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Abstract—Rehabilitation goals follo wing maj or co mbat-  Key words: abandonment, amputation, limb loss, lower-limb
associated limb loss in W orld War IT and the V  ietnam war loss, OIF/O EF, prostheses, pros thetic device, rehabilitation,
focused on treatment of the injury and a return to civilian life. ~ satisfaction, Vietnam.

The goal for Operation  Iraqi Freedom/Operation Enduring
Freedom (OIF/OEF) servicemembers is to restore function to
the greatest possible degree and, if they desire, return them to
Active Duty, by providing them with extensive rehabilitation
services and a variety of prosthetic devices. Our study deter-
mines t he u sefulness of th ese diverse ty pes of p rosthetic
devices for restoring functional capability and documents pros-
thesis use and satis faction. We compare servicemembers and

veterans wi th m ajor co mbat-associated unilateral lower -limb
loss: 178 from the Vietnam war and 172 from OIF/OEF con- ~ Abbreviations: AOR =adjusted odds ratio, DOD = Department
of Defense, OEF = Operation Enduring Freedom, OIF = Opera-
tion Iraqi Freedom, PTSD = posttraumatic stress disorder, TBI =
traumatic brain injury, VA = Department of Veterans Affairs.
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improve quality of life for these veterans and servicemembers. DOI:10.1682/JRRD.2009.04.0039

INTRODUCTION

Lower-limb amputations may be attributable to one of
several causes: disease (vascular or infection), congenital
reasons, tumor, or trauma (i ncluding combat situations)

flicts. O f survey partici pants with unilateral lo wer-limb 1 oss,
84% of the Vietnam group and 94% of the OIF/OEF group cur-
rently use at least one prosth etic device. Reasons for rejection

317


mailto:Lynne.McFarland@va.gov

318

JRRD, Volume 47, Number 4, 2010

[1]. Prolonged lower-limb prosthetic device use and satis-
faction are not well documente d, especially for veterans
of previous combat situations (such as Vietnam veterans),
who typically returned to civilian life after their limb loss
[2-5]. A Depart ment of Defense (DOD) Rehabi litation
Directive aims to return wounded servicemembers from
the Op eration Iraqi Freedo m/Operation Enduring Free -
dom (OIF/OEF) conflicts to a level of function that allows
them the choice of returning to Active Duty or productive
civilian employment [6—8]. To meet this goal, all military
rehabilitation programs, including W alter Reed Army
Medical Center, Brooke Army Medical Center, and the
Naval Medical Center San Dieg o, of fer state-of-the-art
rehabilitation and sophisticat ed prosthetic devices wi th
the intent to maximize the functional ability of service-
members with limb loss [9-10]. OIF/OEF servicemem -
bers with limb loss are prescribed multiple categories of
prosthetic devices wi th the express purpose of enabling
them to broaden t heir functional capabilities. However ,
we do not know whether the increased number of prosthe-
sesisef fective in improv ing functional capability,
whether servicemembers will continue to use these multi-
ple prosthetic devices, and whether they are satisfied with
the prostheses’ performance.

Our national survey compared information on health,
combat injuries, comorbidities, functional capability, and
prosthetic-device use for ve terans and servicemembers
whose unilateral lower -limb loss occurred during  the
Vietnam war and OIF/OEF conflicts. The long-term expe-
rience of veterans s ustaining major limb loss in Vietnam
is useful to help clinicians predict long-term mobility for
the OIF/OEF group. The purpose of this study is to deter-
mine the use and sa tisfaction of various categories of
prosthetic devices and describe functional capabilities of
veterans and servicemembers with unilateral 1ower-limb
loss.

METHODS

Survey Participants

Participants in t his stud y were veterans from the
Vietnam war and se rvicemembers from the OIF/OEF
conflicts with at least one major traumatic amputa tion
(excludes digital-only loss) associated with a combat-
field injury. After receiving institutional and human sub-
jects approvals from the Department of V eterans Affairs
(VA) and DOD, veterans and servicemembers with major

limb loss occurring during the Vietnam war (1961-1973)
or OIF/OEF (2000-2008) conflicts were sent an invita-
tional letter to participate in a survey on prosthetic use. A
waiver of ¢ onsent was obtained for survey participants.
All servicemembers with major limb loss from OIF/OEF
were invited t o participate, and a selection of V ietnam
veterans were also invited (all unilateral upper-limb loss,
all multiple-limb loss, and a subsample of unilateral
lower-limb loss) to obtain a number similar to the total of
OIF/OEF invitees. Survey participants included 298 from
the Vietnam war (65% response rate) and 283 from the
OIF/OEF conflicts (59% response rate). Enrolled and tar-
get populations were similar for the distribution of sex
and type of limb loss, except that more Vietnam partici-
pants with multiple-limb loss were successfully enrolled.
Participants took the surv ey by one o f three meth ods
(mail, tel ephone interview, or Web site). Veterans and
servicemembers were surveyed from 2007 to 2008.

All 350 participants with unilateral lower -limb loss
(178 in th e Vietnam group, 172 in the OIF/OEF g roup)
were drawn from a larger national survey of 298 veterans
from the Vietnam war and 283 servicemembers and vet-
erans from the OIF/OEF conflicts w ith major combat-
associated unilatera | upper -, lower-, or multiple limb
losses. These two conflict groups were chosen to reflect
prosthetic-device use before and after the DOD paradigm
shift in rehabilitation care for battlefield injuries involv -
ing limb loss. A description ofthe detailed study methods
is found elsewhere in this issue [1 1], as is our nati onal
Survey for Pr osthetic Use , a vailable as Appendix 1,
(available online only).

Survey Measures

Prosthetic Devices

This desc riptive, ¢ ross-sectional survey colle cted
data on current prosthetic device and assistive device use
(number and type of devices and daily frequency of use),
as we 1l a s satis faction with curre nt prosthese s and s er-
vices. Current s atisfaction with their prostheses was
ranked from O (not at all satisfied) to 10 (completely sat-
isfied). Survey participants were also asked which types
of prosthetic devices and a ssistive devices they might
want to try in the next 3 years.

Retrospective data were co llected on the number and
types of prostheses received in the past (total for the first
year postamputation an d then to tal since that time). Data
were collected on the number of prostheses that wore out
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and the av erage replacement time by type of device. For
prostheses that were discontinued because of dissatisfac -
tion, the number and types of devices were collected, as
well as the reasons why participants discontinued the pros-
thesis. Survey participants self-reported any prosthetic-
device receipt, regardless  of whether it was received
through mili tary, VA, or priv ate s ources. Survey pa rtici-
pants also included prototype prosthetic devices received.
Participants reported prosthetic-device data for two time
intervals: the fi rst 12 months following limb loss and
month 13 to the present. The annual rate of prosthetic-
device rece ipt was ca Iculated with the total num ber of
prosthetic devices ever received (within a category of
prosthetic-device-type classification) divided b y the total
years since initial limb lo ss (year of survey date minus
year of initial amputation). Abandonment of prostheses is
defined as receiving at least one lower-limb prosthesis but
currently discontinuing use of all lower limb prostheses.

