!

I
I

W

WHS

Wound
Healing
. . - . Society
Impact of Traumatic Lower Extremity Injuries

Beyond Acute Care: Movement-Based
Considerations for Resultant Longer Term
Secondary Health Conditions

Courtney M. Butowicz,' Christopher L. Dearth, ™
and Brad D. Hendershot™3*

"Research and Development Section, Department of Rehabilitation, Walter Reed National Military Medical Center,
Bethesda, Maryland.

?DOD-VA Extremity Trauma and Amputation Center of Excellence, Walter Reed National Military Medical Center,
Bethesda, Maryland.

3Department of Rehabilitation Medicine, Uniformed Services University of the Health Sciences, Bethesda, Maryland.
“Regenerative Biosciences Laboratory, Uniformed Services University of the Health Sciences, Bethesda, Maryland.

Significance: Advances in field-based trauma care, surgical techniques, and
protective equipment have collectively facilitated the survival of a historically
large number of service members (SMs) following combat trauma, although many
sustained significant composite tissue injuries to the extremities, including limb
loss (LL) and limb salvage (LS). Beyond the acute surgical and rehabilitative
efforts that focus primarily on wound care and restoring mobility, traumatic LL
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and LS are associated with several debilitating longer term secondary health Submitted for publication October 31, 2016.
conditions (e.g., low back pain [LBP], osteoarthritis [OA], and cardiovascular AC“fggerfe's’;grf;s;fef“é?pg;ffe”;?egfWS'ehz:;ﬁ'ta_
disease [CVD]) that can adversely impact physical function and quality of life. tion, Walter Reed National Military Medical
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among persons with LL and salvage, which are purported risk factors for the
development of longer term secondary musculoskeletal conditions and may limit
functional outcomes and/or concomitantly impact cardiovascular health.

Critical Issues: The increased prevalence of and risk for LBP, OA, and CVD among
the relatively young cohort of SMs with LL and LS significantly impact physio-
logical and psychological well-being, particularly over the next several decades of
their lives.

Future Directions: Longitudinal studies are needed to characterize the onset, pro-
gression, and recurrence of health conditions secondary to LL and salvage. While
not a focus of the current review, detailed characterization of physiological bio-
markers throughout the rehabilitation process may provide additional insight into
the current understanding of disease processes of the musculoskeletal and car-
diovascular systems.

Keywords: amputation, biomechanics, cardiovascular disease,
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SCOPE AND SIGNIFICANCE (e.g., low back pain [LBP], osteoar-
EXTREMITY TRAUMA, including limb thritis [OA], cardiovascular disease
loss (LL) and limb salvage (LS), is [CVD]) that can significantly limit
commonly associated with an elevated physical function, reduce quality of life
risk for secondary health conditions (QoL), and life expectancy. This review
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provides an extensive commentary regarding resul-
tant secondary health effects of extremity trauma in
service members (SMs), with a particular focus on
functional outcomes and quality of movement.

TRANSLATIONAL RELEVANCE

Physiologic biomarkers provide an opportunity
to enhance translation in future work to examine
the pathophysiology of the secondary health con-
ditions associated with traumatic LL from a basic
science perspective. While this approach is yet to be
fully explored and thus was not a primary focus of
this review, such biomarkers may augment tradi-
tional analyses and support more comprehensive
risk characterization, thereby allowing clinicians
and researchers to better mitigate disease onset or
progression.

CLINICAL RELEVANCE

The increased prevalence of secondary health ef-
fects following traumatic extremity injuries places a
significant physical and psychosocial burden on SMs
with LL and LS. Altered movement patterns often
result in mechanical loading of the spine and lower
extremities, potentially increasing the risk of LBP and
OA. Adopting a biopsychosocial model of treatment/
care may allow clinicians to utilize a multifaceted
approach to treat chronic pain and dysfunction as-
sociated with resultant health effects of LL.

BACKGROUND

Musculoskeletal disorders are the most preva-
lent source of disability in the United States.!?
As a result, the annual direct costs associated
with treatment total a substantial $900 billion.?
Among these, extremity amputation, or LL, is
projected to affect an estimated 3.6 million people
by the year 2050.* Approximately 185,000 indi-
viduals undergo either an upper or lower ex-
tremity amputation annually, primarily due to
trauma, dysvascular disease, and/or osteosarco-
ma.5 While the incidence of LL due to dysvas-
cular etiologies has steadily risen among the
civilian sector, trauma remains a leading source
of LL within the Military Health System. How-
ever, prior estimates of the current/future impact
of LL do not include SMs injured during combat
nor do they consider individuals with LS; an al-
ternative to amputation in which heroic measures
are undertaken by the military surgical teams at
all echelons of care to preserve as much form and
function of the traumatically injured limb as
possible. Despite these surgical efforts and ad-

vances in orthotic technology, many with LS are
unable to achieve preinjury functional outcomes,
much like those with LL.

The combat theaters of Operations: Enduring
Freedom (OEF), Iraqi Freedom (OIF), New Dawn,
Inherent Resolve, and Freedom’s Sentinel were
characterized by high-energy munitions and ex-
plosives. With advances in personal protective
equipment, field-based trauma care, and surgical
techniques, injuries sustained as a result of these
often-improvised devices are now survivable at
higher rates than conflicts past. However, traumatic
extremity injuries, including LL and LS, remain a
hallmark casualty of recent conflicts. Across all ser-
vices, 52,351 military personnel have been wounded
in action since 20018 more than half of evacuated
SMs have sustained extremity injuries and nearly a
quarter of these are open fractures.® In addition,
1,703 SMs sustained injuries requiring major (or
multiple) limb amputation (As of October 1, 2016;
Data source: EACE-R). The decision to amputate a
limb may be made in as few as 24h post-trauma,
during the first hospitalization as a secondary sur-
gical intervention, or potentially years after LS (i.e.,
delayed amputation).'®'3 Factors contributing to
the decision include the extent and severity of in-
juries and resources available during the rehabili-
tation process.'* Recent evidence suggests that SMs
who undergo LS will typically experience more ex-
pansive complications than individuals who un-
dergo amputation.’®'” LS has been associated
with significantly higher rates of rehospitalization,
greater numbers of surgical procedures, and higher
rates of surgical complications.'®!?

