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Abstract—Adding active power to a prosthetic knee unit may 
improve function and reduce the potential for overuse injuries 
in persons with transfemoral amputation (TFA). Servicemem-
bers who have sustained a TFA are often young and motivated 
to perform at high functional levels. The goal of this article is 
to compare the biomechanics of ramp and stair descent and 
ascent for participants using the C-Leg and the Power Knee 
(PK). Subjects were asked to ascend and descend an instru-
mented staircase and 12 degree ramp at their comfortable pace 
while equipped with retroreflective markers. Temporal-spatial 
and kinetic data were collected. Knee power generated by the 
nondisabled limb during stair ascent for subjects wearing the 
C-Leg was significantly greater than for those wearing the PK. 
Knee power generated by prosthetic knee units was signifi-
cantly greater for subjects while wearing the PK. Although the 
PK reduced the power required from the nondisabled knee dur-
ing stair climbing, it does not appear to be superior to the C-
Leg for other tasks. Adding power to a prosthetic knee may 
reduce wear on the nondisabled limb; however, there are still 
limitations that require improvement.

Key words: amputation, ankle, biomechanics, hip, kinetics, 
knee, power, prosthesis, servicemember, unilateral.

INTRODUCTION

Over 840 U.S. military servicemembers have sus-
tained a major lower-limb amputation as a result of the 

current conflicts, Operation Iraqi Freedom/Operation 
Enduring Freedom (OIF/OEF) [1]. These servicemem-
bers are almost always extremely motivated to reach their 
highest level of function. Whether remaining on Active 
Duty or eventually separating to civilian life, each indi-
vidual will continue to have many physical obstacles to 
negotiate, including stairs and slopes.

The loss of a limb, and the respective anatomical 
joints, has been shown to cause a deviation from “nor-
malized” mobility and can result in asymmetries during 
gait [2–8]. These asymmetries have been reported to con-
tribute to secondary injuries such as osteoarthritis, joint 
degeneration, and low-back pain [7,9–15]. Servicemembers
with trauma, including amputation, to one or both lower 
limbs may be at a greater risk for secondary injuries 
because of additional physical compensations during ambu-
lation. Ascending and descending slopes and stairs present a
greater biomechanical challenge than overground walking. 

Abbreviations: OIF/OEF = Operation Iraqi Freedom/Opera-
tion Enduring Freedom, PK = Power Knee, TFA = transfemo-
ral amputation.
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The additional difficulties associated with slopes and 
stairs may translate into additional degeneration of the 
remaining joints caused by increased forces and moments 
compared with overground walking.

Research has shown that for young nondisabled indi-
viduals, joint forces and moments at the knees and hips 
are greater during stair ascent than descent or level walk-
ing. This implies a greater demand on those joints [16–
17]. Minimal research has been conducted on ambulation 
of those with major limb loss during stair and ramp 
ascent and descent. One study examined stair descent for 
persons with transfemoral amputation (TFA) and trans-
tibial amputation and stair ascent for those with trans-
tibial amputation only [18]. They concluded that during 
stair descent, people with TFA respond more similarly to 
controls than people with transtibial amputation. This 
result occurs because people with TFA who use a micro-
processor knee are better able to control knee hydraulics 
during the descent than those with mechanical knees. 
Better knee hydraulics allow a person using a micropro-
cessor knee to control their descent. During ascent, func-
tional compensations are made primarily by the 
contralateral limb [18]. The compensations and resulting 
forces on the nondisabled limb may be even greater for 
those with TFA because of loss of a functional knee on 
the involved side.