Because of the complexity of prosthetic systems, we
summarized prosthetic-device typ es into major groups
defined by the degree of tech nology, device use, and
level of limb lo ss. Forlimb loss at the kn ee or above
(knee, transfemoral, hip, pelvis), the fo ur group s were
(1) advanced technology (microprocessor -type device
requiring rechar ging or hybrid [mix of electronic and
body-powered parts]), (2) mechanical (does not req uire
recharging), (3) specialty (recr eational, ath letic, or high-
impact use), and (4) waterproof (shower or swimming
leg). For limb loss below the knee (tr anstibial, ankle, or
foot), the fiv e grou ps were (1) advanced techn ology
(hybrid [mix of electronic and ~ body -powered parts]),
(2) mechanical (vac uum-assisted system with pump or
suction dev ice, or types that do not require rechar ging),
(3) specialty (recreational, athl etic, or high-impact use),
(4) waterproof (s hower o r swi mming l eg), and ( 5) cos -
metic (nonfunctional limb, or foot or ankle only). For limb
loss below the knee (transtibial, ankle, or foot limb loss),
vacuum-assisted systems are grouped with mechanical
devices, because these systems were largely vacuum sock-
ets with mechanical feet. Data for cosmetic devices were
also classified according to limb-loss level. For those with
foot or ankle limb loss, the  cosmetic device data were
included, because these devices are used for ambulation
and/or balance. For those with higher levels of lower-limb
loss, cosmetic device data are excluded, because cosmetic
devices are not used for ambulation and some survey par-
ticipants reported cosmetic coverings for mecha nical or
microprocessor limbs. Upper ~ -limb p rostheses were
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grouped into three groups: (1) advanced technology (myo-
electric or microprocessor types or hybrid), (2) mechani-
cal (body-powered, no batteries needed), and (3) cosmetic
(nonfunctional). Assistive technology use (walkers, canes,
crutches, car modifications, wheelchairs, terminal upper -
limb devices, etc.) was collect ed for current use and pre -
dicted use in the next 3 years.

Functional Capability

Lower-limb functional capability was assessed with
seven graded levels: 1 = ca nnot walk, need assistance to
transfer; 2 = cannot walk, does not need help to transfer;
3 = household walker; 4 = community walker; 5 = walks
with varying speeds; 6 = low- impact activities, such as
swimming or golf ; 7 =hig h-impact activities, such as
basketball or skiing.

Health Status

Self-rated health status was assessed with a validated
tool [12]. Self-rated quality of life was assessed by ask-
ing how parti cipants would rate their current quality of
life and was grouped into two categories: better quality of
life (excellent or very good survey responses) and worse
quality of life (good, fair, or poor survey responses).

Comorbidities

Participants provided information on the presence or
absence of 15 types of comorbidities (including arthritis,
posttraumatic stress dis order [PTSD], depression, trau -
matic brain injury [TBI], stroke, diabetes, = migraines),
and pain (including p hantom limb, residual limb, and
chronic back).

Combat-Associated Injuries

Participants were asked to report the date and loca-
tion of all amputations, number of as sociated surgeries,
level of limb loss, and types of combat injuries. The lev-
els of amputation w ere re ported as partial foot, ankle ,
transtibial, knee disarticulation, transfe moral, hip, or
transpelvic. We created a su rvey question to determine
how much their amputation affected their current quality
of life. W e defined this var iable asthe “amputat ion
impact rank.” Survey partic ipants rated the impact of
their amputation on a scale of 0 (does not affect at all) to
10 (strongly af fects their curre nt quality of life). Higher
values of the amputation impact rank were interpreted as
having more impact o n their current life. Alth ough the
survey did not s pecifically state whether the impa ct of
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their amputation was negative or positive, a subsample of
survey participants were quer ied, and all reported they
interpreted the survey question to mean a negative impact
on their life.

Survey participants w ere asked if the y sustained any
of seven specific types of ot her combat injuries (besides
their amputation): injury to limb(s) with no amputation,
head injury, eye injury, hearing loss, chest injury, abdomi-
nal injury, and burns. A detailed description of other com-
bat injuries is presented elsewhere in this issue [13].

Cumulative trauma disorder (or worn-limb syn -
drome) resu lts from overu se o f the no namputated limb
and may include any one of the following: joint arthritis,
stiff joi nts, heel pain, plant ar fasci itis, or heterotopi ¢
ossification.

Statistical Analyses

We compared the demographic, health, prosthetic-
use, and satisfaction data between the Vietnam and OIF/
OEF groups. For univariate an alyses, statistical signifi -
cance is based on chi-square (categorical data ), Mann-
Whitney U test (ordinal data), Student #-test (continuous
data), and Fisher exact test if the cell size is < 5. The level
of significance for a two-sided test isp < 0.05. Univariate,
bivariate, and multivariate analyses were performed with
Stata 9.2 software (S tataCorp; College S tation, T exas).
Variables significant in univariate analyses were tested in
logistic regression multivariate models. Separate models
were run for the V ietnam and OIF/OEF survey groups.
We used multivariate models to determine factors associ-
ated with high functional levels. The o utcome for the
models was a biv ariate outcome variable fo r high func -
tional levels (low- and high-impact  activities such as
swimming, trail hik ing, golf, jogging, and other sports)
compared with more moderate functioning (walking). For
the regression models, we excluded survey participants in
the two lowest levels, who could not walk an d were
wheelchair d ependent. The no nambulatory group is
described elsewhere in this issue [14]. T o avoid overfit -
ting the model, we added variables significant in univari-
ate analyses using a forward stepwise selection based on
the log likelihood ratio and significance of the coefficient.
We compared the model with the added variable with the
previous model using the lo g likelihood ratio chi-square
technique and th e variable remained in the model if p <
0.05. The variable was removed from the model if p >
0.05 and if it was not a confound ing factor. Potential
interactions were also asses sed with the log likelihood

ratio. Goodness of fit of the final model was assessed
with the Hosmer-Lemeshow test statistic. A value of p >
0.05 indicated a well-fitted model [15-16].

RESULTS

Conflict Group Comparison

Our survey offered a unique opportunity to determine
lower-limb prosthetic-device-use patterns for two distinct
groups of serv icemembers with combat-associated uni -
lateral lower-limb loss. The Vietnam group represented a
cross section of veterans who had survived an average of
38 years postinjury and benefited from a long experience
with prosthe ses; the O IF/OEF group represe nted those
who were still fairly early in their rehabilitation process.

We enro lled 1 78 Vietnam v eterans with unilateral
lower-limb loss and 172 from the OIF/OEF conflicts, for
a total of 350 with unilatera I lower-limb loss. The levels
of limb loss for the Vietnam and OIF/OEF gro ups are
described in Table 1. The majority of limb loss was at the
transtibial and tra nsfemoral level in ea ch group. At the
time of the survey, the Vietnam group was an average of
38.3 £4.9 years since the initial limb loss, while the OIF/
OEF group was an average of 3.1 £ 1.3 years post-limb
loss. Detailed demographic desc riptions of b oth groups
are reported elsewhere in this issue [11]. All participants
inthe Vietnam group were male (me anage 60.8 =+
3.2 years) and 98 percent of th e OIF/OEF g roup were
male (mean age 29.4 + 6.1 years). In the Vietnam group,
80 percent were currently employed, while in the OIF/
OEF group 57 p ercent were emplo yed (includ ing 22 %
who returned to Active Duty) and 22 percent were stu -
dents (Table1).