Initial wound care and rehabilitation after LL
and/or LS are critical to the recovery process. Such
efforts are generally categorized by nine distinct
phases, each with specific goals and objectives.?’
The complexity and interdependence between each
phase elucidate the need for an efficient interdis-
ciplinary approach within the overall rehabilita-
tion paradigm. Despite these comprehensive and
substantive efforts, persons with LL and LS are at
an increased risk for acute secondary health con-
ditions such as phantom limb pain, wounds/sores,
vascular and nerve damage, infection, decreased
physical function, and psychosocial issues. Fur-
thermore, beyond these acute conditions, persons
with LL and LS are also at an elevated risk for
longer term complications including LBP, OA,
and CVD, among others. Importantly, once the
disease progression initiates, these longer term
resultant conditions will plague these individu-
als for life, as SMs with extremity trauma are
typically younger than 30 years at the time of
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injury and thus will continue living with their
injuries for several decades.”

The long-term economic burden of trauma-
related LL and LS is significant. Edwards et al.
predicted the long-term (40 year) cost of trauma
repair, rehabilitation, and lifelong prosthetic sup-
port of British soldiers wounded in Afghanistan to
be approximately $444 million.?! In the United
States, the estimated average lifetime cost of
treatment for unilateral lower LL is $342,716 and
$1.4 million for Vietnam and OIF/OEF veterans,
respectively.?? However, such estimates are likely
conservative, not fully accounting for costs associ-
ated with novel technology/repairs or, perhaps ex-
ponentially more economically burdensome over
the longer term, for the wide range of healthcare
costs associated with the treatment of secondary
health conditions. The ability to evaluate, predict,
and ultimately treat these resultant health condi-
tions would not only help reduce these costs but
also, and most importantly, preserve and/or im-
prove function and QoL for those with LL and LS.

The risk for secondary health conditions is often
related to physiological adaptations to trauma or
pervasive surgical complications, poor biomechan-
ics, and/or the prosthetic (orthotic) device itself. For
SMs, in particular, the young age at which these
injuries occur likely presents a unique challenge
over the longer term and further highlights the
importance for understanding resultant health
conditions secondary to extremity trauma. Notably,
the cumulative effects of many years of functional
adaptations during gait and movement with ex-
tended prosthetic/orthotic device use in otherwise
young and active SMs remain unclear.?>?* This is
an important distinction from civilian populations
as a majority of civilians with LL are over the age of
50, incurred LL as a result of vascular damage/
complications, are likely less active, and may pres-
ent with different resultant health conditions/
outcomes for less time.?” Thus, as a preliminary step
toward addressing this knowledge gap, the purpose
of this review is to provide a commentary regarding
resultant health conditions associated with high-
energy extremity trauma, with a primary focus on
biomechanical features of movement and associated
functional limitations. In particular, we highlight
considerations for longitudinal care aimed at max-
imizing QoL, for those with both LL and LS.

DISCUSSION
Low back pain

The World Health Organization describes LBP
as any pain or discomfort for a variable duration in

the lumbar spine region.?® The onset of pain may
occur suddenly, coincident to a singular traumatic
event, or develop over time with age or as the result
of repeated microtrauma from a given (or set of)
activity(ies). Often, LBP is considered idiopathic,
as pain may be present without pathoanatomical
evidence of disease or structural abnormality. LBP
costs nearly $100 billion annually in the United
States, with a majority of this cost associated with
lost wages and decreased productivity.?” While
cross-sectional figures indicate that chronic LBP
affects up to 33% of adults in the general popula-
tion, the incidence in persons with LL who report
LBP secondary to trauma is nearly double (52—
76%).2531 Along with this significantly higher
prevalence, nearly 50% of persons with LL have
reported LBP as “more bothersome” than either re-
sidual or phantom limb pain and as having a sig-
nificant reduction in overall QoL metrics.283%32
While the exact etiology of LBP within this popu-
lation is unclear, there is a growing body of evidence
suggesting that altered lumbopelvic mechanics
during the (repetitive) gait cycle likely influences
such risk.

Persons with lower LL frequently develop al-
tered movement patterns to maintain balance and
achieve forward progression in walking. Movement
patterns can be influenced by the following, either
individually or in combination: socket fit/prosthetic
alignment, general deconditioning, leg length dis-
crepancies, complications within the residual limb,
and muscular imbalances.?®3* More specifically,
altered movement patterns during gait affect
trunk and pelvis mechanics and contribute, at least
in part, to the increased incidence of LBP in persons
with lower LL and may be dependent on the extent
of injury or ultimate level of amputation.?*~*® These
alterations and asymmetries may increase loads on
the lumbar spine during gait which, when consid-
ering the repetitive gait cycle, over time may thus
contribute to the occurrence or recurrence of LBP.
For example, persons with transfemoral LL tend to
exhibit 10° of anterior pelvic tilt, which is consid-
ered to be a compensatory mechanism to assist in
the ability to achieve hip extension during gait.
Increased anterior pelvic tilt is associated with
increased lumbar lordosis, which is linked to an
increased incidence of LBP in persons with LIL.%%39
Previous work has demonstrated that increased
loads on the lumbar spine are a direct source of
LBP in the general population.*>*! Mechanical
loading of the passive and active structures of the
spine is affected by both internal and external
loads, such as forces produced by muscular acti-
vation, ligamentous tension, gravity, and inertia.*?
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These loads can be significant, as potentially small
alterations in trunk (which accounts for nearly 2/3
of the body’s mass) movement may increase joint
reaction loading due to increased muscular con-
tractions of the surrounding musculature.*® The
increased demand on the active structures (mus-
cles) may lead to increased forces and joint loading
on the passive structures (discs and vertebrae).
The accumulation of these altered loads over time
has the potential to augment degenerative joint
changes in the spine.*’

Similar to uninjured individuals with LBP, per-
sons with transfemoral LL exhibit irregular trunk—
pelvis coordination and movement variability.**
Specifically, persons with LL tend to walk with a
large lateral trunk lean toward the affected side; a
possible neuromuscular strategy/compensation to
assist in forward progression during gait.*? This
frontal plane motion has been reported to increase
peak joint reaction forces and moments asymmetri-
cally in the lumbar spine (L5-S1 integration specif-
ically) in this population. A recent report suggested
this observed frontal plane motion as a possible
mechanistic pathway through which recurring ex-
posure to altered trunk motion and cumulative spi-
nal loading may contribute to LBP in persons with
lower LL.*? Persons with transfemoral LL (with
current LBP) exhibit larger axial trunk rotations
when compared to those without LBP, which may
subsequently affect vertebral disc degeneration and
potentially contribute to LBP recurrence.*>*¢ Pre-
vious evidence demonstrated degenerative changes
in the lumbar spine via radiographic imaging in 76%
of persons with LL, potentially supporting the role of
increased trunk motion leading to degenerative
changes in this population.*’

While LBP is commonly cited as a secondary
health effect of LL, persons with LS may also expe-
rience LBP as a result of altered movement patterns
during gait and functional activities.*® Persons with
LS typically experience reduced ankle function,
which is associated with altered gait mechanics and
increased metabolic cost.34%5° However, the influ-
ence of distal LS on proximal (trunk/pelvis) biome-
chanics remains unstudied to date. Currently, a
paucity of evidence exists relative to the prevalence of
LBP in the LS population. Therefore, further work is
needed to elucidate the relationship between LS and
the development of LBP.

