
JRRDJRRD Volume 50, Number 2, 2013

Pages 161–172
Effect of traumatic brain injury among U.S. servicemembers with 
amputation

Mitchell J. Rauh, PhD, PT, MPH;1–3* Hilary J. Aralis, MS;1 Ted Melcer, PhD;3 Caroline A. Macera, PhD;1,4 
Pinata Sessoms, PhD;1 Jamie Bartlett, PhD;1 Michael R. Galarneau, MS3

1Warfighter Performance Department, Naval Health Research Center, San Diego, CA; 2Doctor of Physical Therapy Pro-
gram, San Diego State University, San Diego, CA; 3Medical Modeling, Simulation and Mission Support Department, Naval 
Health Research Center, San Diego, CA; 4Graduate School of Public Health, San Diego State University, San Diego, CA

Abstract—Servicemembers with combat-related limb loss 
often require substantial rehabilitative care. The prevalence of 
traumatic brain injury (TBI), which may impair cognitive and 
functional abilities, among servicemembers has increased. The 
primary objectives of this study were to determine the frequency 
of TBI among servicemembers with traumatic amputation and 
examine whether TBI status was associated with discharge to 
civilian status and medical and rehabilitative service use postam-
putation. U.S. servicemembers who had a combat-related ampu-
tation while deployed in Iraq or Afghanistan between 2001 and 
2006 were followed for 2 yr postamputation. Data collected 
includes injury mechanism; postinjury complications; Injury 
Severity Score (ISS); and follow-up data, including military ser-
vice discharge status and number of medical, physical, occupa-
tional therapy, and prosthetic-related visits. Of the 546
servicemembers with combat-related amputations, 127 (23.3%) 
had a TBI diagnosis. After adjusting for ISS and amputation 
location, those with TBI had a significantly greater mean num-
ber of medical and rehabilitative outpatient and inpatient visits 
combined (p < 0.01). Those with TBI were also at greater odds 
of developing certain postinjury complications. We recommend 
that providers treating servicemembers with limb loss should 
assess for TBI because those who sustained TBI required 
increased medical and rehabilitative care.

Key words: amputation, blasts, combat-related, military, occu-
pational therapy, odds ratio, physical therapy, postinjury com-
plications, prosthetic use, rehabilitative use, service discharge, 
traumatic brain injury.

INTRODUCTION

As of August 2008, approximately 31,000 U.S. ser-
vicemembers have been wounded in the conflicts related 
to Operation Iraqi Freedom (OIF) and Operation Enduring 
Freedom (OEF) [1]. Approximately 4 percent (n = 1,214) 
of the wounded servicemembers sustained an amputation, 
with 877 (72.2%) experiencing a major limb amputation 
[1]. Because of technological advances in body armor, 
rapid evacuation, and early medical attention, the survival 
rate of servicemembers with combat-related amputation 
has increased [2]. Relative to previous conflicts, the 
amount of time and resources dedicated to the healthcare 
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of servicemembers with amputations has also significantly 
increased because of the relatively larger population of 
young servicemembers who require substantial care for 
complex physical and psychological issues [3–16]. Mili-
tary rehabilitation programs for those with amputation 
address these unique issues and seek to improve outcomes 
by benefitting from the servicemembers’ youth, fitness, 
and desire to return to an active lifestyle in conjunction 
with the availability of advanced prosthetic technologies, 
sports fitness techniques, and direct access to state-of-the-
art military healthcare [17–22].

In addition to the combat-related limb injury that 
necessitated an amputation, there is an increased likeli-
hood that some servicemembers will also incur a trau-
matic brain injury (TBI) because of the nature of the blast 
weapons that caused the injury (e.g., conventional weap-
ons [artillery, grenades, mortar, and small arms], impro-
vised explosive devices [IEDs], mines, booby traps, and 
motor vehicle or aircraft accidents). According to the 
Department of Defense (DOD), as of July 2008, 8,089 
servicemembers experienced a TBI that resulted from 
actions associated with OIF/OEF [23]. Of these, 5,792 
(71.6%) sustained TBI from a blast exposure. Conse-
quences of TBI can be mild, moderate, or severe and can 
range from physical disability to long-term cognitive, 
behavioral, and social deficits. In a study of TBI among 
military personnel (primarily Marines) during the second 
phase of OIF, short-term follow-up of surviving patients 
with TBI indicated higher morbidity and medical use 
among the patients with more severe TBI, although men-
tal health conditions were higher among patients with 
milder TBI [24].

Limb loss usually requires significant prosthetic and 
other functional rehabilitation training [25–26]. To our 
knowledge, only one study has examined the outcomes 
associated with long-term prosthetic use in patients with 
TBI and acquired limb loss. In a study of 12 civilian 
patients admitted with TBI and limb amputation, only 
50 percent used a prosthesis and only 33 percent were 
considered able to use a prosthesis independently in the 
community [27]. Of the 10 patients with a lower-limb 
amputation, only 40 percent became ambulatory. Stone et 
al. suggested that diminished ability to use a prosthesis 
was related to ataxia; inability to withstand shear or load-
ing on the residual limb; bilateral spasticity; contractures; 
underlying cognitive deficits, including perceptual dys-
function; or a combination of these [27].

