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Abstract—Returning wounded veterans and servicemembers 
to their highest level of function following traumatic injury is a 
priority of the Departments of Defense and Veterans Affairs. 
We surveyed 245 veterans from the Vietnam war and 226 ser-
vicemembers and veterans from Operation Iraqi Freedom/
Operation Enduring Freedom (OIF/OEF) conflicts with at least 
one major traumatic lower-limb loss to determine their use of 
mobility assistive technology (AT) and patterns of limb aban-
donment. Prosthetic device use without wheelchair use is 
found in 50.5% of Vietnam and 42.8% of OIF/OEF groups. 
Prostheses and supplementary wheelchairs are used by Viet-
nam (32%) and OIF/OEF (53%) groups (p < 0.01). Exclusive 
wheelchair use is more frequent in the Vietnam group (18%) 
than in the OIF/OEF group (4.0%, p < 0.01). In Vietnam partici-
pants, multivariate analysis found that multiple-limb loss 
(adjusted odds ratio [AOR] = 14.5; 95% confidence interval 
[CI] 5.5–38.5), bilateral lower-limb loss (AOR = 12.7; 95% CI 
6.2–26.1), and number of comorbidities (AOR = 1.3; 95% CI 
1.2–1.5) are associated with increased likelihood of wheelchair 
use. In OIF/OEF participants, bilateral lower-limb loss (AOR = 
29.8; 95% CI 11.0–80.7), multiple-limb loss (AOR = 16.3; 
95% CI 3.1–85.3), cumulative trauma disorder (AOR = 2.4; 
95% CI 1.2–4.9), and number of combat injuries (AOR = 1.4; 

95% CI 1.2–1.7) are associated with wheelchair use. Combined 
use of different types of mobility ATs promotes improved reha-
bilitation and ability to function.
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INTRODUCTION

Traumatic injuries such as amputations, spinal cord 
injuries, burns, and multiple orthopedic and neurological 
disorders occur in combat operations [1–2]. Many of 
these injuries result from high concussive force blasts 
due to improvised explosive devices. Advances in early 
combat medical care and improvements in vehicle and 
personal armor are increasing survival rates, leading to 
increasing numbers of veterans and servicemembers liv-
ing with a variety of severely disabling conditions [1–4].

The Department of Defense (DOD) instituted a 
recent rehabilitation directive aiming to return service-
members with major traumatic amputations from Opera-
tion Iraqi Freedom (OIF) in Iraq and Operation Enduring 
Freedom (OEF) in Afghanistan to their highest possible 
functional level so that major limb loss does not prevent 
them from maximizing their career options in the military 
or civilian sectors [4–6]. To this aim, the Armed Forces 
Amputee Patient Care Programs at Walter Reed Army 
Medical Center, Brooke Army Medical Center, and 
Naval Medical Center San Diego deliver high-intensity, 
multidisciplinary rehabilitation combined with the latest 
assistive technology (AT) designed to return service-
members with lower-limb amputations to their highest 
possible level of function [7].

Because of the physical impairment and decreased 
functional capacity, resulting from limb loss, as well as 
possible concomitant injuries, wounded servicemembers 
and veterans may use a wide variety of mobility AT. 
Mobility ATs include all technologies used to facilitate 
independent mobility (prosthetic devices, wheelchairs, or 
assistive devices). Mobility ATs are designed to increase 
the users’ functional capacity and mobility and their access
to the world. However, mobility ATs are frequently 
underused or discontinued, with abandonment rates as 
high as 30 percent [8]. The economic loss related to 
mobility AT abandonment and the possible long-term 
negative effects of inappropriate initial prescription moti-
vated researchers to investigate underlying factors for 
underuse and abandonment to lower abandonment rates 
and improve prescription practices, thereby improving 
function in veterans and servicemembers with limb loss. 
In addition, currently, 18 to 21 percent of the service-
members with traumatic amputations from the conflicts in
Iraq and Afghanistan are returning to full Active Duty [6],
compared with prior conflicts during which approxi-
mately 2 to 7 percent returned to Active Duty [9–10]. 

How different mobility ATs can help servicemembers 
return to Active Duty is unknown. Currently, little evi-
dence-based literature exists related to the prescription of 
AT in those with combat-associated lower-limb loss.

This article investigates the factors for mobility AT 
use and abandonment in Vietnam and OIF/OEF groups 
with major lower-limb loss. These two distinct groups 
were chosen because they represent patterns of prosthetic 
device use before and after DOD rehabilitation programs 
were significantly changed for servicemembers with limb 
loss [4].

METHODS

Study Design
This study is a cross-sectional descriptive survey of 

all OIF/OEF veterans and servicemembers with major 
limb loss (as of 2008) and a sample of Vietnam war vet-
erans with major limb loss.

