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Abstract—The biomechanical responses to load carriage, a
common task for dismounted troops, have been well studied in
nondisabled individuals. However, with recent shifts in the
rehabilitation and retention process of injured servicemembers,
there remains a substantial need for understanding these
responses in persons with lower-limb amputations. Temporal-
spatial and kinematic gait parameters were analyzed among 10
male servicemembers with unilateral transtibial amputation
(TTA) and 10 uninjured male controls. Participants completed
six treadmill walking trials in all combinations of two speeds
(1.34 and 1.52 m/s) and three loads (none, 21.8, and 32.7 kg).
Persons with TTA exhibited biomechanical compensations to
carried loads that are comparable to those observed in unin-
jured individuals. However, several distinct gait changes
appear to be unique to those with TTA, notably, increased dor-
siflexion (deformation) of the prosthetic foot/ankle, less stance
knee flexion on the prosthetic limb, and altered trunk forward
lean/excursion. Such evidence supports the need for future
work to assess the risk for overuse injuries with carried loads in
this population in addition to guiding the development of adap-
tive prosthetic feet/components to meet the needs of rede-
ployed servicemembers or veterans/civilians in physically
demanding occupations.

Key words: amputation, biomechanics, gait, kinematics, load
carriage, military, return to duty, transtibial, treadmill, unilateral.
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INTRODUCTION

A progressive shift in the medical evaluation, rehabili-
tation, and retention of injured military personnel has
provided considerable opportunity and prospect for ser-
vicemembers with lower-limb amputations to remain on
Active Duty. More than 1,400 servicemembers have sus-
tained injuries resulting in a major limb amputation dur-
ing recent conflicts [1], and among those with a
transtibial amputation (TTA), approximately 20 percent
remain on Active Duty [2]. Yet despite investigations of
the physiological and biomechanical responses to load
carriage in nondisabled military and civilian populations
[3-6], there remains limited objective evidence [7]
regarding the ability of servicemembers with lower-limb
amputations to meet military standards when executing
physical tasks (e.g., load carriage).

Abbreviations: ANOVA = analysis of variance, MOLLE = mod-
ular lightweight load-carrying equipment, OTV = outer tactical
vest, SD = standard deviation, TTA = transtibial amputation.
*Address all correspondence to Barri L. Schnall, MPT; Wal-
ter Reed National Military Medical Center, America Build-
ing No. 19, Room B313, 8901 Wisconsin Ave, Bethesda, MD
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In nondisabled individuals, loads carried on the body
alter the temporal-spatial and kinematic parameters of
gait. For example, decreased step length, increased dou-
ble-limb support time, and reduced gait speed have all
been observed with increasing loads carried on the body
[8]. Increases in stance knee flexion [9—11], knee and hip
range of motion [9,11], and forward lean of the trunk
[3,9,12] are also commonly observed with increasing
load magnitude. Such alterations in temporal-spatial and
kinematic gait parameters have been suggested to con-
tribute to the stability of the body-plus-load system by
increasing the duration of time the lower limbs spend in
contact with the ground and/or by lowering the position
of (or reducing movement in) the body-plus-load center
of mass. Changes in lower-limb kinematics (e.g., stance
knee flexion) compared with unloaded gait may also help
reduce or absorb impact forces transmitted through the
body during load carriage tasks [3,10].

Altered and asymmetric gait among persons with
lower-limb amputations, which are commonly observed
during unloaded walking [13], may further degrade in
response to load carriage. Intact limbs can respond to
changes in external demands by altering the activity of
muscles crossing the joint. For example, the ability of the
lower-limb musculature to maintain similar ankle joint
kinematics during load carriage in nondisabled individuals
[8] suggests that substantial internal joint moments are
generated to counter external loads. Most current pros-
thetic ankle/foot systems, however, are not capable of pro-
viding such variations in dynamic “stiffness” in response
to changing external demands because they are prescribed
according to the unloaded weight and activity level of the
individual. A recent modeling study indicated that the stiff-
ness of the prosthesis needs to be increased for carried
loads exceeding 20 percent body weight [14]. This is of
particular importance to military applications since reports
on recent U.S. military operations reveal that light infantry
troops are carrying loads up to 45 kg (100 1b) or more dur-
ing dismounted operations [4]. Thus, increased loads car-
ried on the body among servicemembers with TTA may
induce substantial motion at the prosthetic ankle joint and/
or alter the kinematics of other joints throughout the body.

