseases, and allergies to establish the right 
choice and dose of the anti-infective therapy. 
Especially in elderly patients with polypharmacy, 
drug interactions have to be considered.

For SSI, the common rule is that the best ther-
apy in most of the cases is a primary surgical 
approach. In infected wounds, a thorough 
debridement should be performed [30]. In addi-
tion to surgical therapy, negative pressure wound 
therapy has been proven highly effective to limit 
the number of surgical procedures needed to treat 
infection and to reduce the risk for later recur-
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rences [49]. Whenever possible, foreign material 
should be removed. In traumatology, this is often 
not possible. In these cases, an interdisciplinary 
approach should be pursued to ensure the best 
possible outcome for the patient.

25.4  Summary

Even today, HAI are still being responsible for 
unnecessary morbidity, mortality, costs, and pro-
longed duration of hospital stay. Especially the 
vulnerable population of elderly patients is at 
increased risk for enduring these adverse out-
comes. When initializing treatment, pre-existing 
conditions such as kidney and renal diseases 
should be considered. Sampling should always 
be done prior to administering antibiotics. As a 
large proportion of these infections are avoidable, 
healthcare providers should especially emphasize 
on the prevention of these adverse events. 
Evidence-based preventive measures have been 
well established and should be implemented 
using best practice from implementation 
science.
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Preparation for Surgery: What 
to Consider

Markus Gosch

Fragility fracture patients are at high risk of sur-
gical procedures and anesthesia. However, most 
of them will benefit from early surgery. The goal 
is to reduce mortality as well as pre-, peri-, and 
postoperative complications and maintain quality 
of life and independency. The first step is to con-
sider whether it is an urgent indication, probably 
life-threatening trauma, like a hip fracture, or an 
elective indication (e.g., like the most proximal 
humerus fractures or wrist fractures). If we have 
to deal with an urgent indication, the focus should 
be on a smart preoperative process to avoid an 
unnecessary delay of surgery. In this case, the 
benefit of early surgery exceeds the benefits of a 
comprehensive preoperative evaluation of older 
patients. There are only very few cases, where a 
preoperative optimization is indicated. If we go 
for preoperative optimization, we need to fix a 
clear goal and start a coordinated interdisciplin-
ary process including regular check-ups. In con-
trast, in elective surgery, we have to weigh all 
risks and benefits. Therefore, it could be neces-
sary to go for a more comprehensive evaluation 
of the patients and their comorbidities.

26.1  Anamnesis

Each assessment of an older patient has to start 
with a short face-to-face interview. It is very 
helpful to get detailed information about the 
trauma occurrence and the medical history of the 
patient. In case of an impaired communication 
due to a reduced consciousness or a cognitive 
decline, family members or other related persons, 
like nursing staff, should be contacted as soon as 
possible. Both aspects are useful to estimate very 
early in the process the risk of your older patient.

Regarding the trauma itself, we must have a 
closer look at the event of the accident. On one 
hand, we have to search for underlying diseases 
(e.g., severe aortic stenosis, acute myocardial 
infarction, acute heart failure decompensation, 
intercerebral bleeding or ischemia, and sepsis). 
Relevant findings could lead to an indication 
for a delay of surgery or even to a contraindica-
tion, particularly in elective cases. Acute heart 
failure decompensation would induce an indi-
cation for a preoperative optimization, whereas 
an intracerebral bleeding is a contraindication 
for surgery. Severe aortic stenosis is relevant to 
know and has an impact on the choice of anes-
thesia and treatment. However, it is not a con-
traindication or a reason to postpone surgery. 
On the other hand, place and circumstances of 
the trauma help us to evaluate patient’s risk. 
Among older adults, up to 90% of all falls occur 
at home or in institutions, like nursing homes. 
Predominantly affected are older adults with 
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already existing functional impairments. The 
reduced mobility hinders these people to walk 
outside or go shopping, as a consequence they 
spend most of their time at home or in their 
institution. In contrast, we have a small propor-
tion of older and very old people who are still 
mobile, able to go out for shopping or visit a 
restaurant. They are less affected by their mor-
bidities, except osteoporosis and functionality. 
Thus, this group of patients has a reduced peri-
operative risk compared to the others. This fact 
is also reflected in the literature and results in 
higher mortality after sustaining a fracture at 
home compared to a car accident [1]. 
Concordant to that, the place of living is a 
strong predictor for poor outcomes. Nursing 
home residents have a significant higher short- 
and long-term mortality and a higher risk for 
complications [2, 3]. Comorbidities and poly-
pharmacy are other risk factors which can be 
easily recognized by enquiring patient’s his-
tory. A preexisting dementia or a prior delirium 
are very strong risk factors for further delirium 
[4]. Besides cognition, other functional impair-
ments like impaired mobility have also a nega-
tive impact on the outcome of older fragility 
fracture patients [2, 5].

Multimorbidity is very frequent in older 
adults. Thirty-five percent of all hip fracture 
patients have at least one comorbidity, 17% two, 
and 7% three or more [6]. Especially, the last 
group has the highest in-hospital mortality and 
the highest risk of complications [6]. The most 
frequent comorbidities are cardiovascular dis-
eases (24%), pulmonary diseases (14%), stroke 
(13%), diabetes (9%), cancer (8%), and renal 
failure [6]. In clinical practice, scores may help to 
assess the comorbidities and to estimate the risk 
of the patient. Frequently used is the Charlson 
Comorbidity Index (CCI) [7]. It’s a simple score 
based on 17 items. An assessment of the severity 
of a single disease is missing. However, the sum 
shows a strong correlation with short- and long- 
term mortality [2]. The advantage of the CCI is 
the simple use and also the possibility of retro-
spective application. More complex is the 
Modified Cumulative Illness Rating Scale (CIRS) 
[8]. Comparable to the CCI the CIRS is designed 

to meet the need for a brief, comprehensive and 
reliable instrument for assessing multimorbidity. 
The scale format provides for 13 relatively inde-
pendent areas grouped under body systems. 
Ratings are made on a 5-point “degree of sever-
ity” scale.

A coordinated assessment of multimorbidity 
should be done regularly in all older trauma 
patients, regardless of the pressure of surgery. 
The assessment is one of the basic information 
for further treatment goals and plans.

Polypharmacy is often a result of an existing 
multimorbidity. Adverse drug reactions are a com-
mon phenomenon in older adults. The incidence of 
adverse drug reactions is up to 5% among in-hos-
pital patients and increases up to 30% in older 
emergency patients [10, 11]. The most important 
risk factor of adverse drug reactions is the absolute 
number of prescriptions [12]. Accurate and com-

Comorbidities and their impact on out-
come [9]:

• Heart failure → 63% increased risk of 
mortality and readmission

• Myocardial infarction → 70% increased 
risk of myocardial infarction

• Atrial fibrillation → 200% increased 
risk of mortality

• Stroke → absolute risk 1% 
peri-operatively

• COPD → higher risk of readmission 
rate and pneumonia, length of stay

• Thromboembolism → risk of pulmo-
nary embolism 10–14%, for deep 
venous thrombosis 19–91%

• Chronic renal failure → no data 
available

• Anemia → hemoglobin < 8  g/dl 
increases postoperative mortality, 
<10  g/dl increased risk of myocardial 
infarction

• Dementia/Delirium → increases mortal-
ity and risk for long-term care

• Polypharmacy → increases mortality 
and morbidity
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prehensive documentation of the medication is 
essential to minimize the risk. Medication should 
be checked for potential inappropriate medication 
(PIM) for older adults. Different tools are avail-
able, like the Beer’s list or STOPP and START 
criteria, and may help to improve the quality of 
medication as well as the outcome of older fragil-
ity fracture patients [13–15].

Impaired activities of daily living and mobil-
ity are very common in older fragility fracture 
patients and they have a significant impact on the 
outcome. A high level of dependency 
 preoperatively is the strongest predictor for six-
month mortality [16]. Furthermore, reduced 
mobility is associated with the risk of postopera-
tive delirium, institutionalization, and nosoco-
mial infections, like MRSA [17–20]. The 
preoperative assessment of the functional status 
and mobility is an essential part of the preopera-
tive evaluation in older adults. Assessment instru-
ments have to be chosen consistent with the 
clinical situation and the special setting. In con-
trast to elective surgery, in an emergency case, we 
can predominantly use only anamnestic data. 
According to the guidelines of the American 
Geriatric Society (AGS) all older patients should 
be screened for functional and mobility impair-
ments [21]. AGS recommends four questions as a 
short simple screening test for functional 
assessment:

• Can you get out of bed or chair yourself?
• Can you dress and bath yourself?
• Can you make your own meals?
• Can you do your own shopping?

If the patient’s answer is NO to any of these 
questions, a more in-depth evaluation should be 
performed.

All patients should be assessed for their ability 
to perform daily activities. Usually we use the 
Barthel-Index [22], including the following 
items: urinary and fecal incontinence, grooming, 
toilet use, feeding, transfers, walking, dressing, 
climbing stairs, and bathing. In this special set-
ting, daily activities are assessed by a short inter-
view of the patient. In case of a relevant cognitive 

impairment, relatives or staff members of the 
nursing home should be involved.

Even, the Timed Up&Go is a simple to per-
form and validated tool. It is not appropriate for 
emergency patients [23]. This mobility test can 
be performed preoperatively in elective surgery. 
A pathological result is a strong predictor for 
postoperative mortality and institutionalization 
[16]. For acute settings, Parker Mobility Score 
(PMS) is recommended [24]. Again, this test is 
based on the patient’s statements. However, the 
score is quite simple, can be done by everyone. A 
low PMS has a strong correlation with postopera-
tive mortality and morbidity [5]

Parker Mobility Score (PMS):

Mobility
No 
difficulty

With 
an aid

With help 
from another 
person

Not 
at all

Able to get 
about the 
house

3 2 1 0

Able to get 
out of the 
house

3 2 1 0

Able to go 
shopping

3 2 1 0

Older fragility fracture patients are character-
ized by a high complexity. This leads to the fact, 
that the interdisciplinary team is focused on many 
different medical problems and we have to be 
aware not to neglect the patient’s will. Not only 
for ethical aspects, but also for adherence, the 
patient’s will has to be integrated in the treatment 
process.

26.2  Physical Assessment

The basic assessment includes a check of vital 
parameters (blood pressure, heart rate, oxygen 
saturation) and a global clinical impression. 
From the geriatric point of view, frailty and sar-
copenia are of special interest. However, in case 
of emergency patients, a clear diagnostic process 
according to current literature for both syndromes 
is not really realizable. It remains the only exper-
tise of geriatrician to diagnose them [25].

26 Preparation for Surgery: What to Consider
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Besides injuries, physical assessment of older 
trauma patient covers cardiopulmonary assess-
ment, evaluation of hydration (edema or signs of 
dehydration), assessment of skin (vulnerability, 
hematoma), and cognition.

An auscultation is quickly available and quite 
simple. It may help to detect a heart murmur or 
an edema of the lung. Aortic stenosis is frequent 
in older adults. It could be a reason for a syncope 
and may have an impact on the kind of anesthe-
sia. Hydration is recommended in all patients, 
except when there are signs of heart failure 
decompensation, like breathlessness or edema.

Delirium is very frequent among older adults 
undergoing surgery. Some of the patients have 
already delirium at admission, but most of them are 
developing a delirium during their hospital stay. 
Acute onset is probably the most important diag-
nostic aspect. Therefore, cognition ad admission is 
essential to detect delirium. A comprehensive cog-
nitive assessment is not appropriate for emergency 
patients, but still a short screening is recommended. 
One option is the Mini-Cog [26]. It takes only a 
few minutes and is able to detect an existing cogni-
tive impairment. Another option is the Confusion 
Assessment Method (CAM) Score [27]. A pharma-
cological prevention, even for high-risk patients, is 
not recommended, but all older patients should 
receive non- pharmacological measures to prevent 
or reduce the risk of delirium.

26.3  Medical Examinations

An electrocardiogram (ECG) is no longer recom-
mended routinely for preoperative screening, 
particularly in patients with a low risk [28]. It is 
still recommended for operation with an interme-
diate risk and vascular surgery, and for all patients 
with cardiovascular diseases, diabetes, renal fail-
ure, and pulmonary diseases [28]. Regarding the 
high prevalence of these diseases among old and 
very old patients, it is reasonable to keep a preop-
erative ECG as a standard procedure.

Similar are the recommendations regarding a 
preoperative chest X-ray. A benefit of a routine 
preoperative application of chest X-ray is not 
proven, but it is recommended for patients with a 
suspected lung disease, smoking, asthma, COPD, 

age older than 70 years, chronical cardiopulmo-
nary disease, major surgery, and higher risk for 
postoperative ICU stay [28]. For older fragility 
patients, the chest X-ray should be part of the 
preoperative assessment.

The role of preoperative echocardiography is 
still discussed controversially. In most depart-
ments, the need for a transthoracic echocardiog-
raphy leads to a significant delay of surgery [29, 
30]. Furthermore, the impact of a preoperative 
echocardiography on the outcome and on the fur-
ther management of patients seems to be very 
weak, including patients with a significant heart 
murmur [30, 31]. Even hip fracture patients with 
severe aortic stenosis did not have an increased 
perioperative mortality or morbidity risk [32]. 
Another retrospective trial from Australia showed 
a positive impact of preoperative echocardiogra-
phy on the outcome and no delay of surgery [33]. 
In conclusion, transthoracic echocardiography 
might be useful in older fragility fracture patients 
with known or suspected heart disease. But it’s 
not worth accepting a delay of surgery for more 
than 24–48 h. If preoperative echocardiography 
is required, it should be available immediately.

26.4  Lab Tests

Each older fragility fracture patient should receive 
a blood draw. In emergency cases, blood count, 
creatinine, electrolytes, and coagulations tests are 
routinely recommended [28]. More blood tests 
are related to anamnesis and comorbidities. Urine 
testing is recommended only if there are signs of 
a clinically relevant urinary tract infection.

26.5  Preoperative Medical Care

There are only very few fragility fracture patients 
without pain at admission. Therefore, pain man-
agement is an essential part of preoperative care. 
Insufficient pain control has negative effects on 
physiology and clinical outcomes. Poor pain con-
trol in older hip fracture patients leads to an 
increased rate of postoperative delirium, length of 
stay, and poor participation in therapy [34]. In the 
preoperative phase, low to modest doses of intra-
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venous opioids are typically necessary to achieve 
rapid and sufficient pain control. Additional nerve 
blocks are appropriate, especially in the preopera-
tive setting. Nerve blocks are able to reduce opi-
oid dose and risk of delirium [35].

Another important part is hydration. Older 
fragility fracture patients are often dehydrated or 
are getting dehydrated by waiting for surgery. In 
a recent study, a total of 21.8% of older patients 
undergoing orthopedic surgery are dehydrated 
and 35.2% are defined as at risk of dehydration 
[36]. There were significantly more patients in 
the dehydrated group were female, having 
diuretic medication, swallowing difficulty, 
edema, tube feeding, diaper or urinary catheter 
use, with postoperative complications in respira-
tory, gastrointestinal, and hematological systems, 
and died within 30 days than those in the euhy-
drated group [36].

Besides an early diagnosis of delirium, it is 
important to maximize non-pharmacological 
attempts to prevent or minimize delirium by all 
healthcare providers. Early surgery and proactive 
management are crucial.

Preparation for surgery:

     − Basic measures of preoperative preparation

     − Analgesia

     − Hydration

     − Stabilization of vital signs

     − Non-pharmacological delirium prevention
Preoperative assessment:

     − What happened?—comprehensive anamnesis

     − Assess cognition and patient’s will

     − Assess functional status and pre-fracture mobility

     − Identify geriatric syndromes, like frailty, 
sarcopenia, malnutrition

     − Assess comorbidities and polypharmacy

     − Identify risk factors for delirium

     − Do a physical examination

     − Go for an ECG and chest X-ray

     − Do lab test as recommended

     − Set a treatment goal
In case of optimization

     − Set a clear goal

     −  Find an interdisciplinary consent on required 
tests

     − Set a timeframe

     − Organize a regularly check-up
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Management of Anemia

Julian Rössler, Jan Breckwoldt, 
and Donat R. Spahn

Exsanguination is one of the leading causes of 
death in trauma patients [1]. In a geriatric patient, 
physiological reserves decline and comorbidities 
become more frequent. For example, in addition 
to traumatic blood loss, in more than a third of all 
elderly patients, anemia is already prevalent 
before the injury. Other comorbidities, like car-
diovascular disease, put crucial tissues at greater 
risk of hypoxia. This renders the management of 
posttraumatic anemia within the elderly popula-
tion a challenging topic [2].

27.1  Allogenic Blood Transfusions

While the risk of death increases with the severity 
of anemia, a liberal treatment with allogenic red 
blood cell (RBC) transfusions, does more harm 
than good [3]. Still, RBC transfusions remain one 
of the most common medical interventions. 
However, their use is steadily declining with 
growing evidence regarding adverse events of 
transfusions and the advantages of restrictive 
transfusion thresholds. RCBs, like all biological 
blood components, are living human tissues, 
making every transfusion a liquid organ trans-
plantation. Thus, they are associated with a num-
ber of short- and long-term immunomodulatory 

adverse events, as well as a variety of serious 
non-immunological complications. Protecting 
patients from these risks requires the prevention 
of inappropriate transfusions [4].

An RBC transfusion is appropriate when oxy-
gen demand exceeds supply in a way that can 
only be adequately restored by the immediate 
administration of oxygen carriers. While this is 
basically a pathophysiologic condition, the 
threshold for an RBC transfusion is usually 
defined by a hemoglobin level, also called a 
transfusion trigger. Based on basic physiological 
models, these thresholds (triggers) used to be 
rather liberal and encouraged premature inter-
vention. In the last two decades, however, sup-
ported by substantial scientific evidence, 
transfusion triggers became more restrictive. 
Most commonly, the restrictive transfusion 
threshold now is set at a hemoglobin level of 7 g/
dL or 8 g/dL to trigger transfusion, while the lib-
eral transfusion threshold implies a higher hemo-
globin level of 9–10 g/dL.

In the general surgical population, definitive 
evidence has been provided that a restrictive 
approach to RBC transfusion not only reduces 
blood use but also does not cause harm. With 
mounting evidence, in 2016, a large meta- 
analysis by the Cochrane Collaboration analyzed 
more than 12,000 patients from 31 trials investi-
gating liberal vs. restrictive transfusion triggers 
[5]. Of these trials, six were conducted in ortho-
pedic surgery. Primarily, the restrictive transfu-
sion strategy more than halved the risk of 
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receiving an RBC transfusion. Further, overall as 
well as in the orthopedic surgery subgroup, there 
was no significant difference between the two 
triggers regarding clinical outcomes. Most 
importantly, 30-day mortality did not differ 
between the two approaches. Additionally, 
restrictive transfusion thresholds did not affect 
any of the other assessed outcomes including 
myocardial infarction or other cardiac events, 
stroke, thromboembolism, or infection. If these 
patients do not benefit clinically from a liberal 
transfusion threshold, there is no indication for 
transfusion above a hemoglobin concentration of 
7–8 g/dL. Thus, applying restrictive triggers does 
not mean withholding treatment, but reasonably 
avoiding an unnecessary intervention with many 
adverse events.

Moreover, restrictive transfusion triggers may 
even be beneficial in certain situations or popula-
tions. In the meta-analysis, three studies cumulat-
ing more than 1500 patients suffering acute blood 
loss, were analyzed as a separate group. Here, a 
restrictive approach to transfusion triggers 
reduced 30-day mortality with a risk ratio of 0.65 
(95% confidence interval (CI) 0.43–0.97). 
Importantly, in the largest trial from this sub-
group the mean patient age was 65 years, which 
is a frequent cut-off value for geriatric research. 
This study in itself also favored a restrictive 
approach [6].

It has been argued—but wrongfully so—that 
due to limited physiological reserves, an elderly 
patient may require a liberal transfusion thresh-
old. In a large prospective trial, over 2000 geriat-
ric patients at high cardiovascular risk after hip 
replacement surgery were randomly assigned to 
either a restrictive (8 g/dL) or a liberal (10 g/dL) 
transfusion regimen. The mean patient age was 
an astonishing 82 years and all patients had either 
clinical evidence of or risk factors for cardiovas-
cular disease. The first results were reported after 
a 60-day follow-up, where the liberal transfusion 
strategy, as compared with a restrictive strategy, 
did not reduce rates of death or inability to walk 
independently on 60-day follow-up [7]. Later, 
after a long-term follow-up of 3 years, no differ-
ence in mortality or cause of death was found [8]. 
This may be because the original idea that 

reduced physiological reserves would compro-
mise the ability to tolerate acute anemia was 
incorrect. In fact, an increase in cardiac output 
due to anemia does not decrease with increasing 
age and consequently, neither does the ability to 
deliver oxygen [9]. While the present evidence 
already clearly favors a restrictive approach, in 
order to dispel last doubts, the Liberal trial (clini-
calTrials.gov identifier: NCT03369210) is cur-
rently recruiting patients over 70, assigning them 
to either a 9 g/dL or 7.5 g/dL transfusion thresh-
old, and evaluating mortality as well as anemia 
associated ischemic events (e.g., acute myocar-
dial infarction or acute ischemic stroke) in a 
90-day follow-up.

A transfusion threshold of 7–8  g/dL has 
become the standard of care in a geriatric patient. 
Allogenic RBC transfusions are of no benefit in 
hemodynamically stable patients with a hemo-
globin concentration above 7 g/dL and should be 
avoided to minimize adverse events. If a normo-
volemic patient is hemodynamically unstable or 
shows signs of inadequate oxygenation despite 
exhausted respiratory and circulatory support, a 
new transfusion trigger may be set at 8  g/
dL. Importantly, a low hemoglobin value on itself 
does not require a transfusion. The patient’s clini-
cal state and individual needs should always be 
considered in the decision.

27.2  Alternative Treatments

Allogenic transfusions should be applied very 
restrictively. However, because of the risks asso-
ciated with anemia, physicians should be familiar 
with alternative treatments. For this reason, the 
U.S.  Food and Drug Administration container 
label extension for RBC units states the follow-
ing contraindication: “Red-cell-containing com-
ponents should not be used to treat anemias that 
can be corrected with specific hematinic medica-
tions such as iron, vitamin B12, folic acid, or 
erythropoietin” [10]. In the geriatric population, 
two scenarios must be considered.

First, next to traumatic blood loss, other etiol-
ogies of anemia may have already been prevalent 
before the injury. Often, laboratory investigation 
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can lead to the correct diagnosis, making man-
agement largely dependent on the underlying eti-
ology. In these cases, anemia can be corrected by 
a goal-directed treatment with, for example, par-
enteral iron substitution in case of iron deficiency 
or vitamin B12 and folate. An erythropoietin 
deficiency with or without exocrine kidney insuf-
ficiency, or chronic inflammation, is also quite 
prevalent in older persons and may be treated 
with erythropoiesis-stimulating agents, depend-
ing on local regulations (Fig. 27.1).

Secondly, in the case of acute traumatic blood 
loss, a fast combination treatment may be the 
key—regardless of underlying conditions. A 
landmark study in cardiac surgery patients with 
preoperative anemia or iron deficiency was able 
to show that combination treatment with intrave-
nous iron, subcutaneous erythropoietin alpha, 
vitamin B12, and oral folic acid only on the day 
before surgery, reduced allogeneic blood product 
transfusions without significant side effects [11]. 
If this ultra-short-term treatment succeeds in 
such a high-risk group of patients, it may very 
well also improve transfusion regimens for geri-
atric trauma patients.
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Specifics of Surgical Management: 
Proximal Femur Fractures

Abhishek Ganta and Kenneth A. Egol

28.1  Introduction to Geriatric 
Proximal Femur Fractures

Proximal femur fractures are significant injuries 
that affect the geriatric population from a medi-
cal and a financial standpoint. They remain one 
of the most common injuries in this age group 
and are expected to rise in frequency over the 
next few decades [1]. By 2025, the number of 
hip fractures worldwide is to rise to 2.6 million 
and 6.25 million by 2050 [2, 3]. Along with an 
increase in the number of these fractures, they 
represent a large financial burden in the USA 
with annual treatment costs at approximately $6 
billion USD [4].

Proximal femur fractures can be classified as 
either intracapsular such as femoral neck frac-
tures or extracapsular such as pertrochanteric or 
subtrochanteric femur fractures. Treatment of 
these injuries in this patient population is chal-
lenging due to poor bone quality, medical 
comorbidities, and patient frailty. The overall 
goal for any orthopedic intervention is to return 

patients to their pre-injury level of function; 
however, this may be impacted by the patient’s 
reliance on assistive devices, chronic systemic 
diseases, perioperative cognitive disorders, and 
the development of any postoperative complica-
tions. The hospital mortality rate is around 15% 
with 1-year mortality rate at around 30% [5]. 
This risk is increased with dependency, loss of 
walking capacity, preexisting cognitive decline, 
increased ASA classification, and severity of 
medical comorbidities [6]. Patients with higher 
ISS scores were noted to have higher mortality 
rates than previously quoted, and these rates 
increase with patient age [7, 8]. Risk stratified 
scores have now been developed in geriatric 
trauma patients to identify patients with higher 
mortality rates [9, 10].

Ultimately, patients fall into one of three cat-
egories: those who are independent ambulators 
without significant medical comorbidities, frail 
patients with multiple medical comorbidities 
who can perform activities of daily living but 
demonstrate difficulty with instrumental activi-
ties of daily living, and lastly dependent patients 
that require daily assistance and live in an institu-
tion [11]. Understanding and identifying patients’ 
pre-injury level of function and comorbid status 
can lead to improved perioperative management 
and decrease the risk of postoperative complica-
tions. While the ultimate goal following opera-
tive management of these injuries is to restore 
pre-injury level of function, the elderly patient’s 
ability to cope with the metabolic and physio-
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logic demands from these injuries may reduce 
their level of function and independence [12].

28.2  Radiographic Workup

In order to fully evaluate the fracture characteristic, 
the authors recommend an AP pelvis radiograph 
with dedicated AP and lateral views of the affected 
hip and femur. A traction internal rotation view of 
the ipsilateral hip can assist with defining fracture 
pattern further [13]. The view is obtained by shoot-
ing an AP hip radiograph as the physician pulls 
traction at the ankle and internally rotates the hip 
15 degrees (based on the average amount of ante-
version seen in the adult femoral neck). Care 
should be taken to avoid shearing of the skin in the 
lower extremity while performing this maneuver.

It is important to assess the patient’s native 
femoral neck coronal alignment and as well as the 
presence of any excessive femoral bow on either 
view [14]. A cross-table lateral view of the injured 
hip is recommended over a frog lateral as this may 
not only mitigates discomfort but also prevents a 
non-displaced fracture from displacing.

In the setting of hip pain and difficulty/ inability 
to ambulate, patients may have sustained an occult 
femoral neck or intertrochanteric fracture. Patients 
may complain of pain slight pain in the groin, thigh 
or referred pain along the medial side of the knee. 
These fractures may not be recognized on initial 
radiographs and failure to diagnose them may lead 
to displacement following weight-bearing. 
Advanced imaging such as bone scans, CT, or MRI 
may be required for diagnosis. MRI has the highest 
accuracy, is simple to perform, and can diagnose 
injuries more acutely [15, 16]. Having adequate 
and appropriate radiographic information will 
allow the treating surgeon to not only fully under-
stand the fracture pattern, but also choose the 
appropriate surgical technique for treatment.

28.3  Intracapsular Fractures 
(Femoral Neck Fractures)

Femoral neck fractures are uncommon in young 
patients and are usually the result of high-energy 
trauma. It is generally considered that femoral 

neck fractures in the geriatric population are 
“pathologic” secondary to osteoporosis/osteoma-
lacia. Osteoporosis/osteomalacia in this region 
causes bone to lose its normal trabecular architec-
ture [17]. As a consequence, there can be an 
increased amount of posterior comminution asso-
ciated with fractures and this has been postulated 
to increase rates of failure of internal fixation [18]. 
Swinontkowski noted that the critical element in 
the stability of fixation of displaced femoral neck 
fractures is the quality of the bone [19].

The Garden classification is commonly used to 
describe femoral neck fractures based on the dis-
placement of the fracture fragments. Garden 1 cor-
responds with a valgus impacted fracture, Garden 2 
corresponds with a non-displaced fracture, Garden 3 
and 4 corresponds to complete fractures with the 
Garden 4 having 100% displacement. Other descrip-
tive methods include the direction of the fracture 
angle as well as the anatomic location of the fracture. 
While the Garden classification has poor interob-
server reliability, it can be used to communicate 
whether or not the fractures are valgus impacted/
minimally displaced or completely displaced [20]. 
Most have gone to using displaced and non-displaced 
as terminology. Despite this, Garden’s original clas-
sification continues to be utilized to guide treatment.

Fixation options range from parallel cannu-
lated screws (2, 3, or 4), sliding hip screw (SHS) 
construct, hemiarthroplasty, and total hip arthro-
plasty (THA) depending upon the degree of frac-
ture displacement. Arthroplasty options may be 
either cemented or press-fit depending on sur-
geon preference. Ultimately the treatment ques-
tion becomes whether to fix the femoral neck 
fracture or perform an arthroplasty procedure 
[21]. Garden I and II Fractures (non-displaced) 
are typically treated with fixation in situ with 
cannulated screws (Fig.  28.1a–d). The inverted 
triangle position is the most common configura-
tion; however, is conflicting evidence about num-
ber of pins and also the configuration of pin [22].

28.4  Internal Fixation of Femoral 
Neck Fractures

Placement of cannulated screws can be per-
formed on either a radiolucent flat top table or a 
fracture (traction) table; the authors prefer to use 
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a b

c d

Fig. 28.1 (a) AP radiograph demonstrates a valgus 
impacted fracture of the femoral neck (Sacks). (b) Lateral 
radiograph demonstrates a valgus impacted fracture of the 
femoral neck, note the lack of posterior comminution. (c) 

Postoperative AP radiograph of an inverted triangle can-
nulated screw configuration. (d) Postoperative Lateral 
radiograph of an inverted triangle cannulated screw 
configuration

28 Specifics of Surgical Management: Proximal Femur Fractures
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a fracture table as it can apply traction if needed 
and also holds the leg in a constant position 
negating the use of an assistant and allows for 
changes in fluoroscopy position without rotation 
of the affected leg (Fig. 28.2). It is important to 
screen the fluoroscopy after positioning to con-
firm that the fracture has not displaced in the 
interim. A small open incision is made laterally 
and the IT band is incised inferior to the vastus 
ridge for all wires or a percutaneous nick can be 
made for each wire separately. Guidewires are 
then introduced into the femoral neck using fluo-
roscopy. For the inverted triangle configuration, 
one guidewire is placed central and inferior along 
the calcar. The remaining two are then placed in 
a posterior superior and anterior superior posi-
tion. The goal is to obtain spread; however, cau-
tion must be taken to ensure that the posterior 
superior screw which may look intraosseous on 
fluoroscopy could potentially be “in out in”. 
While the clinical implication of this is unknown, 
this screw is in close proximity to the vascular 
supply to the femoral head [23]. If a fourth screw 
is to be added, it should be placed posteriorly to 
support posterior comminution; typically, this is 
done for displaced fractures that require a reduc-
tion [24]. The most inferior screw should not be 
placed distal to the level of the lesser trochanter 
as this may create a stress riser in the subtrochan-
teric region [25].

If two cannulated screws are to be used, one 
screw should be placed in the inferior/central 
along the calcar and the second screw placed 
more proximal in the femoral neck and in the 
central or posterior segment on the lateral 
position [26].

While used more often in younger patients, a 
SHS construct can be used for femoral neck frac-
tures in the elderly. This implant is more than 
often used for basicervical fracture patterns. A 
de-rotational screw placed superior and parallel 
to the lag screw could be used to prevent rotation 
of the [27] neck during insertion of the large cen-
tral lag screw [28] (Fig.  28.3a–c). The FAITH 
trial randomized large cohorts of patients to SHS 
or cannulated screws in both displaced and non- 
displaced femoral neck fractures [27]. Patients 
were included only if the surgeon felt that fixa-

tion was a better option than replacement. 
Overall, there was no significant difference in 
nonunion, implant failures, and infection. The 
reoperation rate was noted to be 14% for all 
causes in this large multinational observational 
study [27].

28.5  Hemiarthroplasty and Total 
Hip Arthroplasty 
for Displaced Femoral Neck 
Fractures

There is a defined rate of revision surgery that 
occurs following internal fixation of femoral 
neck fractures even if non-displaced. 
Hemiarthroplasty, while associated with greater 
intraoperative time, higher blood loss, and greater 
complication rate, has a significantly lower rate 
of revision surgery after internal fixation of dis-
placed femoral neck fractures in the elderly [29].

The higher the amount of displacement, the 
higher the likely hood of nonunion and fixation 
failure in the elderly population [30, 31]. 
Arthroplasty options include unipolar or bipolar 
hemiarthroplasty or THA.  Each of these stems 
may be cemented or press fit. The surgical 
approach for an arthroplasty procedure can be 
either an anterior approach, anterolateral, or pos-
terolateral (Table 28.1). The choice of approach 
is ultimately based on surgeon comfort, with the 
anterior-based approaches having a lower dislo-
cation rate due to preservation of the posterior 
capsular structures [32].

Hemiarthroplasty may be performed with 
either a bipolar or unipolar implant. A bipolar 
hemiarthroplasty has a dual articulation between 
the inner head and shell and the shell and the 
acetabulum. In comparison, a unipolar hemiar-
throplasty has a single articulation between the 
shell and the acetabulum (Fig. 28.4). The theo-
retical advantage of this dual articulation is to 
reduce wear and decrease acetabular protrusion; 
however, studies have demonstrated that this dual 
articulation ceases to function over time and the 
stem behaves as a unipolar arthroplasty [33–36]. 
Due to this, the bipolar hemiarthroplasty may not 
be as cost-effective as a unipolar arthroplasty. 
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While these implants are available in cemented 
and non-cemented designs, controversy regard-
ing fixation strategy remains. In a large metanaly-
sis by Parker et  al., cemented prostheses were 
associated with less pain and improved mobility 
at 1 year [37]. Furthermore, other studies have 
demonstrated a lower risk of peri-prosthetic frac-
ture with the use of a cemented implant [38]. 
Ultimately, if the patient has thick femoral corti-
ces a press fit stem may be used; however, in the 
setting of most of these fractures, the patulous 
bone often suggests the use of a cemented stem 
[39]. The ultimate goal is to restore femoral neck 
offset, leg length, and adequately tension the hip 
abductors. Achieving these goals ensures a low 
rate of dislocation and restores hip mechanics 
[40]. Unlike, elective hip arthroplasty, restoration 
of leg lengths may be difficult because the neck 
cut is dictated by the fracture (Fig. 28.5a, b).

