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Background: Severe upper-extremity injuries account for almost one-half of all extremity trauma in recent conflicts in the
Global War on Terror. Few long-term outcomes studies address severe combat-related upper-extremity injuries. This
study’s objective was to describe long-term functional outcomes of amputation compared with those of limb salvage in
Global War on Terror veterans who sustained severe upper-extremity injuries. Limb salvage was hypothesized to result in
better arm and hand function scores, overall functional status, and quality of life, with similar pain interference.

Methods: This retrospective cohort study utilized data from the Military Extremity Trauma Amputation/Limb Salvage
(METALS) study for a subset of 155 individuals who sustained major upper-extremity injuries treated with amputation or
limb salvage. Participants were interviewed by telephone 40 months after injury, assessing social support, personal
habits, and patient-reported outcome instruments for function, activity, depression, pain, and posttraumatic stress.
Outcomes were evaluated for participants with severe upper-extremity injuries and were compared with participants with
concomitant severe, lower-extremity injury. The analysis of outcomes comparing limb salvage with amputation was
restricted to the 137 participants with a unilateral upper-extremity injury because of the small number of patients with
bilateral upper-extremity injuries (n = 18).

Results: Overall, participants with upper-extremity injuries reported moderate to high levels of physical and psychosocial
disability. Short Musculoskeletal Function Assessment (SMFA) scores were high across domains; 19.4% screened
positive for posttraumatic stress disorder (PTSD), and 12.3% were positive for depression. Nonetheless, 63.6% of
participants were working, were on active duty, or were attending school, and 38.7% of participants were involved in
vigorous recreational activities. No significant differences in outcomes were observed between patients who underwent
limb salvage and those who underwent amputation.

Conclusions: Severe, combat-related upper-extremity injuries result in diminished self-reported function and psycho-
social health. Our results suggest that long-term outcomes are equivalent for those treated with amputation or limb
salvage. Addressing or preventing PTSD, depression, chronic pain, and associated health habits may result in less
disability burden in this population.
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U
pper-extremity injuries are common among combat
casualties, most often resulting from high-energy
explosives such as improvised explosive devices. Ex-

tremity injuries accounted for 39% to 54%1-3 of all combat
wounds sustained by injured U.S. service members in the Global
War on Terror4, among which 41% to 52% of wounds were to
the upper extremities5,6. Between 2001 and 2011, there were
2,037 traumatic major amputations (i.e., at, or proximal to, the
radiocarpal or tibiotalar joint) sustained by service members
during these conflicts7, with 14% to 25% involving the upper
extremities8-12. The remaining severe upper-extremity injuries
were surgically reconstructed.

The upper extremity is generally thought to be less prone to
complications with reconstruction, and when amputation is per-
formed, prosthetics often cannot fully replicate upper-extremity
function despite continuing advances in technology9,12-15. Conse-
quently, reconstruction is attempted in most mangled upper-
extremity trauma injuries, although amputationmay be selectively
indicated. In other limited circumstances, typically those limited to
civilian-type injuries, replantation may be feasible14-17.

There have been few studies showing long-term outcomes
of combat-related, major trauma to the upper extremity13,18-20.
Without outcomes data, health services lack information to
perform evidence-based decision-making and counseling while
resource allocation is made difficult. A few studies of severe
upper-extremity injury outcomes have been performed in
civilian populations15,17,21-24. However, with differences in mili-
tary and civilian injuries and the advances in prosthetic tech-
nology and surgical care available to servicemembers, the civilian
results may not be generalizable to military populations.

The objective of this study was to describe long-term
functional outcomes among service members who sustained
major upper-extremity injuries in combat during the Global
War on Terror by comparing differences between patients who
underwent limb salvage and those who underwent amputation.
We hypothesized that limb salvage would result in better arm
and hand function scores, overall functional status, and quality
of life and that pain interference would be similar because of
chronic pain in patients who underwent limb salvage and
prosthesis-related discomfort or phantom limb pain in patients
who underwent amputation.