In summary, LBP has been reported as the most
important health-related physical condition con-
tributing to a reduced QoL among veterans who had
sustained a traumatic lower extremity amputation
over 20 years prior.>> Thus, identifying factors
contributing to the development and recurrence of

LBP, such as a widely prevalent and “bothersome”
secondary health concern, is critical for improving
long-term health. Abnormal mechanical loading of
lumbar spine, altered trunk and pelvis coordination,
and psychosocial factors may influence the preva-
lence of LBP in this population. Therapeutic inter-
ventions that address the underlying impairment(s)
in trunk neuromuscular responses and/or motor
control strategy may also contribute to reducing the
prevalence and incidence of LBP among SMs with
lower extremity trauma, thereby improving longer
term functional outcomes by mitigating a signifi-
cant secondary impairment with a substantial ad-
verse impact on daily activities. Further evidence is
needed to understand the relationship between
these risk factors and the incidence of LBP in per-
sons with LL. In particular, no studies to date have
evaluated the influence of different prostheses or
orthoses on the incidence of LBP in the traumatic
LL and LS populations.

Osteoarthritis

The National Institute of Arthritis and Muscu-
loskeletal and Skin Diseases describes OA as a joint
disease affecting the cartilage, often characterized
by pain and stiffness within a joint and limitations
in physical function.’® The primary pathology is
articular cartilage deterioration, although evidence
suggests that possible morphological changes of
bone are reflective of disease onset. Within the joint,
articular cartilage functions to dissipate forces
sustained by the bony structures throughout mo-
tion. During activities such as walking or running,
when the loading velocity and intensity of the
structures are increased, the cartilage’s ability to
dissipate forces is reduced.’® In the general popu-
lation, mechanical loading of the knee joint during
walking has been associated with the presence, se-
verity, and progression of knee OA.?*~*® Persons
with unilateral lower LL are 17 times more likely to
suffer from knee OA in the intact limb when com-
pared to able-bodied individuals.?”

As previously noted, persons with LL frequently
develop altered movement patterns during gait. Of
particular importance here, those with unilateral
LL preferentially utilize their intact limb, leading to
increased and prolonged loading of the intact joints.
Mechanical alterations in static and dynamic
alignment of the knee joint may affect joint loading
as increased forces are incurred through medial or
lateral aspects of the joint. The external knee ad-
duction moment (EKAM) is a vastly reported risk
factor for knee OA based on its relationship with
internal loading of the medial joint surface.’® The
size of the EKAM and its respective angular impulse
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are associated with knee OA severity and progres-
sion.?®5%5960 Dyring gait, individuals with lower
LL asymmetrically load their intact limb to a
greater extent than their involved limb, suggesting
that mechanical factors play a role in the increased
incidence of knee OA in this population.?¢%! For
example, Lloyd et al. identified larger peak knee
adduction moments in the intact relative to involved
limb.%? This increased mechanical loading may be
explained by decreased push-off power and ground
reaction forces demonstrated with conventional
prosthetic feet.?12 Push-off power generated by the
prosthetic foot instance may affect the ground re-
action forces at heel strike in the intact limb as the
velocity of an individual’s center of mass changes
from an anterior and inferior direction to an ante-
rior and superior direction during gait.®* The redi-
rection of the center of mass is caused by the ground
reaction impulse through the gait cycle, crudely
relative to double-limb support.®* If the prosthetic
stance foot lacks adequate push-off power to propel
the center of mass anteriorly, the intact limb must
compensate by performing more work to move the
center of mass anterior and superior, resulting in
increased ground reaction forces and loading of the
intact 1limb.5! Morgenroth et al. suggested that by
utilizing a prosthetic foot with increased push-off
power, the peak EKAM of the intact limb may be
reduced and therefore potentially decreasing the
OA risk.®! This was supported as a powered ankle—
foot prosthetic was able to decrease the EKAM and
vertical ground reaction force in persons with lower
LL, however, the prosthetic used was unable to alter
the knee joint loads of the intact limb.%® Similar to
LBP, the progression and severity of OA may be
further amplified by psychosocial determinants;
anxiety, depression, coping strategies, and stress
have also been associated with increased pain in
patients with OA.66-68

OA is not exclusive to the LL population as indi-
viduals with LS present with similar (sometimes
larger) gait and movement deviations. As high as
95% of OA diagnoses among combat-wounded SMs
are post-traumatic in origin.®® Chronic pain, nerve
damage, and volumetric muscle loss are common
barriers to LS rehabilitation and may serve as con-
founding factors in the development of OA treat-
ment plans.””>”* Ankle—foot orthoses (AFOs) are
commonly used to assist ankle function or offload
painful structures.”? Optional therapies that in-
clude sports medicine-based interventions utilizing
a dynamic AFO (e.g., the Intrepid Dynamic Exos-
keletal Orthosis) are available to LS patients. Such
devices are designed to improve functional perfor-
mance on tasks such as walking, changing direc-

tions, sit-to-stand, and ascending stairs.*® While
dynamic AFOs are suggested to improve functional
capabilities, evidence is inconclusive in its ability to
positively alter gait parameters related to OA as
well as the effects of long-term use.3*737

Treatment modalities focused on reducing symp-
toms and OA disease progression in persons with LL
and LS are vital to improving QoL. The Osteoarthritis
Research Society International recommends biome-
chanical interventions, intra-articular corticosteroids,
exercise (land and water based), self-management
and education, strength training, and weight man-
agement.”® Autologous platelet-rich plasma (PRP)
therapy is a therapeutic intervention that delivers
high concentrations of growth factors to an area to
stimulate healing.”® Recent evidence suggests that
PRP may provide relief of knee OA symptoms in
younger patients within the early stages of cartilage
degeneration.”™ Strength training (weight and
body-weight training) and exercises such as t’ai chi
have demonstrated the ability to improve overall
function in decreasing pain in OA patients and may
also serve to assist in weight management.3%%!
Weight reduction is considered a pragmatic therapy
for knee OA as overweight individuals demonstrate a
high prevalence of knee OA and the risk of severity
progression increases 35% for every 5kg of weight
gain.®? Strength training and weight management
are considered integral aspects of the rehabilitation
paradigm for persons with LL as deficits in strength
and increases in weight influence gait, joint loading,
movement efficiency, and cardiovascular health.
Canes, knee braces, and foot orthotics are other po-
tential treatment options to decrease movements at
the knee, reduce pain, and improve function. 85

In summary, biomechanical factors likely play a
substantial role in the risk for OA secondary to ex-
tremity trauma, whether LL or LS. While the
prevalence of OA in LL and LS populations may
decrease as technological improvements in pros-
theses and orthoses are realized, further evidence is
needed to determine the specific relationship be-
tween different classes or features of these devices
and OA risk factors. Unfortunately, recent techno-
logical advancements in prosthetic devices have
outpaced orthotic devices, the benefits of which are
evident in the biomechanical characteristics of
persons with LL versus LS. Nevertheless, LS typi-
cally presents with more complex neurovascular
injuries and other unique challenges, which can
negatively affect functional outcomes.