While hemiarthroplasty performs well in the 
postoperative period; THA has been noted to have 
improved functional outcomes that surpass hemi-
arthroplasty [41] (Fig. 28.6a). THA is associated 
with increased cost, a greater magnitude of sur-

gery, increased blood loss, and also an increased 
dislocation rate in patients with a femoral neck 
fracture [42]. It does play a definitive role in 
patients who have eroded through the acetabulum 
with a hemiarthroplasty prosthesis, patients with 
antecedent symptomatic hip arthritis, and salvage 
after nonunion or AVN of the femoral head after 
internal fixation [43, 44]. It is now recommended 
to be used in patients who are highly active and 
would potentially survive greater than 10 years.

Internal fixation should be used with caution 
in treating displaced fractures in this cohort of 
patients as there is a significant rate of requiring 
revision surgery, up to 30–40%. This procedure 
should be reserved for the Garden 1 and 2 
 fractures in this patient population. Specific age 
cutoffs to define the elderly do not exist and deci-
sions should be made on a case-by-case basis. 
Hemiarthroplasty is a reliable and predicable 
procedure in the treatment of displaced femoral 
neck fractures; however, in patients with preex-
isting arthritis and highly active patients, a THA 
can be a cost-effective treatment with improved 
long-term outcomes [45, 46].

Fig. 28.2 Fracture table set up
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28.6  Pertrochanteric Femur 
Fracture

Pertrochanteric hip fractures are extracapsular 
and are located distal to the femoral neck between 
the greater and lesser trochanters. Patients with 
these injuries tend to be older and more frail than 
those with intracapsular hip fractures with mor-
tality rates similar or slightly lower than femoral 
neck fractures [47, 48]. Due to their anatomical 
location, these fractures have an abundant 

 vascular supply leading to fewer healing compli-
cations relative to intracapsular femoral neck 
fractures.

28.7  Determining Stability

While there are a number of classification sys-
tems used to describe these fractures, the AO/
OTA classification has an acceptable method of 
both intra- and interobserver reliability [49]. 

a b

c

Fig. 28.3 (a) AP Pelvis radiograph of a basicervical fracture pattern. (b) AP radiograph of a SHS with de-rotational 
screw. (c) Lateral radiograph of a SHS with de-rotational screw
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Intertrochanteric fractures are all described as 31 
due to anatomical location. They are further sub-
divided by A1, A2, and A3. A1 fractures are two- 
part fractures and are considered stable. A2 
fractures are comminuted and unstable and A3 
fractures include subtrochanteric extension as 
well as reverse obliquity patterns.

Determining stability is dependent on multi-
ple variables. A1 fractures are considered stable 
as they can have interdigitation of the fracture 
site following fixation. A2 fractures are consid-

ered unstable as they are multi-fragmentary and 
have compromised the medial buttress 
(Fig. 28.7a–e). A3 fractures have subtrochanteric 
extension or reverse obliquity fracture patterns. 
Ultimately, since both posteromedial and lateral 
buttresses are lacking, they may behave like sub-
trochanteric fractures.

An A2 subtype exists where the lateral cortex 
is incompetent and should be recognized. An 
intact lateral wall acts as a buttress to prevent 
excessive medialization and subsequent failure. 
Thickness of the lateral wall, measured 3 cm dis-
tal to the vastus ridge, should be greater than 
20.5  mm if the surgeon plans on using a SHS 
device [50]. Lateral cortices thinner than this are 
prone to intraoperative fracture when reaming for 
the insertion of the lag screw in a SHS [51–53]. 
In summary, unstable fractures radiographically 
contain increasing number of parts, a reverse 
obliquity orientation, increasing degree of poste-
rior medial comminution, and decreased thick-
ness of the lateral cortical buttress under the 
vastus ridge.

This classification is not only useful for 
describing the injury but can also guide implant 
decision. These injuries are treated with either 
intramedullary fixation with a cephalomedullary 
implant (CMN) or extramedullary fixation with a 
SHS (Fig. 28.8a–d).

28.8  Surgical Management

The authors prefer to use a fracture (traction) 
table for the treatment of these injuries. The frac-
ture table will provide sustained traction without 
the use of an assistant. Positioning on the fracture 
table is of utmost importance as improper posi-
tioning can hinder obtaining an adequate reduc-
tion. The perineal post can act as a lever pushing 
the fracture into varus. The operative site should 
be shifted away from the post with the buttock 
hanging off the side of the table. The good leg 
should be in a heel-to-toe position to prevent the 
ipsilateral hemipelvis from rotating toward the 
post while traction is being pulled. Attention to 
detail in during this process will mitigate 
positioning- related malreductions.

Table 28.1 Surgical approaches for femoral neck 
fractures

Approach Interval
Anterior (Hueter) Superficial: TFL/Sartorious

Deep: Recuts/gluteus Medius
Anterolateral 
(Hardinge)

TFL/gluteus Medius/Minimus

Direct lateral (Watson 
Jones)

Superficial: TFL Split
Deep: Gluteus medius split

Posterolateral Superficial: Gluteus Maximus 
Split
Deep: Division of the short 
external rotators

Fig. 28.4 AP Radiograph of a bipolar hemiarthroplasty
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28.9  CMN Versus Sliding Hip 
Screw

There has been an increasing trend in the use of 
intramedullary nailing devices (Fig. 28.9a, b) in 
the preference to SHSs for the treatment of inter-
trochanteric hip fracture, despite robust quality 
evidence to support their use [54]. Fracture sta-
bility has been used as a surrogate to guide 
implant choice [55]. As discussed in the prior 
section, a stable fracture is mainly comprised of 
two parts that once reduced can compress against 

one another and is able to withstand the forces of 
a single leg stance after fixation [56].

With the more unstable fracture patterns, the 
implant must bear more load to avoid loss of 
reduction through collapse. Implant options for 
fixation of intertrochanteric fractures include 
SHS with or without a trochanteric stabilization 
plate, short intramedullary nails, and long intra-
medullary nails. Intramedullary nails offer the 
advantage of less soft tissue disruption at the 
fracture site, potentially less operative time, and 
increased biomechanical superiority, most nota-

a b

Fig. 28.5 (a) AP pelvis of displaced femoral neck fracture. (b) AP pelvis of unipolar hemiarthroplasty

a b

Fig. 28.6 (a) AP pelvis of displaced femoral neck fracture. (b) AP pelvis of THA after a femoral neck fracture
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bly in unstable fracture patterns [57–59]. 
However, despite this, a large number of random-
ized controlled trials have failed to demonstrate 
any differences in outcomes between SHSs and 
intramedullary devices [60, 61].

Caution should be taken in A2 fractures with a 
thin lateral wall with the use of a SHS construct. 
In a retrospective series of 214 patients, there was 

a significantly higher rate of reoperation (22%) 
with postoperative findings of a fractured lateral 
wall. Furthermore, lateral wall incompetency 
was radiographically identified in more unstable 
fracture patterns per the AO/OTA classification 
(palm JBJS 2007). Even with an adequate TAD 
and reduction, lateral wall incompetence could 
potentially lead to catastrophic failure with incor-

Fig. 28.7 (a) AP hip radiograph of an unstable intertro-
chanteric femur fracture. (b) Lateral hip radiograph of an 
unstable intertrochanteric femur fracture. (c) AP radio-
graph of an intertrochanteric femur fracture with an 

incompetent lateral wall. (d) AP hip radiograph of an 
unstable intertrochanteric femur fracture treated with an 
IMN. (e). Lateral hip radiograph of an unstable intertro-
chanteric femur fracture treated with an IMN

a b

c d
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rect implant choice. If a SHS is to be used, stud-
ies have shown decreased failure rates with the 
addition of a trochanteric stabilization plate 
which can act as a lateral buttress [62].

Intramedullary fixation of these fractures does 
prevent excessive collapse as the nail acts as a lat-
eral buttress and by doing so, has less femoral 
neck shortening, shorter leg length discrepancy, 
and medialization of the shaft [63, 64]. Femoral 
medialization and excessive collapse have been 
demonstrated to alter hip biomechanics which can 
theoretically impair mobility; however, the results 
from clinical studies regarding this are conflicting 
[65, 66]. Regardless of implant choice, it is imper-
ative to have an exacting reduction and mitigate 
technical errors in implant technique.

28.10  Cephalomedullary Fixation

Both intramedullary and extramedullary implants 
have cephalomedullary fixation with either a 
helical blade, a single screw, or two screws. 

Appropriate cephalomedullary fixation ideally 
deep and central within the femoral head can 
often be measured with the Tip Apex Distance 
(TAD) [67]. It should be noted that the original 
paper describing TAD was done in SHS con-
structs. Failure of cephalomedullary fixation can 
be described as either “cut out” or “cut through” 
and is often related to either quality of reduction 
or inadequate tip apex distance rather than the 
implant used [68–70]. A tip apex distance of less 
than 25 mm will mitigate the chances of screw 
cutout. This has applied to both cephalomedul-
lary nails as well as SHS constructs [71] 
(Fig. 28.10a, b).

The use of a helical blade design for fixation 
has been shown in cadaveric models to resist 
rotational and translational forces by compac-
tion of cancellous bone [72] (Fig.  28.11a, b). 
Despite the biomechanical advantage, there is 
limited clinical data supporting the use of a 
blade versus a lag screw. Helical blades have 
been [73]associated with a phenomenon of “cut-
through” in which there is medial perforation of 
the blade. It is recommended that the blade is 
not fully  predrilled and the tip of the blade 
should be less than 10 mm from the joint surface 
[74, 75].

Lag screw fixation can consist of either a sin-
gle or a double lag screw design. Single lag screw 
fixation while more commonly used is limited by 
a single point of fixation and can hence be subject 
to rotational instability [76]. Biomechanically, a 
dual lag screw design has been shown to have a 
higher load to failure, decreased varus collapse, 
and neck rotation [73, 77]. It is important to note 
that a dual lag screw design can be subject to the 
Z effect, in which the cephalic screw is subject to 
more stress under weight-bearing and as a result, 
the proximal screw advances into the nail while 
the distal screw toggles and backs out laterally 
ultimately leading to collapse and penetration 
proximally [78]. This has also been described in 
single lag screws as well. To mitigate the risk of 
the Z-effect while still maintaining rotational 
control, integrated sliding lag screw designs have 
been developed. However, a multicenter trial 
noted no difference in functional mobility, hip 
function, and patient satisfaction between a SHS 

e

Fig. 28.7 (continued)
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and nailing system with an integrated sliding lag 
screw [62, 79]. A separate clinical study compar-
ing nailing systems with a single lag screw com-
pared with an integrated sliding lag screw 
demonstrated increased varus collapse and neck 

shortening in the single lag screw radiographi-
cally at 1 year postoperatively; however, since no 
patient or clinical outcomes were recorded, the 
overall effect of these radiographic changes are 
unknown [80].

a b

c d

Fig. 28.8 (a) AP hip radiograph of a stable intertrochan-
teric femur fracture. (b) Lateral hip radiograph of a stable 
intertrochanteric femur fracture. (c) AP hip radiograph of 

a stable intertrochanteric femur fracture treated with an 
SHS. (d) Lateral hip radiograph of a stable intertrochan-
teric femur fracture treated with a SHS
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28.11  Long Versus Short Nail

Currently, both short and long cephalomedullary 
nails are used in the treatment of intertrochan-
teric hip fractures. Advantages of using a short 
CMN include decreased operative time, blood 
loss, decreased implant cost, and distal locking 

performed through a targeting jig [76]. However, 
the theoretical disadvantage is that short nails do 
not span the entire bone in patients who are prone 
to falls and are already osteoporotic. The ana-
tomic bow of the femoral shaft needs to be taken 
into consideration with the use of a long cephalo-
medullary nail and the radius of curvature (ROC) 

a b

Fig. 28.9 (a) Short IMN. (b) Long IMN
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mismatch between the implant and the femur can 
lead to anterior cortical perforation/impingement 
[81]. This finding can lead to a significant stress 
riser in the distal femur in osteoporotic patients. 
Newer implant designs have focused on improv-
ing this design aspect, with more anatomic 
ROC’s.

Regardless of the theoretical risks and benefits 
of either implant, clinical studies have shown that 

both are viable options in the treatment of inter-
trochanteric femur fractures in the absence of 
subtrochanteric extension. Kleweno et  al retro-
spectively analyzed 559 geriatric patients with 
intertrochanteric hip fractures treated with either 
a long or short CMN and noted no difference in 
the rates of revision surgery; however, the long 
CMN was associated with statistically significant 
longer operative time [82]. Hou et al noted higher 

a

b

Fig. 28.10 (a) AP radiograph demonstrating cutout of a SHS construct. (b) AP radiograph demonstrating cutout of a 
CMN construct
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blood loss and longer operative times with the 
use of a long nail. Ultimately, both groups had 
similar rates of intraoperative and postoperative 
complications and similar rates of union amongst 
all fracture types [83].

28.12  Implant-related 
Complications

Ultimately, two-part stable fractures treated 
with SHSs have minimal complication rates 
[84]. However, discussed in prior sections, 
patients with potentially unstable fractures or 
grossly unstable fractures can have failure rates 
of the SHS by over 15% [85]. Excluding 
improper surgical technique, the failure rates 
can be as low as 5% [86]. Failure occurs with 
progressive varus collapse of the femoral head 
leading to cutting out of the cephalomedullary 
screw. It important to recognize that the use of 
the SHS in unstable fractures despite proper sur-
gical technique can have a greater amount of 

postoperative collapse compared to a cephalom-
edullary device [86]. While this collapse is not 
considered a failure of fixation and does not fall 
into screw “cut out”, it may alter hip biome-
chanics and gait quality most notably when col-
lapse surpasses 2 CM [87].

Cephalomedullary nails due to biomechanical 
superiority have had an increased trend in usage. 
Original designs of cephalomedullary nails were 
fraught with postoperative femoral shaft fracture, 
which ranged anywhere from 5 to 15% [88–90]. 
After design modifications made to the proximal 
end of the cephalomedullary nails and increased 
surgeon familiarity, the number of peri-implant 
fractures decreased significantly [91]. In a large 
retrospective study of cephalomedullary nails for 
the treatment of intertrochanteric femur fractures, 
the overall reported rate of postoperative femoral 
shaft fractures was about 0.6%. Despite the theo-
retical risks of a short nail ending in a region of a 
stress riser, a sub-analysis in this cohort did not 
demonstrate any increased risk of a short versus 
long nail [92].

a b

Fig. 28.11 (a) AP radiograph demonstrating a helical blade fixation of an intertrochanteric hip fracture. (b) Lateral 
radiograph demonstrating a helical blade fixation of an intertrochanteric hip fracture
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28.13  Value-Based Care Algorithm

As mentioned before, the increasing trend in 
using cephalomedullary fixation has not 
decreased the perioperative mortality and mor-
bidity of these injuries nor has it demonstrated 
any superiority in functional outcomes [93, [94]. 
Intramedullary nail implants can be up to 100% 
more expensive than the SHSs and its increased 
use has raised concerns regarding cost [56]. 
Surgeon comfort with the implant, risk of failure, 
implant costs, as well as industry influence are 
the driving variables for implant choice. Swart 
et  al noted by analyzing failure rates, the intra-
medullary nail was more cost-effective as the risk 
of SHS failure increased. Hence in the A1 frac-
tures, the SHS was more cost-effective and in A3 
fractures the intramedullary nail was more cost- 
effective. In A2 fractures, the SHS was more 
cost-effective 70% of the time; however, they 
noted that fixation failure rate was the major 
driver of cost [95]. Egol et  al implemented an 
algorithm treating stable intertrochanteric frac-
tures with a SHS, unstable fractures with a short 
cephalomedullary nail, and fractures with distal 
extension such as reverse obliquity patterns or 
subtrochanteric extension with a long cephalom-
edullary nail. Adherence to this algorithm not 
only decreased rates of postoperative complica-
tions, it also led to significant cost savings [96].

28.14  Subtrochanteric Femur 
Fractures

Subtrochanteric femur fractures are defined as 
those occurring within 5 cm of the distal aspect 
of the lesser trochanter. These fractures have had 
an increase in incidence in the hip fracture popu-
lation and are often a result of low-energy trauma 
in this population [97]. Over two-thirds of all 
subtrochanteric femur fractures occur in patients 
over the age of 50 [98]. Due to the presence of 
osteoporosis in this patient population, a portion 
of these patients may be on bisphosphonate ther-
apy care must be taken to recognize patients who 
fall under this category of bisphosphonate-related 
(atypical) subtrochanteric femur fractures [99]. 

These fractures may not only occur from ground- 
level falls, but may also occur spontaneously 
with or without prodromal pain [99].

These fractures present a challenge as the 
deforming forces of the proximal femur are an 
obstacle to overcome. Furthermore, these frac-
tures have a short working length, making manip-
ulation and reduction at times challenging to gain 
and maintain. The classic deformity of the proxi-
mal femur is brought on by its multiple muscle 
attachments. The Iliopsoas acts as a strong flexor 
and external rotator, the short external rotators 
add an additional external rotation moment, and 
the gluteus medius and minimus abduct the prox-
imal femur [100].

28.15  Atypical Subtrochanteric 
Femur Fractures

Atypical femur fractures are a relatively recent 
recognized fracture pattern and fall within the 
subcategory of subtrochanteric femur fractures. 
These fractures have increased morbidity and 
poor healing and have had an association with the 
long-term use of bisphosphonates. Despite this, 
there is still much research that is pending to 
understand the true pathogenesis behind these 
fracture patterns. What is though is that the use of 
bisphosphates inhibits osteoclastic function from 
allowing repair in the area of high tensile and 
compressive forces leading to microdamage and 
stress reactions [101]. Furthermore, the collagen 
cross-linking from bisphosphonates creates more 
brittle bone. This combination leads to eventual 
failure in high areas of stress such as the subtro-
chanteric region. While the awareness of this 
injury has increased, the overall incidence is still 
low and is thought to be between 1.5 and 23 cases 
per 100,000 person years [102].

Upon treating a patient, a thorough history is 
required to assist in identifying potential risk fac-
tors linking them toward having an atypical 
femur fracture. Patients should be asked if they 
not only have been on bisphosphonate therapy 
but also for the duration of time. Furthermore, it 
is important to understand the mechanism behind 
the injury and also if there are any prodromal 
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symptoms such as thigh or groin pain [102]. The 
Task Force of the American Society for Bone and 
Mineral Research have defined the following 
major criteria for which the patient must meet 
four of to have an atypical femur fracture [102]. 
Minor criteria may be present or not (Table 28.2).

Ultimately, patients should also be questioned 
about the contralateral extremity as well. In the 
setting of prodromal symptoms without an obvi-
ous fracture, an MRI can demonstrate focal lat-
eral cortical thickening or signs of a fracture line 
[103].

28.16  Surgical Management 
of Subtrochanteric Femur 
Fractures

Generally, all subtrochanteric femur fractures 
will require surgical treatment, unless the patient 
is nonambulatory or has medical comorbidities 
that would preclude surgical treatment. Options 
for treatment include IM Nails and fixed-angle 
plate and screw constructs. Specific implants uti-
lized with these fractures include: centromedul-

lary nails, cephalomedullary nails, SHSs, 
proximal femur locking plates, and a 95-degree 
blade plate. Nailing can be performed with either 
a piriformis start point or through a trochanteric 
entry with equivalent results; however, it is 
important to understand the geometry of the nail 
being used as well as proximal locking options 
[104]. Trochanteric start points have been uti-
lized more frequently for theoretical ease of 
obtaining a start point on a more subcutaneous 
portion of the proximal femur. Depending on the 
manufacturer, each nail will have a various- 
proximal bend; however, this bend may induce a 
varus or valgus force on the nail depending on the 
start point [105]. A lateral start point on the tro-
chanter, even with an adequate reduction, may 
induce a varus deformity once the nail is finally 
seated (Fig.  28.12). Due to patient’s proximal 
femur morphology, there is no true ideal starting 
point for a trochanteric entry nail; however, start-
ing at the tip of the trochanter or slightly medial 
may avoid a malreduction caused by the proxi-
mal bend of the nail [106].

Whether treatment is done on a flat top table 
or on a fracture table, the deforming forces of the 
proximal femur make imaging to obtain a starting 
point challenging. The C-arm will have to come 
over the top of the patient to account for the 
external rotation deformity. It is imperative to 
obtain a proper AP and lateral view of the proxi-
mal femur as the nail entry site is crucial for 
intramedullary nailing. If the deformity is such 
that reduction is difficult, percutaneous schanz 
pins or a ball spike pusher can be used to counter-
act the deforming forces to easier obtain imaging 
for a start point. A variety of methods exist in 
obtaining reduction for the proximal femur and 
should be done by graduated closed reduction 
methods. Options include a mallet, manual pres-
sure, and use of an intramedullary reduction tool 
or “finger” [107]. Graduated open techniques can 
consist of ball spike pushers, schanz pins, and 
bone hooks which can be used to manipulate the 
proximal and distal fragments for reduction 
(Fig.  28.13a–d). Ultimately if unable to close 
reduce an open reduction is required. Following 
an open lateral approach to the proximal femur 
clamp assisted reduction can be performed in a 

Table 28.2 Major and minor criteria for atypical 
bisphosphonate fractures

Major Minor
The fracture must be 
associated with minimal to no 
trauma

Generalized increase 
in cortical 
thickening of the 
femoral diaphysis

The fracture line originates at 
the lateral cortex and is 
substantially transverse in its 
orientation, although it may 
become more oblique as it 
progresses medially along the 
femur

Unilateral or 
bilateral prodromal 
symptoms such as 
dull or aching pain 
in the groin or thigh

Complete fractures extend 
through both cortices and may 
be associated with a medial 
spike

Bilateral incomplete 
or complete 
diaphysis fractures

The fracture is non- 
comminuted or minimally 
comminuted

Delayed fracture 
healing

There is focal periosteal or 
endosteal thickening of the 
lateral cortex at the fracture 
site (beaking for flaring)
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biologically friendly manner to obtain and main-
tain a reduction of the proximal femur for effi-
cient and accurate nailing with good clinical 
results [108]. Regardless of the technique used, 
the goals of surgery include spending time 
obtaining an appropriate start point and maintain-
ing reduction while reaming to avoid malreduc-
tion that could occur prior to nail placement. 
“Push past” reaming can be used as a reduction 
aid as to not eccentrically ream at the fracture site 
and allow to nail assist with correction [109]. It 
must be noted that this technique is not as power-
ful in the metaphyseal region. In terms of proxi-
mal screw orientation, while crossed proximal 
screws are biomechanically stronger than parallel 
screws in the femoral head, they are often 
reserved for more distal or diaphyseal fracture 
patterns [110]. In geriatric patients, a large diam-
eter cephalomedullary screw is used for increased 
fixation due to its larger size within the femoral 
head.

28.17  Surgical Management 
of Atypical Femur Fractures

While the primary goal for surgical manage-
ment of these fractures remains the same as 
non- atypical subtrochanteric femur fractures, 
atypical femur fractures are pathologic in 

nature and require special attention [111]. One 
of the most common complications during 
intramedullary nailing includes fracture propa-
gation or iatrogenic fracture due to the brittle 
nature of the bone [112]. Care should be taken 
to not only measure the canal diameter, but also 
to scrutinize and locate the size of any bony 
pedestals. These bony pedestals or areas of lat-
eral intramedullary sclerosis can deflect ream-
ers leading to reaming of the medial cortex 
[101]. To avoid a translational or angular defor-
mity, this area can be over- reamed after fracture 
reduction with a larger diameter reamer or ulti-
mately may an open approach and burred down. 
For patients with MRI/radiographic evidence of 
stress reaction with prodromal symptoms, Egol 
et  al reported a 100% healing rate with 81% 
relief of pain following prophylactic treatment 
[113].

28.18  Managing Complications 
in Subtrochanteric Femur 
Fractures

The main causes of malunion are often due to 
the inability to obtain an adequate reduction 
intraoperatively or with improper placement of 
a nail. A lateral start point can be salvaged by 
eccentrically reaming out the medial bone with 

a b c d

Fig. 28.12 (a–d) Demonstrate the effect of a lateral start point for different cephallomedullary nails in a subtrochan-
teric femur fracture resulting in a varus malunion. Courtesy of Ostrum et al.
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a large diameter reamer to walk the start point 
more medial. However, varus mal-reduction 
and flexion of the proximal segment if not 
addressed can not only cause failure of the 
proximal femur fixation but also severely affect 
hip biomechanics. While there is a dearth of lit-
erature on treatment for this, the authors prefer-
ence is to remove the intramedullary implant, 
osteotomized the fracture site, and place a blade 
plate (Fig. 28.14a–c).

Risks of nonunion and malunion are particu-
larly noted to be higher in atypical femoral frac-
tures due to the pathologic nature of the bone as 
well as varus malalignment [114, 115]. In a large 
multicenter series, the revision rate for these frac-
tures was noted to be about 12% with a union rate 
of 5.2 months in those who did not need a reopera-
tion [111]. This could be partly due to the fact that 
these fractures were able to be identified preopera-
tively allowing for appropriate surgical planning.

a b

c d

Fig. 28.13 (a) AP radiograph demonstrating a commi-
nuted subtrochanteric femur fracture. (b) Fluoroscopy 
demonstrates the use of percutaneous schanz pins to act as 
blocking drill bits as well as to manipulate the proximal 

fragment. (c) Fluoroscopy demonstrates placement of the 
nail around the percutaneous schanz pins. (d) Final AP 
demonstrates interval reduction and alignment after nail 
placement
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28.19  Conclusion

Proximal femur fractures whether they are intra-
capsular or extracapsular in the geriatric popula-
tion continue to increase in numbers. Treatment 
of these injuries has a major impact on the health 
care system and is one of the most expensive 
diagnoses. While surgical techniques and 
implants continue to evolve, the rate of mortality 
after these injuries continues to remain the same. 
Risk stratification and dedicated geriatric hip 
fracture services have been utilized to identify 
patients at risk for increased complications and 
optimize patients as necessary prior to surgery.

Regardless of injury type, a thorough patient 
history should be completed and the preoperative 
radiographs should be scrutinized for appropriate 
preoperative planning. All current literature 
points to an anatomic reduction of the proximal 
femur and technically sound application of the 
implant to avoid both intraoperative and postop-
erative pitfalls. Sound evidence-based algorithms 
have also been developed for the surgical man-
agement of proximal femur fractures to optimize 
outcomes and improve cost.

While the primary goal of surgical interven-
tion is to allow immediate mobilization and to 
return patients to their pre-injury level of func-

a b

Fig. 28.14 (a) AP hip radiograph demonstrating varus 
failure of a subtrochanteric femur fracture. (b) AP hip 
radiograph postoperative revision of subtrochanteric mal-

union with blade plate. (c) Lateral hip radiograph of post-
operative revision of subtrochanteric malunion with blade 
plate
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tion, poor bone quality, medical comorbidities, 
and patient frailty can make this difficult.
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Specifics of Surgical Management: 
Pelvis

Chima D. Nwankwo, Edward R. Westrick, 
Gregory T. Altman, and Daniel T. Altman

29.1  Introduction

Osteoporosis decreases bone mass and bone 
quality and directly increases the risk of fracture 
[1]. Lourie was the first to use the term “sponta-
neous osteoporotic fracture of the sacrum” [2]. 
Fragility fractures of the pelvic (FFP) ring are a 
clinical entity that include disruptions of the bony 
pelvis due to low-energy mechanisms and atrau-
matic events. In 2005, pelvic fractures made up 
7% of all osteoporotic fractures, and that number 
is expected to increase by 56% by 2025  in the 
United States [3]. There has been a marked 
increase in the incidence of these fractures in 
Finland, the Netherlands, and Germany [4–6]. 
This is likely secondary to aging populations, 
increasing global life expectancy, recognition of 
fragility fractures of the pelvis as a significant 
source of pain and disability, and more extensive 
use of advanced imaging tools such as computed 
tomography (CT) and magnetic resonance imag-
ing (MRI).

29.2  Clinical Significance

In comparison to the high-quality research and 
clinical algorithms that guide management of 
geriatric hip fractures, the evidence base for 
management and clinical outcomes of FFP ring 
is lacking. One study which assessed 63 
community- dwelling patients reported that 95% 
of patients with pubic rami fractures returned to 
their pre- injury baseline, half required home 
care at discharge, and there was a 1-year mortal-
ity rate of 9.5% [7]. Hill and colleagues reviewed 
286 consecutive patients over age 60 with pubic 
rami fractures and report that most surviving 
patients return to their original place of resi-
dence, but have worse levels of mobility. They 
report a 1-year mortality rate of 13.3% and sig-
nificantly worse survival than an age-matched 
cohort from the general population [8]. In their 
retrospective series, Taillandier et  al. reviewed 
60 patients with pelvic insufficiency fractures 
and reported an inpatient complication rate of 
40% and a 1-year mortality of 14.3% [9]. Breuil 
reports that 52% of individuals hospitalized due 
to osteoporotic pelvic fractures had inpatient 
complications including urinary tract infections, 
pressure ulcers, and pneumonia. They report a 
1-year mortality of 22% [10]. In their matched 
retrospective cohort study of 1154 institutional-
ized nursing home patients with low-energy pel-
vic fractures, Rapp showed that excess mortality 
was found in women (HR 1.83) and men (HR 
2.95) 1 month after fracture [11]. In their inquiry 
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to find clinical predictors of outcome, Marrinan 
prospectively followed a cohort of patients with 
osteoporotic pelvic fractures and report an in-
patient mortality rate similar to hip fractures 
and found that the odds of changing from inde-
pendent to institutionalized accommodation 
were significantly associated with age and 
length of hospital stay [12].

It also appears that the severity of initial frac-
ture displacement does not modify the morbidity 
and mortality of low-energy fractures of the pel-
vic ring in the elderly. Mears and Berry report 
that morbidity and mortality rates for non- 
displaced pubic rami fractures and sacral insuffi-
ciency fractures are similar to those for more 
displaced pelvic fractures [13]. Despite the 
absence of level 1 data, there is clear evidence 
from numerous studies that FFP ring are associ-
ated with significant morbidity due to inpatient 
complications, need for institutionalized care 
upon discharge, loss of independence and func-
tional mobility, and an elevated mortality over 
age-matched controls.

29.3  Classification

In 1986  in their retrospective analysis of plain 
radiographs of 142 patients with pelvic ring inju-
ries, Young et al. identified four distinct patterns 
of injuries that correlated with the direction and 
location of the traumatizing energy [14]. This 
formed the basis of the Young-Burgess classifica-
tion [15–16]. In this scheme, an anterior- posterior 
compressive force vector applied to the pelvis 
causes external rotation of the ilium with diasta-
sis of the pubic symphysis or vertical fracture of 
the pubic rami. A lateral compressive force 
applied to the pelvis causes internal rotation of 
the ipsilateral hemipelvis with resultant fractures 
of the ilium, sacrum, disruption of the sacroiliac 
joint, and horizontal fractures of the pubic rami. 
When an axial force is applied to either hemipel-
vis, a vertical shear injury results with complete 
disruption of the sacroiliac ligaments or complete 
vertical pelvic fractures on the injured side.

In the geriatric population, low-energy trau-
matic events are much more common. These 
accidents do not typically cause significant injury 
to intra-pelvic organs, significant neurovascular 
injury, or damage to the soft tissue envelope [17]. 
Fragility fractures of the pelvis are typically non- 
or minimally displaced and are the result of a 
ground-level fall, or from repetitive stress through 
pathologic bone. Lateral compression fracture 
patterns and unilateral, bilateral, and transverse 
sacral fractures are frequently observed in this 
population [17]. The distinct patterns of bony 
injury observed in fragility fractures of the pelvis 
may be due to different anatomic areas of the pel-
vis exhibiting varying amounts of bone loss. In a 
CT study, Wagner and colleagues suggested that 
bone loss (measured by Hounsfield units) in the 
para-foraminal lateral region of the sacrum 
explains why this area is often involved in fragil-
ity fractures of the sacrum. They also reported 
that transverse fractures located between S1 and 
S2 may occur because of decreased bone mass in 
the S2 vertebral body [18]. These findings are 
also supported by Linstrom et al who theorized 
that the fracture lines in sacral insufficiency frac-
tures follow areas of lowest sacral bone mass and 
highest strain [19].