The purpose of this study was to examine the effect of 
TBI on rehabilitative resource use and needs among ser-
vicemembers who received a combat-related major limb 
amputation as a result of a combat-related injury. Specifi-
cally, the objectives of this study were to (1) determine the 
frequency of TBI among servicemembers with traumatic 
limb amputation; (2) assess whether TBI status was asso-
ciated with discharge to civilian status; and (3) examine 
the extent of medical, physical, and occupational therapy 
use during 2 yr postamputation.

METHODS

Subjects
The population for this study consisted of U.S. ser-

vicemembers who incurred a combat-related major limb 
amputation in OIF/OEF between 2001 and 2006. We 
defined a combat-related major limb amputation as an 
upper-limb, lower-limb, hand, or foot amputation (or in 
some instances, multiple amputations). We excluded ser-
vicemembers whose amputation involved only the fin-
ger(s) or toe(s).

Identification of Subjects
We identified servicemembers with a combat-related 

major limb amputation by searching the Expeditionary 
Medical Encounter Database (EMED), formerly known as 
the Navy-Marine Corps Combat Trauma Registry, and the 
Career History Archival Medical and Personnel System 
(CHAMPS). These databases contain standardized codes 
determined by medical providers and employers that are 
regularly updated [28–29]. We used the following codes to 
identify combat-related amputations in OIF/OEF:
  • Major limb amputations (International Classification 

of Diseases-9th Revision [ICD-9] codes 887.0–887.7, 
896.0–896.3, and 897.0–897.7).

  • Injury cause codes indicating combat injury.
  • Military treatment facility codes determining whether 

patients were treated at Landstuhl Regional Medical 
Center, Walter Reed Army Medical Center, or another 
military treatment facility.

Expeditionary Medical Encounter Database
The EMED is a triservice deployment health database 

consisting of medical encounter information that follows 
the medical chain of evacuation from point of injury 
through final outcome for U.S. servicemembers who get 
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sick or are injured during deployment [28]. The EMED 
also allows identification and tracking of individuals 
through various levels of care and rehabilitation. This 
includes the capability of pulling cases within the data-
base based on ICD-9 codes, Injury Severity Score (ISS), 
and Abbreviated Injury Scale (AIS) score, which are used 
specifically for identifying severity and anatomical loca-
tion of injuries.

Career History Archival Medical and Personnel System
The CHAMPS database contains chronological

entries of significant medical and personnel events for all 
armed services since 1999 [29]. Medical information in 
CHAMPS is routinely updated using both Active Duty 
medical databases and records from private healthcare 
facilities that are reimbursed for services provided to mili-
tary personnel. The CHAMPS has critical fields that might 
be indicators of individuals with amputations, including 
ICD-9 and Current Procedural Terminology-4th Edition 
codes.

Traumatic Brain Injury Status
We followed servicemembers with combat-related 

major limb amputations who did and did not receive a 
TBI diagnosis for 24 mo postamputation. We identified 
all TBI cases from the CHAMPS and EMED. Based on 
the expanded Barell injury diagnosis matrix [30], an 
ICD-9 diagnosis code in any of the following ranges was 
defined as a TBI [30–31]: 310.2 (postconcussion syn-
drome), 800.0–801.9 (fractures of the vault or base of the 
skull), 803.0–804.9 (other and unqualified and multiple 
fractures of the skull), 850.0–854.1 (intracranial injury, 
including concussion, contusion, laceration, and hemor-
rhage), and 959.01 (unspecified head injury) with addi-
tional verification. Patients often had multiple ICD-9 
codes; therefore, any code falling within the TBI case 
definition qualified them for inclusion. We did not con-
sider individuals diagnosed with one of these ICD-9 
codes 90 d postinjury a TBI case because current evi-
dence suggests that there are no mild TBI-attributable, 
objectively measured cognitive deficits beyond 1 to 3 mo 
postinjury [32].

Other Injuries and Injury Severity
We extracted other injuries incurred during the event 

that caused the amputation from the EMED and 
CHAMPS databases. Trained EMED staff described the 
severity of patient injuries using two standardized mea-

sures of injury classification and severity assigned. These 
measures included AIS scores (injury-specific scores 
based on an anatomical description of the injury, with 
scores ranging from 1 [relatively minor] to 6 [currently 
untreatable]) [32] and ISS (overall measure of severity 
with scores ranging from 0 to 75 derived from AIS scores 
in six body regions: head, face, chest, abdomen, limbs, 
and external soft tissue) [32]. The three most severe inju-
ries of the six body regions are selected for determining 
an individual’s ISS.