Cardiovascular disease
CVD is defined by a vast array of diseases affect-
ing the heart and blood vessels.®® CVD may present
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as coronary artery disease, stroke, arrhythmias,
cardiomyopathy, heart disease, peripheral artery
disease, aneurysms, venous thrombosis, and/or
carditis.®*®” While CVD is largely preventable, it
remains the leading cause of death worldwide, par-
ticularly in lower socioeconomic demographics.®
The American Heart Association reports there are
~85 million individuals with CVD in the United
States, causing a staggering 2,200 deaths each and
every day.®® This is accompanied by direct and in-
direct costs of nearly $315 billion.® Risk factors for
CVD include, but are not limited to, family history
and genetics, high cholesterol and lipids, high blood
pressure, diabetes, metabolic syndrome, obesity,
and kidney disease.?® In addition, significant combat
trauma may be a risk factor for the development of
CVD.?*®2 For example, Hrubec and Ryder con-
ducted a 30-year follow-up of World War II veterans
with lower LL and demonstrated that the relative
risk of CVD mortality wasincreased 2.4—4 times that
of persons with LS.%° Similarly, Modan et al. re-
ported significantly higher mortality rates of per-
sons with traumatic lower LL when compared to
able-bodied controls, suggesting that CVD was the
primary cause (21.9% vs. 12.1%, p <0.001).%1

The pathophysiology of increased mortality rates
may be a result of systemic and/or regional hemo-
dynamic effects of trauma.?"**%7 Obesity and hy-
pertension secondary to decreased overall activity
levels may lead to insulin regulation complications
in persons with LL.°” When compared to uninjured
controls with no difference in body mass index,
blood pressure, or lipid levels, persons with LL ex-
hibited significantly higher increased fasting plas-
ma insulin levels as well as insulin resistance.®
Increased plasma insulin levels and insulin resis-
tance are risk factors for atherosclerosis and met-
abolic syndrome, considered precursors to CVD.
The role of psychological stressors in the develop-
ment of CVD is not well understood; however, psy-
chosocial factors have demonstrated involvement
in the pathogenesis of CVD.?®° Depression and
post-traumatic stress disorder have been associ-
ated with increased incidence of CVD, while veter-
ans with high levels of cynical distrust and anger
demonstrate an accelerated progression of athero-
sclerosis, a risk factor for CVD.°%102 Limited evi-
dence precludes a definitive relationship between
psychosocial factors and CVD risk in persons with
LL, and therefore, future work should prospectively
examine the relationship between psychosocial
factors/stressors and the development of CVD.

Hemodynamically, proximal amputation in-
creases the risk of CVD development based on al-
terations in proximal arterial flow. Pathogenic

mechanisms may include early reflection pulse
waves. Early return reflection pulse waves are pro-
duced at arterial occlusion sites and have been
linked to a myriad of medical complications.'®® An
early returned reflection pulse wave creates a second
systolic peak, which results in an increase in aortic
pressure. The increased aortic pressure generates
an increased left ventricular load resulting in left
ventricular hypertrophy, atherothrombosis, and
ultimately cardiac death.!®* Vollmar et al. sug-
gested that persons with traumatic LL above the
knee were five times more likely to suffer from ab-
dominal aortic aneurysms when compared to heal-
thy controls.®* A possible explanation may be that
after amputation, blood flow is decreased by ~25%
in the terminal aorta due to altered flow pathsin the
visceral and renal arteries, resulting in a disrupted
flow pattern at the aortic bifurcation.’® Altered flow
patterns, paired with increased shear stress along
the convex aspect of the aorta and decreased shear
stress along the concave aspect, are theorized to
damage aorto-iliac blood vessels by increasing hy-
draulic forces within the aorta.’® Persons with
transfemoral LL should have regular consultations
with appropriate medical personnel to assess the
risk of abdominal aortic aneurysm.%

While the hemodynamic effects of trauma ap-
pear to influence CVD risk, addressing modifiable
risk factors may be an effective strategy to help
decrease CVD risk. It is widely accepted that ha-
bitual exercise with activities such as running,
walking, bicycling, rowing, and swimming in-
creases aerobic capacity and decreases the risk of
CVD. When joined with dietary modifications,
regular exercise can effectively reduce excess body
weight, another risk factor for CVD. Moreover, the
increased risk of CVD in persons with LL high-
lights the importance of managing modifiable risk
factors, engaging in preventative treatment strat-
egies, and adopting an active lifestyle.

SUMMARY

Maintaining an active lifestyle is critically im-
portant for physiological health, psychological well-
being, and overall QoL. Such guidance is no different
for individuals with LL and LS. However, given the
limited (but growing) body of evidence relating
movement abnormalities to altered musculoskeletal
demands that may lead to the development of longer
term secondary conditions in this population, addi-
tional consideration for the quality of movement
during recreational and daily activities is warranted.
While the overwhelming focus of recent efforts has
been on persons with LL, the aforementioned sec-
ondary health conditions are likely also major con-
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cerns for those with LS. As such, we posit
that an underlying focus of clinical care and
future research, in both cohorts, should be
toward mitigating concomitant risk for the
development or recurrence of chronic pain.

