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Abstract—Heterotopic ossification (HO) is excess bone growth
in soft tissues th at fr equently occurs in the residual limbs o f
combat amputees injured in Operation Iraqi Freedom and Opera-
tion Enduring Freedom, or Iraq and A fghanistan wars, respec-
tively. HO can interfere with p rosthetic use and wal king and
delay patient rehabilitation. This article describes symptoma tic
and/or radiographic evidence of HO in a patient series of combat
amputees re habilitating at a mil itary amp utee care clin ic
(27 patients/33 limbs). We conducted a retrosp ective review o f
patient records and physician interviews to document evidence
of HO symptoms in these limbs (e.g., pain during prosthetic use,
skin breakdown). Results showed HO-related symptoms in 10 of
the 33 residual limbs. Radiographs were avail able for 25 of the
33 limbs, and a physician identified at least moderate HO in 15
of the radiographs. However, 5 of the 15 patients who showed at
least mod erate radi ographic HO did not report adverse symp -
toms. Five ind ividual patient hist ories described HO on set,
symptoms, treatments, and outcomes. These case histories illus-
trated how HO 1 ocation relati ve to pressure-sensitive/pressure-
tolerant areas of th e residual limb may determin e wheth er
patients exp erienced symp toms. These histories revealed the
uncommon bu t n ovel fin ding of p otential benefits of HO for
prosthetic suspension.

Key words: Afghanistan war, amputation, blast injury, combat
amputee, heterotopic ossification, Iraq war, physical medicine,
prosthesis, radiograph, rehabilitation.

INTRODUCTION

Heterotopic ossification ( HO) is a significant post-
injury complication that impairs the rehabilitation of U.S.
combat amputees injured in Operation Iraqi Free dom and
Operation Enduring Freedom, or Ira q and Afghanistan
wars, respectively, and represents one of the major chal-
lenges facing military orthope dic sur geons [1-5]. HO
refers to excess bone growth in soft tissues that can be
seen developing in radio graphs of residual I imbs weeks
after traumatic injury. In many cases, HO can cause symp-
toms such as skin breakdown and pain durin g prosthetic
use and interfere with the patient’s ability to walk. Most of
these symptomatic patients can have their pain resolved
through conservative treatments such as prosthetic adjust-
ments to restore a comfortable fit. A minority of combat
amputees eventually re quire s urgical excision of the
ectopic bone to relieve thei r HO symptoms [1-2]. Inter-
estingly, some oth er patients show evidence of HO in
radiographs without any apparent symptoms and therefore

Abbreviations: HO = heterot opic ossification, [ED = impro-
vised explosive device, TBI = traumatic brain injury.
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require no treatment. Unfortunately, little research  has
integrated radiographic and symptomatic evidence of HO
to explain variability in symp toms among recent combat
amputee patients.

A study of available patient radiographs indicated at
least mild HO in 36 to 63 percent of recent U.S . combat
amputees [1]. The remaining patients d id not show evi -
dence of HO in  their radi ographs. Amputatio ns p er-
formed within the zone of blast injury [1] and those with
higher injury se verity scores [3] ha d incre ased risk o
developing HO. Previous studies used large samples of
patient radiographs but did  not systematically record
which patients had adverse symptoms associated with the
HO seen in their radiographs [1,3].

Descriptions of HO inin  dividual comb at-amputee
patients are sparse in detailing their specific injuries, radio-
graphs, treatments, symptoms , a nd ou tcomes, including
return to duty . One recent review included a general
approach to evaluation and treatment and included radio-
graphs illustrating mild, moderate, and severe HO [2]. The
authors recommen ded th at physicians sh ould determine
HO severity using physical examinations, patient symp-
toms, and/or re view of radiographs. T reatment sh ould
begin with nonsurgical approaches such as a period of rest
followed by rehabilitation and prosthetic modi fications.
Surgical excision may follow if symptoms persist, usually
in a minority of cases [1-2]. A few brief articles described
HO in civilians following traumatic amputations [6—8], but
only one involved blast injuries [6].

Individual case histories may illustrate the mecha -
nisms by which HO inte rferes with prosthetic use and
causes symptoms in some patients but not others . These
descriptions are impor tant, given the unique injury pro-
files of recent combat amputees [9—12] and the high fre-
quency of HO occurrin g in this pop ulation [1, 2,13].
Patient histories can be inst ructive for both civilian and
military prost hetists, sur geons, and physical rehabili ta-
tion specialists.

