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Abstract—Returning woun ded veterans and servi cemembers
to their highest level of function following traumatic injury is a
priority of th e Departments o f D efense and Veterans Affairs.
We surveyed 245 veterans from the Vietnam war and 226 ser-
vicemembers and vet erans from Op eration 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. Prosth etic d evice us e without wheelchair use is
found in 50.5% of Vietnam and 42.8% of OIF/OEF groups.
Prostheses and supplementary wheelchairs are used by V iet-
nam (32%) and OIF/OEF (53%) groups (p <0.01). Exclusive
wheelchair use is more frequent in th e Vietnam group (18%)
than in the OIF/OEF group (4.0%, p < 0.01). In Vietnam partici-
pants, mul tivariate analysis found that mul tiple-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 1 1.0-80.7), multiple-limb lo ss (AOR =1 6.3;
95% C13.1-85.3), cumulative trauma diso rder (AOR =2.4;
95% CI 1.2-4.9), and number of combat injuries (AOR = 1.4;
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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 op erations [1 —2]. Many o f
these injuries re sult from hi gh co ncussive force blasts
due to improvised explosive devices. Advances in early
combat medical care and im provements in v ehicle and
personal armor are increa sing survival rates, leading to
increasing numbers of vete rans and servicemembers liv-
ing with a variety of severely disabling conditions [1-4].

The Department of Defense (DOD) instituted a
recent rehabilitation directive aimi ng 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 hi ghest 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 W alter Re ed A rmy
Medical Center , Brooke Army Medical Cen ter, and
Naval Medical Center San Dieg o deliver hig h-intensity,
multidisciplinary rehabilitation combined with the latest
assistive technology (A T) designed to return service -
members with lower -limb ampu tations to their highest
possible level of function [7].

Because of the physica 1 impairment and de creased
functional capacity, resulting from limb loss, as well as
possible concomitant injuries, wounded servicemembers
and veterans may use a wide variety of mobi lity AT.
Mobility ATs include all tech nologies used t o 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 discontinue d, with abandonment rates as
high as 30 percent [8]. T he economic loss related to
mobility AT abandonment an d the possible long-term
negative effects of inappropriate initial prescription moti-
vated rese archers to investigate unde rlying fac tors for
underuse and abandonment to lower abandonment rates
and imp rove pr escription practices, th ereby improving
function in veterans and serv icemembers with limb loss.
In addi tion, currently, 18 to 21 percent of the serv ice-
members with traumatic amputations from the conflicts in
Iraq and Afghanistan are returning to full Active Duty [6],
compared with prior conf licts during which appro xi-
mately 2 to 7 percent returned to Active Duty [9-10].

How different mobility A Ts can help servicemembers
return t o A ctive Du ty 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 th e 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 ve terans and servicemembers with major
limb loss (as of 2008) and a sa mple 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 c onflicts,
with at least one ma jor traumatic amputation (exclude s
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 ass istive devices. A desc ription of the detailed
study methods is found in this issue [1 1] and in the
national Survey for Prosthetic Use, Appendix 1 (available
online only).

Mobility Assistive Technologies
Mobility AT inc ludes the use of prosthetic devices,

wheelchairs (ele ctronic, manual, or electronic scooters),
and assistive devi ces. Wheelchair use was grouped into
sole use (no prostheses) or supplementary wheelchair use
(with prostheses). Ass istive devices include canes,
crutches, walking cane s with attached s eats, and rolling
walkers with knee support. Questions on mobility A T
were asked as part ofthe Survey for Pr osthetic U se
(Appendix 1 available online only) [11]. This survey


prostheticssurvey.pdf
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asked a broad range of questions on the number and types
of prosthes es ever received, currently use d, 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 wh eelchair use. Questions on
satisfaction with prostheses were adapted from the Pros-
thesis Evaluation Questionnaire and the Orthotics and
Prosthetic Users’ Su rvey [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 addresse d in other articles in this issue [11,15—
17].

Survey Measures

We examined other factors that may be associa ted
with the use of mobility A Ts, 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 brai n injury (TBI), phantom
pain, residu al-limb p ain, ch ronic back p ain, migraines,
and stroke. Types of combat-associated injuries were also
assessed and are described in deta il by Epstein et al. in
this issue [18]. Self-rated quality of life and self-rated
health status were rate d as ““ excellent,” “very good,”
“good,” “fair,” or “poor.” Cumulative trauma disorder, or
worn leg syndrome, included arthritis, joint pain, heel
pain, or plantar fasci itis on the contralateral limb. The
number of surgeries before and after the initial amputa -
tion wa s as sessed. The s urvey collected data on s even
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 part ial foot amputatio ns. Here, we focus on three
different groups of lower -limb loss: uni lateral lower
limb, bilateral lower limb, and multiple limbs, including
at least one lower limb (% upp er limbs). F or those with
bilateral lower- and other multiple-limb loss, each limb

was analyzed separately, beca use ea ch limb may have
different prosthetic-device rejection and use patterns. We
excluded up per-limb loss leve Is (unilateral upper-limb
and bilateral upper-limb loss).