Study Participants
Participants in this study were veterans and service-

members from the Vietnam war and OIF/OEF conflicts, 
with at least one major traumatic amputation (excludes 
digits only) associated with a combat-field injury. These 
two groups were chosen to reflect mobility AT use before 
and after major changes were instituted in DOD rehabili-
tation care for battlefield injuries involving limb loss. We 
surveyed veterans and servicemembers during 2007 and 
2008 to determine their general medical history and cur-
rent health issues; prosthetic use, replacement, and aban-
donment patterns; satisfaction with prostheses; and use of 
other assistive devices. A description of the detailed 
study methods is found in this issue [11] and in the 
national Survey for Prosthetic Use, Appendix 1 (available
online only).

Mobility Assistive Technologies
Mobility AT includes the use of prosthetic devices, 

wheelchairs (electronic, manual, or electronic scooters), 
and assistive devices. Wheelchair use was grouped into 
sole use (no prostheses) or supplementary wheelchair use 
(with prostheses). Assistive devices include canes, 
crutches, walking canes with attached seats, and rolling 
walkers with knee support. Questions on mobility AT 
were asked as part of the Survey for Prosthetic Use
(Appendix 1 available online only) [11]. This survey 

prostheticssurvey.pdf
prostheticssurvey.pdf
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asked a broad range of questions on the number and types 
of prostheses ever received, currently used, rejected, or 
abandoned. Reasons for abandoning prostheses were also 
assessed. Wheelchair use and use of other mobility assis-
tive devices were assessed. Survey questions on prosthe-
ses and assistive-device use and abandonment were 
adapted from the Houghton Scale [12]. Additional ques-
tions were asked of survey participants who had aban-
doned all prostheses and were using wheelchairs, 
including time until prostheses abandonment, reasons for 
abandonment, and years of wheelchair use. Questions on 
satisfaction with prostheses were adapted from the Pros-
thesis Evaluation Questionnaire and the Orthotics and 
Prosthetic Users’ Survey [13–14]. Detailed analyses of 
the types of prosthetic-device use, rejection, and replace-
ment patterns and the satisfaction with prosthesis and ser-
vices are addressed in other articles in this issue [11,15–
17].

Survey Measures
We examined other factors that may be associated 

with the use of mobility ATs, including demographic 
characteristics, comorbidities, quality of life, health sta-
tus, combat-associated injuries, ambulatory function, and 
level of limb loss. Data on comorbidities included the 
presence of arthritis, depression, posttraumatic stress dis-
order (PTSD), traumatic brain injury (TBI), phantom 
pain, residual-limb pain, chronic back pain, migraines, 
and stroke. Types of combat-associated injuries were also 
assessed and are described in detail by Epstein et al. in 
this issue [18]. Self-rated quality of life and self-rated 
health status were rated as “excellent,” “very good,” 
“good,” “fair,” or “poor.” Cumulative trauma disorder, or 
worn leg syndrome, included arthritis, joint pain, heel 
pain, or plantar fasciitis on the contralateral limb. The 
number of surgeries before and after the initial amputa-
tion was assessed. The survey collected data on seven 
graded levels of mobility function. For our article, we 
grouped mobility function into three levels: (1) nonam-
bulatory (cannot walk), (2) ambulatory (household and 
community walkers), and (3) highly active (low- to high-
impact recreational activities). The original survey col-
lected data on 14 different levels of limb loss from shoul-
der to partial foot amputations. Here, we focus on three 
different groups of lower-limb loss: unilateral lower 
limb, bilateral lower limb, and multiple limbs, including 
at least one lower limb (± upper limbs). For those with 
bilateral lower- and other multiple-limb loss, each limb 

was analyzed separately, because each limb may have 
different prosthetic-device rejection and use patterns. We 
excluded upper-limb loss levels (unilateral upper-limb 
and bilateral upper-limb loss).

Statistical Analyses
To describe univariate, bivariate, and multivariate 

findings, we analyzed the survey data using Stata 9.2 
(StataCorp; College Station, Texas). For univariate analy-
ses, statistical significance is based on Chi-square (cate-
gorical data), Mann-Whitney U test (ordinal data), 
Student t-test (continuous data), and Fisher exact test, if 
cell size was <5. The level of significance is for a two-
sided p < 0.05. Variables significant in univariate analy-
ses are tested in logistic regression multivariate models. 
The outcome for the model is a bivariate outcome pre-
dicting any wheelchair use (sole or supplementary) com-
pared with no current use of wheelchairs. To avoid 
overfitting the model, we added variables significant in 
univariate analyses using forward stepwise selection 
based on the log likelihood ratio and significance of the 
coefficient. We compared the new model with the previ-
ous model using the log likelihood ratio Chi-square test 
and kept the variable in the model if p < 0.05. The vari-
able was removed from the model if p > 0.05 and if it was 
not a confounding factor. We also assessed potential 
interactions using the log likelihood ratio. Goodness of fit 
of the final model is assessed with the Hosmer-Lemeshow
test statistic. A value of p > 0.05 indicates a well-fitted 
model [19–20].

