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Abstract—Little evidence exists to support the presence of
differences in spatiotemporal gait parameters and ambulation
ability between those individuals with traumatic and nontrau-
matic lower-limb amputation (LLA). We conducted an explor-
atory study of 81 male Veterans with unilateral amputation to
quantify differences in spatiotemporal gait parameters and
ambulatory mobility between Veterans with traumatic and non-
traumatic LLA. Furthermore, we identified variables that sig-
nificantly contributed to the explanation of variability in
modified 2-min walk test distance. All participants completed
the modified 2-min walk test and a spatiotemporal gait analysis
using an instrumented walkway during a routine physical ther-
apy visit. Veterans with nontraumatic LLA walked signifi-
cantly shorter mean distances during a modified 2-min walk
test than Veterans with traumatic LLA. Variables identified as
significant contributors to modified 2-min walk test variability
were amputated limb stance time, amputated limb step length,
and percentage of the gait cycle spent in double support. These
findings demonstrate that differences in spatiotemporal gait
parameters and ambulatory mobility exist between Veterans
with traumatic and nontraumatic LLA and identify important
spatiotemporal parameters of gait contributing to this decline.
These parameters should be considered as targets for interven-
tion and future investigation.

Key words: 2-min walk test, ambulatory mobility, amputation,
gait, lower-limb amputation, nontraumatic, spatiotemporal gait
parameters, traumatic, unilateral amputation, Veterans.
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INTRODUCTION

Ambulatory mobility following lower-limb amputa-
tion (LLA) is a complex process with significant implica-
tions for patient physical function and quality of life.
Ambulatory mobility is one of the single greatest predic-
tors of quality of life in people with LLA [1] and is associ-
ated with improved social function [2]. Many factors
contribute to ambulatory mobility after LLA, including
preoperative function; presence of comorbidities; and
modifiable factors related to rehabilitation, such as pros-
thetic fit/function and spatiotemporal parameters of
movement [3]. Past research has focused on optimizing

Abbreviations: %GC = percent of gait cycle, 2MWT = 2-min
walk test, BMI = body mass index, BOS = base of support,
FCI = Functional Comorbidity Index, ICC = intraclass correla-
tion coefficients, LLA = lower-limb amputation, NIH =
National Institutes of Health, SD = standard deviation, SF-36 =
36-Item Short Form Health Survey, TFA = transfemoral ampu-
tation, TTA = transtibial amputation, VA = Department of Vet-
erans Affairs.
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prosthetic fit/function [4-5], but evidence is needed to
demonstrate the association between modifiable spatio-
temporal gait deficits and ambulatory mobility after LLA.

Following LLA, gait deficits often include shorter ipsi-
lateral or contralateral step length, increased double limb
support time, wider base of support (BOS), and decreased
step rate (cadence). Deficits in these spatiotemporal param-
eters are associated with decreased walking speed and
endurance [6], both of which are typically captured when
assessing a patient’s ambulatory mobility with tests such as
the 2-min walk test (2MWT), a clinical measure of ambula-
tory mobility shown to have good validity for use in medi-
cally complex patients, including those with LLA [6-8].
Furthermore, each of these spatiotemporal parameters has
been suggested as a potential rehabilitation target to
improve ambulatory mobility after LLA in patients with
both transtibial amputation (TTA) and transfemoral ampu-
tation (TFA) [9-10]. Preliminary evidence has shown that
gait parameters, including step length and stance time, can
demonstrate increased between-limb symmetry with speci-
fied step training in patients following unilateral TTA [11].
However, the ideal amount of between-limb spatiotemporal
symmetry is not known; the loss of a joint (or joints) with
amputation creates some level of chronic asymmetry [12].
Although debate exists about the optimum rehabilitation
goals, it is widely accepted that an excessive level of gait
pattern change is associated with the development of dys-
function [13]. For example, excessive asymmetrical move-
ment and loading of the lower limbs predisposes patients to
a sequela of health conditions, including osteoarthritis and
back pain [14].

