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Abstract—The goals o f rehabi litation after majo r li mb l oss 
include not only functional restoration but also a return to a high 
quality of life (QOL). Few studies have identified which factors 
are associated with QOL in veterans and servicemembers with 
combat-associated major li mb lo ss. We enrolled Vietnam and  
Operation Iraqi Freed om/Operation Endu ring Freed om (OIF/
OEF) veterans and servicemembers in a national survey on pros-
thetic devi ce use. In  th e Vietnam g roup, mu ltivariate analy sis 
found multiple limb loss (adjusted odds ratio [aOR] = 3.1, 95% 
confidence interval [CI] = 1.57–6.02) and satisfaction with cur-
rent prostheses (aOR = 1.2, 95% CI = 1.05–1.38) are associated 
with better overall QOL, while a higher amputation impact rank 
(aOR = 0.66, 95% CI = 0.59–0.74) and depression (aOR = 0.21, 
95% CI = 0.08–0.54) are associated with worse overall QOL. In 
the OI F/OEF g roup, thr ee fa ctors a re s ignificantly as sociated 
with worse overall QOL: combat-associated head injury (aOR = 
0.78, 95% CI = 0.61–0.99), combat-associated injury to the non-
amputated limb (aOR = 0.7 1, 95% CI  = 0.57–0.88), and assi s-
tance needed in daily living (aOR = 0.12, 95% CI = 0.02–0.72). 
Improving satisfaction with prosthetic devices, improving men-
tal health care, and treating other combat-associated injuries may 
significantly imp rove the o verall QOL f or t hese veterans and  
servicemembers.

Key wo rds: amputation, com bat inj uries, l imb loss, men tal 
health, OIF/OEF, quality of life, prostheses, servicemembers, 
veterans, Vietnam.

INTRODUCTION

Technological advance s, such as body armor , rapid 
casualty evacuation, a nd incr eased tourniquet use, have 
significantly decreased the number of lethal combat inju-
ries in Operation Iraqi Freedom and Operation Enduring 
Freedom (OIF/OEF) in comparison with other modern 
wars [1–4]. There has been a corre sponding increase in 
the n umber o f no nlethal c ombat injuries [5]. The vast 
majority of nonlethal combat injuries are wounds to the 
limbs [6 –7], and  a sizable p roportion of wounds to  th e 
limbs result in limb loss [8–9]. Identifying factors associ-
ated with quality of li fe (QOL) for veterans and service-
members with combat-associated limb loss may provide 
critical information vital for their rehabilitation.

Abbreviations: aOR = adjusted odds rati o, CI = co nfidence 
interval, OEF = Operation Enduring Freedom, OIF = Operation 
Iraqi Freedom , PTSD = posttrauma tic stress disorder , QOL = 
quality of l ife, SF-3 6 = 36 -Item Sh ort Form  Heal th Surv ey, 
WHOQOL-BREF = World Health Organization Quality of Life.
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Consensus opinion is that health-related QOL is a mul-
tidimensional construct, but consensus has not yet emerged 
regarding how QOL should best be measured. Multiple 
QOL dimensions can be me asured and may  include 
domains such as  physi cal func tion, income, spir ituality, 
psychosocial status, and  pain  [10]. QOL can also be 
measured as a global construct [11] using either multiple-
item scales [12] or a single-item measure [13–17]. Multiple-
item s cales evaluate a number of fac tors that might be
important aspects of global QOL, but may add to the survey 
length. Calibrated item banks and com puterized ada ptive 
testing have been used to lim it the number of items while 
retaining validity [18–19].

We decided that a single-item measure of global QOL 
was appropriate and a minimally burdensome strategy for  
our exploratory survey. Single-item global QOL measures 
have been shown to provide reliable and valid assessments 
of QOL [13–14]. Common examples include the Uniscale 
[16], the Functional Assessment of Cancer Therapy/Func-
tional Assessment in Ch ronic Illness Therapy scales [20–
21], th e European Organization for Research an d Treat-
ment of Cancer Quality of Life Questionnaire [22], and the 
World Health Organization Quality of Life (WHOQOL-
BREF) [23]. Further , one recent stu dy assessing QOL in 
persons with non-combat-associated lower-limb loss using 
a single-item measure for global QOL identified seven sig-
nificant predictors of QOL (depression, perceiv ed pros-
thetic mobility , social suppor t, comorbidity , prosthesis 
problems, age, and social activity participation) [15].

Prior research o n QOL among v eterans and serv ice-
members with combat-associated limb loss is limited [24–
26]. Doug herty fo llowed 23  Vietnam war veterans with 
bilateral transfemoral amputatio ns for a mean of 25  years 
and co mpared them  w ith a ge- a nd se x-matched controls 
but fou nd few differences using standardized q uestion-
naires on mental an d physical health , except that those 
with limb loss had significantly lower physical functioning 
scores [2 5]. In  another st udy repo rted by Doug herty, 
72 Vietnam war veterans with transtibial amputations were 
followed for a mean of 28 yea rs and compared with con-
trols. Those with limb loss had a sign ificantly increased 
use of psychological support services [26]. Hoaglund et al. 
followed 132 Korean and V ietnam war veterans with
transtibial limb loss for a mean  of 17 years and found an 
increase in pain but did not report on QOL [24].

The current study use s data collected from veterans 
and servicemembers with combat-as sociated major limb 
loss from the  Vietnam war and OIF/OEF conflicts who 

participated in t he national Survey for Prosthetic Use 
[27] to identify factors assoc iated with overall QOL and 
to determine how specific ty pes of co-occurring combat 
injuries affect QOL.