RESULTS

Vietnam and OIF/OEF Groups
Of the 245 participants from the Vietnam group, data 

on mobility AT use and abandonment were collected 
from 178 participants with unilateral lower-limb loss, 50 
with bilateral lower-limb loss (100 limbs), and 17 with 
multiple-limb loss (including at least one lower limb [41 
limbs]), for a total of 319 limbs. The multiple-limb-loss 
group in the Vietnam group includes three subgroups:
(1) loss of one upper and one lower limb (total 20 limbs), 
(2) loss of two upper limbs and one lower limb (total
6 limbs), and (3) loss of one upper and two lower limbs 
(total 15 limbs).

Of the 226 participants from the OIF/OEF group,
172 participants had unilateral lower-limb loss, 42 had 
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bilateral limb loss (84 limbs), and 12 had multiple-
limb loss (31 limbs), for a total of 287 limbs. The multiple-
limb-loss participants from the OIF/OEF group includes 
three subgroups: (1) loss of one upper and one lower limb 
(total 10 limbs), (2) loss of two upper limbs and one 
lower limb (total 6 limbs), and (3) loss of one upper and 
two lower limbs (total 15 limbs).

The Vietnam group was 100 percent male; the OIF/
OEF group was 98 percent male. The mean age of the 
Vietnam group with lower-limb loss was significantly 
older than the OIF/OEF group: 60.7 ± 2.9 and 29.0 ± 5.6, 
respectively, p < 0.001. (Values are expressed as mean ± 
standard deviation, unless otherwise stated.) Mean age 
and race are not significantly different in the three lower-
limb groups within conflict groups (data not shown). A 
description of other differences (comorbidities, combat 
injuries, quality of life, and types of prosthetic devices) is 
found in other articles in this issue [11,16–18].

Prosthetic Device Use
Current prosthetic device use with or without wheel-

chair use is common in all three lower-limb loss groups 
(Table 1 ). Of those who ever received any prostheses, 
current use of prosthetic devices (with or without wheel-
chair use) is highest in the unilateral lower-limb loss 
group for both the Vietnam (84%) and OIF/OEF (96%) 
participants. Fewer of the Vietnam war participants 
(67%) with bilateral lower-limb loss currently use pros-
theses compared with OIF/OEF participants (95%) (p < 
0.001). Current use of prostheses is similar for Vietnam 
and OIF/OEF groups with other lower multiple-limb loss 
(92% and 90%, respectively). Exclusive use of prosthetic 
devices (without wheelchair use) is similar for the Vietnam
and OIF/OEF groups (50.5% and 42.8%, respectively).

Wheelchair Use
Sole or supplementary wheelchair use is common in 

both conflict groups: 50 percent of the Vietnam and
57 percent of the OIF/OEF participants use wheelchairs. 
Wheelchair use is highest in those with bilateral lower-
limb loss in Vietnam (80%) and OIF/OEF (90%, p = 
0.05) groups. Wheelchair use is also high in those with 
multiple-limb loss for both the Vietnam (71%) and OIF/
OEF (77%) groups. For those with unilateral lower-limb 
loss, wheelchairs are used less frequently in the Vietnam 
(28%) than the OIF/OEF (37%, p = 0.04) group.

We also examined how prosthetic devices and wheel-
chairs are used in combination (Table 1 ). Supplementary 

wheelchair use with prostheses occurs in 32 percent of 
the Vietnam and 53 percent of the OIF/OEF participants 
(p < 0.001). In contrast, fewer used wheelchairs exclu-
sively: 18 percent of Vietnam and 4 percent of OIF/OEF 
participants (p < 0.001). In both conflict groups, the prin-
ciple mobility AT depends on the type of limb loss. For 
unilateral lower-limb loss, prostheses without wheelchair 
use are the principle mobility ATs for 72 percent of the 
Vietnam and 63 percent of the OIF/OEF group (data not 
shown). In contrast, the most frequent mobility AT use 
for bilateral lower and multiple-limb loss groups is a 
combination of prosthetic devices and supplementary 
wheelchair use. Supplementary chair use is significantly 
higher in bilateral lower-limb participants in the OIF/
OEF group (83%, p = 0.006) compared with the Vietnam 
group (46%) (Table 1 ). A trend exists for supplementary 
wheelchair use to be higher in the OIF/OEF group (77%) 
with multiple-limb loss compared with the Vietnam 
group (56%, p = 0.09).