In addition to spatiotemporal gait alterations after
LLA, ambulatory mobility also depends on patient demo-
graphics, health status, and amputation characteristics,
which vary greatly in the heterogeneous LLA population.
Past studies have found that increased age, a complex
comorbidity status, level of amputation, time since ampu-
tation, and body mass index (BMI) all have a significant
influence on ambulatory mobility following LLA [15-17].
However, the individual and combined influence of each
of these factors on ambulation are not well defined [18]. It
remains unclear how demographics, health status, amputa-
tion characteristics, and spatiotemporal gait deficits affect
ambulatory mobility, particularly relative to one another.

Heterogeneity in the LLA population is also charac-
terized by reason for amputation (traumatic or nontrau-
matic). Both forms of amputation are characterized by
unique presentations, including age and health status.

Patients who have undergone nontraumatic LLA resulting
from, for example, infection and dysvascularization are
more likely to be affected by a common group of comor-
bid health conditions, including diabetes and renal dis-
ease. In contrast, patients who have undergone traumatic
LLA do not exhibit any one or group of health conditions
[14,18]. In fact, more than 50 percent of traumatic LLA
occurred in Veterans under the age of 65 yr and only
4.4 percent of Veterans with traumatic LLA had compli-
cations of renal disease, compared to nearly 10 percent of
Veterans with nontraumatic LLA [19]. By describing the
relationship between demographic/health-related factors,
amputation characteristics, and spatiotemporal gait defi-
cits across groups of Veterans with either traumatic or
nontraumatic LLA, we hope to identify modifiable risk
factors that contribute to a patient’s functional gait ability.

Therefore, this study was designed with two primary
purposes: (1) quantify the differences in spatiotemporal
gait measures, walking speed, and modified 2MWT dis-
tances between groups of Veterans with traumatic and
nontraumatic LLA and (2) identify the explanatory vari-
ables that contribute to ambulatory mobility, as measured
by the modified 2MWT, using candidate variables from
the domains of spatiotemporal gait parameters, demo-
graphics, health status, and amputation characteristics.
We hypothesized that (1) Veterans with nontraumatic
LLA would have greater deficits in spatiotemporal mea-
sures of gait, slower walking speeds, and shorter modi-
fied 2MWT distances than Veterans with traumatic LLA;
(2) variables from each of the three domains would con-
tribute in different ways to the explanation of variability
in modified 2MWT distance; and (3) depending on the
cause of amputation (traumatic vs nontraumatic), vari-
ables from the three domains would contribute in differ-
ent ways to 2MWT distances.

METHODS

Patients

Participant data were collected from a retrospective
chart review and a database of Veterans who received phys-
ical rehabilitation at the Department of \eterans Affairs
(VA) Regional Amputation Center in Denver, Colorado,
between September, 2012, and July, 2014. The study
included 81 Veterans who had undergone major unilateral
LLA and were independent community ambulators
(using assistive devices if needed) participating in routine
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follow-up at the VA outpatient clinic. Veterans must
have completed a minimum of three trials of overground
walking, collected during a single routine clinical visit on
the GAITRite Electronic Walkway system (version 3.9,
CIR Systems Inc; Franklin, New Jersey). All testing was
completed by one of two licensed physical therapists as part
of routine clinical practice. Demographic information,
amputation characteristics, and health-related data for each
Veteran were acquired through medical record review.
These data were recorded nearest the date that each Vet-
eran’s GAITRIite data were collected.