METHODS

Survey Participants
Participants in this cross-sectional, descriptive survey 

are veterans and servicemem bers from the Vietnam war 
and OIF/OEF conflicts with at least one combat-associated 
major traumatic amputation (excluding digit-only loss). 
We sent v eterans and serv icemembers with major limb 
loss that occurred during the Vietnam war (1961–1973) or 
OIF/OEF co nflicts (2000–2008) an invitational letter to 
participate in a survey on prosthetic use. We invited all ser-
vicemembers with major limb loss from OIF/OE F and a 
selection of Vietnam war veterans to participate (all unilat-
eral upper-limb loss, all multiple limb loss, and a subsam-
ple of unilateral lower -limb loss) to obtain a similar 
number to the total OIF/OEF invitees. Survey participants 
include 298 from the Vietnam war (65% response rate) and 
283 from OIF/OEF (59% response rate). We surveyed par-
ticipants during 2007 to 2008, and they took the survey by 
one of three methods (mail, telephone interview, or Web 
site). A descriptio n o f the detailed stud y met hods an d 
survey are provided elsewhere [28].

We ba sed this survey on the conce ptual framework 
provided by the Aday and Anderson model of healthcare 
utilization [29] and we modified  i t by Bradl ey et al. to 
include psychosocial factors [30]. This model pos its that 
predisposing, need, enab ling, percei ved con trol, an d 
knowledge fa ctors de termine healthcare use, ou tcomes, 
and costs. QOL is influenced in this model by predispos-
ing, need, and enabling factors; knowledge and coping; 
and adjustment factors.

Survey Measures

Quality of Life and Health Status
We used a modified version  of a commonly used 

single-item measure of global QOL for our stu dy [23]. We 
also asked participants to rate their overall QOL: excellent, 
very goo d, good, fair , or poor. The con cordance of 
responses to the QOL item was similar (61% agreement) to 
survey responses on the singl e-item self-rated health ques-
tion from th e 36-Item Sh ort Form Health Survey  (SF-36) 
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(kappa = 0.47) [12,31]. For th is study, we compared th ose 
responding “b etter QOL” (excellen t or very  goo d) an d 
“worse QOL” (fair or p oor) with those responding  “good 
QOL.” For logisti c regression analyses, our goal was to 
distinguish participants with uneq uivocally high QOL 
from those with intermediate or low QOL; thus, we created 
a bivariate outco me QOL measu re comparing “better 
QOL” (ex cellent or very go od) with those with “worse 
QOL” (good, fair , or poor respo nses). We assessed self-
rated health st atus using a validated si ngle-item measure 
from the SF-36 [13,31].

Demographic Characteristics and Social Situation
Participants provided i nformation on demographics 

(age, sex, and race) and current social situation (current 
marital status, whether or not participants have children, 
current employment st atus, current military status), as 
shown in Table 1 . We collapsed response categories for 
race, current employment status, and current military sta-
tus into a limited number of  categories because of infre -
quent responses in some subcategories.

Comorbidities
Participants provided information on the presence or 

absence of 15 types of comorbidities (including arthritis, 
posttraumatic s tress disorder [P TSD], depression, trau-
matic brain i njury, stroke, di abetes, and migraines) and 
pain (includ ing ph antom pa in, residual-limb pain, and 
chronic back pain).

Functional Capability and Need for Assistance
We categorized funct ional capability into three levels 

based on answers to questions about graded level of lower-
limb functional capability: (1 ) nonambulatory (cannot 
walk, with or without assistance to transfer), (2) ambula -
tory (can walk, includin g household or community walk-
ers), and (3) highly active (performs low- to high-impact 
recreational activities). W e re categorized need for assis-
tance with daily activities as “needing no assistance” with 
daily activities or “needing any assistance” from another 
person with daily activities.

Prosthetic Devices
The survey also collected data on c urrent prosthetic 

device an d assistive device use, in cluding the number , 
type, daily frequency of use, and satisfaction with current 
prostheses and se rvices. We ask ed participants to rank 
their current satisfa ction with their prostheses on a sc ale 

ranging from 0 (not at all satisfied) to 10 (completely sat-
isfied). We also asked survey  participants to identify the 
types of prosthetic and as sistive devices they might want 
to try in the next 3 years.

We asked par ticipants to  identify the number and 
type of prostheses they had received in the past (total for 
the first year postamputation and then total since that 
time). We collected data on the number of prostheses that 
wore out and the average repla cement time by type of  
device. For prostheses that were discontinued due to dis-
satisfaction, we coll ected the number and t ype of device 
as well as the reasons why participants discontinued the 
prosthesis. Survey participan ts repo rted an y pro sthetic 
device receipt, regardless if  received through military, 
Department of Veterans Affairs, or private sourc es. Sur-
vey particip ants also inclu ded pro totype pro sthetic 
devices rec eived. Detailed de scriptions of the types of  
prosthetic devices in current use, replaced, or stopped 
due to  dissatisfactio n are prov ided elsewhere for th ose 
with unilater al upper -limb loss [32], unilateral lower -
limb loss [33], multiple limb loss [34], and satisfact ion 
with services [35].

Combat-Associated Injuries
We asked participants to report the date and location of 

all a mputations, number of asso ciated surgeries, level of 
limb loss, a nd types of combat injuries. They reported the  
level of amputat ion as partial foot, ankle, transtibial, knee 
disarticulation, transfemoral, hip, transpelvic, partial hand, 
wrist, transradial, elbow di sarticulation, transhumeral, 
shoulder, or forequarter. We grouped the types of limb loss 
into three categories: unilateral upper limb, unilateral lower 
limb, and multiple limb loss. We also created a survey ques-
tion to det ermine how much partici pants’ amputation
affects their current QOL. We defined this as the “amput a-
tion i mpact rank .” Su rvey p articipants rated the ef fect of 
their amputation on a scale of 0 (does not affect QOL at all) 
to 5 (moderately affects QOL) to 10 (strongly affects QOL). 
We interpreted higher values of the amputation impact rank 
as having more effect on current life. Although the sur vey 
did not specifically state whether the effect of their amputa-
tion was negat ive or positive, we qu eried a subsample of 
survey participants and all reported they interpreted the sur-
vey question to mean a negative effect on their life.