Materials and Methods

This retrospective cohort study utilized data from a subset of
individuals from the Military Extremity Trauma Ampu-

tation/Limb Salvage (METALS) study25. In their study, Doukas
et al.25 analyzed outcomes following lower-extremity trauma;
the current study focuses on patients who sustained major
upper-extremity trauma.

Study Population
Active-duty personnel and reservists who sustained major limb
trauma while deployed in Iraq or Afghanistan between 2003
and 2007 were eligible for participation in the METALS study.
Major limb trauma was defined as an injury at, or proximal to,
either the hindfoot or radiocarpal joint that resulted in an

amputation or required reconstruction that included revascu-
larization, bone-grafting or transport, local or free-flap cover-
age, repair or treatment of a major nerve deficit, or treatment
for compartment syndrome. Patients with persistent brain
injury (Glasgow Coma Scale score of <15 points at discharge)
or spinal cord injury resulting in paraplegia or quadriplegia
were excluded.

The overall METALS study included 429 participants
with complete medical records who consented to the study. Of
the initial 868 initial patients screened, 519 (59.8%) were
located and agreed to be interviewed, 202 (23.3%) declined to
participate, and 147 (16.9%) did not respond. Of those who
agreed to participate, 69 were ineligible and 21 had incomplete
records. More detailed patient selection has been described
previously25. This study focuses on 155 individuals who sus-
tained METALS-eligible upper-extremity injuries.

Characterizing Patients and Injuries
Information obtained from the interviews was used to char-
acterize participant demographic characteristics, social support
(Multidimensional Scale of Perceived Social Support26), branch
of military service and grade (highest while on active duty),
combat experiences (Combat Experiences Questionnaire27),
and health habits (tobacco and alcohol use28).

Injuries were classified using medical record documen-
tation of a stateside military treatment facility. Amputations
were categorized by anatomic level. Fractures of salvaged limbs
were classified by bone segment. Additional injuries were also
documented, including segmental bone loss, skin defect, burns,
extent of muscle and/or tendon injury, and location and
severity of all neurovascular injuries.

Measurement of Outcomes
Participants were interviewed by telephone and completed self-
reported outcome measures25 including the Short Musculo-
skeletal Function Assessment (SMFA)29, Paffenbarger Physical
Activity Questionnaire30-32, Center for Epidemiological Studies
Depression Scale Revised (CESDR)33,34, PTSD (Posttraumatic
Stress Disorder) checklist (PCL)35,36, and Chronic Pain Grade
(CPG)37 (see Appendix 1 for outcomes measurement tools).
Major role activity participation was assessed by standard
questions pertaining to involvement in usual activities in the
past week.

Data Analysis
Outcomes were evaluated first for all patients with any upper-
extremity injury and then separately for those with or without a
concomitantMETALS-eligible lower-extremity injury. Analysis
comparing limb salvage with amputation was restricted to the
subjects with a unilateral upper-extremity injury because of the
small number with bilateral upper-extremity injuries.

Multiple regression techniques were used to examine
differences in outcomes associated with limb salvage compared
with amputation while adjusting for patient characteristics and
their injuries, together with the time since the injury. Con-
tinuous outcomes were modeled using linear regressions, and
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the probability of dichotomous outcomes was modeled using
logistic regressions. Significance was set at a = 0.05. Statistical
analyses were performed using SAS, version 9.1 (SAS Institute).

Results
Characteristics of the Participants

Participants with major trauma to ‡1 upper extremity had a
mean age of 30 years (range, 22 to 55 years), and the

majority were male (98.1%), non-Hispanic white (81.1%),
married (50.3%), and senior enlisted (53.5%) (Table I). At the
time of the injury, participants were most commonly active-
duty Army (68%), Marines (20%), or reservists (8%). There
were no significant differences between the limb salvage group

and the amputation group with regard to the distribution of
participants’ age, sex, race or ethnicity, education, social sup-
port, combat experiences, or highest military rank. Participants
were interviewed at a mean of 40 months (range, 12 to 70
months) after the injury.