The primary objective of the current study was to
quantify and compare temporal-spatial and kinematic gait
parameters in servicemembers with and without unilateral
TTA during several military-relevant loaded walking con-
ditions. We hypothesized that the magnitudes of changes
in temporal-spatial and kinematic gait parameters with

increasing load mass and/or walking speed would be larger
(and bilaterally asymmetric) among servicemembers with
unilateral TTA than in uninjured controls.

METHODS

Participants

Ten males with unilateral TTA and ten uninjured male
controls participated after completing informed consent
procedures approved by the local institutional review
board. All participants were active military servicemem-
bers, between the ages of 18 and 35 yr, and capable of
treadmill walking at multiple speeds while carrying loads.
Additional inclusion criteria for participants with TTA
included at least 6 mo of independent ambulation prior to
participation. Potential participants in both groups were
excluded if they had any history of medical conditions
preventing cardiovascular training and/or comorbidities
or pain that may affect independent ambulation. Partici-
pants with TTA were tested in their current socket and
wore their preferred energy-storing and return feet, which
included the VSP (n = 4) and Ceterus (n = 3) (Ossur;
Reykjavik, Iceland) and Renegade (n = 3; Freedom Inno-
vations LLC; Irvine, California). Mean + standard devia-
tion (SD) age, stature, and body mass for the participants
with TTA were 24.9 £ 2.8 yr, 183.3 £ 6.3 cm, and 94.1 +
18.5 kg, respectively. Corresponding values for the 10
controls were 21.3 £ 3.0 yr, 181.7 + 5.4 cm, and 88.9 +
8.1 kg. Body mass measurements were obtained while the
participants with unilateral TTA were wearing their pros-
theses. All amputations were the result of traumatic inju-
ries, with a mean + SD time since amputation of 22.9 +
18.9 mo.

Experimental Design and Procedures

A repeated-measures design was used, in which par-
ticipants walked in all combinations of two controlled
speeds (1.34 and 1.52 m/s) and three loading conditions
(none, 21.8, and 32.7 kg). The two speed conditions were
completed in separate sessions on two consecutive days;
the three loading conditions were randomized within each
session. These speeds and load magnitudes are consistent
with published military guidance regarding the speed and
load magnitudes to be carried during a foot march [5,15]
and are representative of values used in previous studies
assessing load carriage by nondisabled servicemembers
[16-17].



1507

During each experimental condition, participants
walked for 10 min, without handrail support, on a medical-
grade treadmill (Woodway PPS 55; Waukesha, Wisconsin)
set to the horizontal position. Participants were provided at
least 20 min of rest between each condition to minimize the
effects of fatigue, and the timing of these events was estab-
lished by a previous protocol in which the metabolic cost of
load carriage was assessed in these same participants [18].
For all conditions, participants wore a T-shirt, shorts, socks,
and athletic shoes, as well as a helmet and mock weapon
(~3 kg) carried in both hands across the front of the body
(i.e., the “ready” position). Note, the total mass of the cloth-
ing, helmet, and mock weapon is not reflected in the label-
ing of load conditions (i.e., none, 21.8, and 32.7 kg). The
21.8 kg load condition included an additional ballistic
protective vest, and the 32.7 kg condition consisted of a
modular lightweight load-carrying equipment (MOLLE)
rucksack and outer tactical vest (OTV) (Figure 1). The
MOLLE and OTV were loaded with items that soldiers
typically carry: mock rounds of ammunition and mock
grenades were placed in pockets and pouches attached to
the front of the MOLLE, and a 1 qt, water-filled canteen
was attached to the OTV at waist level.