We asked survey participants  if the y sustained any of 
seven specific types of other combat injuries (besides their 
amputation): injury to limb(s) with no amputati on, head 
injury, eye i njury, hearing loss, ches t injury, abdominal
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Table 1.
Comparison of factors associated with overa ll quality of life (QOL) in Vietnam war and Operation Iraqi Freedom/Operation Enduring Freedom 
(OIF/OEF) veterans and servicemembers with major combat-associated limb loss.

Subjects

Vietnam QOL (n = 297) OIF/OEF QOL (n = 282)
Excellent or 

Very Good (%)
(n = 100)

Good (%)
(n = 116)

Fair or
Poor (%)
(n = 81)

Excellent or 
Very Good (%)

(n = 135)

Good (%)
(n = 104)

Fair or
Poor (%)
(n = 43)

Demographic
Age (mean ± SD) 61.1 ± 3.0 60.6 ± 3.3 60.3 ± 2.5 29.1 ± 5.2 29.1 ± 6.4 29.6 ± 6.0
Sex

Male 100 (100.0) 116 (100.0) 81 (100.0) 129 (47.2) 102 (37.4) 42 (15.4)
Female 0 (0.0) 0 (0.0) 0 (0.0) 6 (66.7) 2 (22.2) 1 (11.1)

Race
Caucasian 86 (35.8) 91 (37.9) 63 (26.2) 104 (51.0) 77 (37.7) 23 (11.3)
Other 13 (23.2) 25 (44.6) 18 (32.1)* 29 (38.7) 26 (34.7) 20 (26.7)*

Lifestyle/Social Support
Marital Status

Married/Living Together 79 (35.9) 83 (37.7) 58 (26.4) 84 (49.7) 62 (36.7) 23 (13.6)
Other 19 (25.7) 33 (44.6) 22 (29.7) 47 (43.1) 42 (38.5) 20 (18.3)

Have Children (Yes) 85 (32.7) 104 (40.0) 71 (27.3) 64 (46.7) 52 (38.0) 21 (15.3)
Current Employment Status

Employed/Student 83 (35.6) 91 (39.1) 59 (25.3) 110 (51.4) 76 (35.5) 28 (13.1)
Retired 17 (27.0) 25 (39.7) 21 (33.3) 22 (36.7) 25 (41.7) 13 (21.7)

Current Military Status
Medical Discharge 78 (31.8) 95 (38.8) 72 (29.4) 69 (41.8)† 70 (42.4) 26 (15.8)†

Nonmedical Discharge 22 (42.3) 21 (40.4) 9 (17.3) 21 (75.0) 2 (7.1) 5 (17.9)
Active Duty 0 (0.0) 0 (0.0) 0 (0.0) 29 (50.0) 22 (37.9) 7 (12.1)
Rehabilitation 0 (0.0) 0 (0.0) 0 (0.0) 11 (45.8) 9 (37.5) 4 (16.7)
National Guard 0 (0.0) 0 (0.0) 0 (0.0) 5 (71.4) 1 (14.3) 1 (14.3)

Comorbidities
Total No. of Comorbidities (mean ± SD) 3.6 ± 2.2* 5.1 ± 2.5 7.1 ± 2.6* 3.7 ± 2.3* 5.3 ± 2.3 6.3 ± 2.3*

Arthritis 52 (27.1)* 79 (41.1) 61 (31.8) 23 (31.5) 28 (38.4) 22 (30.1)*

Posttraumatic Stress Disorder 19 (17.0)* 45 (40.2) 48 (42.9)* 60 (36.1)* 70 (42.2) 36 (21.7)*

Depression 8 (11.0)* 27 (37.0) 38 (52.0)* 15 (22.1)* 29 (42.6) 24 (35.3)*

Traumatic Brain Injury 1 (10.0) 1 (10.0) 8 (80.0)* 35 (36.5) 38 (39.6) 23 (24.0)
Migraines 10 (29.4) 11 (32.3) 13 (28.2) 27 (43.6) 20 (32.3) 15 (24.2)*

Pain
Phantom Pain 58 (27.0)* 86 (40.0) 71 (33.0)* 90 (42.1)* 89 (41.6) 35 (16.4)
Residual Limb Pain 38 (26.4) 54 (37.5) 52 (36.1)* 75 (42.1) 70 (39.3) 33 (18.5)
Chronic Back Pain 16 (14.8)* 44 (40.7) 48 (44.4)* 47 (39.5)* 50 (42.0) 22 (18.5)

Functional Capability
Lower Limb Functional Capacity‡

Nonambulatory 10 (33.3) 12 (40.0) 8 (26.7) 3 (50.0) 2 (33.3) 1 (16.7)
Ambulatory 37 (22.6) 75 (45.7) 52 (31.7) 44 (41.5) 44 (41.5) 18 (17.0)
Highly Active 32 (64.0)* 12 (24.0) 6 (12.0) 68 (60.2) 37 (32.7) 8 (7.1)

