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Abstract

Background: A significant complication impairing the rehabilitation of recent US combat
amputees is heterotopic ossification, excess bone growth in residual limbs. This complication can
develop in soft tissues of residual limbs many weeks after combat injury and interfere with
prosthetic fitting and walking by causing skin breakdown and/or pain. Few studies have analyzed
risk factors for heterotopic ossification among amputees injured in Operation Enduring Freedom
and Operation Iragi Freedom. The objective of the present research was to analyze factors
associated with heterotopic ossification diagnosed during routine clinical encounters.

Methods: This was a retrospective analysis of heterotopic ossification, injury, and complication
factors using diagnostic codes from the medical records of a comprehensive sample of combat
amputees injured between 2001 and 2005 (n = 382). A list of 99 complications for recent combat
amputees was designed by a trauma nurse and a combat casualty care physician.

Results: The results showed 18% of patients had heterotopic ossification diagnoses, which were
significantly associated with increased injury severity, amputations in lower limbs versus upper
limbs, amputations at higher levels (e.g., above elbow and above knee versus below elbow and
below knee) and increased rates of several complications: osteomyelitis, infections, deep vessel
thrombosis, and pulmonary embolism.

Conclusions: The present study extended previous research by showing significant associations
between early complications and heterotopic ossification diagnoses. Medical record diagnoses
were valid predictors of heterotopic ossification risk factors in a large sample. A diagnosis of
heterotopic ossification occurred in approximately 1 in 5 patients, although this rate appeared
low due to underreporting of heterotopic ossification early in Operation Enduring Freedom and

Operation Iragi Freedom.
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Level of Evidence: Retrospective Level 111. See Instructions to Authors for a complete

description of levels of evidence.
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Heterotopic ossification is a significant postinjury complication that can limit or delay the
rehabilitation of combat amputees injured in Operation Enduring Freedom and Operation Iraqi
Freedom™. This refers to excess bone growth that can develop in soft tissues of residual limbs
many weeks after traumatic injury and interfere with prosthetic fitting and walking by causing
skin breakdown and/or pain**. The development of acquired heterotopic ossification is believed
to involve the following stages: (1) a traumatic injury, (2) a physiological signal from the locally
injured tissue area, (3) the presence of mesenchymal cells in the injured area, and (4) an
environment conducive to allowing further development of the heterotopic bone>*?,

The individual variability in heterotopic ossification among combat amputees has not
been studied extensively™™. Potter and colleagues found that radiographs showed at least minor
heterotopic ossification in 30% to 60% of amputees injured in Operation Enduring Freedom and
Operation Iraqi Freedom®. However, the associated symptoms and patient diagnoses have had
little study™?. Some patients show no heterotopic ossification in radiographs, while some show
radiographic heterotopic ossification but without symptoms or treatment. Most patients who have
heterotopic ossification symptoms resolve them through prosthetic adjustments but some others
require surgical excision*?.

Analysis of early predictors of heterotopic ossification can identify patients at risk and
help to develop preventive strategies’™. Initial studies of risk factors were based on large samples
of patient radiographs®“. Amputations, particularly those within the zone of blast injury, and high
Injury Severity Scores predicted increased risk of excess bone growth following combat

1328 such as infections,

extremity injuries™*. However, numerous postamputation complications
phantom limb syndrome, deep vessel thrombosis, and pulmonary embolism have not received

systematic study as possible risk factors™*.
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Previous studies presented conflicting findings on wound complications as heterotopic
ossification risk factors in combat amputees’ %, One abstract (n = 195 patients) suggested that
complications such as deep vessel thrombosis and wound infections increased heterotopic
ossification risk®, whereas a major study of combat amputees indicated heterotopic ossification
was unrelated to complications®. Neither study showed when heterotopic ossification occurred
postinjury relative to other complications.

Previous combat amputee samples also were limited by missing radiographs and/or to a
specific medical facility™*, possibly inflating prevalence estimates because radiographs were not
available for many patients. Provider diagnoses of postinjury complications such as heterotopic
ossification are collected routinely and recorded longitudinally in medical databases, which also
include systematic data on mechanism of injury and injury severity?*. Provider diagnoses also
may be more likely to indicate symptomatic heterotopic ossification than radiographs alone.

