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Abstract—The rehabilitation of U.S. military servicemembers
(SMs) who have sustained a traumatic loss of one or both
lower limbs requires outcome measures that can assess their
physical capabilities in comparison with their uninjured col-
leagues. Describing reference ranges for the 6-minute walk test
(6MWT) in both populations will help clinicians develop
appropriate goals for rehabilitation and document progress
toward those goals. A convenience sample of 118 male U.S.
SMs with and 97 without traumatic lower-limb loss partici-
pated in this study. All participants completed a 6MWT, and
comparisons were made between SMs with and without limb
loss and among the levels of limb loss. The SMs without
lower-limb loss performed significantly better than all SMs
with lower-limb loss. The SMs with transtibial limb loss per-
formed significantly better than those with all other levels of
limb loss. Statistically significant and clinically relevant differ-
ences were also noted between the other levels of limb loss. No
differences were found between different prosthetic compo-
nents. Reference ranges were established for U.S. SMs with
and without various levels of limb loss, and the 6MWT was
able to identify functional differences between groups.

Key words: 6-minute walk test, amputation, amputee, endur-
ance measure, functional testing, limb loss, performance measure,
rehabilitation, U.S. servicemembers, walk test.

INTRODUCTION

An estimated 1.5 million men and women currently
serve as Active Duty servicemembers (SMs) in the U.S.
military, the majority of whom are under the age of 25
[1]. At the time of the study, there were close to 200,000
SMs deployed to Iraq or Afghanistan [2], and these con-
flicts have added to the growing number of individuals
with traumatic lower-limb loss. Returning wounded SMs
with lower-limb loss often have the ability to return to

Abbreviations: 6MWT = 6-minute walk test, ANOVA = analy-
sis of variance, ATS = American Thoracic Society, BAMC =
Brooke Army Medical Center, BTFA = bilateral transfemoral
amputation, BTTA = bilateral transtibial amputation, IRB =
institutional review board, NNMCSD = National Naval Medical
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transfemoral amputation, TTA = unilateral transtibial amputa-
tion, WRAMC = Walter Reed Army Medical Center.
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high levels of mobility and physical activity, including
returning to Active Duty in combat roles. From the onset
of Operation Iraqi Freedom and Operation Enduring
Freedom to September 1, 2010, 1,033 SMs have sus-
tained a major limb loss [3].

The U.S. Armed Forces is a unique cohort of individ-
uals with distinctive demographic characteristics and
occupational physical requirements. All branches of the
military include physical fitness as an essential compo-
nent of most SMs’ job requirements and make it an
objective of military physical fitness programs. Fitness is
also a goal of military rehabilitation programs, necessitat-
ing the use of appropriate performance measures to
assess readiness for duty or return to premorbid fitness
level after injury. The need to assess fitness, mobility, and
function in people with lower-limb loss has required the
use of a number of different outcome measures in this
population. These measures include many that are typi-
cally used in the elderly civilian population with and
without limb loss, including the Timed Up and Go, L-
test, 2-minute walk test, 6-minute walk test (6MWT), and
Amputee Mobility Predictor [4-17]. Many of these mea-
sures have also been assessed in a relatively healthy
younger population with or without lower-limb loss.

During his 13 yr in the U.S. Army and Air Force,
COL Kenneth Cooper, MD, was the first to introduce the
concept of timed run tests for healthy individuals with the
12-minute physical fitness test [18]. The 12-minute phys-
ical fitness test was modified to a 12-minute walk test for
people with bronchitis [19]. It was soon replaced by the
6MWT when it was determined to perform just as well as
the 12-minute version in people with respiratory disease
[20]. A review of functional walking tests in people with
cardiorespiratory disease concluded that “the 6MWT is
easy to administer, better tolerated, and more reflective of
activities of daily living than other walk tests” [21, p.
256]. The 6MWT is considered a submaximal test of
functional capacity, because most people do not achieve
maximal capacity during testing [22]. In the healthy pop-
ulation, the 6MWT has been identified as a performance-
based outcome measure that assesses mobility, aerobic
capacity, and physical function. In healthy individuals
older than 20 yr, age, height, and sex have been found to
be good predictors of 6GMWT performance [23-24].