Characteristics of the Injuries
Overall, 137 participants sustained METALS-eligible injuries to
1 upper extremity (104 salvages; 33 amputations) and 18 par-
ticipants sustained METALS-eligible injuries to both upper
extremities (11 bilateral salvage, 4 bilateral amputation, and 3
salvage and amputation), for a total of 173 limb injuries. All
amputations took place within 9 days of the initial injury

TABLE I Characteristics of METALS Study Participants with Major Upper-Extremity Injuries by Presence of Bilateral Injury and by
Amputation Compared with Limb Salvage for Those with Unilateral Injuries

All Participants (N = 155)

Unilateral Upper-Extremity Injuries
Bilateral Upper-Extremity

Injuries* (N = 18)Salvage (N = 104) Amputation (N = 33)

Age†

18 to 24 years 24.5% 23.1% 24.2% 33.3%

25 to 29 years 33.6% 35.6% 33.3% 22.2%

‡30 years 41.9% 41.4% 42.4% 44.4%

Male sex† 98.1% 99.0% 97.0% 94.4%

Race or ethnicity†

Non-Hispanic white 81.1% 83.5% 81.8% 64.7%

Non-Hispanic black 8.5% 5.8% 18.2% 5.9%

Hispanic 7.8% 7.8% 0.0% 23.5%

Other 2.6% 2.9% 0.0% 5.9%

High school graduate or less† 34.8% 38.5% 27.3% 27.8%

Marital status at time of injury†

Married 50.3% 51.0% 51.5% 44.4%

Never married 42.6% 44.2% 39.4% 38.9%

Living with a partner 0.7% 0.0% 0.0% 5.6%

Separated, divorced, widow 6.4% 4.8% 9.1% 11.1%

Social support†

Low (0 to 70) 29.0% 28.9% 33.3% 22.2%

Moderate (71 to 80) 39.4% 44.2% 30.3% 27.8%

High (81 to 100) 31.6% 26.9% 36.4% 50.0%

Military rank†

Junior enlisted (E1 to E4) 34.2% 31.7% 39.4% 38.9%

Senior enlisted (E5 to E9) 53.5% 57.7% 39.4% 55.6%

Officers 12.3% 10.6% 21.2% 5.6%

No. of combat experiences†

0 to 5 13.6% 15.4% 3.0% 22.2%

6 to 8 21.3% 18.3% 42.4% 0.0%

9 to 11 29.0% 31.7% 27.3% 16.7%

12 to 17 36.1% 34.6% 27.3% 61.1%

*Bilateral upper-extremity injuries included 11 cases of bilateral limb salvage, 4 cases of bilateral amputation, and 3 cases of combined
amputation and limb salvage (i.e., 1 of each type of treatment). †The values are given as the percentage of patients.
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(mean [and standard deviation], 1 ± 2 days [range, 0 to 9
days]). The majority of amputations were at the transradial
level (19 [43.2%] of 44) or the transhumeral level (14
[31.8%] of 44) (Table II). Among the 129 salvaged limbs,
70.5% (91 limbs) had ‡1 fracture of the radius and/or ulna
and 33.3% (43 limbs) had ‡1 humeral fracture. The 3 most

common METALS-eligible injuries and/or procedures in
salvaged limbs were bone-grafting or transport for a seg-
mental defect (41.9%), complete deficit of a major nerve
(36.4%), and local or free-flap coverage (33.3%). Fifty par-
ticipants (32.3%) had 56 associated METALS-eligible lower-
extremity injuries.