Combat-Associated Injuries

Overall, the V ietnam grou p reported a si gnificantly
higher specific impact of their lower -limb loss on their
current quality of life (average amputation impact ran k of
7.5 £ 2.6) compared with the OIF/OEF group (6.8 + 2.6),
although we saw no significant dif ferences by limb-loss
level (Table 1). The frequency of other combat-associated
injuries was higher in the OIF/OEF group (3.3 £+ 1.8 inju -
ries) compared with the Vietnam group (2.9 & 1.8 injuries,
p = 0.005). Other types of combat injuries were similar by
level of limb loss for the two conflict groups (Table1). A
detailed d escription of c ombat injuries is presented
elsewhere in this issue [13]. The OIF/OEF group reported
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Comparison of health status and functio n in Vietnam and OIF/OEF groups with unilatera 1lower -limb loss by limb -loss level. V alues in

parenthesis indicate percentage of frequency.

Foot Ankle Transtibial Knee Transfemoral Hip Total
Outcome . OIF/ . OIF/ . OIF/ . OIF/ . OIF/ . OIF/ . OIF/
Vietnam OEF Vietnam OEF Vietnam OEF ietnam OEF Vietnam OEF Vietnam OEF Vietnam OEF
No. Persons 2 8 13 1 103 93 7 2 46 63 7 5 178 172
Active Duty n (%) 0 2 (25) 0 0 0 20 (22) 0 0 0 13 (21) 0 2 (40) 0 37 (2)*
Employed 2 7 10 1 85 48 5 2 34 37 5 2 141 (80) 97 (57)

Combat-Associated (mean £ SD)

Amputation 10£0 6.6+2.8 82+25 10£0 7.0+2.8 64+2.6 8.1+2.1 6.5+4.9 78425 72+258.6+2.0 8.8+0.8 7.5+2.6 6.8+2.6
Impact Rank
No. Other 20+£0 2.1+1.1 22+1.6 4 2841532416 47425 2+0 33+£223.8+2027+20 22+18 29+1.833+18"
Combat
Injuries;t
No. Post- 05+0774+10412+14 0 25+25 57+70"°1.1+1.6 05+0.7 2.2+2.7 53+62°46+72 84+59 23+28 5.6+68"
Limb-Loss
Surgeries
Comorbidities
None 7 (%) 0 2 0 0 56 30) 0 0 0 3(5) 0 120)  5(03) 9(5)
Mean + SD 65+0.73.6+3.1 58+24 10+£0 51+2.8 47+23 53+1.635+2160+3.0"4.8+27 72423 32+19 55+28"47+25
Cumulative 1(50)  4(50) 8(61) 1(100) 68 (66)° 41(44) 5(71) 1(50) 31(67) 33(52) 686" 0  119(67)" 80 (46)
Trauma
Disorder® n (%)
Quality of Life n (%)
Excellent/Very ~ 1(50) 7(88) 3(23) O 26(25) 42(46) 3(43) 1(50) 14(30) 33(52) O 3(60) 47(26)  86(50)
Good (%)
Good/Fair/Poor  1(50) 1(13) 10(77) 1(100) 77(75)° 51(54) 4(57) 1(50) 32(70)° 30(48) 7(100)" 2(40) 131 (74)° 85 (50)
Health Status n (%)
Excellent/Very ~ 1(50) 6(75) 3(23) O 29(28) 42(46)° 2(29) 1(50) 12(26) 26(41)" 1(14) 3(60) 48(27) 78 (46)°
Good
Good (%) 1(50) 1(13) 8(62) 1(100) 41(40) 36(39) 4(57) 0 18(39) 29(46) 1(14) 0 73(41) 67 (39)
Fair/Poor (%) 0 1(13) 215 0 3332) 14(15) 1(14) 1(0) 16(35) 8(13) 5(71) 2(40) 57(32) 26(15)

Note: Numbers denote frequency (number of people), percentage (%), or mean + standard deviation (SD).

*p < 0.05 compared with other conflict groups.

TAmputation impact rank = 3-point scale of 0 (limb loss does not affect quality of life at all), 5 (moderately affects), or 10 (strongly affects).

{Excludes limb loss.

SCumulative trauma disorder = symptoms due to overuse of nonamputated lower limb: ankle, knee, and hip arthritis; stiff joints; heel pain or plantar fasciitis.

No. = number, OIF/OEF = Operation Iraqi Freedom/Operation Enduring Freedom.

more frequ ent sur geries post- limb loss than the V ietnam
group, especially for transtibial and transfemoral limb loss
levels (Table1).

Comorbidities

The Vietnam group average 5.5 + 2.8 comorbid con-
ditions compared with the OIF/OEF group average of
4.7 £ 2.5. The frequency of comorbidities did not signi fi-
cantly vary by level of limb lo ss for either group, except
that V ietnam veterans with transfemoral limb loss had
more comorbidities compared with OIF/OEF participants
with the same level of limb loss (Table 1). Significant dif-
ferences were seen in the types of comorbidities in the
two groups (data not shown). Inthe V ietnam grou p,
71 percent reported arthritis, compared with 30 percent of
the OIF/OEF group. The OIF/OEF group reported more

PTSD than the V ietnam group (63% and 46% , respec -
tively; p = 0.001) and TBI (35% and 2%, respectively; p <
0.001). The frequency of depression was similar in the
Vietnam group (28%) and the OIF/OEF group (25%).The
frequencies of phantom pain (75% and 77%) and residual
limb pain (53% an d 62%) were also similar for the Viet-
nam and OIF/OEF grou ps, respectively . The V ietnam
group also reported a highe r frequency of cu mulative
trauma disorder compared with the OIF/OEF group (67%
and 4 6%, respectively; p <0.0 01). Sign ificantly more
Vietnam veterans with trans tibial and hip-level limb 1oss
had cumulative trauma disorder than OIF/OEF (Table1)
members with the same level limb I oss. Of t he Vietnam
group with cumulative trauma disorder , 59 percent
reported pain in the contra lateral limb compared wit h
31 percent in the OIF/OEF group (p < 0.001).
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General Health

Fewer Vietnam veterans reported their overall self-
reported quality of life was e ither excellent or very good
(26%) compared with the OIF/OEF group (50%). Overall
quality of I ife was lower for Vietnam servicemembers
with limb loss at transfemoral, transtibial, and hip-level
limb loss (Table 1). The Vietnam group also reported sig-
nificantly lower self-reported health status than the OIF/
OEF group ( Table1 ), with only 27 percent reporti ng
excellent to very good health compared with 46 pe rcent
of the OIF/OEF group.