The present study was a retrospective analysis of a comprehensive sample of combat
amputees injured between 2001 and 2005 to determine the rate and time course of heterotopic
ossification and other complications during the first two years postinjury. Injury Severity Scores

and complications **%3

(e.g., infections, deep vessel thrombosis, osteomyelitis, pulmonary
embolism) were compared between patients with and without a heterotopic ossification diagnosis
to determine whether these factors might be related to later excess bone growth.
Method
Subjects

The present study followed institutional board approval. Subjects were U.S. warfighters

in Operation Enduring Freedom or Operation Iragi Freedom between 2001 and 2005 who

suffered a combat injury leading to a major extremity amputation (excluding fingers and toes).
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The methods for identification included a search of Navy-Marine Corps Combat Trauma
Registry Expeditionary Medical Encounter Database * and Department of Defense medical
databases for combat-related amputations. We identified 382 patients who represented most
major limb amputees injured in Operation Enduring Freedom and Operation Iraqi Freedom
combat amputees injured between 2001 and 2005".
Data Sources

Department of Defense medical data. Medical data were extracted from Standard
Inpatient Data Records, Standard Ambulatory Data Records, and Health Care Service Records
files via TRICARE Management Activity at Level 4 and 5 medical facilities, including
International Classification of Diseases, Ninth Revision (ICD-9), diagnostic codes, surgical
procedure codes, and disposition codes. These records are generated routinely for military
personnel during inpatient and outpatient encounters, including diagnoses by credentialed
providers at military treatment facilities and government-reimbursed private clinics.

Navy-Marine Corps Combat Trauma Registry Expeditionary Medical Encounter
Database?. This database includes data from far-forward medical care at Navy-Marine Corps
Levels 1B, 2, and 3, supplemented by data from Levels 4 and 5 military medical facilities
including all military services. The Navy-Marine Corps Combat Trauma Registry Expeditionary

Medical Encounter Database and the Joint Theater Trauma Registry**%°

provided Injury Severity
Scores.
Research Design

This was a retrospective review of existing medical records. Patients were followed for

24 months postinjury or until their medical records were no longer available in Department of

Defense databases (usually due to military service discharge). Injuries that occurred during
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Operation Enduring Freedom and Operation Iragi Freedom through December 31, 2005, were
included, which allowed at least 24 months of follow-up time for the present study. Outcome
measures included standard diagnostic codes for complications such as infections recorded
longitudinally in patient medical records.

The anatomical location of the amputation was the most recent level of amputation
recorded in databases, including

a. below knee including foot amputation

b. above-knee amputation including through the knee and hip disarticulation

c. below elbow including wrist amputation

d. above-elbow amputation including shoulder disarticulation

e. bilateral amputation including upper, lower or upper and lower
Outcome Variables

The following variables were extracted from the databases:

1. Injury Severity Scores®® were calculated for each patient.

2. Heterotopic ossification diagnostic codes. The following ICD-9 codes were used: 728.10,
728.12, 728.13.

3. Complications. A list of complications developed for the Navy-Marine Corps Combat
Trauma Registry Expeditionary Medical Encounter Database was modified by a research
trauma nurse and a combat casualty care physician. A final list of 99 complications was
established for combat amputees. Complications were specific to residual limbs and
general such as anemia or infections.

4. Traumatic brain injury. An ICD-9 diagnostic code in the following range within 30 days

of injury was defined as traumatic brain injury®’:
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800.00-801.99 (fractures of the vault or base of the skull)
803.00-804.99 (other unqualified and multiple fractures of the skull)
850.00-854.10 (intracranial injury, including concussion, contusion, laceration,
and hemorrhage)
Data Analysis
Percentages were based on the total number of patients. 15 percent of combat amputees
lost more than one limb. However, diagnostic codes did not indicate whether heterotopic
ossification occurred in one or both residual limbs. The Injury Severity Score and complications
data were analyzed by comparing groups with and without heterotopic ossification diagnoses.
Percentages were calculated for the entire follow-up period (i.e., 24 months or until study
attrition) and within specific intervals during follow-up such as 3 months (quarters). There was
some study attrition after the first year follow-up, usually due to discharge from service (i.e.,
some individuals’ data were no longer available), and these individuals were not counted after
the quarter in which they were discharged. Approximately 5% of the sample were lost to follow-
up by 9 months after injury, and approximately 12% were lost by 12 months postinjury.
Source of Funding
Funding was provided by Office of the Assistant Secretary of Defense (Health Affairs),
U.S. Army Medical Research and Materiel Command, Marine Corps Systems Command, and the
Office of Naval Research.
Results
Demographics. A diagnosis of heterotopic ossification was not associated with age or
service affiliation (only the Army and Marine Corps had substantial sample sizes for analysis).