Needs Assistance§ 8 (13.8)* 22 (37.9) 28 (48.3)* 21 (28.4)* 32 (43.2) 21 (28.4)*

Prosthetic Devices
No. of Current Prosthetic Devices 

(mean ± SD)
1.4 ± 1.1 1.3 ± 1.1 1.3 ± 1.2 3.8 ± 3.3 3.3 ± 3.1 2.6 ± 2.3

Prosthesis Satisfaction¶ (mean ± SD) 7.8 ± 2.3* 6.8 ± 2.6 6.1 ± 2.8 8.1 ± 1.8* 7.3 ± 2.0 6.6 ± 2.4
*p < 0.05 compared with “good” QOL within conflict group.
†p < 0.04 compared with nonmedical discharge.
‡Functional level groups: highly active (low- or high-impact activities and sports), ambulatory (household, community, uneven surfaces), nonambulatory (cannot 
walk). Data not collected for unilateral upper-limb participants.
§Needs assistance with activities of daily living.
¶Prosthesis satisfaction scale ranges from 0 (not at all satisfied with current prosthesis) to 10 (completely satisfied).
SD = standard deviation.
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injury, and burns. W e create d a “combat injury impact 
rank” for this study to determine the degree to which spe-
cific combat injuries af fect current QOL. Survey part ici-
pants ranked each type of combat injury on a scale of 0 
(does not affect QOL at all) to 5 (moderately affects QOL) 
to 10  (stron gly af fects QOL). For veteran s and  service -
members reporting specifi c type s of combat injuries, we 
calculated mean combat injury impact scores.

Statistical Analysis
We examined current data (demographic, health status, 

comorbidities, functional capability, and current prosthetic 
use) and  retrospective data (combat injuries, type and 
number of prior prosthetic devices) for their association 
with current overall QOL using Stata 9.2 (StataCorp; Col-
lege Station, Texas). For univariate analyses, we  based 
statistical significance on chi-square (categorical data), 
Mann-Whitney U-test (ordinal data), Student’s t-test (con-
tinuous data), and Fisher ’s exact test for cell sizes < 5. The 
level of significance is for a two-sided p  0.05. We tested 
variables significant in univar iate analyses in multivariate 
logistic regression models. To avoid overfitting the model, 
we added variables significant in univariate analyses using 
forward step wise selection b ased on the log likelihood  
ratio and significance of the coefficient. We then compared 
the model with the previous model using the log likelihood 
ratio chi-square test. We kept variables in the model if their 
inclusion significantly improv ed mode l fit.  We assessed 
interactions using the log likelihood ratio and the goodness 
of fit of the final model using the Hosmer-Lemeshow chi-
square test statistic. A p > 0.05 indicates a wel l-fitted 
model [36–37]. The ou tcome of the log istic mo dels is a 
bivariate variable using tw o groups of overall QOL data: 
better overall QOL compared with worse overall QOL. We 
fit type of limb loss as a du mmy variable with uni lateral 
lower limb as the comp arison group and unilateral upper 
limb and multiple limb loss as independent variables.

RESULTS

Sample Description
A detailed description of the demographic characteris-

tics of the V ietnam war and OIF/OEF g roups with major 
limb loss is reported in another article in this issue [28]. 
These groups represent two  distinct time perio ds in the 
recovery process. The Vietnam war group represents veter-
ans who have had more time to adapt to their limb loss (an 

average of 38 .8 y ears postamputation), are older (mean 
age 61  years), and may b e d ealing with  ag e-related and 
other chronic conditions. In contrast, the OIF/OEF group 
are servicemembers a nd ve terans wit h relatively recent  
limb loss (average 3.0 years postamputation), are younger 
(mean age 29 years), and may be still dealing with healing 
and rehabilitation from combat injuries and their complica-
tions. Of the OIF/OEF group, 9 percent were still receiving 
rehabilitation services.

Of 298 participants from the Vietnam war group, 178 
(59.7%) have unilateral lower-limb loss, 47 (15.8%) have 
unilateral upper-limb loss, and 73 (24.5%) have multiple 
limb loss (153 limbs). Of the 283 in the OIF/OEF group, 
172 (60.8%) have unilateral lower-limb loss, 50 (17.7%) 
have un ilateral up per-limb loss, and  61  (21.5%) ha ve 
multiple limb loss (129 limbs).

Univariate Analysis of Overall Quality of Life
Overall, the Vietnam war group reported worse QOL 

than the OIF/OEF group. In the Vietnam war group, 297 of 
298 self-reported their current overall QOL as excellent 
(33 [11.1%]), very good (67 [22.6%]), good (116 [39.1%]), 
fair (64 [21.5%]), or poor (17 [5.7%]). In the OIF/OEF 
group, 282 of 283 self-repo rted their cu rrent QOL as 
excellent (49 [17.4%]), very good (86 [30.5%]), good (104 
[36.9%]), fair (39 [13.8%]), or poor (4 [1.4%]).

Type of Limb Loss
To identify whether type of limb loss is  as sociated 

with overall QOL, we conducte d analys es by type  of
limb loss separately for each gro up (Figure 1 ). Interest -
ingly, multiple limb loss i s associated with better QOL in 
both the Vietnam war and OIF/OEF groups. In the Viet-
nam war group, of participants with unilateral lower-limb 
loss, 26.4 percent report better QOL, 44.9 percent report 
good QOL, and  2 8.7 percent report worse QOL. In the 
Vietnam war group with unilateral upper-limb loss, signifi-
cantly more report better QOL (40.4%); those with multi-
ple limb loss (47.2%) also re ported better QOL. In the 
OIF/OEF group with unilateral lower-limb loss, 50.3 per-
cent repo rt better QOL, 38 .0 p ercent report g ood QOL, 
and 11.7 percent report worse QOL. For those in the OIF/
OEF group with unilateral upper -limb loss, significantly 
more (30.0%) report worse QOL compared with unilat-
eral lower-limb loss. We found no other significant differ-
ences by type of limb loss and QOL for OIF/OEF 
participants with multiple limb loss.
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Demographic Characteristics and Social Situation
In both groups, demographic (age, sex, and race) and 

current soci al situation (marital status, children, current 
employment status) variables are  not ass ociated with 
overall QOL (Table 1 ). Current military status is signifi-
cantly a ssociated w ith QO L in the OIF/OEF group but 
not in the Vietnam war gro up. Significantly fewer OIF/
OEF pa rticipants with med ical dis charges rep ort be tter 
QOL (42%) compared with those with nonme dical dis -
charges (75%). We found no significant differences in the 
OIF/OEF group for QOL by th ose on Act ive Duty, 
National Guard duty, or in rehabilitation.