Other Descriptive Data
We also extracted the following descriptive variables 

from CHAMPS: sex, age (<25, 25–29, and 30 years), 
service branch (Army, Air Force, Marine Corps, and 
Navy), service grade (junior enlisted [E1–E4], senior 
enlisted [E5–E9], and warrant officer/officer), and ser-
vice component (regular, reserve, and National Guard).

Follow-Up Data
We searched the CHAMPS database to assess the rela-

tively short-term personnel-related and medical outcomes. 
Variables extracted or computed from CHAMPS data 
included postamputation attrition information, including 
reason for discharge to civilian status; postinjury medical 
complications, including number and type of diagnosis; 
inpatient hospitalization variables, including number and 
date of admissions; and outpatient visit characteristics, 
including number and date of visits. Outcome data included 
physical therapy, occupational therapy, and prosthetic-
related visits over the course of the 2 yr follow-up and rea-
sons for service discharge to civilian status.

Data Analysis
We calculated chi-square tests to determine associations 

between TBI status and study sample demographics such as 
sex, age, service branch, service grade, service component, 
anatomical location of amputation (upper limb: trans-
humeral, transradial, bilateral, unrecorded, and lower limb: 
transfemoral, transtibial, bilateral, unrecorded), postinjury 
complications, overall ISS (1–15 and  16) [33], and num-
ber of other injuries at time of amputation (0, 1–4, 5–9, and 
10). We also calculated the chi-square test to determine the 
association between mechanism of injury and TBI status. 
We used a t-test to compare the mean time from injury with 
amputation event by TBI status.

We calculated adjusted odds ratios (ORs) and 95 per-
cent confidence intervals (CIs) using multiple logistic 
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regression for postinjury complications, comparing the 
odds of each complication among servicemembers with a 
TBI with the odds of complication among injured ser-
vicemembers without a TBI, adjusting for ISS and ampu-
tation location (upper limb, lower limb, or both limbs).

We constructed Poisson regression models for count 
data (adjusting for ISS and amputation location) to deter-
mine mean differences in number of physical therapy, occu-
pational therapy, and total medical visits during the entire 
2 yr follow-up and per quarter of follow-up for service-
members with and without TBI. We generated adjusted 
mean counts (number of visits) for servicemembers with 
and without a recorded TBI based on parameter estimates 
from these Poisson regression models and assessed signifi-
cant differences. Additionally, we constructed a Cox pro-
portional hazards model to examine the number of days 
between the amputation event and discharge from service 
and to compare the risk of discharge among servicemem-
bers with and without a recorded TBI (while adjusting for 
ISS and amputation location). The Cox proportional haz-
ards model considered servicemembers who were not dis-
charged during the 2 yr follow-up as censored observations, 
with censoring dates equal to 2 yr postamputation, and we 
used a 1-degree of freedom (DOF) Wald chi-square test to 
assess the relationship between TBI status and survival. We 
used SAS version 9.2 statistical software (SAS Inc; Cary, 
North Carolina) for all analyses.

RESULTS

Final Sample
Of the 546 servicemembers identified with a combat-

related major limb amputation, 127 (23.3%) had a TBI 
diagnosis. We found no significant differences between 
servicemembers with and without TBI with respect to sex 
(2 = 1.26, p = 0.26), age (2 = 1.77, p = 0.41), service 
branch (2 = 0.21, p = 0.98), service component (2 = 
2.79, p = 0.25), and service grade (2 = 2.33, p = 0.31) 
(Table 1).

Of those with TBI, 51 percent (n = 65) were diag-
nosed on the first day of injury. By 30 d postinjury, 
89.0 percent had been diagnosed with TBI. Overall, 74.7 
percent of the servicemembers had their limb amputated 
within 1 d of the injury, and this rate was similar for those 
with TBI (79.5%) and without TBI (73.3%) (2 = 2.02, 
p = 0.16).

Demographic
TBI

(n = 127),
n (%)

No TBI
(n = 419),

n (%)
p-Value*

Sex 0.26
126 (23.6) 409 (76.4)

1 (9.1) 10 (90.9)
Age (yr) 0.41

77 (25.2) 228 (74.8)
29 (22.0) 103 (78.0)
21 (19.3) 88 (80.7)

Branch of Service 0.98
88 (22.8) 298 (77.2)
2 (25.0) 6 (75.0)

32 (24.1) 101 (75.9)
5 (26.3) 14 (73.7)

Service Component 0.25
107 (24.6) 328 (75.4)
14 (20.6) 54 (79.4)
6 (13.9) 37 (86.1)

Service Grade 0.31
77 (25.2) 229 (74.8)
44 (22.0) 156 (78.0)
6 (15.0) 34 (85.0)

Mechanism of Injury
Overall, 87.4 percent of the injuries that resulted in a 

limb amputation were caused by a blast injury. A total of 
342 injuries (62.6%) resulted in a limb amputation
caused by a mine explosion, which was more common 
among servicemembers who received a lower-limb ampu-
tation than among servicemembers with an amputation in 
a different body region (2 = 19.74, p < 0.0001). Mine 
explosions were also a larger cause of injury among ser-
vicemembers who incurred a TBI (74.0%) than among 
those who were not diagnosed with TBI (59.2%) (2 = 
9.16, p = 0.002).