The present article describes HO in a patient series of
27 recent U.S. combat amputees treated at one military
rehabilitation center betwee n 2007 and 2008. The obj ec-
tives were to (1) summarize symptomatic and radiographic
evidence of excess bone growth and (2) describe selected
case histories of patients to illustrate the range of patient
variability in radiographic and/or symptomatic evidence of
HO and their specific treatments and outcomes.

METHODS

Subjects

Subjects were 27 U.S. combat amputees who were par-
ticipating in rehabilitation at  the same military amputee
care ce nter. The pat ients had major limb amputation s
(excluding fingers and toes) following in jury during the
Afghanistan and Iraq wars.

Inclusions and Exclusions

No patients in the case series had paralysis or brain
injury that prevented them from walking. The study began
with 28 patients, but 1 patie nt was ex cluded be cause of
missing data due to early tr ansfer from the rehabilitation
program, resulting in the sample size of 27 patients.

Patient Series

The study sample consisted o fthe 27 patients with
33 residual limbs. Twenty-five residual limbs followed
amputations within 30 days of injury. The remaining eight
residual limbs followed el ective amputations, which were
delayed at least 6 months postinjury.

Research Design

This was a retrospective study of  existing medical
records for a ser ies of patients treated at one mil itary clinic
between 2007 and 2008. For all patients, we extracted the
following demographic and injury information from their
medical rec ords: age, sex, mec hanism of injury, anatomic
location of amputation, injury severity scores [14], and asso-
ciated complications. We have routinely coded inju ries and
complications of re cent combat -injured patients [15]. W e
did not record soft-tissue trea tments (e.g., irrigations, dura -
tion of negative pressure-wound therapy) because two pre-
vious studies found little evidence supporting their role in
the development of HO [1,3]. Patient symptoms were fol -
lowed for at least 12 months postamputation because HO in
combat amputees usually develops within this period.

Symptoms, Radiographs, and Case Histories
Symptoms and treatments that correlated with the site
of HO included pain, pro sthetic adjustments, and/or surgi-
cal excision. Radiographic anal ysis was based on the treat-
ing physician’ s rev iew of rad iographs (as available
>2 months a fter a mputation) ordereda s part ofe ach
patient’s specific care. Referencing previous radiographic
images of mild, moderate, and severe HO [1], the physician
judged whether the present radiographs (anteroposterior or
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lateral views) were most similar to the previous images of
mild or to th ose of moderate to severe HO. Physicians
reviewed all available ra diographs for ea ch pa tient to
ensure particular radiographic views did not obscure excess
bone growth. Categorization of radiographs as none to mild
or m oderate to s evere w as based on the view judged as
showing the greatest area of HO.

Case histories were selected based on expert judgment
of the treating physician, an approach that was informative
in previous case descriptions of combat-limb injuries [12].
They were selected to illustrate the range of HO care issues
encountered by the physician in recent years in military
amputee clinics [5,9], particul arly those relevant for opti-
mizing prosth etic use by lower -limb amputees. These
issues included symptoms a nd lo cation of excess bone
growth relative to the prosthe tic, prosthetic modifications,
preventive me dications, H O after delayed or  elective
amputation, possible benefits of HO for prosthetic fitting,
and risks and/or benefits of surgical excision.

RESULTS

Demographics and Injury Characteristics

Table 1 shows that the patients were relatively young
males who sustained explosive or blast injuries, resulting

Table1.
Demographic and injury characteristics of patient case series (n = 27
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in a moderate to serious inju ry severity [14]. Transtibial
and transfemoral locations  accounted for 28 of 33
amputations and the remaining 5 limbs lost were upper
limbs.

Symptomatic and Radiographic Evidence of HO

HO symptoms occurred in 10 of 33 residual limbs, and
the ectopic bone in 4 of these limbs required surgical exci-
sion. Figure 1 shows that 25 limbs had radiographs avail-
able while 8 limbs did not ha ve radiographs available for
analysis. Table2 shows the results for the 25 limbs that had
radiographs available. Fifteen of twenty-five limbs showed
substantial HO (mor e t han mil d). Of these 151 imbs,
10 showed radiographic and symp tomatic HO, while 5 of
15 showed radiographic HO without symptoms. The
other 10 limbs showing no HO or mild radiographic HO
had no symptoms. Finally, radiographic HO occurred in
three of the eight patients following delayed amputations,
which were performed after at 1 east a 6-month trial of
limb salvage.