Comorbidities
In both groups, an association exists between QOL and 

mean number of current como rbidities. Higher number of 
comorbidities is significantly associated with worse overall 
QOL (Table 1 ). The mean number of comorbidities in the 
Vietnam war group is significa ntly higher in the wo rse 
QOL group (7.1 ± 2.6) than the good QOL group (5.1 ± 2.5, 
p < 0.001). The mean number of comorbidities in the OIF/
OEF group i s also si gnificantly higher (6.3 ± 2.3) in the 
worse QOL g roup than the good QOL group (5.3 ± 2.3, 
p = 0.01). The  m ean nu mber of  comorbidi ties is signifi -

cantly fewer for those reporting better QOL in both the 
Vietnam war group (3.6 ±  2.2, p < 0 .001) and OIF/OEF 
group (3.7 ± 2.3, p < 0.001). All data presented as mean ± 
standard deviation unless otherwise noted. When we exam-
ined specific types of comorbidities, we found several types 
were associated with curre nt QOL within each group 
(Table 1). In the Vietnam war group, we found worse QOL 
significantly associated wit h P TSD ( 42.9%), depr ession 
(52.0%), and tr aumatic brai n injury (80.0%). In the OI F/
OEF group, we found worse QOL significan tly more fre-
quent in those reporting arthritis (30.0%), P TSD (21.7%), 
depression (35.3%), and migraines (24.2%). In the Vietnam 
war group, we found  three types of pain also sign ificantly 
associated with wors e QOL: phantom pa in ( 33.0%), 
residual-limb pain (36.1%), and chronic back pain (44.4%), 
while pain was not associated with worse QOL in the OIF/
OEF group.

Functional Capability and Need for Assistance
We found lower -limb functional capability not  asso-

ciated with QOL in either group (Table 1 ). We found the 
only significant difference in the Vietnam war group who 
reported being highly active (64.0% reported better QOL 
compared w ith 24.0% w ho reported only good QOL). 
For the OIF/OEF group, we found no significant associa-
tion between lower -limb func tional level and QOL. In 
contrast, w e found a signi ficant association be tween 
overall QOL and needi ng assistance with activities of 
daily living in both groups . Of th e Vietnam war g roup 
participants who need assistance wit h daily activiti es, 
48.3 percent report worse QOL compared with 37.9 per -
cent rep orting go od QOL (p = 0.01). Of the OIF/OEF 
group who require assistance,  most (43.2%) report only 
good QOL and significantly fewer (28.4%) report better 
QOL (p = 0.04).

Prosthetic Devices
We found no statistically  signi ficant associations 

between overall QOL and th e number of  cu rrent p ros-
thetic devices (Table 1 ). We found no significant associa-
tion between overall QOL and the number of prosthetic 
devices ever received or the type (myoelectric, electronic, 
body-powered, cosmetic,  sports leg, etc.) o f pro stheses 
(data not shown). In both the Vietnam war and  OIF/OEF 
groups, veterans an d servic emembers who report better 
overall QO L als o report higher  satisfaction scores with 
their current pro sthetic devices than do  veterans an d ser-
vicemembers with worse overall QOL (Table 1).

Figure 1.
Overall quality of life (QOL) by num ber of people with one of  three 
types of combat-associated major limb loss for Vietnam war (n = 297) 
and Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF,
n = 282) groups. *p < 0.05 compared with unilateral lower-limb loss.
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Combat-Associated Injuries 
The inciden t respon sible for combat-associated limb  

loss typi cally results in mult iple other types of co mbat-
associated injuries . Figure 2  sh ows these oth er types of 
combat-associated injuries. The most frequ ent types of 
other comb at in jury in the Vietnam war group include 
hearing loss (47%) and injuries to the n onamputated 
limb(s) (33%). The most freq uent in the OIF/OEF group 
included hearing loss (48%), in juries to the nonamput ated 
limb(s) (45%), and injuries to the head (34%). The OIF/
OEF group reported significantly more injuries to the non-
amputated limb(s) (p = 0.01), head (p < 0.001), and burns 
(p = 0. 04) than did the Vietnam war gro up (Figure 2). In 
the V ietnam war group , we found  the mean nu mber of 
combat in juries (excluding  amputation) was significantly 
higher (3.7 ± 2.4, p < 0.01) in those reporting worse QOL 
than in those reporting good (2.7 ± 1.7) or better (2.8 ± 1.9) 
QOL. In co ntrast, in the OIF/OEF group, those reporting 
better QOL had significantly more combat injuries (3.1 ± 
1.7, p = 0.02) than those with  good QOL (3.6 ± 1.9). For 
those in the OIF/OEF group with worse QOL, we found  
the mean number of combat injuries (4.3 ± 2.2) not signifi-
cantly different from those reporting good QOL.

We also examined combat injuries by the type of limb 
loss (Table 2 ) to determine if the types of combat injuries 
changed by conflict. Nearly one-third of the Vietnam war 
group reported injuries to the nonamputated  limb(s), but 
we found no difference by type of limb loss group. Injury 
to the other nonamputated  limb(s) occurs more frequently 

in the OIF/OEF group than in  the Vietnam war group. Of 
the OIF/OEF group, 50.6 percent with unilateral lo wer-
limb loss and 42.6 percen t with multiple limb loss repo rt 
injuries to nonamputated lower limbs (p < 0.01). We found 
head injuries were significantly more frequent acros s all 
limb-loss groups in the OIF/OEF group  (29.6%–46.0%) 
than in the Vietnam group (10.1%–22.2%). Hearing loss is 
significantly more frequent in the OIF/OEF group with  
unilateral upper-limb loss (62.0%) than the V ietnam war 
group (34.0%).