Outcomes

We chose the 2MWT as the primary measure of ambu-
latory mobility because it provides information regarding
both walking speed and endurance not captured with a mea-
sure of walking speed alone. The 2MWT has been found to
function as a powerful surrogate measure of a patient’s
ambulatory mobility, primarily in medically complex
patients, including those with LLA [7-8]. The 2MWT has
also been shown to correlate strongly with the 6-min walk
test and has been deemed more appropriate for patients with
severe disabilities [20]. Furthermore, the 2MWT is useful in
assessing walking limitations, prosthetic use, and functional
mobility following LLA [7-8]. Courses previously used for
performing the 2MWT range from the 50 ft shuttle course,
recommended in the National Institutes of Health (NIH)
Toolbox Motor Battery, to courses using a 122 m rectangu-
lar hallway [21-22]. Though the course used for the 2MWT
has been shown to vary greatly among studies, we will refer
to the test used in this study as a modified 2MWT to distin-
guish it from the NIH recommended method. Our modified
2MWT required that Veterans walk along a 450 ft rectangu-
lar hallway course in the clinic for 2 min. \eterans were
instructed to “cover as much distance as you can in 2 min
without running; you are allowed to use your assistive
device and take breaks as needed, but the timer will con-
tinue to run.” The total distance walked was recorded for
each participant.

Explanatory Measures

Spatiotemporal Gait Measures

Spatiotemporal parameters of gait were collected
using the GAITRIite system. The system records data
using 16,128 pressure sensors built into a 61 cm by
427 cm mat. As Veterans walk over the mat, the pressure
sensors identify the location and the activation and deac-
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tivation times of each footfall. Data collection sessions
consisted of three trials of level walking, beginning 10 ft
beyond the mat to allow for acceleration. Veterans were
instructed to “walk slightly faster than normal, like you
are trying to cross a street before the light changes, and
continue walking beyond the length of the mat.” Veterans
were allowed to use assistive devices as needed. All
recorded footfall data were exported using GAITRite
software. All GAITRIte testing was performed immedi-
ately before performing modified 2MWT testing. Mean
values for gait parameters of interest (step length, single
limb stance time, BOS, double limb support time, gait
speed, and step rate) were calculated using the average of
the three trials. These gait variables were chosen for anal-
ysis because they have been linked to deviations identi-
fied with gait after LLA [18,23] and general physical
function and health status [24-25].

The GAITRIte system has been validated through
studies comparing it to other spatiotemporal gait mea-
surement systems. When compared to an eight-camera
motion capture system, the GAITRite system was found
to have excellent concurrent validity for spatiotemporal
gait variables, demonstrating a mean difference of
1.5 percent or less for parameter calculations of step
length, stride length, single support time, and velocity
[26]. The GAITRIte system has also been found to cor-
relate strongly with the Clinical Stride Analyzer (B & L
Engineering; Santa Ana, California), a widely used spa-
tiotemporal gait measure that uses insole pressure sen-
sors. Intraclass correlation coefficients (ICC) for gait
speed, stride length, and step rate were ICC (2,1) = 0.99,
and single limb support times demonstrated moderate to
high correlations: ICC (2,1) = 0.61-0.91 [27].

Between-limb symmetry ratios were calculated by
using mean values for step length and stance time as fol-
lows: absolute symmetry ratio = larger value / smaller value.
Temporal and spatial ratios provide information regarding
the magnitude of asymmetry present. Based on scientific
evidence that supports greater step lengths and shorter
stance times in the amputated lower limb, a ratio of 1.0 indi-
cates perfect symmetry; a score <1.0 indicates asymmetry,
with smaller values indicating greater asymmetry.

Electronic Medical Record

Demographic, anthropometric, and health-related infor-
mation was collected from the VA electronic medical record
system. Veteran comorbidity information was recorded
using the Functional Comorbidity Index (FCI), an 18-item
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index consisting of diagnoses that have been shown to
contribute to functional decline [28]. Items are scored by a
simple counting of yes/no responses. We chose the FCI for
this study because of its ease of clinical use and strong cor-
relation with the 36-ltem Short Form Health Survey (SF-
36), a commonly cited measure of patient-reported physical
function [29]. Furthermore, the FCI includes information
about the presence of modifiable comorbidities (e.g., periph-
eral vascular disease, high blood pressure) in each patient;
therefore, the relation of the FCI to modified 2MWT dis-
tance provides important rehabilitation information. Other
data collected from the medical record included sex, age,
BMI, and use of assistive device. Amputation characteristics
consisted of laterality of the amputated limb, level of ampu-
tation, reason for amputation, and time since amputation.