Total Sample
N =33 limbs
(27 patients)

Radiograph available?

Yes No

patients, 33 limbs). Radiographs No Radiographs
ic/Inj Available Available
Del?;?,garr?;:l;:gtnijcury Mean  Median  Range  No. n =25 limbs n =8 limbs
Age 247 220 1938 — (20 patients) (7 patients)
Sex
Male — — — 27 Figure 1.
Female — — — 0 Sample size of residual limbs and subsamples of limbs with or wit hout
Mechanism of Injury radiographs available. Symptomatic evidence was avail able for all 33
Improvised Explosive _ _ _ 26 limbs while only 25 limbs had radiographic evidence available.
Device
Crush Injury — — — 1
Injury Severity Score 16.2 14.0 9-38 — Table 2.
Anatomic Location of Radiographic and symptomatic cases of heterotopic ossification (HO)
Amputation among patients with available *radi ographs taken at least 2 months
Transfemoral o o . 14 after amputation (n = 25 limbs ).
Transtibial — — — 14 Symptoms HO in Radiograph .
Transradial — — — 2 Yes None or Mild
Wrist Disarticulation — — — 2 Yes n=10 n=0
Transhumeral — — — 1 No n=>5 n=10
No. = Number. *Eight limbs had no radiographs available and had no symptoms.
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Case Histories

Case 1

Case history 1 illustrated moderate HO without appar-
ent symptoms or adverse effects on patient use of a prosthe-
sis. This patient had a right transfemoral amputation and a
left transtibial amputation after being stru ck by an imp ro-
vised explosive device (IED). He also had a large gluteal
soft-tissue wound, and his me dical team noted this wound
was at risk for HO. The patient was diagnosed with a p ul-
monary embolism soon after re turn toa U.S. treatment
facility and was treated with Coumadin therapy. A bone
scan re vealed as mall amount of HO in the soft-tissue
wound, and the patient was prescribed etidronate as preven-
tive treatment for further HO. The patien t was discharged
from hospital care between 1 and 2 months postinjury and
continued in the Amputee Patien t Care Program. The
patient was fit ted with prostheses for both legs and p ro-
gressed to walking within 3 months p ostinjury. HO devel-
oped in the right residual limb 5 months after combat
injury ( Figure 2 ) and was palp able during ph ysical
examination.

The patient also continued to sh ow evidence of HO
in the ri ght gluteal soft-t issue wound. However , th e
patient reported no pain or prosthetic use issues related to
the HO in the residual limb because the excess bone did
not interfere with prosthetic fitting. This patient case was
interesting because the radiograph showed moderate HO,
which was also pa Ipable, but it was asymptomatic. The
patient required no follow-up adjustments or other treat-
ments and returned to duty in a noncombat role.

Case 2

Case history 2 illustrates management of moderate HO
in a transfemoral ampu tee including apparent benefits of
excess bone growt h for prosthetic fitting and use of pre -
ventive me dication. This p atient w as struck by an IED,
seriously injuring his left lower limb, which was followed
by a left transfemoral amputation in theater. The patient
had minor soft-tissue injuries to his right leg and left arm,
and about 1 week postinjury was evacuated to a U.S. treat-
ment facility, wh ere sur geons performed final closure o
the residual limb and initiate d preventive HO medications
(i.e., etidronate). H is medic al t eam bel ieved the medica-
tions were appro priate beca use the patien t had no other
contraindications, s uch as healing fractures. One month
postinjury, HO was palpable in the residual limb, but the
patient did not report signifi cant pain ( Figure 3). The

Figure 2.

Radiograph showing moderate amount of heterotopic ossification (HO),
which was palpable, in trans femoral amputation for case history 1. HO
did not cause pain or other symptoms that interfered with prosthetic use,
and patient returned to duty in noncombat role.

patient developed pain issues from the HO after 4 months
of prosthetic use, and f itting adjustments reduced the
pain. The patient continued to recover considerable func-
tion, inclu ding high-level sports activities using a pros-
thesis. The prosthetist not ed that th e ectop ic bone had
unintended benefits, namely  providing an ana tomic
mechanism for suspension of the residual limb within the
prosthetic socket [16]. The patient continued to use th e
prosthesis without significant issues, including during a
6-month tour of du ty in the Af ghanistan war in a no n-
combat role.