TABLE II METALS Eligibility: Characteristics of Injured Limbs

All METALS
Upper-Extremity
Injuries (N = 173)

With METALS
Lower-Extremity
Injury (N = 56)

Without METALS
Lower-Extremity
Injury (N = 117)

Amputated limb level* 44 8 36

Shoulder disarticulation† 7 (15.9%) 0 (0.0%) 7 (19.4%)

Transhumeral† 14 (31.8%) 3 (37.5%) 11 (30.6%)

Transradial† 19 (43.2%) 5 (62.5%) 14 (38.9%)

Wrist disarticulation† 4 (9.1%) 0 (0.0%) 4 (11.1%)

Salvaged limb injuries and/or procedures*‡ 129 48 81

Bone graft or bone transport for segmental bone defect† 54 (41.9%) 19 (39.6%) 35 (43.2%)

Complete deficit of major nerve† 47 (36.4%) 15 (31.3%) 32 (39.5%)

Local or free flap coverage† 43 (33.3%) 14 (29.2%) 29 (35.8%)

Compartment syndrome or muscle loss requiring fasciotomy† 30 (23.3%) 15 (31.3%) 15 (18.5%)

Revascularization† 11 (8.5%) 3 (6.3%) 8 (9.9%)

*The values are given as the number of patients. †The values are given as the number of patients, with the percentage in parentheses. ‡The
numbers will not add to the number of patients because some patients met multiple criteria.

TABLE III Unadjusted Outcomes of METALS Participants with Any Upper-Extremity Injury at the Time of Interview

All Participants

Unilateral Upper-
Extremity Injuries

Bilateral Upper-Extremity InjuriesSalvage Amputation

No. of participants 155 104 33 18

Mean SMFA scores* (points)

Total dysfunction 26.9 27.3 24.0 29.1

Daily activities 25.2 27.7 23.4 31.9

Emotional status 44.1 46.4 38.2 41.1

Arm and hand function 21.8 20.1 23.5 28.6

Mobility† 19.7 22.0 14.2 17.1

Engaged in vigorous sports or recreational activities 38.7% 41.4% 39.4% 22.2%

With depressive symptoms 40.0% 41.4% 36.4% 38.9%

With possible or probable depression 12.3% 13.5% 6.1% 16.7%

Screened positive for PTSD 19.4% 19.2% 21.2% 16.7%

Working or on active duty at time of interview 44.8% 47.6% 39.4% 38.9%

Working, on active duty, or in school at time of interview 63.6% 63.1% 69.7% 55.6%

Mean pain intensity within 4 weeks prior to interview 50.9 50.7 53.4 47.2

With pain interfering with activity 18.2% 18.5% 18.2% 16.7%

*Higher SMFA scores represent worse function in a given domain. †The comparison of the unilateral salvage group and amputation group was
significant at p < 0.05. The mean difference was 7.8 (95% confidence interval, 0.06 to 15.4).
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Outcomes at Follow-up
Overall, participants with any METALS-eligible upper-extremity
injury reported moderate to high levels of physical and psycho-
social disability (Table III). In all domains of the SMFA except
mobility, subjects scored significantly higher (worse function)
than population norms (norms: 12.7 for total dysfunction, 13.6
for mobility, 11.8 for daily activities, 20.5 for emotional status,
and 6.0 for arm and hand function)38. Notably, more dys-
function was reported for arm and hand function (21.8) and
emotional status (44.1). Nonetheless, 38.7% reported engaging

in vigorous sports or recreational activities, and 63.6% were
working, were on active duty, or were attending school. Eigh-
teen percent reported having pain that interfered with their
normal activities, compared with 16% in the general popula-
tion. Only 9.1% reported being pain-free (42% in the general
population)39. Depressive symptoms were reported by 40.0% of
participants, with 12.3% screening positive for possible or
probable depression and 19.4% screening positive for PTSD.
Additionally, 28.9% reported current tobacco smoking and
25.8% had self-reported drinking that indicated a possible

TABLE IV Tobacco Smoking and Alcohol Drinking Status at the Time of Interview in Participants with Any Upper-Extremity Injury

All Participants
(N = 155)