We assessed the effect of combat injurie s on current 
life for the Vietnam war gr oup (Figure 3 ) and the OIF/
OEF group (Figure 4). In the Vietnam war grou p, those 
with unilateral lower -limb loss reported their amputation 
had the highest effect on current life (ampu tation impact 
rank = 7.5 ±  2.7 , p < 0.05) compared with unilateral  
upper-limb loss (7.0 ± 3.0) or multiple limb loss (7.1 ± 
3.1). In the Vietnam war group, we found other types of 
combat injuries also associated with a higher impact rank 
depending on the type of limb loss. For those with unilat-
eral lower-limb loss in the Vietnam war gr oup, we found 
the highest effect for injury to the no namputated lower 
limb (mean combat injury rank = 5.4 ± 3.1); for those with 
unilateral upper limb loss, eye injuries were highest (7 ± 
3.4); and for those with multip le limb loss, hearing loss 
had the hig hest effect (5.7 ± 2 .4). In the OIF/OEF g roup 
(Figure 4 ), amputation  has the high est ef fect fo r those 
with unilateral upper-limb loss (mean impact rank = 8.1 ± 
2.3, p < 0 .05) co mpared w ith unilateral l ower-limb loss 
(6.8 ± 2.6) or multiple limb lo ss (7.9 ± 2.7). In the OIF/
OEF group, injury to the nonamputated limb  had the 
greatest effect on current life for all three limb loss 
groups: unilateral lower limb (mean impact rank = 5.0 ± 
3.4), unilateral upper -limb (5  ± 3.5), and multiple limb 
loss (5.9 ± 3.5).

Multivariate Analysis of Overall Quality of Life
As ma ny o f the se variables may be correlated with 

QOL or one another, we used logistic regression to es ti-
mate the effect of the se variables on QOL (Table 3 ). In 
the Vietnam war group, mult ivariate analysis found mul-
tiple limb l oss (adjusted odds rati o [aOR] = 3.07, 95% 
confidence interv al [CI] = 1.5 7–6.02) an d satisfact ion 
with current prostheses (aOR=1.20, 95% CI = 1.05–1.38) 
were associated with better QOL, while a higher amputation 
impact rank  (aOR = 0.66, 95% CI = 0. 59–0.74) and 
depression (aOR = 0.21, 95% CI = 0.08–0.54) were asso-
ciated with worse  overall QO L. In the  OIF/OEF group, 
after adjusting for the type of limb loss, we fo und three 

Figure 2.
Other types of combat-associated injuries associated with major limb 
loss in Vietnam war and Operation Iraqi Freedom/Operation Enduring 
Freedom (OIF/OEF) groups. *p < 0.05.
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factors si gnificantly associated with worse overall QOL : 
combat-associated head injury (aOR = 0.7 8, 95 % CI = 
0.61–0.99), combat-associated injury impact rank to the  
nonamputated limb (aOR = 0.71, 95% CI = 0.57–0.88), 
and needing assistance with activities of daily living 

(aOR = 0.12, 95% CI = 0.02–0.72). We found no signifi-
cant interactions between variables in either model, and 
no othe r variables examined in  the univariate analysis 
improved the model fit.

Table 2.
Frequency of types of combat-associated injuries by type of limb loss in Vietnam war and Operation Iraqi Freedom/Operation Enduring Freedom 
(OIF/OEF) veterans and servicemembers with major combat-associated limb loss.

Type of
Limb Loss

Frequency (%) by Type of Combat-Associated Injury

Amputated 
Limb

Injuries to 
Nonamputated 

Limb(s)
Head Eye Hearing Loss Chest Abdominal Burns

Vietnam (n = 297)
Unilateral Lower 

Limb
178 (100.0) 66 (37.1) 18 (10.1) 25 (14.0) 89 (50.0) 17 (9.6) 19 (10.7) 17 (9.6)

Unilateral Upper 
Limb

47 (100.0) 13 (27.6) 5 (10.6) 8 (17.0) 16 (34.0) 5 (10.6) 9 (19.1) 6 (12.8)

Multiple Limb(s)* 153 (100.0) 41 (26.8) 34 (22.2) 42 (27.5) 69 (45.1) 22 (14.3) 26 (17.0) 25 (16.3)
Total Limbs 378 (100.0) 120 (32.0) 57 (15.0) 75 (20.0) 174 (46.0) 44 (12.0) 54 (14.3) 48 (13.0)
OIF/OEF (n = 282)
Unilateral Lower 

Limb
172 (100.0) 87 (50.6)† 51 (29.6)† 19 (11.0) 77 (44.8) 14 (8.1) 24 (13.9) 26 (15.1)

Unilateral Upper 
Limb

50 (100.0) 16 (32.0) 23 (46.0)† 8 (16.0) 31 (62.0)* 10 (20.0) 9 (18.0) 12 (24.0)

Multiple Limb(s)* 129 (100.0) 55 (42.6)† 46 (35.7)† 32 (24.8) 54 (41.9) 15 (11.6) 22 (17.0) 25 (19.4)
Total Limbs 351 (100.0) 158 (45.0) 120 (34.2) 59 (17.0) 162 (46.0) 39 (11.0) 55 (16.0) 63 (18.0)
*Multiple limbs include Vietnam war (378 limbs) and OIF/OEF (351 limbs) veterans and servicemembers.
†p < 0.05 compared with other group within limb-loss category.

Figure 3.
Mean combat injury impact rank by type of limb loss for each type of 
combat-associated inj ury in ve terans with ma jor combat-associated 
limb loss from Vietnam war group.