Case 3

Case history 3 illustrates occurrence of HO in a resid-
ual lim b follo wing a de layed elective amputation. This
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patient was struck by an IED, extensively injuring both
lower and up per limbs and causing mild t o moderate
traumatic brain injury (TBI). He was evacuated to a U.S.
medical facility and treated for 45 days. Both lower limbs
had fractures near the ankles that required external fixa-
tion. The pati ent had a lumb ar plexopathy that compro -
mised function of the lower right leg and foot. An

electromyogram sh owed po or ch ance of reco very of
motor control or sensation below the right knee. The frac-
tures in the right ankle did not heal properly; therefore,
primary options were ankle fusion or transtibial amputa-
tion. To enhance functional outcome, the patient elected
to have a right transtibial amputation 7 months after com-

Figure 3.

Radiograph sh owing heterotopic ossi fication, which was pa Ipable, in
transfemoral amput ation for case hi story 2. Pati ent ha d pain issues
managed successfully with prosthetic adjustments and recovered to high
level of functioning, returning to duty in Iraq (Operation Iraqi Freedom)
in noncombat role.

MELCER et al. Heterotopic ossification: Case histories

bat injury. A preamputation radiograph taken within a
month of surgery and a radiograph taken 1 month post-
amputation were bo th clear of HO. Approximately

2 months after amputation, HO began to appear in the
lower-right residu al limb. The sa me location show ed
additional growth of the ecto pic bone 6 months postam-
putation (Figure 4, the medial distal spur).

The specific location of the heterotopic bone affected a
pressure-sensitive area of the residual limb relative to the
prosthetic socket [16—17]. Interestingly, the location of this
bone growth was not correlated with the site of the external

Figure 4.

Radiograph showing specific locati on of heterotopic ossification

(HO), medial distal spur, following an elective transtibial amputation
for case history 3. HO continued to cause lim ited pain du ring high-
level activities but did not interfere with most day-to-day functioning.
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fixation previously installed near the ankle. The HO in this
lower limb did not interfere with most daily activities, but it
did cause some pain following certain higher-level activi-
ties, such as de ep s quatting. Adjustme nts to the patie nt’s
prosthesis did not resolve the problem, but surgical exci-
sion successfully resolved symptoms.

This patient also had severe soft-tissue injuries to his
nonamputated left arm that re quired a skin graft. Subse -
quent to surgery, the patient had loss of range of motion
inthe arm  due to HO, which ef fectively fus ed the
patient’s arm in an extended position, allowing only 5° of
flexion at th e e lbow. Sur geons excised much of the
ectopic bone in the nonamputated arm, and subsequently,
the patient improved range of motion in his left arm to
100° flexion. This patient then improved functioning in
various activities of daily living and driving a vehicle.

Case 4

Case history 4 illustrates the use of preventive medi-
cation and symptomatic HO fol lowing breakdown of a
skin graft. This patient had bilateral transfemoral amputa-
tions a nd mild TBI a ssociated with IED injuries. He
received celecoxib (200 mg/d) and etidronate as prophy-
laxis for HO soon after his return to the United States. He
was fitted with prostheses an d successful ly 1 earned to
walk. This patient had a split- thickness skin graft on his
right residual limb, and radiological reports indicated HO
development about 1 year postinjury (Figure 5). The HO
eventually pushed through the skin graft, causing recur-
rent skin breakdown, and the patient developed cellulitis
near the HO location. Six to nine months postinjury, the
recurrent skin breakdown in the right residual limb inter-
fered with prosthetic use. The patient was motivated to
avoid surgical excision because of recovery from multi-
ple other procedures and attempte d several nonsur gical
solutions, such as prosthetic adjustments. However, these
adjustments were unsuccessful and, because of the recur-
rent s kin brea kdown, th e pa tient h ad to stop walk ing.
This patient was discharged from military service. His
patient chart indicated surgical excision was scheduled in
the near future.

Case 5

Case history 5 illustrates the effects of a focused pro-
trusion of HO following  and an elective amputati on
8 months after bein g struck by an IED. T his patient had
multiple injuries, including bilateral foot fractures, a frac-
tured right arm, and a conc ussion, and returned to U.S.

Figure 5.