While advances in trauma care and

prosthetic/orthotic technologies may even- e Understanding the pathogenesis of the secondary health conditions of
traumatic LL and LS and salvage may help guide optimal management in
acute, subacute, and chronic phases of care for these individuals
longitudinal tracking is urgently needed to e Reducing modifiable risk factors through patient education, identifying
appropriate support systems, encouraging proper gait mechanics, and
utilizing the prescription of evolving technologies may help mitigate long-
term health conditions

tually mollify acute and subacute second-
ary health effects of extremity trauma,

better understand the mechanisms by
which secondary health effects develop
and progress in this population. Such ef-

TAKE-HOME MESSAGES

e Living with LL and LS over time leads to increased morbidity and mortality
from secondary medical and musculoskeletal problems. Awareness of the
long-term health risks associated with LL and LS, as well as the physiologic
and biomechanical origin of these risks, is critical to improving outcomes

forts should encompass a transdisciplinary
team, in which a comprehensive suite of evalua-
tion metrics are employed; for example, traditional
clinical evaluation and movement analysis sup-
plemented with local and systemic physiological
biomarker analyses and next-generation imaging
modalities. In doing so, a better understanding of
the specific pathways for the development of these
secondary health effects can be realized, thus
enabling clinicians to develop and prescribe ap-
propriate treatment interventions. Ultimately, di-
minishing risk factors relative to the degeneration
of joint and cardiovascular function will reduce the
overall prevalence of secondary health conditions
and improve QoL for our nation’s injured SMs and
veterans over the longer term.

ACKNOWLEDGMENTS
AND FUNDING SOURCES

This work was supported by the Office of the
Assistant Secretary of Defense for Health Affairs,
through the Peer Reviewed Orthopaedic Research
Program (Award No. W81XWH-14-2-0144 to
B.D.H.) and the Orthotics and Prosthetics Out-
comes Research Program (Award No. W81XWH-
15-1-0669 to C.L.D.), the National Institute of
Biomedical Imaging and Bioengineering (Award
No. 1R03EB018889-01A1 to C.L.D.), and the DoD-
VA Extremity Trauma & Amputation Center of
Excellence (Public Law 110-417, National Defense
Authorization Act 2009, Section 723). The authors
also thank Eric Margulies for his assistance with
initial literature review.

AUTHOR DISCLOSURE
AND GHOSTWRITING

No competing financial interests exist. The con-
tent of this article was expressly written by the
authors listed. No ghostwriters were used to write

this article. The views expressed in this article are
those of the authors and do not necessarily reflect
the official policy of the Departments of the Army,
Navy, Defense, nor the United States Government.

ABOUT THE AUTHORS

Courtney M. Butowicz, PhD, CSCS, is a
Postdoctoral Researcher within the Department of
Rehabilitation at Walter Reed National Military
Medical Center (WRNMMC). Dr. Butowicz’s re-
search interests include clinical assessment of
trunk stability/control, development of musculo-
skeletal injuries as result of impaired motor con-
trol, and utilization of a multidisciplinary approach
to the treatment of musculoskeletal injuries.
Christopher L. Dearth, PhD, concurrently
serves as the Facility Research Director for the
Extremity Trauma and Amputation Center of Ex-
cellence (EACE), Director of Research for the De-
partment of Rehabilitation at WRNMMC, and the
Founding Director of the Regenerative Biosciences
Laboratory at the Uniformed Services University
of the Health Sciences (USUHS). In these roles, Dr.
Dearth leads a multidisciplinary team of clinicians
and researchers whose collective focus is on the
mitigation, treatment, and rehabilitation of trau-
matic extremity injuries and amputations, with an
overarching synergy of efforts between the fields of
rehabilitative and regenerative medicine. Brad D.
Hendershot, PhD, is a Research Biomedical En-
gineer with the EACE, stationed at WRNMMC.
In addition to this role, he directs activities within
the Biomechanics and Virtual Reality Laboratories
within the Department of Rehabilitation. Dr.
Hendershot’s research is primarily focused on
characterizing factors underlying the high preva-
lence of musculoskeletal complications secondary
to extremity trauma.



276 BUTOWICZ, DEARTH, AND HENDERSHOT
REFERENCES

1. Summers K, Jinnett K, Bevan S. Musculoskeletal 15. Bosse MJ, Ficke JR, Andersen RC. Extremity war a national survey. Arch Phys Med Rehabil
Disorders, Workforce Health and Productivity injuries: current management and research pri- 2005;86:1910-1919.
in the United StAates. 2015. www.tcwhp.org/ O-IiI‘tIeS. J Am Acad Orthop Surg 2012;20(Suppl 1): 30. Smith DG, Ehde DM, Legro MW, Reiber GE, del
musculoskeletal-disorders-workforce-health-and- viii—x. . : .

roductivity-united-states-0 (last accessed Au- Aguila M, Boone DA. Phantom limb, residual
pust 15 2516) 16. Dagum AB, Best AK, Schemitsch EH, Mahoney limb, and back pain after lower extremity am-
g ’ ’ JL, Mahomed MN, Blight KR. Salvage after severe putations. Clin Orthop Relat Res 1999;29-38.

2. United States Bone and .Jomt} Inltlatlvg. The lower-extremity trauma: are the ou_tcorTles worth the 31 Foote CE, Mac Kinnon J, Robbins C, Pessagno R,
Burden of Musculoskeletal Diseases in the means? Plast Reconstr Surg 1999;103:1212-1220. . .
United States. Rosemont. IL: BMUS. 2014 Portner MD. Long-term health and quality of life

' T ' ' 17. Reiber GE, McFarland LV, Hubbard S, et al. experiences of Vietnam veterans with combat-

3. Agency for Healthcare Research and Quality. Service members and veterans with major trau- related limb loss. Qual Life Res 2015;24:2853—

Medical Expenditures Panel Survey (MEPS). matic limb loss from Vietnam war and OIF/OEF 2861.

2008-2011. http://meps.ahrg.gov/mepsweb (last conflicts: survey methads, participants, and sum- . )

accessed August 25, 2016). mary findings. J Rehabil Res Dev 2010;47:275-297. 3 Tagh_lpour H Moharamzad Y. Maf| AR, et al.
Quality of life among veterans with war-related

4. Ziegler-Graham K, MacKenzie EJ, Ephraim PL, 18. Harris AM, Althausen PL, Kellam J, Bosse MJ, unilateral lower extremity amputation: a long-
Travison TG, Brookmeyer R. Estimating the Castillo R; Lower Extremity Assessment Project term survey in a prosthesis center in Iran. J
prevalence of limb loss in the United States: Study Group. Complications following limb- Orthop Trauma 2009;23:525-530.

2095 to 2050. Arch Phys Med Rehabil 2008; threatening |.0W.el' extremity trauma. J Orthop 33, Sagawa Y, Turcot K, Armand S, Thevenon A,
89:422-429. Trauma 2009;23:1-6. ; . ) .
Vuillerme N, Watelain E. Biomechanics and

5. Dillingham TR, Pezzin LE, Mackenzie EJ. Racial 19. Busse JW, Jacobs CL, Swiontkowski MF, Bosse physiological parameters during gait in lower-
differences in the incidence of limb loss sec- MJ, Bhandari M; Evidence-Based Orthopaedic limb amputees: a systematic review. Gait Pos-
ondary to peripheral vascular disease: a Trauma Working Group. Complex limb salvage or ture 2011;33:511-526.
popu!atlpn—based study. Arch Phys Med Rehabil early amputgtlon for severe Iower—l'lmb injury: a 34, Esposito ER, Choi HS, Owens JG, Blanck RV,
2002,;83:1252-1257. meta-analysis of observational studies. J Orthop : - .