Rommens and Hoffman propose that fragility 
fractures of the pelvis are, in many ways, differ-
ent from pelvic ring fractures in non-osteoporotic 
bone and have developed a novel classification 
scheme [17]. In this arrangement, there are 4 
types of FFP ring, with FFP Type-I and Type-II 
fractures being non-displaced/stable injuries and 
FFP Type-III and Type-IV being displaced/unsta-
ble injuries. FFP Type-I fractures involve only 
the anterior pelvic ring, Type-II fractures are non- 
displaced posterior ring fractures, Type-III frac-
tures are displaced unilateral posterior pelvic ring 
injuries, and Type-IV fractures involve displaced 
bilateral posterior pelvic ring fractures. Each 
fracture type is further divided into A, B, and C 
subcategories (Fig. 29.1). In their series, Type-II 
lesions accounted for over 50% of the fragility 
fractures [20]. They recommend surgical stabili-
zation of Type-III and Type-IV lesions.
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29.4  Diagnosis

Patients with fragility fractures of the pelvis typi-
cally present after a fall. The fall may have been 
precipitated by an acute neurologic or cardiovas-
cular event, or may be a mechanical fall due to 
gait instability, lack of an adequate ambulatory 
aid, or because of an environmental hazard. It is 
important to note that elderly patients may suffer 
multiple bony lesions after a fall, so a careful 
musculoskeletal exam must be conducted. Pelvic 
fractures that occur without a history of trauma 
are called insufficiency fractures. These typically 
occur in the sacrum when the bone fails under 
physiological loads. These patients usually pres-
ent with subacute or more chronic symptoms, 
and sometimes the only presenting sign is pain 

and progressive loss of mobility. Patients with 
fragility or insufficiency fractures of the pelvis 
may present with hip, groin, gluteal, thigh, and 
lower back pain. Pain with weight-bearing or 
complete inability to bear weight may be present. 
Additionally, affected patients might have diffi-
culty with bed mobility, find it painful to lay on 
the affected hemipelvis, and have pain with trans-
fers. Clinical signs seen in high-energy pelvic 
traumas such as bruising, groin and gluteal hema-
tomas, limb shortening, and florid hemodynamic 
instability are often absent. The presence of 
dementia, communication difficulties, and the 
absence of direct caretakers or family members, 
may also complicate the clinical picture. Given 
these factors, the clinician must maintain a high 
index of suspicion for fragility fractures of the 

FFP Type III - displaced unilateral posterior pelvic ring fracture

FFP Type I - anterior pelvic ring fracture only

FFP Type II - non-displaced posterior plevic ring fracture FFP Type IV - displaced bilateral posterior plevic ring fracture
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Fig. 29.1 FFP type III displaced unilateral posterior pelvic ring fracture
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pelvis when evaluating elderly patients with 
ambulatory dysfunction after a low-energy or 
atraumatic mechanism.

Initial imaging should involve a plain radio-
graph of the pelvis, and orthogonal views of the 
hips may also be obtained if clinically necessary 
to rule out a hip fracture. Given low bone density, 
poor bone mineralization, and the presence of 
bowel gas, non-displaced fracture lines or corti-
cal disruptions are often obscured or difficult to 
see, and fractures are often missed on plain films 
[21]. In the chronic setting, evidence of exuber-
ant healing and callus formation may be seen at 
the pubic rami on plain radiographs [22]. If a pel-
vic fracture is seen on the anteroposterior radio-
graph, inlet and outlet views should be obtained. 
Some authors recommend obtaining a CT scan 
when the index of suspicion for an occult pelvic 
fracture is high, or to further illustrate the frac-
ture type and assess the stability of the pelvic ring 
when a fracture is seen on plain films [17, 23–
25]. They argue that prompt assessment and rec-
ognition of posterior pelvic ring lesions may 
allow for an optimized treatment algorithm that 
will accurately triage patients into the proper 
rehabilitative pathway. CT imaging is vital in 
identifying H-type or U-type sacral fractures that 
are typically only identified on sagittal CT scans 
[17]. Conventional CT scans are unable to detect 
microfractures of cancellous bone, which 
explains its inferior sensitivity in detecting sacral 
insufficiency fractures in comparison to MRI. If 
the origin of pelvic pain remains ambiguous after 
obtaining plain radiographs and CT imaging, 
MRI may be given consideration in the diagnos-
tic workup [26].

29.5  Treatment

The management of fragility fractures of the pel-
vis involves a multidisciplinary approach with 
input from orthopedic surgeons, geriatric medi-
cine physicians, physical therapists, nursing staff, 
and social workers. Each member of this team is 
essential for the efficient diagnosis, optimal man-
agement, and timely recovery with minimal inpa-
tient complications from this injury. This team is 

also responsible for identifying and addressing 
modifiable risk factors that contribute to fall risk 
in order to minimize the future incidence of fra-
gility fractures. Osteoporosis disease manage-
ment should also be initiated [20]. The primary 
management objective is pain relief, early mobi-
lization, and a return to pre-injury baseline.

29.5.1  Nonoperative Management

Often these fractures are mechanically stable 
and are amenable to nonoperative management 
[20]. For fracture patterns noted to be stable 
based on imaging studies (FFP Type-I and 
Type-II lesions), weight-bearing as tolerated by 
the patient is allowed. This should be done with 
instruction and support from physiotherapists 
after appropriate pain management is achieved. 
The patient should be followed by the surgical 
team while they are hospitalized to ensure that 
they are continuing to progress, and outpatient 
follow-up should be continued post discharge 
until evidence of fracture healing and cessation 
of symptoms. Surgical intervention is consid-
ered in cases of pelvic ring instability, spinopel-
vic dissociation, and secondarily in patients with 
stable injuries involving the posterior ring that 
are unable to ambulate or transfer due to pain. 
Additionally, there has probably been an under-
appreciation of instability in these fractures. In 
fact, recently Rommens et  al documented pro-
gression in 14% of patients with fragility frac-
ture of the pelvis with female patients being at 
the highest risk [27].

29.5.2  Surgical Management

In the past decade, there has been an increased 
emphasis on operative intervention. There is an 
expectation that the pain relief gained by fixation 
would support early mobilization, and this bene-
fit outweighs the anesthetic risk and complica-
tions posed by surgery. Prior to any surgical 
procedure in this patient population, preoperative 
evaluation by the geriatric medicine and anesthe-
sia providers must be conducted. The surgeon 
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must understand the pelvic fracture patterns and 
the osteology and osseous fixation pathways in 
detail as described by Bishop and Routt. [28] The 
conditions for a safe and time-conscious surgery 
must be optimized in understanding the physio-
logic reserve in the elderly. This may include giv-
ing a bowel regimen to reduce bowel gas and 
improve visualization when percutaneous fixa-
tion is considered, proper communication with 
the operating room nurse and surgical technician, 
and working with an experienced fluoroscopy 
operator. Multiple techniques exist for surgical 
stabilization of fragility fractures of the pelvis. 
Most often these techniques are percutaneous 
and can involve combined posterior and anterior 
pelvic ring stabilization.

29.5.2.1  Sacroplasty
Sacroplasty is a minimally invasive percutaneous 
procedure where cement is injected into the 
sacral alar in order to stabilize a fragility fracture 
of the sacrum. This technique was introduced by 
Garant in 2002. [29] Sacroplasty is contraindi-
cated in the setting of local infection, sacral decu-
bitus ulcers, allergy to PMMA cement, and 
displaced sacral fractures or fractures involving 
the neural foramen [30].

The technique can be conducted under local 
anesthesia, conscious sedation, or a general anes-
thetic. Prone positioning on a radiolucent table is 
typically utilized. The technique can be done 
using conventional fluoroscopy or CT guidance. 
Fluoroscopy is both cost-efficient, widely avail-
able, and it can be used for real-time monitoring 
of cement deposition [31]. Inlet, outlet, and lat-
eral radiographic projections are utilized. In the 
setting of poor bone density, bowel gas, and soft 
tissue obstruction, it can be difficult or even 
impossible to visualize the bony elements of the 
pelvis. CT guidance does not have these limita-
tions; however, it results in a higher amount of 
radiation exposure, and it takes longer to perform 
[32]. There are various cement insertion tech-
niques described, and the approach utilized is 
determined by the location of the lesion and the 
patient’s anatomy [30]. The injection cannula can 
be inserted along the short axis of the sacrum 
(perpendicular to the posterior cortex) and 

advanced in a posterior-anterior trajectory either 
medial to or lateral to the sacral foramina.

There are no randomized trials evaluating the 
utility of sacroplasty; however, there are several 
case series, retrospective studies, and prospective 
cohort studies which report pain relief and 
improved mobility [33–37]. Injuries to nerves 
and vascular structures from trochar placement 
and cement extrusion are notable complications 
of sacroplasty. Cement can extrude into the sac-
roiliac joint, through the anterior sacral cortex 
and unto the L5 nerve root, into the disc space, 
into the local venous plexus, and into the neuro-
foramina. Bayley and colleagues reported the 
rate of cement leakage in their series to be 8 out 
of 108 patients [36].

29.5.2.2  Percutaneous Posterior 
Pelvic Ring Stabilization

Operative intervention is recommended in dis-
placed/unstable fractures of the posterior pelvic 
ring. Stabilization historically required open 
reduction and internal fixation (ORIF) using 
trans-iliac bars or posterior plating. Open tech-
niques for placement of iliosacral screws were 
developed in the 1980s [38]. In the ensuing 
decade, this technique was modified to enable 
percutaneous placement of implants [39, 40]. 
Percutaneous internal fixation has resulted in 
decreased operating time, soft tissue injury, and 
blood loss compared with open procedures [41]. 
This is even more important in the elderly patient 
given their limited physiological reserves, and 
the need for rapid rehabilitation postoperatively.

Successful and safe percutaneous placement 
of percutaneous screws into the pelvis requires 
reduction of the fracture to minimize the risk of 
neurovascular injury, nonunion, and malunion. 
FFP ring is usually non- or minimally displaced. 
Subsequently, maneuvers such as traction appli-
cation or manipulation of the hemipelvis with 
Schanz pins or other devices are less likely to be 
required. A thorough understanding of the three- 
dimensional pelvic ring anatomy, the fracture 
pattern, and their representation on plain radiog-
raphy and CT imaging is fundamental for this 
technique [41]. The surgeon must also be wary of 
variations in sacral morphology (sacral dysmor-
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phism) and should modify surgical techniques as 
necessary to ensure safe screw placement [42].

Percutaneous posterior pelvic ring fixation is 
usually done under general anesthesia. A supine 
or prone position can be utilized. A small stack of 
folded towels or blankets is placed centrally in 
the lumbosacral region to raise the pelvis from 
the operating room table to allow for access to the 
posterior pelvis. The fluoroscope is positioned on 
the opposite side of the radiolucent table as the 
surgeon. Based on the preoperative CT sagittal 
and axial images, the surgeon should determine 
the approximate C-arm angles needed to obtain 
an inlet view of the S1 and S2 vertebral bodies, 
and plan for the trajectories of the intended 
screws. The surgical technique requires inlet, 
outlet, and lateral views. The ideal inlet image of 
the pelvis superimposes the S1 and S2 vertebral 
bodies. The outlet view superimposes the supe-
rior aspect of the symphysis pubis on the S2 ver-
tebral body and should demonstrate the bilateral 
sacral neuroforamen. The lateral view of the 
sacrum should superimpose the greater sciatic 
notches and should show a distinct iliac cortical 
density (ICD) posterior to the sacral promontory 
if the posterior ring is adequately reduced.

29.5.2.3  Iliosacral Screw
It is critical to understand that the “vestibule” is 
the narrowest part of the bony corridor from the 
lateral ilium to the S1 sacral body and has a dif-
ferent dimension and orientation from person to 
person. It extends from the roof of the S1 neuro-
foramen to the alar slope and it is ovoid in shape 
[43]. The bony corridor of the vestibule extends 
in an anterior and superior direction. Given that 
most sacral fragility fractures are vertical, the 
iliosacral screw should be placed perpendicular 
to the fracture line. In the setting of a dysmorphic 
sacrum, in order to prevent anterior perforation 
and potential injury to the L5 nerve root, the 
screw path must head across the narrow bony 
corridor of the vestibule—anterior and superior.

The posterosuperior quadrant of the intersec-
tion of a vertical line made from the anterior 
superior iliac spine down toward the table and the 
long axis of the femur is the working area. A 
0.62 mm is placed percutaneously into the ilium 

and the trajectory is adjusted based on the preop-
erative plan. Once the appropriate start point is 
identified, the wire is driven into the ilium and a 
stab incision is made around this wire to allow for 
instrumentation. A cannulated drill is placed over 
this wire and the outer cortex of the ilium is 
breached—this creates a pilot hole for the iliosa-
cral screw. A guide wire is then placed into the 
previously drilled pilot hole, and is directed 
toward the midline of the S1 body using the inlet 
and outlet projections (Fig.  29.2). On a lateral 
projection, the wire tip should be below the ICD 
and above the interosseous tunnel of the S1 nerve 
root. A cannulated screw can then be placed 
safely.

Biomechanical studies have shown that iliosa-
cral screws restore stability of the fractured pel-
vic ring. Multiple iliosacral screws are more 
stable than a single screw, long screws that enter 
the denser bone of the S1 sacral body are more 
stable than shorter screws, and longer thread 
screws are preferred due to higher pullout 
strength compared to shorter screws [44–46]. 
Given the decreased bone mass and bone quality 
in elderly patients, cement augmentation of ilio-
sacral screws has been proposed by some authors 
and has been shown to increase stability [47, 48].

29.5.2.4  Transiliac-transsacral Screw
Transsacral (TS) implants that span the bilateral 
sacroiliac joints are more mechanically stable 
than bilateral iliosacral screws in bilateral verti-
cal sacral fractures. Transsacral implants are 
advantageous because they are longer in length, 
have longer threads, and rely on fixation into the 
denser cortical bone of the ilium [49]. This makes 
them particularly effective in patients with poor 
bone quality. This technique popularized by 
Routt can be particularly effective in osteoporos-
tic fractures and injuries with significant poste-
rior pelvic instability. [40]

The technique for placement of a TS screw is 
similar to that described above for IS screws; 
however, the transiliac–transsacral screw’s start-
ing point and trajectory are much more con-
strained and must be carefully planned. The inlet 
and outlet views must be carefully scrutinized 
during this procedure, and tactile feedback dur-
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Fig. 29.2 A 72-year-old woman sustained a left peripros-
thetic transverse acetabular fracture, a right SI joint dis-
ruption and a left zone 2 sacral fracture after a ground 
level fall at home. (a) Axial CT scan of the posterior pel-
vic ring showing a right SI joint disruption and a left zone 
2 sacral fracture. (b) AP radiograph showing right sacro-
iliac widening and left displaced transverse acetabular 

fracture. (c) Percutaneous drilling over a guidewire to 
place a S1 sacroiliac screw. Right antegrade anterior col-
umn screw has already been placed to stabilize acetabular 
fracture. (d) Outlet radiograph after placement of left sac-
roiliac screw at S1 and a transsacral screw at S2. (e) Inlet 
radiograph. (f) Obturator oblique radiographs taken at 6 
weeks showing healing fractures
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ing guidewire placement and drilling is essential. 
A true lateral sacral view can be obtained prior to 
crossing the near and far sacral nerve root tunnels 
to ensure that the tip of the wire is below the ICD 
and above the interosseous tunnel of the sacral 
nerve root of the desired segment. A screw mea-
surement should be done prior to exiting the con-
tralateral iliac cortex so that an accurate length 
assessment can be obtained. Analogous 
 techniques which may offer even greater stability 
in this setting include a transsacral positioning 
bar and locked transsacral screws as described by 
Moed [50–52].

There are no randomized trials evaluating the 
utility of percutaneous posterior pelvic ring fixa-
tion in this patient population; however, there is a 
growing body of evidence touting these tech-
niques as a way to improve clinical outcomes and 
decrease morbidity of fragility fracture of the 
pelvic ring. Hopf and colleagues report on 30 
patients with posterior ring fractures and a mean 
age of 78.4 years treated with percutaneous IS 
screws. They report a numerical pain reduction 
from 6.8 to 1.8 [53]. In their series of 11 patients 
(average age of 67 years) who underwent TS fix-
ation for fragility fractures of the pelvis, Sanders 
et al report that patients experienced significant 
improvement in visual analog scale pain scores 
(9.1 to 3.4) and modified Oswestry Low Back 
Pain Disability Index during follow-up [54]. 
Jones retrospectively compared 41 patients with 
sacral fragility fractures of which 16 were treated 
operatively and 25 were treated nonoperatively. 
They report that in patients who failed to ambu-
late with physical therapy or had significant pos-
terior pelvic pain with ambulation, percutaneous 
TS screw fixation improved pain, ambulation, 
and the rate of disposition to home without 
increasing complications or length of stay [55].

The primary complication seen with percuta-
neous fixation of the posterior pelvic ring is 
errant screw placement. In a systematic review 
and meta-analysis on screw malposition and 
reviews rates, Zwingmann et  al. report a screw 
malposition rate of 2.6%, although there are indi-
vidual series that have reported rates as high as 
15% [58]. The incidence of neurological injury is 
reported to be between 0.5 and 7.7% [56]. Recent 
advancements in imaging including computer 

navigation and 3D-fluoroscopy are being used 
clinically with good results and these have sig-
nificantly reduced the incidence of screw malpo-
sition [57, 58]. However, these techniques have 
not been universally adopted.

29.5.2.5  Anterior Ring Stabilization
Posterior pelvic ring lesions are usually com-
bined with anterior lesions [59]. In a geriatric 
low-energy mechanism, the fracture typically 
occurs at the pubic ramus, probably due to the 
weak cortical and trabecular bone here compared 
to the stiff symphyseal ligaments [62]. Isolated 
fractures of the anterior ring (FFP Type-1) should 
primarily be managed nonoperatively as 
described earlier in this text. However, Tile et al 
showed that when the anterior ring was broken, it 
contributed to a 30% loss in the stability of the 
pelvic ring [61]. Subsequently, when the poste-
rior pelvic ring is treated surgically, fixation of 
the anterior part of the pelvis should also be taken 
into consideration, especially in the bilateral and 
more unstable settings. Isolated anterior ring sta-
bilization in the setting of concurrent posterior 
fractures should not be undertaken.

29.5.2.6  Percutaneous Anterior Pelvic 
Ring Stabilization

In 1995 Routt et  al. reported the first results of 
retrograde transpubic screw placement in 24 
patients [62]. Since then, techniques have been 
described for antegrade pubic rami screw place-
ment as well [63]. Percutaneous fixation is attrac-
tive in this patient population because it allows 
for a minimally invasive surgery that minimizes 
the significant risk of blood loss, infection, 
wound complications, ileus, and prolonged post-
surgical recuperation from an open approach. 
This technique utilizes the anterior column cor-
ridor of bone that includes the superior pubic 
rami and passes medially and cranially to the 
acetabulum. As with all percutaneous fixation 
techniques in the pelvis, there are significant 
person- to-person variations and the surgeon must 
possess a thorough understanding of the relevant 
osseous and local neurovascular anatomy. 
Symphyseal disruptions and parasymphyseal 
fractures cannot be managed with this 
technique.
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29.5.2.7  Retrograde Anterior Column 
Screw

We use the technique as outlined by Altman and 
Westrick [64]. Given that the fracture of the 
 superior ramus is usually horizontal or oblique in 
orientation, and the bone is of such poor quality, 
we utilize fully threaded screws that effectively 
function as an internal “splint”. A mini- 
Pfannenstiel incision is made proximal to the 
pubic symphysis and the cannulated screw guide-
wire is inserted through the ipsilateral pubic 
tubercle, aimed posterior and inferior to the ante-
rior inferior iliac spine. The wire is then passed 
cephalad up the superior pubic ramus. Inlet iliac 
oblique radiographs are obtained to ensure that 
the guidewire does not penetrate the inner cortex 
of the ramus, and outlet obturator oblique radio-
graphs are used to prevent penetration of the hip 
joint. Following appropriate wire placement, the 
outer cortex is again drilled and a 6.5  mm or 
7.3  mm fully threaded cannulated screw is 
advanced.

29.5.2.8  Antegrade Anterior Column 
Screw

For antegrade screws, the authors utilize a start-
ing point is at the junction of a line drawn along 
the lateral border of the femur through the greater 
trochanter and a line from the pubic symphysis 
through the anterior inferior iliac spine. The 
guidewire is then passed down the superior pubic 
ramus to the pubic symphysis (Fig. 29.2). Again, 
frequent inlet iliac oblique and outlet obturator 
oblique radiographs are obtained before the outer 
cortex is drilled. An appropriately sized fully 
threaded screw is inserted [64].

Starr et al report a 15% loss of reduction on 
follow-up radiographs in a retrospective study of 
percutaneous fixation of superior rami fractures 
[65]. They report that an antegrade screw was 
less likely to lead to fixation failure than retro-
grade placement, and theorize that this may be 
because antegrade placement provides screw pur-
chase in the good bone above the acetabulum. 
They also found that elderly female patients with 
fractures medial to the visible border of the obtu-
rator foramen were at the highest risk of failure. 
They surmise that in the setting of osteopenic 

bone, a ramus screw may not provide adequate 
resistance to recurrence of a lateral compression 
deformity and this may increase the risk of 
failure.

29.5.2.9  Anterior Pelvic Ring Plate 
Fixation

Plate fixation of the anterior pelvic ring is more 
stable than after retrograde anterior column screw 
fixation [60]. Plate fixation is preferable in para-
symphyseal fractures, when there is significant 
displacement, and in nonunion cases where there 
is bone resorption at the ends of the fracture. 
Plating is relatively contraindicated in the setting 
of contamination of the surgical field with bowel 
or bladder contents, in the presence of a trans- 
pubic urinary catheter, and in the setting of 
infection.

Plate fixation can be performed via a midline 
incision or a Pfannenstiel incision. A longitudinal 
midline split of the linea alba is made, and the 
dissection is extended down to the pubic sym-
physis. The retropubic space is entered gently 
and the bladder is retracted and protected with a 
malleable retractor. Dissection is then carried out 
laterally in subperiosteal fashion. Care is taken to 
identify and control crossing anastomotic vessels 
of the corona mortis. 3.5mm curved plates are 
typically utilized with long cortical screws placed 
across the pubic body and into the inferior rami. 
Retroacetabular screws can also be placed to 
maximize stability [66].

29.5.3  Lumbopelvic Fixation

Lumbopelvic fixation involves fixation from the 
lumbar spine usually with pedicle screws at L5 
and/or L4 to large diameter screws into the poste-
rior ilium which can be inserted open or percuta-
neously. Lumbopelvic fixation of unstable sacral 
fractures was introduced by Kach and Trenz and 
further refined to include triangular osteosynthe-
sis by Schildhauer in the 1990s [67]. The major-
ity of these patients were polytraumatized with 
high-energy fractures.

Recently lumbopelvic fixation has been fur-
ther expanded to include osteoporotic fractures, 
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especially when bilateral and with a transverse 
sacral component (i.e., U-type and H-type frac-
ture); although there are no long-term follow-up 
studies or large series (Figs. 29.3 and 29.4). In a 
recent functional outcome study involving 
patients treated with percutaneous screw fixation 
for pelvic fragility fractures, although good func-

tional outcomes were reported on 50 patients, the 
authors report a revision operation rate of 20% 
and suggest that trans-sacral screws could prob-
ably reduce the reoperation rate [68]. The high 
rate of screw loosening may indicate the need for 
anterior rami fixation or additional lumbopelvic 
fixation.

Fig. 29.3 A 65-year-old female fell from standing with 
delay in diagnosis. Transferred with saddle anesthesia and 
pelvic pain. Severe displacement transverse component of 

U type fracture as identified on sagittal CT scan. Not ini-
tially identified on Emergency Department AP Pelvic 
Radiograph

Fig. 29.4 S/P Lumbopelvic fusion with L5-S3 decompression
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29.5.4  Pelvic Ring Nonunion

Although the majority of patients who sustain 
FFP ring typically go on to union without surgi-
cal intervention, there is a small subset of patients 
who develop marked fracture displacement and/
or nonunion of the pelvic ring after conservative 
management or insufficient fixation of the pelvic 
ring. The actual incidence of pelvic nonunion in 
the geriatric population is difficult to ascertain. 
Risk factors for the occurrence of nonunion 
include prior pelvic radiation, vertical shear pat-
tern, initial nonoperative management, or treat-
ment with only external fixation systems [69, 70]. 
Pain is the most common symptom described by 
patients with pelvic nonunion. The pain can be in 
the anterior or posterior pelvis, activity related, 
cause sitting discomfort, and even lead to bed 
confinement in the most severe cases. Neurologic 
symptoms, gait disturbance, and a sensation of 
pelvic instability may also be reported. Surgical 
correction is effective in the treatment of symp-
tomatic pelvic nonunion. Mears reported on a 
series of 70 patients treated for nonunion of the 
pelvic ring using standard surgical approaches to 
debride the nonunion sites, reapproximate the 
pelvic ring, apply autologous bone graft, and 
place stable internal fixation. He reported a union 
rate of over 95% and 79% rate of patient satisfac-
tion. [71] Van den Bosch reported on 11 cases of 
nonunion of the pelvic ring. Following surgery, 
improvement in pain and functional status was 
seen in 82% of patients (82%).

29.6  Summary

There has been an increased incidence and aware-
ness of pelvic ring fractures in the elderly with 
inherent treatment challenges and resultant dis-
ability and associated morbidity and mortality 
[17, 72]. These fractures are different in multiple 
aspects from pelvic fractures occurring in 
younger patients. Physicians and other providers 
will need to treat the underlying causes associ-
ated with these fractures and understand the risk 
of progression and nonunion. Percutaneous fixa-
tion techniques based on sound principles and 

knowledge of osseous pathways may allow ear-
lier mobilization and improved outcomes.
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Open Fractures in the Elderly

Erin Pichiotino, Dylan Nugent, and Kyle J. Jeray

30.1  Introduction

The global population of the elderly is growing. 
In the United States, life expectancy has been on 
the rise for decades, with a 78.6-year life expec-
tancy in 2017 [1], and by the year 2030 one in 
every five residents will be of retirement age. 
The Baby Boomer generation, born between 
1946 and 1964, was the largest ever born in the 
United States and has remained the largest seg-
ment of the population ever since [1, 2]. As this 
generation has reached retirement age, and life 
expectancies have increased, the number of 
active, elderly individuals has also significantly 
increased, leading to an increased number of 
elderly persons sustaining injuries [3]. Many 
injuries involve the musculoskeletal system, 
including both low and high-energy traumatic 
fractures that require the care of orthopedic sur-
geons. The assumption is that larger numbers of 
older, active adults would in theory lead to an 
overall greater number of open fractures even if 
the incidence remained constant throughout all 

age groups. However, the incidence is not con-
stant [4], and the mechanisms and locations of 
open fractures in the elderly are often different 
than in younger adults [5, 6]. In young adults, 
road traffic accidents (RTAs) or other high- 
energy mechanisms are the most frequent cause 
of open fractures whereas in the elderly a 
ground- level fall is the most common causative 
factor [5].

30.2  Incidence

The incidence of open fractures in the elderly 
equals or exceeds that of young adult males, with 
the greatest number of open fractures in the 
elderly occurring in women [6]. In a study of 
2386 open fractures in patients over the age of 15, 
the incidence of open fractures in the super elderly 
(patients older than 80 years) was significantly 
higher than patients under the age of 65. And, the 
incidence of open fractures in male patients 15–19 
years and females >90 years were almost identi-
cal, with a progressive increase in the incidence of 
open fractures in females after the 7th decade of 
life [5]. The most common open fractures in the 
elderly involve the distal radius, phalanges of the 
hand, tibia, and ankle, which are for all intents 
and purposes, subcutaneous bones [6]. With 
increased age, the incidence of multiple fractures 
also increases, and in octogenarians, multiple 
fractures may be at least four times the incidence 
of patients younger than sixty-five [6].
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The three most common reasons for open frac-
tures in the elderly are simple falls, crush injuries, 
and RTAs, but falls alone account for more than 
50% of all open fractures in patients older than 65 
years [5]. A study of 33,704 ankle fractures using 
Medicare data found that the rate of all ankle frac-
tures (closed or open) was highest in white women 
(5.8 per 1000) and lowest in white males (1.5 per 
1000) [7]. There is a steady decline in the incidence 
of open fractures in men after the age of 60, while 
the incidence sharply rises in women of the same 
age [5]. Reasons for this include the soft tissue and 
bone changes associated with menopause leading 
to increased susceptibility in women. Further exac-
erbating the risk is that women have a longer life 
expectancy than men. The shorter life expectancy 
in men may lead to fewer men surviving to an age 
where low-energy open fractures would become 
common. Additionally, the overall health condition 
may be worse, and the activity level decreased, in 
age-matched elderly men compared to women 
leading to fewer open injuries [6, 8].

30.3  Evaluation

Multiply injured elderly patients requiring ortho-
pedic trauma care are not uncommon due to high 
early survival rates as a result of well-established 
prehospital care protocols such as Basic Life 
Support (BLS)®, Advanced Trauma Life Support 
(ATLS)®, and timely resuscitation in trauma cen-
ters. As in younger individuals, care for the mul-
tiply injured elderly patient should be provided 
by skilled multidisciplinary teams that can help 
manage medical comorbidities, polypharmacy 
concerns, and the delicate resuscitation efforts 
required to control fluid shifts and metabolic 
imbalances that may be exacerbated by a more 
vulnerable physiologic state.

The initial evaluation of an elderly patient with 
an open fracture should begin with a thorough 
history of the event leading to the injury as well as 
pertinent medical history that could impact treat-
ment, rehabilitation, and outcomes. Important 
facets of the history include mechanism of injury 
such as low-energy falls versus high-energy 
trauma such as motor vehicle collisions or pedes-

trian versus auto injuries. Preexisting medical 
conditions and baseline functional status should 
be investigated to help guide treatment and post-
operative rehabilitation goals. It is important to 
obtain an accurate list of medications for resusci-
tative and perioperative guidance.

It is crucial to understand if the injury occurred 
because of an underlying medical process such as 
a myocardial infarction, stroke, hypoglycemia, 
hypotension, or neurological derangement. 
Additionally, it is important to consider if the 
injury could be complicated by associated inju-
ries such as intracranial hemorrhage due to anti-
coagulant use or renal failure and rhabdomyolysis 
due to immobility and delayed presentation, both 
more commonly seen in the elderly. A 2017 study 
by Wongrakpanich et al found that a fall was the 
most frequent cause of rhabdomyolysis in a 
cohort of patients over 65 years with creatinine 
kinase levels in excess of five times the normal 
limits [9]. They demonstrated that acute kidney 
injury (AKI), peak decline in glomerular filtra-
tion rate (GFR), and greater than eight preadmis-
sion medications were all independent prognostic 
predictors of lower overall survival after rhabdo-
myolysis in the elderly [9]. Another study found 
that elderly patients in critical care settings had a 
20% higher rate of AKI compared to younger 
patients [10]. With the increased risk of kidney 
dysfunction and potential for rhabdomyolysis in 
elderly patients even after a fall from standing, 
early involvement of hospitalist and geriatric 
teams with a thorough medical workup and 
resuscitation plan is prudent.

30.3.1  Patient Factors 
and Comorbidities

With age comes increasing comorbidities, many 
of which are linked to increased mortality and 
morbidity. For example, diabetes mellitus (DM) 
is increasing worldwide and subsequent micro- 
and macro-vascular changes, chronic inflamma-
tion, and hyperglycemia can effect both bony and 
soft-tissue healing. Both type 1 and type 2 DM 
have been found to have negative effects of bone 
turnover, strength, and density [11–13] and have 
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been seen as significant risk factors for postop-
erative infections after open fractures [14, 15]. 
Diabetes treatment can also be problematic, with 
medications such as thiazolidinediones causing 
decreased osteoblast formation and subsequent 
increased bone loss. In contrast, insulin is thought 
to be anabolic in bone, though implications on 
fracture healing are limited at this point [11]. 
Ultimately, elderly patients with diabetes are at 
increased risk of infection, delayed bony healing 
and nonunion, and skin and soft-tissue problems 
after open fractures. The goal for the healthcare 
team is tight glycemic control, consideration of 
additional fixation constructs, and longer clinical 
monitoring after open fractures to help minimize 
complications.

Hormonal changes have been linked to skin 
aging and fragility of the soft tissues [5, 16–18]. 
It is believed that the thinning of the subcutane-
ous tissue, disordered collagen, and altered water 
content associated with menopause is the reason 
why open fractures continue to be more common 
in elderly women. One study showed that skin 
thickness was actually an independent predictor 
of osteoporosis due to the decline in collagen 
with age in both skin and bone [19]. An example 
of the fragility of skin on the medial ankle after a 
ground-level fall can be seen in Fig.  30.1. 
Ultimately, both aging and menopausal effects 
are associated with collagen atrophy and the con-
sequential decrease in elasticity, putting elderly 
patients at increased risk of open fractures.

It is well established that bone density 
decreases while fracture risk increases with age, 
particularly in postmenopausal women. Many 
patients are first diagnosed with osteoporosis 
after they sustain a fragility fracture, which can 
complicate treatment management and outcomes 
[20, 21]. Major risk factors for osteoporosis 
development and fragility fractures include nutri-
tional deficiencies including insufficient calcium 
and Vitamin D.  Fragility fractures also have a 
higher risk of complications such as infection, 
fixation failure, and increased morbidity and 
mortality rates [20–22].

Obesity is another important factor to con-
sider. There is some evidence that obesity is not a 
risk factor for the occurrence of open fractures. 

Court-Brown et al found the prevalence of frac-
tures in general decreases after age 50  in obese 
females and 60 years in obese males, and there 
was no association between the prevalence of 
open or multiple fractures and obesity in all ages 
[25]. However, obesity has generally shown to 
increase the rate of complications following open 
fractures (Yarboro also has an article in Injury in 
2016 on obesity increasing complications in tibia 
fxs). Obesity is associated with chronic inflam-
mation due to elevated inflammatory markers and 
cytokines, which can contribute to insulin resis-
tance, cardiac disease, metabolic syndrome, and 
endothelial dysfunction [23–26]. These physio-
logic changes in obese patients of all ages 
increase the risk of complications such as infec-
tion, fracture fixation due to increased stress, car-
diovascular compromise, and even mortality in 
some studies [23, 26]. However, a recent study 
looking at open ankle fractures found an overall 
increased risk of complications in obese patients. 
However, in a subgroup analysis, while obese 

Fig. 30.1 Extensive skin degloving in a 79-year old 
female after a fall from standing resulting in a Gustillo 
Anderson Type IIIA open trimalleolar ankle 
fracture-dislocation
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patients younger than 60 versus exhibited a sig-
nificant risk of complications over nonobese 
patients, interestingly, obese patients older than 
60 did not exhibit the same increased risk [24]. 
Regardless of the effect of obesity on postopera-
tive complications, body habitus may be prohibi-
tive for certain operative set-ups including bed 
weight limits and/or implant guide sizes. Obese 
patients should be carefully evaluated pre- and 
postoperatively by anesthesia and medicine 
teams. Obesity needs to be taken into consider-
ation for all per-operative decision-making by the 
orthopedic surgery team, even though its impact 
on elderly open fractures is still in question. 
Future studies are needed to better delineate the 
effects of obesity specifically in elderly patients 
with open fractures.