Virtually all injuries (96.8%) were caused by explosions or blasts, including improvised
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explosive devices, rocket-propelled grenades, mortars, or landmines. Ninety-eight percent of the
sample (375 of 382) had their first amputation within 1 month of combat injury.
Anatomical Location and Injury Severity Scores

Heterotopic ossification diagnoses occurred in approximately 1 in 5 patients (18.1%). Table
I shows that lower extremity amputees had double the rate of heterotopic ossification diagnoses
(20%) than upper extremity amputees (10%). The data for sublocations show that higher levels
of amputation (above elbow, above knee) were associated with higher heterotopic ossification
rates than lower levels (below elbow, below knee).

Overall, patients with heterotopic ossification diagnoses had significantly higher Injury
Severity Scores than patients without this diagnosis (Table I). Most patients in all subgroups had
serious injuries (Injury Severity Score > 9). Table Il shows a direct relationship between higher
injury severity groups and increasing percentage of heterotopic ossification cases. Patients with
mild to moderate Injury Severity Scores had virtually no heterotopic ossification diagnoses, but
heterotopic ossification occurred in 14% and 27% of patients with serious and severe Injury
Severity Scores, respectively. This Injury Severity Score effect also was significant when single-
limb amputees were analyzed separately.

Time Course of Heterotopic Ossification Postinjury

Table 111 shows that 78% of new heterotopic ossification cases (54 of 69) occurred within
9 months postinjury. New cases declined sharply thereafter, with only eight additional new cases
during the second year.

Traumatic Brain Injury
There was a marginal association between traumatic brain injury and heterotopic

ossification diagnoses (p < .07), with a slightly higher percentage of traumatic brain injury
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patients who had heterotopic ossification (30%) than those who did not develop heterotopic
ossification (20%).
Complications

Table 1V shows the most frequently diagnosed complications grouped by patients who
had a heterotopic ossification diagnosis (n = 69) versus those without this diagnosis (n = 313).
The rates of all complications were numerically higher for heterotopic ossification than non-
heterotopic ossification patients, although the overall difference was not significant. However,
phantom limb syndrome and infections, such as osteomyelitis and chronic infection of the
amputation stump, had significantly higher rates among heterotopic ossification patients. Both
deep vessel thrombosis and pulmonary embolism were more than twice as likely among
heterotopic ossification patients than those without heterotopic ossification.

Table V shows complications categorized as infections, stump complications, and other
issues. Data are grouped by patients who had a heterotopic ossification diagnosis at some point
after injury (n = 69) versus those without this diagnosis (n = 313). The first 30 days’ time period
after injury is critical to recovery and is presented separately from the second 60 days.
Subsequent intervals are quarters of 90 days. Those complications, which were shown in Table
IV to have significantly higher overall rates in heterotopic ossification patients (phantom limb
syndrome, osteomyelitis, chronic infection, deep vessel thrombosis, pulmonary embolism), also
showed numerically higher rates during the first 9 months after injury. These differences appear
earlier for deep vessel thrombosis and pulmonary embolism (first 30 days) than for
osteomyelitis, chronic infection, and phantom limb syndrome (between 3 and 9 months).

Septicemia was one infection that did show a numerically higher rate among heterotopic
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ossification than non-heterotopic ossification patients during the first 30 days after injury, but the
overall effect across all intervals was only marginally significant (p <.10).
Discussion

The present study is one of the first to show evidence of associations between heterotopic
ossification and early wound complications, such as osteomyelitis, pulmonary embolism, deep
vessel thrombosis, and phantom limb syndrome™®“. A diagnosis of heterotopic ossification
occurred in approximately 1 in 5 patients and also was associated with increased injury severity,
lower limb amputation, and higher levels of amputation. Medical record diagnoses were valid
measures to identify factors associated with heterotopic ossification such as injury severity and
lower limb amputations, replicating similar results from previous studies, which used
radiographic methods®. The use of routine medical diagnoses also allowed identification of
heterotopic ossification and associated risk factors in a comprehensive sample of recent combat
amputees. A previous study sample of combat amputees was limited by missing patient
radiographs following injury, which led to exclusion of approximately 40% of relevant patients’.