Trauma 2007-21:70~76 Wilken JM. Biomechanical response to ankle—

6. Wrobel JS, Mayfield JA, Reiber GE. Geographic o ' foot orthosis stiffness during running. Clin Bio-
variation of lower-extremity major amputation in 20. Esquenazi A, DiGiacomo R. Rehabilitation after mech (Bristol, Avon) 2015;30:1125-1132.
|nd|v'|duals with aﬁd WIlThOUt diabetes in .the. amputation. J Am Podiatr Med Assoc 2001;91: 35. Kulkarni J, Gaine WJ, Buckley JG, Rankine Jd,
Medicare population. Diabetes Care 2001;24: 13-22. . S .
860-864 Adams J. Chronic low back pain in traumatic

' 21. Edwards MD, Phillip LCRD, Bosanquet N, Bull lower limb amputees. Clin Rehabil 2005;19:81-86.

7. Owings MF, 'Kozak LJ. Ambulatory and |npat|§nt AM, Clasper CJC.lWhat is the magnitude lqnd 36. Gailey R, Allen K, Castles J, Kucharik J, Roeder
procedures in the United States, 1996. Vital long-term economic cost of care of the British M. Review of secondarv ohvsical conditions as-
Health Stat 13 1998;1-119. military Afghanistan amputee cohort? Clin Or- » . ary pny .

thop Relat Res 2015:473:2848-2855 sociated with lower-limb amputation and long-

8. Fischer H. A Guide to US Military Casualty P T ' term prosthesis use. J Rehabil Res Dev 2008;
Statistics: Operation Freedom’s Sentinel, Op- 22. Blough DK, Hubbard S, McFarland LV, Smith DG, 45:15-29.
eratlon_ Inherept Resolve, Operatlon.New Dawn, Gambel JM, Belber GE. Pros.thetlc_cost. projec- 37. Hendershot BD, Nussbaum MA. Persons with
Operation Iragi Freedom, and Operation Enduring tions for service members with major limb loss ) . S

. . . . lower-limb amputation have impaired trunk
Freedom. Congressional Research Service Re- from Vietnam and OIF/OEF. J Rehabil Res Dev ostural control while maintaining seated bal-
port: Research Report #RS22452; Washington, 2010:47:387-402. P \ naintaining
0C. 2015 ance. Gait Posture 2013;38:438-442.
’ ’ 23. Stern P. The epidemiology of amputations. Phys . -
9. Doukas WC, Hayda RA, Frisch HM, et al. The Med Rehabil Clin N Am 1991:2:253-261. 38. Devan H, Hendrick P, Ribeiro OC, Hale LA, Car
. ! L man A. Asymmetrical movements of the lumbo-
Military Extremity Trauma Amputation/Limb . - . . . . ) .
) 24. Pezzin LE, Dillingham TR, MacKenzie EJ. Re- pelvic region: Is this a potential mechanism for
Salvage (METALS) study: outcomes of amputa- L S ) .
tion versus limb salvaae following maior lower- habilitation and the long-term outcomes of per- low back pain in people with lower limb ampu-
. 9 Wing may ) sons with trauma-related amputations. Arch tation? Med Hypotheses 2014;82:77-85.
extremity trauma. J Bone Joint Surg Am 2013; Phvs Med Rehabil 2000:81:292-300
95:138-145. Y o ' 39. Day JW, Smidt GL, Lehmann T. Effect of pelvic
10. Hansen ST, Jr. The type-lC tibial fracture. 25. D|I||ngha_m TR, Pe_zzm LE,_I\_/Iachnue_ E.J._ Limb tilt on standing posture. Phys Ther 1984;64:510-516.
. . amputation and limb deficiency: epidemiology . .
Salvage or amputation. J Bone Joint Surg Am . ; 40. Kumar S. Theories of musculoskeletal injury
1987:69:799-800 and recent trends in the United States. South causation. Ergonomics 2001:44:17-47
oY ' Med J 2002;95:875-884. -+ AR

1. Han§en ST, Jr. lOverwew of the' severely trau- 26. Ehrlich GE. Low back pain. Bull World Health 41, McGill .SM‘ Low Back D|§orQers: Evidence-based
matized lower limb. Reconstruction versus am- Organ 2003:81:671-676 Prevention and Rehabilitation, 2nd ed. Cham-
putation. Clin Orthop Relat Res 1989;17-19. o ’ paign, IL: Human Kinetics, 2007.

) ) 27. Katz JN. Lumbar disc disorders and low-back ) )

12. Dirschl DR, thners LE. The mangled extremity: pain: socioeconomic factors and consequences. 42. !—IgndershoF BD, Wolf EJ. Three-dimensional
when should it be amputated? J Am Acad Or- J Bone Joint Surg Am 2006:88(Suppl 2):21-24. joint reaction forces and moments at the quv
thop Surg 1996;4:182-190. ) o back during over-ground walking in persons with

) . 28. Ehde DM, Smith DG, Czerniecki JM, Campbell unilateral lower-extremity amputation. Clin Bio-

13. Lange RH. Limb reconstruction versus amputa- KM, Malchow DM, Robinson LR. Back pain as a mech (Bristol, Avon) 2014:29:235-242.
tion decision making in massive lower extremity secondary disability in persons with lower limb
trauma. Clin Orthop Relat Res 1989;92—99. amputations. Arch Phys Med Rehabil 2001;82: 43. Gillet C, Duboy J, Barbier F, et al. Contribution of

10 MacKenzie EJ. B MU Kellam JF. et al 731-734. accelerated body masses to able-bodied gait.

. MacKenzie 0sse ellam et al. .

' ' ' Am J Phys Med Rehabil 2003;82:101-109.
Factors influencing the decision to amputate or 29. Ephraim PL, Wegener ST, MacKenzie EJ, Dil- y !
reconstruct after high-energy lower extremity lingham TR, Pezzin LE. Phantom pain, residual 44, Esposito ER, Wilken JM. The relationship be-

trauma. J Trauma 2002;52:641-649.

limb pain, and back pain in amputees: results of

tween pelvis—trunk coordination and low back



SECONDARY HEALTH CONDITIONS AFTER EXTREMITY TRAUMA

277

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

pain in individuals with transfemoral amputa-
tions. Gait Posture 2014;40:640-646.