Functional Ability

The Vietnam group with unilateral lower-limb loss
reported significantly lowe r self-rated functional ability
than the OIF/OEF g roup. In the Vietnam group, on ly
5 percent were nonambulatory and only 2 percent were
nonambulatory in the OIF/O EF group; all us ed w heel-
chairs for mobili ty. In the V ietnam group, 72 percent
identified their functional abilities as “walkers” (house-
hold, community, or varying speed walkers). As shown in
Table 1, the OIF/OEF group who typically wore a lower-
limb pro sthetic device had h igher functio nal abili ties,
ranging from varying walkin g s peeds to high-impact
activities such as skiing and basketball. Significantly
fewer of the Vietnam group reported low- to high-impact
recreational activities (23%) compared with the OIF/OEF
group (5 4%, p <0.001). When we compare d ove rall
average functi onal level score (Table2 ), the V ietnam

group was significantly lower (4.6 £ 1.2) compared with
the OIF/OEF group (5.5 £ 1.3). Functional ability also
varied by the level of limb loss. In the Vietnam group, a
trend emerged for more of th e transtibial-level limb-loss
group to participate in low- to high-impact r ecreational
activities (29%), but only 13 percent of the transfemoral-
level limb-loss group participated (p = 0.0 6). Although
more of the OIF/OEF group was in this higher functional
group, recreational activities we re more f requent in the
transtibial group (62%) compared w ith the tra nsfemoral
level (41%, p = 0.008).

Prosthetic Devices Ever Received

In the Vietnam group, 9 (5%) never received a lower-
limb prosthetic device and 169 (95%) received at least one
lower-limb pro sthesis. In the  OIF/OEF grou p, 3 (2%)
never received a lower -limb prosthetic device and 169
(98%) received at least one pr osthesis. The annual rate of
prostheses prescription for the Vietnam group was signifi-
cantly lower (0.3 + 0.2 devices/person/year) than the OIF/
OEF group (2.5 £ 2.2 devices/person/year; p <0.01). The
annual rate was significantl y higher for OIF/OEF mem -
bers across all limb-loss levels (Table 3). The distribution
of types of prostheses ever received by level of limb-loss
is shown in Table3 . Ofthe 1,738 devices received by
Vietnam vetera ns, mos t we re me chanical (89%). Of the
1,167 devices received by the OIF/OEF group, most were
also mech anical (63%)and 1 2 percent were more
advanced technology devices. Because the first year after

Table 2.
Functional ability level by type of limb loss for Vietnam and OIF/OEF groups with unilateral lower-limb loss.
. Foot Ankle Transtibial Knee Transfemoral Hip Total
Functional _
Capability Level  Vietnam 8;};{ Vietnam O;Zl*f Vietnam 8EF Vietnam g:;;{ Vietnam OEl*f Vietnam 82}{ Vietnam 8:3};{
No. Persons 2 8 13 1 103 93 7 2 46 63 7 5 178 172
1. Need Help to Trans- 0 0 0 0 0 0 0 0 1(2.2) 1(1.6) 0 0 1(0.6) 1(0.6)
fer, Cannot Walk
2.DoNot Need Helpto 0 0 0 0 329 1) 0 0 487 1(1.6) 1(143) 0 8(4.5) 2(l2)
Transfer, Cannot Walk
3. Household Walker 0 0 2(154) 0 9(87) 2(22) 2(286) 0 6(13.0) 8(12.7) 3(42.9) 2(40.0) 22 (12.4) 12 (7.0)
4. Community Walker 1 (50.0) 0 2(154) 0 17(165) 7(75) 1(143) 0  16(34.8) 15(23.8) 1(14.3) 2(40.0) 38 (21.4) 24 (14.0)
5. Walk with Varying ~ 1(50.0) 1(12.5) 5(38.5) 0 44 (42.7) 25(26.9) 3 (42.9) 1(50.0) 13(28.3) 12(19.0) 2 (28.6) 1(20.0) 68 (38.2) 40 (23.3)
Speeds Over Uneven
Barriers
6. Low-Impact Activities 0 3(37.5) 4(30.8) 1(100) 24 (23.3) 29(31.2) 1(143) 0 4(87) 14(222) 0 0 33 (18.5) 47 (27.3)
7. High-Impact Activites 0 4 (50.0) 0 0 6(58 29312 0 1(50.0) 2(44) 12(19.1) 0 0 8 (4.5) 46(26.7)

Functional Level Score 4.5+0.7 64+0.7" 48+1.1 6
(mean = SD)

49+1.158+1.1"44+1.160+1442+1350£15"3.6+1.138+08 46+1255+13"

Note: Numbers denote frequency (number of people), percentage (%), or mean + standard deviation (SD).

*p <0.05.
OIF/OEF = Operation Iraqi Freedom/Operation Enduring Freedom.
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Table 3.
Comparison of number of lower-limb prosthetic devices used for Vietnam and OIF/OEF groups with unilateral lower-limb loss by level of limb loss.
Foot Ankle Transtibial Knee Transfemoral Hip Total
Outcome Vietnam OEF Vietnam gizFF/ Vietnam OEF Vietnam 8:;1‘7/ Vietnam OEF Vietnam OIF/ Vietnam S;EF};
No. by Level 2 8 13 1 103 93 7 2 46 63 7 5 178 172
Never Received Any Prostheses
No. Persons 1 0 0 1 7 1 0 0 1 1 0 0 9(5) 3Q2)

Prosthetic Devices Ever Received

Annual Rate 0.1+0219+25 03+02 0
(mean devices/person-yr)

By No. Devices: Ever Received

Advanced 0 0 0 0 1 8
Mechanical 0 15 104 0 981 579
Specialty 0 6 0 0 33 97
Waterproof 0 2 0 0 53 73
Cosmetic 11 15 62 0 0 0
Total 11 38 166 0 1068 757
Persons Currently Using Prostheses
Use Any Type Currently 1 6 13 0 91 91
Abandoned All 0 2 (25) 0 0 5() (1)
By No. Devices: Current Use
Advanced 0 0 0 0 1 4
Mechanical 0 5 8 0 117 233
Specialty 0 5 0 0 5 59
Waterproof 0 2 0 0 19 47
Cosmetic 1 8 11 0 0 0
Total 1 20 19 0 142 343
By No. Devices: ReplacedJr
Advanced 0 0 0 0 0 0
Mechanical 0 0 85 0 686 149
Specialty/Waterproof 0 0 0 0 29 26
Total 0 0 85 0 715 175
By No. Devices: Rej ected’
Advanced 0 0 0 0 0 0
Mechanical 0 10 11 0 178 201
Specialty/Waterproof 0 6 1 0 16 35
Total 0 16 12 0 194 236

03+02 3.0£25°02+0.120+£002+0222+18"0.120.107+04"03+02 25+22"

1 0 23 126 0 11 25(1)  145(12)°
51 6 388 140 20 2 1,544 (89)" 742 (63)
0 3 2 48 1 0 36(2) 154 (13)
0 1 7 35 0 0 60(3) 111 (10)
0 0 0 0 0 0 734 15(1)