Infrequently, wounded veterans and servicemembers 
do not receive any prostheses, transitioning instead 
directly into wheelchairs after rehabilitation for their 
mobility (Table 1 ). This transition is infrequent in both 
the Vietnam (5.0%) and OIF/OEF (1.8%) groups, and most 
(75%) were at the transfemoral level (data not shown).

Abandonment of Prostheses
While most survey participants continue using pros-

theses, some completely discontinue all lower-limb pros-
theses because of a variety of reasons (pain, dissatisfaction,
comorbidities, etc.) [17]. Abandonment of all prosthetic 
devices is significantly more frequent in the Vietnam par-
ticipants (17%) compared with OIF/OEF participants 
(5%, p < 0.001). Abandonment is highest (Table 1) in the 
Vietnam bilateral lower-limb loss group (33%) and is
significantly lower in the OIF/OEF group with bilateral 
limb loss (5%, p = 0.001). Both conflict groups with mul-
tiple-limb loss report low abandonment frequency (7%–
10%) of prostheses. In the Vietnam group, the types of 
abandoned prostheses were mostly mechanical devices 
(mean number abandoned: 1.6 ± 1.5 unilateral lower-
limb loss, 2.0 ± 1.3 bilateral lower-limb loss, and 1.2 ± 
1.3 multiple-limb loss). Few of the abandoned prostheses 
in the Vietnam group were advanced (microprocessor) 
types: mean of 1 ± 0 for bilateral lower limb and mean of 
0 for unilateral lower or multiple-limb loss. In the OIF/
OEF group, more of the abandoned prostheses were also 
mechanical (mean 3.5 ± 4.3 for unilateral lower, 1 ± 0 for 
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bilateral lower, and 0.6 ± 0.8 for multiple-limb loss). The 
OIF/OEF group abandoned fewer of the advanced 
devices (mean devices: 1.2 ± 0.5 for unilateral lower 
limbs, 1.5 ± 0.3 for bilateral lower limbs, and 0 for multi-
ple-limb loss). The type of abandoned prosthetic device 
was not significantly different by conflict group, type, or 
level of limb loss (data not shown). The total number of 
prostheses ever received was significantly lower for 
those who abandoned all prostheses. Participants who 
abandoned all prostheses received an average total of 
four prostheses (both Vietnam and OIF/OEF partici-
pants) compared with an average of 12.9 ± 10.5 devices 

for Vietnam (p < 0.001) and 8.4 ± 6.4 devices for OIF/
OEF (p < 0.01) participants who continued to use pros-
thetic devices.

In both conflict groups, of those abandoning prosthe-
ses, most subsequently used wheelchairs exclusively. The 
level of limb loss is also important in predicting who may 
abandon prostheses (Table 2 ). Of those who currently 
used wheelchairs, most of those who abandoned prostheses 
had transfemoral limb loss. The highest frequency of 
abandonment occurred in those with bilateral transfemo-
ral limb loss (93%, p = 0.008) in the Vietnam group. 
Abandonment in the OIF/OEF group was not significantly

Table 1.
Use of mobility assistive technology (AT) (prosthetic devices and wheelchairs) by number and percentage (%) in Vietnam and Operation Iraqi 
Freedom/Operation Enduring Freedom (OIF/OEF) groups with major traumatic lower-limb loss by involved limb.

Types of Mobility-Related AT Used Unilateral
Lower-Limb Loss

Bilateral
Lower-Limb Loss

Other
Multiple-Limb 
Loss Including 
1 Lower Limb

Total 

Vietnam
Prosthetic Devices

Ever Received Lower-Limb Prosthetic Device
Current Use 150 (84.3) 64 (66.7) 35 (92.1) 249 (78.1)
Abandoned* 19 (10.7) 32 (33.3) 3 (7.9) 54 (16.9)

Never Received 9 (5.0) 4 (4.0) 3 (7.3) 16 (5.0)
Total 178 100 41 319

Wheelchairs
Wheelchair Use Only

Abandoned Prostheses* 15 (8.8)† 30 (30.0) 3 (7.3) 48 (15.4)
No Prostheses Received 2 (1.2) 4 (4.0) 3 (7.3) 9 (2.9)

Supplementary Wheelchair Use 30 (17.5) 46 (46.0) 23 (56.1) 99 (31.7)
No Wheelchair Use 124 (72.5) 20 (20.0) 12 (29.3) 156 (50.5)
Total 171 100 41 312

OIF/OEF
Prosthetic Devices

Ever Received Lower-Limb Prosthetic Device
Current Use 162 (95.9) 78 (95.1) 28 (90.3) 268 (95.0)
Abandoned* 7 (4.1) 4 (4.9) 3 (9.7) 14 (5.0)