Unilateral Upper-Extremity Injuries
Bilateral Upper-Extremity

Injuries (N = 18)Salvage (N = 104) Amputation (N = 33)

Current smoking status

No smoking in past 4 weeks 71.1% 65.7% 75.0% 94.4%

Current tobacco smoking

<20 cigarettes per day 21.7% 25.5% 21.9% 0.0%

‡20 cigarettes per day 7.2% 8.8% 3.1% 5.6%

Current drinking status

No drinks in past 4 weeks 18.7% 18.3% 15.5% 27.8%

Current alcohol intake

£3 drinks per week 47.1% 50.0% 36.4% 50.0%

4 to 13 drinks per week 23.2% 22.1% 33.3% 11.1%

‡14 drinks per week 11.0% 9.6% 15.2% 11.1%

CAGE score

0 (no drinking problem) 74.2% 76.9% 63.6% 77.8%

1 (possible drinking problem) 11.6% 8.7% 18.2% 16.7%

‡2 (probable drinking problem) 14.2% 14.4% 18.2% 5.6%

TABLE V Regression Results: Effect of Upper-Extremity Amputation Status on SMFA Scores of Participants with Unilateral
Upper-Extremity Injuries (N = 137)

Total Dysfunction* Mobility Subscore* Daily Activities Subscore* Emotional Subscore* Arm and Hand Subscore*

Upper-extremity amputation 22.95 (28.78 to 2.87) 25.47 (212.1 to 1.13) 21.53 (29.23 to 6.16) 27.68 (216.1 to 0.78) 2.23 (25.32 to 9.79)

METALS lower-extremity injury 7.03† (1.70 to 12.37) 19.6‡ (13.5 to 25.6) 4.61 (22.43 to 11.65) 5.25 (22.49 to 12.99) 22.46 (29.37 to 4.45)

Age 0.73‡ (0.34 to 1.12) 0.61‡ (0.16 to 1.05) 0.57† (0.05 to 1.09) 0.84‡ (0.27 to 1.41) 0.97‡ (0.46 to 1.48)

Months to interview 20.23† (20.42 to 20.05) 20.20 (20.41 to 0.01) 20.39‡ (20.64 to 20.15) 20.19 (20.46 to 0.08) 20.11 (20.35 to 0.13)

Rank

Junior enlisted Reference Reference Reference Reference Reference

Senior enlisted 25.14 (210.9 to 0.64) 21.47 (28.00 to 5.07) 25.62 (213.2 to 2.00) 28.00 (216.4 to 0.38) 26.16 (213.6 to 1.33)

Commissioned officer 27.79 (217.0 to 1.44) 26.71 (217.2 to 3.73) 25.55 (217.7 to 6.63) 215.4† (228.8 to 22.01) 25.14 (217.1 to 6.82)

No. of combat experiences 1.04‡ (0.38 to 1.70) 0.88† (0.14 to 1.63) 0.72 (20.15 to 1.59) 2.07‡ (1.11 to 3.02) 0.72 (20.13 to 1.58)

Social support

Low (£70) Reference Reference Reference Reference Reference

Moderate (71 to 80) 27.46† (213.4 to 21.49) 25.34 (212.1 to 1.41) 26.22 (214.1 to 1.66) 214.5‡ (223.2 to 25.87) 25.20 (212.9 to 2.54)

High (>80) 27.94† (214.4 to 21.44) 25.28 (212.6 to 2.07) 29.65† (218.2 to 21.07) 215.8‡ (225.2 to 26.33) 21.94 (210.4 to 6.49)

R2 0.27 0.36 0.17 0.30 0.15

*The values are given as the regression coefficient, with the 95% confidence interval in parentheses; higher SMFA scores represent worse function in a given domain. †Significant at p < 0.05.
‡Significant at p < 0.01.
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(CAGE score = 1; 11.6%) or probable (CAGE score ‡ 2; 14.2%)
drinking problem28 (Table IV).