52 10 420 349 21 13 1,738 1,167
6 2 37 60 2 3 50 (84) 162 (94)
114 0 8(18) 2(3) S5(71) 2(40) 19301D° 74
1 0 14 61 0 4 16(7) 691D
6 4 36 61 3 0 170 (76)° 303 (56)
0 3 0 27 0 0 5(2)  94(17)
0 1 2 18 0 0 21(9)  68(13)
0 0 0 0 0 0 12 (5) 8 (1)
7 8 52 167 3 4 224 542
0 0 5 25 0 2 5(04) 27(10)
38 2 243 52 12 0 1,064 (97)" 203 (77)
0 0 1 8 0 0 30(3) 34(13)°
38 2 249 85 12 2 1,099 264
0 0 4 40 0 5 4(1)  45(13)
7 0 109 27 5 2 310 (93)" 240 (68)
0 0 2 28 1 0 20(6) 69 (20)°
7 0 115 95 6 7 334 354

Note: Numbers denote either frequency (number of people), percentages (%), or mean + standard deviation (SD).

*p <0.05.
TExcludes replaced and rejected devices with missing data.

No. = number, OIF/OEF = Operation Iraqi Freedom/Operation Enduring Freedom.

amputation involves the early postoperative and training
prostheses, w e examined prosthes es use during the first
year and compared types of de finitive prostheses received
in the ensuing years. As shown in Figure 1, the annual rate
of receipt (during the first year postlimb loss) was higher
than definitive p rostheses use for both advanced technol-
ogy and mechanical devices for ~ both th e V ietnam and
OIF/OEF groups. The OIF/OEF group receiv ed signifi -
cantly more advanced technology and mechanical devices/
year than the Vietnam group during the first year. After the
first y ear, during which part icipants underwent intensive
of rehabilitation and traini ng, th e OIF/OEF gro up still
received more advanced tec hnology prosth eses per year

compared with the Vietnam group. However, the Vietnam
and OIF/OEF groups received similar rates of mechanical
devices (averaging one every 2 years).

Current Use of Prosthetic Devices

Most Vietnam participants with unilateral lower-limb
loss curre ntly used a prosthesis (84%), but sign ificantly
more (94%) of the OIF/OEF group were current users (p =
0.003). The mean number of prosthetic devices currently
in use was significantly fewer for the V ietnam group
(1.2 £0.9) compared with the OIF/OEF group (3.1 + 0.2,
p <0.001). The eventual fate of each device type received
is visualized in Figure 2, which shows most prostheses in
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Figure 1.

Annual rate of prosthetic-device receipt by years postlimb loss, ty pe
of prosthetic device, and Vietnam or Operation Iraqi Freedom/Opera-
tion Endur ing Freedom (OIF/OEF) group. Adv anced technologies
include microprocessors and hybrids of electronic and bo dy-powered
components. Mechanical devices include body -powered pro stheses
that do not require recharging and vacuum-assisted systems. Signifi-
cant differences (p < 0.05) noted in OIF/OEF g roups for advanced
technology (both in first year and after first year annual rates) and in
OIF/OEF for mechanical devices (only during fir st year), compared
with Vietnam group.

current use were of the mechanical type, and a large num-
ber of prostheses requiring replacement were mechanical.
Of the 1,738 devices received by the Vietnam group over
38 years, the fate of 1,657 devices was d ocumented: 224
(13%) were in current use, 1,099 (66%) wore out and were
replaced, and 334 (20%) were rejected because of dissatis-
faction with the device ( Table3 ). Of the 1,167 devices
received by the OIF/OEF group ov er 3 years, the fate of
1,160 were known: 542 (4 7%) were in current use, 264
(23%) wore out and were replaced, and 354 (31%) were
rejected.

The type of prosthetic device currently inuse was
significantly dif ferent by group. More of the  Vietnam
group (76%) used mechanical prostheses compared with
56 percent of the OIF/OEF group (p < 0.001). More of the
OIF/OEF group used advanced technology devices (13%)
compared with only 7 percent of the Vietnam group (p <
0.001). In both groups, advanced technology devices
were usually used daily (89% Vietnam and 86% OIF/OEF
group). More (92%) of the Vietnam group used mechani-
cal devices on a daily basis compared with 73 percent of
the OIF/OEF group, who used th eir mechanical device
daily (» < 0.001). In contrast, specialty devices were used
more frequently by the OIF/OEF group; 50% of the V iet-
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Figure 2.

Fate of prosthetic devices for unilateral lower-limb loss in Vietnam and
Operation Iraqi  Freedom/Operation Enduring Freedom (OIF/OEF)
groups. Advanced technologies include microprocessors, vacuum-
assisted systems, and hybrids of electronic and body-powered compo-
nents. Mechanical devices include body-powered prostheses that do
not require recharging.

nam group used them only 1-2 times per year , whereas
92 percent of the OIF/OEF  group used them more fre-
quently. W aterproof legs were used at least weekly by
50 percent of both groups.

When asked on a scale of 0 (not at all satisfied) to 10
(completely satisfied) how satisfied they were with their
current main prosthesis, both groups had similar satisfac-
tion levels: the Vietnam group (mean score = 7.2 = 2.3)
and OIF/OEF group (mean score = 7.6 + 1.9, p=10.09).
No significant dif ferences were seen in the satisfaction
scores by limb-loss level between the tw o groups (data
not shown), except that Vietnam veterans with hip disar-
ticulation were less satisfied (mean score = 5.0 + 0) com-
pared with OIF/OEF participants with hip disarticulation
(mean score = 7.7 = 0.6, p = 0.009).

Prosthetic Devices Replaced

As shown in Figure 2, most of the lower-limb pros-
theses replaced because of daily wear-and-tear or bre ak-
age a re mec hanical-type devices ; in contr ast, the OIF/
OEF g roup rep laced bo th adv anced techno logy an d
mechanical device s. Of all the types of pros theses
replaced ( Table3 ), significantly more (97%) were
mechanical devices in the Vietnam group c ompared with
the OIF/OEF grou p (77% mech anical, p <0 .001). The
OIF/OEF g roup wore ou t significantly more adv anced
technology devices (10%) than the Vietnam group (0.4%).
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Figure 3.

Reasons for prosthetic-device rejection by device type by Vietnam or
Operation Iraqi  Freedom/Operation Endurin g Freedom (OIF/OEF)
group. Battery rechar ge = battery ne eds to be rechar ged; grew out =
grew out of prosthesis (usually due to limb shrinkage or weight gain).
Advanced technologies includ e mi croprocessors, v acuum-assisted
systems, and hybrids of electronic and body- powered components.
Mechanical devices include body-pow ered p rostheses that do not
require recharging.*p < 0.05 compared with OIF/OEF group.

Most of the devices replaced were for transfemoral limb

loss (Table 3). For ad vanced technology and mechanical
devices, the average replacement times are longer for the
Vietnam group (60% replaced every 3 —5 years) than the
OIF/OEF group (92% replaced within 2 years). For spe-
cialty devices, replacement times were also longer for the
Vietnam group (67% replaced longer than every 6 years);
while in contrast, 88 percent of the OIF/OEF group

replaced specialty devices within 2 years.