Full-body kinematics were collected throughout three
consecutive 10 s periods within each condition (8 min into
the walk) using retro-reflective markers placed on bony
landmarks and according to a modified Cleveland Clinic
marker set [19]. Marker positions were collected (120 Hz)
using at least an 8-camera motion capture system (Motion
Analysis Corporation; Santa Rosa, California, or Vicon;
Oxford, United Kingdom). All raw marker data were low-
pass filtered using a second-order, bidirectional, Butter-
worth filter with a 6 Hz cutoff frequency.

Dependent Measures and Analyses

Temporal-spatial and joint kinematic (flexion-
extension) parameters were calculated using an 8-
segment biomechanical model in Visual 3D (C-Motion
Inc; Germantown, Maryland). All data were time-
normalized to a stride (100% gait cycle). Subsequently,
peak joint angles were identified for each limb, including
ankle dorsiflexion, ankle plantar flexion, stance knee
flexion, hip flexion and extension (angle between thigh
and trunk due to frequent obstruction of pelvic markers
by the load-bearing equipment or weapon), and trunk for-
ward lean angle (relative to vertical). Joint excursions
were calculated as the difference between maximum and
minimum joint angles throughout the normalized gait

SCHNALL et al. Load carriage with transtibial amputation

Figure 1.
Experimental setup demonstrating 32.7 kg loaded walking

condition.

cycle. Temporal-spatial parameters were calculated,
including stride time, step length and step width, double-
limb support, and stance phase durations (percent of gait
cycle).

Initially, multivariate analyses of variance (ANOVAs)
were used to assess temporal-spatial and kinematic parame-
ters across all strides throughout the three 10 s collections in
each experimental condition. Mean values were computed
for each 10 s trial since no significant effects were found.
Two sets of mixed-factor repeated-measures ANOVAs
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were then used to assess (1) the main and interactive effects
of limb (group) and speed during the two unloaded condi-
tions and (2) the main and interactive effects of load magni-
tude, gait speed, and limb (group) during the four loaded
conditions. For the latter, difference scores were computed
by subtracting the raw parameters in each no-load condition
from the four loaded conditions (separately for each speed).
Since initial analyses (also using mixed-factor ANOVAs)
revealed no significant differences between right/left limbs
among controls, the right limb was used to represent the
uninjured control group/limb, while separate responses
(prosthetic and intact) were analyzed among participants
with unilateral TTA. Where relevant, post hoc comparisons
were performed using Tukey honestly significant difference
tests. All analyses were done using JMP (version 10, SAS
Institute Inc; Cary, North Carolina), and statistical signifi-
cance was concluded when p < 0.05. Summary values are
reported as mean + SD. Data from two participants with
TTA during the 32.7 kg loading condition (one at 1.34 m/s
and both at 1.52 m/s) were excluded from these analyses
because of measurement error and/or participant dropout.

Table 1.

RESULTS

Temporal-Spatial Parameters

In the unloaded conditions, stride times were shorter
(p < 0.001) while step widths and double limb support
durations were wider (p < 0.001) and longer (p = 0.004),
respectively, among participants with TTA compared with
controls (Table 1). Stance durations were also longer (p =
0.003) on the intact limb versus prosthetic/control limbs
(Table 1).