Smoking has established risks on both bony 
and soft-tissue healing [14, 27–29]. An early 
study by Hollenbach et  al. found reduced hip 
bone mineral density in both men and women 
over 60 years who were smokers and a dose- 
response relationship between change in smok-
ing status and hip bone density, supporting that 
smoking cessation was beneficial to reducing 
bone density loss later in life [27]. A prospective, 
observational population-based study followed 
over one thousand women and found that both 
former and current smokers had increased risk 
for any fracture and osteoporotic fractures com-
pared to nonsmokers. Smoking cessation showed 
a decreased risk for vertebral fractures, but did 
not significantly change risk of other types of 
fractures in this cohort [28]. A 2012 systematic 
review and meta-analysis across surgical special-
ties found significantly more postoperative heal-
ing complications in smokers compared to 
nonsmokers and smoking cessation was found to 
reduce surgical site infections (SSIs), but not 
other complications such as wound necrosis or 
complication or decreased bone healing [29]. 
Due to these potentially modifiable risks, it is our 
recommendation that smoking cessation begins 
on presentation for open fracture patients.

Other pharmacologic agents can effect bony 
and soft-tissue healing, both in a positive or nega-

tive manner. Drugs including cytostatics (i.e., 
chemotherapy/cytotoxic drugs) in oncologic 
treatment, fluoroquinolone antibiotics, cortico-
steroids, and cox inhibitors (NSAIDS) are 
thought to inhibit fracture healing [30]. 
Antiepileptic drugs (AEDS) and antidepressants 
have also been shown to have a negative effect on 
bone health and may require more aggressive 
osteoporosis management in these patients [31]. 
Others such as bone-morphogenetic proteins 
(BMP), parathyroid hormone (PTH), and selec-
tive prostaglandin agonists can stimulate bony 
healing [30] Thus, it is important to carefully 
examine a patient’s history and medical list when 
considering treatment and outcomes of open 
fractures, particularly in the elderly.

Preexisting use of anticoagulation is common 
in elderly patients, and in most cases should not 
delay initial management of open fractures need-
ing formal debridement, irrigation, and stabiliza-
tion. Consultation with medical or cardiology 
specialists may be necessary to determine the 
best plan for managing anticoagulation in the 
perioperative period to minimize the risks of both 
embolic complications related to holding antico-
agulation as well as the bleeding and wound heal-
ing complications associated with “operating 
through” anticoagulation. Dineen et  al reported 
the safety of continuing aspirin in nearly all 
orthopedic procedures. There is evidence, how-
ever, that withdrawing antiplatelet therapy, such 
as clopidogrel, can be problematic due to the 
acute-phase reaction and systemic inflammatory 
response that increases platelet adhesiveness and 
reduces fibrinolysis after trauma [32]. While no 
significant evidence exists that stopping clopido-
grel for primary prevention of cardiovascular dis-
ease is harmful, it is recommended to restart it 
within 24 h of surgery if hemostasis is adequate 
[32, 33]. To extrapolate from hip fracture data for 
a similar demographic cohort, a recent meta- 
analysis on clopidogrel use in hip fractures found 
there was no clinically significant bleeding risk 
when surgery was done on the hip fracture, but 
there was increased risk of cardiovascular events 
if stopped [34]. These studies support the safety 
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in continuing aspirin and clopidogrel for urgent 
surgical procedures. If for some reason antiplate-
let therapy is stopped, it should be restarted 
within 24 h to decrease the risk for postoperative 
cardiovascular events.

30.3.2  Examination

A thorough examination is necessary in any 
patient with an apparent open fracture. The 
potentially dramatic appearance of wounds and/
or deformities associated with open fractures can 
serve as distractors to both patients and health 
care providers. In the elderly, simple falls or other 
low-energy mechanisms may result in other inju-
ries. So careful examination should be diligently 
performed in a systematic fashion so that other 
injuries are not overlooked. Again, underlying 
medical conditions and medications should be 
elucidated for the reasons discussed.

30.3.3  Imaging

Standard plain radiographs in orthogonal planes 
of all joints and extremities with obvious or sus-
pected injuries should be obtained as part of the 
initial workup of an elderly patient with an open 
fracture. Advanced imaging may be obtained of 
specific, complex injuries such as those around 
the elbow, knee, or ankle to assist with preopera-
tive and intra-operative decision-making. 
Additionally, imaging of the head and/or c-spine 
should be considered for any patient presenting 
with signs of head or facial trauma, confusion, or 
neck pain because even a low-energy fall may 
cause significant injury to the more rigid spine.

It is essential to keep in mind that often the 
poor soft tissue around the fractures may mask 
the true extent of the injury. Stress views may be 
helpful to elucidate a higher-grade injury. 
Sometimes they are performed in the emergency 
room, but most often in the operating room. An 
example of poor soft-tissue quality leading to 
instability in an ankle fracture-dislocation can be 
seen in Fig. 30.2.

30.3.4  Classification

The Gustilo-Anderson classification is still 
broadly used for open fracture classification and 
may be used in elderly patients with the caveat 
that soft-tissue wounds in the elderly may appear 
more severe than the underlying bone injury or 
mechanism of trauma would otherwise suggest 
[35]. It is prudent to go beyond simply classify-
ing the open fracture and to describe the soft- 
tissue injury in detail for the benefit of others 
who may be involved in serial debridement or 
definitive coverage when necessary. The 
Orthopaedic Trauma Association (OTA) has 
developed a new classification system for open 
fractures to address these potential discrepancies, 
which includes specification of injury to five sub-
categories: skin, muscle, arterial, contamination, 
and bone loss [36].

Examples of characteristic, open ankle frac-
tures in the elderly can be seen in Fig. 30.3a–e. 
These transverse lacerations, which fail in ten-
sion, are the most common soft-tissue pattern in 
elderly ankle fractures.

30.4  Management

The initial management of open fractures in the 
elderly is similar to that in young patients, but 
with special consideration given to potential 
comorbidities, polypharmacy effects, and poor 
physiologic reserve. As discussed previously, 
comorbidities and frailty increase with age, 
which can make the assessment and treatment of 
open fractures challenging. The ultimate goals 
for managing open fractures include preventing 
infection, facilitating soft-tissue healing, bone 
healing, and early mobilization to restore patient 
function [37].

30.4.1  Systemic Antibiotic Therapy

Elderly patients should receive early, broad- 
spectrum, systemic antibiotics ideally within 3 h 
from injury, as recommended by the current 
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Eastern Association for the Surgery of Trauma 
(EAST) guidelines [38], as studies show a sig-
nificant reduction in infection with antibiotic 
coverage after open fractures [39–41, 50]. Gram- 
positive coverage, such as with first-generation 
cephalosporins (i.e., cefazolin), should be given 
for uncontaminated or clean appearing wounds, 
and gram-negative coverage, such as aminogly-

cosides (i.e., gentamicin) or fourth-generation 
cephalosporins (i.e., cefepime), should be added 
for contaminated wounds and Gustilo type III 
fractures. Literature also supports using penicil-
lin or ampicillin for concerns of anaerobic infec-
tion for wounds contaminated with feces and/or 
soil [39, 42]. Varying antibiotic protocols exist 
for highly contaminated wounds using combina-

a b

c

Fig. 30.2 (a) Antero-posterior (AP) and (b) lateral injury 
films of a 79-year old female after a fall from standing 
resulting in a type IIIa open ankle fracture-dislocation. 
Images (a–b) show what appears to be a simple bimalleo-

lar ankle fracture pattern in the setting of a prior fibular 
mal-union, however, (c) intraoperative fluoroscopy 
showed this injury to be a trimalleolar ankle 
fracture-dislocation
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Fig. 30.3 (a) Extruded distal tibia plafond with classic 
transverse medial ankle wound in an elderly female after 
a ground-level fall resulting in a type IIIa open, trimalleo-
lar ankle fracture-dislocation. (b) type IIIa open fracture- 
dislocation after a ground-level fall in an 89-year old 
female with obvious necrosis of the skin edges (c) type 

IIIb open ankle fracture-dislocation after a fall from 
height in an elderly male and (d, e) transverse lateral ankle 
wound with an ankle fracture-dislocation in an elderly 
female patient after a ground-level fall resulting in a type 
IIIA open injury

a b

c d
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tions of other agents including ciprofloxacin, 
piperacillin-tazobactam, and clindamycin. 
However, scarce literature exists to compare 
these in terms of efficacy or safety profiles [38, 
39, 42]. And, with the rising community and hos-
pital prevalence of methicillin-resistant staphylo-
coccus aureus (MRSA) as a feared pathogen in 
open fractures, some protocols include MRSA 
coverage (i.e., vancomycin), however, guidelines 
are still lacking in this area [43]. However, a pilot 
randomized trial by Saveli et al compared cefazo-
lin to cefazolin plus vancomycin in 140 open 
fracture patients of all ages and found no signifi-
cant difference in SSI rates between groups [44]. 
Routine use of vancomycin for open fractures 
should be approached with caution especially in 
the elderly as there are potential complications 
associated with the use of vancomycin.

Nephrotoxicity, drug-drug interactions, or 
other potentially serious adverse effects should 
be accounted for when considering the use of any 
systemic antibiotics, which may necessitate mon-
itoring of serum creatinine and drug levels. And, 
higher risk for acute kidney injury is seen in 
patients with hypotension and higher injury 
severity scores (ISS) on presentation [45], mak-
ing elderly patients with open fractures at very 
high risk. There is an increased risk of nephrotox-
icity specifically with aminoglycoside adminis-
tration with greater patient age, longer duration 
of therapy, higher dosing, and concurrent use 
with other nephrotoxic agents [46]. Because of 
this, routine use of gentamicin should be avoided, 

if possible, in elderly patients with open fractures 
due to their high risk of kidney injury and our 
institution has removed gentamicin from routine 
use even in younger patients.

Duration of antibiotic treatment has also been 
heavily investigated. The EAST guidelines rec-
ommend a maximum of 72  h from the time of 
injury, but not more than 24 hours after soft- 
tissue coverage as a Level II recommendation 
[38]. The British Orthopaedic Association rec-
ommends no longer than 24–48  h for Gustilo 
Type I fractures and a maximum of 72 h or until 
definitive soft-tissue closure, whichever is shorter 
for type II and III fractures [47]. Similarly, a 
recent meta-analysis of 32 studies on antibiotic 
treatment duration in open fractures in all ages 
could not support any benefits of using prophy-
lactic antibiotics past 72  h, regardless of the 
severity of injury or time to soft-tissue coverage 
[42]. The newest review article from the American 
Academy of Orthopaedic Surgeons also did not 
find evidence to support antibiotics beyond 24 h 
after definitive coverage or debridement and ster-
ile dressing placement [43].

While there remains some uncertainty in the 
optimal antibiotics used, duration of treatment, 
and subsequent risk profile of prophylactic anti-
biotics, our institutional policy is to administer 2 
grams of IV Cefazolin every 8 h for Gustilo Type 
I and II fractures for 24  h and 2  g Ceftriaxone 
every 24 h for Type III fractures for a total dura-
tion of 72 h or 24 h after wound closure, whatever 
is shorter. Clindamycin 900 mg every eight hours 
is administered for those with penicillin allergies 
in type I and II fractures and Aztreonam 2 g every 
8 h is added for type III injuries. Decisions for 
safe antibiotic prophylaxis should be discussed 
with pharmacologic, medicine, and/or geriatrics 
teams for appropriate monitoring, if indicated.

30.4.2  Local Antibiotic Therapy

There has been increasing interest in local antibi-
otic therapy for use in open fractures in recent 
years. Local administration in bone cement or 
powder forms rarely causes systemic side effects, 
but can produce high concentrations in the nearby 

e

Fig. 30.3 (continued)
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tissues [39, 49]. One study by Moehring et  al 
compared local and systemic therapies for 
Gustilo type II, IIIA, and IIIB fractures and found 
similar infection rates using systemic first- 
generation cephalosporins versus local therapy 
with tobramycin-eluting beads. However, the 
study was underpowered due to the small sample 
size, so no definitive conclusions could be deter-
mined [50]. A more recent systematic review and 
meta-analysis showed a risk reduction in subse-
quent fracture-related infections of 11% with the 
addition of prophylactic local antibiotics given 
for open limb fractures compared to systemic 
therapy alone, however, the authors themselves 
caution against the interpretation of these results 
secondary to heterogeneity, bias, and limited 
quality studies included in analysis [51].

Important factors to consider with local antibi-
otic use include mechanism of injury, extent of 
soft tissue and bone involvement and contamina-
tion, surgical factors including planned return 
procedures, and patient factors. At this point, use 
of local therapy should be used on a case-by-case 
basis using clinical judgment.

30.4.3  Debridement and Irrigation

Thorough debridement and irrigation are essen-
tial to help prevent infection. Provisional irriga-
tion and debridement of gross contamination 
should be completed upon presentation to the 
emergency room. Formal debridement should be 
completed ideally within 24  h, if possible. The 
ultimate goal of surgical debridement is to main-
tain a clean wound bed with viable tissues and to 
remove devitalized bone fragments to prevent 
infection [37]. Along with debridement, irriga-
tion is performed with a variety of options. The 
FLOW study investigation suggested that reop-
eration rates were similar regardless of irrigation 
pressures and that saline had lower reoperation 
rates than castile soap solutions in the treatment 
of open fractures [52]. With this, it is our opinion 
that normal saline at low pressures is adequate 
irrigation fluid after appropriate debridement. Per 

Anglen et al., 3 l of saline for type I fractures, 6 l 
for type II fractures, and 9 l for type III fractures 
is common practice [53] It is our practice to per-
form debridement and irrigation as soon as pos-
sible (within 24 h at the latest) with gravity flow 
sterile saline using a minimum of 3, 6, and up to 
9 l for Gustilo type I, II, and III, respectively.

30.5  Provisional Fixation

In addition to urgent surgical irrigation and 
debridement, fracture stabilization should be 
planned to allow for optimal wound care, mini-
mize additional soft-tissue injury, and enable 
patient mobilization and rehabilitation. The sta-
bilization strategy should be dictated by the 
patient’s overall health and medical conditions, 
other injuries, and the condition of the soft-tissue 
envelope which may be much more tenuous in 
the elderly than in younger patients.

Temporary stabilization with splinting, exter-
nal fixation, or provisional internal fixation are 
all valid options for the elderly patient. The 
choice of immobilization should take into account 
definitive surgical plans, the need for ongoing 
wound care or soft-tissue assessment, and the 
potential risks of further compromise to the bone 
or soft tissues. Plaster immobilization may be 
restrictive to soft-tissue swelling, decrease access 
to wounds, cause thermal injury at the time of 
application, and/or cause additional soft-tissue 
injury or pressure ulceration if not applied with 
the utmost care.

External fixation can also play a role in provi-
sional fixation of elderly open fractures as it can 
allow access for early soft-tissue stabilization. 
However, it is associated with pin tract infections 
that can be superficial or deep and lead to greater 
morbidity. External fixation may also lead to 
fewer options for definitive fixation by limiting 
screw placement at the time of definitive plating. 
Although rare, another difficulty with external 
fixation may include inability to obtain sufficient 
stability, even temporarily given the soft-tissue or 
fracture locations.
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30.6  Definitive Fixation

Definitive care should be provided as soon as 
medically appropriate and surgically prudent. A 
key consideration in treating open elderly 
 fractures is bone quality and density as this can 
impact the ability to maintain fixation. This is 
compounded by the difficulty in treating frac-
tures with associated soft-tissue injuries and the 
potential complications associated with an 
extended healing period. Wagner et al found the 
delay in fracture healing with age to be partially 
attributed to a decrease in both number and func-
tion of mesenchymal stem cells that assist with 
bone regeneration and direction of angiogenesis 
by endothelial progenitor cells [54]. In addition, 
when managing elderly patients who may be frail 
and unable to comply with limited weight- 
bearing, every effort should be made to provide a 
fixation construct that will allow for the greatest 
amount of early mobility and weight-bearing or 
activities of daily living when possible. At times, 
this may require creatively adapting fixation con-
structs in poor bone to meet the needs of the 
elderly and frail patient.

Strategies that may be beneficial include 
definitive fixation at the time of initial debride-
ment to minimize the risks of multiple anesthet-
ics, blood loss, and soft-tissue injury, and making 
every effort to minimize the length of proce-
dures. There is evidence to suggest that early 
definitive care may decrease subsequent proce-
dures, infection rates, and possibly expedite 
rehabilitation and bony union compared to 
delayed fixation/closure [55–58]. In a small 
series of 21 open distal radius fractures, the 
authors found a low rate of complications with 
only one deep infection and adequate functional 
results in elderly patients treated with a single 
definitive procedure [55]. A 2020 retrospective 
case-control study of 88 open ankle fractures of 
all ages compared immediate internal fixation 
with primary closure to temporary fixation with 
delayed definitive fixation and wound closure. 
While they found no significant difference 
between infection rates, the early cohort had sig-

nificantly fewer reoperations and shorter hospi-
tal stays with similar clinical outcomes to the 
staged cohort [57]. Similarly, a 2017 review 
showed that definitive internal fixation and 
wound closure/coverage was associated with 
lower mortality rates and better functional out-
comes compared to external fixation or wound 
healing by secondary intent in elderly patients 
with low-energy open ankle fractures [58].

Creative fixation strategies have been explored 
for the treatment of open fractures, specifically in 
elderly or frail patients. For example, Armstrong 
et al. reported on the use of tibiocalcaneal nails 
and early soft-tissue coverage for the initial man-
agement of type IIIB open ankle fractures in a 
frail population to allow for stable fixation and 
early mobilization and weight-bearing. They 
demonstrated a low rate of complications and no 
reoperations with timely return to ambulation 
[59]. Other novel techniques include distal fibu-
lectomy, tibial shortening, and subsequent tibio-
talar arthrodesis as a salvage procedure after 
open ankle fractures in the elderly, which may be 
indicated in patients with extensive soft-tissue 
injuries and comorbidities that preclude flap cov-
erage or in cases of a failed free flap, as described 
by Crespo et al [60]. An example of early, defini-
tive fixation with percutaneous medial malleolus 
and calcaneo-tibial fixation can be seen in 
Fig. 30.4.

In a severely debilitated patient who is mini-
mally ambulatory or has limited independent 
functional capabilities, an amputation may be a 
reasonable definitive surgical option to minimize 
the risks of repeated surgeries and anesthetics. 
However, an amputation in an elderly person may 
be much more limiting in terms of postoperative 
rehab and independence. Thus, the decision for 
surgical fixation versus amputation should be 
made on an individual basis after carefully 
weighing the risks and benefits as described 
above.

Overall, early definitive fracture fixation and 
wound coverage with early mobilization improve 
overall functional outcomes in open fractures in 
the elderly [55].
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30.6.1  Wound Coverage

Careful soft-tissue management should be a pri-
ority in all stages of open fracture management in 
elderly patients. The optimal timing for wound 
closure or soft-tissue reconstruction remains con-
troversial, however, studies do support increased 
risks with delayed closure. A 2016 study by 
Ovaska et al., found a 16% wound necrosis rate 
after primary wound closure in patients of all 
ages after surgical fixation of open ankle frac-
tures, with independent risk factors including 
Gustilo grade III open injuries, ASA>=2, and use 
of pulsatile lavage. There was no statistical dif-
ference in wound necrosis rates, however, when 
stratified in patients older than 65 years of age. 
Despite this, it was the authors’ conclusion that 
grade III ankle fracture wounds should not be 
closed primarily even in elderly patients [61]. A 
propensity-matched cohort study by Jenkinson 
et al found a 4.1% deep infection rate with imme-
diate primary closure of lower-grade open frac-
tures versus 17.8% in delayed primary closure, 
though this study was not stratified by age [62]. 
At our institution, we advocate for primary clo-
sure when possible. However, in cases that are 
grossly contaminated or have high-grade soft- 

tissue injuries, the surgeon may elect to delay 
closure.

Unfortunately, high-grade soft-tissue injuries 
are difficult to treat, specifically with exposed 
bone, which can be compounded in elderly 
patients due to their poor soft tissue and aging 
skin. In the elderly, the viability of local soft- 
tissue flaps is a concern because of baseline fra-
gility of the skin, underlying vascular disease, 
and medical and physiologic factors that may 
impair healing [59, 63, 64]. Furthermore, specifi-
cally as it relates to ankle fractures, local flap 
coverage or the use of STSG can be difficult or 
impossible as the vasculature required for the 
local flaps or the soft-tissue beds for STSGs are 
often involved in the zone of injury [60]. An 
example of a successful STSG in an elderly 
patient with an open ankle fracture can be found 
in Fig. 30.5.

While free flaps are considered, the treatment 
of choice when there is low possibility of local 
flaps working, some authors have argued that 
age, comorbidities, and patient factors including 
DM, peripheral vascular disease, and coronary 
artery disease are relative contraindications [60, 
65–67]. Other authors have argued that age is not 
a contraindication to rotational and free-tissue 

a b

Fig. 30.4 The patient referenced in Figs. 30.1 and 30.2 
was treated with provisional irrigation and debridement 
and definitive, percutaneous medial malleolus and 
calcaneo- tibial fixation with non-pressure wound therapy 

until definitive coverage was completed with split- 
thickness skin grafting (STSG) by our plastic surgery col-
leagues (Fig.  30.5) as seen in both the (a) AP and (b) 
lateral intraoperative fluoroscopy
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transfers and such “aggressive” soft-tissue cover-
age options may be the best way to minimize 
infection risks and time of wound healing [59, 
63, 67]. An early retrospective review of 100 
patients older than 65 who had free-flap recon-
struction—ten of which had lower extremity 
traumatic wounds—by Serletti et  al found an 
overall success rate of 97% for free flaps, sup-
porting similar success rates in elderly patients 
compared to the general population [65]. Qian 
et  al performed a systematic review and meta- 
analysis of 17 studies (453 free-style flaps) and 
found no statistically significant difference in 
complications after free flaps in patients over 60 
years old [68]. In contrast, a 2019 study of 77 
patients undergoing free flaps found a statisti-
cally significant relationship between flap loss 
and age (correlation coefficient 0.3, p  =  0.006) 
[66]. While the majority of these studies included 
oncologic reconstructions in various anatomic 
areas, they do provide insight into flap coverage 
in the elderly population, which may be applica-
ble to open fracture management. So, free flaps 
should be considered in the elderly but one must 
perform an adequate patient evaluation and 

workup, including angiography and/or nutritional 
status when indicated [69]. Early conversations 
with plastic surgery and/or orthopedic colleagues 
with experience in flap coverage should be had to 
discuss appropriate soft-tissue management, 
which may ultimately change surgical decisions 
if there is no adequate coverage option.

30.6.2  Negative Pressure Wound 
Therapy

Use of negative pressure wound therapy (NPWT) 
has become widely used for open fracture wounds 
over the past 20 years. Literature to support the 
efficacy of use, however, remains controversial. 
And, to our knowledge, there are no studies strat-
ified by age.

A retrospective cohort study by Blum et al of 
open tibial fractures comparing NPWT to con-
ventional dressings found a decreased rate of 
deep infection in the NPWT group (8.4% v 
20.6%, p = 0.01). This study was not stratified by 
age—the average age was 40.3  in the NPWT 
group and 36.8  in the conventional group—and 
there was a greater proportion of type IIIB inju-
ries in the NPWT group (50% vs. 25%, p = 0.001). 
In addition, free flaps were used more frequently 
in NPWT group versus the conventional group 
(28% v 14%). However, there was no difference 
in the rate of primary closure, skin grafting, or 
local flaps between groups. Use of NPWT, 
Gustilo type, associated major trauma, transfu-
sion rates, time to initial debridement, and time to 
definitive fracture fixation were independent uni-
variate predictors of deep infection in this study 
[70]. Similarly, a 2020 review selected 10 studies 
for meta-analysis and found a significantly 
decreased rate of deep infection in the NPWT 
group (OR 0.43, p  <  0.0001). Flap failure was 
also significantly reduced in the NPWT group 
(OR 0.37, p = 0.04). But, there was no statistical 
difference between groups in regards to amputa-
tion, fracture union, flap frequency, ICU stay, or 
hospital stay in subgroup analysis [71].

The WOLLF Randomized Clinical Trial 
compared NPWT versus standard wound man-
agement after the first surgical debridement in 

Fig. 30.5 Healing split-thickness skin grafting of the 
patient referenced in Fig.  30.1 after multiple surgical 
debridements and subsequent internal fixation
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open fractures of the lower limbs. While 
patients were younger, with an average age of 
45.3 years and 74% were male, there were no 
statistically significant differences in patients’ 
Disability Rating Index scores at 12 months, 
number of deep SSIs, or in quality of life. 
Additionally, there was a low probability of 
cost-effectiveness in this study [72]. Similarly, 
a 2018 Cochrane Database Systematic Review 
included seven randomized controlled trials 
(1377 participants) and found moderate-cer-
tainty evidence that there was no clear differ-
ence between standard care and NPWT at 6 
weeks for open fractures and moderate- 
certainty evidence that NPWT is not cost-effec-
tive for open fracture wound treatment [73].

Deep infection is a feared complication after 
open fractures. Contradictory evidence exists in 
the literature and uncertainty remains as to 
whether NPWT affects the rate of wound infec-
tions, adverse events, time to closure or patient- 
reported outcomes based on this review. Despite 
the questionable benefit, it is the author’s opinion 
that NPWT should be considered for elderly open 
fractures in light of the bony and soft-tissue sus-
ceptibilities as mentioned earlier in this chapter.

30.6.3  Venous Thromboembolic 
Prophylaxis (VTE)

Elderly patients with open fractures are at 
increased risk for postoperative venous thrombo-
embolic prophylaxis (VTE) in the first 5–7 days 
postoperatively during which a potential deep 
vein thrombosis (DVT) remains in the early, 
acute phase. Virchow’s triad is activated—from 
use of a tourniquet and/or decreased mobilization 
postoperatively causing venous stasis, fracture 
and/or surgical manipulations causing endothe-
lial vascular damage, and increased hypercoagu-
lability as the body’s response to trauma—which 
puts orthopedic patients at especially high risk 
[33]. The incidence of symptomatic DVT has 
been reported to be in the range from 40 to 60% 
after major orthopedic surgery [74]. Thus, post-
operative venous thromboembolism (VTE) pro-
phylaxis is recommended. While various 

guidelines exist, it is our practice that patients 
receive low-molecular-weight heparin (LMWH) 
and/or novel Xa inhibitors with mechanical pro-
phylaxis while inpatient and for a minimum of 
10–14 days per the American College of Chest 
Surgeons (CHEST) guidelines [75]. Patients can 
then be transitioned to a maintenance VTE pro-
phylaxis—including aspirin—for up to 35 days 
or at least until the patient is adequately mobiliz-
ing [74, 75]. While the CHEST guidelines do not 
suggest thromboprophylaxis for isolated lower 
extremities injuries—even if they require immo-
bilization—it is our departmental policy to pre-
scribe it if there are concerns for mobility 
issues.-And as the medications and comorbidities 
in the elderly patients can be complex, decisions 
for VTE prophylaxis should be discussed with 
the hospitalists and/or geriatric medical teams.

30.6.4  Mobilization 
and Weight-bearing

Early mobilization and weight-bearing are a pri-
ority in the elderly population to minimize com-
plications and prevent further injuries. Older 
patients may be unable to comply with limited 
weight-bearing restrictions due to debility, bal-
ance, and gait disturbances at baseline, or from 
dementia or cognitive impairment. Every effort 
should be made to provide a stable enough con-
struct to allow immediate weight-bearing when 
possible and to provide appropriate resources for 
assistive devices and adaptive equipment when 
activities must be restricted.

When mobility and/or weight-bearing must be 
limited, extra assistance may be required from 
inpatient and outpatient rehabilitation specialists, 
home-health nursing, and family or other care-
givers to ensure basic hygiene needs, daily mobi-
lization and repositioning, and postoperative 
wound care are met.

30.6.5  Bone Health

Osteoporosis-related fragility fractures are an 
epidemic worldwide, and various resources exist 
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to enable providers to evaluate and treat these 
patients. A coordinated postfracture education 
and treatment program are essential and should 
be considered for all elderly open fracture 
patients [76]. As previously mentioned, calcium 
and vitamin D supplementation is indicated in 
patients with deficiencies and/or osteoporosis to 
help prevent bone loss following fracture, as well 
as an attempt to reduce secondary fracture risk 
[21].

Part of the workup includes assessing the 
quality of bone and then where indicted begin-
ning treatment. Osteoporotic treatment medica-
tions are separated into anabolic agents, including 
PTH analogues, and anti-resorptive medications, 
including bisphosphonates, denosumab, calcito-
nin, and estrogen receptor modular [20]. It is now 
widely accepted that secondary prevention can be 
safely implemented as a preventive measure as 
soon as possible after a fragility fracture, and pre- 
fracture treatment does not need to be delayed or 
paused, as the benefits of treatment outweigh the 
potential risks of delayed fracture healing [20]. 
And although not definitive in the literature, there 
may be a role for treatment with an anabolic drug 
to aid in the healing of elderly fractures. For 
example, a 2011 study by Peichl et  al found a 
decreased time to healing after pelvic ring frac-
tures in osteoporosis patients who were treated 
with daily, subcutaneous PTH compared to those 
who were not [77].

30.7  Outcomes 
and Complications

When an efficient, multidisciplinary approach is 
carried out, good outcomes can be achieved even 
in elderly patients with open fractures. However, 
age and preexisting comorbidities can pose chal-
lenges often leading to increased risk of infec-
tion, nonunion, and mortality.

30.7.1  Infection and Wound 
Complications

Despite improvements in antimicrobial cover-
age, prompt irrigation and debridement, and 
delicate soft-tissue management, infection is a 
feared consequence of open injuries and can be 
complicated by comorbidities in the elderly and/
or iatrogenic from surgical intervention and 
implants [78]. Infection rates for even closed 
injuries show less favorable results in older ver-
sus younger cohorts. Pagliaro et al. found an 8% 
rate of deep infection out of a cohort of 23 
patients with both open and closed fractures 
[79]. In a series of 237 geriatric ankle fractures, 
Aigner et al. found that increased operative time 
was the only independent risk factor associated 
with development of complications, and surgi-
cal time and presence of an open fracture were 
risk factors for requiring a revision surgery [15]. 
A study of 21 grade IIIB open, unstable ankle 
fractures treated with tibiocalcaneal nail fixa-
tion and soft-tissue coverage found six superfi-
cial wound infections (28%) [59]. Another 
retrospective analysis by Khadim et  al. of 99 
elderly patients with type IIIB open lower limb 
fractures—with the majority treated with loco-
regional flaps more than free flaps secondary to 
low-energy injuries—found a 1% flap failure 
rate and 1% deep infection rate [63]. A study by 
White et  all retrospectively reviewed 13 open 
ankle fractures in adult patients of all ages with 
diabetes and found a 64% rate of wound compli-
cation, 36% of which developed deep infection, 
and 42% of which ultimately required amputa-
tion. And, only 21% of these patients archived 
bony union without complication [80]. Clinical 
and radiographic examples of lateral incision 
wound breakdown after open reduction internal 
fixation and primary closure of an open ankle 
fracture in an elderly patient can be found in 
Fig. 30.6.
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Fig. 30.6 (a) Injury and (b, c) intra-operative fixation 
radiographs for the elderly female with an open ankle 
fracture-dislocation with clinical photos as seen in 

Fig. 30.4. (d) Open, medial injury wound that was primar-
ily closed, and (e) surgical incision with wound break-
down and exposed plate on the lateral side

a b

c d
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Based on the studies presented above, infec-
tions after open fracture vary widely and are 
influenced by many factors other than age alone, 
and can be estimated between 1 and 36% for 
deep infection [63, 80] with up to a 64% wound 
complication rate in patients with diabetes [80]. 
Evaluating patient risk factors including diabetes, 
obesity, home medicines, skin and soft-tissue 
quality, and nutrition status are essential to help 
to attempt to stratify risks preoperatively. 
Furthermore, intraoperative considerations such 
as adequate debridement and irrigation, delicate 
soft-tissue handling, and shorter operative times 
may help decrease risks. And, as mentioned 
above, arguably the most important, early admin-
istration of broad-spectrum antibiotics signifi-
cantly reduces the incidence of wound infections 
[38–45, 51].

30.7.2  Nonunion

Nonunion is an established complication with 
any fracture that can negatively affect patient out-
comes. There is evidence supporting increasing 

age as a factor for fracture healing inhibition, 
although patient comorbidities also play a role in 
nonunion risk. For example, clinical studies have 
shown diabetic patients not only have an 
increased fracture risk but also have a higher inci-
dence of delayed union or nonunion and an 
almost doubled time to healing compared to non-
diabetic patients [13, 81].

Age has also been shown to be a risk factor for 
nonunion after both closed and open fractures. 
Clement et al found that frailer, elderly patients 
had more substantial injuries, an increased risk of 
open fractures, and a higher rate of nonunion 
compared to their younger counterparts [82]. 
Zura et al. found that nonunion after all fractures 
in Medicare beneficiaries was more likely to 
occur in people with certain comorbidities, 
including smoking, obesity, type I and II diabe-
tes, osteoarthritis and rheumatoid arthritis, open 
fractures, osteoporosis, and alcoholism. 
Interestingly, in this study patients that were 
older than 75 were less likely to go on to non-
union compared to patients under 75 years old 
[83]. While the literature on the effect of age on 
bone healing is still inconclusive, it is important 

e f

Fig. 30.6 (continued)
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to identify that the risks of nonunion are multi-
factorial with both injury- and patient-related 
factors. Modifiable risk factors such as smoking, 
bone health, and nutrition should be addressed 
with the patient as soon as possible in attempts to 
reduce the nonunion risk.