Statistical Analyses

To describe univariate , biva riate, 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 r-test (continuous data), and Fisher exact te st, 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 wit h no current use  of wheelchairs. T o avoid
overfitting the model, we a dded variables significant in
univariate analyses us ing forward stepwise selec tion
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. W e also as sessed potential
interactions using the log likelihood ratio. Goodness of fit
of the final model is assess ed 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 ab andonment 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 multipl e-limb-loss
group in the Vietnam group includes three s ubgroups:
(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 parti cipants from the OIF/ OEF group,
172 participants had unilate ral 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 o ftwo upper limb s and o ne
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 o fthe
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 deviatio n, un less 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 o ther d ifferences (comorb idities, co mbat
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
(Table1 ). Of those who ever rece ived any prosthese s,
current use of prosthetic devices (w ith or without wheel-
chair use) is highest in the unilateral lower -limb loss
group for both the V ietnam (84%) and OIF/OEF (96%)
participants. Fewer of  the Vietnam war participants
(67%) with bilateral lower -limb loss currently use pros -
theses compared with O IF/OEF participants (95%) (p <
0.001). Current use of prosthe ses 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 whee Ichair 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 V ietnam (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 1 ower-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 wi th prosthese s occurs in 32 perce nt of
the Vietnam and 53 percent of the OIF/OEF participants
(» <0.001). In ¢ ontrast, few er used whee Ichairs 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 pr inciple mobility ATs for 72 percent of the

Vietnam and 63 percent of the O IF/OEF group (data not
shown). In contrast , the most frequent mobility A T use
for bi lateral lower and multip le-limb loss groups is a
combination of prosthetic de vices and supple mentary
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%) (Table1). A trend exists for supple mentary
wheelchair use to be higher in the OIF/OEF group (77%)
with multiple-limb loss co mpared wi th the V ietnam
group (56%, p =0.09).

Infrequently, wounded veterans and servicememb ers
donot receive any prosthese s, transitioning instead
directly into wheelchairs after rehabilitation for their
mobility (Table 1). This transit ion 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 1 ower-limb loss gr oup (33%) and is
significantly lower in the OI F/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 V ietnam group, the types of
abandoned pros theses w ere mos tly mechanical devices
(mean nu mber ab andoned: 1.6 = 1.5 un ilateral 1 ower-
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 V ietnam group were advanced (mic roprocessor)
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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Table1.

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

Other
o Unilateral Bilateral Multiple-Limb
Types of Mobility-Related AT Used Lower-Limb Loss Lower-Limb Loss Loss Ilzlcluding Total
>1 Lower Limb
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)f 70 (83.3)f 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.
Tp < 0.05 compared with Vietnam group.

bilateral lower, and 0.6 £ 0.8 for multiple-limb loss). The
OIF/OEF gro up ab andoned few er ofth ead vanced
devices (mean devices: 1 .2 +0.5 for uni lateral lower

limbs, 1.5 + 0.3 for bilateral lower limbs, and 0 for multi-
ple-limb loss). The type of aban doned prosthetic device
was not significantly different by conflict group, type, or
level of limb loss (data not shown). The total number of
prostheses ever rece ived was significantly low er for

those who abandoned all pros theses. Part icipants who
abandoned all prosthese s re ceived an average total of
four prostheses (both V ietnam 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 pro stheses (Table2 ). Of those who currently
used wheelchairs, most of those who abandoned prostheses
had transfemoral limb loss . The highes t frequency of
abandonment occurred in those with bilateral transfemo-
ral limb loss  (93%, p =0 .008) inthe Vietnam group.
Abandonment in the OIF/OEF group was not significantly
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Table 2.

Comparison of level of major traumatic lo wer-limb loss by number and percentage (%) am ong wheelchair users who abandoned prosth etic
devices in Vietnam and Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) groups.

Unilateral
Lower-Limb Loss

Lower-Limb
Amputation Level

Bilateral
Lower-Limb Loss

Other Multiple-Limb Loss
Including >1 Lower Limb

Vietnam
Hip 5(35.7)
Transfemoral 8(57.1)
Knee 1(7.1)
Transtibial 0
Total Limbs 14
OIF/OEF
Hip 2 (50.0)
Transfemoral 1(25.0)
Transtibial 1(25.0)
Total Limbs 4

0 1 (50)
28(93.3)" 1 (50)
13.3) 0
1(3.3) 0

30 2t
0 0
4 (100) 0
0 0
4 0

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

different by level of limb | oss, but this finding may b e
due to this group’s short time since limb loss. For those
abandoning pros theses in fa vor of wheelc hairs in the
Vietnam g roup, 6 5 p ercent w ere m anual wh eelchairs,
26 percent were electric chairs, and 9 percent are electric
scooters (data not shown). Most of the OIF/OEF group
use a manual ¢ hairs (88%) or electric scooters (12%)
after abandoning prostheses.