Prosthetic Devices Rejected

Lower-limb prostheses were rejected because of dis-
satisfaction or problems adapting to the prosthetic device.
Of the 334 devices rejected by the Vietnam group, most
were mechanical (93%), compared with only 68 percent
(p <0.001) in th e OIF/OEF g roup ( Table 3 ). Signifi -
cantly more rejected devices in the OIF/OEF group were
either adva nced te chnology (13%) or spec ialty devic es
(20%), compared with the V ietnam group (p < 0.00 1).
Transtibial- and trans femoral-level limb loss had  the
highest numbers of rejected devices (Table 3). The three
most frequent reasons for rejection by type of device are
shown for the two groups in Figure 3. For ad vanced
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technology devices, signific antly more of the V ietnam
group (83%) rejected the prosthetic because of “too much
fuss” compare d with the OIF/OEF group (25%, p<

0.001). The second and third most common reasons for
rejecting a dvanced technology de vices were similar for
the Vietnam and OIF/OEF groups: too heavy (6 7% and
44%, respectively) and need to re charge batteries (50%
and 25%, respectively). For mechanical devices, two rea-
sons wer e significantly more frequent in the V  ietnam
group compared with the OIF/OEF group: pain (51% and
29%, respectively, p = 0.002) and “grew out of it” (45%
and 19 %, res pectively, p = 0.001). The third most fre-
quent reason to reje ct a mechanical device was poor fit
(43% Vietnam group and 29% OIF/OEF group). For spe-
cialty devices, signific antly more of the Vietnam group
(46%) rejected the prosthetic  because of poor fit com -
pared with th e OIF /OEF group (1 8%, p =0 .006). The
second and third most common reasons for rejecting spe-
cialty devices were similar for V ietnam and OIF/OEF
groups: growing out of it (31 % and 16 %, resp ectively)
and pain (23% and 22%, respectively).

Prosthetic Devices Abandoned

Some s urvey participants reported complete aban -
donment of all low er-limb prosthetic devices. Of 169
Vietnam participants who ever received lower-limb pros-
thetic devices, 19 (1 1%) abandoned their lower -limb
prostheses. The most common limb-loss level associated
with abandonment was hip disarticulation (71%), as seen
in Table 3. Most of the abandoned devices were mechani-
cal (13, 68%), which were used for an average of 13 +
13.5 years before ab andonment (ranging from 6 mo nths
to 36 years). The most common reasons for abandonment
included insufficient residual-limb length to support body
weight (31%), too heavy (25%), and pain (19%). Most
had problems with the con tralateral leg (50% cumulative
trauma disorder). Ofthe 19 Vietnam participants who
abandoned lower -limb prosth eses, 14 (74%) relied on
wheelchairs for mobility, for an average of 22 + 16 years.
More details on wheelchair use and assistive devices are
reported elsewhere in this issue [14].

Of the 169 OIF/OEF participants who ever received
at least one low er-limb prosthesis, 7 (4%) a bandoned
using all lowe r-limb devices. Abandonment wa s highest
for hip disarticulations (40%), as shown in Table 3. Most
of the OIF/OEF group used a variety of different types of
prostheses before a bandoning use (71%). The OIF/OEF
group used their prostheses for a significantly shorter
time than the Vietnam group before stopping (mean 7 £
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5 months, p = 0.03). The most frequent reasons for aban-
donment were other combat in juries (43%) and cumula-
tive trauma disorder  (29%). Ofthe seven OIF/OEF

members who abandoned lower-limb prosthe ses, four

(57%) switched to wheelchairs.

Future Use of Prosthetic Devices

Survey participants were asked if they would con-
sider using a specific type of prosthetic device in the next
3 years, regardless of what type they a re currently using.
Significantly fewer of the V ietnam group wanted to try
advanced technology devices (40%) compared with the
OIF/OEF group (73%, p <0.001). A similar number pre-
dicted they would use mechanical lower-limb prostheses
in the next 3 years (71% of Vietnam and 75% OIF/OEF
group, p =0.4). No significant differences of predicted
future use were fou nd by other types of devi ces (spe-
cialty, hybrid, or waterproof).

Multivariate Models for Functional Ability
Multivariate models determined several factors that
are associated with increased functional mobility level for
people with unilateral lower-limb loss (Table 4 ). Model-
ing the level of li mb loss using the seven levels was not
productive because of th e small numbers in so me of the
levels (partial foot, ankle, knee, and hip); con sequently,

we only used the t ranstibial and transfemoral groups. In
the Vietnam group, function was significantly confounded
by the level of limb loss (transfemoral having lower func-
tioning), and w e a djusted for this in our analyses. T wo
variables were significantly associated with higher func -
tional ability in the Vietnam group: a higher overall qual-
ity of life (adjusted odds ratio [AOR] =4.1) and higher
numbers of currently used prosthetic devices (AOR = 2.3)
Two variables were sign ificantly associated w ith lower
functional abi lity in the Vietnam group: more sur geries
postlimb loss (AOR = 0.77) and a higher perceived impact
of their limb loss on their current life (AOR = 0.75).

We also adjusted for the level of limb loss in the OIF/
OEF model ( Table4 ). Three var iables were associated
with higher functional abili ty in the OIF/OEF group:
increasing numbers of specialty prosthetic devices in cur-
rent use (AOR = 5.8), higher overall quality of life (AOR =
2.8), and h igher number o ftotal devices ever received
(AOR = 1.1). Two variables were significantly associated
with lower functional ability in the OIF/OEF group: pain
inthe contralateral leg (AOR = 0.34) and a higher
perceived impact of their limb loss on the current quality
oflif e (a0 R=0 .82). No si gnificant interaction terms
existed in either model. Other variables investigated in the
univariate analysis were not significant in either group
model.

Table4.
Logistic multivariate models of variables associated with higher functional ability in Vietnam and OIF/OEF groups with unilateral lower-limb
loss.
Variables by Group* Adjusted Odds Ratio 95% CI p-Value
VietnamT
High Overall Quality of Life 4.10 1.44-11.67 0.008
Total No. of Currently Used Prosthetic Devices 2.30 1.28-4.14 0.006
No. of Surgeries Postlimb Loss 0.77 0.62-0.97 0.02
Amputation Impact Rank 0.75 0.62-0.91 0.003
Transfemoral Limb-Loss Level 0.41 0.13-1.34 —
OIF/OEF'
Total No. of Specialty-Type Prosthetic Devices 5.79 2.51-13.3 <0.001
Higher Overall Quality of Life 2.83 1.20-6.71 0.02
Total No. of Prosthetic Devices Ever Received 1.13 1.01-1.27 0.03
Pain in Contralateral Leg 0.34 0.13-0.88 0.03
Amputation Impact Rank 0.82 0.69-0.98 0.03
Transfemoral Limb-Loss Level 0.47 0.19-1.18 —

*Dependent variable is lower-limb function on two levels: baseline (walkers in household and/or community on even or uneven surfaces at varying speeds) com-
pared with higher function (low-high impact activities). Other variables are overall quality of life (higher quality of life compared with lower quality of life), total
number of currently used prosthetic devices of all types, amputation impact rank ranging from 0 (does not affect current quality of life) to 10 (limb loss greatly
affects currents quality of life), and transfemoral limb-loss level compared with transtibial limb-loss level.

fGoodness of fit statistics: Vietnam model, 32 = 91.8, degrees of freedom = 101, p = 0.73; OIF/OEF model, 32 = 124.1, degrees of freedom = 134, p = 0.72.