Figure 4.
Mean combat injury impact rank by type of limb loss for each type of 
combat-associated injury in veterans and servicemembers with major 
combat-associated limb loss from Operation Iraqi Freedom/Operation 
Enduring Freedom (OIF/OEF) group.
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DISCUSSION

Improving QOL for vetera ns an d serv icemembers 
with combat-associated limb loss is an important goal for 
rehabilitation care. The curre nt study used an adapt ed 
version of the  WHOQOL-BREF single-item measure 
because it has  been shown to be valid in persons wi th a 
number of health conditions, including traumatic spinal 
cord injury, that ca n present simila r cha llenges to those 
associated with tra umatic limb loss [38]. Pr edictors of 
this single-item QOL measure are useful i n identifying 
how he althcare ma y be imp roved for veterans an d ser -
vicemembers with limb loss.

The current study identified specific factors associated 
with overall QOL for two distinct groups of veterans an d 
servicemembers from the Vietnam war and OIF/OEF con -
flicts. The adva ntage of a ssessing these different groups is 
that we can compare QOL at two different times in the post 
limb-loss lives of veterans and servicemembers with com-
bat injuries. As expected, the Vietnam war group is both 
older and has exp erienced a much longer time interval 
between limb loss and the survey. The Vietnam war group 
has had more time to adapt to their limb loss and to improve 
their coping skills but has al so had time to develop comor-
bidities and other age-related health problems. For the Viet-
nam war group , better o verall QOL was rep orted b y 

persons with multiple limb loss and t hose who report  
greater sati sfaction with th eir current prostheses. Self-
reported overall QOL was signi ficantly worse in th e Viet-
nam war participants who report their amputation has a 
greater effect on their life and those who report depression. 
An u nexpected finding was the better QOL report ed by 
those with multi ple limb loss compared with those wi th 
unilateral lower-limb loss. Survey participants with multi-
ple limb loss often experience more severe combat injuries, 
but t hey also reported a shift in life priori ties and were 
thankful to be alive. The Vietnam war group has had nearly 
38 years to adapt and develop coping skills. This improve-
ment in QOL was not apparent in the OIF/OEF group with 
multiple limb loss, but they have had an average of only 
3 years to develop coping skills . In another survey of peo -
ple with limb loss, participants with bilateral limb loss more 
frequently repo rted that they  co nsidered something good 
had happened to their life (character building, more appre-
ciation for life, developing coping abilit ies) as a result of 
their amputations [39]. Taken together, these findings sug-
gest that reported QOL of survivors of catastrophic injuries 
may shift as they gain new perspectives on life priorities 
and develop improved coping skills as a result of their inju-
ries. This “response shift” has been described in other stud-
ies of disability and  needs to  be further explored [40]. 
Individuals may also ch ange how they appraise their QOL 

Table 3.
Multivariate analysis of va riables associated with better overall quality of life ( QOL) in Vietnam war and Operation Iraqi Fr eedom/Operation 
Enduring Freedom (OIF/OEF) veterans and servicemembers with major combat-associated limb loss.

Variable
Vietnam (n = 297) OIF/OEF (n = 282)

aOR 95% CI p-Value aOR 95% CI p-Value
Multiple Limb Loss* 3.07 1.57–6.02 0.001 0.28 0.06–1.31 0.11†

Prosthetic Satisfaction Score‡ 1.20 1.05–1.38 0.008 — — —
Amputation Impact Rank§ 0.66 0.59–0.74 <0.001 — — —
Depression 0.21 0.08–0.54 0.001 — — —
Head Injury — — — 0.78 0.61–0.99 0.05
Combat Injury Impact Rank for Nonamputated 

Limb¶
— — — 0.71 0.57–0.88 0.002

Needs Assistance** — — — 0.12 0.02–0.72 0.02
Unilateral Upper Limb 2.21 0.83–5.87 0.11† 0.67 0.98–4.58 0.68†

Note: — = variable not included in model, goodness of fit for Vietnam war model (2 = 130.3, 139 degrees of freedom, p = 0.69) and for OIF/OEF model (2 = 
62.5, 51 degrees of freedom, p = 0.13).
*Compared with unilateral lower limb, multiple limbs include Vietnam war (378 limbs) and OIF/OEF (351 limbs) veterans and servicemembers.
†Adjusted for in model.
‡Prosthetic satisfaction rank ranges from 0 (not at all satisfied) to 10 (completely satisfied).
§Amputation impact rank ranges from 0 (limb loss does not affect QOL today) to 10 (strongly affects) and is specific for effect of amputated limb(s) only.
¶Combat injury impact rank for nonamputated limb ranges from 0 (does not affect QOL today) to 10 (strongly affects).
**Needs assistance with activities of daily living.
aOR = adjusted odds ratio, CI = confidence interval.



382

JRRD, Volume 47, Number 4, 2010
over time as life priorities shif t [41]. We found the QOL of 
OIF/OEF participants was not significantly associated with 
pain, w hile i n t he Vietnam w ar participants, we found 
pain w as a ssociated with QOL. Response shift may 
explain wh y OIF/OEF servicemembers with recent limb 
loss (who are involved in acute rehabilitation and recovery 
issues) may view pain with less priority. Vietnam war par-
ticipants (who are older and have more comorbidities) may 
view pain as a higher priority as they are no longer focused 
on the strenuous rehabilitation process.