Schmidt H, Kettler A, Heuer F, Simon U, Claes L,
Wilke HJ. Intradiscal pressure, shear strain, and
fiber strain in the intervertebral disc under
combined loading. Spine (Phila Pa 1976) 2007;
32:748-755.

Morgenroth DC, Orendurff MS, Shakir A, Segal
A, Shofer J, Czerniecki JM. The relationship
between lumbar spine kinematics during gait
and low-back pain in transfemoral amputees.
Am J Phys Med Rehabil 2010;89:635-643.

Burke M, Roman V, Wright V. Bone and joint
changes in lower limb amputees. Ann Rheum Dis
1978;37:252-254.

Patzkowski JC, Blanck RV, Owens JG, et al.
Comparative effect of orthosis design on func-
tional performance. J Bone Joint Surg Am 2012;
94:507-515.

Collins SH, Kuo AD. Recycling energy to restore
impaired ankle function during human walking.
PLoS One 2010;5:e9307.

Waters RL, Mulroy S. The energy expenditure of
normal and pathologic gait. Gait Posture 1999;
9:207-231.

National Institute of Arthritis and Musculoske-
letal and Skin Diseases National Institute of
Health. What is Osteoarthritis? 2014. www
.niams.nih.gov (last accessed September 7, 2016).

Radin ER, Paul IL, Rose RM. Pathogenesis of
primary osteoarthritis. Lancet 1972;1:1395-1396.

Sharma L, Felson DT. Studying how osteoar-
thritis causes disability: nothing is simple. J
Rheumatol 1998;25:1-4.

Baliunas A, Hurwitz D, Ryals A, et al. Increased
knee joint loads during walking are present in
subjects with knee osteoarthritis. Osteoarthritis
Cartilage 2002;10:573-579.

Miyazaki T, Wada M, Kawahara H, Sato M,
Baba H, Shimada S. Dynamic load at baseline
can predict radiographic disease progression in
medial compartment knee osteoarthritis. Ann
Rheum Dis 2002;61:617-622.

Lynn SK, Reid SM, Costigan PA. The influence of
gait pattern on signs of knee osteoarthritis in
older adults over a 5-11 year follow-up period: a
case study analysis. Knee 2007;14:22-28.

Struyf PA, van Heugten CM, Hitters MW,
Smeets RJ. The prevalence of osteoarthritis of
the intact hip and knee among traumatic leg
amputees. Arch Phys Med Rehabil 2009;90:
440-446.

Kutzner |, Trepczynski A, Heller MO, Bergmann
G. Knee adduction moment and medial contact
force—facts about their correlation during gait.
PLoS One 2013;8:81036.

Astephen JL, Deluzio KJ, Caldwell GE, Dunbar
MJ. Biomechanical changes at the hip, knee,
and ankle joints during gait are associated with
knee osteoarthritis severity. J Orthop Res 2008;
26:332-341.

60.

6

62.

63.

64.

65.

66.

67.

68.

69.

70.

1.

72.

73.

74.

Miindermann A, Dyrby CO, Andriacchi TP. Sec-
ondary gait changes in patients with medial
compartment knee osteoarthritis: increased load
at the ankle, knee, and hip during walking. Ar-
thritis Rheum 2005;52:2835-2844.

. Morgenroth DC, Segal AD, Zelik KE, et al. The

effect of prosthetic foot push-off on mechanical
loading associated with knee osteoarthritis in
lower extremity amputees. Gait Posture 2011;
34:502-507.

Lloyd CH, Stanhope SJ, Davis IS, Royer TD.
Strength asymmetry and osteoarthritis risk fac-
tors in unilateral trans-tibial, amputee gait. Gait
Posture 2010;32:296-300.

Winter DA, Sienko SE. Biomechanics of below-
knee amputee gait. J Biomech 1988;21:361-367.

Adamczyk PG, Kuo AD. Redirection of center-of-
mass velocity during the step-to-step transition
of human walking. J Exp Biol 2009;212:2668—
2678.

Grabowski AM, D'Andrea S. Effects of a pow-
ered ankle-foot prosthesis on kinetic loading of
the unaffected leg during level-ground walking.
J Neuroeng Rehabil 2013;10:1.

Somers TJ, Keefe FJ, Godiwala N, Hoyler GH.
Psychosocial factors and the pain experience of
osteoarthritis patients: new findings and new
directions. Curr Opin Rheumatol 2009;21:501—
506.

Rosemann T, Laux G, Szecsenyi J. Osteoarthritis:
quality of life, comorbidities, medication and
health service utilization assessed in a large
sample of primary care patients. J Othop Surg
Res 2007;2:1.

Marks R. Comorbid depression and anxiety im-
pact hip osteoarthritis disability. Disabil Health J
2009;2:27-35.

Johnson A, Cross J. Impact of traumatic arthritis
on a cohort of combat casualties. Paper pre-
sented at: American Academy of Orthpaedic
Surgeons Annual Meeting, San Diego, CA, 2011.

Shawen SB, Keeling JJ, Branstetter J, Kirk KL,
Ficke JR. The mangled foot and leg: salvage
versus amputation. Foot Ankle Clin 2010;15:
63-75.

Grogan BF, Hsu JR; Skeletal Trauma Research
Consortium. Volumetric muscle loss. J Am Acad
Orthop Surg 2011;19(Suppl 1):S35-S37.

Harper NG, Esposito ER, Wilken JM, Neptune
RR. The influence of ankle-foot orthosis stiffness
on walking performance in individuals with
lower-limb impairments. Clin Biomech (Bristol,
Avon) 2014;29:877-884.

Esposito ER, Wilken JM. Biomechanical risk
factors for knee osteoarthritis when using pas-
sive and powered ankle—foot prostheses. Clin
Biomech (Bristol, Avon) 2014;29:1186-1192.

Ranz EC, Russell Esposito E, Wilken JM, Nep-
tune RR. The influence of passive-dynamic
ankle-foot orthosis bending axis location on
gait performance in individuals with lower-limb

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86

87.

impairments. Clin Biomech (Bristol, Avon) 2016;
37:13-21.

Zhang W, Moskowitz RW, Nuki G, et al. OARSI
recommendations for the management of hip
and knee osteoarthritis, part I critical appraisal
of existing treatment guidelines and systematic
review of current research evidence. Osteoar-
thritis Cartilage 2007;15:981-1000.

Gobbi A, Karnatzikos G, Mahajan V, Malchira S.
Platelet-rich plasma treatment in symptomatic
patients with knee osteoarthritis: preliminary
results in a group of active patients. Sports
Health 2012;4:162-172.