Stride times decreased with increasing load (p <
0.001) and at faster walking speeds (p < 0.001). These
decreases were also significantly larger (p = 0.04) with
added load among participants with TTA than among
uninjured controls. Step widths increased (p = 0.02) with
increasing load and were larger (p = 0.03) among partici-
pants with TTA versus uninjured controls (Table 2) but
were similar between speeds (p = 0.44). In both groups,
double-limb support durations increased (p < 0.001) with
increasing load, though these increases were larger (p =
0.01) at 1.34 versus 1.52 m/s among participants with

Mean + standard deviation temporal-spatial and joint kinematic parameters during no-load conditions by group/limb at both speeds. Measures
with only one value per group are listed under intact limb for participants with transtibial amputation.

Speed = 1.34 m/s

Speed = 1.52 m/s

Parameter - n

Control Intact Prosthetic Control Intact Prosthetic

Temporal-Spatial

Stride Time (s)" 1.13+£0.04*  1.10+0.06® — 1.07 £0.04%  1.05+0.05° —

Step Width (cm)’ 10.7+2.1%  152+3.0° — 108+1.6*  15.0+3.3° —

Double Limb Support (%)™*  26.8+2.2%  30.5+2.0° — 256+13% 308+3.7° —

Step Length (cm)” 753+28%d 7254390 749+44% 81.1+32°  76.8+3.0%d 797+31bd

Stance Duration (%) 63.6+1.22 66.9+ 1.0° 63.6+1.42 628+0.8%  673+19°  63.6+2.0°

Peak Joint Angles (°)

Ankle Dorsiflexion” 18.6+£22°  187+43*  21.7+3.8 178 43.1°  183+22%  194+3.5%

Ankle Plantar Flexion™ ' ~128+4.1* -103+52%  —04+26° ~144+53%  -114+56*  -3.6+28°

Stance Knee Flexion® 228+55%  213+62%  19.6+9.4% 249+£52° 239+54*  16.0+10.2°

Hip Flexion 19.0+£3.9°  198+54%  22.1+4.8° 200+£33* 208+33*  212+7.6°

Hip Extension® 274+23%  246+53% _18.6+52° 277+31%  268+42% 221+76%

Trunk Forward Lean’ 0.9+ 0.7 8.4+2.8° — 1.8+4.12 7.7+3.5° —

Joint Excursions (°)

Anklet 318+4.1% 29.0+5.6%  22.1+3.7° 322+42%  297+55% 23.0+29°

Knee* 720439 67.8+68%  69.7+4.7 704+3.8*  657+67%  72.1+55°

Hip"* 464+3.8%  444+33%  40.6+2.9° 47.7+43 46.6 +4.5 433 +3.4

Trunkt 3.8+ 1.1% 2.6+3.6° — 4.1+1.2° 2.9+3.5% —

Note: Significant effects of speed (*), limb/group (T), and limb/group X speed interactions (1) are indicated to right of each measure. Results from
post hoc pairwise comparisons (within each measure) are indicated by letters to right of each value, where values that share the same letter are not
significantly different from each other.
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Table 2.
Mean + standard deviation relative change (to unloaded conditions at each speed) in temporal-spatial and sagittal joint kinematic parameters by
group/limb (control, intact, and prosthetic) and load condition (21.8 and 32.7 kg). Measures with only one value per group are listed under intact
limb for participants with transtibial amputation.