Never Received 3 (1.7) 2 (2.4) 0 5 (1.8)
Total 172 84 31 287

Wheelchairs
Wheelchair Use Only

Abandoned Prostheses* 4 (2.3) 4 (4.8) 0 8 (2.8)
No Prostheses Received 1 (0.6) 2 (2.3) 0 3 (1.0)
Supplementary Wheelchair Use 58 (34.1)† 70 (83.3)† 24 (77.4)† 152 (53.3)
No Wheelchair Use 107 (62.9) 8 (9.5) 7 (22.6) 122 (42.8)
Total 170 84 31 285

*Abandoned excludes when a participant never received a prosthesis.
†p < 0.05 compared with Vietnam group.
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different by level of limb loss, but this finding may be 
due to this group’s short time since limb loss. For those 
abandoning prostheses in favor of wheelchairs in the 
Vietnam group, 65 percent were manual wheelchairs, 
26 percent were electric chairs, and 9 percent are electric 
scooters (data not shown). Most of the OIF/OEF group 
use a manual chairs (88%) or electric scooters (12%) 
after abandoning prostheses.

The mean time until abandonment of all prosthetic 
devices were assessed in the three limb-loss groups with 
each conflict group. Abandonment times are significantly 
different by type of limb loss (Figure). However, abandon-
ment patterns may change as the OIF/OEF group ages to 
reflect the Vietnam group patterns. When similar time 
periods are compared (1–3 years postamputation), the 
Vietnam group still used their devices significantly longer 
(1.7 years) before abandonment compared with the OIF/
OEF group (0.6 years). For those with unilateral lower-
limb loss, Vietnam war veterans used prosthetic devices 
for an average of 13.9 ± 13.7 years before discontinuing 
them, whereas the OIF/OEF participants abandoned them 
after only 0.6 ± 0.4 years, p < 0.001. For those with bilat-
eral lower-limb loss, both conflict groups abandoned pros-
thetic devices more rapidly than those with unilateral 
lower-limb loss. The Vietnam group used lower-limb pros-
thetic devices longer on both limbs before abandoning them 
(6.7 ± 8.6 years) compared with the OIF/OEF group (0.3 ± 
0.3 years, p < 0.001). For those with multiple-limb loss, 
prostheses were abandoned within the first year for both 
the Vietnam and OIF/OEF groups.

The principle reasons prostheses were abandoned in 
favor of wheelchair use are also examined (Table 3 ).
In the Vietnam group with unilateral lower-limb loss,
42 percent abandoned prostheses because of cumulative 
trauma disorder. In contrast, the most frequent reason in 
the OIF/OEF group with unilateral lower-limb loss was 
combat injuries to the nonamputated lower limb (50%). 
For those with bilateral lower-limb loss, the most common 
reasons in the Vietnam group were short length of the 
residual limb (33%) and pain (25%). However, in the 
OIF/OEF group with bilateral lower-limb loss, the rea-
sons were too much fuss (50%) or needing arms for daily 

Table 2.
Comparison of level of major traumatic lower-limb loss by number and percentage (%) among wheelchair users who abandoned prosthetic 
devices in Vietnam and Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) groups.

Lower-Limb
Amputation Level

Unilateral 
Lower-Limb Loss

Bilateral 
Lower-Limb Loss

Other Multiple-Limb Loss 
Including 1 Lower Limb

Vietnam
Hip 5 (35.7) 0 1 (50)
Transfemoral 8 (57.1) 28 (93.3)* 1 (50)
Knee 1 (7.1) 1 (3.3) 0
Transtibial 0 1 (3.3) 0
Total Limbs 14 30 2†

OIF/OEF
Hip 2 (50.0) 0 0
Transfemoral 1 (25.0) 4 (100) 0
Transtibial 1 (25.0) 0 0
Total Limbs 4 4 0

*p < 0.05 compared with other limb loss levels within group.
†Excludes one upper limb.

Figure.
Mean years of prosthetic device use until prosthetic device abandon-
ment by Vietnam and Operation Iraqi Freedom/Operation Enduring 
Freedom (OIF/OEF) groups for three types of limb loss.
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activities (50%). For those with multiple-limb loss, need-
ing arms (100% of Vietnam group) was the most com-
mon reason for prosthetic device abandonment.

Assistive Devices
Assistive devices, especially canes and crutches, 

were used less often than prosthetic devices or wheel-
chairs by the Vietnam and OIF/OEF groups with lower-
limb loss; however, they are still considered important 
mobility aids (Table 4 ). Crutches were used in 41.6 per-
cent of those with unilateral lower-limb loss in the Viet-
nam group and 49.4 percent of the OIF/OEF group. 
Canes were used most frequently by the OIF/OEF group 
with bilateral limb loss (54.8%) but were less frequently 
used by the Vietnam group (27%). In those with multiple-
limb loss, canes were most frequently used (35.3%) in the
OIF/OEF group and less so (13.6%) in the Vietnam group.