Comparison of Outcome by Treatment
Outcomes by the presence of a unilateral injury compared with a
bilateral injury and by amputation compared with limb salvage
are presented in Table III, and Tables V and VI summarize the
results of the regressions. Covariates included in the final regres-
sion models were the presence of a major lower-extremity injury,
age, time to interview, military rank, combat experiences, and
perceived social support. Race or ethnicity was removed because it
was not a significant predictor in any regression. Education was
also removed because it correlated with military rank and could
not be considered a predictor of outcome as it was assessed at the
time of the interview.

After adjusting for covariates, there were no significant
differences in outcomes between participants who underwent
unilateral limb salvage and participants who underwent uni-
lateral amputation, including any SMFA domain scores or rates
of depression; PTSD; return to work, active duty, or school;
participation in vigorous activity; or pain interference. How-
ever, several other factors were associated with the outcomes
(Tables Vand VI). The presence of a lower-extremity injury was
associated with worse SMFA total dysfunction scores (p < 0.05)
and mobility scores (p < 0.01). Older age was associated with
worse SMFA scores in all domains (p < 0.05) and with 10%
higher odds of PTSD (p < 0.05). Commissioned officers had
better SMFA emotional scores (p < 0.05), were 97% less likely
to screen positive for PTSD (p < 0.05), and were 5.7 times more
likely to engage in vigorous activities (p < 0.05). More combat
experience was correlated with worse SMFA total dysfunction
scores (p < 0.01), mobility scores (p < 0.05), and emotional
scores (p < 0.01) and increased the likelihood of depression by
25% (p < 0.05) and the likelihood of PTSD by 32% (p < 0.01).

More social support was associated with a lower likelihood of
PTSD (p < 0.01) and improved SMFA emotional and activity
scores (p < 0.05).

Discussion

This study presents the first comparison of long-term out-
comes following major upper-extremity trauma sustained

by U.S. military personnel in the Global War on Terror treated
with limb salvage or amputation. Like patients with lower-
extremity injuries in the METALS study25, moderate to high
levels of physical and psychosocial disability were reported by
participants with upper-extremity injuries compared with
general population norms. Although unique functional limi-
tations specific to the site of injury exist, similar, significant
rates of overall disability persisted in this population regardless
of whether the upper or lower extremity was involved and
irrespective of treatment by amputation or salvage.

Although basic surgical principles may be similar when
managing severe upper-extremity or lower-extremity injury,
functional and anatomic differences must be considered when
deciding whether to perform limb salvage or amputation.
Motion, dexterity, and sensibility, which are believed to be critical
in the upper extremity, cannot be fully replicated by a prosthesis14.
Tintle et al. suggested that a “bad hand”may be more functional
than a “good amputation” in the upper extremity, but this dif-
ference may not be as important in the lower extremity14. The
limitations of prosthetic technology maymake limb salvagemore
attractive than amputation in the upper extremity12,14. However,
despite the hypothesis favoring limb salvage over amputation,
our results did not demonstrate any significant differences in
outcomes for those undergoing limb salvage compared with
amputation following a unilateral, major upper-extremity injury.

To our knowledge, there have been no prior studies
directly comparing long-term outcomes of reconstruction with

TABLE VI Regression Results: Adjusted Odds of Depression, PTSD, Role Participation, Engagement in Vigorous Sports, and Pain
Interference for Participants with Unilateral Upper-Extremity Injuries (N = 137)

Screens Positive for
Depression*

Screens Positive for
PTSD*

Currently Working, Active
Duty, or in School*

Engaged in Vigorous
Sports*

Pain Interferes with
Activity*

Upper-extremity amputation 0.28 (0.04 to 1.76) 1.32 (0.40 to 4.38) 1.29 (0.50 to 3.31) 0.89 (0.37 to 2.16) 1.05 (0.35 to 3.16)

METALS lower-extremity injury 1.77 (0.51 to 6.06) 0.71 (0.23 to 2.25) 1.27 (0.54 to 2.96) 1.57 (0.71 to 3.46) 0.75 (0.27 to 2.08)