For people who have TFA, stair climbing is a challeng-
ing functional task. One study reports that only 7.2 percent
of people with TFA are able to ascend stairs without 
handrail assistance and only 3 percent descend stairs 
step-over-step [19]. This result differs from previously 
mentioned research [18], which reports people with TFA 
descending predominantly step-over-step. These differ-
ing results may have occurred because of the prosthetic 
technologies used for the studies cited and when the stud-
ies occurred (1984 vs 2007). These data highlight the dif-
ficulty of this task and the importance of identifying 
solutions that will ease the burden of stair ambulation, 
particularly for people with TFA. Compared with stair 
ambulation, ramp ambulation was easier for these indi-
viduals because 99 percent required no assistance to 
ascend or descend ramps while 1 percent needed assis-
tance [19]. This does not imply that sloped gait is not dif-
ficult for persons with TFA. One study shows that 
kinematic adjustment strategies are employed while 
negotiating slopes [20].

Efforts to replace knee function with mechanical 
devices have been met with varying degrees of success. 

The literature contains an ample number of biomechani-
cal studies that, through the years, can be shown to corre-
late improved gait dynamics with technological advances 
in prosthetic knee design [21–23]. Decreased frequency 
of falls and stumbles and increased user satisfaction have 
also been demonstrated with the use of microprocessor-
controlled prosthetic knee units compared with mechani-
cal devices [24–25]. The effect of prosthetic knee type on 
stair ambulation has received very limited study. People 
with TFA performed significantly better on the Stair 
Assessment Index when using the microprocessor con-
trolled C-Leg compared with mechanical knees during 
stair descent, but there was no significant difference in 
stair ascent [24].

The overall objective of this article is to evaluate the 
biomechanics of servicemembers with TFA using the 
Power Knee (PK, Össur Americas; Foothill Ranch, Cali-
fornia) and C-Leg (Otto Bock Healthcare; Minneapolis, 
Minnesota) during stair and slope ascent and descent. We 
hypothesized that the PK would normalize the biome-
chanics (result in values closer to those of nondisabled 
subjects) of the prosthetic limb during stair and ramp 
ascent while reducing the reliance on adaptations of the 
nondisabled limb as defined by temporal-spatial parame-
ters (step length and stance percentage), knee power gen-
eration, and knee absorption during these tasks. We 
expected these outcomes because the PK provides pow-
ered extension to assist in stair and ramp ascent. In con-
trast, we expected the biomechanical characteristics of 
stair and ramp descent to be similar between the two knee 
types because both prosthetic knee units control knee 
flexion through microprocessors. Active knee extension, 
the main difference the PK provides, is not a driving fac-
tor in stair descent.

METHODS

We recruited 5 OIF/OEF servicemembers with uni-
lateral TFA to participate in this study from a cohort of 
10 OIF/OEF servicemembers with unilateral TFA who 
had completed another protocol comparing the C-Leg 
with the PK. The sample consisted entirely of male sub-
jects. Two participants had amputations involving the left 
femur; three had amputations involving the right femur. 
All patients were independent ambulators and reported 
medium to high daily activity levels. All patients wore the 
Low Profile Vari-Flex foot (Össur Americas) with both 
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prosthetic knee types during testing. The Low Profile 
Vari-Flex foot is an energy storage and return foot. We 
selected this prosthetic foot because it is commonly pre-
scribed to our patient population and can be used with 
both prosthetic knee units. We selected the two prosthetic 
knee units for testing in this study because at the time of 
the study’s inception, the C-Leg was the most commonly 
prescribed prosthetic knee unit at Walter Reed Army 
Medical Center (Washington, DC) and the PK was the 
first commercially available knee unit to provide active 
extension. While both the C-Leg and the PK are con-
trolled by microprocessors, they differ in that the C-Leg 
can only provide resistance through hydraulics. The PK 
provides resistance as well as active torque of the knee 
though electric motors.