Multivariate Analysis for Wheelchair Use
We analyzed factors associated with either sole or 

supplementary wheelchair use using logistic regression 
analysis for each conflict group separately (Table 5 ). In 
the Vietnam group, three factors significantly increased 

the likelihood of wheelchair use: multiple-limb loss 
(adjusted odds ratio [AOR] = 14.5; 95% confidence 
interval [CI] 5.4, 38.4), bilateral lower-limb loss (AOR = 
12.7; 95% CI 6.2, 26.1), and an increasing number of 
comorbidities (AOR = 1.3; 95% CI 1.1, 1.5). Two factors 
were significantly associated with less likely use of 
wheelchairs: ambulatory (AOR = 0.05; 95% CI 0.01, 0.24)
and highly active (AOR = 0.02; 95% CI 0.01, 0.12). In 
the OIF/OEF group, four factors significantly increased 
the likelihood of wheelchair use: bilateral lower-limb 
loss (AOR = 29.7; 95% CI 11.0, 80.7), multiple-limb loss 
(AOR = 16.3; 95% CI 3.1, 85.3), cumulative trauma dis-
order to the contralateral lower limb (AOR = 2.4; 95% CI 
1.2, 4.9), and the number of combat-associated injuries 
received (AOR = 1.4; 95% CI 1.1, 1.6). No significant 
interaction terms were found in either model, and other 
factors analyzed were not significant including age, sex, 
race, weight gain, pain (residual limb, back), mental 
health conditions (depression), quality of life, prosthetic 
device satisfaction and fit, health status, stroke, PTSD, 
TBI, phantom limb sensation, number of postlimb-loss 
surgeries, or type of prosthetic device used.

Table 3.
Principle reason by number and percentage (%) for prosthetic device abandonment among wheelchair users in Vietnam and Operation Iraqi 
Freedom/Operation Enduring Freedom (OIF/OEF) groups with major traumatic lower-limb loss by involved limb.

Principle Reason for 
Lower-Limb Abandonment

Unilateral 
Lower-Limb Loss

Bilateral 
Lower-Limb Loss

Other Multiple-Limb 
Loss Including 1 

Lower Limb
Total

Vietnam
Too Heavy 3 (25.0) 4 (16.7) 0 7 (18.0)
Pain 1 (8.3) 6 (25.0) 0 7 (18.0)
Too Much Fuss 1 (8.3) 4 (16.7) 0 5 (12.8)
Cumulative Trauma Disorder 5 (41.7) 0 0 5 (12.8)
Combat Injury—Other Limb 0 0 0 0
Need Arms 0 0 3 (100) 3 (7.7)
Paralysis 1 (8.3) 0 0 1 (2.6)
Residual Limbs Too Short 1 (8.3) 8 (33.3) 0 9 (23.1)
Weight Gain 0 2 (8.3) 0 2 (5.1)
Total 12* 24* 3 39 (100)

OIF/OEF
Too Heavy 0 0 0 0
Too Much Fuss 0 2 (50.0) 0 0
Cumulative Trauma Disorder 1 (25) 0 0 3 (37.5)
Combat Injury—Other Limb 2 (50) 0 0 2 (25.0)
Need Arms 0 2 (50) 0 2 (25.0)
Total 4 4 0 8 (100)

*Excludes missing data.
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Table 4.
Comparison of mobility assistive devices by number and percentage (%) used by Vietnam and Operation Iraqi Freedom/Operation Enduring 
Freedom (OIF/OEF) groups with major traumatic lower-limb loss by involved limb.

Types of Mobility 
Assistive Devices Used

Unilateral 
Lower-Limb Loss

Bilateral 
Lower-Limb Loss

Other Multiple-Limb 
Loss Including 1

Lower Limb
Total

Vietnam
Crutches 74 (41.6) 16 (16.0) 2 (9.1) 92 (30.7)

Cane 58 (32.6) 27 (27.0) 3 (13.6) 88 (29.3)

Walker 6 (3.4) 0 0 6 (2.0)

Cane with Seat 0 0 0 0

Rolling Walker with Knee Support 1 (0.6) 0 0 1 (0.3)

Self-Balancing Electric Vehicle 0 0 0 0

Total* 178 100 22 300

OIF/OEF
Crutches 85 (49.4) 17 (20.2) 1 (5.9) 103 (36.7)

Cane 44 (25.6) 46 (54.8) † 6 (35.3) 96 (34.2)

Walker 12 (7.0) 3 (3.6) 1 (5.9) 16 (5.7)

Cane with Seat 3 (1.7) 0 0 3 (1.1)

Rolling Walker with Knee Support 1 (0.6) 0 0 1 (0.3)

Self-Balancing Electric Vehicle 6 (3.5) 2 (2.3) 0 8 (2.8)

Total 172 84 17 281
*Excludes missing data, total is number of participants.
†p < 0.05 compared with Vietnam group.