The mean time un til aban donment 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 V ietnam g roup patterns. When similar time
periods are compa red (1-3 ye ars post amputation), the
Vietnam group still used their devices significantly longer
(1.7 years) be fore abandonment co mpared w ith the O IF/
OEF group (0.6 years). For those with unilateral lower-
limb loss, V ietnam war vetera ns used p rosthetic de vices
for an average of 13.9 =+ 13.7 years b efore discontinuing
them, whereas the O IF/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 d evices 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 wi th multiple-limb loss,
prostheses were ab andoned within the first year for both
the Vietnam and OIF/OEF groups.

W Unilateral Lower Limb
O Bilateral Lower Limb
Multiple Limbs

Vietnam
OIF/OEF
0 5 10 15
Mean Years Until Abandonment
Figure.

Mean years of pr osthetic device use until pr osthetic device abandon-
ment by V ietnam and Operation Iraqi Freedom/Operation Enduring
Freedom (OIF/OEF) groups for three types of limb loss.

The principle reasons pros theses 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 unilater al lower-limb loss was
combat injuries to the non amputated lower limb (50%).
For those with bilateral lower-limb loss, the most common
reasons in th e Vietnam gro up were sh ort len gth of th e
residual limb (33 %) an d pain (25 %). However, in th e
OIF/OEF group with bilateral lower-limb loss, the rea -
sons were too much fuss (50%) or needing arms for daily
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Table 3.

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

Other Multiple-Limb

Principle Reason for Unilateral Bilateral Loss Including >1 Total
Lower-Limb Abandonment Lower-Limb Loss Lower-Limb Loss . D
Lower Limb
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) 0 923.1)
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.

activities (50%). For those with multiple-limb loss, need-
ing arms (100% of Vietnam group) w as the most com -
mon reason for prosthetic device abandonment.

Assistive Devices

Assistive devices, e specially canes and ¢ rutches,
were used less ofte n than prosthe tic devices or wheel -
chairs by the Vietnam and OIF/OEF groups with low er-
limb loss; however , they are still considered important
mobility aids (Table4 ). Crutches were used in 41.6 per-
cent of those with unila teral lower-limb loss in the V iet-
nam group and 49 .4 p ercent o f the OIF /OEF gro up.
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 fac tors associated w ith e ither s ole or
supplementary w heelchair use using logistic regression
analysis for ea ch conflict group separately (Table5). In
the Vietnam group, three factors significantly inc reased

the likelihood of wheelchair  use: multiple-li mb loss
(adjusted odds ratio [AOR] =14 .5;9 5% confidence
interval [CI] 5.4, 38.4), bilateral lower-limb loss (AOR =
12.7; 95% CI1 6.2, 26.1), and an in creasing number o f
comorbidities (AOR =1.3; 95% CI 1.1, 1.5). Two factors
were significa ntly associated with le ss like ly 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 inc reased
the 1 ikelihood of wheelchair use: bilat eral 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-ass ociated 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, we ight ga in, pain (residual limb, bac k), me ntal
health conditions (depression), quality of life, prosthetic
device satisfaction and fit, health status, stroke, PTSD,
TBI, phantom limb sensati on, number of postlimb-1 oss
surgeries, or type of prosthetic device used.
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Table 4.
Comparison of mo bility assistive devices by numb er and percentage (%) used by V ietnam and Operation Iraqi Freedom/Oper ation Enduring
Freedom (OIF/OEF) groups with major traumatic lower-limb loss by involved limb.

Other Multiple-Limb

zzls)iisti(:fihl;[:\ljilclzt! Used Lowli:jizzifll;)aioss Lowg-lli:f:l.;lLoss Loss Includ.ing =1 Total
Lower Limb
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 634 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) t 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(L.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.
Tp < 0.05 compared with Vietnam group.

Table 5.
Multivariate analysis of wheelchair use in Vietnam and Operation Iraqi Freedom/Operation Enduring Freedom (O IF/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’ 12.72 6.21-26.10 <0.001
Number of Comorbidities 1.29 1.15-1.46 <0.001
Ambulatory 0.05 0.01-0.24 <0.001
Highly Active 0.02 0.01-0.12 <0.001
OIF/OEF*
Bilateral Lower-Limb Loss’ 29.75 11.0-80.7 <0.001
Multiple-Limb Loss’ 16.31 3.12-85.30 <0.001
Cumulative Trauma Disorder? 2.38 1.16-4.86 <0.002
Total Number of Combat Injuries 1.38 1.15-1.65 0.001

*Goodness of fit for Vietnam model (Xz =148, df = 67).