Age 1.07 (0.99 to 1.17) 1.10† (1.01 to 1.20) 0.95 (0.90 to 1.01) 1.02 (0.96 to 1.08) 1.06 (0.99 to 1.14)

Months to interview 0.99 (0.94 to 1.03) 1.01 (0.98 to 1.06) 1.06‡ (1.03 to 1.10) 1.01 (0.99 to 1.04) 0.99 (0.96 to 1.03)

Rank

Junior enlisted Reference Reference Reference Reference Reference

Non-commissioned officer 0.43 (0.10 to 1.77) 0.35 (0.11 to 1.19) 1.17 (0.47 to 2.91) 1.72 (0.72 to 4.08) 1.33 (0.42 to 4.18)

Commissioned officer 0.22 (0.02 to 3.07) 0.03† (0.00 to 0.56) 3.91 (0.76 to 20.3) 5.70† (1.38 to 23.6) 0.64 (0.09 to 4.33)

No. of combat experiences 1.25† (1.03 to 1.52) 1.32‡ (1.09 to 1.59) 0.94 (0.84 to 1.05) 0.98 (0.89 to 1.09) 1.14 (0.99 to 1.31)

Social support

Low (£70) Reference Reference Reference Reference Reference

Moderate (71 to 80) 0.09‡ (0.02 to 0.48) 0.23‡ (0.08 to 0.71) 0.97 (0.39 to 2.45) 1.20 (0.49 to 2.93) 0.46 (0.16 to 1.36)

High (>80) 0.23 (0.05 to 1.07) 0.08‡ (0.01 to 0.44) 2.07 (0.71 to 6.03) 1.32 (0.50 to 3.46) 0.48 (0.14 to 1.66)

*The values are given as the odds ratio, with the 95% confidence interval in parentheses. †Significantly different at p < 0.05. ‡Significantly different at p < 0.01.
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amputation after upper-extremity injuries in military or civil-
ian populations; however, there have been a few studies in
civilian populations comparing replantation with amputa-
tion15,17,23. The destructive mechanisms of war injury usually
preclude replantation, and resources required for a replanta-
tion surgical procedure are usually lacking in the battle zone.
Nonetheless, revascularization, nerve and tendon repair, and
complex osteosynthesis were components of reconstruction in
our cohort, making civilian replantation reports the closest
counterpart for comparison. In a cohort of 44 patients with
major traumatic amputations (50% replantation cases) at a mean
follow-up of 7.3 years, patients who underwent a replantation
had better function than those treated with amputation17. Sim-
ilarly, patient-reported functionwas compared followingmajor
traumatic amputations treated with either replantation (n = 9)
or amputation (n = 22) at a mean follow-up of 10.0 years15,
finding that successful replantation was more favorable than
amputation. A systematic review of transradial, elbow disar-
ticulation, or transhumeral traumatic amputations compared
functional and psychological outcomes among 301 patients who
underwent replantation and 172 patients who underwent revi-
sion amputation from 41 observational studies23. The authors
concluded that replantation had good functional results and
higher satisfaction, independent of objective functional outcome.
These civilian studies suggest that upper-extremity replantation
leads to improved outcomes over amputation with prosthetic
fitting, in contrast to the results of our study. These differences
suggest that data from civilian trauma populations may not be
directly applicable to military populations given the unique
mechanisms of injury and likely differences in immediate care,
social support, and access to rehabilitation and prosthetic devices.

The comparable outcomes that we found may be ex-
plained by several factors related to improved amputee care.
Military amputees have access to the best prosthetic technology
available with few financial restrictions. Modern prosthetic
devices capable of complex tasks and with many degrees of
freedom such as myoelectric limbs were also routinely available
to this cohort13. Reiber et al.40 showed that military personnel
who have undergone upper-extremity amputation take ad-
vantage of the newest prosthetic technologies, with each patient
receiving nearly 5 different prosthetic devices, on average, since
amputation. However, Gajewski and Granville41 suggested that
focused rehabilitation for up to a year or even longer and the
dedication of physiatrists, therapists, and patients improve
functional outcomes in military amputees. Lastly, robust social
support services for amputees likely also play an important role.