The 6MWT has also been used as a measure of func-
tional mobility in various clinical populations, including
stroke [25], traumatic brain injury [26], and mobility
impairment [27]. In people with lower-limb amputation,

the 6MWT was found to be reliable, valid, and able to
differentiate among functional levels [8]. A minimal
detectable change distance of 45 m has been identified in
unilateral transtibial amputees and transfemoral ampu-
tees [16]. The 6MWT has been used to identify the con-
tribution of prosthetic feet to distance walked and
walking speed. Differences in walking distance with
younger amputees have been reported between nondy-
namic prosthetic feet and dynamic response storage and
return feet and the contribution of prosthetic feet to dis-
tance walked in 6 min can be between 5 to 15 percent
depending on level of limb loss and functional level [28].
The influence of the prosthetic foot on walking velocity
appears to be a product of the J-shaped carbon fiber
design, which permits greater dorsiflexion and balance
over the full-length footplate, thus increasing the rate of
progression of the center of pressure from rearfoot to
forefoot [29-31]. To date, no differences within the car-
bon-fiber energy storage and return feet designs have
been reported. Prosthetic knees have not been found to
influence walking speed.

Although running tests are often used as a fitness
measure in uninjured SMs, the 6MWT has a number of
advantages in the military rehabilitation setting, where
many patients do not have the physical capacity to run
because of cardiorespiratory impairments, healing tis-
sues, risk of injury and, in most facilities, space limita-
tions. The purpose of this study was to describe 6MWT
performance in young healthy male SMs with and with-
out limb loss. This study examined differences in 6MWT
performance among SMs without limb loss and with dif-
ferent levels of limb loss. We hypothesized that 6MWT
performance would differentiate between subjects with
and without limb loss and between levels of limb loss,
with lower performances by SMs with more proximal
amputation. The study also examined the relationship
between 6MWT and demographic and clinical character-
istics and tested whether the type of prosthetic foot and
knee components influenced 6MWT performance.

METHODS

Study Participants

A convenience sample of 215 male Active Duty and
retired SMs with and without traumatic lower-limb loss
was recruited to participate in this study. All participants
were between the ages of 18 and 40, in general good
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health, and without injury or medical condition that
would preclude exercise. Females were not included
because they account for 2-3 percent of the current popu-
lation of SMs with limb loss [32—33]. The participants
with lower-limb loss were medically stable, had a prop-
erly fitting prosthesis, and demonstrated a minimal level
of function as determined by the Amputee Mobility Pre-
dictor [8] (37 points) and/or 6MWT (250 m). Participants
were excluded if they had spinal cord injury; upper-limb
loss; peripheral nerve injury that limited function; inabil-
ity to follow commands because of traumatic brain
injury; or orthopedic, cardiopulmonary, or contralateral
limb injuries that limited mobility or that contraindicated
exercise.

Participants without limb loss were recruited from
Fort Bragg, North Carolina, and those with limb loss
were recruited through the Armed Forces Amputee
Patient Care Program, which includes the programs at
Walter Reed Army Medical Center (WRAMC) in Wash-
ington, DC; Brooke Army Medical Center (BAMC) in
San Antonio, Texas; and National Naval Medical Center
San Diego (NNMCSD) in San Diego, California. All
testing occurred at Fort Bragg, WRAMC, and BAMC.

Testing Procedure

Demographic and anthropometric data, including
age, height, weight, waist circumference, and time since
amputation, were collected for each participant. The
prosthetic components each participant wore for testing
were also noted.

Administration of the 6MWT was largely consistent
with recommendations by the American Thoracic Soci-
ety (ATS) [22]. The participants completed the 6MWT
after completing other agility measures, so the partici-
pants were reminded that the 6MWT was “not a cool
down” and were given standardized instructions consis-
tent with the ATS guidelines that encouraged the partici-
pant “to cover as much distance as possible” and
included a demonstration of the task. Participants were
provided a 10 min rest before initiation of the 6MWT, so
fatigue from the previous testing was not a concern.

The ATS guidelines for the 6MWT were written spe-
cifically for subjects with cardiopulmonary rather than
neuromusculoskeletal impairments [22]. The ATS stan-
dard 30 m straight course has often been modified when
the 6MWT is performed with clinical populations [25—
27]. Out of concern for the safety of individuals with
bilateral lower-limb loss, we modified the shape of the

testing course from a straight course to a rectangular
course 28.95 m (95 ft) or 30.48 m (100 ft) in length and
1.52 m (5 ft) or 1.83 m (6 ft) in width, respectively. This
course configuration eliminated the need to perform a
pivot turn and allowed participants to circle the course
without interruption of cadence. This modification is
similar to that utilized by Mossberg and Fortini in their
study of the 6MWT in individuals with traumatic brain
injury [26]. All the tracks were rectangular in shape;
however, the track lengths ranged from 61 m (200 ft) to
65 m (212 ft) across the testing sites. Previous research
found that differences in the track length did not affect
6MWT performance; however, continuous tracks pro-
duced better 6SMWT performance than straight line tracks
[34]. We recognize that the rectangular course configura-
tion may have increased the distance walked; however,
all participants were tested using the same course config-
uration so that comparisons among the groups tested
remained internally wvalid. The participants were
instructed to walk the 6MWT course, maintaining one
foot in contact with the ground at all times, covering as
much distance as possible in the 6 min. On completion of
the 6MWT, the distance walked was measured and
recorded in meters to determine 6MWT performance.