+Compared with unilateral lower-limb loss.

fGoodness of fit for OIF/OEF model (32 = 84.7, df = 26).

SCumulative 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 us e of the se de vices may ha ve c orrelated
with their younger ages, im provements in rehabilitation
care and policies, shifts in attitudes about returning to
Active Duty and more intense activities, availabili ty of
more technologically advanced devices, and their stages
in the rehabilitation process.

Use of prosthetic de vices, whe elchairs, and some
assistive devices were significantly more common in the
OIF/OEF group than in the V ietnam group. This finding
is s urprising, be cause one mi ght ex pect mo re u se of
mobility ATs in older populations with more comorbidity
and disability, such as Vietnam war veterans with lower-
limb loss. Mobility A Ts may improve an individual’ s
quality of life through incre  ased functiona 1 ¢ apacity,
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 devic es and, conseque ntly, underuse o r ab andon
them. In the Vietnam group, those with unilateral lower-
limb loss used their pros thetic devic es for a sustained
period of time before discontinuing them. R easons 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 gr oup, 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 1 eg. As this
group ages, more abandonment may occur be cause 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 harnesse s) 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 mobili ty, 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 ofte n necessary
to use as abac kup when prostheses are repaired or
replaced and during times when the residual limb cannot
support the prosthe ses be cause 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 i mportant 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 re ceiving 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’ sdesire to return to
ambulation. Many people in the early months after a trau-
matic di sability resist wheelchairs because they insist
they will walk again. Other studies have found that train-
ing is para mount, bec ause ch oosing th e ty pe of wh eel-
chairs and assessing functiona 1 ability need individual
attention to inc rease mobility safely [22-28]. Thus, we
recommend th at wo unded servicememb ers with lower -
limb loss be of fered wheelchair training early in thei r
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 ambulat ory functional le vel. As woun ded service-
members and veterans age (as in the Vietnam group), the
presence of decreased physi cal conditioning a nd 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 w heelchair use. B ecause
of impro vements in co mbat-injury care and wid espread
use of body armor, more injured OIF/OEF servicemembers
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are surviving but with multip le-limb injuries, which may
involve challenges fo r mo bility [3,29]. Other studies in
noncombat-associated lo wer-limb loss hav e found pain ,
poor prosthetic fit, poor prosthetic performance, comorbid-
ities, change in card iovascular 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 o r veteran need to mat ch the person s
expectations and pre ferences within the environment of
use, device function, and ty pe o f mobility AT [36-37].
Multiple types of  mobility A T may also be  useful,
because of the number of issues associated with relying
on one form of mobi lity AT. Increased forces sustained
by the nonamputated limb (for example, in the case of
someone with unilateral tran sfemoral 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 degener ative rotator cuf f injury to the shoulder
joint. Our study finds that ma ny survey participant s use
more than one type of mobility AT, including prosthetic
devices, sup plementary use of wheelchairs, and various
assistive devices such as canes, crutches, and walkers. A
combined approach concerni ng mobility A T 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 touse for di fferent activities and
fatigue levels could increa se satisfaction and functional
mobility, but this needs further study.

Our study of combat-associated limb loss responds to
the call for A T outcome s research [38]. Although our
population may be distinguished by the cause of the limb
loss, studies of mobility A Ts in other populations of
lower-limb loss (spi nal cord injury, stroke, or vascu lar
disease) also report 43 to 50 pe rcent use of mobility AT
devices, mostly wheelchairs [39—41]. More rese arch is
needed to further understand why these mobility ATs are
abandoned, who is best served by sp ecific typ es of
devices, and how to train all people with lower-limb loss
to best use these valuable tools.

This i nformation will
improved guidelines for

be useful for devel  oping
mobility A T prescription,

addressing c orrectable issues leading to a bandonment,
and d ocumenting for po licy makers the impo rtance 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 va riety 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 expe riences as the V ietnam group, the
influence of the re cent DOD/De partment of V eterans
Affairs (VA) rehabilitation poli cies on prosthetic device
and AT use may not be fully realized. However, the expe-
riences of the V ietnam group may help predict future
trends of pr osthetic an d assistive device use for these
younger servicemembers as they age.

ACKNOWLEDGMENTS

Author Contributions:

Study concept and design: L. V. McFarland, G. E. Reiber.
Acquisition of data: L. V. McFarland, G. E. Reiber.

Analysis and interpretation of data: J. Z. Laferrier, L. V. McFarland,
G. E. Reiber.

Drafting of manuscript: J. Z. Laferrier, L. V. McFarland, M. L. Bon-
inger, R. A. Cooper, G. E. Reiber.

Critical revision of manuscript for important intellectual content:J. Z.
Laferrier, L. V. McFarland, M. L. Boninger, R. A. Cooper, G. E.
Reiber.

Obtained funding: L. V. McFarland, G. E. Reiber.