Kon E, Buda R, Filardo G, et al. Platelet-rich
plasma: intra-articular knee injections produced
favorable results on degenerative cartilage le-
sions. Knee Surg Sports Traumatol Arthrosc
2010;18:472-479.

Patel S, Dhillon MS, Aggarwal S, Marwaha N,
Jain A. Treatment with platelet-rich plasma is
more effective than placebo for knee osteoar-
thritis: a prospective, double-blind, randomized
trial. Am J Sports Med 2013;41:356-364.

Spakova T, Rosocha J, Lacko M, Harvanova D,
Gharaibeh A. Treatment of knee joint osteoar-
thritis with autologous platelet-rich plasma in
comparison with hyaluronic acid. Am J Phys
Med Rehabil 2012;91:411-417.

Jansen MJ, Viechtbauer W, Lenssen AF, Hen-
driks EJ, de Bie RA. Strength training alone,
exercise therapy alone, and exercise therapy
with passive manual mobilisation each reduce
pain and disability in people with knee osteo-
arthritis: a systematic review. J Physiother 2011;
57:11-20.

Kang JW, Lee MS, Posadzki P, Ernst E. T'ai chi for
the treatment of osteoarthritis: a systematic review
and meta-analysis. BMJ Open 2011;1:¢000035.

Felson DT, Lawrence RC, Dieppe PA, et al. Os-
teoarthritis: new insights. Part 1: the disease
and its risk factors. Ann Intern Med 2000;133:
635-646.

Kerrigan DC, Lelas JL, Goggins J, Merriman GJ,
Kaplan RJ, Felson DT. Effectiveness of a lateral-
wedge insole on knee varus torque in patients
with knee osteoarthritis. Arch Phys Med Rehabil
2002;83:889-893.

Jones A, Silva PG, Silva AC, et al. Impact of cane
use on pain, function, general health and energy
expenditure during gait in patients with knee
osteoarthritis: a randomised controlled trial. Ann
Rheum Dis 2012;71:172-179.

Raja K, Dewan N. Efficacy of knee braces and
foot orthoses in conservative management of
knee osteoarthritis: a systematic review. Am J
Phys Med Rehabil 2011;90:247-262.

. Mendis S, Puska P, Norrving B. Global Atlas on

Cardiovascular Disease Prevention and Control.
Geneva: World Health Organization, 2011.

Naghavi M, Wang H, Lozano R, et al. Global,
regional, and national age-sex specific all-cause
and cause-specific mortality for 240 causes of



278

BUTOWICZ, DEARTH, AND HENDERSHOT

88.

89.

90.

91.

92.

93.

94.

death, 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet
2015;385:117-171.

Mozaffarian D, Benjamin EJ, Go AS, et al. Ex-
ecutive summary: Heart Disease and Stroke
Statistics-2016 Update: A report from the
American Heart Association. Circulation 2016;
133:447.

Go AS, Mozaffarian D, Roger VL, et al. Heart
disease and stroke statistics-2014 update. Cir-
culation 2014;129:e28-€292.

Hrubec Z, Ryder RA. Traumatic limb amputations
and subsequent mortality from cardiovascular
disease and other causes. J Chronic Dis 1980;
33:239-250.

Modan M, Peles E, Halkin H, et al. Increased
cardiovascular disease mortality rates in trau-
matic lower limb amputees. Am J Cardiol 1998;
82:1242-1247.

Naschitz J, Lenger R. Why traumatic leg ampu-
tees are at increased risk for cardiovascular
diseases. QJM 2008;101:251-259.

Yekutiel M, Brooks M, Ohry A, Yarom J, Carel R.
The prevalence of hypertension, ischaemic heart
disease and diabetes in traumatic spinal cord
injured patients and amputees. Paraplegia 1989;
27:58-62.

Vollmar J, Pauschinger P, Paes E, Henze E, Friesch
A. Aortic aneurysms as late sequelae of above-
knee amputation. Lancet 1989;334:834-835.

95.

96.

97.

98.

99.

100.

101.

102.

Paes E, Vollmar J, Pauschinger P, Mutschler W,
Henze E, Friesch A. Late vascular damage after
unilateral leg amputation [in German]. Z Un-
fallchir Versicherungsmed 1989;83:227-236.

Peles E, Akselrod S, Goldstein DS, et al. Insulin
resistance and autonomic function in traumatic
lower limb amputees. Clin Auton Res 1995;5:
279-288.

Rose H, Schweitzer P, Charoenkul V, Schwartz E.
Cardiovascular disease risk factors in combat
veterans after traumatic leg amputations. Arch
Phys Med Rehabil 1987;68:20-23.

Everson-Rose SA, Lewis TT. Psychosocial factors
and cardiovascular diseases. Annu Rev Public
Health 2005;26:469-500.

Rosengren A, Hawken S, Ounpuu S, et al. As-
sociation of psychosocial risk factors with risk of
acute myocardial infarction in 11 119 cases and
13 648 controls from 52 countries (the INTER-
HEART study): case-control study. Lancet
2004;364:953-962.

Kang HK, Bullman TA, Taylor JW. Risk of selected
cardiovascular diseases and posttraumatic stress
disorder among former World War Il prisoners of
war. Ann Epidemiol 2006;16:381-386.

Frasure-Smith N, Lespérance F. Reflections on
depression as a cardiac risk factor. Psychosom
Med 2005;67:519-S25.

Julkunen J, Salonen R, Kaplan GA, Chesney MA,
Salonen JT. Hostility and the progression of

carotid atherosclerosis. Psychosom Med 1994;
56:519-525.

103. Sugawara J, Hayashi K, Tanaka H. Distal shift of
arterial pressure wave reflection sites with ag-
ing. Hypertension 2010;56:920-925.

104. Yano M, Kohno M, Kobayashi S, et al. Influence
of timing and magnitude of arterial wave reflec-
tion on left ventricular relaxation. Am J Physiol
Heart Circ Physiol 2001;280:H1846-H1852.

Abbreviations and Acronyms

AFO = ankle—foot orthoses
CVD = cardiovascular disease
EACE = Extremity Trauma and Amputation
Center of Excellence
EKAM = external knee adduction moment
LBP = low back pain
LL = limb loss
LS = limb salvage
0A = osteoarthritis
OEF = Operation Enduring Freedom
OIF = Operation Iragi Freedom
PRP = platelet-rich plasma
QoL = quality of life
SM = service member
USUHS = Uniformed Services University of
the Health Sciences
WRNMMC = Walter Reed National Military
Medical Center