Statistical Analysis

Statistical analysis was performed using SAS version
9.1.3 (SAS Institute Inc; Cary, North Carolina). Descrip-
tive statistics were calculated to characterize the partici-
pants by group. Demographic and 6MWT data were
compared among SMs without limb loss and SMs with
each level of limb loss. All groups met the assumptions
of normality for the 6MWT, so comparisons were ana-
lyzed using a one-way analysis of variance (ANOVA),
followed by post hoc Tukey honestly significant differ-
ence analysis if significant differences existed. Because
age and height were not normally distributed, Spearman
correlation coefficients were calculated to examine the
relationship between demographic and clinical factors
and the 6MWT performance for participants without
limb loss and for those with unilateral transtibial amputa-
tion (TTA) and unilateral transfemoral amputation
(TFA). Within the TTA and TFA groups, participants
using different prosthetic feet and prosthetic knees,
respectively, were compared using ANOVAs and Student
t-tests. Level of significance was set at p < 0.05. Because
of the small number of SMs in each bilateral category,
participants with bilateral lower-limb loss were not
included in the last two analyses.



934

JRRD, Volume 50, Number 7, 2013

RESULTS

A total of 215 male Active Duty and veteran U.S.
SMs, 118 with a traumatic lower-limb loss and 97 with-
out, completed this study. Select demographic, clinical,
and anthropometrics characteristics are summarized in
Table 1. The participants with lower-limb loss had differ-
ent levels of amputation: 60 TTA, 32 TFA, 12 bilateral
transtibial amputation (BTTA), 7 bilateral transfemoral
amputation (BTFA), and 7 combination lower-limb
amputees with a transtibial and transfemoral amputation.
At the time of testing, they all had completed skilled
rehabilitation and were either awaiting disposition (n =
42, 36%), had returned to Active Duty (n = 32, 27%), or
retired from the Armed Forces (n =44, 37%). Those SMs
with knee disarticulation amputation were placed in the
TFA group. Although the groups appeared similar in
most characteristics, there were some differences
between those without limb loss and those with limb loss.
(Table 1)

Statistically significant differences (F = 53.04, p <
0.001) in mean 6MWT performance were noted among
the groups with and without limb loss (Table 2). Post hoc
testing demonstrated significant difference in mean per-
formances in 6MWT between the group without limb
loss and the TTA group (p < 0.001), and both the partici-
pants without limb loss and the TTA participants were
significantly different from all other groups (p < 0.03).
There was also a significant difference in 6MWT perfor-
mance between BTTA and BTFA participants (p = 0.03).

Table 1.

Although differences existed in group mean distance,
there was substantial overlap among all groups in the
range of 6MWT performance.

In participants with TTA and TFA, weak to moderate
negative correlations were found between both weight
and waist size and 6MWT (Table 3). Individuals who
weighed more or had larger waist sizes walked shorter
distances. There was a moderate positive relationship
between height and 6MWT performance in those with
TTA but not in those with TFA. There were weak correla-
tions between 6MWT performance and age and height
for participants without limb loss.

Prosthetic feet were classified as carbon fiber J-
shaped energy storage and return feet with shock absorb-
ers and/or torque rotators [1]; carbon fiber J-shaped
energy storage and return feet without shock absorbers or
torque rotators [2]; and low-profile energy storage and
return feet without carbon fiber J-shaped pylon, shock
absorbers, or torque rotators prosthetic feet [3]. Pros-
thetic knee units were classified as microprocessor [1] or
nonmicroprocessor [2]. No statistically significant differ-
ences in 6MWT performance were noted between pros-
thetic feet (p = 0.26) and prosthetic knees (p = 0.87),
within groups (Figure).

DISCUSSION

This study is the first to report 6MWT performance
for young, healthy males with limb loss who have

Descriptive statistics (mean * standard deviation) of participating servicemembers (SMs) with and without lower-limb loss.