Administrative, technical, or material support: J. Z. Laferrier, L. V.
McFarland, M. L. Boninger, R. A. Cooper, G. E. Reiber.

Study supervision: L. V. McFarland, G. E. Reiber.

Financial Disclosures: The authors have declared that no competing
interests exist.

Funding/Support: This material was based on work supported by the
VA, Health Services Research and Development Service, grant IIR 05-
244, and a Career Scientist Award to Dr. Reiber, grant RCS 98-353.
The views expressed in this article are those of the authors and do not
necessarily reflect the position or policy of the VA or the DOD.



359

LAFERRIER et al. Mobility and AT in servicemembers with major traumatic limb loss

Additional Contributions: A special thank you to all the Vietnam
and OIF/OEF veterans and servicemembers who participated in our
survey. We would like to thank Jane Emens and Koriann Brousseau
for administrative support on this project.

Institutional Review: We received human subjects approval from the
University of Washington, Seattle, Washington; VA Puget Sound
Health Care System, Seattle, Washington; and Madigan Army Medical
Center, Tacoma, Washington.

Participant Follow-Up: The authors plan to inform participants of
the publication of this study.

REFERENCES

10.

I1.

. Phillips B, Zhao H

. Owens BD, Kragh JF Jr, Macaitis J, Svob oda SJ, W enke

JC. Characterization of extremity wounds in Operation Iraqi
Freedom and Operation Enduring Freedom. J Orthop Trauma.
2007;21(4):254-57. [PMID: 17414553]
DOI:10.1097/BOT.0b013e31802{781b

. Zouris JM, Wade AL, Magno CP. Injury and illness casualty

distributions among U.S. Army and Marine Corps personnel
during Operati on Iraqi Freed om. Mil Med. 2008;173(3):
247-52. [PMID: 18419026]

. Eastridge BJ, Jenkins D, Flaherty S, Schiller H, Holcomb

JB. Trauma system development in a theater of war: Experi-
ences from Operation Iraqi Freedom and Operation Endur-
ing Freedom. J Trauma. 2006;61(6):1366—73.

[PMID: 17159678]
DOI:10.1097/01.ta.0000245894.78941.90

. Pasquina PF. Optimizing care for combat amputees: Experi-

ences at Walter Reed Army Medical Center. J Rehabil Res
Dev. 2004;41(3B):vii—xii. [PMID: 15543454]
DOI:10.1682/JRRD.2004.05.0051

. Kerkovich DM. Recent QU ERI workshop analyzes opti-

mum treatment for combat amputees. J R ehabil Res Dev .
2004;41(4):xi—xii. [PMID: 15558379]
DOI:10.1682/JRRD.2004.04.0000

. Scoville C. Con gressional testim ony: Am putee care, Ju ly

22,2004. House Committee on Veterans’ Affairs. 2004.

. Gajewski D, Granville R. The United States Armed Forces

Amputee Patient Care Program. J] Am Acad Ortho p Surg.
2006;14(10 Spec No.):S183-87. [PMID: 17003196]

. Pred ictors of assisti ve tech nology
abandonment. Assist Technol. 1993;5(1):36-45.

[PMID: 10171664]

. Kishbaugh D, Dillingham TR, Ho ward RS, Sinnott MW,

Belandres PV. Amputee soldiers and their return to active
duty. Mil Med. 1995;160(2):82—-84. [PMID: 7783923]
Dillingham TR, Braverman SE, Belandres PV. Persian Gulf
War amputees: Injuries and rehabilitative needs. Mil Med .
1994;159(10):635-39. [PMID: 7870319]

Reiber GE, McFarland LV, Hubbard S, Maynard C, Blough
DK, Gambel JM, Smith DG. Servicemembers and veterans

12.

13.

14.

15.

16

17.

18.

19.

20.

21.

with major traumatic limb loss from Vietnam war and OIF/
OEF conflicts: Survey methods, participants, and sum-
mary findings. J Rehabil Res Dev. 2010;47(4):275-98.
Devlin M, Pauley T, Head K, Garfinkel S. Houghton Scale
of prosthetic use in peop le with low er-extremity ampu ta-
tions: Reli ability, validity, and resp onsiveness to chan ge.
Arch Phys Med Rehabil. 2004;85(8):1339-44.