Anatomical Location of Amputation by Traumatic 
Brain Injury Status

A diagnosis of TBI was not significantly associated 
with lower-, upper-, or bilateral-limb amputation (2 = 
0.98, p = 0.61) (Table 2). Overall, most (76.7%, n = 419) 
amputations were of the lower limb only. Of the service-
members with a lower-limb amputation only, those with 
TBI were significantly more likely to have a bilateral

Table 1.
Demographic characteristics of servicemembers by traumatic brain 
injury (TBI) status in Operation Iraqi Freedom/Operation Enduring 
Freedom, 2001–2006 (n = 546).

Male
Female

<25
25–29
30

Army
Air Force
Marine Corps
Navy

Regular
Reserve
National Guard

Junior Enlisted (E1–E4)
Senior Enlisted (E5–E9)
Officer/Warrant Officer

*Chi-square test.
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Amputation
TBI

(n = 127),
n (%)

No TBI
(n = 419),

n (%)
p-Value*

Upper Limb 27 85 0.47
12 (44.4) 31 (36.5)
12 (44.4) 46 (54.1)
1 (3.7) 6 (7.1)
2 (7.4) 2 (2.4)

Lower Limb 95 324 0.002
31 (32.6) 95 (29.3)
33 (34.7) 172 (53.1)
31 (32.6) 54 (16.7)
0 (0.0) 3 (0.9)

Upper and Lower Limb 5 10 

lower-limb or a unilateral transfemoral amputation and less 
likely to have a transtibial amputation than servicemembers 
who did not sustain a TBI (2 = 16.19, p = 0.002). How-
ever, TBI was not significantly associated with the level of 
upper-limb amputation (2 = 2.54, p = 0.47).

Injury Severity and Number of Other Injuries
Servicemembers with TBI were significantly more 

likely to have an ISS of 16 (66.9%) than servicemem-
bers without TBI (39.1%) (2 = 30.34, p < 0.0001) 
(Table 3). Compared with servicemembers without TBI, 
those with a recorded TBI had a significantly greater 
number of other injuries occurring at the same time as the 
amputation event (2 = 39.05, p < 0.0001).

Traumatic Brain Injury and Discharge to Civilian Status
Of the 546 servicemembers who had a combat-related 

major limb amputation, 324 (59.3%) were discharged from 
military service during the 2 yr follow-up period. Of the 
servicemembers discharged from military service, 71 
(21.9%) had a recorded TBI; this percentage was not sig-
nificantly different from the percentage who reported a 
TBI among those who did not discharge in the 2 yr follow-
up period (25.2%) (2 = 0.81, p = 0.37). Using a Wald chi-
square test conducted in association with the Cox propor-
tional hazards model controlling for ISS and amputation 
location, we concluded that time between amputation and 
discharge did not differ significantly

Variable
TBI

(n = 127),
n (%)

No TBI
(n = 419),

n (%)
p-Value*

Injury Severity Score <0.0001
42 (33.1) 255 (60.9)
85 (66.9) 164 (39.1)

No. of Other Injuries† <0.0001
4 (3.2) 44 (10.5)

49 (38.6) 241 (57.5)
63 (49.6) 128 (30.6)
11 (8.7) 6 (1.4)

 between servicemem-
bers with and without a recorded TBI (Wald 1-DOF 2 = 
2.53, p = 0.11). Approximately 63 percent (n = 203) of dis-

charged servicemembers retired with permanent disability, 
a finding that was similar for those who incurred or did not 
incur TBI. Of the servicemembers with a recorded TBI, 
34 percent retired with temporary disability. Only 20 per-
cent of servicemembers without a recorded TBI retired 
with temporary disability. A smaller percentage of those 
with TBI retired from service for one of a variety of differ-
ent reasons not related to disability.

Of the 222 servicemembers not discharged from mili-
tary service, a higher percentage were older (2 = 28.06, 
p < 0.0001), regular service component (2 = 54.93, p < 
0.0001), and of senior enlisted or officer status (2 = 19.80, 
p < 0.0001) (Table 4). We found no other significant dif-
ferences between servicemembers who discharged or did 
not discharge from military service.

Medical and Rehabilitative Visits by Traumatic Brain 
Injury Status

Among the 222 servicemembers who remained in the 
military (i.e., not discharged) and were followed for 2 yr, 
those with a recorded TBI had a significantly greater 
mean number of medical and rehabilitative outpatient 
and inpatient visits combined than servicemembers who 
did not sustain TBI after adjusting for ISS and amputa-
tion location (Wald 2 = 2,120.61, p < 0.01) (Table 5). 
Additionally, subjects with a recorded TBI had a greater 
mean number of visits to physical therapy (Wald 2 = 
143.82, p < 0.01) and occupational therapy (Wald 2 = 
48.95, p < 0.01) outpatient clinics, after adjusting for ISS 
and amputation location using a Poisson regression 
model.