30.7.3  Mortality

Mortality rates after open fractures in elderly 
patients have been shown to be higher compared 
to closed fractures and higher in elderly patients 
compared to their younger counterparts—even 
after closed fractures [83–87]. A 2013 review of 
both closed and open tibial diaphysis fractures in 
patients >65 years found a 17% overall 120-day 
mortality rate. When breaking this down by 
65–80 years of age, the 120-day mortality was 
9%, and the mortality rate for those >80 years of 
age was 30%. This study also found a 33% 120- 
day mortality rate in all patients over 65 years of 
age patients with open fractures [82]. A Swedish 
study of 3777 open tibial fractures found an 
increased risk of adjusted 90-day mortality in 
elderly patients (25.7%)—comparable to mortal-
ity rates in hip fracture patients—with increased 
risk of cardiovascular and respiratory failure 
[86]. Another study by Toole et al found a 27% 
mortality rate after open ankle fractures in the 
elderly at a mean of 2.67  ±  2.02 months from 
injury, and a staggering 81% of these patients 
were found to have >=3 comorbidities [87]. A 
smaller study of only 21 grade IIIB open,  unstable 
ankle fractures treated with tibiocalcaneal nail 
fixation and soft-tissue coverage found a 15% 
three-month mortality rate [59].

The literature supports increased mortality 
rates after open fractures in elderly patients. 
Closed fracture mortality rates in elderly patients 
ranged from 4.9 to 9% [83–85] but open fracture 
mortality rates in elderly patients were even 
higher, ranging from 15 to 33% in these studies 
[59, 82, 86, 87]. Thus, patients and their families 
should be adequately counseled on the long-term 
risks, including higher mortality rates, after sus-
taining open fractures.

30.8  Summary 
of Recommendations

Open fractures in the elderly are becoming more 
common and remain difficult to treat for a myr-
iad of age-specific concerns including poor 
bone quality and quantity, aging skin, delay in 
wound and bone healing, and overall extended 
recovery periods with difficulty mobilizing 
postoperatively.

While there is limited literature published spe-
cifically on open fractures in the elderly, our rec-
ommended mainstays of treatment include:

 – Multidisciplinary care teams including geriat-
ric and/or hospitalist-based medicine to ensure 
patients are well resuscitated and to avoid 
poly-pharmacy or drug-drug interactions.

 – Early administration of broad-spectrum sys-
temic antibiotic prophylaxis on presentation 
with Cefazolin in Gustilo type I and II frac-
tures for 24  h and Ceftriaxone for type III 
fractures, to minimize nephrotoxicity of ami-
noglycoside use, for 72 h or 24 h after wound 
coverage, whichever is shorter.

 – Local antibiotic therapy should be used on a 
case-by-case basis, specifically for extensive 
soft-tissue wounds or contaminated fractures.

 – Urgent debridement, irrigation, and provi-
sional fixation as necessary with splinting, 
external fixation, or provisional internal fixa-
tion until definitive fixation can be completed 
when soft tissue allows.

 – The emphasis for fixation is on stability con-
sidering poor-quality and/or low-density bone 
with the goal of weight-bearing through the 
injured extremity whenever possible.

 – Early involvement of plastic surgery or flap 
proficient orthopedic surgery colleagues for 
soft-tissue coverage as indicated.

 – Low-molecular-weight heparin (LMWH), 
novel Xa inhibitors, and/or aspirin and 
mechanical VTE prophylaxis for a minimum 
of 10–14 days, but ideally for 35 days, per 
CHEST guidelines [75]

 – Early mobilization with trained geriatric 
therapists.

30 Open Fractures in the Elderly
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 – Close postoperative follow-up including 
radiographs to monitor bony healing.

 – Early involvement of osteoporosis manage-
ment and/or treatment, if indicated.
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Obesity and the Senior Trauma 
Patient

Douglas Lundy, Sydney E. Burke, 
and Jennifer L. Bruggers

31.1  Introduction

It is well understood that increased age is a known 
risk factor in the survival and outcome of trauma 
patients, and the addition of obesity as a comorbidity 
certainly complicates the scenario. Even so, studies 
concerning obesity and trauma provide results that 
may not be necessarily intuitive, and obesity may 
ironically be protective to the patient in certain situ-
ations. The World Health Organization has defined 
the various degrees of obesity as follows: not obese 
(BMI 18.5–29.9 kg/m2), mild obesity (BMI 30.0–
34.9 kg/m2), moderate obesity (BMI 35.0–39.9 kg/
m2), and severe obesity (BMI ≥ 40.0 kg/m2). Trauma 
surgeons must understand the impact of obesity on 
the outcome of their elderly patients, and strategies 
to mitigate these issues should be deployed.

31.2  Obesity and Trauma

Much has been written regarding the effect of obe-
sity on the injured patient, and obese patients are at 
greater risk of injury than normal-weight patients. 
Joseph et  al. [1] studied the effect of obesity in 
patients injured in motor vehicle collisions. They 
found that patients with morbid obesity were 1.52 
times more likely to die in a motor vehicle collision 

than normal-weight occupants. This effect was 
identified regardless of whether the patient was 
restrained or whether the airbags were deployed. 
Hartka et  al. [2] found that due to body habitus, 
seatbelt restraints tend to displace anteriorly in 
obese patients. This horizontal, but not vertical 
positioning of the seat belt, may produce different 
injury patterns than in normal- weight individuals. 
Dubois et  al. [3] reported interesting findings 
regarding extremes of body mass index (BMI) and 
death resulting from motor vehicle collisions. They 
found that elderly patients (over 85 years of age) 
with very low BMI (less than 18) as well as those 
with very high BMI (greater than 42.5) had a sig-
nificantly increased chance of dying from injuries 
resulting from a motor vehicle collision compared 
with a cohort of similar weight individuals who 
were less than 25 years of age. Ironically, a moder-
ate BMI of 27.5 seemed to have a protective effect 
for elderly patients compared to their younger 
counterparts. These studies show that obese 
patients are at greater risk than normal-weight indi-
viduals during motor vehicle collisions, but the 
manifestations of this influence are variable.

31.3  Obesity and the Elderly 
Trauma Patient

Obesity seems to have a direct correlation in falls 
in elderly patients. Several studies examining 
large databases have demonstrated this connec-
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tion. Neri et al. [4] performed a meta-analysis of 
31 manuscripts comprising 1.7 million patients. 
They found a relative risk of 1.16 that obese older 
adults would sustain a fall compared to their 
normal- weight equivalents, and that obese 
patients were also far more likely to report mul-
tiple falls. Interestingly, although the obese 
patients were at increased risk of falling, there 
was not a reported concomitant increase in 
reported injuries from falls in the obese sub-
group. Handrigan et al. [5] found a similar cor-
relation, and they studied the rate of falls in 
different weight subclasses. They found that both 
underweight (BMI less than 18.5) and obese 
(BMI more than 30) older Canadians were more 
likely to fall than their normal and overweight 
counterparts, and this effect was noted in men 
more than women. They also identified that only 
obese men were at more risk in sustaining a fall- 
related injury compared to their female counter-
parts. Barry et al. [6] queried the database from 
the Global Burden of Disease and determined 
that blunt trauma due to falls was related to an 
increase in injury in elderly patients, and the 
blunt trauma sustained from these falls caused an 
increase in mortality in the elderly population. 
They did not find an increase in mortality in the 
obese group compared to the normal-weight 
group, and they attributed this lack of difference 
to the high percentage of comorbidities found in 
both cohorts. These varied findings are frequently 
seen in studies regarding the effect of obesity in 
elderly patients, and the intuitive conclusion that 
obese patients always have poor outcomes is not 
always supported.

Several studies have also demonstrated the 
incidence of injury in older patients relative to 
BMI.  Kim et  al. [7] screened 300,000 Koreans 
between the age of 50 and 80 regarding the inci-
dence of a proximal femoral fracture. They found 
that overweight individuals (men with a BMI 
between 27.5 and 29.9 and women with a BMI 
between 25 and 27.4) had the lowest incidence of 
proximal femoral fracture compared with other 
subgroups. They found that not only did obese 
persons have a higher risk of fracture, but under-
weight patients were at increased risk of fracture 
as well. Conversely, Zhang et al. [8] reported that 

underweight nursing home residents were more 
likely to sustain a proximal femoral fracture than 
residents who were mildly and moderately-to- 
severely obese. The literature in general seems to 
agree that extremely underweight and severely 
obese patients are at risk for proximal femoral 
fracture relative to patients with more moderate 
BMI.

Obesity does affect outcome after an elderly 
patient sustains an injury. The effect of obesity 
has been examined in elderly patients who have 
sustained a proximal femoral fracture. Kosar 
et al. [9] found that both length of stay after sur-
gery and likelihood of readmission to the hospital 
were increased in obese patients with a proximal 
femoral fracture compared to the normal-weight 
cohort. In fact, they found that as the degree of 
obesity increased (from mild to moderate to 
severe), the patients were more likely to be read-
mitted and have an increased length of stay. 
Kempegowda et al. [10] found a similar effect in 
patients who had sustained an intertrochanteric 
femoral fracture. In their study, obese patients 
(BMI between 30 and 39.9) were statistically 
more likely to have post-operative complications 
including respiratory and electrolyte issues and 
even sepsis. This effect was magnified in patients 
with a BMI greater than 40. They also found that 
the duration of surgery and length of stay was 
also significantly increased in obese patients. 
Zajonz and coauthors [11] found obese patients 
were more likely to develop a perioperative infec-
tion after hemiarthroplasty in the treatment of 
patients with a femoral neck fracture. These stud-
ies all agree that obese patients should anticipate 
longer length of stay, more complications, and 
higher rates of readmission than their nonobese 
counterparts.

Obesity affects injured patients in other ways 
as well. Ssentongo et al. [12] reported a signifi-
cant degree of hyperglycemia in their geriatric 
trauma patients. They recognized that hypergly-
cemia in this elderly obese cohort directly 
increased the rate of infections, length of stay, 
and death. Mauck et al. [13] reported that obese 
patients were more likely to develop chronic pain 
after a motor vehicle collision than normal- 
weight patients. They found this effect to be 
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especially true in patients with morbid obesity. In 
patients sustaining severe traumatic brain injury, 
Czorlich et  al. [14] found that patients with a 
BMI greater than 35 were statistically more likely 
to die from their injury, and if they did survive, 
they were far more likely to have a poor neuro-
logical outcome.

31.4  Sarcopenic Obesity

A subset of obesity is defined by sarcopenia 
which is the relative decrease of muscle mass and 
strength. Not surprisingly, sarcopenic patients 
can expect worse outcomes after injury. Follis 
et al. [15] found that women with sarcopenic obe-
sity had a higher risk of falls, and that this risk 
was greatest in Hispanic women. Chang and 
coauthors [16] found that sarcopenia magnified 
the effect of obesity in terms of outcome in their 
study of elderly patients. Patients with low para-
spinal muscle density and low skeletal muscle 
index were statistically more likely to have 
increased hospital length of stay after fracture. 
They also found that these patients had higher 
transfusion demands than normal patients. Liao 
et al. [17] found that augmenting resistance train-
ing with protein supplementation effectively 
increased function in older adults with sarcope-
nia. In the meta-analysis including 17 random-
ized controlled trials, they found that the addition 
of protein supplementation to resistance exercise 
was more beneficial in obese sarcopenic patients 
than in those with normal-weight sarcopenia.

31.5  Obesity Paradox

Ironically, the presence of obesity does not 
always predict poor outcomes in patients with 
injury, and studies have failed to show a differ-
ence in some variables compared with normal- 
weight cohorts. Childs et al. [18] examined the 
effect of obesity in their series of patients with 
fractures. Although obese patients were more 
likely to suffer acute renal failure, infections, 
and longer periods in intensive care, they did not 
find any difference in terms of mortality, pulmo-

nary issues, or the presence of multiple organ 
failure compared with normal-weight individu-
als. Rock and coauthors [19] examined the 
trauma hospital admissions in Detroit over a 
9-year period. They found that although obese 
patients had a longer length of stay, their mortal-
ity was no higher than the normal-weight 
patients. Chen et al. [20] found no difference in 
the rate of hepatic or splenic injuries between 
obese and normal- weight patients in their study 
of solid organ injury in adult patients who sus-
tained blunt trauma.

In terms of a specific injury, other studies have 
failed to demonstrate a difference between the 
obese population and normal-weight patients. 
Thorud et  al. [21] found no difference in bone 
healing between different BMI groups in their 
study of foot and ankle fractures. Specifically, 
obese and morbidly obese patients were able to 
heal their fractures just as well as their normal- 
weight counterparts. Likewise, Acosta-Olivio 
et al. [22] examined the effect of obesity on the 
severity of patients presenting with a distal radial 
fracture. Their study failed to demonstrate any 
difference in severity between normal-weight 
individuals and those with obesity. So, although 
obesity complicates recovery after injury and 
increases the likelihood of proximal femoral 
fractures in the elderly, surgeons cannot always 
assume that obesity predisposes patients to more 
severe injuries and complications.

In 2003, Kalantar-Zadeh and coauthors [23] 
described the “protective” effect of obesity 
against cardiovascular disease and mortality in 
their series of dialysis patients. They dubbed this 
effect as the “obesity paradox”, and many other 
studies have noted that obesity may have a posi-
tive influence in certain situations. Modiq et al. 
[24] found that comorbidity-matched obese 
patients had a lower mortality rate than other 
patients in their series of proximal femoral frac-
tures. As noted in previous studies, they found 
that patients with very low BMI were at higher 
risk of mortality and failing to return home after 
fracture if they did survive. Rios-Diaz and coau-
thors [25] also noted a protective effect of obesity 
in their series of patients with severe soft tissue 
infections. They found that obese individuals had 
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a lower mortality rate than normal-weight 
patients with this disease.

Conversely, Zhang et  al. [26] believe that the 
obesity paradox seen in patients with proximal 
femoral fractures should be attributed to patient 
selection rather than a true protective effect. They 
compared the population of patients with proximal 
femoral fracture who underwent more urgent sur-
gery with elective hip surgery patients in a nonur-
gent setting. Regression models demonstrated that 
although the “obesity paradox” existed in the frac-
tured patients, there was no such protective finding 
in obese patients undergoing elective hip surgery, 
and they found that obese patients had a statistical 
increase in wound infections compared to normal-
weight patients. They attributed the phenomenon 
of the obesity paradox to selection criteria in that 
surgeons tended to operate on only the healthiest 
obese patients whereas they would operate on 
sicker normal-weight patients.

31.6  Best Practices 
in the Treatment of Injured 
Elderly Patients with Obesity

Regardless of the conflicting literature regarding 
obesity in the elderly trauma patient, there is 
ample evidence that obesity compromises the 
ability of this already compromised group to 
recover. Surgeons should strongly consider these 
strategies to optimize recovery from injury in 
obese elderly patients:

 1. Modified venous thromboembolism (VTE) 
prophylaxis (modified medications and dos-
ing techniques).

 2. Modified oxygenation procedures, adjusted 
positioning during intubation, and preoperative 
obstructive sleep apnea (OSA) assessment.

 3. Consideration of hypocaloric high-protein 
diet after critical illness/surgery.

 4. Adjustments to avoid surgical site infections 
and wound complications.

Obesity is a known risk factor in the develop-
ment of VTE, and these patients present to the 

trauma center in the “prothrombic” state [27]. 
This condition is presumed due to enhanced 
platelet activity, impaired fibrinolysis, and acti-
vation of endothelial cells. Because of the 
decrease in vascularity in adipose tissue, fixed-
dose regimens of anticoagulants may be insuf-
ficient in this patient group, and weight-based 
prophylactic treatment may be more effective in 
preventing VTE.  Mechanical prophylaxis 
should be used in conjunction with chemical 
prophylaxis, and mechanical methods should 
not be used alone.

Patients with obesity are well known for pre-
senting with difficult airways and OSA [28]. 
These patients often desaturate prior to intuba-
tion, and their airway can be difficult to manage 
when they are supine. The patient’s end- 
expiratory volume may be reduced up to 69% 
after induction due to the decrease in functional 
reserve capacity [29]. Obese patients often pres-
ent with OSA, and this condition is often undiag-
nosed in 10–20% of patients with a BMI greater 
than 35 [30]. Effective treatment of OSA may 
decrease pain resulting in lower doses of opioids 
which can lead to further respiratory failure. 
Recommendations for treating elderly obese 
patients include:

• Positioning the patient before intubation in a 
30° reverse Trendelenburg position or 25° 
head-up position can improve 
preoxygenation.

• Maintaining positive end-expiratory pressure 
(PEEP) of 10 cm H2O during preoxygenation 
increases time of apnea without hypoxemia by 
average time of 1 min.

• Pre-oxygenate obese patients with high-flow 
nasal cannula to increase oxygen delivery dur-
ing apneic period.

• Maintain low tidal volume ventilation after 
intubation.

• Evaluate patients for OSA by using these 
screening tools:
 – Snoring, tiredness, observed apnea, high 

blood pressure (STOP).
 – Body mass index, age, neck circumference, 

and gender (Bang).
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• Avoid postoperative complications and maxi-
mize recovery by assessing for OSA before 
surgery.

• Mitigate OSA in patients with CPAP, BiPAP, 
or an oral appliance.

Obese patients are disadvantaged from a nutri-
tional standpoint, and they should be optimized 
to encourage healing. Surgeons should consider a 
hypocaloric, high-protein diet after surgery to 
maximize healing. Obese patients lose protein at 
accelerated rate during critical illness as they 
consume muscle as fuel source [29]...Clinical 
outcomes are at least equivalent, if not improved, 
in patients consuming high-protein hypocaloric 
feeding than those consuming high-protein euca-
loric feeding [30].

Lastly, as noted previously, obese patients are 
more likely to have wound complications than 
normal-weight patients. Surgeons should con-
sider weight-based dosing of perioperative anti-
biotics to ensure adequate coverage. Minimally 
invasive techniques should be used whenever 
possible, since tensions on the edges of the 
wound edges are often increased in obese patients 
thus causing decreased oxygen supply to the sur-
gical site [28].
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Spinal Fracture in the Elderly

Paul A. Anderson

32.1  Introduction

Osteoporosis is the loss of bone mineral density 
and degraded bone microarchitecture resulting in 
increased fracture risk. Fractures occur in both 
the axial and appendicular skeleton with the latter 
usually associated with falls while the former 
may be atraumatic. The increased prevalence of 
osteoporosis in the aging population results in a 
greater number of elderly patients having fragile 
spinal fractures, the most common type of frac-
ture. Many injuries are the results of low-energy 
trauma, although atraumatic fractures and non-
clinical fractures are common. Morbidity and 
mortality of these fractures are similar to that of 
hip fracture with corresponding cost of treatment 
and utilization of hospital resources. To maxi-
mize outcomes and avoid complications in this 
frail population spinal fractures in the elderly 
should be treated with a comprehensive care 
pathway.

Geriatric spine fractures are distinguished 
from those in younger patients as they usually 
result from low-energy trauma such as a ground- 
level fall or coughing. The fracture patterns are 
compressive in nature and are stable injuries 
without neurologic involvement. Neurologic 

injury occurs when spinal stenosis is preexisting 
or from retropulsion of bone fragments into the 
spinal canal. Unlike younger patients, retropul-
sion can occur late as the fracture collapses over 
time. Spinal cord injury, although rare, is associ-
ated with poor outcome and death in the majority 
of elderly patients. Osteoporosis is usually a sig-
nificant causative factor in the development of 
the fracture and requires assessment and second-
ary treatment to prevent further fracture in elderly 
patients.

The purpose of this chapter is to review the 
epidemiology of geriatric cervical and thoraco-
lumbar fractures. Further, the classification and 
treatment of the elderly patients with these frac-
tures will be reviewed. Finally, the role of sec-
ondary fracture prevention will be emphasized.

32.2  Epidemiology 
of Osteoporotic Spinal 
Injuries

In 2015, fragility fractures occur in an estimated 
2.3 million people annually in the United States 
with hip and spine being most prevalent at 14 and 
23% respectively [1]. It is estimated that the inci-
dence will increase to 3.2 million over the next 
two decades [2]. In patients greater than 50 years 
of age, the 10-year fracture risk of the hip is 0.9% 
while all fractures are 6.9%, increasing with age 
and in women [1]. However, spine fractures are 
underreported as more than half are nonclinical 
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(asymptomatic) and the cervical spine is not 
included in many analyses. In 2018, Lewicki cal-
culated annual cost of caring for osteoporotics as 
$57 billion [2].

Secondary fractures are common after an ini-
tial osteoporotic fracture. The overall incidence 
in the Medicare population in the first year is 
15% for all initial fracture sites with new frac-
tures occurring most commonly in the hip and 
spine [1]. For patients with an initial spine frac-
ture, additional fractures occurred in the spine in 
6% and elsewhere 9% of cases [1].

32.3  Assessment of the Spine 
in Geriatric Patients

Geriatric patients require the same comprehen-
sive evaluation protocols as other patients. The 
geriatric patient presents challenges from preex-
isting cognitive changes, comorbidities, higher 
pain tolerance, and degenerative changes that 
may mimic injury. In addition, fractures may be 
evident but their acuity may be difficult to 
discern.

Protocols for the evaluation of the cervical 
spine in geriatric patients have been established, 
although in general are not as sensitive as in 
younger adults [3, 4]. Patients may not have pain 
but when it is present should prompt radiologic 
evaluation. Patients with evidence of craniofacial 
trauma need careful evaluation to rule out cervi-
cal spine injury. Palpation of the entire spinal col-
umn is performed to determine tenderness, 
kyphosis and gibbous deformity, or any bruising. 
Spinal tenderness is an important finding to aid in 
identification of acuity and is used to determine 
candidacy for vertebral augmentation. A com-
plete neurologic examination is performed 
including cranial nerve, motor sensory, and 
reflexes per the ASIA guidelines [5]. Ambulatory 
patients should have their height measured using 
a floor-mounted stadiometer. A loss of 2  cm of 
height from the last measurement or 4 cm from 
maximum height suggests osteoporosis and ver-
tebral fracture and is an indication for spinal 
imaging [6].

Patients with pain, tenderness, evidence of 
craniofacial trauma, or neurologic deficits require 

radiographic imaging. To evaluate the cervical 
spine, CT is recommended. Patients with central 
cord syndrome or other spinal cord injuries 
should have MRI. Either biplanar radiographs or 
CT scan can be used to evaluate thoracolumbar 
injuries. If a thoracolumbar fracture is present 
then further evaluation to determine severity and 
acuity is needed and is best performed by 
MRI.  On MRI, increased signal intensity on 
T2-weighted or fat-suppressed images should be 
correlated to the level of pain. However, in some 
patients, fractures at the thoracolumbar junction 
may have pain localized in the lower lumbar 
spine.

In the geriatric patient, assessment of bone 
quality is important. If CT is available, then 
opportunistic CT can be used where a region of 
interest (ROI) is drawn in a vertebral body (L1 if 
possible) and the mean Hounsfield Unit (HU) 
measured from the PACS elliptical tool [7]. The 
mean HU provides an estimate of the bone min-
eral density. Thresholds have been established 
that rule in osteoporosis at L1 (HU < 100); and 
rule out (HU > 150) [7]. Other findings are preex-
isting erosive changes at C2 that predispose to 
dens fractures, spinal canal narrowing in the cer-
vical spine (less than 10 mm) confirming spinal 
stenosis, and healing status to determine fracture 
acuity. Patients at risk of vertebral artery injury 
such as vertebral displacement or fractures in 
proximity to the vertebral arteries are assessed 
using CT angiography.

32.4  Cervical Spine Fractures 
in the Elderly

The incidence of cervical spine fractures in geri-
atric patients is increasing 3.5 times faster than 
the population in general [8]. In geriatric 
patients, cervical spine injuries have a 1-year 
mortality of 24% and in those with spinal cord 
injuries a mortality of up to 44% [9]. Further, 
geriatric patients returned home after injury in 
one-third of cases [10].

Falls are the most common mechanism of 
cervical spine injuries in older patients, occur-
ring in up to 75% of cases. Because of kyphotic 
posture and the head tilting forward, the face 
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and forehead often hit the ground first creating a 
hypertension injury to the cervical spine. The 
hyperextension is often focused at C2 resulting 
in an odontoid fracture or Hangman’s type frac-
ture, the most common injury types. Also, 
hyperextension can transiently result in spinal 
cord compression due to a pincer mechanism 
between infolded ligamentum flava and bulging 
disc annulus or osteophyte. This becomes criti-
cal due to preexisting spinal canal narrowing 
from degenerative changes and clinically can 
result in a  central cord injury. This spinal cord 
injury is characterized by more profound weak-
ness of upper extremities than the lower 
extremities.

Although geriatric patients can have cervical 
spine injuries typical of other adults, this review 
will focus on those particular to the older popula-
tion. The most common cervical spine injuries 
are of C2 and, in particular, odontoid fractures. In 
over 50% of patients, there are preexisting ero-
sive changes from degeneration that predispose 
to fractures, Fig. 32.1a–c [11]. In some cases, the 
age of the fracture will be difficult to discern. 
These fractures are unstable, although spinal cord 
injury is uncommon. Displacement will usually 
be posterior which is also increased when the 
patient lies supine due to thoracic kyphosis and 
the head alignment forward creates a large gap 
between the occiput and bed/pillow.

a b

Fig. 32.1 (a) A 79-year-old male with significant cogni-
tive changes following stroke who had CT angiogram 18 
months before sustaining a fall. The odontoid process is 
intact but there is significant cystic erosion anteriorly 
(arrow). (b) He presented to emergency room after a fall 
complaining of neck pain. CT shows and a Type 2 poste-
rior angulated odontoid process fracture (arrow). He was 

treated nonoperatively in soft collar. (c) One year later, he 
had a head CT to evaluate cognitive changes that shows an 
odontoid fracture nonunion (arrow). He had no neck pain 
and no neurologic findings that were felt to be from the 
odontoid fracture. No treatment for his C2 fracture was 
recommended
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32.4.1  Odontoid Fractures

Odontoid fractures are classified as: Type 1 
located at the dens tip and associated with alar 
ligament disruption; Type 2 through the odontoid 
waist rostral to the atlantoaxial articulation; and 
Type 3 that extend into the body. These may be 
associated with other cervical injuries, most com-
monly a posterior arch fracture of the atlas.

The treatment of Type 1 odontoid fractures is 
conservative with a collar unless associated with 
craniocervical disassociation which is treated by 
occipital cervical fusion [12]. The Type 3 fracture 
has a good prognosis being in trabecular bone 
and is also initially treated nonoperatively in a 
collar [12]. After patient mobilization, an upright 
radiograph is checked to assure maintenance of 
alignment. If proven to be unstable then posterior 
C1-2 fusion can be considered.

The treatment of geriatric Type 2 odontoid frac-
tures remains controversial. A multicenter obser-
vational study evaluated 322 geriatric patients with 
odontoid fracture found a 14% morality rate at 30 
days, 18% at 12 months, and by 2 years 44% had 
died [13]. Surgical treatment was associated with a 
lower mortality but selection bias may have been 
present. In the 50 patients treated initially nonop-
eratively, 22% developed nonunion of whom two-
thirds subsequently had surgery [14]. However, no 

patient treated nonoperatively had late neurologic 
deterioration. Functional outcomes were better in 
the operatively compared to nonoperatively treated 
patients [15].

For geriatric patients with Type 2 odontoid 
fractures, the author recommends nonoperative 
treatment for those with severe cognitive disor-
ders, non-displaced fractures, and age indetermi-
nate fractures, Fig. 32.1a–c. The treatment goals 
should be rapid mobilization and avoidance of 
complications related to treatment, not necessar-
ily to obtain fracture healing. Decubitus ulcers 
are prevented by careful fitting of orthosis, proper 
education, or the use of soft collar instead of any 
more rigid orthosis altogether. Cognitively- 
impaired individuals are at greatest risk for skin 
breakdown. Aspiration is common due to immo-
bilization in an orthosis, retropharyngeal swell-
ing from the fracture, poor gag reflex, and the use 
of opioid medications. We recommend a swallow 
evaluation for these patients before allowing 
feeding. The use of a halo-vest should be avoided 
in the geriatric patient [16].

Geriatric patients with Type 2 odontoid frac-
tures who are active and have displacement are 
considered surgical candidates. The authors rec-
ommend a posterior C1-2 fusion with rigid instru-
mentation such as C1-2 transarticular screws or C1 
lateral mass-C2 pedicle screws constructs. Careful 
evaluation of the location of the vertebral artery is 
recommended when planning surgery to avoid iat-
rogenic injury. Postoperatively, patients should be 
rapidly mobilized with as little immobilization as 
practicable. Odontoid screw fixation is contraindi-
cated as this is associated with greater mortality 
and potential loss of fixation.

32.4.2  Central Cord Syndrome

Older patients develop loss of disc height, osteo-
phyte formation, and thickening and infolding of 
the ligamentum flava which all reduce the cros-
sectional area of the spinal canal. Transient 
hyperextension can then cause a pincer force on 
the cord causing a spinal cord injury. The most 
common manifestation is a central cord syn-
drome where the more central aspect of the cord 
containing the gray matter and the more centrally 

c

Fig. 32.1 (continued)
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a b

Fig. 32.2 (a) A 67-year-old female had a ground-level fall 
and presented with a central cord syndrome. Her lower 
extremities had Grade 3-4 motor function, there was no 
hand function and Grade 2 motor function in deltoid and 
biceps muscles. The sagittal CT shows no fracture or sub-
luxation. There is ossification of the posterior longitudinal 
ligament at C3-4 (arrow)and a narrow spinal canal. (b) T2 

fat-suppressed MRI demonstrates spinal stenosis with 
increased signal at C3-4 in the anterior aspect of the cord. (c) 
Postoperative lateral radiograph after laminoplasty C3-C6 
and reconstruction with plates. (d) T2 MRI one year after 
injury showing bright cord signal changes at C3-4 but reso-
lution of spinal stenosis. She had made significant neuro-
logic recovery except in hands but is living independently

located white matter tracts to the upper extremi-
ties are affected to a greater degree than the lower 
extremity tracts [17]. Clinically, patients have 
worse upper extremity than lower extremity func-
tion although the clinical deficits can vary con-
siderably. The prognosis of these injuries is 
generally thought to be good with the return of 
walking ability in over 85% of cases although 
hand function may remain poor [17]. However, 
older patients improve less than younger patients.

CT may not show any evidence of injury 
although degenerative changes and narrowing of 
the spinal canal may be present, Fig.  32.2a. The 
midsagittal diameter between the disc space and 
ligamentum flavum when <10 mm indicates spinal 

stenosis. Fractures to the posterior elements such as 
lamina, lateral mass, and spinous process can be 
present, as well as avulsion fractures of the anterior 
vertebral bodies. Displacement is less common but 
is usually a retrolisthesis consistent with hyperex-
tension mechanism. An MRI is indicated and will 
show spinal stenosis at one or multiple levels, swell-
ing of the spinal cord, and spinal cord signal changes 
consistent with contusion or edema, Fig. 32.2b.

The initial treatment of central cord syndrome 
in geriatric patients should be resuscitation and in 
particular, maintaining a high oxygen saturation 
and mean arterial pressure to minimum 85 mmHg 
[18]. This is continued for 7 days and may require 
pressor and intensive care unit admission. The 
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c d

Fig. 32.2 (continued)

role of methylprednisolone in geriatric patients 
and spinal cord injury remains controversial. 
Methylprednisolone increases mortality risk in 
geriatric patients and efficacy has been shown to 
be only minimal and therefore should be used 
with caution and only in individuals without 
other injures or comorbidities [18].

The role of surgery remains controversial. 
Initially, the prognosis was felt to be excellent and 
that surgery was not likely to improve outcomes 
and could be harmful. However, more recently, 
excellent outcomes in central cord syndrome have 
been reported with surgical treatment [17–19]. 
Clear indications for surgery are unstable and/or 
displaced injuries. Further, patients making rapid 
recovery and those without ongoing spinal cord 
compression are best treated initially nonopera-
tively. Patients with significant deficits and ongo-
ing compression appear to benefit from surgical 
decompression, Fig.  32.2c, d. The surgical 
approach varies depending upon pathology, num-
ber of levels involved, and presence of any frac-

tures or ligamentous injuries. The authors 
recommend patients with 1–2 segments of ventral 
compression undergo an anterior decompression 
and fusion. In the more common situation of mul-
tilevel stenosis, a laminoplasty can be performed. 
There is no consensus regarding the timing of sur-
gery in the management of central cord syn-
dromes. In a recent narrative review, Divi noted 
that while strong evidence is insufficient they rec-
ommend surgery be performed within 24  h in 
patients with ongoing cord compression [19].

32.5  Thoracolumbar Fractures

The most common osteoporotic fracture occurs 
in the thoracolumbar spine, only one-third of 
which are clinically evident. The consequences 
of a clinical thoracolumbar fracture are similar to 
hip fracture with mortality rates up to 25% at 1 
year and only 30% of Medicare patients surviv-
ing at 5 years [1]. Chen also reported that thora-
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Fig. 32.3 (a) A Sagittal CT of 68 year-old female show-
ing L3 burst fracture following a fall. She has history of 
steroid use and osteopenia. The arrow indicates retro-
pulsed bone from posterior inferior body of L3. (b) Axial 
CT at L2 above her fracture. The mean Hounsfield Unit 
(HU) in the region of interest (Oval) was 107 indicating 
likely osteoporosis. (c) At 3 months follow-up, she is 
doing poorly with increasing back and leg pain. Lateral 
radiograph shows further collapse and increased retropul-

sion of bone into spinal canal at L3. (d) Sagittal T2 MRI 
at 3 months confirming retropulsion of bone into spinal 
canal at L3 (arrow). (e) Lateral radiograph 1 year after 
minimally invasive corpectomy L3 and reconstruction 
with expandable cage from L2 to L4 and second-stage 
posterior pedicle screw instrumentation. The pedicle 
screws were augmented with bone cement. (f) Anterior 
posterior radiography one year after surgery

a b

columbar compression fractures were associated 
with a diminution of independent living with 
fewer than half of patients living at home [20]. In 
addition, at 6 months pain was still significant 
and fear of further pain and loss of independence 
became dominant [21].