Table 5.
Multivariate analysis of wheelchair use in Vietnam and Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) groups with combat-
associated major lower-limb loss.

Variable AOR 95% CI p-Value

Vietnam*

Multiple-Limb Loss† 14.48 5.46–38.46 <0.001

Bilateral Lower-Limb Loss†

Number of Comorbidities

Ambulatory

Highly Active

12.72 6.21–26.10 <0.001

1.29 1.15–1.46 <0.001

0.05 0.01–0.24 <0.001

0.02 0.01–0.12 <0.001

OIF/OEF‡

Bilateral Lower-Limb Loss†

Multiple-Limb Loss†

Cumulative Trauma Disorder§

Total Number of Combat Injuries

29.75 11.0–80.7 <0.001

16.31 3.12–85.30 <0.001

2.38 1.16–4.86 <0.002

1.38 1.15–1.65 0.001
*Goodness of fit for Vietnam model (2 = 148, df = 67).
†Compared with unilateral lower-limb loss.
‡Goodness of fit for OIF/OEF model (2 = 84.7, df = 26).
§Cumulative trauma disorder or worn limb syndrome on contralateral lower limb.
AOR = adjusted odds ratio, CI = confidence interval, df = degrees of freedom.
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DISCUSSION

Our survey shows different use of prosthetic devices, 
wheelchairs, and other ATs in two distinct groups of vet-
erans and servicemembers with combat-associated lower-
limb loss. The Vietnam group’s use of these devices was 
related to available technology at the time, attitudes about 
disability, and processes associated with aging. The OIF/
OEF group’s use of these devices may have correlated 
with their younger ages, improvements in rehabilitation 
care and policies, shifts in attitudes about returning to 
Active Duty and more intense activities, availability of 
more technologically advanced devices, and their stages 
in the rehabilitation process.

Use of prosthetic devices, wheelchairs, and some 
assistive devices were significantly more common in the 
OIF/OEF group than in the Vietnam group. This finding 
is surprising, because one might expect more use of 
mobility ATs in older populations with more comorbidity 
and disability, such as Vietnam war veterans with lower-
limb loss. Mobility ATs may improve an individual’s 
quality of life through increased functional capacity, 
independence, and participation in society. While mobility
ATs successfully serve these purposes to varying degrees, 
some users are dissatisfied with their prostheses or assis-
tive devices and, consequently, underuse or abandon 
them. In the Vietnam group, those with unilateral lower-
limb loss used their prosthetic devices for a sustained 
period of time before discontinuing them. Reasons for 
abandonment in this group were typically associated with 
the process of aging (device too heavy, comorbid condi-
tions, vascular conditions) rather than dissatisfaction with 
the device itself. In contrast, those with unilateral lower-
limb loss in the OIF/OEF group, who were followed for 
an average of 3 years, discarded prosthetic devices within 
the first year because of dissatisfaction with the device or 
because of the combat injuries to the other leg. As this 
group ages, more abandonment may occur because of 
age-related conditions similar to the Vietnam group. The 
clinical literature is sparse on reasons for abandonment of 
prosthetic devices in combat-associated lower-limb loss. 
Additional research is needed on better prosthetic device 
fit, methods to decrease pain, and attention to innovations 
to increase satisfaction (decrease weight of the device or 
design more comfortable harnesses) with the devices to 
conserve prosthetic device use, thereby enhancing physi-
cal function as these servicemembers and veterans age.

Our study found that, while many rely on prostheses, 
wheelchair use is a frequent aid for mobility, especially 
for those with bilateral lower- or multiple-limb loss. The 
availability of a wheelchair for prosthetic device users is 
paramount, because the wheelchairs are often necessary 
to use as a backup when prostheses are repaired or 
replaced and during times when the residual limb cannot 
support the prostheses because of infections, soft-tissue 
injury, weight change, or poor socket fit. In addition, 
many of the survey participants reported that evening use 
of a wheelchair helps the residual limb rest after a day of 
using a prosthetic device use. This shift in acceptance of 
the wheelchair as an important mobility AT to a supple-
ment for primary prosthetic use could explain the higher 
levels of supplementary wheelchair use among OIF/OEF 
servicemembers and veterans when compared with Viet-
nam war veterans. Nearly all wounded servicemembers 
with lower-limb loss were trained on the use of prosthe-
ses, but not as many received training on the other forms 
of mobility AT. A recent study from the University of 
Pittsburgh reported only 18 percent of wounded service-
members reported receiving formal wheelchair training 
as part of their rehabilitation [21]. One possible explana-
tion for this preference for prosthetic training over wheel-
chair training is the patient’s desire to return to 
ambulation. Many people in the early months after a trau-
matic disability resist wheelchairs because they insist 
they will walk again. Other studies have found that train-
ing is paramount, because choosing the type of wheel-
chairs and assessing functional ability need individual 
attention to increase mobility safely [22–28]. Thus, we 
recommend that wounded servicemembers with lower-
limb loss be offered wheelchair training early in their 
rehabilitation process, regardless of their perceived future 
needs for a wheelchair or assistive device.