Statistical Analysis

Descriptive statistics were calculated for the entire sam-
ple and were also described for groups based on traumatic
and nontraumatic LLA. Means and standard deviations were
calculated for continuous variables, and frequency counts
were used for categorical variables. To determine differ-
ences between traumatic and nontraumatic LLA groups in
spatiotemporal gait parameters, walking speed, and modi-
fied 2MWT distance, we performed independent t-tests.

To analyze our second objective, identifying which
variables help explain variability in modified 2MWT dis-
tance, we categorized variables into three domains: spatio-
temporal gait parameters, demographics/health-related
factors, and amputation characteristics (Table 1). A two-
step process was then performed to test for variable inclu-
sion. We first tested each variable for correlation with the
modified 2MWT distance using univariate regression
models. Those variables found to be significant contribu-
tors to modified 2MWT distance (p < 0.05) in the univari-
ate model were then tested for collinearity using bivariate
models of each combination of significant variables within
a domain. Variables that no longer contributed (p > 0.1) to
modified 2MWT distance in the presence of variables
from the same domain were excluded from the regression
analysis. Using a stepwise forward procedure, the depen-
dent variable, modified 2MWT distance, was regressed
against the model of best fit from the included variables.
This process involves testing the fit of the model with the
addition of each variable, added in individual steps. Vari-
ables that met a model comparison criterion (p < 0.05) and
contributed to model fit (increased adjusted R?) were
added, beginning with the most significant. This process

Table 1.
Domains of explanatory variables used in regression analysis for 2-min
walk test distance.

Domain
Spatiotemporal Gait Parameters

Variable
Step length asymmetry
Single leg stance time asymmetry
Double support (%GC)
Amputated limb stance time
Nonamputated limb stance time
Amputated limb step length
Nonamputated limb step length
Base of support
Step rate
Body mass index

Functional Comorbidity Index
score (comorbidity index total)

Age
Years since amputation
Level of amputation

Demographic and Health Related

Amputation Characteristics

%GC = percent of gait cycle.

was repeated until all variables meeting the fit criterion
were included.

As a final exploratory step, we examined differing
contributions of the model for the groups of Veterans
with traumatic and nontraumatic LLA by regressing
modified 2MWT distance on the final model from the
forward regression to both groups individually. Model fit
between the two groups was compared using adjusted R2.
All analyses was performed using statistical analysis
software (SAS Institute Inc; Cary, North Carolina).

RESULTS

Participants

Data were collected from the database on 81 male
individuals; 49 had traumatic amputation and 32 had
nontraumatic amputation. The data set comprised 58 Vet-
erans who had undergone a unilateral TTA (33 traumatic,
25 nontraumatic) and 23 who had undergone a unilateral
TFA (16 traumatic, 7 nontraumatic). The group had a
mean (+ standard deviation [SD]) age of 57.8 (£13.8) yr,
BMI of 28.1 (+4.8), comorbidity index score of 3.2
(£1.9), and time since amputation of 19.5 (£22.6) yr.
Group characteristics separated by nontraumatic and
traumatic LLA groups are presented in Table 2.
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Table 2.
Demographic characteristics and gait parameters between Veterans with traumatic and nontraumatic lower-limb amputation (LLA).