The present results extend previous research by showing systematic evidence of
associations between early wound complications and heterotopic ossification diagnoses®. This
finding conflicts with one major previous study of heterotopic ossification in recent combat
amputees that reported no associations between early competitions and heterotopic ossification®.
However, the present results are consistent with a subsequent abstract that reported that
heterotopic ossification status was associated with wound infections and deep vessel thrombosis
%, In the present study, it was possible to identify and follow specific types of complications (e.g.,
osteomyelitis, deep vessel thrombosis) based on diagnostic codes recorded longitudinally in each

patient’s medical record.
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The increased rates of various complications may be independent effects of severe injury
and not directly related to heterotopic ossification®. Alternatively, complications may be
involved in the physiological development of heterotopic ossification. However, deep vessel
thrombosis and some infections are differential diagnoses for a swollen lower extremity along
with heterotopic ossification®?. It is possible that these complications initially may be confused
with actual heterotopic ossification cases.

The main limitation of the present study was that the diagnosis rate of 18% was low
relative to heterotopic ossification rates of 30% to 60% in radiographs reported in recent
reports™*, probably due to methodological differences and/or underreporting. The present study
based percentages on number of patients versus number of limbs or wounds*“. Also, Potter and
co-authors acknowledged their rates probably were inflated because nearly half of their sample
(143 of 330) was excluded due to missing radiographs®. Providers generally order radiographs
for symptomatic patients. When they included all 330 patients (including those without
radiographs), Potter indicated 36% of all 330 patients showed at least mild radiographic evidence
of heterotopic ossification (assuming no heterotopic ossification in all of the limbs with missing
radiographs). Moreover, a positive radiograph does not always predict patient symptoms. An
unpublished manuscript by the present authors based on a small case series of recent combat
amputees showed 5 of 15 patients showed at least moderate heterotopic ossification® in their
radiographs but reported no symptoms or treatments such as pain or prosthetic adjustments®.
While these latter results were based on a small sample, they suggest further reduction from the
estimated 36% in a previous study".

The diagnosis rate in the present study also was underestimated probably due to

underreporting early in Operation Enduring Freedom and Operation Iragi Freedom, since



Heterotopic Ossification Risk Factors 13

heterotopic ossification was unexpected™ 2. Specifically, the present study showed a heterotopic
ossification diagnosis rate of 8% of patients through August 2004, versus 26% thereafter through
the end of 2005. Similarly, another study showed that the heterotopic ossification incidence rate
among U.S. military battle and nonbattle injuries was relatively flat between 2002 and 2003,
with an increase of 60% to 65% between 2003 and 2004*. A recent report indicated heterotopic
ossification in intact limbs*and demonstrated increased heterotopic ossification risk in residual
limbs of combat amputees. Although these data suggest increased awareness of combat-related
heterotopic ossification, providers should remain vigilant for this complication following

combat-related blast injuries.
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Amputees (N = 382) by Anatomical Location of Amputation

Mean Median
Injury Injury
Severity  Severity No.
Location No. Score Score | Sublocation  HO/Total %
Upper extremity Upper extremity
HO diagnosis 9 (10%) 19.8 17 Aboveelbow  5/37  14%°
No diagnosis 82 (90%) 17.6 17 Below elbow  2/49 4%
Bilateral 2/5 --
Lower extremity Lower extremity
HO diagnosis 55 (20%) 17.9 17 Above knee  24/92  26%"
No diagnosis 223 (80%) 13.7 10 Below knee  18/143 13%
Bilateral 13/43  30%
Upper & lower
HO diagnosis 4 23.0 21
No diagnosis 7 23.2 18
Not recorded
HO diagnosis 1 25.0
No diagnosis 1 11.0
Total sample
HO diagnosis 69 (18%) 185" 17
No diagnosis 313 (82%) 14.9 12

*Upperllower extremity by heterotopic ossification diagnosis/no diagnosis, p < .05, chi-square

test.