In our study, several factors are associated with wheel-
chair use: bilateral lower- or multiple-limb loss, cumula-
tive trauma disorder, comorbidities, combat injuries, and a 
low ambulatory functional level. As wounded service-
members and veterans age (as in the Vietnam group), the 
presence of decreased physical conditioning and chronic 
conditions such as diabetes and vascular diseases may 
increase the likelihood of wheelchair use. For the OIF/OEF 
participant, bilateral lower- and multiple-limb losses are 
associated with wheelchair use, but cumulative trauma dis-
order also significantly predicts wheelchair use. Because 
of improvements in combat-injury care and widespread 
use of body armor, more injured OIF/OEF servicemembers 
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are surviving but with multiple-limb injuries, which may 
involve challenges for mobility [3,29]. Other studies in 
noncombat-associated lower-limb loss have found pain, 
poor prosthetic fit, poor prosthetic performance, comorbid-
ities, change in cardiovascular fitness and activity level, 
change in prosthetic use, lack of consideration of the user’s 
needs in the prescription process to increase the likelihood 
of wheelchair use [30–35].

One of the main focuses of the multidisciplinary 
team is to educate the individual on the possibility of suc-
cess or failure in using prosthetic devices, based on their 
medical status, the severity of injury, the availability of 
resources, and the state of technology at the time. Collabo-
rative efforts of the medical care team and the injured ser-
vicemember or veteran need to match the person’s 
expectations and preferences within the environment of 
use, device function, and type of mobility AT [36–37]. 
Multiple types of mobility AT may also be useful, 
because of the number of issues associated with relying 
on one form of mobility AT. Increased forces sustained 
by the nonamputated limb (for example, in the case of 
someone with unilateral transfemoral limb loss using a 
prosthetic device for primary mobility) may lead to early 
onset arthritis. Similarly, an individual who only uses a 
wheelchair for mobility may be at a higher risk of devel-
oping a degenerative rotator cuff injury to the shoulder 
joint. Our study finds that many survey participants use 
more than one type of mobility AT, including prosthetic 
devices, supplementary use of wheelchairs, and various 
assistive devices such as canes, crutches, and walkers. A 
combined approach concerning mobility AT may help 
decrease the possible detrimental effects of the prolonged 
use of a sole form of mobility AT. Having an option of 
which mobility AT to use for different activities and 
fatigue levels could increase satisfaction and functional 
mobility, but this needs further study.

Our study of combat-associated limb loss responds to 
the call for AT outcomes research [38]. Although our 
population may be distinguished by the cause of the limb 
loss, studies of mobility ATs in other populations of 
lower-limb loss (spinal cord injury, stroke, or vascular 
disease) also report 43 to 50 percent use of mobility AT 
devices, mostly wheelchairs [39–41]. More research is 
needed to further understand why these mobility ATs are 
abandoned, who is best served by specific types of 
devices, and how to train all people with lower-limb loss 
to best use these valuable tools.

This information will be useful for developing 
improved guidelines for mobility AT prescription, 

addressing correctable issues leading to abandonment, 
and documenting for policy makers the importance and 
role of wheelchairs and other ATs to increase mobility in 
veterans and servicemembers with lower-limb loss.

CONCLUSIONS

The majority of the individuals from the Vietnam war 
and OIF/OEF conflicts with lower-limb loss choose to 
use a combination of mobility ATs for their means of 
mobility. Individuals sustaining multiple-limb loss, espe-
cially at proximal levels, tend to either abandon all pros-
theses in favor of a wheelchair for their primary means of 
mobility or choose to use both prostheses and a wheel-
chair. The availability of a variety of types of mobility 
ATs enhances physical functioning for veterans and ser-
vicemembers with lower-limb loss.

Until the OIF/OEF group reaches the same age and 
has similar life experiences as the Vietnam group, the 
influence of the recent DOD/Department of Veterans 
Affairs (VA) rehabilitation policies on prosthetic device 
and AT use may not be fully realized. However, the expe-
riences of the Vietnam group may help predict future 
trends of prosthetic and assistive device use for these 
younger servicemembers as they age.
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