[PMID: 15295762]

DOI:10.1016/j.apmr.2003.09.025

Legro MW, Reiber GE, Smith DG, Del Aguila M, Larsen J,
Boone D. Prosthesis Evaluation Questionnaire for persons
with lower-limb amputations: Assessing prosthesis-related
quality of life. Arch Phys Med Rehabil. 1998;79(8):931-38.
[PMID: 9710165]

DOI:10.1016/S0003-9993(98)90090-9

Heinemann AW, Bode RK, O’Reilly C. D evelopment and
measurement properti es of t he Orthot ics and Pro sthetics
Users’ Survey (OPUS): A comprehensive set of clinical out-
come instruments. Prosthet Orthot Int. 2003;27(3):191-206.
[PMID: 14727700]

DOI:10.1080/03093640308726682

McFarland L V, Hu bbard W inkler SL, Hei nemann A W,
Jones M, Esquenazi A. Un ilateral upper-limb l oss: Satis-
faction and prosthet ic-device use in veterans and service-
members from Vietnam and OIF/OEF conflicts. J Rehabil
Res Dev. 2010;47(4):299-316.

. Dougherty PJ, McFarlan d L'V, Sm ith DG, Es quenazi A,

Blake DJ, Reiber GE. Multiple traumatic limb loss: A com-
parison of Vietnam veterans to OIF/OEF servicemembers.
J Rehabil Res Dev. 2010;47(4):333-48.

Gailey R, McFarland LV, Cooper RA, Czerniecki J, Gam-
bel IM, H ubbard S, Maynard C, Smith D G, Raya M,
Reiber GE. Unilateral lower -limb loss: Pro sthetic devi ce
use and functional outcomes in servicemembers from Viet-
nam war and OIF/OEF conflicts. J Rehabil Res Dev. 2010;
47(4):317-32.

Epstein RA, Heinemann AW, McFarland LV. Quality of life
for veteran s and serv icemembers with maj or t raumatic
limb loss from Vietnam and OIF/OEF conflicts. ] Rehabil
Res Dev. 2010;47(4):373-86.

Colak C, C olak MC, Orman MN . [The co mparison of
logistic regression model selection methods for the prediction
of coronary artery disease]. Anadolu Kardiyol Derg. 2007,
7(1):6—11. Turkish. [PMID: 17347067]

Ash A S. Evaluating t he performance o f risk-adjustment
methods: Dichotomous measures. In: Iezzoni LI, editor.
Risk adjustment for measuring health care outcomes. Ann
Arbor (MI): Health Administration Press; 1994. p. 313-46.
Karmarkar AM, Collins DM, Wichman T, Fran klin A,
Fitzgerald SG, Dicianno BE, Pasqui na PF, Coop er R A.
Prostheses and wheelchair use in veterans with lower-limb
amputation. J Rehabil Res Dev. 2009;46(5):567-76.



http://www.ncbi.nlm.nih.gov/pubmed/17414553
http://www.ncbi.nlm.nih.gov/pubmed/17414553
http://dx.doi.org/10.1097/BOT.0b013e31802f78fb
http://www.ncbi.nlm.nih.gov/pubmed/18419026
http://www.ncbi.nlm.nih.gov/pubmed/17159678
http://dx.doi.org/10.1097/01.ta.0000245894.78941.90
http://www.ncbi.nlm.nih.gov/pubmed/15543454
http://www.ncbi.nlm.nih.gov/pubmed/15543454
http://dx.doi.org/10.1682/JRRD.2004.05.0051
http://www.ncbi.nlm.nih.gov/pubmed/15558379
http://dx.doi.org/10.1682/JRRD.2004.04.0000
http://www.ncbi.nlm.nih.gov/pubmed/17003196
http://www.ncbi.nlm.nih.gov/pubmed/10171664
http://www.ncbi.nlm.nih.gov/pubmed/7783923
http://www.ncbi.nlm.nih.gov/pubmed/7870319
http://www.ncbi.nlm.nih.gov/pubmed/15295762
http://dx.doi.org/10.1016/j.apmr.2003.09.025
http://www.ncbi.nlm.nih.gov/pubmed/9710165
http://dx.doi.org/10.1016/S0003-9993%2898%2990090-9
http://www.ncbi.nlm.nih.gov/pubmed/14727700
http://dx.doi.org/10.1080/03093640308726682
http://www.ncbi.nlm.nih.gov/pubmed/17347067

360

JRRD, Volume 47, Number 4, 2010

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

[PMID: 19882491]
DOI:10.1682/JRRD.2008.08.0102

Batavia M, Batavia AI,  Friedman R. Chan ging ch airs:
Anticipating problems in prescribing wheelchairs. Disabil
Rehabil. 2001;23(12):539-48. [PMID: 11432651]
DOI:10.1080/09638280010022531

Kittel A, Di MA, S tewart H. Factors influencing the deci-
sion to aban don manual wheelchairs for three individuals
with a spin al cord in jury. Disabil R ehabil. 2 002;24(1-3):
106-14. [PMID: 11827144]
DOI:10.1080/09638280110066785

Best KL, Kirby RL , Smith C, MacLeod DA. Wheelchair
skills t raining fo r co mmunity-based m anual wheel chair
users: A randomized controlled trial. Arch Phys Med Reha-
bil. 2005;86(12):2316-23. [PMID: 16344029]
DOI:10.1016/j.apmr.2005.07.300