Speed = 1.34 m/s

Speed = 1.52 m/s

Parameter Control Intact Prosthetic Control Intact Prosthetic
21.8kg 32.7 kg 21.8kg 32.7kg 21.8kg 32.7kg 21.8kg 32.7kg 21.8kg 32.7kg 21.8kg 32.7kg
Temporal-Spatial
Stride Time (s)" -0.1£0.1 00+0.1 -02+03 -0.1+0.2 — — —0.1£0.1 -0.1£0.1 -03+02 -02+0.2 — —
Step Width (cm)+ 02+19 01+£1.6 06+09 1.0+1.8 — — 06+04 1.1+£05 06=£15 03+1.6 — —
Double Limb 12+07 24+10 33+14 39+15 — — 1.7£08 32+07 10+2.6 26+3.1 — —
Support (%"
Step Length (cm)Jr 0.1£14 -09+13 -21+32 -1.7+2.6 -19+£27 09+19 -01+17 -1.5+£12 -1.6+25 -1.0+13 -1.7£2.6 07+£22
Stance Duration 05+06 13+06 22+17 32+13 16+£07 08+17 08+06 1.7+06 04+15 15+22 06+12 13+14
CON
Peak Joint Angles (°)
Ankle Dorsiflexionf 13+12 06+1.8 05+1.6 -05+1.8 09+09 23+1.1 1.1+£1.2 05+1.8 05+13 -02+1.7 1.7+12 28+1.7
Ankle Plantar 03+1.1 03+20 -0.1+22 -05+24 02+13 -03+1.1 05+18 -03+14 05+13 -03+25 0716 03+16
Flexion
Stance Knee Flexion 0.7+1.7 1.6+24 09+12 23+1.6 07+£28 12+24 03+29 14+22 23+21 18+29 20+£33 18+43
Hip Flexion™" -1.0+1.7 59+16 -3.0+£32 47+41 -26+39 43+£24 -14+£25 72+40 -12+39 48+57 -08+43 58+50
Hip Extension'? 21+16 19+£17 -55+29 -1.5+28 -5.0+47 03+39 -20+£3.1 33+£39 —41+45 -1.6+52 —4.1+£50 -0.1+6.5
Trunk Forward Lean” 23412 45+09 4.0+27 —2.8+29 — — 21+15 44+£14 21+28 -25+34 — —
Joint Excursions (°)
Ankle? 09+13 04+15 05+15 -0.1+23 08+£12 27+11 07+x1.1 08+09 0.7+20 0.1+22 10£12 24+09
Knee'? -13+£1.8 -27+1.1 -03+28 -07+22 -12+38 -1.9+3.8 -24+15 -33+19 0.1+£1.5 04+27 03+£2.1 -09+3.1
Hip'* 1.1+£07 39+14 24+£19 62+£29 25+27 40+22 0.6+15 38+14 30+£24 65+£28 33+23 59+27
Trunk -0.5+£06 0.1+0.8 05+1.8 0.1+£09 — — -0.6+1.1 08+3.1 0106 0.6=0.6 — —

Note: Significant main effects of speed (*), load (T), and limb/group (¥), are indicated to right of each measure, and significant limb/group x load comparisons

(within each measure) are indicated by shaded cells.

TTA. Step lengths decreased (p = 0.004) with added load
among controls and on the intact limb among participants
with TTA. On the prosthetic limb, however, step lengths
decreased with the 21.8 kg load but not with 32.7 kg
(Table 2). Stance durations increased (p = 0.002) with
increasing load, with larger (p = 0.003) increases at 1.34
versus 1.52 m/s. Stance durations were also significantly
(p < 0.001) longer in the intact versus prosthetic/control
limbs (Table 2).

Peak Joint Angles

In the unloaded conditions, peak ankle plantar flexion
was significantly (p < 0.001) smaller on the prosthetic
versus intact/control limbs (Figure 2, Table 1). Peak
trunk forward lean angles were greater (p < 0.001) in par-
ticipants with TTA than controls (Figure 2, Table 1).

Peak ankle dorsiflexion remained similar (p = 0.69)
with added load among controls and on the intact limb
among participants with TTA, but increased (p < 0.001)
with added load on the prosthetic limb (Table 2); these did