Variable Nontraumatic LLA (n = 32), Traumatic LLA (n =49), p-Value

mean + SD mean + SD

2-Min Walk Test Distance (m) 129.46 £ 35.71 146.12 £ 35.61 0.04*
Walking Speed (m/s) 1.19+0.36 1.28+0.31 0.27
Absolute Step Length Symmetry Ratio 0.89 £ 0.08 0.93£0.06 0.04"
Absolute Stance Time Symmetry Ratio 0.93+0.05 0.93+0.04 0.54
Amputated Limb Step Length (m) 0.38 £ 0.07 0.40 £ 0.06 0.15
Nonamputated Limb Step Length (m) 0.37 £0.07 0.39£0.06 0.28
Amputated Limb Stance Time (s) 0.61 +0.09 0.58 + 0.08 0.21
Nonamputated Limb Stance Time (5) 0.57 £ 0.07 0.55 £ 0.07 0.29
Double Support (%GC) 29.00 £5.10 27.10£4.40 0.08
Base of Support (cm) 15.90 + 4.35 15.00 +5.22 0.41
Step Rate (steps/min) 102.00 + 22.06 107.80 £ 12.00 0.18
Age (yr) 60.30 £ 11.41 56.10 £+ 15.07 0.17
Time Since Amputation (yr) 5.20+8.12 25.80 £ 18.94 <0.001"
Comorbidity Index Total 3.90+£1.92 2.70 £ 2.64 0.004"
Body Mass Index (kg/m?) 28.40 £ 5.67 27.90 £4.11 0.68

Note: Amputation level chi-square = 0.32.
*Significant at p < 0.05.
%GC = percent of gait cycle, SD = standard deviation.

Group Differences: Nontraumatic versus Traumatic
Lower-Limb Amputation

We found significant differences between the trau-
matic and nontraumatic LLA groups for step length sym-
metry ratio (0.93 vs 0.89, respectively; p = 0.04) and
2MWT distance (146.12 m vs 129.46 m, respectively;
p = 0.04). The two groups also significantly differed in
time since amputation (25.8 yr vs 5.2 yr, respectively; p <
0.001) and comorbidity index total score (2.7 vs 3.9,
respectively; p = 0.004) (Table 2).

Regression Models

Nine variables met inclusion for the forward stepwise
regression procedure: age, FCI total score, amputated
limb stance time, nonamputated limb stance time, ampu-
tated limb step length, nonamputated limb step length,
BOS, double limb support time, and step rate. Completion
of the forward regression procedure produced a final
model comprising three variables: amputated limb stance
time, amputated limb step length, and double support.
This model explained 56 percent (adjusted R? = 0.56) of
the variation in modified 2ZMWT distance. In our sample,
we found that an increase in amputated limb step length
by 1 cm leads to a mean increase in modified 2MWT dis-
tance of 2.1 m. Amputated limb stance time affected mod-

ified 2MWT distance in a similar but opposite fashion:
an increase in stance time results in decreased mean dis-
tance walked. Increases in double limb support time (% of
gait cycle [%GC]) also resulted in reduced modified
2MWT distances (Table 3).

When this model was fit in subgroups of amputation
type, it was found to explain 39 percent (adjusted RZ =
0.39) of the variation in modified 2MWT for those with
traumatic amputation and 73 percent (adjusted R%= 0.73)
of the variation in modified 2MWT for those with non-
traumatic LLA. These two models also demonstrated the
same increases and decreases in modified 2MWT for
changes in each of the three variables.

DISCUSSION

The purpose of this study was twofold. The first aim
was to quantify differences in demographic and health-
related variables, spatiotemporal gait parameters, walking
speed, and modified 2MWT distance between Veterans
with traumatic LLA and nontraumatic LLA. We hypothe-
sized that those Veterans with nontraumatic LLA would
demonstrate higher levels of comorbidities, greater deficits
in spatiotemporal gait parameters, slower walking speed,
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Table 3.

Regression model used for explanation of 2-min walk test distance.
Beta coefficients representing the change in meters for every one unit
change in the measure, p-values, and adjusted R? for the model.