Coolen AL, Kirby RL, Landry J, MacPhee AH, Dupuis D,
Smith C, Best KL, Macken zie DE, MacLeod DA. W heel-
chair skills training program for clin icians: A random ized
controlled trial with occupational therapy students. Arch Phys
Med Rehabil. 2004;85(7):1160—67. [PMID: 15241768]
DOI:10.1016/j.apmr.2003.10.019

Cooper RA, Cooper R, Boninger ML. Trends and issues in
wheelchair technologies. Assist Technol. 2008;20(2):61-72.
[PMID: 18646429]

MacPhee AH, Kirby RL, Co olen AL, Smith C, MacLeod
DA, Dupuis DJ. Wheelchair skills training program: A ran-
domized clinical trial of wheelchair users undergoing initial
rehabilitation. Arch Phys Med Rehabil. 2004;85(1):41-50.
[PMID: 14970966]

DOI:10.1016/S0003-9993(03)00364-2

WHO. New guidelines released on wheelchairs to support
users in developing countries [Internet]. Geneva (Switzer-
land): World H ealth Or ganization (WHO ), Disabi lity and
Rehabilitation Team (DAR); 2 009 [cited 2009 May 7].
Available from : http://www.who.int/disabilities/publica-
tions/technology/wheelchairguidelines/en/index.html/.

Holcomb JB, McMullin NR, Pearse L, Caruso J, Wade CE,
Oetjen-Gerdes L, Champion HR, Lawnick M, Farr W, Rod-
riguez S, Butler FK. Cause s of death in U.S. Special Opera-
tions Forces i n the global war on t errorism: 2 001-2004.
Ann Surg. 2007;245(6):986-91. [PMID: 17522526]
DOI:10.1097/01.s1a.0000259433.03754.98

Kurichi JE, Kw ong PL, Reker DM, Bates BE, Marshall
CR, S tineman MG. Clinical f actors associated with pre-
scription of a prosthetic limb in eld erly v eterans. J] Am
Geriatr Soc. 2007;55(6):900—6. [PMID: 17537091]
DOI:10.1111/4.1532-5415.2007.01187.x

Kurichi JE, Stineman MG, Kwong PL, Bates BE, Reker
DM. Assessing and using comorbidity measures in elderly
veterans with lower ex tremity am putations. Gerontology.

33.

34.

35.

36.

37.

38.

39.

40.

41.

2007;53(5):255-59. [PMID: 17435390]
DOI:10.1159/000101703

. Sherman RA. Utilization of prostheses among US veterans

with traumatic amp utation: A pil ot survey. J Rehabi | Res
Dev. 1999;36(2):100-108. [PMID: 10661526]

Bilodeau S, Hébert R, Desrosiers J. Lower 1li mb prosthesis
utilisation by eld erly amputees. Prosthet Orthot Int. 2000;
24(2):126-32. [PMID: 11061199]
DOI:10.1080/03093640008726535

Dillingham TR, Pezzin LE, MacKenzie EJ, Burgess AR.
Use and satisfaction with prosthetic devices among persons
with traum a-related amputations: A lo ng-term ou tcome
study. Am J Phys Med Rehabil. 2001;80(8):563—71.
[PMID: 11475475]
DOI1:10.1097/00002060-200108000-00003

Gauthier-Gagnon C, Gri se MC , Potv in D. Predi sposing
factors related to prosthetic use by people with a transtibial
and transfemoral amputation. J Prosthet Ort hot. 1998;10(4):
99-109. DOI:10.1097/00008526-199801040-00006

Scherer MJ, Sax C, Vanbiervliet A, Cushman LA, Scherer
JV. Predictors of assistive technology use: The importance
of personal and  psychosocial factors. Di sabil Rehab il.
2005;27(21):1321-31. [PMID: 16298935]
DOI:10.1080/09638280500164800

Simpson RC, LoPresti EF, Cooper RA. How many people
would benefit from a smart wheelchair? J Rehabil Res Dev.
2008;45(1):53-72. [PMID: 18566926]
DOI:10.1682/JRRD.2007.01.0015

Lenker JA, Scherer MJ, Fuhrer MJ, Jutai JW, DeRuyter F.
Psychometric and adm inistrative properti es o f m easures
used in ass istive technol ogy devi ce out comes research.
Assist Technol. 2005;17(1):7-22. [PMID: 16121642]

Jutai J, Coulson S, Teasell R, Bayley M, Garland J, Mayo N,
Wood-Dauphinee S. Mobility assistive device utilization in a
prospective study of patients with first-ever stroke. Arch Phys
Med Rehabil. 2007;88(10):1268—75. [PMID: 17908568]
DOI:10.1016/j.apmr.2007.06.773

Gitlin LN, Sch emm RL, Landsber g L, Bu rgh D. Factors
predicting assistive device use in the home by older people
following rehabilitation. J Aging Health. 1996;8(4):554-75.
[PMID: 10182386]