Table 2.
Anatomical location of amputation for servicemembers by traumatic 
brain injury (TBI) status in Operation Iraqi Freedom/Operation 
Enduring Freedom, 2001–2006 (n = 546).

Transhumeral
Transradial
Bilateral
Unrecorded

Transfemoral
Transtibial
Bilateral
Unrecorded

*Chi-square test for upper limb, lower limb, or both (p = 0.61).

Table 3.
Other injuries and overall injury severity for servicemembers by 
traumatic brain injury (TBI) status in Operation Iraqi Freedom/
Operation Enduring Freedom, 2001–2006 (n = 546).

1–15
16

0
1–4
5–9
10

*Chi-square test.
†Injuries other than injury that resulted in amputation.
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Demographic
Follow-up
(n = 222),

n (%)

No Follow-up
(n = 324),

n (%)
p-Value*

TBI 56 (25.2) 71 (21.9) 0.37
Sex 0.77

218 (98.2) 317 (97.8)
4 (1.8) 7 (2.2)

Age (yr) <0.0001
95 (42.8) 210 (64.8)
64 (28.8) 68 (21.0)
63 (28.4) 46 (14.2)

Branch of Service 0.48
151 (68.0) 235 (72.5)

5 (2.3) 3 (0.9)
58 (26.1) 75 (23.2)
8 (3.6) 11 (3.4)

Service Component <0.0001
145 (65.3) 290 (89.5)
54 (24.3) 14 (4.3)
23 (10.4) 20 (6.2)

Military Rank <0.0001
101 (45.5) 205 (63.3)
96 (43.2) 104 (32.1)
25 (11.3) 15 (4.6)

While the adjusted mean number of physical therapy 
outpatient visits per quarter following amputation was 
similar for servicemembers who incurred or did not incur 
a TBI, the adjusted mean number of physical therapy out-
patient visits was significantly higher among servicemem-
bers with TBI during quarter 6 (Wald 2 = 83.09, p < 
0.01) (Figure). While the adjusted mean number of occu-
pational therapy outpatient visits per quarter following 
amputation was consistently higher throughout most of 

the 2 yr follow-up period for servicemembers with TBI, it 
was significantly higher during quarters 1 (Wald 2 = 
5.22, p = 0.02), 2 (Wald 2 = 8.39, p < 0.01), 5 (Wald 2 = 
13.76, p < 0.01), and 6 (Wald 2 = 37.55, p < 0.01). The 
adjusted mean number of prosthetic training visits was 
variable over time for servicemembers with or without 
TBI. While those with TBI averaged fewer visits per quar-
ter during the first two quarters than those without TBI 
(Wald 2 = 32.43, p < 0.01; and Wald 2 = 20.77, p < 
0.01), those with TBI averaged more visits during quarter 
4 (Wald 2 = 5.86, p = 0.02). In the final two quarters, 
none of the remaining servicemembers who sustained a 
TBI continued to require prosthetic training. Additionally, 
in the second to last quarter, none of the servicemembers 
without a TBI were seen for prosthetics training.

Postinjury Complications by Traumatic Brain Injury 
Status

The most common postinjury complications for all 
servicemembers who incurred an amputation were phan-
tom limb syndrome (n = 126, 56.8%), anemia (n = 108, 
48.7%), and bacterial infections (n = 83, 37.4%) (Table 6). 
Compared with servicemembers without TBI, service-
members with TBI had significantly more postinjury com-
plications. Of servicemembers who incurred a TBI, over 
one-third (41.1%) had five or more additional complica-
tions beyond their amputation and TBI injury (2 = 8.67, 
p = 0.003). Servicemembers with TBI were significantly 
more likely to have developed an infection and/or inflam-
mation due to a device (2 = 12.42, p = 0.0004), pneumo-
nia (2 = 6.80, p = 0.0004), deep vein thrombosis (DVT) 
and/or pulmonary embolism (PE) (2 = 10.11, p = 0.002), 
anemia (2 = 5.75, p = 0.02), septicemia (2 = 5.30, p = 
0.02), or heterotopic ossification (2 = 5.02, p = 0.03) than 
servicemembers without TBI (Table 6).

No. of Visits TBI (n = 56) No TBI (n = 166) p-Value
Total Medical and Rehabilitation Inpatient and Outpatient

570.0 ± 535.0 374.5 ± 333.3 <0.01
476.2 337.5 <0.01*

Physical Therapy Outpatient
102.7 ± 101.8 81.3 ± 67.0 <0.01

92.2 75.2 <0.01*

Occupational Therapy Outpatient
14.3 ± 19.3 10.1 ± 11.0 <0.01

17.8 12.9 <0.01*

Table 4.
Comparison of demographic characteristics among servicemembers 
who did and did not complete 2 yr follow-up (n = 546).