Variable Coefficient + SD  p-Value

Entire Sample (N = 81)" <0.001f

Amputated Limb Step Length (cm) ~ 2.10 +0.61 (m)  0.001"

Amputated Limb Stance Time (s) -1.20£0.39 (m) 0.003"
Double Support Time (s) -0.02+0.08(m)  0.04"

Traumatic Amputation (n = 49)3F <0.001"
Amputated Limb Step Length (cm)  2.21 +0.90 (m) 0.021

Amputated Limb Stance Time (s)
Double Support Time (s)

-049+0.71(m)  0.48
~0.02+0.01(m)  0.10

Nontraumatic Amputation (n = 32)8 <0.001"
Amputated Limb Step Length (cm)  2.41 +0.87 (m) 0.017
Amputated Limb Stance Time (s) —1.66 £ 0.40 (m) <0.001"

Double Support Time (s)

*Adjusted R? = 0.56.
TSignificant at p < 0.05.
*Adjusted R? = 0.39.
§Adjusted R2=0.73.

SD = standard deviation.

~0.01+0.01(m) 0.39

and shorter modified 2MWT distance compared with those
with traumatic amputation. In the group with nontraumatic
LLA, we saw significantly worse step length symmetry,
higher FCI scores, and shorter modified 2MWT distances.
The sample of Veterans with LLA used in this study
performed similarly on the 2MWT to those Veterans who
participated in a study by Gremeaux et al., which exam-
ined a sample of 64 Veterans with mean LLA age (£SD)
58 (+16) yr who walked a distance of 103 (+50) m [8]. The
distances walked by Veterans with LLA are substantially
shorter than expected for nondisabled individuals. For
example, a cohort of 417 nondisabled male individuals of
mean age (£SD) 49.7 (+18.6) yr walked a mean distance
(xSD) of 189.4 (£35.5) m during the 2MWT [30]. In addi-
tion, 2MWT distances are correlated with poorer scores on
the function subscore of the SF-36 across a range of Veter-
ans with LLA [7]. Our results also show that Veterans with
nontraumatic LLA have relatively shorter 2MWT dis-
tances than those with traumatic LLA. These findings sup-
port past evidence that nontraumatic LLA may result in
lower physical activity levels and decreased functional
ability, secondary to a complex health status [31-32]. To
examine the underlying mechanisms for differences in
2MWT distances between Veterans with traumatic and
nontraumatic LLA, it is important to examine the spatio-

temporal gait parameters that may result in differing levels
of functional mobility.

Past studies have demonstrated group differences
between Veterans with traumatic and nontraumatic LLA
for certain spatiotemporal parameters, including step rate
and single limb stance time, as well as differences in meta-
bolic cost of walking [3,33-34]. One particular study,
completed by Barth et al., found that patients with dysvas-
cular amputation spent shorter amounts of time on the
amputated limb than the sound limb and had a lower step
rate compared with patients with traumatic LLA [33]. Our
results also demonstrated differences in spatiotemporal
parameters between the two groups, including a significant
difference in step length symmetry between Veterans with
nontraumatic LLA (0.89) and Veterans with traumatic
LLA (0.93). These differences reported in step length and
stance time are of clinical significance; they may be
attributed to poor balance or decreased contralateral push-
off, both of which can limit walking function [35-36]. By
quantifying group differences in spatiotemporal gait
parameters and ambulatory mobility, our findings are some
of the first to provide direct comparison between Veterans
with traumatic and nontraumatic LLA. These findings con-
tribute to the body of literature by indicating that greater
deficits in walking ability may be expected in Veterans
with nontraumatic LLA and should be studied further.