Radiograph showing heterotopic ossi fication (HO) i n tra nsfemoral
amputation for case hist ory 4. HO caused recurrent skin breakdown
through split-thickness skin graft that interfered with prosthetic use.
Fitting a djustments were unsuccessful, and sur gical excision was
scheduled.

medical facilities without a limb amputation following
initial reconstruction procedures. An elect ive transtibial
amputation was performed because of poor function and
pain in the left 1 eg. The patient’ s preamputation r adio-
graph, taken within 1 month before surgery, was clear of
HO and no radiographic reports indicated otherwise. He
was advised that a tra nstibial amputation and use of a
prosthesis might allow higher-level activities and possi -
bly minimize pain. The altern ative was a ankle fusion,
but that would limit his limb function, including higher-
level activities. The patient elected the transtibial ampu -
tation and, 4 months later, re ported pain in the residual
limb caused by a protruding bone.
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A radiograph taken ap proximately 1 month postam-
putation was clear, but subsequent radiographs over the
next 2 mo nths co nfirmed evid ence o f develo ping HO.
This patient was referred for a prosthetic adjustment to
resolve the pain associated with the ectopic bone, but this
was unsucces sful. The location of the HO wa s on the
anterolateral aspect of the distal tibia, which is a pres -
sure-sensitive area for fitti ng into the prosthetic socket
(Figure 6) [16—17]. The patient’ s radiograph shows the
focused protrusion of excess bone growth, and physical
examination indicated it interfered with a comfortable fit.

Figure 6.

Radiograph showing protrusion of excess
ossification [HO]) following an elective transtibial amputation in case
history 5. Prosthetic adjustments were unsuccessful, and HO required
surgical excision to restore function.

bone growth (heter otopic

MELCER et al. Heterotopic ossification: Case histories

Ten months after the transtibial amputation,  surgical
excision of HO relieved pain and restored function. This
patient had radiation therapy to protect against HO fol-
lowing su rgery. The patient d eveloped a po stsurgical
infection, and a 6-week course of antibiotics resolved the
infection. The patient presently is functioning well using
the prosthesis, with no HO recurrence, and has recovered
almost fully from his other limb injuries. The patient’ s
military status is pending.

DISCUSSION

This article is one of the  first to d escribe individual
case histories of HO among re cent U.S. combat ampu tee
patients returning from the  Afghanistan an d Iraq wars
between 2007 and 2008. The present results extend previ-
ous clinical ob servations [1-2] by in tegrating data from
radiographs and patient symptoms to illustrate a number of
relevant patient care issues. First, the location of HO rela-
tiveto the prost hesis cani nfluence whether patients
develop symptoms. Radiographs and physical examination
may reveal significant, even palpable, HO wi thout symp-
toms in the residual 1 imb (case 1). One-third of patients
(5 of 15) who had radiographic evidence of at least moder-
ate HO did not report pain or other symptoms from excess
bone growth that interfered with prosthetic use. The posi -
tion of moderate excess bone growth may not affect pres-
sure-sensitive areas of the residual limb and interfere with
prosthetic fitting [16-17]. In other cases, focused projec -
tions of HO may af fect pressure-sensitive areas of the
residual limb and cause adverse symptoms requiring pros-
thetic adjustments and even surgical excision (case 5).

A second, related patient care issue as seen in case his-
tory 2 was that HO might beneft prosthetic fitting in trans-
femoral amputees. Specifically, when the e xcess bone
growth expand s surrou nding the distal po rtion of the
amputated bone (Figure 3; also see Figure 5), it can effec-
tively provide an anatomic st ructure that the prosth etist
can use to improve suspension of the prosthesis on the
residual limb. The HO prevents the prosthesis from sliding
down the residual limb during the swing phase of walking
[16]. Follow-up discussion with the pros thetist for this
patient se ries indicated that , while this benefit was not
common, ectopic bone had been used to enhance pros-
thetic fitting in tw o other transfemoral amputees in the
present case series.
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More generally, for the prosth etist, HO represents an
additional pressure-sensitive area in the residual limbs of
recent combat amputees. In the first 6 months after ampu-
tation, providers can expect to complete multiple modifi-
cations to ac commodate HO as it typically grows and
changes shape within the residual limb. These initial modi-
fications may be transient so lutions but are important in
the context of ongoing rehabilitation to keep the amputee
walking as much as possible . Subsequently, the ectopic
bone may stabilize, but long -term changes in combat-
related HO are largely unknown and providers are advised
to track its progress with a nnual ex aminations an d/or
radiographs. Some patien ts manage som ¢ minimal to
moderate HO-related pain, at least in the first year or two
(e.g., case history 2). Data are needed on longer-term out-
comes in the years following amputation and, ultimately,
as patients ap proach midd le age. Minima 1 pain for
younger patients may later become more functionally lim-
iting and require further adjustments or treatments.