Male
Female

<25
25–29
30

Army
Air Force
Marine Corps
Navy

Regular
Reserve
National Guard

Junior Enlisted (E1–E4)
Senior Enlisted (E5–E9)
Officer/Warrant Officer

*Chi-square test.
TBI = traumatic brain injury.

Table 5.
Unadjusted and adjusted mean number of medical and rehabilitative care visits by traumatic brain injury (TBI) status during 2 yr follow-up period 
in Operation Iraqi Freedom/Operation Enduring Freedom, 2001–2006 (n = 222).

Mean ± SD
Adjusted Mean

Mean ± SD
Adjusted Mean

Mean ± SD
Adjusted Mean

*Poisson regression of number of visits on TBI status while adjusting for Injury Severity Score and amputation location (upper limb, lower limb, or both).
SD = standard deviation.
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Figure. 
Adjusted (adj.) mean number of (a) physical therapy, (b) occu-
pational therapy, and (c) prosthetic training outpatient visits by 
traumatic brain injury (TBI) status during 3 mo intervals during 
follow-up, 2001–2006 (n = 222). Means are adjusted for Injury 
Severity Score and amputation location (upper limb, lower limb, 
or both) using parameter estimates obtained from Poisson 
regression models.

When we adjusted for ISS and amputation location, 
servicemembers with TBI had twice the odds (OR = 2.0, 
95% CI = 1.0–4.1) of having five or more complications 

than servicemembers without TBI (Table 6). For individ-
ual complications, servicemembers with TBI had three 
times the odds of developing cellulitis (OR = 2.7, 95% 
CI = 1.1–6.3), an infection or inflammatory process
related to the prosthetic device (OR = 3.1, 95% CI = 1.3–
7.4), or a DVT and/or PE (OR = 2.3, 95% CI = 1.0–5.1) 
than servicemembers without TBI.

DISCUSSION

To our knowledge, this is one of the first studies to 
report the effect of TBI on military discharge status and 
medical and rehabilitative care among U.S. servicemem-
bers who had a combat-related major limb amputation in 
OIF/OEF. According to our findings, servicemembers 
who had a limb amputation and who sustained a TBI 
were more likely to have a higher usage of combined 
medical, physical therapy, and occupational therapy ser-
vices than those without a TBI diagnosis. This finding 
remained significant after controlling for potential con-
founding variables between servicemembers with and 
without TBI, such as anatomical location of injury and 
ISS. TBI was also significantly associated with (1) a 
more severe bilateral lower-limb or a unilateral transfem-
oral amputation; (2) a higher ISS; (3) a greater number of 
other injuries; and (4) more postinjury complications, 
especially cellulitis, infection due to a device, or DVT 
and/or PE.

Frequency of Traumatic Brain Injury in
Servicemembers with Combat Amputations

Traumatic limb loss involves many short- and long-
term physical and psychosocial issues, including those 
related to heterotopic ossification, recurrent infection, 
prosthetic donning, ambulation, activities of daily living, 
depression, posttraumatic stress disorder, and return to 
duty [21,34–35]. A consequence unique to this population 
is increased risk of TBI caused by blast injury from land 
mines, rocket-propelled grenades, bombs, artillery, and 
IEDs [21]. We found that 23.3 percent of the servicemem-
bers who had a traumatic amputation also incurred a TBI. 
MacGregor et al. reported a TBI prevalence of approxi-
mately 16 percent in a sample of U.S. combatants injured 
during 2004 and 2005 [36]. Our present study and Mac-
Gregor et al.’s results are based on diagnostic codes from 
clinical encounters. Thus, they may underestimate TBI
rates because they exclude patients who do not seek 
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Complication
TBI

(n = 56), n (%)
No TBI

(n = 166), n (%)
OR

(95% CI)
AOR*

(95% CI)
No.

33 (58.9) 131 (78.9) 1.0 (—) 1.0 (—)
23 (41.1) 35 (21.1) 2.6 (1.4–5.0) 2.0 (1.0–4.1)

Type
12 (21.4) 19 (11.5) 2.1 (0.9–4.7) 2.7 (1.1–6.3)
15 (26.8) 14 (8.4) 4.0 (1.8–8.9) 3.1 (1.3–7.4)