The rates of depression and PTSD among injured vet-
erans in this study were concerning. In prior studies of Global
War on Terror veterans, the rates of depression and PTSD
varied substantially depending on definitions, method of
diagnosis (e.g., self-report or formal evaluation), and popula-
tion studied (military operation and armed service branch).
Using the same criteria as the current study, the prevalence of
major depression has been reported to be 9.3% to 9.6% and the
prevalence of PTSD has been reported to be 12.0% to 23.9%
among injured soldiers, which is similar to the 12.3% of sol-

diers with possible or probable depression and 19.4% of sol-
diers who screened positive for PTSD found in this study42,43.
Alcohol use and misuse by this cohort were higher than
national figures: 81.3% of participants were current drinkers
compared with 68.8% for adults who were 18 to 44 years of
age44. Additionally, 25.8% screened positive for a possible
alcohol-related problem (CAGE score ‡ 1), compared with
19.4% of participants in the Millennium Cohort Study with
combat exposure45. Surprisingly, the mean pain intensity score
reported was lowest for patients with bilateral upper-extremity
injuries, and only 16.7% reported pain interfering with their
normal activities, compared with 16% in the general popula-
tion39. Our findings indicate that, although these service
members have access to extensive physical and occupational
therapy and mental health support, additional work is needed
to optimize outcomes in upper-extremity reconstruction and
amputation.

The limitations of the present investigation included those
inherent to any retrospective, observational study, including
limitations related to the time since the injury, the use of self-
reported measures, and the potential for selection bias as
described in the previous METALS study25. The modest
overall METALS participation rate of 59.8% and the dif-
ferential rate between the participants who underwent
amputation (64%) and those who underwent limb salvage
(55%) were a potential source of bias. Although attempts were
made at controlling differences between the treatment groups,
there may be unmeasured differences between the 2 groups that
could result in confounding. However, further analysis of the
METALS study cohort has found that there are no major dif-
ferences between the patients who participated in the study and
those who did not consent or could not be located, reducing
concerns about potential differences between the participants in
each group and generalizability of results46.

Surgical techniques for limb salvage and amputation
continue to evolve, as has prosthetic technology since the sub-
jects’ injuries were treated. More refined use of nerve conduits,
allograft47, targeted reinnervation48, and others may reduce the
sequela of severe nerve injury and may provide improved
prosthetic function. Enhanced myoelectric prostheses have the
potential for greater dexterity and functionality, particularly if
coupled with targeted reinnervation. Osseointegrated pros-
theses, although not approved in the United States, have the
potential of obviating socket fit issues, enhancing function of
upper-extremity amputees49. These technological and surgical
advances in the treatment of severe upper-extremity injury are
important and may influence outcomes in an incremental
fashion. They should be studied and improved further, but
such advances have not fully restored normal function after
these complex, multidimensional injuries.

Severe, combat-related upper-extremity injuries are
debilitating in terms of self-reported function and psychosocial
health. Our results suggest that there is no difference in out-
comes between those treated by amputation or limb salvage.
The results of this study do not prescribe treatment by salvage or
amputation, but rather point to significant long-term challenges

1476

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 101-A d NUMBER 16 d AUGUST 21, 2019
THE MIL ITARY EXTREMITY TRAUMA AMPUTAT ION/LIMB SALVAGE

(METALS) STUDY



incurred by all severely injured patients. Surgeons must consider
each injury in the context of patient needs and the resources
available. Developing means of addressing or preventing PTSD,
depression, chronic pain, and associated health habits may result
in less disability in war casualties with severe upper-extremity
injuries.
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with the online version of this article as a data supplement
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