Unlike cervical and other fragility fractures, 
thoracolumbar spine fractures may occur sponta-
neously without an injury or from lifting, cough-
ing, or Valsalva. The resultant forces cause 
anterior compression and fracture. The fractures 
are usually described as compression fractures, 
which imply loss of vertebral body height and 
wedging of the vertebrae. Less common is a burst 
fracture where the posterior vertebral body wall 
is retropulsed into the spinal canal causing spinal 
stenosis, Fig. 32.3a. This can occur over time as 
the vertebral body collapses. Other fracture vari-
ants are the pincer fracture where the cranial cau-
dal disc herniated into the intervening vertebral 
body splitting it into two pieces. Occasionally, 
clefts will develop likely from the disc or non-

union. Stability, the ability to withstand physio-
logic loads, is most often maintained after 
compression fractures although should be 
assessed by upright radiographs [22]. If signifi-
cant collapse or kyphotic deformity develops, 
then the fracture is unstable and may be a candi-
date for an intervention. Genant has provided a 
classification based on severity of fracture that is 
useful for epidemiologic purposes but does not 
aid in clinical care [6].

32.6  Treatment of Thoracolumbar 
Osteoporotic Vertebral 
Fractures

32.6.1  Nonoperative Treatment 
of Vertebral Fractures

The majority of patients with thoracolumbar 
osteoporotic compression fractures can be treated 
nonoperatively (Table 32.1). In fact, two-thirds of 
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fractures are not even clinically evident although 
their presence indicates a likelihood of osteopo-
rosis. The goal of treatment is to allow immediate 
mobilization, improve body mechanics (avoid 
flexion as much as possible), reduce fall risk, and 
manage pain. In addition, secondary fracture pre-
vention should be provided.

The authors recommend that stability be 
assessed in acute fractures by simply obtaining 
an upright radiograph and measuring angular 
deformity of the injured segment and compar-
ing to supine images such as CT or MRI if 
available [22]. This will provide an index of 
how much instability is present. Patients with 
minimal collapse are excellent candidates for 
nonoperative treatment. In hospitalized 
patients, physical and occupational therapy 
should be consulted to aid patient mobilization, 
educate regarding protective body mechanics, 
assess fall risk, and instruct patients in activi-
ties of daily living. A home physical therapy 
visit after discharge should be considered to 
assess safety. Exercise is important after osteo-
porotic vertebral fracture. In a systematic 
review, Ebling found that exercise had positive 
effects on mobility, balance, back extensor 
strength, and may improve pain [23]. No rec-
ommendations can be made on a specific type 
of exercise and will likely be dependent upon 
individual patient preferences and needs.

Pain control is often a major patient concern. 
It is best to use multimodal pain management. 
Opioids should be used judiciously to avoid com-

plications, addiction, and mental status changes. 
Further, opioids significantly increase the likeli-
hood of future falls.

Bracing is often utilized, although efficacy for 
management of thoracolumbar compression frac-
tures is lacking. In a randomized control trial 
comparing no brace, a soft brace, and a rigid 
orthosis, Kim found no difference in pain, func-
tion, and radiographic findings [24]. Similarly, Li 
found no differences between a custom TLSO 
and lumbosacral corset [25]. This is consistent 
with the findings of Bailey that found no differ-
ences in any outcome parameter from orthotic 
treatment of burst fractures (more severe injury) 
between orthosis and no orthosis [26]. However, 
Merraciello found that the Spinomed dynamic 
brace had greater improvement in pain and func-
tion than a rigid 3-point brace [27]. Bracing is, in 
general, poorly tolerated in geriatric patients, 
reduces mobilization, and has poor compliance 
and satisfaction. Given questionable efficacy, the 
author does not routinely use this modality.

32.6.2  Cement Augmentation

Cement augmentation is the installation of a bio-
material, most commonly polymethylmethacry-
late (PMMA), to stiffen the fractured vertebrae. 
Two methods are available vertebroplasty and 
kyphoplasty. In vertebroplasty, the patient is 
positioned prone thereby obtaining some postural 
reduction, and a 12–14-gauge needle is placed 

Table 32.1 Management options for elderly patients with spinal fractures

Treatment Method Alternative method
Observation Serial radiographs No further imaging
Pain control Minimize use of opioids Consider advanced pain control 

methods
Physical therapy Short-term mobilization, body mechanics, 

extension exercises
Long-term strength, impact loading, 
fall prevention

Orthotic management Limited benefit
Poor tolerance

Avoidance or surgery

Advance pain 
management

Facet blocks/epidural injections Rhizotomy

Cement augmentation Vertebroplasty Kyphoplasty
Surgical treatment Stabilization/instrumentation Decompression and stabilization
Secondary fracture 
prevention

Fracture liaison services such as own the bone Primary care
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transpedicular into the vertebral body and cement 
is inserted. Kyphoplasty uses a larger cannula 
placed transpedicular and then reduction is 
obtained positionally by use of an expandable 
balloon and cement is then inserted. Both proce-
dures can be done under local anesthesia. In both 
cases cement polymerizes quickly and there is 
often rapid improvement and no specific postop-
erative care or bracing is required.

Controversy exists over the effectiveness of 
cement augmentation. Multiple randomized clin-
ical trials have been performed comparing out-
comes of cement augmentation to nonoperative 
treatment or sham surgery; however, they report 
conflicting results [23]. Most of the conflicts 
reflect differences in control arms with sham- 
controlled trials showing no or less benefit from 
cement augmentation. A recent guideline based 
on a meta-analysis using the sham control studies 
thus recommended against using vertebroplasty 
[23]. However, the methodology used to formu-
late this guideline has been contraindicated [28]. 
The sham control was a local anesthetic injection 
down to the periosteum which itself has been 
shown to be an active treatment. Further numer-
ous flaws in the selected studies were present 
such as investigator bias, inadequate sample size, 
lack of consistency of diagnosis, long enrollment 
periods (averaging over 4 years), enrollment 
greater than 6 months after fracture, and cross-
over when sham patients obtain vertebroplasty 
but for statistical purposes remain in the sham 
group [29]. In another meta-analysis, Beall 
reported the opposite results [30]. Balloon kypho-
plasty and vertebroplasty had greater pain and 
functional improvement than nonsurgical man-
agement. Although both techniques were associ-
ated with higher secondary fracture rate, this was 
not statistically significant.

A multidisciplinary panel of experts utilized 
the RAND method to develop a clinical care 
pathway for the use of cement augmentation 
based on best available evidence [31]. The panel 
identified common signs and symptoms and rec-
ommended use of advanced imaging such as 
MRI.  Cement augmentation was recommended 
in patients with persistent symptoms who had 
two to four unfavorable findings: progression of 

height loss, severe impact on function, kyphotic 
deformity, and >25% vertebral height reduction. 
In addition, the panel recommended all patients 
receive secondary fracture prevention.

32.6.3  Indications for Cement 
Augmentation

The indications for cement augmentation are per-
sistent severe pain, unable to mobilize or care for 
oneself, progressive collapse, spinal instability 
between supine images and upright radiographs, 
or a nonunion or cleft in the vertebral body. The 
timing of intervention in relation to the onset of 
symptoms or fracture remains controversial. In 
general, a short period (2–3 weeks) of nonopera-
tive treatment should be attempted if the patient 
can be mobilized and be cared for at home. 
However, in hospitalized patients or patients who 
are failing to care for themselves at home, cement 
augmentation has been shown to be highly effec-
tive with rapid improvement and early 
discharge.

32.6.4  Technique

Both procedures are done in the prone position 
either on special tables (Jackson) or by rolls and 
pillows. Traditionally the procedure can be done 
under local anesthesia, although in some patients, 
conscious sedation may be required. Achieving 
spine extension by judicious use of pillows and 
rolls can aid fracture reduction and improve 
alignment. For lumbar vertebrae, a transpedicular 
approach is used. For thoracic spine, depending 
on the pedicle size, a transpedicular or paraspinal 
approach is used [32]. Under biplanar fluoro-
scopic imaging the starting point for needle 
placement is identified and local anesthesia down 
to the periosteum is placed. An 11-gauge Jamshidi 
needle is then placed onto the lateral edge of the 
pedicle on the anteroposterior image at its mid-
point vertically. The needle is advanced to the 
posterior vertebral body checking both antero-
posterior and lateral images. When the needle is 
just entering the body the tip should be within or 
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just at the medial edge of the pedicle. Depending 
on where the fracture is located the needle can be 
advanced either caudally or cranially into the 
anterior third of the vertebral body. In most cases 
bilateral approaches will be used; however, some 
practitioners may use only a unilateral approach. 
A recent meta-analysis showed no differences 
between unilateral and bilateral approaches if at 
least 4 cc of cement was injected [33]. Liquid 
PMMA cement is instilled under biplanar fluoro-
scopic control carefully assessing vertebral body 
fill and watching for extravasation. The most 
common sites of extravasation are into the inter-
vertebral disc or into veins and subsequently the 
vena cava. Most important is to stop cement 
installation if the cement is tracking posteriorly 
toward the spinal canal. Best results are obtained 
when 3–4 cc are used per side and the cement 
interdigitates into native bone.

In kyphoplasty, a balloon (or more recently 
other devices) is inserted into the vertebral body 
which is expanded, thus reducing height loss and 
correcting kyphosis. The procedure uses a larger 
cannula than vertebroplasty and is more expen-
sive. Once the vertebra is expanded a cavity has 
been created that is filled with cement. Because 
of the use of a larger cannula and creation of a 
cavity, more viscous cement can be placed with 
less tendency for extravasation. Clinical results 
are equal or better than vertebroplasty [34]. 
Overall small improvements in kyphotic align-
ments and vertebral body expansion are achieved, 
although the clinical significance is unknown.

32.6.5  Complications of Cement 
Augmentation

Complications from cement augmentation are 
rare with few reported cases of neurologic defi-
cits. In fact, in the ASBMR clinical review, the 
only case of paraplegia was in an untreated 
patient [23]. Extravasation can be seen in up to 
40% of cases but is rarely clinically significant 
except when it occurs intradiscally and may be 
associated with junctional fracture of the next 
vertebrae [35, 36]. Overall, new fractures occur 

slightly more frequently but not statistically sig-
nificantly after cement augmentation.

32.6.6  Surgical Treatment 
of Osteoporotic 
Thoracolumbar Fractures

Most patients with osteoporotic fractures do not 
require surgery since neurologic compromise is 
rare, and bone quality with patient frailty pre-
cludes major spine reconstructions. Thus, only 
case series involving selected patients with spe-
cific indications are reported. The surgical indi-
cations are neurologic deficits with spinal canal 
narrowing, progressive spinal deformity local-
ized to a few segments, and correction of sagittal 
plane imbalance. Prior to surgery unless an emer-
gency condition, patients should undergo medi-
cal and bone health optimization. The latter is 
similar to the program for secondary fracture pre-
vention includes diagnostic testing, screening for 
secondary causes of osteoporosis, correction of 
nutritional deficiencies, and if warranted anti- 
osteoporotic medication [37]. The authors prefer 
an anabolic agent for this purpose. Correction of 
osteoporosis unless dictated by urgency should 
be for 3–4 months or longer for more complex 
surgeries such multilevel osteotomies. Insufficient 
treatment of the osteoporosis will likely lead to 
further failure and revision surgery.

Thoracolumbar osteoporotic burst fractures 
can be treated with anterior corpectomy, insertion 
of cage, and supplemental posterior fixation. Less 
invasive techniques that use transpsoas approach 
to the vertebral body and percutaneous screws are 
appealing in this frail population, Fig.  32.3a–f. 
Alternatives are posterior instrumentation and 
decompression, or balloon kyphoplasty combined 
with posterior instrumentation [38, 39]. In addi-
tion cement augmentation of pedicle screws can 
be used. Sudo reported excellent neurologic 
recovery and maintenance of alignment in 21 
patients treated with posterior decompression and 
fusion [39]. Marco noted improvement in all 
patients with neurologic deficits who were treated 
with balloon kyphoplasty and posterior instru-
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mentation [38]. In patients with multilevel com-
pression fractures with progressive deformity the 
authors have performed percutaneous posterior 
instrumentation without fusion successfully. An 
additional surgery to remove the hardware is 
required 6–12 months later.

The treatment of osteoporotic-related spinal 
deformity is complex and associated with signifi-
cant morbidity and mortality [40]. Usually one or 
more osteotomies will be required along with 
multiterminal fixation [41]. Unfortunately frac-
tures at either end of construct in up to 80% of 
cases [42]. Suh compared two-stage anterior pos-
terior instrumentation to closing wedge posterior 
osteotomy and found better results with the latter 
technique although this was technically demand-
ing [43].

32.7  Secondary Fracture 
Prevention

The goal of secondary fracture prevention is to 
prevent further fracture that can result in greater 
morbidity and mortality. The 12-month incidence 
of a secondary fracture after an initial spine frac-
ture is 15%, with few patients receiving second-
ary fracture prevention. Barton found that in 
vertebral fracture patients presenting to the emer-
gency room only 2% had a DXA 2 years before 
or within 1 year after fracture. Anti-osteoporotic 
therapy was started in only 7% of patients while 
the refracture rate was 36% within 2 years.

The initial fracture provides a teaching or sen-
tinel event so that changes can occur to prevent 
further fracture. This program is called Secondary 
fracture prevention or fracture liaison service 
(FLS) [44]. The FLS is a comprehensive program 
that identifies patients with fragility fractures, 
provides education, and communication with 
other providers. Most importantly patients are 
evaluated for bone status usually with a DXA, 
screened for secondary cause of osteoporosis, 
recommended to eliminate toxins such as exces-
sive alcohol intake and smoking, assess fall risk 

and suggest exercise programs for increase load-
ing and improve muscle strength and reduce fall 
risk. Nutritional deficits are corrected. 
Medications if indicated by current guidelines 
are offered [6, 45]. The American Orthopedic 
association has developed a comprehensive pro-
gram that can be adopted that encourages practi-
tioners to take ownership of osteoporosis after 
fracture and that assures patients receive second-
ary fracture care [46].

Secondary fracture programs are highly effec-
tive and significantly reduce the cost of caring for 
additional fractures [1]. Wasfie compared refrac-
ture rate after spinal fracture before and after 
instituting a FLS [47]. Refracture at 24 months 
was reduced from 56% to 37%. Bawa utilized a 
Medicare database and found that only 10.6% of 
beneficiaries received anti-osteoporotic medica-
tion after fracture; however, this reduced second-
ary fracture risk by 40% [48]. Beall has shown 
that teriparatide administration significantly 
reduces secondary fractures after cement aug-
mentation [49].

32.8  Conclusion

Elderly patients with spinal fractures have similar 
outcomes to those with hip fracture, including 
risk of mortality, loss of independence, and desti-
tution. Further, patients become fearful of reoc-
currence and lose social interactions. Two cervical 
injury patterns are seen frequently: odontoid frac-
tures and central cord syndrome. Controversies 
regarding treatment remain despite large observa-
tional trials. Thoracolumbar fragility fractures 
indicate that patients have osteoporosis and are 
usually initially treated nonoperatively. Cement 
augmentation appears useful but is controversial 
for those who are suffering pain and disability. 
Surgical treatment is needed rarely and requires 
preoperative medical and bone optimization as 
complications are frequent. Finally, all geriatric 
patients with spinal fractures should receive sec-
ondary fracture prevention.
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33.1  Background

33.1.1  Trauma Mechanism

Trauma in younger patients is primarily charac-
terized by high-energy mechanisms such as traf-
fic accidents. In geriatric patients, serious injuries 
can occur even in low-energy trauma mecha-
nisms. Studies have shown that elderly polytrau-
matized patients most commonly sustain their 
injuries in falls from a height of less than 3 m [1, 
2]. A significant number of these falls occur at 
home from standing height. Therefore, geriatric 
polytrauma injuries seem to constitute a different 
entity of injuries than the injuries found in young 
polytraumatized patients [3–6].

33.1.2  SOPs: General Aspects

SOPs are commonly used in many different 
fields, for example, to introduce a new product or 
in the military. Further, SOPs play an increasing 
role in everyday medical decision-making. For 
common diseases and standard situations in hos-
pitals, SOPs have been developed to ensure a 
high quality of care. In minor injuries (e.g. femo-

ral neck fracture, osteoporotic spine injuries) or 
inpatient treatment protocols (e.g. delirium pro-
phylaxis, osteoporosis therapy, nutrition, etc.) 
SOPs are well established. They provide a guide 
for medical staff on how best to move forward in 
specific clinical constellations. To generate a 
SOP, outcomes of existing processes must be 
critically evaluated. Based on that, standardized 
recommendations are formulated. Several studies 
have shown significantly improved patient out-
comes in trauma care after the introduction of 
standard operating procedures [7, 8].

33.1.3  Injury Severity

Injury mechanisms in elderly patients differ from 
those in younger patients. Low-energy trauma 
mechanisms are common, and do not usually 
suggest a severely injured patient. Studies, how-
ever, show a different reality. Geriatric patients 
often suffer severe injuries from minor trauma 
[9]. A younger patient who stumbles and falls 
will most likely not sustain severe injuries. Due 
to comorbidities and slower protective reflexes, 
geriatric patients may for example sustain a hip 
fracture or severe traumatic brain injury after a 
same-level fall [10].
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33.1.4  Frailty/Biological Age

Frailty and biological age are commonly used 
expressions in the setting of the elderly patient 
[11, 12]. Frailty refers to the physiological vul-
nerability of an individual to acute stressors due 
to preexisting conditions. Frailty increases late in 
life, and patients with increased comorbidities 
are considered biologically older as a result of 
increased frailty. Several authors have developed 
scores to estimate the frailty of elderly individu-
als [12–14]. Studies have shown that patients 
with high frailty scores are more likely to have an 
adverse outcome [15, 16].

Most frailty scores include similar parameters 
such as weight loss and an increasing loss of 
independence. However, while frailty plays a 
critical role in patient outcomes, it is a difficult 
entity to quantify [11, 16–19].

33.1.5  Comorbidities

Comorbidities of the geriatric patient require 
treating physicians to take many more factors 
into consideration before making therapeutic 
decisions. In trauma, for example, the ability to 
estimate trauma severity and blood loss by 
assessing basic vital parameters may be more dif-
ficult since many elderly patients take beta- 
blockers and other antihypertensive medication. 
This blunts the physiological response to stress 
and blood loss and a reactive tachycardia may be 
fully absent [10, 20].

While the prevalence of common comorbidi-
ties varies between countries, the most frequently 
found diseases are very similar and are listed in 
Table 33.1 [21–23].

33.2  SOP for Geriatric Polytrauma

33.2.1  General Considerations

Studies addressing standardized trauma care in all 
severely injured patients especially showed sig-
nificant benefits in geriatric trauma patients [24]. 
Different challenges are confronted when treating 
the severely injured elderly patient, and some gen-
eral considerations should be taken into account 
early. For example, due to the high probability of 
adverse outcomes, an ICU admission with maxi-
mum medical care in a severely injured, frail, and 
unwilling geriatric patient may be ethically contra-
indicated. This underlines the need for specialized 
SOPs dedicated to geriatric trauma patients.

However, many critically injured elderly 
patients benefit from intensive care and this 
option should not be ruled out based on patient 
age alone. We, therefore, recommend initiating 
intensive care when indicated, while closely 
defining and then frequently reevaluating what 
therapeutic option is best for the patient. 
Whenever possible, these options should be dis-
cussed with the patient directly. If this is not pos-
sible due to the patient’s condition, the medical 
team should act according to the patient’s health 
care directive if available. Family members are 
also an important resource to help determine the 
presumed will of the patient. If none of these 
options are available, the medical team must 
reach a consensus on the treatment objective. For 
these reasons, the development of an SOP for 
assessing ICU admission and intensive care treat-
ment in elderly polytraumatized patients would in 
our opinion be of tremendous help in every insti-
tution. In summary, before treatment can be initi-
ated in critically injured patients, an assessment 
should be made if it would benefit the patient.

33.2.2  Development of Consensus 
Group and Future Direction

The goal is to develop evidence-based SOPs for 
the trauma care of critically ill elderly patients in 
the ICU. An interdisciplinary international con-
sensus group comprised of traumatologists, 

Table 33.1 Most frequent comorbidities in geriatric 
trauma patients

Most frequent comorbidities [21–23]
• Cardiovascular diseases
• Hypertension
• Diabetes mellitus
• Neurodegenerative diseases
• Cancer
• Arthritis
• Chronic pulmonary diseases
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orthopedic surgeons, intensivists, anesthesiolo-
gists, medical ethics experts, and geriatricians 
experienced in the treatment of severely injured 
geriatric patients, and with previous experience 
in SOP/guideline development was therefore cre-
ated (Table 33.2). This task force of the German 
trauma association section for geronto- 
traumatology (Sektion Alterstraumatologie der 
DGU®) has now begun the development of a SOP 
for severely injured geriatric patients.

33.2.2.1  Literature Search
A literature search was conducted to identify 
SOPs that have already been developed or sug-
gested. Furthermore, a review of national and 
local guidelines as well as expert opinions was 
carried out. When using the term “Standard oper-
ating procedures geriatric trauma” in a literature 
search, about 250 results were found. Most of the 
national and local guidelines contain clear infor-
mation on fracture treatment and general consid-
erations such as fall and delirium prophylaxis. 
For the treatment of severely injured geriatric 
patients in the intensive care unit, no specific 
SOPs were found. Therefore, the initial focus 
turned towards the development of a new guide-
line to clarify the indications for ICU admission 
of severely injured geriatric patients after initial 
management in the emergency department or 
trauma bay.

33.2.2.2  Inclusion Criteria
A flowchart to evaluate which patients meet the 
criteria for the geriatric trauma SOP was devel-
oped and agreed upon in a consensus meeting. 
Included were all trauma patients aged 65 years 
or older. Relevant baseline characteristics (inju-
ries, age, preexisting conditions) are collected in 
a list of criteria.

33.2.2.3  Exclusion Criteria
Patients under 65 years old, intubated patients 
due to the definite need for ICU treatment, and 
those patients who died during initial trauma 
management in the trauma bay were excluded.

33.2.2.4  Discussion
This initial list was discussed in two Delphi 
rounds during two separate consensus confer-
ences. In another consensus meeting, a simple 
point-based triage scoring sheet was developed 
and the scoring system as well as the included 
parameters were extensively discussed.

The entire process of discussion and voting 
was highly standardized and well documented, 
and resulted in a flowchart and a score chart. A 
small registry of geriatric trauma patients was 
utilized to validate the initially developed triage 
score. A validation study with a bigger sample 
size is in progress.

At the same time, the DGU consensus group 
started to generate a SOP for the treatment of 
severely injured geriatric patients in the ICU. In 
order to create a guideline that is easy to follow 
and understand, the group decided to organize 
the SOP into organ-based rather than problem- 
based chapters (Table 33.3). Since ethics play an 
especially important role in geriatric care, ethical 
considerations with different therapeutic options 
based on those considerations form a substantial 
component of the SOP.

33.2.3  Therapeutic Options

Therapeutic decisions are based on the patient's 
desired therapeutic goals and the burdens and 
risks of potential treatment options. Advanced 
care planning, designed to ensure that patients 
receive their desired emergency care in the event 
of a life-threatening crisis, has been further devel-
oped in recent years. In Germany, a one-paged 
sheet with detailed patient wishes in the setting of 
acute illness or injury, referred to as Physician 
Orders for Life-Sustaining Treatment (POLST or 
ÄNo, in German), can be added to an advanced 
directive [25]. Based on these choices, three 
treatment options exist:

Table 33.2 Participating subspecialties of the interdisci-
plinary international consensus group

Participating subspecialties
Traumatology
Orthopedic surgery
Anesthesiology
Intensive care medicine
Geriatric medicine
Medical ethics
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33.2.3.1  Option A
Option A is a treatment plan with the goal of 
maintaining life with all necessary medical inter-
ventions. This is the standard treatment option if 
the patient has no known advance directive. This 
option includes initial mechanical resuscitation 
and intubation, but also extends to any therapeutic 
escalation that may be necessary, or treatment of 
complications associated with resuscitation that 
may occur. Patients under this treatment option 
should receive maximum care, including institu-
tional, surgical, and conservative therapies. [25]

33.2.3.2  Option B
Option B is a limited version of the first option. 
This is an individualized approach to maximizing 
care with certain restrictions or limitations 
depending on the patient’s particular situation, 
wishes, and/or physical limitations. This may for 
example state that resuscitation should be limited 
to drug resuscitation and prohibit mechanical 
resuscitation. Further, certain limited surgical 
interventions may be a good treatment option, 

while high-risk or high-morbidity surgeries 
should not be performed. In general, the patient 
can choose to exclude up to four major therapeu-
tic options including cardiopulmonary resuscita-
tion, invasive ventilation, and ICU admission. As 
a last step, the patient can also exclude any hospi-
tal treatment at all. [25]

33.2.3.3  Option C
Option C describes a palliative situation with a 
care plan designed to maximize comfort and 
quality of life without attempting to extend the 
life of the patient. Admission to the ICU may still 
be an option to ensure best supportive care. This 
option can either be medically indicated or the 
wish of the patient [25].

33.3  Summary

The first important steps towards realizing stan-
dardized treatment of polytraumatized geriatric 
patients in the ICU have been taken, but much 

Table 33.3 SOP chapters for the treatment of severely injured geriatric patients in the ICU

SOP chapters
CNS Delirium

Reduced brain volume
Cardiovascular system Volume management

Transfusions
Catecholamines
Cardiovascular diseases

Coagulation
Pulmonary system Ventilator-associated pneumonia

Thoracic trauma
Tracheotomy
Pulmonary diseases

Nephrology Dialysis
Liver
Pharmacology and medication
Infectiology/immunologic system
Gastrointestinal tract Nutrition

Digestion
Musculoskeletal system Frailty/preexisting condition

Physiotherapy/Ergotherapy
Skin Decubitus
Externa Pacemakers

Catheter
Ethical problems Therapy limitations

Reanimation
Comfort therapy
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work remains. Apart from validating a new tri-
age score to assess the indication for ICU 
admission, SOPs for intensive care of elderly 
patients after severe trauma are in development. 
It should be the aim in the coming years to 
establish these evidence-based SOPs to attain 
the best possible care for geriatric patients after 
trauma.
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Patient in Critical Condition
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34.1  Introduction

The constant increase of life expectancy leads 
to a constant increase of elderly patients, espe-
cially of the western population [1]. In 2060, 
approximately one-third of the European popu-
lation will be 65 years and older; the propor-
tion of octogenarians is estimated to increase 
from 6% in 2015 to 11% in 2040 [2]. Similarly, 
in the US an estimated 1 in 5 residents will be 
elderly by the year 2050 [3]. The past two 
decades showed a substantial increase in the 
elderly population in critical conditions that 
require intensive care management [4, 5]. 
Constant improvements in managing chronic 
diseases have resulted in more active lifestyles 
in the elderly, leading to an increase in inci-
dences of injuries [6]. Currently, traumatic 
injuries are the fifth leading cause of death in 
elderly patients [7]. In 2017 more than 1  in 4 
patients included in the German Trauma 
Registry (DGU®) were 70 years and older [2]. 
The median age of patients in critical condition 
approaches 65 years in many countries, and the 
proportion of critically ill octogenarians will 
increase faster compared to any other cohort in 
the intensive care unit (ICU) [8]. Aging alters 
the physiologic capacity to respond to injury 
[9, 10]. In 1984 Harborview Medical Center 

published a review of 100 trauma patients older 
than 70 years that reported a 85% survival rate 
but noted that 88% did not return to their previ-
ous level of independence [11]. The article 
stated: “… with impact preexisting disease has 
on survival following injury has not been ade-
quately studied” [12]. In the early 1990s, 
Scalea et al [13] recognized that blunt traumata 
in geriatric patients is a very different disease 
process compared to the young patient. Further, 
they stated that elderly trauma patients sustain-
ing multiple blunt trauma to be at considerably 
higher risk compared to younger patients [13]. 
Several studies have shown, that geriatric 
trauma patients sustain an injury severity score 
(ISS) of 16 points or greater after considerably 
low-energy trauma compared to the high-
energy trauma that is required for young 
patients to sustain a similar severity of injuries 
[14, 15]. Polytraumatized geriatric patients 
show substantial differences in injury distribu-
tion and injury management compared to 
young patients [16] (Table 34.1).

In geriatric patients, low-energy trauma mech-
anism leads to ISS of 16 points or greater. One of 
the most important steps towards improving sur-
gical management of geriatric patients in critical 
condition is to acknowledge the outcome differ-
ences in geriatric injured patients and connecting 
those outcomes to differences in physiology and 
physiologic responses to injuries.S. Halvachizadeh · H.-C. Pape (*) 
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34.2  Comorbidities and Changes 
of Organ Systems Associated 
with Aging

With age, the number of comorbidities per patient 
increases. The mean number of comorbidities per 
patient is 2.6 (SD 2.2) in patients aged between 
65–84 years, and increases to a mean of 3.6 (SD 
2.3) in patients aged 85 years or over [17]. 
Comorbidities are associated with increased mor-
tality [18]. Amongst the most common comor-
bidities are hypertension, diabetes, chronic 
obstructive pulmonary disease, cardiac failure, 
cancer, and cognitive impairment [17, 19]. The 
patient with comorbidities in critical condition is 
associated with higher in-hospital and long-term 
mortality rates [20–22]. In the past decades, 
physiological changes that decrease reserve 
capacities in aging patients have been extensively 
studied (Table 34.2) [23–26].

Impairment of the central nervous system 
increases the rate of agitation and delirium in 
geriatric trauma patients [28]. The cardiac func-
tion declines by 50% between the ages 20 and 80 
years and the patients experience 30% of all 
myocardial infarctions, and 60% of all cardiovas-
cular associated deaths in this age group [29, 30]. 
A review of more than 4000 trauma patients 
found a significant increase in mortality in geriat-
ric patients whose heart rates were greater than 
90 beats per minute (bpm), an association not 
seen until a heart rate of 130 bpm in younger 
patients [31]. They further found a marked 
increase of mortality in geriatric trauma patients 
with a systolic blood pressure less than 
110 mmHg, but not until a systolic blood pres-
sure of less than 95  mmHg in young patients 
[31]. Vital signs are less predictive of mortality in 
geriatric trauma patients [32]. The cardiovascular 
responses to trauma in geriatric patients are not 
comparable to the physiologic responses in 

young patients. Heart rates greater than 90 bpm 
or systolic blood pressure less than 110 mmHg 
should increase awareness in the trauma 
surgeon.

34.3  Treatment of Geriatric 
Trauma Patients

One of the most important factors in treating 
TBIs is the treatment of the underlying coagula-
tory pathology. With increased prescription of 
anticoagulants, the rate of intracranial hemor-
rhage (ICH) increased substantially [33]. Patients 
that need regular anticoagulation or antiplatelet 
therapy have been shown to suffer from delayed 
ICH, thus lowering the threshold for repeated 
cCT scans after initial negative cCT [34]. Further, 
routine neurologic observation is mandatory and 
a repeated cCT if the Glasgow Coma Scale (GCS) 
drops by 2 points or more (Table 34.3).

Pulmonary contusions are the most common 
blunt thoracic trauma injuries and occur in up to 
75% of patients [35]. Cases with more than three 
fractured ribs are associated with 31% risk of 
pneumonia in geriatric patients compared to 17% 
in younger patients; mortality increases to 33% 
[36]. Further, rib fractures in geriatric patients are 
associated with an increased risk of splenic injury 
(OR 1.7) or liver injury (OR 1.4). Treatment 
should include optimal, multimodal analgesia 
with consequent physiotherapeutic guided 
breathing training to minimize the risk of respira-
tory failure and ensuing ventilator support [37]. 
In cases with failed conventional analgesic 
regime, consider epidural analgesia [38]. 
Consider open reduction internal fixation (ORIF) 
of rib fractures in selected patients [39–42].

In the treatment of abdominal injuries, con-
sider the altered physiologic response to trauma 
in geriatric patients. A matched cohort study 

Table 34.1 Three most common blunt injuries with Abbreviated Injury Scale (AIS) ≥3 in different age groups

18–59 years 60–69 years 70–79 years ≥80 years
Thoracic (52.8%) Head/neck (53.8%) Head/neck (57.4%) Head/neck (58.9%)
Head/neck (46.2%) Thoracic (49.1%) Thoracic (43.0%) Extremities (36.0%)
Extremities (42.6%) Extremities (32.2%) Extremities (43.0%) Thoracic (32.5%)
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Table 34.2 Changes in specific organ systems that are associated with aging [27]

Organ system Pathology Result
Central nervous Cortical atrophy

Plaque build-up in c.-v. vessels
Decreased cerebellar function
Polypharmacy

5 sensations ↓
Cognitive decline ↓
Balance ↓ and falls ↑
Agitation and delirium ↑

Cardiovascular Muscle/conductive pathways 
replaced with fat and fibrous tissue
Stiffness ↑
Beta-blocker medication

Arrhythmia ↑
Cardiac output ↓
Systemic vascular resistance ↑
Compensatory tachycardia ↓ (masks hypovolemia)

Respiratory Kyphosis, intervertebral space ↓
Rigid chest wall
Muscle mass ↓
Lung elasticity ↓
Alveolar surface ↓
Cough reflex ↓
Muco-cilliary function ↓
Microorganism ↑

Intercostal space ↓
Concentration of inhalative agents ↓
Air trapping
Hyperinflammation
Effectiveness pulm.System ↓↓
Residual volume ↑
FEVs and FVC ↓
Postoperative complications ↑↑ (ARDS)

Renal Glomerulosclerosis
Intimal thickening of vessels
Renovascular reflex ↓↓

Cortical glomeruli ↓
Renovascular dysautonomy
Preserving function in hypo-/hypertension ↓↓
Acute kidney injuries

Gastro-intestinal Malnutrition Postoperative morbidity ↑
Perioperativ mortality ↑
Length of stay ↑
Quality of life ↓

Table 34.3 Treating injuries

Traumatic Brain 
Injuries (TBI)

Low threshold to perform Head CT (cCT) scan
Treat coagulopathy
Manage anticoagulants -> increase rate of delayed intracerebral haemorrhage (ICH)
Correction of INR

Blunt trauma to 
the chest

Consider pulmonary contusions (75% of cases)
Fractures of more than 3–4 ribs increases risk of pneumonia
Consider splenic injuries and liver injuries
Adequate pain management
Ventilation support and oxygenation
Aggressive physiotherapy
Consider open reduction and internal fixation of rib fractures in selected patients
Chest tubes

Abdominal 
injuries

Diagnostics with whole body CT decreases mortality
Conservative treatment in hemodynamically stable patients
Angioembolization in selected cases
Do not trust the “normal” vital signs (might be masked)

Extremities Adequate soft tissue management
Aim for early mobilization to reduce immobilization associated complications
Address osteoporosis
Physiotherapeutic guided movement
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showed, that half of the geriatric patients that 
died after penetrating trauma had normal vital 
signs [43].