3 (5.4) 6 (3.6) 1.5 (0.4–6.2) 2.7 (0.6–12.0)
13 (23.2) 16 (9.6) 2.8 (1.3–6.3) 1.6 (0.6–4.0)
17 (30.4) 20 (12.1) 3.2 (1.5–6.6) 2.3 (1.0–5.1)
25 (44.6) 58 (34.9) 1.5 (0.8–2.8) 1.4 (0.7–2.7)
35 (62.5) 73 (44.0) 2.1 (1.1–4.0) 1.7 (0.9–3.3)
37 (66.1) 89 (53.6) 1.7 (0.9–3.2) 1.5 (0.8–2.9)
15 (26.8) 33 (19.9) 1.5 (0.7–3.0) 1.4 (0.7–3.0)
15 (26.8) 28 (16.9) 1.8 (0.9–3.7) 1.9 (0.9–4.0)
10 (17.9) 12 (7.2) 2.8 (1.1–6.9) 1.5 (0.5–4.1)
21 (37.5) 37 (22.3) 2.1 (1.1–4.0) 1.5 (0.7–3.0)
10 (17.9) 29 (17.5) 1.0 (0.5–2.3) 1.4 (0.7–3.0)

medical care for these types of injuries. The potential 
underestimation of TBI might also be because the signs 
and symptoms typical of mild TBI were not salient enough 
to be diagnosed and identified relative to the trauma of the 
limb loss. Among a sample of mostly Army patients with 
blast injuries, a previous study reported TBI diagnoses for 
59 percent of OIF/OEF warfighters admitted to Walter 
Reed Army Medical Center during 2003 and 2004 [37].

Anatomical Location of Amputation by Traumatic 
Brain Injury Status

Servicemembers with TBI were more likely to have a 
bilateral lower-limb or transfemoral amputation than ser-
vicemembers without TBI. These findings may be because 
servicemembers who incurred a TBI and traumatic amputa-
tion were more likely to have incurred their injuries as a 
result of a blast injury, particularly mine explosion, than 
any other mechanism of injury. Mine explosion mecha-
nisms are usually from the ground up, which may cause 
more traumatic lower-limb injuries. The explosion’s intense 
blast wave, by itself, may cause the TBI occurrence [38].

Severity of Injury
Recent literature emphasizes polytraumatic injuries 

among combat causalities returning from OIF/OEF [39]. 
Several of our findings suggest that servicemembers who 
had a greater number of injuries and/or a higher ISS had a 
greater likelihood of incurring a TBI. Our results suggest 
that multiple injuries may be an indicator for possible TBI.

Traumatic Brain Injury and Discharge to Civilian 
Status

We found that servicemembers who remained in mili-
tary service after their amputation were more likely to be 
senior enlisted personnel or officers. Because the pay grade 
is higher and duties required are less physically demanding 
in general, these factors may contribute to staying in the 
military regardless of amputation. Stinner et al. reported a 
service retention rate of approximately 16 percent among 
servicemembers with recent combat amputation [40], 
which is substantially lower than the 40.7 percent we 
observed. Our findings may overestimate service retention 
in the present sample because of administrative delays dur-
ing medical evaluation boards and completing the patient’s 

Table 6.
Postinjury complications for servicemembers by traumatic brain injury (TBI) status in Operation Iraqi Freedom/Operation Enduring Freedom, 
2001–2006 (n = 222).

<5
5

Cellulitis
Infection/Inflammation Due to Device
Nonhealing Wound
Pneumonia
DVT and/or PE
Bacterial Infection
Anemia
Phantom Limb Syndrome
Amputation Residual-limb Complication
Osteomyelitis
Septicemia
Heterotopic Ossification
Chronic Infection (residual limb)

*ORs are adjusted for Injury Severity Score and amputation location (upper limb, lower limb, or both).
AOR = adjusted odds ratio, CI = confidence interval, DVT = deep vein thrombosis, OR = odds ratio, PE = pulmonary embolism.
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discharge or methodological differences since we started 
data collection from time of injury up to 2 yr postamputa-
tion rather than 2 or more years after the incident. Pasquina 
et al. also indicated that the discharge process was among 
the least satisfactory aspects of postinjury care, which could 
affect retention rates [41].

Medical and Rehabilitative Visits by Traumatic Brain 
Injury Status

The effect of TBI among servicemembers with a com-
bat-related major limb traumatic amputation was most 
apparent when looking at their medical and rehabilitative 
use. After adjusting for ISS and amputation location, ser-
vicemembers with a recorded TBI, on average, required a 
significantly greater number of physical therapy, occupa-
tional therapy, and combined medical and rehabilitative 
visits over the 2 yr follow-up period. For outpatient visits, 
we observed a relatively high use of outpatient physical 
therapy, occupational therapy, and prosthetic training ser-
vices soon after the injury, which is similar to those 
reported by others [21,34,42–43]. Throughout much of the 
2 yr follow-up period, the mean number of occupational 
therapy visits remained higher for servicemembers with 
TBI relative to those without TBI.

In summary, these findings suggest that servicemem-
bers with TBI and a lower-limb amputation may be more 
likely to require additional medical and rehabilitative ser-
vices over a longer time period, especially occupational 
therapy. The reasons for the larger amount of services 
needed toward the end of the 2 yr follow-up period for 
those with TBI are not clear but may be related to symp-
toms associated with TBI, including balance deficits or 
disorders and other neurologic sequelae [44]. This may 
be especially true for the greater difference in occupa-
tional visits toward the end of the follow-up period since 
occupational therapists typically are in charge of cogni-
tive and functional skills in the military.