CI = confidence interval, No. = number, OIF/OEF = Operation Iraqi Freedom/Operation Enduring Freedom.
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DISCUSSION

Our descriptive survey yielded high numbers of par -
ticipants with unilateral traumatic lower -limb loss from
two combat-related groups: 178 veterans from the V iet-
nam war with over 38 years of experience with prosthetic
devices and 172 from th e OIF/OEF con flicts wh o are
fairly new (average of 3 ye ars) to prosthetic devices.
These two groups represented two distinct time periods
in the lifetime of a person with limb loss: one group who
were still adjusting to their limb loss and was early in the
rehabilitation process (OIF/OEF group) and anot her
group representing those with decades of experience with
their prostheses (Vietnam group). The effect of the DOD
paradigm shift in rehabilita tion goals for these wounded
servicemembers was reflected by a higher frequency of
servicemembers returning to Active Duty and an increase
in both the number and dive rsity of lower -limb prosthe-
ses used by the OIF/OEF group. In the OIF/OEF group,
more (22%) returned to Active Duty compared with his-
torical rates (<3%) during the Vietnam era [17]. Follow-
ing the u nique group who returned to Active Duty and
documenting their use of prosthetic devices, special train-
ing needs, satisf action, an d challenges during milit ary
service would be useful.

Our survey showed an increa se in the numbers of
prosthetic devices in current use by OIF/OEF participants
(3.1/year) compared with V ietnam veterans (1.2/year).
Not only did OIF/OEF participants with unilateral lower-
limb loss receive more devices, but the te chnology was
more div erse (inclu ding micropr ocessors, v acuum-
assisted sockets  with fe et, specia Ity devices). The
observed diversity of prosthetic devices in the OIF /OEF
group m ay ha ve re sulted d irectly from tech nological
advances in prostheses made since the Vietnam war, the
effect of the DOD rehabilitation paradi gm shift, and the
general health and activity level of the injured service -
member or veteran [18—19]. As shown by the annual rate
of prosthetic devices received in the first year, the O IF/
OEF group rec eived 40 times the number of adva nced
technology devices and 1.4 times the number of mechan-
ical devices as the V ietnam group received in their first
year. The majority (76%) of the Vietnam group currently
relied solely on their mechanical prostheses; in contrast,
the OIF/OEF currently used several dif ferent ty pes of
devices (56% mechanical, 13% mic  roprocessor, 17%
specialty). One concern is how many of those who were
receiving the advanced and costly microprocessor lower
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prosthetic devices would continue to use them. Of the 15
Vietnam survey participants w ho received microproces-
sor devices, three (20%) stop ped using the m; all three
switched to a mechanical device. Of the 65 OIF/OEF par-
ticipants who rece ived microprocessors, 23 pe rcent (15)
stopped using them; 47 percent switched to solely
mechanical devices, 27 pe rcent currently used mechani-
cal and spe cialty devices, 20 pe rcent use d wheelchairs
only, and 7 percent had abandoned all prostheses.

Reasons why advanced technology devices were less
frequently used by the Vietnam group may be because of
availability or prescription practices at prosthetic centers,
reluctance to try newer technology, lack of i nterest, or
other health issues. In the OIF/OEF group, 73 perc ent
predicted they would use an advanced technology pros-
thetic device in the next 3 years, while only 40 percent of
the Vietnam group predicted they mightt ry one in the
next 3 years. Bec ause the ¢ ost of advanced technology
including mic roprocessor limbs is high, projec ted ¢ osts
associated with their use may severely impact healthcare
costs. Projected costs of the diverse prosthetic devices are
examined in detail elsewhere in this issue [20].

The differences in prosthetic-device use ~ may also
have been r elated to the di vergence in age, health, and
experiences between the V. ietnam and the OIF/OEF
groups. Because the Vietnam group (60.8 = 3.2 years) was
approximately 3 0 years older , it was no t surprising that
this group h ad higher freq uencies of age-related health
issues (significantly more comorbidities, in poorer health,
more cumulative trauma to the other non amputated limb)
than the OIF/OEF group [21]. The OIF/OEF group (29.4 +
6.1) was you nger and reported a higher functio nal level,
but it i s reassuring that most of the V ietnam group also
reported a good level of mobility (only <5% cannot walk)
and still considered themse  lves community walkers.
Changes in the type of blast injuries and changes in medi-
cal practices may explain why the OIF/OEF group
reported more combat injuries and postamputation surger-
ies and had a higher frequency of TBI [10,22-24]. PTSD
is a significant problem associated with 60 to 97 percent
of combat injuries, and ef  fective treatments for P TSD
remain elusiv e [2 5-26]. Ev en th ough th e prevalence of
PTSD was high in both the Vietnam (45%) and OIF/OEF
(64%) groups, PTSD was not significantly associated with
either poorer functional capability or the nu mber or types
of prosthetic devices used. Phantom-limb pain is another
comorbidity that may complicat e the recovery of injured
servicemembers with limb lo ss [27]. W e fo und a high
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prevalence of phantom and resi dual limb pain (54-77%),
but found no association with function o r prosthetic-
device use. Pai n in the contralateral lower limb was the
only comorbid condition that was significantly associated
with lower function in the OIF/OEF group in our mult i-
variate analyses. Future research should explore m echa-
nisms that could reduce pain and degenerative changes to
the contralateral limb to maintain a higher functional level
across the lifespan.

The aim of thes e diverse types of prosthetic devices
is to improve functional capability in people with lower-
limb loss. While the majority of recreational activities of
people with lower -limb loss do not require specia lized
prostheses, the development of the specialized prosthetic
devices being used by the OIF/OEF group allowed them
to take part in a wide diversity of recreational activities
[28]. Other stud ies in no n-limb-loss po pulations h ave
supported th e clo se relat ionship between functional
capacity, higher quality of life, and recreational activities
[29-31]. We find an association between high functional
ability, higher quality of life, and use of specialty-sports
prosthetic devices in the OIF/OEF group. Some elder vet-
erans may elect not to deal with the issues of multiple
prosthetic devices or no longer participate in recreational
activities that require specialized prostheses. However, it
is important the veteran be given the choice to try some-
thing new or continue with what is comfortable for them.
Multivariate analyses determined independent factors
associated with higher functional capability in our study.
Both groups shared several factors associated with higher
functional capability (higher overall quality of life, use of
more prosthetic devices, greater perception of the impact
of limb loss on their current quality of life, transtibial
level amputation). A higher perceived quality of life is
found to be associated with improved functional capabil-
ities in other populations [29,31]. For people with limb
loss, the ability to use a prosthesis has been equated to
greater functional capacity, which is also related to higher
quality of life. The cause and effect relationship between
these three a ttributes has not been fully re alized and
requires further investigation.