not differ (p = 0.32) by walking speed. Peak ankle plantar
flexion was similar (p = 0.17) with added load and between
walking speeds (p = 0.62) and limbs (p = 0.67). Changes in
peak stance knee flexion were also similar between loads
(p = 0.20), walking speeds (p = 0.37), and limbs (p = 0.37).
Peak hip flexion increased (p < 0.001) with increasing
load; these increases were larger (p = 0.03) at 1.52 versus
1.34 m/s but were similar (p = 0.64) between limbs. Peak
hip extension decreased (p < 0.001) with added load; this
decrease was larger during the 21.8 versus 32.7 kg load-
ing condition. Peak hip extension also decreased (p <
0.001) more on the prosthetic/intact versus control limbs.
Peak trunk forward lean increased (p < 0.001) with increas-
ing load among controls. Among participants with TTA,
however, peak trunk forward lean increased in the 21.8 kg
condition but decreased with 32.7 kg. Changes in peak
trunk forward lean were similar (p = 0.44) between walk-
ing speeds.
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Figure 2.
Joint kinematics for no load (left) and 32.7 kg (right) conditions, both at 1.52 m/s walking speed (positive angles = flexion). Curves rep-

resent ensemble averages for each limb (group), time-normalized to percentage gait cycle. (a) Ankle angle, (b) knee angle, (c) hip
angle, and (d) trunk forward lean. TTA = transtibial amputation.
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Joint Excursions

In the unloaded conditions, joint excursions in the
prosthetic limb were smaller at the ankle and hip at both
speeds (Table 1).

During loaded conditions, increases in ankle excur-
sions were larger (p = 0.01) in the prosthetic than intact/
control limbs but were similar between loads (p = 0.19)
and walking speeds (p = 0.62; Table 2). Knee excursions
decreased (p = 0.047) with increasing load; these decreases
were larger (p = 0.02) among control versus prosthetic/
intact limbs (Table 2). Hip excursions increased (p <
0.001) with increasing load, and these increases were
larger (p = 0.01) on the prosthetic/intact than the control
limbs. Trunk excursions were similar between groups (p =
0.34) and loads (p=0.11) (Table 2).

DISCUSSION

This study assessed temporal-spatial and joint kinematic
parameters during military-relevant loaded walking in ser-
vicemembers with and without TTA. We hypothesized that
the magnitude of changes in temporal-spatial and kinematic
gait parameters with increasing load mass and/or walking
speed would be larger (and more asymmetric) among ser-
vicemembers with TTA than uninjured controls. With car-
ried load, several significant and notable differences were
observed from those common to loaded walking in nondis-
abled individuals and which were generally in support of
our hypothesis. Also of note, group and limb comparisons
during the two unloaded conditions were consistent with
existing research (for a review, see Sagawa et al. [13]).

Alterations in temporal-spatial gait parameters with
carried load were consistent with the literature on weighted
walking in nondisabled individuals and are commonly
interpreted as mechanisms to improve postural stability
and reduce the magnitude of forces transmitted through the
body [3,6,9—10]. Among participants with TTA during the
loaded walking conditions, increases in step width and the
percentage of double limb support were larger than unin-
jured controls, especially at the slower (1.34 m/s) walking
speed. With increasing load magnitude, participants with
TTA also took significantly shorter steps and increased
stance durations with/on the intact limb. At the faster
(1.54 m/s) walking speed, however, changes in temporal-
spatial gait parameters were more similar between partici-
pants with and without TTA, with the exception of pros-
thetic side step length.

SCHNALL et al. Load carriage with transtibial amputation

The most notable changes in lower-limb joint kine-
matics with carried load include increased knee and hip
range of motion and stance knee flexion [8,11]. Again,
similar and consistent results were observed among non-
disabled controls in the present study. Most studies report
no or inconsistent increases in ankle joint motion with
added load [8-9]. Not surprisingly, however, the prosthetic
ankle responded to added load with increased dorsiflexion
in late stance as the body and load center of mass are
shifted forward over the prosthetic keel. As noted earlier,
prosthetic feet are prescribed according to the unloaded
weight and activity level of the individual, and such
increases in prosthetic ankle/foot dorsiflexion are likely a
result of larger keel deformations. The lack of prosthetic
ankle plantar flexion, common to both loaded and
unloaded walking with a passive prosthetic foot, also
reduces forward propulsion of the body; however,
increases in prosthetic ankle dorsiflexion with carried
load generates additional stored energy for push-off in late
stance [7]. Greater stance knee flexion with added load has
also been suggested to help improve stability of the body
and load system, as well as reduce and/or absorb impact
forces [3,10]. Such an effect was observed among controls
and the intact limb among participants with TTA, but the
knee on the prosthetic side remained more extended
throughout stance (Figure 2(b)). Increases in hip excur-
sions with added load were larger on both the intact and
prosthetic limbs among participants with TTA than in con-
trols, supporting a theory that compensations at more prox-
imal joints occur with added load. These increases in hip
excursions among participants with TTA are a result of
more hip flexion in early stance [7], which was maintained
through stance, evidenced by small decreases in hip exten-
sion in late stance.