Characteristic Without Limb With Limb Loss

Loss TTA TFA BTTA BTFA TTA/TFA
n 97 60 32 12 7 7
Age (yr)* 26.1 £5.5 28.5+5.8 30.6+5.5 29.7+5.38 26.6+2.8 28.7+7.1
Height (cm) 178.1 £6.4 181.4+79 181.6 £ 5.1 181.9+6.9 179.1+ 74 1854 +09.1
Weight (kg)f 82.0 £10.2 90.1 £ 16.1 91.3+12.2 97.8+20.3 75.1+£9.8 95.1+134
Waist (cm)i§ 86.1 £6.9 92.5+10.2 95.5+£8.9 99.3+£9.1 87.4+£6.9 101.3+10.4
Time Since Amputation NA 32+£22 33+£1.3 33+£27 24 +1.1 23+0.8

(yr)

*Signiﬁcant difference between SMs with TFA and without limb loss (p = 0.001).

TSignificant difference (p < 0.05) between SMs with BTFA and all levels of lower-limb loss.

iSigniﬁcant difference (p < 0.05) between SMs with BTFA and BTTA and BTFA and TTA/TFA.

§Signiﬁcant difference (p < 0.001) between SMs without limb loss and with limb loss except for those with BTFA (p = 0.999).

BTFA = bilateral transfemoral amputation, BTTA = bilateral transtibial amputation, NA = not applicable, TFA = unilateral transfemoral amputation, TTA = unilat-
eral transtibial amputation, TTA/TFA = combination transtibial and transfemoral amputation.
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Table 2.

Comparison of 6-minute walk test (6MWT) distance between participating servicemembers (SMs) with and without lower-limb loss.

6MWT (m) Without Limb With Limb Loss
Loss TTA TEA BTTA BTFA TTAITFA

n 97 60 32 2 7 7
Mean + SD*T 761 + 87 661 + 87 542 + 67 576 + 75 452 + 141 503 + 89
Minimum 525 433 442 482 264 324
25th Percentile 703 626 490 520 313 485
50th Percentile 765 664 533 559 443 520
75th Percentile 815 725 587 628 590 538
Maximum 995 858 686 718 645 615

*Signiﬁcant differences between SMs without limb loss and with TTA vs other groups (p < 0.001).

TSigniﬁcant difference between SMs with BTTA and BTFA (p = 0.03).

BTFA = bilateral transfemoral amputation, BTTA = bilateral transtibial amputation, SD = standard deviation, TFA = unilateral transfemoral amputation, TTA = uni-
lateral transtibial amputation, TTA/TFA = combination transtibial and transfemoral amputation.

Table 3.

Factors correlated with 6-minute walk distance for servicemembers with unilateral transtibial amputation (TTA) and unilateral transfemoral
amputation (TFA): Spearman correlation (r) with p-value given in parentheses.

Characteristic Without Limb Loss

With Limb Loss

TTA TFA
n 97 60 32
Age (yr) 0.25 (0.01) 0.05 (0.71) 0.11 (0.55)
Height (cm) 0.21 (0.04) 0.40 (0.002) —-0.29 (0.11)
Weight (kg) 0.15(0.14) —-0.24 (0.07) —0.46 (0.008)
Waist (cm) 0.08 (0.44) —-0.28 (0.03) —-0.35 (0.05)
Time Since Amputation (yr) NA 0.21 (0.11) 0.05 (0.77)

NA = not applicable.

completed skilled rehabilitation. Other studies have
reported 6MWT performance values in healthy adults
and lower-limb amputees; none were conducted using
participants drawn from a military population. However,
the 6MWT values for participants in the second and third
decade of life were similar to our results for the partici-
pants without limb loss [23]. The information on 6MWT
performance for SMs with limb loss will allow clinicians
to set goals that are appropriate for individual patients
based on clinical presentation. Although this study found
difference between SMs with and without lower-limb
loss, it also found that almost 75 percent of the TTA and
BTTA participants walked above the minimum distance
recorded by those SMs without limb loss. Confirmation
that physical performance after injury can be regarded
within “normal” standards can be both gratifying and
reassuring.

SMs with TTA had better 6MWT values than all
other amputation level groups, and the mean 6MWT per-
formance for those with BTTA was significantly greater

than for those with TFA. These findings support the
importance of preserving the knee joint when possible.