34.4  Critical Care

An adequate triage of geriatric trauma patients in 
the intensive care unit (ICU) might be a crucial 
step in improving morbidity and mortality. It has 
been shown that geriatric patients had signifi-
cantly lower ICU admission rates compared with 
younger patients with similar injury severity 
[44]. Yet, several studies described improved out-
comes after early trauma team activation and 
intensive monitoring in the geriatric [13, 45].

The initial management of the trauma patient 
should be based on the Advance Trauma and Life 
Support (ATLS) system, independent of age [46]. 
However, it has been shown that the injury sever-
ity in elderly patients is often underestimated and 
under-triaged [15]. The rate of under-triaged 
elderly ranges from 15% to 49% resulting in 
inadequate care [47] that results in increased 
overall mortality [48]. Early aggressive diagnos-
tics and treatment, and the threshold to admit 
elderly trauma patients to the ICU should be low. 
The continuous thoughtful invasive monitoring is 
beneficial and the interdisciplinary treatment is 
indispensable in addressing associated comor-
bidities for the pot-acute care [50]. When taking 
the changed physiologic response to trauma into 
account, performing adequate and early appro-
priate diagnostics, and accounting for the 
patient’s age and comorbidities, studies have 
shown that the rate of under-triage might be sig-
nificantly reduced [49]. Geriatric consultation 
helps to identify additional diagnoses and 
improve outcome with decreased 30-day mortal-
ity [49].

34.5  Conclusion

The critical care of trauma patients depends 
only to a certain degree on age. Comorbidities, 
patient`s will, and the interdisciplinary 
approach are crucial elements in triatic the geri-

atric patient in critical condition. It is of high 
importance to recognize the changed physio-
logical responses in geriatric patients to certain 
conditions and to lower the threshold for 
diagnostics.
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Plastic Surgery: Hand and Soft 
Tissue Trauma in the Elderly 
Patient

Jan A. Plock, Flavien Mauler, Andreas Weber, 
and Christian Tschumi

35.1  Introduction

The aging population worldwide is exhibiting an 
increase in chronic disease prevalence. Regarding 
trauma, this has been attributed to sarcopenia and 
osteoporosis, both associated with frailty.

As bone, muscle, and soft tissues interact 
functionally and metabolically, it is no surprise 
that plastic surgery and hand surgery play an 
important role in the elderly patient. While frailty 
and fracture risk have been discussed elsewhere, 
this chapter is intending to provide more insight 
into the specifics of hand fractures and blunt hand 
trauma as well as nerve injury, acute and chronic 
soft tissue trauma exhibiting special needs of 
treatment in the elderly population.

35.2  Hand Trauma

Geriatric patients account for about 25% of 
trauma admissions [1–3]. This number is going 
to increase, considering that the population older 
than 65  years is expected to reach 16% of the 
population by 2050 [4]. On one hand, the inci-
dence of osteoporotic fractures due to low-energy 
trauma is increasing constantly in the elderly 
population [5]. On the other hand, more people 

are getting older but stay in good physical health 
for longer, living more actively, doing sport and 
leisure activities, and therefore being exposed to 
more injuries [6].

35.2.1  Fractures

35.2.1.1  Distal Radius
The distal radius fracture is the second most fre-
quent fracture in people >65 years old where it 
occurs at a disproportionately higher rate com-
pared to the younger population. Collectively, 
this group of fracture types accounts for 18% of 
all fractures in the older population and repre-
sents the most common open fracture type in 
women [7].

In the initial physical examination in patients 
with distal radius fractures, the evaluating clini-
cian should pay close attention to skin tearing, 
which increases with age. Additionally, vascular 
status must be assessed, as well as careful neuro-
logical examination to rule out an acute carpal 
tunnel syndrome, which has been reported in 
5.4–8.6% of all patients presenting with a distal 
radius fracture [8].

The radiological evaluation of distal radius 
fractures includes anteroposterior, lateral, and 
sometimes oblique views. In the case of a com-
plex intra-articular fracture, the use of computed 
tomography (CT) may help in treatment planning 
regardless of whether or not surgery is indicated.
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There is no consensus on whether to treat a 
distal radius fracture surgically or not in elderly 
patients [9]. Non-displaced or minimally dis-
placed fractures are usually treated with splint-
ing, although some patients may benefit from an 
internal fixation, allowing for earlier mobiliza-
tion, and reducing the risk of secondary disloca-
tion if a “walker” has to be used. The indication 
for closed reduction with a manual traction tech-
nique or with the finger-trap traction is still 
debated. Surgical treatments include closed 
reduction and Kirschner wire fixation, open 
reduction and volar or dorsal plate fixation, inter-
nal distraction plate, and arthroplasty.

Lutz et al. showed in their case-control study a 
significantly higher complication rate in operated 
patients. Although they found a greater number 
of malunions in the nonsurgically treated group. 
There was no significant difference in pain and 
disability at 1-year post-trauma between surgi-
cally and nonsurgically treated patients [10]. 
However, it should be noted that improvement in 
radiographic alignment may not lead to a better 
clinical outcome in this population [9].

35.2.1.2  Hand and Finger Fractures
Metacarpal and phalangeal fractures are among 
the most common fractures in patients >65 years 
old [7]. Non-displaced or minimally displaced 
fractures can be treated nonsurgically. Displaced 
fractures may be reduced under local anesthesia 
and protected by splinting or stabilized with per-
cutaneously introduced K-wires. Our preferred 
duration for splinting or K-wire stabilization is 
4 weeks with X-ray control before removal and 
starting progressive overload. If a stable internal 
fixation would allow for early mobilization, then 
this approach should be considered. In a study 
with 198 patients, Wollstein et  al. showed that 
age was not associated with fracture healing time 
in adult patients. Particularly patients above 
75 years with metacarpal fracture were not asso-
ciated with longer healing time [11].

35.2.2  Activated Osteoarthritis

Osteoarthritis of the hand is a common condition 
in older patients. Importantly, the extent of radio-

logic joint damage in osteoarthritis does not nec-
essarily correlate with pain perception. Acute 
blunt trauma can however activate an inflamma-
tory response leading to massively increased pain 
levels [12]. First-line treatment is mostly nonsur-
gical. Splinting of the joint for a couple of days 
during the acute inflammatory response may be 
beneficial in reducing pain-related periarticular 
stiffness or muscle deconditioning [13]. The 
addition of hand rehabilitation and occupational 
therapy can benefit patients through minimizing 
disability and retaining muscle function and pro-
prioception. Topical NSAIDs are an alternative to 
oral medication. They can be effective in alleviat-
ing pain associated with osteoarthritis while min-
imizing potential complications associated with 
long-term use [13, 14]. Intra-articular injections 
of corticosteroids or hyaluronic acid derivatives 
(HA) are commonly in use to treat painful degen-
erative joints. Corticosteroids may have an earlier 
onset of action, but a longer duration of pain 
relief has been described for HA. Eventually, sur-
gical procedures ranging from denervation, joint 
resection, with or without tendon interposition, to 
joint replacement arthroplasty or arthrodesis may 
be indicated for persisting pain and functional 
impairment.

35.2.3  Nerve Injuries

The incidence of nerve injuries in the elderly has 
increased over the last 30  years [3]. Peripheral 
nerve lesions in the elderly should be treated the 
same way as in younger individuals. However, 
Verdú et al. demonstrated that age is associated 
with a delay in Wallerian degeneration and a 
slower rate of regeneration [15]. Furthermore, 
there is a slower rate of axonal regeneration, with 
a decreased density of regenerating axons. Other 
studies also demonstrated impaired terminal 
sprouting of regenerated axons and collateral 
sprouting of intact adjacent axons, which may be 
limiting factors for target reinnervation and func-
tional recovery [16].

In a study with 161 patients >60 years, who 
underwent digital replantation—over 90% of the 
fingers survived at the 1-year follow-up point. 
Notably, though, patients aged 70 years or older 
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had an increased risk of replantation failure. 
Overall functional outcome was inferior in the 
older patients, which may have been due to 
decreased sensory recovery [17]. The indication 
for thumb and finger replantation in the older 
patient therefore should be individualized 
depending on the type of injury, the general state 
of health, functional demands, and rehabilitative 
potential. Age alone should not be an absolute 
contraindication to finger replantation today as 
good outcomes can be achieved [18].

35.2.4  Hand Rehabilitation

Hand function declines gradually with age. After 
age 65, individuals demonstrate diminished hand 
and finger range-of-motion (ROM), strength, 
ability to control submaximal pinch posture, 
manual speed, and hand sensation [19]. These 
age-related changes are often accompanied by 
underlying pathologies such as osteopenia/osteo-
porosis, osteoarthritis, rheumatoid arthritis, and 
Parkinson’s disease [20]. Hand trauma and the 
need for immobilization may aggravate func-
tional deterioration associated with these condi-
tions and promote joint stiffness. Therefore, early 
hand therapy is crucial in elderly patients after 
hand trauma. To provide adequate and appropri-
ate hand rehabilitation without causing further 
damage or overexertion, clinicians and therapists 
must understand the dynamics of age-related 
functional deterioration [20]. Unfortunately, 
there is still a paucity of data on optimal hand 
rehabilitation for this vulnerable patient group.

35.3  Soft Tissue Trauma

Wound healing is normally a well-defined 
sequence over time. Changes in the soft tissue 
and skin of elderly patients have diverse intrinsic 
and extrinsic effects [21], resulting in reduced 
protection against mechanical and physical 
trauma. Impaired wound-healing capacity and 
consequential development of chronic nonheal-
ing wounds have tremendous impact on the indi-
vidual quality of life and socioeconomic cost. 

Well-known reasons to vary wound healing are 
age, nutritional status, hormonal factors, medica-
tions such as immunosuppressives, anti- 
inflammatory agents, and anticoagulants, local 
wound conditions, underlying disease states [22] 
all frequently present and alternated in the elderly 
population. Soft tissue trauma is therefore a 
threat to the older patient, that needs early and 
thorough attention to avoid serious 
consequences.

35.3.1  Bruising

The tendency for bruising is proportional to the 
physiological changes in aging soft tissue. Aging 
skin undergoes a process of dermal, subcutane-
ous tissue loss and epidermal thinning. Among 
other reasons vascular changes such as delayed 
angiogenesis, increased capillary fragility in 
body mass, and increased vascular lesions are 
responsible for common bruising in elderly peo-
ple [23, 24]. The use of anticoagulants is a sig-
nificant risk factor for senile purpura, ecchymoma 
and hematoma [21]. Extensive ecchymosis and 
hematoma can cause chronic anemia if occurring 
repeatedly. Mainly though the bleeding into tis-
sues increases significantly the risk of acquiring 
skin tears [25].

The medical treatment of bruising includes 
adequate skin care with proper lubrication and 
sufficient analgesia. Topical ointments contend-
ing nonsteroidal anti-inflammatory drugs option-
ally with heparin may serve the purpose. Finally, 
prevention of bruising should be the first priority 
for patients, caregivers, and healthcare 
providers.

35.3.2  Skin Tears

Payne and Martin [25–27] published a definition 
of skin tear in 1990 and revised it in 1993: “a 
skin tear is a traumatic injury occurring princi-
pally on the extremities of older adults as a result 
of shearing or friction forces which separate the 
epidermis from the dermis (partial-thickness 
wound) or which separate the epidermis and the 
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dermis from underlying structures (full-thick-
ness wound)“. This definition was later included 
by Carville et al. as part of the Skin Tear Audit 
Research (STAR) classification system 
(Fig. 35.1) [25].

Lacerations usually occur in very old, criti-
cally ill or medically compromised patients, and 
in individuals requiring assistance with personal 
care [21, 25]. Essential characteristics of tears in 
these patients are that they are very common with 
the highest incidence in long-term care facilities. 
The cause is often a minimal mechanic trauma 
during daily activities or caregiving. Furthermore, 
skin tears have a high potential risk of evolving 
into complex chronic wounds [28].

Wound healing is slower in the elderly and 
may be affected by concomitant conditions, such 
as diabetes mellitus or vascular disease. 
Additionally, as already discussed, intrinsic and 
extrinsic factors such as malnutrition, dehydra-
tion, venous insufficiency or smoking may also 
reduce the healing potential in skin injuries [29].

The same principles used to manage other 
wounds should be applied when treating skin lac-
erations [30]. Wound assessment including skin 
flap or pedicle type using a validated documenta-
tion system [25, 27] should be performed before 
any treatment. Wound cleansing and removal of 
any necrotic tissue follow the assessment and is 
essential. Moist wound healing in healable 

wounds has a high-level evidence support and is 
an integral part in any wound management [21, 
22]. Although skin lacerations are acute wounds 
with the potential to be closed by primary suture, 
the fragility and thinness of the elderly skin 
requires a different approach.

The skin flap should be approximated as far as 
possible without using any suturing or adhesive 
strips. Application of a hydrogel, alginate, lipido- 
colloid based mesh and foam dressing, soft sili-
cone, foam, or non-adherent dressing depending 
on the type of wound [21].

Conditioned defects with granulation tissue 
can be treated with a split skin graft to accelerate 
wound epithelization and complete healing.

Adequate scar and skin care are mandatory to 
prevent future skin tears and should remain the 
primary focus.

35.3.3  Facial Trauma

Caused by well-known reasons the risk of stum-
bling and falling is increased in geriatric patients 
and is the most common cause of head and neck 
injury among the elderly [31]. In aging skin, der-
mal thickness can be reduced by as much as 20%, 
a contributing factor in the paper-thin appearance 
of skin of the face. The skin’s elasticity and ten-
sile strength decreases, which increases the skin’s 

a b

Fig. 35.1 Unstageable pressure injury before (a) and 
after surgical debridement and wound temporization (b). 
The extent of tissue injury can only be suspected in (a). 

Proper expert wound care is required to achieve wound 
temporization and inhibit deterioration of the wound
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vulnerability to trauma [21]. In combination with 
comorbidities and medications facial trauma in 
elderly patients can be extensive and demand 
often a damage-control approach to surgical 
interventions. Extended diagnostic to rule out 
concomitant injuries is advisable. Measures to 
monitor and control coagulation should be initi-
ated promptly. Local adherence to a multidisci-
plinary, evidence-based treatment protocol is 
recommanded [32]. The attending physician 
should be competent in diagnosing and retrieving 
foreign body objects and surgical treatment and 
reconstruction of complex injuries of the nose, 
ear, oral cavity, nerves, and eyelid.

35.3.4  Decollement

Decollement injuries are a result of shearing or 
friction forces which separate and damage the 
subcutaneous tissue from underlying structures. 
The initial evaluation and management of these 
injuries affects their outcome. Factors contribut-
ing to this include diagnostic challenges faced by 
healthcare providers unfamiliar with this injury 
type and the lack of clear decision-making strate-
gies. This frequently results in underestimation 
of underlying tissue damage and delay in defini-
tive wound management increasing the risk of 
infection [33]. Compared with the previously dis-
cussed skin laceration injuries, decollement inju-
ries are caused by higher trauma energy and 
create significant wound surface and associated 
injuries with high mortality rates. Any extremity 
with an associated injury is associated with an 
increased risk of amputation, particularly an 
extremity decollement with an underlying bone 
fracture [34]. Although literature data on this 
topic is limited, this injuries pattern is compara-
ble to burn injuries. Decollement injuries in 
elderly patients require a damage-control 
approach to surgical interventions and an imple-
mentation of protocolized modern care. These 
injuries require usually several operations includ-
ing complex reconstruction with a high compli-
cation rate, most of which are secondary to 
infections [34].

35.3.5  Burn Injury

With a demographic shift and prolonged inde-
pendent living more people with decreased 
vision, age-related alteration of judgment and 
coordination, reduced mobility, and slower 
response to danger are prone to burn injuries 
[35]. The elderly population constitute a vulner-
able and often challenging group for specialized 
burn care [36]. Despite improvement in burn 
care, age is still among the most significant pre-
dictors of mortality after burns [36]. The scores 
used to predict the outcome of burn injuries 
should not only include the biological age of the 
patient but rather the aging progression and func-
tionality of a patient. Treating clinicians must be 
aware that in the elderly, a burn injury of over 
30% total body surface area, the risk of mortality 
is at least 50% [37].

Although several studies have shown a signifi-
cant reduction of mortality in the elderly in recent 
decades [18], others have emphasized that older 
patients still lag behind on mortality and other 
outcomes compared to younger patients [35]. 
Mainly due to significant physiological differ-
ences like atrophic skin [21] with initially deeper 
burns [38], impaired healing, extensive comor-
bidity and associated medication [39], less physi-
ological reserve and malnutrition [40].

The improvement in overall mortality of 
elderly burn patients appears to be related to 
improvements in surgical, anesthetics, and criti-
cal care and local infrastructure [36]. There is a 
trend toward earlier burn debridement, which 
may have contributed to these improved results 
but further research is needed to make any con-
clusion in this special age group [36].

35.4  Secondary Infections

Infections in the older patient are generally more 
frequent and severe than those in younger adults 
[41]. The factors responsible for the decreased 
ability of older individuals to protect against 
infections are related to the gradual deterioration 
of the immune system, increased fragility/reduced 
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integrity of the tissue structures, and wasting of 
soft tissue structures.

Once adults reach the sixth decade of life, 
their immune system undergoes substantial age- 
related changes (often referred to as 
 “immunosenescence”) [42]. These age-related 
changes induce decreases in both cellular immu-
nity and humoral immunity. Additionally, multi-
ple comorbidities can contribute to a diminution 
of immune function.

Age-related changes also affect soft tissue 
structures. For example, dermal-epidermal junc-
tions are flattened, and dermal-epidermal 
 adhesion is reduced [43]. In patients with derma-
toporosis, the loss of the hyalurosome in epider-
mal keratinocytes becomes attenuated, causing a 
loss of proliferative capacity, and a decline in vol-
ume. A consequence of this weakened state is a 
reduction in the skin’s ability to resist (and 
recover from) mechanical trauma. Other mecha-
nisms known to compromise skin integrity can be 
seen in patients with vascular diseases. For exam-
ple, in patients with peripheral vascular disease - 
a diminished blood supply allows the tissues to 
become more susceptible to disease severity and 
progression.

35.4.1  Soft Tissue Infections

The prevalence of soft tissue (and specifically 
skin) infections increases with age [43]. As such, 
even minor mechanical trauma can cause breaks 
in the epidermis. Unfortunately, once this break-
down occurs, the primary mechanism of immune 
defense is impaired, and infections often follow. 
Pathogens can spread in the lower dermis and 
subcutaneous soft tissue. As such, cellulitis 
becomes much more common with age [43].

35.4.2  Joint Infection

Joints may become infected by direct inocula-
tion, by hematogenous seeding, or by invasion 
from a neighboring infection [44–45]. Bacteremia 
is more likely to colonize in a particular joint 
with preexisting arthritis. This is particularly true 

if the arthritic joint also is associated with syno-
vitis [44]. Further, given that severe osteoarthritis 
is more likely to present in older patients - proce-
dures used to treat infected joints (such as 
debridement) can be more complicated and likely 
to fail. This phenomenon is due to cartilage loss 
where the associated osteophytes create cracks 
and crevices that allow bacteria to evade com-
plete removal [45].

The particular pathogens involved in joint 
infections are directly related to the cause of the 
underlying infection. The most common patho-
gen in septic arthritis is S. aureus, while 
Streptococci and other gram-positive bacteria 
can also be potential causes of septic arthritis. 
Polymicrobial infection is uncommon but is 
found more often in patients with small joint sep-
tic arthritis. In contrast, gram-negative bacilli are 
more commonly found in patients where the 
infection is caused by direct inoculation (such as 
trauma or intravenous drug use) [46].

35.4.3  Bone Infection

Hematogenous osteomyelitis is more likely to 
occur in pediatric patients who have a more vig-
orous blood supply to the bones [45]. Whereas 
acute non-hematogenous osteomyelitis is more 
likely in the older patient and occurs due to con-
tiguous spread of infection to the bone from adja-
cent soft tissues and joints (for example, in 
patients with decubitus ulcers). Usually, acute 
osteomyelitis can be cured with antimicrobial 
therapy alone.

Older patients are more likely to have chronic 
osteomyelitis from previous injuries, wounds, or 
diabetic infections [45]. Chronic osteomyelitis 
may be caused by S. aureus but is often due to 
gram-negative organisms [47]. The organism of 
chronic osteomyelitis is identified by the culture 
of bone biopsy. Because of bone sequestra with-
out blood supply, cure of chronic osteomyelitis 
with antibiotic therapy alone is rarely, if ever, 
effective. Therefore, surgical debridement is 
indicated for chronic osteomyelitis, and a cure is 
impossible without removing all of the infected 
bone [47].
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35.5  Pressure Injury and Chronic 
Wounds

Elderly patients are prone to a progressive 
reduction of homeostatic capacity and vascular 
compensatory mechanisms on the arterial and 
venous levels. Microcirculation is significantly 
impaired. Moreover, pathologies affecting sys-
temic organ systems affect the self-healing 
processes. Comorbidities and frailty, therefore, 
make older patients susceptible to soft tissue 
issues. Instability of soft tissues and chronic 
deterioration of an acute problem is therefore 
frequently seen in old and multimorbid 
patients. Prolonged pressure in the presence of 
reduced sensitivity turning into pressure injury 
or acute skin laceration turning into chronic 
and expanding wounds are observed. Ferris 
and Harding [48] postulated that chronic 
wounds may be associated with frailty itself. 
Evidence is scarce, as multiple confounders in 
the population make it unlikely to clarify this 

point. Yet a remarkable association has to be 
acknowledged.

Pressure injury itself frequently starts as a 
superficial soreness. However, the real damage is 
developing under the surface. When the superficial 
pressure is distributed to the deeper tissues, local 
ischemia and tissue necrosis are resulting with only 
the tip of the iceberg visible on the skin level. If the 
skin is finally ulcerating, the deeper tissues may 
have already progressed to necrosis and are lacking 
healing capacity from stage III on (Table 35.1). If 
the necrotic tissue becomes infected, the wound is 
getting deeper and fascia, muscle, and bone may 
become affected in addition. While early stages can 
be treated conservatively, stages III and IV require 
surgical debridement.

Treating pressure sores and chronic wounds 
requires special knowledge and care. The situa-
tion in the older patient is challenging with regard 
to healing capacity, compliance, dynamic 
changes of frailty, and high risk of further decline 
in independence and mobility (Table 35.2).

Table 35.1 Skin tear classifications systems describe the type of tear with reference to the loss of tissue and the viabil-
ity of skin flaps detached from the wound bed. The STAR (Skin Tear Research Audit) classification is assessing swell-
ing, bruising and hematoma in addition to tearing and tissue deficiency, which is the main focus of the ISTAP 
(International Skin Tear Advisory Panel) classification [49, 50]

STAR skin tear classification system
Category 1a Category 1b Category 2a Category 2b Category 3
A skin tear where the 
edges can be realigned 
to the normal 
anatomical position 
(without undue 
stretching) and the skin 
or flap colour is not 
pale, dusky or darkened

A skin tear where the 
edges can be realigned 
to the normal 
anatomical position 
(without undue 
stretching) and the skin 
or flap colour is pale, 
dusky or darkened

A skin tear where the 
edges cannot be 
realigned to the 
normal anatomical 
position and the skin 
or flap colour is not 
pale, dusky or 
darkened

A skin tear where the 
edges cannot be 
realigned to the 
normal anatomical 
position and the skin 
or flap colour is pale, 
dusky or darkened

A skin tear 
where the 
skin flap is 
completely 
absent

ISTAP skin tear classification
Type 1 Type 2 Type 3
No skin loss Partial skin flap loss Total skin flap 

loss
Linear tear or flap, which can be repositioned to 
fully cover the wound bed

Flap, which does not fully cover the wound 
bed

Tear with 
total wound 
bed exposure

Table 35.2 Pressure injury staging is assessing the depth of tissue injury and damage, as well as exposure of subder-
mal structures. Usually pressure injury occurs over bony prominences or pressure points, e.g. heel, malleolus, trochan-
ter, sacrum, scapula, elbows, back of head

Stage 1 Stage 2 Stage 3 Stage 4 Unstageable
Redness or 
discolouration of 
intact skin

Blister or 
partial loss 
of dermis

Full thickness 
loss of skin, 
exposure of fat

Full thickness loss of 
tissue, exposure of 
bone, tendon, muscle

Full thickness loss of tissue, 
with slough of eschar 
covering the wound bed
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35.6  Treatment Principles

The key factor to healing pressure injury not only 
in the older patient, but especially in the elderly, is 
mobilization. As long as the patient is bed- bound or 
resistant to pressure relief, only restricted treatment 
with wound care, positioning, pressure relieving 
mattresses, and in case of additional infection, anti-
biotic treatment is advisable. Yet wound healing is 
more effective if pressure changes through mobili-
zation lead to an increase of systemic blood pres-
sure and microcirculation of the wound bed. If 
physiotherapy is capable of mobilizing the patient, 
further surgical steps can be planned.

Correcting malnutrition is an additional pre-
requisite, that is mandatory to address. Loss of 
lean body mass through immobilization should 
be limited. Enteral or parenteral feeding are mea-
sures that affect patients drastically, but address-
ing protein intake, vitamins, trace minerals, and 
electrolytes is compulsive if further deterioration 
is to be avoided.

Debridement should be as minimal as possible. 
Only third- and fourth-degree pressure injuries 
should be treated surgically. First necrotic tissue 
is to be removed and conditioning of the wound 
bed is advised. Different concepts from moist 
wound care with hydrogels, alginate, or negative 
wound pressure therapy have shown value. If 
healing capacity is sufficient secondary wound 
healing can be attempted. If progress is slow or 
the wound is large and deep flap surgery may 
accelerate the process and gain valuable time for 
the patient. Flaps should be planned in such a 
fashion that sufficient tissue is available for uphol-
stering bony protuberances, if these cannot be 
removed. Patients should again be mobilized as 
early as possible for pneumonia prophylaxis, but 
especially for gluteal and sacral flaps sitting 
should be avoided for a couple of weeks.
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36.1  Background

Geriatric Medicine is the specialty of medicine, 
which focuses on physical, mental, functional, 
and social conditions in acute, chronic, rehabili-
tative, preventive, and end-of-life care in older 
patients [1]. Geriatric care requires a different 
approach, especially diagnostic and therapeutic 
processes need to take the consequences of each 
intervention including possible adverse events 
and the patient’s wishes into consideration. The 
conceptional orientation of geriatric care has to 
ensure the sensitive perception of the special 
needs of senior patients, the age-appropriate 
diagnostics and therapy as well as the full utili-
zation of the current individual rehabilitation 
potentials [1, 2].

36.2  Geriatric Patients

The human organism ordinarily changes with 
increasing age. As a consequence, we see adapt-
ing functional abilities and preferences of aging 

seniors. Polymorbidity or multiple comorbidities 
are typically present and functional deficits 
increase. These issues cause an accumulation of 
specific medical and nursing problems, the “age- 
related diseases” as: degenerative bone and joint 
diseases, hearing deficits and visual disturbances 
(e.g., macular degeneration, cataract), neurologic 
diseases (e.g., Alzheimer disease, Parkinson), 
and sleeping disorders just to mention a few. The 
risk of acute and chronic cardiovascular diseases, 
myocardial infarction, stroke, hypertension, can-
cer, and other chronic diseases like diabetes mel-
litus steadily increases with aging. People with 
these diseases require more frequent medical 
treatment.

According to the guidelines of the medical 
societies, geriatric patients are characterized by 
[1, 3]:

• older age, usually 70+ years
• geriatric multimorbidity: presence of various 

coexisting diseases with the need for 
treatment;

or by:

• age 80+ years
• age-specific higher vulnerability for compli-

cations and secondary events
• danger of manifestation of a chronic state
• and increased risk of loss of autonomy

T. Robert · F. Gregor 
Department of Geriatrics, University Hospital of 
Zurich, Zurich, Switzerland
e-mail: Gregor.Freystaetter@usz.ch 

S. Hans-Peter (*) · P. C. E. Maria · N. Valentin 
Department of Trauma Surgery, University Hospital 
of Zurich, Zurich, Switzerland
e-mail: Hanspeter.Simmen@usz.ch; 
Carina.Pothmann@usz.ch; Valentin.Neuhaus@usz.ch

36

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-91483-7_36&domain=pdf
https://doi.org/10.1007/978-3-030-91483-7_36#DOI
mailto:Gregor.Freystaetter@usz.ch
mailto:Hanspeter.Simmen@usz.ch
mailto:Carina.Pothmann@usz.ch
mailto:Carina.Pothmann@usz.ch
mailto:Valentin.Neuhaus@usz.ch


344

In geriatric patients, serious, often chronic, 
diseases come together with common age-related 
alterations [1].

Elderly patients with an acute disease often 
experience and present with atypical symptoms. 
They are extremely prone to complications and 
must be seen as a highly vulnerable group. 
Geriatric multimorbidity is often the result of 
impaired physiological functions and decreased 
activities of daily living, in various combinations, 
in the sense of a “geriatric syndrome”. 
Consequences of geriatric multimorbidity are 
immobility, dizziness, falls, cognitive deficits, 
incontinence, decubital ulcer, malnutrition, 
depression, anxiety, chronic pain, hearing and 
vision problems, and finally frailty. These geriat-
ric syndromes are prone to complications and 
loss of independence. Diagnosis and therapy of 
geriatric syndromes are complex, often challeng-
ing requiring expertise and a multi-professional 
team. Patient’s response to treatment is frequently 
delayed and often social support is required. The 
main goal of geriatric treatment is to optimize the 
functional status of the elderly patient and to 
improve or at least preserve his/her quality of life 
and autonomy. Geriatric medicine is not set to a 
specific age range but rather concentrates on indi-
vidual functional deficits.

Acute events are often successfully treated 
with geriatric expertise. Due to comorbidities as 
well as social isolation, an acute medical event 
may lead to the loss of autonomy and the need for 
nursing care. The main goal of geriatric medicine 
is to preserve autonomy and to prevent long-term 
care placement of this vulnerable patient group. 
This requires an individualized treatment plan 
with a distinct medical, preventive, restorative, 
social, and ethical assessment.

Patients suffering from dementia can be very 
challenging, as the conditions described above are 
also often present and are causing problems. 
Cognitively impaired people are frequently not 
able to describe their symptoms adequately. 
Dementia compromises independence of seniors 
significantly. The prevalence of dementia increases 
with age from approximately 1.5% at the age of 65 
years up to 30% in people over 90 [4]. Dementia 
quadruples the risk for nursing care. Only 14% of 

men and 6% of women with dementia did not need 
care at the time of their death. Patients with the 
need for nursing care present with longer and more 
complex courses and often suffer complications 
like delirium, infections, falls, etc., and as a conse-
quence require higher nursing care levels, higher 
use of medical services, and also higher use of 
health insurance benefits.

If dementia is diagnosed and treated at an 
early stage, the decline can be slowed down and 
skills are preserved longer [4]. However, early 
detection of dementia is difficult in people with 
severe cognitive impairments. Geriatric skills for 
general practitioners and specialists in hospitals 
and facilities for disabled people are therefore 
highly recommended.

36.2.1  Holistic Geriatric Treatment 
Approach

Geriatric patients often suffer from serious, fre-
quently chronic diseases, that combine with the 
usual age-related changes. Geriatric care struc-
tures and treatment processes must take these 
special concerns of the elderly patients into 
account. They must be designed as an overall 
therapeutic-rehabilitative concept, considering 
physical, psychological, functional, and social 
aspects of this patient group. The main goal of 
the treatment is to optimize the functional status 
of the patients, improve the quality of life and 
autonomy, and promote participation.

36.3  Principles of Geriatric 
Rehabilitation

One of the essential pillars in geriatric rehabilita-
tion is ensuring the quality of life of our elderly 
patients. Geriatric rehabilitation is mandatory for 
ethical and economic reasons if there is a risk of 
lasting impairment of everyday activities and 
participation in social life, independent of the 
diseases. The focus in the rehabilitation process 
lies on the treatment of the consequences of the 
disease, the impairment of activities, and partici-
pation. If necessary, the cause of the disease is 
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treated in addition to the rehabilitation. Geriatric 
inpatient and outpatient rehabilitation is carried 
out close to the place of residence in order to 
involve relatives and friends in the rehabilitation 
process. It is the best treatment package for 
patients over 70 years suffering from several dis-
eases at the same time.

A basic methodological principle of geriatric 
rehabilitation is the comprehensive geriatric 
assessment, carried out in an acute care setting, 
Table 36.1. It is a multi-dimensional assessment 
of an older person’s medical, psychosocial, func-
tional, and environmental resources and prob-
lems, and it creates an overall plan for treatment 
[5]. Based on this, assessments of patients are 
categorized in three functional categories: robust, 
prefrail, and frail. Certain domains of this assess-
ment like mobility or quality of life are not only 
carried out in acute care, but also during the reha-
bilitation process and in the outpatient setting, in 
order to monitor the treatment progress.

Special consideration regarding procedures 
following surgery has to be taken [6]. Following 
trauma, for example, fractures or hip prosthesis, 
special guidelines should be followed [7–9]. 
Malnutrition may be a serious concern [10].

36.4  The Interdisciplinary 
Rehabilitation Team

Geriatric rehabilitation is characterized by a 
multi-professional team, as seen in acute care set-
tings namely somatic departments. It includes the 
following professions:

• physician, physician-assistant, advanced 
nurse-practitioner

• nursing staff
• physiotherapy/movement therapy
• occupational therapy
• logopedic
• psychologists
• social worker
• dietitian

In acute care, the geriatric team, which often 
functions as a mobile geriatric triage unit, decides 
how the future rehabilitation process will be 
guided, see Fig. 36.1.