The second aim of this study was to examine variables
that might contribute to differences in modified 2MWT dis-
tance. We hypothesized that, divided into domains of
demographic and health-related variables, amputation char-
acteristics, and spatiotemporal gait parameters, variables
from each domain would influence function following LLA
[37]. Surprisingly, only amputated limb stance time, ampu-
tated limb step length, and double support time were found
to significantly contribute to modified 2MWT distance.
These three variables accounted for nearly 60 percent of the
variation seen in modified 2MWT distance. A similar
study by Sansam et al. identified a relationship between
single limb stance time on the amputated limb and scores
on the Timed “Up and Go” test [5]. This finding demon-
strates that static measures of amputated limb single limb
balance and dynamic measures of single limb stance time
during gait, shown in our results, play an important role
in functional walking ability. In fact, these changes, partic-
ularly in the amputated limb, are of clinical relevance—
providing the rehabilitation clinician with modifiable tar-
gets for intervention, which may improve global walking
ability. Darter et al. found that patients following LLA
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demonstrate improved spatiotemporal gait parameters, pri-
marily step length, following step training; findings from
that study bolster our findings by demonstrating the effects
of training on gait variables we have identified to influence
gait function [11]. As an exploratory analysis, we examined
whether amputated single limb support time, amputated
limb step length, and double support (%GC) would explain
different levels of variability in modified 2MWT distance
in subgroups with traumatic and nontraumatic LLA. Our
findings demonstrated that these three variables account for
nearly 75 percent of the variability in Veterans with non-
traumatic LLA, and they explain a substantially smaller
amount of variability (39%) for those Veterans with trau-
matic LLA. This finding supports our hypothesis that the
two subgroups of Veterans with LLA would present differ-
ently. The influence of these variables on walking function
could explain, in part, why past studies have found that
patients with nontraumatic LLA demonstrate lower levels
of daily walking and physical activity [36,38-39]. There-
fore, these findings provide important evidence for future
investigations as well as information the rehabilitation cli-
nician can use to prioritize treatment targets for Veterans
within each group. For example, Veterans with nontrau-
matic LLA may require more focused intervention to
address amputated limb stance time than a Veteran with a
traumatic LLA.

The use of retrospectively collected, cross-sectional
data limited our ability to examine other important patient
characteristics that may alter ambulatory mobility, includ-
ing patient activity level, prosthesis use, prosthesis type,
rehabilitation status, and surgical procedure. Although our
findings provide important insight into differences
between Veterans with traumatic and nontraumatic LLA,
we were surprised not to find similar group differences in
other spatiotemporal variables and walking speed, a result
that may be attributable to sample size. Furthermore, ret-
rospective data collection did not allow for altering the
course used during the modified 2MWT. The variability
in 2MWT courses limits the ability to compare results
between our study and others [7,21-22,30,40]. The
2MWT course used in our study differed from the NIH
recommended course [22]. However, we can make
important conclusions about patient function, even in the
presence of variations of the 2MWT course [21]. It is also
important to note the difference in time since amputation
between the two groups in our study. Even though time
since amputation was not a significant contributor to the
model explaining modified 2MWT performance, we did

LOYD et al. 2-min walk distance in lower-limb amputation

find a significantly shorter time (mean £ SD) since ampu-
tation for those with nontraumatic LLA than those with
traumatic LLA (5.2 [£8.12] yr vs 25.8 [+18.94] yr, respec-
tively; p < 0.001). Therefore, when examining walking
performance between Veterans with traumatic and non-
traumatic LLA, the potential for time since amputation to
influence group differences must still be considered. Also,
only male Veterans participated in this study, which might
limit its generalizability to other populations of patients
with LLA.

CONCLUSIONS

Differences found between the two groups in modi-
fied 2MWT distances demonstrate that functional gait
ability varies between patients with traumatic and non-
traumatic LLA. These findings also demonstrate that
those Veterans with nontraumatic LLA may have greater
deviations in step length. Differences between the two
groups provide important preliminary evidence for clini-
cal intervention and future study. Furthermore, the find-
ings of our regression model indicate that modifiable
parameters of gait, such as amputation limb stance time,
step length, and double support (%GC) play a significant
role in ambulatory mobility and account for more vari-
ability than age, spatiotemporal symmetry, or health-
related conditions. These three variables provide clini-
cians with important targets for assessment that, if pres-
ent, can significantly improve patient function through
intervention. The effect of these gait parameters on
2MWT distance indicate that deviations from “normal”
in these measures can influence ambulatory mobility.
Though some deviation from “normal” is expected with
the loss of a limb, future studies are warranted to deter-
mine the level of deviation that is considered acceptable
when weighing the effect that each of these deviations
was found to have on ambulatory mobility.
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