Many factors have been identified that affect SIMWT
performance, including age, height, and weight. Height
influences performance since taller individuals typically
have a longer stride length [23—24,35]. Body weight has
been identified as a predictor of 6MWT performance in
middle-aged healthy adults, with heavier individuals not
performing as well as light individuals, because differ-
ences in weight are often tied to difference in fitness [35].
Because the SMs without limb loss were relatively fit and
fairly homogeneous in age, height, and weight, we found
very weak correlations between demographic factors and
6MWT distance in this group.

Participants were instructed to wear the prosthesis
that they felt most comfortable and confident in to per-
form the test. Differences in 6MWT performance were
not found between the different types of prosthetic feet
and knee units for those participants with TTA and TFA,
respectively. Similar results recently reported that differ-
ences in 6OMWT performance were not found between
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Figure.
Six-minute walk test performance (mean + standard deviation)

of participants with unilateral transtibial (n = 60) and unilateral
transfemoral (n = 32) limb loss walking with different prosthetic
feet and knees. Prosthetic feet classifications (®): (1) carbon
fiber J-shaped energy storing and return feet with shock
absorbers and/or torque rotators, (2) carbon fiber J-shaped
energy storing and return feet without shock absorbers or
torque rotators, and (3) low-profile energy storing and return
feet. Prosthetic knee unit classifications (M): (1) microprocessor
and (2) nonmicroprocessor.

different categories of prosthetic feet after specialized
prosthetic training was administered to people with TTA
[36]. The study results suggested that if a person has
reached his or her optimal walking speed, performance
related to prosthetic components may not significantly
increase because he or she has reached maximal walking
performance. For this population of young, fit SMs who
completed skilled rehabilitation and were functioning at a
high level, the 6MWT appeared to not be appropriate for
detecting differences between specific prosthetic foot and
knee components.

As are all performance-based tests, the 6MWT dis-
tance is affected by participant motivation. While all par-
ticipants received the same standardized instructions,
instructing them to “cover as much distance as possible,”
it was observed that not all participants appeared to be
exerting a “maximum” effort. Once testing began, verbal
cueing or encouragement was strictly prohibited. It is
therefore possible that individual motivation during the
6MWT could have influenced the variability in 6MWT
performance.

Our ability to detect differences among the bilateral
limb-loss groups was limited by the relatively small sam-
ple sizes in these groups. However, our samples were
larger than those reported in most publications. Finally,
our participants may not be entirely representative of the
general younger male population and/or individuals with
traumatic lower-limb loss. All the participants without
limb loss were volunteers and were, by virtue of being
SMs, a physically fit group.

By establishing reference ranges for the 6MWT in a
military population, the findings of this study will pro-
vide clinicians with the ability to set goals and gauge
progress using measures relevant to the SMs under their
care. Rehabilitative goals must be consistent with the
patient’s personal goals, and if the return to gainful
employment within the military is still an aspiration, then
parallel objective measures need to be identified. Run-
ning a predetermined distance is the measure of choice
for aerobic capacity by the Army and Marine Corp.
Although most SMs with limb loss will learn to run
sometime during their rehabilitation process, doing so
early in their rehabilitation may be ill-advised because of
numerous other medical contraindications. However, the
ability to walk is one of the primary functional tasks
taught early in rehabilitation and is the focus of many
hours of therapy. The 6MWT is a practical, safe test of
functional mobility requiring very little equipment and is
appropriate for use even in individuals with severe
impairments early in rehabilitation.

Future work can identify specific treatment exercises
and programs designed to improve walking performance.
Threshold 6MWT performance by level of limb loss can
be established to determine when running and higher-
level mobility skills can be introduced into the rehabilita-
tion program. In addition, mean values for female SMs
and individuals with limb loss with complex traumatic
injuries should be established. Finally, the dedication of
injured SMs to remain at a high level of activity and the
state-of-the-art rehabilitation received by the wounded SMs
likely account for their 6 MWT performance and should be
investigated to determine the contribution of skilled rehabil-
itation with respect to aerobic capacity and walking.

CONCLUSIONS

6MWT reference ranges were established for U.S.
SMs without lower-limb loss and U.S. SMs with limb loss
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who completed skilled rehabilitation. The 6MWT distance
of SMs without limb loss differed from those with lower-
limb loss, but there were substantial areas of distance
overlap among all groups. Characteristics such as age,
height, weight, and waist circumference moderately
affected 6MWT. The 6MWT did not detect differences
between the various prosthetic foot and knee units used by
the SMs with limb loss. The 6MWT reference ranges
established through this study will help clinicians and
future young, active military and nonmilitary individuals
with limb loss track progression of rehabilitation and set
realistic goals to reach their full functional potential.
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