Geriatric rehabilitation is guided by the func-
tional status of the individual patients.

36.4.1  Need for Rehabilitation

The need for rehabilitation assumes a physical, 
mental, or emotional disease to be present and to 
affect activity limitation and participation in 
domestic and nondomestic life according to the 
ICF terminology [11].

The necessity for post-acute rehabilitation is 
further characterized by the lack of treatment 
options in acute care. The required conditions are 
met in a post-acute rehabilitation center, where 
adequate therapy is carried out by several profes-
sions working in a team under medical surveil-
lance in suitable spatial and equipped rooms. 
There are different types and healthcare profes-
sionals during post-acute care, see Table 36.1.

The rehabilitation pathway is guided by the 
comprehensive geriatric assessment and the clas-
sification in robust, prefrail and frail functional 
status, see Fig. 36.1. There is uncertainty if frail 
patients have still a potential for successful geri-
atric rehabilitation [12].

Table 36.1 Type of postacute medical treatment

Type
Type of post-acute medical treatment
Aim Health professional Location

(1) Postacute care Functional recovery Monodisciplinary Outpatient
Independence Ambulatory

(2) Postacute rehabilitation Functional recovery Multidisciplinary In and outpatient
Independence

(3) Palliative care Symptomatic treatment Multidisciplinary In and outpatient
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36.4.2  Rehabilitation Potential

Patient must be able to actively participate in the 
rehabilitation treatment. Therefore, he or she 
must be in adequate physical and mental condi-
tion and necessary resilience. Patients have to 
agree to the treatment and be motivated for it.

36.4.3  Rehabilitation Goals

Rehabilitation is always carried out in consider-
ation of a rehabilitation goal. In general, this is 
regaining, improving, or maintaining indepen-
dency in everyday life performances, in order to 
return to the previous living environment. The 
rehabilitation goal can also be to gain back the 
ability to walk up the stairs to a patient’s apart-
ment, which increases her or his independence. 
The goal for a bedridden patient can be to trans-
fer out of bed for a couple of hours per day.

36.4.4  Positive Rehabilitation 
Prognosis

Before a rehabilitation is approved by the insur-
ance company the treating doctor evaluates 
whether the rehabilitation goals are realistically 
achievable in the period planned for the rehabili-
tation (positive rehabilitation prognosis). For 
this, the stage of the disease and the functional 
deficits, the previous disease progression as well 

as the ability of its regression have to be recog-
nized under consideration of the personal life cir-
cumstances of the person.
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37.1  Introduction

Hip fracture is a global public health concern. It 
is one of the most devastating but preventable 
injuries among individuals 65 years and older, 
and one of the most common. Optimal rehabilita-
tion starts at the acute hospital immediately after 
surgical repair and continues after discharge. 
When patients are medically stable, they are 
returned directly to their prior living place (home/
long-term care) or sent to an in-patient institution 
for intensive rehabilitation before being sent 
home. Hereafter, we will use the term long-term 

care facility (LTC), also known as a nursing home 
or extended care facility, to refer to institutions 
that provide continuous medical and social ser-
vices for patients with chronic health problems 
who can no longer remain independent at home. 
This chapter provides an overview of known con-
sequences of hip fracture and burden on health-
care systems currently and in the future, 
approaches to defining recovery including the 
patient’s and other stakeholders perspective, and 
opportunities to improve recovery in different 
care settings based on emerging evidence, start-
ing with acute care hospital and continuing to dif-
ferent post-acute settings.

37.1.1  Consequences of Hip Fracture

Despite the success of surgical repair in the majority 
of cases, the short- and long-term outcomes of hip 
fracture are discouraging. Hip fractures rank among 
the top ten debilitating disabilities worldwide and 
result in more mortality and morbidity than all other 
osteoporotic fractures combined.

The reported mortality rate in the first 12 
months after a fracture has in some studies 
exceeded 30% [1]. Additionally, across studies 
and regions, men have higher mortality rates, 
despite them being younger at the time of frac-
ture. While some studies have attributed the 
excess mortality in men to cardiovascular dis-
ease, pneumonia, and sepsis [2, 3], others did not 
find similar evidence and suggested that it could 
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be attributed to acute complications after the 
fracture [4]. This topic requires further investiga-
tion [4, 5].

For survivors, 40–78% have not fully recov-
ered 1 year after a fracture [6]. Review of out-
comes after hip fracture estimated that on 
average, 35% of hip fracture survivors were inca-
pable of independent walking a year or more 
after the injury [7], and 20–60% required assis-
tance with various tasks 2 years after fracture [6]. 
Immobility after the fracture contributes to the 
deterioration of balance and muscle strength, 
which consequently increases the likelihood of 
subsequent falls, leading to recurrent fractures 
and further disability.

In the immediate future, the burden on health-
care systems and the resources required to care 
for patients with hip fractures and its conse-
quences (especially in the community) are 
expected to increase. Recent research has shown a 
continuous increase in the absolute number of 
people with hip fractures, due partly to increased 
life expectancy [8, 9]. Evidence shows that despite 
patients with hip fractures getting sicker over 
time, their in-hospital mortality rates are declin-
ing, and direct discharges to home and LTCs are 
becoming more common [9]. Furthermore, length 
of stay in acute hospitals is declining, so patients 
are being discharged to the community earlier, 
with significant needs. These trends suggest that 
the economic and societal costs associated with 
the consequences of hip fracture are likely to 
increase substantially over the coming decades 
and that the demand for available resources in the 
community will also increase.

37.2  Defining Functional 
Recovery

The conventional goals of management for hip 
fracture survivors include achieving functional 
autonomy, return to pre-fracture levels of inde-
pendence, and the prevention of subsequent frac-
tures; however, a high percentage of patients fail 
to achieve these goals [6, 10]. The assessment of 
recovery in individuals surviving hip fracture is 
important for both research and clinical practice, 

yet the best method for characterizing recovery 
following hip fracture remains elusive and may 
have implications for the delivery of care 
designed to maximize post-fracture outcomes.

Two conceptually different approaches to 
defining functional recovery are most used. The 
first requires that the patient returns to a preexist-
ing level of physical capacity, with an inherent 
assumption that the pre-functional level is the 
“normal state”. While this approach is common, 
it is dependent on knowing the patient’s pre- 
fracture status, which can be assessed at a global 
level (e.g., able to walk without any assistance). 
Furthermore, using this definition to compare 
recovery among patients demands accounting for 
the heterogeneity in pre-fracture functional sta-
tus. Using this definition as a goal of rehabilita-
tion also assumes that recovery to this point is 
sufficient, when it is quite possible that patients 
can improve further. A second approach to defin-
ing recovery entails achieving a prespecified 
functional target that is considered sufficient to 
declare recovery (e.g., walking a specific dis-
tance or autonomy in activities of daily living). 
The target could include being able to indepen-
dently carry out a daily activity that is reflective 
of functional reserves and associated with inde-
pendence in mobility and everyday life activities. 
The degree of functional recovery after hip frac-
ture varies on the basis of the definition used. In a 
previous study comparing these two definitions 
of recovery, the second definition was better 
associated with health-related quality of life than 
the first [11].

A key message is that careful consideration of 
the definition of recovery used in research or 
clinical practice is vital, as this can impact clini-
cal decision-making for endorsing a specific 
intervention or even discharging a patient from 
rehabilitation.

37.2.1  Patient Perspective 
on Recovery

Healthcare professionals often adopt a traditional 
biomedical model to define recovery as the attain-
ment of pre-fracture physical dimensions of 
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function. However, patients and caregivers often 
adopt a more personal definition, which incorpo-
rates the patients’ perspectives on the importance 
of functioning well physically, instrumentally, 
cognitively, affectively, and socially (Fig.  37.1) 
[12]. This is consistent with the World Health 
Organization (WHO) approach to healthy aging 
as having the functional ability to be or to do 
what the individual has reason to value [13].

In the last 10 years, a series of qualitative stud-
ies suggested that uncertainty regarding the most 
effective rehabilitation is due in part to a lack of 
understanding of the patient perspective of recov-
ery and rehabilitation after hip fracture. Most of 
these studies focused on patient perspective in 
the early post-discharge period (<4 months) [14–
16] or at longer-term follow-up (4 months  – 8 
years post-fracture [16, 17]. Themes related to 
loss, adaptation to a new functional level, increas-
ing dependence, as well as engagement with 
resources for recovery (including reliance on pro-
fessional feedback for motivation and reassur-
ance), need for physical activity and goal setting, 
and a need for self-determination were reported 
across studies.

37.2.2  Timing of Recovery

An important consideration in recovery is that 
time required to achieve recovery is specific to 
the area of function [18]. This may partly explain 
why findings vary widely across studies based on 
the area of function assessed.

Some researchers have argued that there is a 
time limit for recovery, and that the possibility of 
patients with hip fractures making further func-
tional gains after this limit (e.g., 4 or 6 months 
after fracture) is very small [19]. This argument 
was reinforced by a number of studies showing an 
overall continuous improvement in many func-
tional tasks up to a specific period of time follow-
ing fracture, after which functional recovery 
plateaus. For instance, a 2013 study evaluated a 
cohort of patients with hip fractures at 1, 3, and 12 
months after fracture, and found most recovery 
occurred during the first 3 months, with a non-
clinically significant improvement afterward [20].

However, emerging evidence shows that sig-
nificant functional improvement can be gained 
later in the recovery process than previously 
believed, as long as there is proper rehabilitation 
provided across the continuum of recovery [21, 
22]. This evidence suggests there may be no ‘pla-
teau’ associated with patients’ capacity, but 
rather implying that any observed plateau may be 
a consequence of less intensive therapy [11, 23–
25]. If health services received by patients end 
prematurely during the recovery process, the 
patients subsequently appear to settle into a sed-
entary lifestyle and gradually start losing func-
tional gains made during rehabilitation in the 
early months after surgery [11].

37.3  Guidelines for Rehabilitation 
in the Acute and Subacute 
Settings

Rehabilitation assists “individuals who experi-
ence disability to achieve and maintain optimal 
functioning in interaction with their environ-
ment” [26]. Several countries established guide-
lines and standards for rehabilitation after hip 

Patient and caregiver

Healthcare professional

physical dimensions

instrumental dimensions

cognitive dimensions

affective dimensions

social dimensions

+

+

+

+

P
er

sp
ec

tiv
e

fu
nc

tio
na

l r
ec

ov
er

y

Fig. 37.1 Recovery from the healthcare professional, 
patient, and caregiver perspective. Reprinted from 
Sheehan et  al. [12]; with permission from Oxford 
University Press
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fracture. For example, the National Institute for 
Health and Care Excellence (NICE) Guideline 
(updated May 2017) for acute rehabilitation after 
hip fracture is limited to (1) offering patients a 
physiotherapy assessment and, unless medically 
or surgically contraindicated, mobilization on the 
day after surgery; (2) offering patients 
 mobilization at least once a day and ensuring 
regular physiotherapy review; and (3) early iden-
tification of individual goals for multidisciplinary 
rehabilitation to recover mobility and indepen-
dence, and to facilitate return to pre-fracture resi-
dence and long-term wellbeing [27]. This led to 
the Chartered Society of Physiotherapy commis-
sioning the first international audit of rehabilita-
tion after hip fracture [28]. The audit reported 
marked variation across the country in the extent, 
quality, and duration of acute rehabilitation after 
hip fracture. Following publication, they devel-
oped a series of standards to align with the cur-
rent NICE guideline.

Earlier guidelines include the 2015 guidelines 
for treatment and rehabilitation after hip fracture 
by the American Academy of Orthopaedic 
Surgeons. These recommended interdisciplinary 
care to manage Deep Vein Thrombosis (DVT), 
prevention and management of delirium, multi-
modal perioperative pain management, interdis-
ciplinary management of recovery at 
rehabilitation and LTC facilities, home care ther-
apy after discharge, and osteoporosis assessment 
and management [29]. In 2011, Bone and Joint 
Canada published the National Hip Fracture 
Toolkit detailing evidence for rehabilitation after 
hip fracture in 2011. The Toolkit promoted early 
mobility, adequate pain management, and early 
and continuous transition planning in the acute 
phase. While the Toolkit acknowledged the chal-
lenges of different subacute rehabilitation set-
tings, it also highlighted the need for ongoing 
intensive rehabilitation irrespective of the reha-
bilitation setting. In the longer term, the Toolkit 
suggested community-based exercise programs 
to optimize physical conditioning and reduce 
future falls risk. This report noted the shift from a 
medical model of care in the initial postoperative 
period to a functional model of care to improve 
recovery and finally a preventative model of care 

to avoid further fractures through fall prevention 
and osteoporosis management [30].

This summary of guidelines is not exhaustive 
but highlights the need for additional evidence to 
inform appropriate rehabilitation across the care 
continuum.

37.4  Recovery in the Acute 
Setting

37.4.1  Effectiveness of Acute 
Rehabilitation Interventions

A series of randomized controlled trials explored 
interventions for rehabilitation after hip fracture 
in the acute hospital setting (Table 37.1). These 
interventions were broadly classified as weight- 
bearing, exercises, increased physiotherapy/
occupational therapy, mobility training, balance 
training, resistance training, electrical stimula-
tion, and/or multidisciplinary care. Most inter-
ventions within these classifications adopted 
different intervention protocols and different pri-
mary study outcomes making comparison across 
studies difficult. Moreover, the evidence for sev-
eral of these trials was deemed to be of low qual-
ity by a number of systematic reviews [31–33].

There is low-quality evidence in favor of early 
mobilization after hip fracture surgery which has 
been adopted by clinical guidelines internation-
ally. Proponents of early mobilization argue that 
delays affect recovery through loss of muscle 
mass and strength induced by bed rest. Further, a 
longer time to mobilization may lead to poten-
tially fatal complications such as pulmonary 
embolism or pneumonia.

The evidence for physiotherapy and/or occu-
pational therapy interventions favors a compre-
hensive approach with more frequent and longer 
duration interventions for beneficial effects on 
promoting independence in activities, general 
health, and reducing fatigue, as well as falls risk. 
The benefit of more frequent and longer duration 
interventions for mobility and function is less 
clear and may be due in part to specificity of the 
intervention components. Interventions that tar-
get mobility rehabilitation, balance training, and/

M. Auais et al.
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or resistance training all show promise for 
improvements in functional outcomes. Electrical 
stimulation has conflicting evidence for mobility 
gains. This may be due in part to insufficient 
power in the underlying evidence to determine the 
effectiveness of the intervention on functional 
outcomes A recent systematic review could not 
find conclusive evidence on the effect of electrical 
stimulation on muscle strength and called for fur-
ther research on this topic [34].

37.4.2  Multidisciplinary 
Rehabilitation

A Cochrane Systematic Review identified 11 ran-
domized controlled trials of multidisciplinary 
rehabilitation in the inpatient setting. Pooled esti-
mates for mortality and change in residential status 
at 1-year follow-up showed no difference between 
multidisciplinary rehabilitation and usual care. 
Benefits appeared to be short term and for activi-
ties of daily living and mobility outcomes. There is 
also limited evidence to support the design of 
effective models of multidisciplinary care for older 
adults with dementia who fracture their hip [35].

37.4.3  Prognostic Factors 
of Functional Outcome 
on Discharge from Acute Care

Uncertainty over the most effective rehabilitation 
after hip fracture may be due to the heterogenous 
nature of the underlying population. For example, 
patients who present with multiple morbidities from 
a LTC facility may have a differing risk of poor out-
come than those who present without multiple mor-
bidities from the community [36]. An understanding 
of these factors may inform clinical prioritization by 
identifying those at high risk of poor outcome to 
target for more intensive rehabilitation.

A recent systematic review identified 33 obser-
vational studies of 25 prognostic factors related to 
functional outcome on discharge [37]. Factors 
were broadly classified as related to demograph-
ics (age, sex, pre-fracture residence), injury (frac-
ture type), comorbidities (Charlson Comorbidity 
Index, anemia on admission, cognitive function, 

Parkinson’s Disease, pre-fracture function, diabe-
tes, atrial fibrillation, polypharmacy, Vitamin D 
level), body composition (body mass index, mal-
nutrition), complications (pain, elevated blood 
urea, perioperative urinary retention, pressure 
ulcers, delirium, emotional distress, new onset 
depression), and acute care processes (time to sur-
gery, time to mobilization, length of stay). 
However, most factors were reported by studies 
with lower methodological quality.

Two factors from studies with higher quality 
were associated with functional outcome at dis-
charge—cognitive function and anemia. Systematic 
review evidence reported a positive effect of reha-
bilitation after hip fracture on functional outcome 
for older adults with cognitive impairment [38]. 
Despite this evidence, cognitively impaired patients 
are often excluded from trials of new interventions 
[32]. This may be overcome by tackling the miscon-
ception of ‘poor potential for recovery’ through tar-
geted intensive rehabilitation for patients with 
cognitive impairment. In addition, clinicians may 
target patients with cognitive impairment for medi-
cation review, for interventions to reduce complica-
tions such as delirium, and for early transfer from 
bed as these were reported barriers to successful 
rehabilitation. For anemia, randomized controlled 
trial evidence suggests a more liberal blood transfu-
sion policy does not lead to better recovery of activi-
ties of daily living than a more restrictive blood 
transfusion policy [39]. It may therefore be appro-
priate to consider the proposed mechanism of action 
for anemia on functional outcome—frailty and 
weakness (a feature of frailty). Alone, a more liberal 
transfusion policy may be insufficient to target both 
anemia and frailty. A multidisciplinary approach 
which considers transfusion strategy and more 
intensive rehabilitation may warrant further study.

37.5  Recovery in People Living 
in Long-Term Residential 
Settings

A systematic review of 35 trials of rehabilitation 
after hip fracture published between 2008 and 
2018 indicated 17.2% of potential participants 
were excluded based on residency in a LTC facil-
ity or cognitive impairment [32]. This is impor-
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tant when considering the strength of the available 
evidence to inform individual patient care and 
healthcare reform.

People living in long-term residential facilities 
have a higher risk of hip fracture due to an 
increased propensity to fall. Further, as cognitive 
impairment is common in this patient group, 
access to rehabilitation is limited and evidence is 
sparse regarding best practices for rehabilitation 
after hospital discharge [32]. Systematic reviews 
assessing the impact of cognitive impairment on 
rehabilitation outcomes have consistently sug-
gested that those with cognitive impairment ben-
efit from rehabilitation, but many of the studies 
only included those with mild to moderate cogni-
tive impairment who were still residing in the 
community [38, 40]. Most programs directed at 
patients with cognitive impairment use a func-
tionally oriented approach, with activities that the 
patients are likely to value (i.e., walking) that is 
more likely to engage patients to participate [38].

Two recent controlled trials of LTC residents 
performed within the nursing home setting fol-
lowing hospital discharge produced conflicting 
results; a large (n  =  240) randomized trial of a 
4-week outreach rehabilitation trial showed small 
benefits in mobility at 4 weeks relative to usual 
care that were not sustained at 12 months post- 
fracture [41]. The intervention was not found to 
be cost-effective. In contrast, a small non- 
randomized trial (n  =  77) reported small sus-
tained benefit in mobility up to 12 months 
post-fracture after a 10-week outreach rehabilita-
tion program [42]. These results would suggest 
that more research is warranted in these settings 
with consideration for duration and intensity of 
the rehabilitation program.

37.6  Recovery After Discharge 
from Hospital 
to the Community

37.6.1  Continuing the Recovery 
Process in the Community

After patients are discharged home, they usually 
receive additional healthcare, mainly rehabilita-
tion by community health services. Since the 

demand for community health services by patients 
with hip fractures is expected to increase, com-
munity health agencies will need to prepare to 
accommodate this increase and may need to con-
sider innovative solutions to bridge anticipated 
gaps. Policymakers will need to ensure adequate 
resources are available, including adequate num-
ber of skilled professionals, to cover the expected 
increase in demand on available resources.

To offset the predicted burden of care for 
patients with hip fracture, there is an urgent need 
to establish comprehensive medical and rehabilita-
tion management programs that ensure satisfac-
tory recovery after hip fracture, minimize 
functional limitations, and prevent subsequent 
fractures. Currently, any potential benefits derived 
from interventions during patients’ hospital stay 
may be threatened by the lack of comprehensive 
post-hospitalization care. An integrated, multidis-
ciplinary, evidence-based hip fracture program 
spanning the continuum of recovery is a promising 
solution to help organize patients’ care after dis-
charge and promote smooth transitions to facilitate 
patients’ return to normal living. Two main 
approaches are emerging to help achieve this goal: 
extended rehabilitation programs that cover the 
continuum of recovery and integrated approaches 
that consider the influence of all factors that impact 
recovery, both physical and nonphysical.

37.6.2  Extended Rehabilitation Over 
the Continuum of Recovery

Current rehabilitation programs offered post-hip 
fracture have been shown to be helpful but not 
sufficient to restore a patient’s pre-fracture func-
tional level; consequently, an extended exercise 
program has been proposed as a promising strat-
egy to improve patients’ functional capacities 
[21, 25]. The aim of these extended programs is 
to maintain the improvement gained during reha-
bilitation and continue an upward functional 
improvement trajectory. Even modest gains in 
mobility and balance may translate to substantial 
cost savings if a second hip fracture is prevented 
or admission to LTC is delayed.

A series of randomized controlled trials tested 
extended community rehabilitation programs 

M. Auais et al.
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after hip fracture (Table 37.2). In summary, these 
interventions show that weight-bearing exercises 
seemed to have a larger effect on lower extremity 
strength and increasing function compared to 
non-weight-bearing exercises. The most effective 
way of delivering a hip fracture recovery pro-
gram seemed to be with a combination of super-
vised exercise training with some form of an 
instructional component (e.g., a booklet or a 
DVD) [43]. The exercise programs frequency 
varied from daily exercises to twice per week. 
The most common frequency of exercise was 
three times a week. The research studies that had 
patients exercise more frequently per week 
seemed to have more positive results. The most 
common strengthening exercises were hip abduc-
tion, hip flexion, knee flexion, and extension as 
well as ankle plantar flexion. Stepping exercises, 
stair training and sit-to-stand exercises were also 
very common. The combination of strengthen-
ing, functional, and balance exercises seemed to 
significantly reduce participants’ rate of falls 
[44]. The most recent literature emphasizes func-
tional exercises in extended programs [22].

An identified gap in available studies is the 
lack of pain management. Pain is a common 
symptom that older adults experience during 
their hip fracture recovery. According to Williams 
et al., there is a strong relationship between pain 
and delayed recovery from a hip fracture [45]. 
Pain can be debilitating and can interfere with 
one's activities of daily living including one’s 
ability to exercise. Pain is a modifiable factor in 
one’s recovery and, therefore, an important com-
ponent to address in future community exercise 
programs.

There are two settings in which to offer 
extended rehabilitation programs: home-based 
and community-based. In a systematic review 
and meta-analysis of extended rehabilitation 
programs, those offered in both settings were 
found to be effective in improving health out-
comes, but a sensitivity analysis showed that 
pooled effects for the community-based were 
larger and more likely to be statistically signifi-
cant [25]. Larger effects in the community-based 
studies could be explained because exercise 

tends to be of higher intensity in community set-
tings, and more sophisticated equipment is avail-
able. Another explanation might be that the 
group setting encourages social interaction 
among people sharing the same condition (which 
may increase participation in more intensive 
programs), reduces cost because one session is 
offered to a group of patients, and enhances 
motor learning for participants [46, 47]. 
Nevertheless, such community-based interven-
tions might result in lack of compliance with the 
study and a decrease in the number of patients 
willing to participate [48, 49].

37.6.3  Managing Nonphysical 
Factors in Rehabilitation 
Programs

The effects of traditional rehabilitation may vary 
significantly among patients, and many fail to 
recover after hip fracture, suggesting there are 
factors beyond surgery and physical rehabilitation 
contributing to outcomes. Numerous factors have 
been shown to influence recovery after a hip 
fracture, including age, sex, and pre-fracture 
functional level among many others [50]. In 
addition, nonphysical factors, such as social and 
psycho- cognitive influences, could play an 
important role in recovery [51–56]. Current medical 
management after hip fracture focuses mainly on 
physical rehabilitation with nonphysical factors not 
commonly considered [24, 53]. However, emerging 
evidence suggests incorporating these additional 
factors into rehabilitative care models could improve 
recovery outcomes, reducing mortality and 
economic burden, and ensuring an improved quality 
of life for the growing population of older adults 
with hip fractures [52, 54–56]. Furthermore, 
patients’ definition of recovery usually incorporates 
the importance of having good physical functioning, 
and also social, cognitive, and affective good 
functioning (see Fig. 37.1) [12].

Two main groups of nonphysical factors, 
social and psycho-cognitive factors, are believed 
to considerably influence recovery from hip 
fracture.
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37.6.3.1  Social Factors and Recovery
A 2019 review of the role of social factors in 
recovery after hip fracture found that high levels 
of social support and higher socioeconomic sta-
tus were associated with an increase in functional 
recovery, a decrease in mortality, and positive 
change in other health outcomes, such as length 
of hospital stay and quality of life after fracture 
[57]. One possible mechanism to explain this 
relationship is the positive effect of social support 
on self-efficacy (i.e., beliefs in one's ability to 
perform tasks) [49]. Self-efficacy has the poten-
tial to act as a protective factor, and low self- 
efficacy, potentially as a result of the injury and 
its consequences, may cause a patient to restrict 
functioning and negate rehabilitation gains [53]. 
Through social interaction, patients may receive 
encouragement, leading to better psychosocial 
health and higher confidence and self-efficacy, 
which could increase compliance with physical 
rehabilitation programs and prevent future falls 
[49, 58]. Social contact may also help alleviate 
feelings of depression or anxiety, which could be 
a barrier to patients increasing functional capac-
ity [59]. However, the importance of social fac-
tors in recovery from hip fracture is currently 
under-researched, lacking rigorously designed 
studies and interventions, and should be further 
investigated.

37.6.3.2  Psycho-cognitive Factors 
and Recovery

Recent literature also suggests that there is a sig-
nificant relationship between several psycho- 
cognitive factors and recovery after hip fracture. 
The presence of psycho-cognitive disorders pre-
dicts worse health outcomes, specifically mortal-
ity and delayed functional recovery.

To date, the main psycho-cognitive disorders 
investigated include overall cognitive impair-
ment, delirium, depression, and dementia. 
Numerous studies report a significant association 
between overall cognitive impairment and poor 
physical outcomes [24, 60–71]. For example, 
Kos et al. found that patients with moderate and 
severe cognitive impairment showed a poorer 
recovery of mobility at 3 months after surgery 

than did patients with mild or no impairment 
[60].

Another important factor after fracture is 
delirium. Several studies have demonstrated that 
delirium is associated with increased mortality 
and poor outcomes after hip fracture [72, 73]. 
Ruggerio et al. found that delirium resulted in a 
two-fold increase in the risk of mortality within 
1-year after hip fracture [74]. Presence of postop-
erative delirium was a predictor of 1- [75, 76], 
6- [77–79], and 12-month mortality [80] after hip 
fracture. Also, delirium is a risk factor for contra-
lateral hip fractures [81] and longer hospital stay 
[76, 79].

Depression was found in several studies to be 
significantly associated with poor recovery and 
mortality, especially when co-occurring with 
cognitive impairments [82] or with other mood 
disorders [68]. Nightingale and colleagues found 
that a diagnosis of depression soon after hip frac-
ture greatly increased risk of death in the follow-
ing 2 years [72]. Some studies that did not find 
statistically significant relationship between 
depression and recovery commented on the clini-
cal importance of the results [79].

There appear to be a cumulative effect of 
psycho- cognitive disorders on recovery post-
hip fracture. Givens et  al. showed that one 
mood disorder, such as depression, or one cog-
nitive disorder, at 1-month post-fracture, was 
associated with one or more adverse outcomes, 
and when considered together, each additional 
disorder (whether mood or cognitive) was asso-
ciated with greater odds of 1-month adverse 
outcomes [68, 76].

37.6.3.3  Clinical Implications
This growing body of literature indicating that 
nonphysical factors can significantly affect 
recovery after hip fracture has substantial impli-
cations for clinicians and policymakers, particu-
larly given that many of these factors are 
modifiable. Recovery programs for patients after 
hip fractures should not focus solely on the phys-
ical aspects of recovery. In terms of incorporating 
social factors, it is important to encourage 
patients to return to the community, where they 
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should have adequate services available and 
strategies to promote social inclusion [83].

Clinicians and health authorities need to 
implement early screening to recognize psycho- 
cognitive disorders and prevent them from lead-
ing to sub-optimal recovery and increased 
mortality after hip fractures. Several authors have 
also proposed the development and use of a sim-
ple but thorough bedside test to recognize 
changes in cognition [74, 84].

Efforts should be also focused on preventable 
and treatable issues like delirium. The diagnosis 
of postoperative delirium remains mostly clini-
cal. Clinical features of delirium can be summa-
rized as impairment of awareness, thinking, 
memory, perception, psychomotor behavior, and 
emotion [85]. Education of healthcare profes-
sionals on these features and on principles of def-
erential diagnosis can increase the recognition of 
delirium, which is the first step of effective inter-
ventions. Patients are at high risk of developing 
delirium during the postoperative period; how-
ever, delirium occurring at this period is specifi-
cally amenable to management [85]. Organized 
approaches to detect and manage delirium, which 
involve providing preoperative psychological 
support and careful postoperative management, 
is superior to traditional reactive care and can 
reduce the occurrence of delirium [85].

In addition to delirium, Rathbun et al. empha-
size the need for better depression screening and 
management for a full year after hip fracture, 
especially in individuals with a history of depres-
sive symptoms [86, 87]. Identifying mental 
health issues such as depression and implement-
ing treatment can have a positive effect on recov-
ery, and can support staff when planning 
rehabilitation and discharge destination [88].

Further studies with robust research designs 
(e.g., RCTs) are required to understand the role of 
social and psycho-cognitive factors in recovery 
from hip fracture, and to provide specific clinical 
direction on how to account for these nonphysical 
factors in the rehabilitation process [89]. See 
Figs. 37.2 and 37.3 for the top five priorities in 
studying social and psycho-cognitive factors, 
respectively, from a global survey of clinicians 
and researchers with experience in hip fracture.

37.7  Next Steps for Rehabilitation 
Research

There are several meaningful steps that could 
improve rehabilitation after hip fracture. First, 
evidence is lacking to inform the most appropri-
ate rehabilitation after hip fracture for vulnerable 
proportions of the population including those 

Preventing In-hospital
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Fig. 37.3 Top five priorities in studying psycho- cognitive 
factors. Reprinted from Auais et al. [88]; with permission 
from Elsevier
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Fig. 37.2 Top five priorities in studying social factors. 
Reprinted from Auais et  al. [88]; with permission from 
Elsevier
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from supported facility-based care. Future 
research should consider evaluation of rehabilita-
tion extending across the care continuum, care 
contexts, and for the entire patient population 
experiencing hip fracture. Second, there is a need 
for future trials to identify core outcomes/out-
come measures for use in rehabilitation interven-
tions after hip fracture that incorporate not only 
physical function, but also instrumental, cogni-
tive, affective, and social outcomes to better 
reflect patient, carer, and clinical definitions of 
recovery after hip fracture. Finally, national audit 
data collection that led to the defined best prac-
tice tariffs for surgical and medical care after hip 
fracture reduced mortality and length of stay 
after hip fracture. Rehabilitation should also cap-
italize on this evidenced success through a col-
lection of rehabilitation process and structure 
measures in international audits to inform future 
rehabilitation best practice tariffs and quality 
improvement initiatives.

37.8  Summary

As life expectancy increases worldwide, hip frac-
tures are projected to become an even greater 
global health problem in the near future. The care 
process of patients with hip fracture starts in the 
acute settings where patients typically undergo a 
surgical procedure to repair the fracture and con-
tinue in both inpatient and outpatient settings to 
promote patient recovery post-fracture. In the 
acute setting, guidelines for rehabilitation after 
hip fracture recommend interdisciplinary care to 
manage possible complications such as delirium, 
pain, and circulatory system problems. Further, 
these recent guidelines support a shift from the 
traditional medical model of care in the early 
period after surgery to a more holistic, functional 
model of care to improve recovery, regardless of 
treatment setting. Several factors have been iden-
tified as relevant to recovery in the acute setting, 
including demographics, fracture type, comor-
bidities, body composition, complications in the 
hospital (pain, perioperative urinary retention, 

delirium, new onset depression), and timely care 
(time to surgery, time to mobilization).

Additional healthcare from community health 
services should continue when patients are dis-
charged home. The demand for community 
health services by patients with hip fractures is 
expected to continue to rise; community health 
agencies will need to prepare for this increased 
demand and consider innovative solutions to 
bridge gaps. Therefore, current care models 
require review and revision to ensure adequate 
resource provision, especially in the community 
to balance the expected increase in demand and 
meet the needs of older, frail adults who survive 
their hip fracture to improve their outcomes.

The rehabilitation services offered in hospi-
tals, rehabilitation institutions, and early health 
services after discharge in the community usually 
improve patients’ functional outcomes, including 
mobility and activities of self-care. However, ini-
tial improvement may not blossom into full 
recovery or to complete independent living. 
Potential benefits derived during the hospital stay 
and provision of rehabilitation services may be 
threatened through lack of comprehensive and 
sufficient post-hospitalization care. 
Comprehensive programs, extending far beyond 
the acute setting and usual care are needed to 
ensure adequate recovery and prevention of sub-
sequent fractures, and to minimize the functional 
limitations associated with hip fractures. 
Additionally, these programs should cover recov-
ery from physical impairments while addressing 
other nonphysical challenges and disorders, such 
as lack of social support and psycho-cognitive 
disorders. Recent studies suggest that social fac-
tors (e.g., social support) and psycho-cognitive 
factors (e.g., delirium and depression) can play 
critical roles in recovery, but these factors are not 
currently common targets for evaluation and/or 
management in hip fracture rehabilitation pro-
grams or research. Incorporating these factors 
into rehabilitation programs for patients with hip 
fractures will enhance their recovery and reduce 
the burden on care providers, healthcare systems, 
and society.
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