The treating prosthetist for this case series indicated
that HO added significa nt time (some times weeks) and
complexity to the typic al fitting process, particularly in
an ef fort to avoid sur gical exc ision of HO. In general,
practitioners are advised to  consider the full range of
flexible materi als t o acc ommodate H O-related symp-
toms. These include usin g sil icone, urethan e, gels, and
thermoplastics, with a goal of loa ding pressure-tolerant
rather than pressure-sensitive areas of the residual limb.
Standard proc esses of grinding, padding, heating, and
shaping of materials can be used for optimizing socket fit
for patient fu nction and comfort. Notably, the patient ’s
perceived point o f pain may not directly correlate with
the actual anatomical location of pain.

A third patient care issue illustrated in several cases
was the risks and benefits to consider in surgical treatment
of symptoms of patients for wh om HO caused pain and
interfered with prosthetic fitting and walking. Recent
combat amputees are relatively young, fit, and motivated
to pursue higher-level activities using prosthetics, such as
running an d sp orts [5,9]. No netheless, the surgical and
rehabilitation teams for this case series emphasized non -
surgical management consisting of multiple attempts to
minimize symptoms through prosthetic adjustments and/
or p ain management techniques. Su rgical excisio n was
considered a final optio n and weighed against the addi -
tional risks of surgical infection or other complications. A
review of 25 residual limbs of combat amputees that had
excision found HO recu rrence in on ly 2 o f'the 25 cases

(both asymp tomatic) between 6 and 2 4 mo nths later .
Twenty of these limbs received postsurgical radiation as
prophylaxis [1]. Fo llow-up surgeries to excise HO may
lead to more ¢ omplicated re constructive proc edures and
increased risk of complications such as infections. Recent
studies indicate a trend down the “reconstructive ladder”
favoring the use of split thickness skin grafts rather than
more complicated free flaps [18— 19]. Notably, HO can
cause recurrent skin breakdown and infection associated
with s kin gra fts (e .g., case history 4). Fo r tran sfemoral
amputees in particular , sur gical excision of the ec topic
bone may result in inadequate residual soft tissue in resid-
ual limbs near joints and risk level loss or the need for
more com plicated procedures such as a fre e flap. Any
reduction in limb  length ma y substant ially incr ease
patients’ energy expenditure while walking [20-23].

A fourth issue seen in several case histories was the use
of nonsteroidal anti-inflammatory medications (e.g ., Cele-
brex, indo methacin) or the bisphosp honate etidronate
shortly after inju ry as prophylaxis ag ainst initial develop -
ment of HO. These medications did not appear effective in
the present case histories, although they may have inhibited
further dev elopment of HO. Nonsteroidal anti-inflamma -
tory agents and radiation are known to be effective prophy-
laxis against HO following hip surgery in civilians [24]. A
program description of the W alter Reed Amputee Patient
Care Program indicates physicians prescribed nonsteroidal
anti-inflammatory dru gs such as Celebrex for combat
amputees, unless contraindicated, for both prophylaxis and
treatment of HO [25]. This issue has been reviewed previ-
ously [2]. Briefly, nonsteroid al anti-inflammato ry agents
(e.g., Celebrex) can inhibit excess bone growth and there-
fore are contraindicated fo  r patients with fractures
because these medications can inhibit the healing of lon g
bone fractures. Afghanistan and Iraq war combat amputees
often sustain substantial injuries other than amputatio n
including fractures and soft-tissue damage [5,9]. Celebrex
in particular is not known to interfere with blood platelets
or clotting to increase bleeding like other nonsteroidal anti-
inflammatory agents. Etidronate is a bisphosph onate that
has been used fo r preventing HO following hip sur gery,
TBI and spinal injury [26-27]. Etidronate can inhibit new
bone development and may be prescribed for a number of
months, along with anti-in flammatory agents. However, a
recent review suggests more study is needed to evaluate its
effectiveness for trauma patients [26]. Etidronate may act
by delayin g rather than preventing HO, which may recur
following cessation of this medication.
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As discussed previously, risk factors such as amputa-
tions within the zone of blast injury [1] and higher injury
severity scores [3] may allow candidate patients for pro-
phylactic medication to be identified according to  the
specific risks and benefits of each case. Unfortunately, no
systematic research exists to support the effectiveness or
ineffectiveness of nonsteroid al anti-inflammatory agents
or o ther medications as pro phylaxis for HO in co mbat
amputees [27]. Current research has focused on identify -
ing early postinjury sera, wo und, or in jured-tissue bio -
markers, as w ell as genetic profiles that might identify
those among battle injury patients at risk for HO [4]. Suc-
cessfully integrating an individual” s genetic predisposi-
tions and specific wound biomarkers appe ars to be the
most comprehensive strategy for early intervention with
HO prophylactic treatments.