"Mean Injury Severity Score by heterotopic ossification diagnosis/no diagnosis groups, p < .01,

independent groups t test.
tHigher level of amputation (above elbow/knee vs. below elbow/knee) by heterotopic
ossification diagnosis/no diagnosis, p < .05, chi-square test.
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TABLE Il. Heterotopic Ossification as a Function of Moderate Serious and
Severe Injury Groupings in Combat Amputees

Injury Severity Groups
Moderate Serious Severe
HO Status (Injury (Injury Severity  (Injury Severity
Severity Score  Score = 9-15) Score >15)
= 4-8)
HO diagnosis 2% (n=1) 14% (n = 22) 27% (n = 46)
No diagnosis 98% (n = 46) 86% (n=140) 73% (n=127)

Significant association between Injury Severity Score grouping and
heterotopic ossification status, p < .01, chi-square test.
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TABLE I11. Frequency of New-Onset Diagnoses of Heterotopic Ossification™ by
Time Since Injury

Time Since Injury

First30  30-90 3-6 6-9 9-12
Days Days Months Months Months

New heterotopic ossification cases

(no.) 9 9 20 16 7
Amputees still active (no.) 382 376 372 361 326
New cases 2.4% 2.4% 5.4% 4.4% 2.1%

“Eight total heterotopic ossification cases between 12 and 24 months after injury.
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TABLE IV. Most Common Complications Among Combat Amputees by

Heterotopic Ossification Status

No./Total No./Total Non-
Heterotopic Heterotopic
Complication Ossification Ossification

Phantom limb syndrome 47169 (68%) 165/313 (53%)"
Anemia 35/69 (51%) 134/313 (43%)
Bacterial infection 24/69 (35%) 78/313 (25%)
Postoperative infection 20/69 (29%) 82/313 (26%)
Osteomyelitis 22/69 (32%) 62/313 (20%)"
Cellulitis 18/69 (26%) 51/313 (16%)
Amputation stump complications 17/69 (25%) 49/313 (16%)
Chronic infection amputation stump 18/69 (26%) 38/313 (12%)Jr
Deep vessel thrombosis 13/69 (19%) 23/313 (7%)4r
Pulmonary embolism 11/69 (16%) 16/313 (5%)"
Pneumonia 10/69 (15%) 371313 (12%)

Infection/inflammatory due to device

Nonhealing wound

Septicemia

9/69 (13%)
10/69 (15%)

12/69 (17%)

35/313 (11%)
32/313 (10%)

30/313 (10%)

"p<.05: Tp< .01

Overall rate of infection: heterotopic ossification = 71% (49 of 69) vs. non-

heterotopic ossification 54% (170 of 313).”
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TABLE V. Complications by Heterotopic Ossification” (HO) Status During the First
Year Postinjury

Time Since Injury

Within
30 1-3 3-6 6-9 9-12
Complication Days Months Months Months Months
Infections
Septicemia
HO 15.9% 1.4% 1.4% 0.0% 0.0%
Non-HO 8.3% 2.0% 1.0% 0.0% 0.0%
Bacterial infection
HO 13.0% 2.9% 145%  7.2% 3.0%
Non-HO 17.6% 4.9% 2.0% 2.4% 1.9%
Postoperative infection
HO 14.5% 5.8% 4.3% 7.2% 4.5%
Non-HO 16.3% 8.8% 4.0% 2.1% 2.7%
Osteomyelitis
HO 8.7% 13.0% 11.6% 7.2% 3.0%
Non-HO 10.8% 8.1% 4.3% 3.1% 3.9%
Chronic infection
HO 7.2% 2.9% 11.6%  5.8% 3.0%
Non-HO 6.1% 2.0% 1.3% 1.0% 2.3%
Infection/inflammatory due to
device
HO 2.9% 5.8% 2.9% 1.4% 0.0%
Non-HO 7.0% 2.0% 3.0% 2.4% 1.2%
Stump complications
Phantom limb syndrome
HO 29.0% 36.2% 29.0% 10.1% 11.9%
Non-HO 24.3%  235% 175% 11.6% 8.1%
Amputation stump
HO 2.9% 2.9% 7.2% 4.3% 7.5%
Non-HO 2.9% 4.2% 5.6% 3.4% 3.1%
Other complications
Nonhealing wound
HO 8.7% 5.8% 5.8% 1.4% 0.0%
Non-HO 5.4% 4.9% 2.3% 0.7% 0.8%
Deep vessel thrombosis
HO 11.6% 5.8% 2.9% 1.4% 0.0%

Non-HO 4.5% 2.0% 1.7% 0.3% 0.0%
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Pulmonary embolism
HO 13.0% 5.8% 5.8% 4.3% 0.0%

Non-HO 3.8% 3.3% 2.0% 1.4% 0.0%
“Heterotopic ossification: n = 69; non-heterotopic ossification: n = 313.
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