Inclusion criteria for subjects included a comfortable 
total surface bearing socket (without locking pin); inde-
pendence as a community ambulator without an assistive 
device; and no contralateral limb injuries or comorbidi-
ties that significantly affected gait, joint range of motion, 
or limb muscle activity. We documented comfort, includ-
ing pain levels, skin health, and overall fit, before testing. 
Subjects in the original study received 6 weeks of train-
ing specific to each of the prosthetic knee units to assure 
expertise in using the advanced functions of both pros-
theses. This timeline was established by a physical thera-
pist and prosthetist involved in the study to ensure that 
the subjects were well trained, comfortable, and safe 
using both knee units. Subjects had to complete the
6 weeks of training and demonstrate specific expertise in 
the use of each of the prosthetic knee units, including 
using all modes of each prosthesis and performing set 
functional tasks. For this protocol, we asked subjects to 
perform two tests, once using a C-Leg and again using a 
PK. We allotted a minimum of 3 weeks between data col-
lections to allow for users to reacclimatize to either the
C-Leg or the PK, depending on which knee unit we tested 
first. The order of testing was not randomized. We gave the 
subject the option of which knee to use first in the study.

After they consented to participate, we fit subjects 
with 36 retroreflective markers placed on specific ana-
tomical landmarks of their lower limbs. We used a Cleve-
land Clinic marker set with thigh and shank plates with 
four markers secured to identify the knee and ankle joint 
centers. We collected three-dimensional position data 
from the markers at 120 Hz with 10 motion capture cam-
eras (Vicon; Los Angeles, California). We asked subjects 
to perform four tasks for each testing session: ascending 

and descending a 12° ramp (5.75 m) and ascending and 
descending a 16-step staircase (7 in. rise to 11.5 in. run). 
The ramp and staircase were instrumented with two 
AMTI force platforms (Advanced Mechanical Technol-
ogy Inc; Watertown, Massachusetts). We collected data 
from the force platforms at 1,200 Hz. For the stair condi-
tion, we mounted stairs to the force platforms so that 
steps 1 and 3 detected force from platform 1 and steps 2 
and 4 detected force from platform 2.

We asked participants to ascend and descend the 
ramp at a comfortable speed and instructed them to use 
the handrails as little as possible. We collected data until 
five “clean” strikes were recorded for each limb. To be 
considered a clean trial, the subject had to have either 
foot completely within the boundary of the force plat-
form. We then asked participants to ascend and descend 
the staircase at a comfortable speed and progress step-
over-step. Again, they were advised to use the handrails 
as little as possible. Subjects averaged approximately 15 
trials to accomplish the ramp conditions and approxi-
mately 8 trials to complete the stair conditions. Subjects 
were allowed rest periods at any point during the testing 
to minimize fatigue and ensure subject safety.

We reduced raw motion-capture data using Vicon 
Nexus software (Vicon). We removed erroneous markers 
and filtered data using a second-order Butterworth filter 
with a cutoff frequency of 6 Hz and passed bidirection-
ally. We calculated kinetic data using a 7-segment biome-
chanical model developed in Visual3D software (C-
Motion Inc; Germantown, Maryland). We compared tem-
poral-spatial (speed, stance percentage, and step length) 
and kinetic (vertical ground reaction force and ankle, 
knee, and hip powers) data between prosthetic knee units.

We performed a paired t-test to determine whether 
significant differences existed between C-Leg and PK 
data. Evaluations were made separately for the subjects’ 
nondisabled limb and prosthetic limb. We considered 
results significant for p < 0.05. We collected control data 
as part of this study from five nondisabled servicemembers.
We evaluated these data to provide normative information 
for this population performing stair and slope ambulation.

RESULTS

Table 1 lists demographics of the sample. Control 
subjects had a mean ± standard deviation weight of 85 ± 
8 kg and height of 177 ± 7 cm.
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Descending Ramp and Stairs
Tables 2 and 3 show the temporal-spatial and kinetic 

results for descending the ramp and stairs for subjects 
using the C-Leg and the PK. Subjects spent significantly 
more time on their nondisabled limb (75% for PK vs 70% 
for C-Leg) and less time on their prosthetic limb using 
the PK (55% for PK vs 57% for C-Leg). Additionally, 
subjects took a longer step with their prosthetic limb 
while wearing the C-Leg (0.55 m for PK vs 0.62 m for C-
Leg). There were no significant differences in the tempo-
ral-spatial variables during stair descent between the PK 
and C-Leg. Figures 1 and 2 show representative data 
from single subjects of the ankle, knee, and hip power 
during ramp and stair descent using the PK and the C-
Leg. Data are also displayed for uninjured servicemem-
bers during ramp and stair descent. Participants with TFA 
showed significantly greater ankle power generation on 
the nondisabled limb during stair descent while wearing 
the PK (4.8 W/kg vs 3.8 W/kg for C-Leg) and signifi-
cantly greater late-stance knee power absorption on the 
prosthetic limb during stair descent while wearing the PK 
(–2.9 W/kg vs –2.3 W/kg for C-Leg). Late stance is 
defined as the time between midstance and foot-off.