Based on the Vietnam veterans’ nearly 40 years expe-
rience with prostheses, the OIF/OEF members can look
forward t o decades of life wi th good functi onal ability
and high quality of life assisted by prosthetic devices. Of
concern is that some may abandon the useful prosthetic
devices because of pain, comorbidities, or dissatisfaction
with the device. Our study presented reasons for dissatis-

faction by type of prosthetic device, which may help steer
future areas for improvement including decreasing pain,
designing lighter p rosthetic devices and suspension sys-
tems, and improving socket design. Our results are con-
sistent with previous studies in which the reasons for
rejection of a prosth esis included pain, poor fit, or grow-
ing out of the socket for mechanical or specialty prosthe-
ses [28]. Fortunately, many of these reasons for rejection
can be addressed with improveme nts in prosthetic care
and technology. Rejection of ad vanced technology pros-
theses is rela ted to weight of the device and too much
“fuss” and ma intenance, such as charging the battery .
Currently, technology is reducing the weight of micropro-
cessor components. However, complaints about advanced
technology devices involving charging of ba tteries or
requiring too much fuss is more related to technology tol-
erance and suggests that candidates be educated and
trained in the level of daily maintenance that these
devices require.

Study limitations include potential response bias due
to exclusion of veterans and servicemembers who did not
choose to participa te in the survey; dif ferences in sur -
vival over time, which may impact the ability to general -
ize the results; re call bias ofthe V ietnam group for
experiences occurring over 30 years ago; and the cross-
sectional des ign of th e su rvey. While this survey was
unique in obtaining relatively high follow-up rates, those
who were not located or who refused to participate could
have had a s ubstantially different experience and sa tis-
faction with their prostheses and overall quality of life. In
addition, recall bias of prosthetic devices received over
38 ye ars agoisp ossible. We d id not ha ve av ailable
records of the s pecific prosthetic device types available
to us to validate the self-reported pr osthetic-device his-
tory. However, we feel this limitation is mild because of
the broad classifications of the types of prosthetic devices
used for o ur survey and the limited number of ty pes of
devices available to the Vietnam group over 38 years ago.
The cross-se ctional design of the study limited conclu -
sions regarding causality.

Another potential limitation of our study is the gener-
alizability of our results to people with limb losses that
are not due to combat injurie s. However, our results are
consistent with the literature for the frequency of pros-
thetic device use in othe r studies. In our surve 'y, the
majority of unilateral lower-limb participants were cur -
rently using at least one 1 ower-limb prosthetic device
(84% of the V ietnam group and 9 4% of the OIF/OEF
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group). A British survey of 582 servicemembers (75%
had combat-relat ed limb loss, 82% lost a lower limb)
reported 92 percent current prosthetic-device use a fter a
mean of 53 years after limb loss [2]. Another study of
46 Vietnam veterans wi th transfemoral limb loss found
87 percent wore a prosthesis after 28 years [4].

Our results of satisfaction with prosthetic devices are
also similar to other studies of noncombat-associated limb
loss. Raichle et al. studied 752 noncombat lower-limb loss
cases (54% due to injury, 44% due to infection): 84 per -
cent continued to use a prosthesis an average of 12 years
postlimb loss [32]. Prosthetic wear was greater in people
with limb loss who were employed, were married, had
greater residual-limb length, and lost their limb because of
trauma rather than disease [32]. In a survey of 954 people
with noncombat-associated limb lo ss (39% injury, 37%
vascular, and 23% tumor), 89 percent had lower-limb loss,
and 93 percent reported curr ent prosthetic use [33].
Dillingham et al. stud ied 78 trauma-related (n oncombat,
54% relate d to motor ve hicle accidents ) Maryland res i-
dents with lower-limb loss and found 95 percent reported
using a prosthesis, but only 43 percent were satisfied with
the fit of their device [34]. In a community-based survey
of 954 people with limb loss (89% lo wer limb and 1 1%
upper limb) caused by a variety of incidents (39% trauma,
37% vascular, 23% cancer, etc.), 75.7 percent report being
satisfied with the overal 1 performance of their prosthesis,
while nearby one-third were dissatisfied [35]. Unfortu -
nately, these studies did not provide information on pros -
thesis use by type of limb loss or by type of prosthetic
device. Even wi th these limitations in mind, these two
groups give insights into the use of prostheses, reasons for
abandonment and satisfaction with prostheses, and  ser-
vices at two distinct times over the lifetime of people with
limb loss. Differences found in these two groups may be
associated with the time period in their life, but also wi th
differences in attitudes in care, advances in prosthetic
device technolo gy, an d improvements in treatmen ts for
combat-related injuries [17—18,36].

Future studies of pro sthetic devices should examine
satisfaction, quality of life, and abandonment reasons so
that practice-based evidence can guide our future clinical
standard of care for peop le with limb loss. We recom-
mend that a common standard of care be available to both
new servicemembers and veterans with lower-limb loss,
including prosthetic-device training, support services ,
and availability of newer te chnologies. Whether the per-
son w ith limb loss receives these newe r technologies

GAILEY et al. Prosthetic device use in unilateral lower-limb loss

should be a collaborative decision by the healthcare team
and patient, based on the patient’s functional ability, life-
style considerations, and safety requirements.

CONCLUSIONS

About a 30-year dif ference in age existed between
the Vietnam and OIF/OEF conflict g roups o f veteran s
with limb loss. The Vietnam group reported that limb loss
had a greater impact on their quality of life, even though
the OIF/OEF group sustained a greater number of combat
injuries. Both groups had about the same frequency of
comorbidities, al though arthritis and cumulative trauma
disorders to the contra lateral lower limb were higher in
the Vietnam group and P TSD and TBI were more com-
mon in the OIF/OEF group. The Vietnam group also had
lower self-rat ed functional ab ility and participated in
fewer |1 ow-/high-impact r ecreational activities than the
OIF/OEF group. Our results also indicate that prosthetic-
device use was dif ferent according to the stage of reha-
bilitation and adjustment for people with lower-limb loss.
The number and type s of prosthe ses were greater in the
first year postamputation versus those used in the subse-
quent years, when the person had adapted to th eir limb
loss. In addition, veterans of different combat eras had
different experiences of use and s atisfaction w ith pros -
theses bec ause of change sin prosthetic technology
improvements in medical care, and availabi lity of reha -
bilitation programs. Our study shows that even after
nearly 40 years si nce 1imb loss, veterans report ed good
quality of life and ambula  tory capability . Improving
functional ability for those w ith lower-limb loss is aided
by the use of prosthese s. Fu ture ef forts should aim to
improve satis faction and use of lower -limb prostheses,
decrease pain, and improve the quality of life for these
veterans and servicemembers.
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