DOI:10.1177/089826439600800405

Hubbard SL, Fit zgerald SG, R eker D M, Bo ninger M L,
Cooper RA, Kazis LE. Demographic characteristics of vet-
erans who received wheelchairs and scooters from Veterans
Health Adm inistration. J Rehabi 1 Res Dev . 20 06;43(7):
831-44. [PMID: 17436170]
DOI:10.1682/JRRD.2005.11.0174

Submitted for publication Marc h 2, 2009. Accepted in
revised form July 8, 2009.


http://www.ncbi.nlm.nih.gov/pubmed/19882491
http://dx.doi.org/10.1682/JRRD.2008.08.0102
http://www.ncbi.nlm.nih.gov/pubmed/11432651
http://www.ncbi.nlm.nih.gov/pubmed/11432651
http://dx.doi.org/10.1080/09638280010022531
http://www.ncbi.nlm.nih.gov/pubmed/11827144
http://dx.doi.org/10.1080/09638280110066785
http://www.ncbi.nlm.nih.gov/pubmed/16344029
http://www.ncbi.nlm.nih.gov/pubmed/16344029
http://dx.doi.org/10.1016/j.apmr.2005.07.300
http://www.ncbi.nlm.nih.gov/pubmed/15241768
http://www.ncbi.nlm.nih.gov/pubmed/15241768
http://dx.doi.org/10.1016/j.apmr.2003.10.019
http://www.ncbi.nlm.nih.gov/pubmed/18646429
http://www.ncbi.nlm.nih.gov/pubmed/14970966
http://dx.doi.org/10.1016/S0003-9993%2803%2900364-2
http://www.who.int/disabilities/publications/technology/wheelchairguidelines/en/index.html
http://www.who.int/disabilities/publications/technology/wheelchairguidelines/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/17522526
http://www.ncbi.nlm.nih.gov/pubmed/17522526
http://dx.doi.org/10.1097/01.sla.0000259433.03754.98
http://www.ncbi.nlm.nih.gov/pubmed/17537091
http://www.ncbi.nlm.nih.gov/pubmed/17537091
http://dx.doi.org/10.1111/j.1532-5415.2007.01187.x
http://www.ncbi.nlm.nih.gov/pubmed/17435390
http://dx.doi.org/10.1159/000101703
http://www.ncbi.nlm.nih.gov/pubmed/10661526
http://www.ncbi.nlm.nih.gov/pubmed/11061199
http://dx.doi.org/10.1080/03093640008726535
http://www.ncbi.nlm.nih.gov/pubmed/11475475
http://dx.doi.org/10.1097/00002060-200108000-00003
http://dx.doi.org/10.1097/00008526-199801040-00006
http://www.ncbi.nlm.nih.gov/pubmed/16298935
http://dx.doi.org/10.1080/09638280500164800
http://www.ncbi.nlm.nih.gov/pubmed/18566926
http://dx.doi.org/10.1682/JRRD.2007.01.0015
http://www.ncbi.nlm.nih.gov/pubmed/16121642
http://www.ncbi.nlm.nih.gov/pubmed/17908568
http://www.ncbi.nlm.nih.gov/pubmed/17908568
http://dx.doi.org/10.1016/j.apmr.2007.06.773
http://www.ncbi.nlm.nih.gov/pubmed/10182386
http://dx.doi.org/10.1177/089826439600800405
http://www.ncbi.nlm.nih.gov/pubmed/17436170
http://dx.doi.org/10.1682/JRRD.2005.11.0174

	Wheeled mobility: Factors influencing mobility and assistive technology in veterans and servicemembers with major traumatic limb loss from Vietnam war and OIF/OEF conflicts
	Justin Z. Laferrier, MSPT, OCS, SCS, CSCS, ATP;1-3 Lynne V. McFarland, PhD;4-6 Michael L. Boninger, MD;1-2,7-8 Rory A. Cooper, PhD;1-3,7-8* Gayle E. Reiber, PhD, MPH 4-5
	1Human Engineering Research Laboratories, Department of Veterans Affairs (VA) Rehabilitation Research and Devel opment Service, Pittsburgh, PA; 2VA Pittsburgh Healthcare System, Pittsburgh, PA; 3Department of Rehabilitation Science and Techno...


	INTRODUCTION
	METHODS
	Study Design
	Study Participants
	Mobility Assistive Technologies
	Survey Measures
	Statistical Analyses

	RESULTS
	Vietnam and OIF/OEF Groups
	Prosthetic Device Use
	Wheelchair Use
	Abandonment of Prostheses
	Table 1.
	Table 2.
	Figure.
	Table 3.


	Assistive Devices
	Multivariate Analysis for Wheelchair Use
	Table 4.
	Table 5.


	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