In the Vietnam war group, we found satisfaction with 
current pros theses w as a ssociated with slightly better 
QOL, bu t no oth er measure of prosth etic device use or 
specific satisfaction measure associated with QOL. This  
finding may i ndicate that issues ot her than prosthetic 
device p roblems p lay an  impo rtant r ole in determini ng 
overall QOL in older vetera ns. Wh en ask ed abo ut th e 
overall effect their amputation had on their QOL, those in 
the Vietnam war group with worse QOL reported their 
amputation had a greater effect. Our survey did not reveal 
the s pecific ef fects of am putation on  QOL.  We fou nd 
prosthetic u se by  number or type, number of sur geries, 
most comorbidities, and family support were not as soci-
ated with QOL. Depression was the only factor we found 
associated with w orse QOL in the V ietnam wa r group, 
which is not surprising. Asano et al. reported that depres-
sion accounted for 30 perc ent of the variance  in QOL in 
his study of 415 people with lower-limb loss [15].

The OIF/OEF group is earlier in thei r recovery and 
adaptation process. For this group, we found worse overall 
QOL was associated with combat-associated head injury, a 
greater effect of the injury to the nonamputated limb, and 
need for assistance with ac tivities of daily living. T hese 
factors are more proximal to the time of amputation and 
may reflect that the OIF/OEF group is still in t he process 
of developing coping skills. Differences may also reflect 
changes in types of combat injuries and early medical care 
received [42–43]. It is also in teresting to observe that not 
all combat -associated injuries  have the s ame ef fect on a 
person’s life with limb loss. In contrast to the Vietnam war 
group, the OIF /OEF servicememb ers did not report that 
their amputation af fected their QOL as strongly  as other 
factors. Significant variables associated with QOL i n the 
two groups reflect variables that have high priority at the 
time. As the veteran ages, o ther v ariables have greater 
effect on their current QOL, such as satisfaction with their 
prosthetic devices and othe r comorbidities. These other 
injuries should not be neglected in the care an d manage-
ment of patients with limb lo ss. As we did  no t collect 

information on the severity of the combat injuries and their 
effect on QOL, fu ture studies could  collect this data and 
evaluate the association betw een the severity of combat 
injuries and overall QOL later in life.

These findings expand our understanding of combat-
related limb l oss. Prior studies have found that, in com-
parison with  matched  co ntrols, veterans from the Viet-
nam and K orean w ar conflicts  with combat-a ssociated 
limb loss rep ort lower ph ysical and ph ysical role func -
tioning [25], more pain [24], and increased use of psy-
chological support services [2 6]. While we fou nd these 
associations in the univariate analysis of our survey data, 
after controlling for other va riables, lower function and 
pain were not associated with QOL.

QOL in people with noncombat limb loss (due to injury 
or disease) has also been repor ted. Our results are generally 
consistent with findings rep orted in non-combat- associated 
limb loss, but there are important differences. Consistent
with the results of the  current study , these studies  demon-
strate that  age, depressi on, perceived prosthetic mobilit y/
problems, and comorbidity are associated with worse QOL 
[15]. Social support and social functioning have been asso-
ciated with better QOL [15,44–45]. We did not directly 
measure social support, but employment status and family 
support were not associated with better or worse QOL in 
either group. Another study  d emonstrated th at physical 
role functioning  and pain [46] were also associated  with 
overall QOL in those with noncombat traumatic amputa -
tions. These  dif ferences may reflect dif ferences betw een 
civilian and military medical and rehabilitation care or dif-
ferences in etiology (isolated trauma vs congenital or dys-
vascular disease) resulting in a different clinical experience 
than combat-associated limb loss, which typically results 
in complex blast injuries and significant tissue destruction 
[3,5–6,24].

The strengths of our study include use of a standard sur-
vey for two distinctly different combat groups (Vietnam war 
and OIF/OEF). In addition, the use of three modes of survey 
administration (mail, telephon e interview, or Web site)
achieved a goo d response rate in bo th Vietnam war (65% ) 
and OIF/OEF (59%) groups. The preferred survey response 
method differed by group, as 65 percent of veterans from the 
Vietnam war group preferred the mail-out/mail-back 
method, whereas on ly 26.5 percent of the OIF/OEF group 
selected this option. Signifi cantly more OIF /OEF service -
members took the survey on our Web site (40%) or by tele-
phone interview (3 3%) th an Vietnam war veterans (23% 
and 12%, respectively, p < 0.001). While some other studies 
have reported  dif ferences in survey respon ses depending
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upon the mode of administration [47–48], other studies have 
found no effect by mode of administration [49–50]. We did 
not find that the mode of administration significantly influ-
enced the responses of survey participants.

Study limitations include potential bias because of 
exclusion of veterans and servicemembers who did not 
choose to participate in the survey, recall bias, and the 
cross-sectional design of the survey. While this  survey is  
unique in obtaining a relatively high follow-up rate, those 
who were not located or who refused to participate could 
have a substantially dif ferent expe rience of limb loss. 
QOL has been shown to change over time, perhaps due to 
changes in life situations and to transient mood states 
[51], and reticence to report negative experiences may 
present a dditional biases to the measurement of s elf-
reported QOL. Prospective and longitudinal studies 
would be useful to evaluate causality of factors associated 
with QOL in those with combat-related limb loss. We also 
recommend collecting data on the severity of combat-
associated injuries and social support to see what future 
effect these factors have on QOL. In addition, prospective 
studies could evaluate if sh ifting from one category of 
QOL to another has clinical  re levance or af fects the  
recovery of veterans and servicemembers with limb loss.

CONCLUSIONS

In summary, these findings have important and direct 
implications for clinical care and research. The current 
study suggests resources must be devoted to promote the 
psychosocial adjustment of veterans and servicemembers 
with combat-associated limb lo ss, including the prov ision 
of appropriate educational, employment, and recreational 
options. Regarding clinical care, rehabilitation efforts must 
not only focus o n functional restoration b ut mu st also  
regard as critical the need to  address subtle aspects of 
adjusting to life with limb loss and  pros thesis u se and  
encourage veterans and servicemembers to become active 
members of their treatment teams.
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