Increases in trunk forward lean with added load are
another notable kinematic alteration [9]. Although a more
upright posture is typically considered more efficient
[10], forward trunk lean with posteriorly carried loads is
often suggested as a mechanism to maintain the body and
load center of mass within the base of support [3]. Here,
similar increasing trends in peak trunk forward lean with
added load were observed among controls (Figure 1).
Among participants with TTA, however, trunk forward
lean maximally increased in the 21.8 kg condition but
decreased in the 32.7 kg condition. Such a finding may
be due to the inability to produce an active prosthetic
ankle plantar flexor torque that would be needed to resist
collapse of the ankle as weight is transferred forward.
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Also, individuals with TTA tend to walk with more trunk
forward lean during unloaded walking (Figure 2(d)) to
assist with forward propulsion of the body, which may
further limit the extent to which these individuals can
alter trunk posture with added load. Smaller (albeit not
significant) trunk flexion-extension excursions among
participants with TTA are consistent with recent evi-
dence, which were suggested to reduce the inertial effects
of the upper body and help control the added mass [7].

LIMITATIONS

The current results are likely not generalizable to
older and less active individuals or those with more prox-
imal (i.e., transfemoral) amputations. Controlling pros-
thetic foot type could also provide additional information
for characterizing the prosthetic foot response to added
loads. Despite the use of redundant markers to track the
pelvis, considerable marker dropout resulted in a lack of
accurate and consistent pelvis data. Such data could pro-
vide additional information for assessing injury risk, par-
ticularly related to the lower back [20-21]. Also,
participants in the current study wore athletic sneakers as
opposed to combat boots that would be commonly worn
in theater. While there exists some research comparing
the effects of (military) footwear on gait biomechanics
[22-23], additional work is needed in populations with
lower-limb amputations, both with and without load. It
would also be of interest in the future to collect similar
temporal-spatial and kinematic outcomes during sloped
(incline and decline) weighted walking, as well as for
sustained durations [17,24]. Because our treadmill was
not instrumented to collect ground reaction force data,
future work should also collect kinetics in order to inves-
tigate potential differences in limb loading with added
load among persons with lower-limb amputations [7,25].
Lastly, although our analyses utilized a within-subject
change score relative to unloaded walking, some caution
is warranted when interpreting gait outcomes obtained on
a treadmill versus overground, particularly among indi-
viduals with lower-limb amputations [26].

CONCLUSIONS

In summary, load carriage among persons with uni-
lateral TTA results in some biomechanical changes that

are consistent with those observed among nondisabled
individuals. Despite these similarities, additional biome-
chanical compensations occur that appear to be unique to
those with TTA, notably, increased dorsiflexion (defor-
mation) of the prosthetic foot/ankle, less stance knee
flexion on the prosthetic limb, and altered trunk forward
lean/excursion. Such evidence supports the need for
future work assessing the risk for overuse injuries with
carried loads [7], as well as for guiding the development
of multifunctional, highly adaptive, and responsive pros-
thetic feet/components for injured servicemembers who
have redeployed or veterans/civilians with lower-limb
amputations in physically demanding occupations.
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