Postinjury Complications by Traumatic Brain Injury 
Status

After adjusting for overall ISS and amputation loca-
tion, servicemembers with TBI were significantly more 
likely to have had more postinjury complications, espe-
cially cellulitis, infection or inflammatory process related 
to the prosthetic device, or DVT and/or PE. These condi-
tions are usually related to the wound type, wound care 
management, and prosthetic training processes. It may be 
that those with TBI had an amputation with a graft or 
wound that was less likely to heal, or the servicemem-

ber’s inability to properly take care of his or her skin 
wound condition and/or ensure proper prosthetic device 
cleanliness. These complications should be considered 
when evaluating and planning short- and long-term reha-
bilitative care for a servicemember with a TBI.

Strengths and Limitations
To our knowledge, we are the first to report the effect 

that TBI may have on discharge to civilian status and 
medical and rehabilitative care among U.S. servicemem-
bers who had a traumatic amputation in OIF/OEF. The 
longitudinal design allowed us to assess service status 
and medical and rehabilitative use over a 2 yr follow-up 
period. Additionally, the sample size was large enough to 
enable us to analyze associations between TBI and 
important amputation and medical and/or rehabilitative 
care issues concurrently, while adjusting for injury sever-
ity and amputation location.

Limitations of our study should be noted. First, while 
we had data regarding the amount of services used, we did 
not have data that allowed us to specifically determine the 
proportions of specific functional or skill levels achieved. 
Thus, even at the 2 yr follow-up we were unsure whether 
TBI affected the servicemember’s ability to achieve activity 
of daily living functional skills (i.e., bed mobility, transfers, 
dressing, toileting, or residential and/or community ambu-
lation [with or without assistive device and with or without 
prosthetic device]), specific skills (e.g., functionally inde-
pendent with wound care and prosthetic use), or more 
global areas (return to service or other occupation). Second, 
the CHAMPS database does not collect data regarding 
medical and rehabilitation service usage for servicemem-
bers who have been discharged from Active Duty military 
service. Approximately 60 percent of our sample with 
major limb amputation were discharged from Active Duty 
military service; therefore, some bias may have been intro-
duced into findings of our analyses of those in the 2 yr fol-
low-up period. Third, the use of ICD-9 code 310.2 to 
classify TBI may have led to an overestimation of the fre-
quency of TBI because of potential inclusion of concus-
sions predating the amputation event, thus reducing 
generalizability of our finding. Therefore, the potential for 
the overattribution of TBI may have existed. Conversely, a 
certain percentage of TBIs may not have been reported for 
reasons such as lack of knowledge of associated symptoms 
[45] or servicemember’s strong desire to remain with the 
unit, concerns for delaying personal leave because of 
required medical care, and less commonly, commander’s 
request [46]. In this case, the finding that 23.3 percent of 
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the servicemembers reporting an amputation also reported a 
TBI supports the need for further research into the special 
needs of this population with both TBI and amputation. 
Finally, although this study attempted to account for differ-
ences in injury severity using ISS, this scale may not have 
been a sensitive measure of TBI severity. Though we only 
report data from a 2 yr follow-up period, it would be benefi-
cial to follow this subject group for a longer time period 
since rehabilitative care and ability to return to normal 
activities of daily living can take several years.

CONCLUSIONS

Little knowledge exists regarding the effect of TBI 
among U.S. servicemembers with combat-related major 
limb amputation, especially on the short- and long-term 
use of medical and rehabilitative services. In light of this, 
we have indicated that servicemembers with TBI are 
more likely to require frequent and prolonged rehabilita-
tion. While this finding allows those in administrative 
positions to plan for the sufficient allocation of financial 
and other resources for this group of patients, it suggests 
that those providing rehabilitative and prosthetic training 
should screen for history of TBI when developing a care 
plan. Based on our results, servicemembers who had a 
greater number of injuries and/or a higher ISS had a 
greater likelihood of incurring a TBI. Therefore, we sug-
gest that servicemembers with multiple injuries be 
screened for possible TBI.

Future studies should be prospectively designed to 
longitudinally examine the patterns and functional out-
comes for this growing group of individuals in short- and 
long-term follow-up studies. We recommend that future 
studies gather more detailed information regarding TBI, 
particularly indicators of severity, including the presence 
of loss of consciousness, posttraumatic amnesia, and 
altered mental status. Assessing these factors may allow 
better classification of TBI as mild, moderate, or severe. 
However, challenges in classification of TBI in this pop-
ulation still exist, including factors such as altered mental 
status caused by medication or induced coma during ini-
tial care. Additionally, studies are needed to assess 
whether cognitive impairment related to TBI plays a sig-
nificant role in increased medical and rehabilitative usage 
among servicemembers with limb loss. Finally, studies 
designed to determine the best techniques to increase the 
effectiveness of rehabilitative efforts are warranted.
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