The present study did not include data on soft-tissue
treatment because this factor has been eva luated [1,3].
Two studies found incre ased soft-tissue tre atments
among amputees who developed HO but concluded that
the effects were not substantial clini cally. Forsberg et al.
found that injury severity , but not soft-tissue treatment
procedures, was an independent predictor of HO in multi-
variate analysis [3]. They concluded that increased injury
severity was the relevant predictor of ectopic bone devel-
opment and that increased soft-tissue treatments were by-
products of high injury severity of the associated wounds.

Finally, heterotopic o ssification apparently can occur
in patients who elect to have am putations performed many
months after combat injury. Two cases (3 and 5) were pre-
sented in which patients showed no rad iographic evidence
of ectopic bone growth until after elective amputation. The
excess bone growth was not as substantial radiographically
as the remaining cases of combat-related HO. However , it
was unfortunately positioned in the residual limb relative to
the prosthesis and therefore caused the patient pain during
ambulation. Surgical excision was required in both cases to
restore a comf ortable prost hetic fit. Smit h not ed si milar
bone growth occasionally mi ght occur following trauma-
related amp utations or wh en residu al periosteu m forms
irregular bone spurs [28]. Whether recent combat amputees
might have increased risk of this pheno menon is un clear.
As mentioned, HO occurred in three of the eight patients
who had delayed amputations in the present case series.

The present study was limited by it s small sample
size. Therefore, any conclusions about the possible rela-
tionship between symptomatic HO and its location in the
residual limb will require additional investigation in larger
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samples in a prospective  study. However, a numbe r of
findings of the presen  t stu dy were similar to those
reported in a previous large sample study [1]. First, blasts
were the predominant mech anism of injury . Second,
approximately 60 percent of residual limbs showed radio-
graphic evidence of HO in the present study and previous
large sample study. Third, surgical excision was uncom-
mon in the p resent study (4 of 33 limbs) and past study
(7%) [1]. Finally, approximately one-third of limbs in the
present sampl e had symptomati ¢ HO. The pr evious
research did not detail ~ symptoms suc h as prosthetic
adjustments but repo rted that one-third of residual limbs
had moderate or severe radiographic HO [1].

The case histories selected for the present study inten-
tionally focused on patients who had at le ast some evi-
dence of radiographic HO. We recognize that a substantial
percentage of recent Afgh anistan and Ira q wa r combat
amputees do not show radiographic HO and ad vise the
reader that surgical excision is uncommon [1]. However,
the purpose of these case hi stories was to illustrate vari-
ability in symptoms and possi  ble causes of symptoms
among patients who did show radiographic HO. The true
rates of the selected cases are unclear. Some cases may be
uncommon but do not appear rare, such as moderate HO
without symptoms (5 of 15 limbs in the present study
including case 1) and ectopic bone growth requiring exci-
sion following delayed amputations (2 of 8 patients with
delayed amputations, including cases 3 and 5).

CONCLUSIONS

The present study d escribed rad iographic and symp -
tomatic evidence of HO for a small patient series of recent
Afghanistan and Iraq war combat amputees (between 2007
and 2 008). Ap proximately on e-third of p atients who
showed at lea st moderate HO in their radiographs did not
report adverse sy mptoms. Five patient case h istories pre-
sented d escribed a range o f relevant clinical care issues,
such as the location of HO relative to the prosthesis and
potential benefits for prosthetic suspension, use of prophy-
lactic medication, prosthetic adjustments, risks and bene -
fits o fsur gical excision, and HO fo llowing delay ed
amputations. Case histories illustrated how the location of
the HO development relative  to pressure-sensitive and
pressure-tolerant areas of the residual limb may determine
whether patients ex perienced symptoms that interfered
with prosthetic use and walking.
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