Ascending Ramp and Stairs
Tables 4 and 5 show the temporal-spatial and kinetic 

results for ascending the ramp and stairs for subjects 
using either the C-Leg or the PK. During ramp ascent, 
subjects took a significantly longer step with their pros-
thetic limb while wearing the C-Leg (0.52 m for PK vs 
0.61 m for C-Leg). There were no significant differences 
in other temporal-spatial variables during ramp and stair 
ascent. Figures 3 and 4 show representative data from 
single subjects of the ankle, knee, and hip power during 
ramp and stair ascent using the PK and the C-Leg. Data 
are also displayed for nondisabled controls during ramp 
and stair ascent. Participants with TFA showed signifi-
cantly greater early-stance knee power generation on the 
prosthetic limb during ramp and stair ascent while wear-
ing the PK (1.9 W/kg for PK vs 0.2 W/kg for C-Leg). 
Early stance is defined as the time from heel strike to 
midstance. Subjects did not show late-stance knee power 
generation while ascending the ramp. During stair ascent, 
participants showed significantly greater late-stance knee 
power generation on the nondisabled limb while wearing 
the C-Leg (9.0 W/kg vs 2.1 W/kg for PK) and on the 
prosthetic limb while wearing the PK (1.2 W/kg vs
0.3 W/kg for C-Leg). Participants with TFA also showed 
significantly greater nondisabled hip power generation 
during ramp ascent while using the C-Leg.

DISCUSSION

Functional and clinically relevant goals of the PK are 
to provide power to the affected knee and relieve stress to 
the nondisabled limb. Long-term effects associated with 
major limb loss include osteoarthritis and related pain of 
the nondisabled limb [14–15]. The goal of this article was 
to evaluate servicemembers using the PK and the C-Leg 

Table 1. 
Subject demographics.

Subject
Time Since 
Amputation 

(yr)

Height 
(cm)

Weight 
(kg)

1 2.4 178.0 80.6
2 1.9 175.0 66.0
3 1.5 175.0 91.0
4 1.5 172.0 74.4
5 5.4 184.5 76.4

Mean ± Standard 
Deviation

2.5 ± 1.6 176.9 ± 4.8 77.7 ± 9.1

Table 2.
Temporal-spatial data for descending ramp and stairs.

Temporal-Spatial Data
Descending Ramp Descending Stairs

Power Knee C-Leg Power Knee C-Leg
Speed (m/s) 0.79 ± 0.08 0.91 ± 0.15 0.42 ± 0.06 0.45 ± 0.06
Nondisabled Stance (%) 0.75 ± 0.01* 0.70 ± 0.02* 0.81 ± 0.02 0.78 ± 0.04
Prosthetic Stance (%) 0.55 ± 0.02* 0.57 ± 0.01* 0.46 ± 0.07 0.48 ± 0.04
Nondisabled Step Length (m) 0.45 ± 0.05 0.49 ± 0.05 — —
Prosthetic Step Length (m) 0.55 ± 0.07*† 0.62 ± 0.06*† — —
*Significant differences between prosthetic components at p < 0.05.
†Significant differences between prosthetic components at p < 0.01.
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while ascending and descending slopes and stairs to 
determine whether the active propulsion provided by the 
PK can significantly improve the biomechanics of the user.

Descending Ramp and Stairs
Results from subjects descending stairs and ramps 

showed significant kinetic differences for the C-Leg 
compared with the PK at the nondisabled ankle while 
descending stairs and within the temporal-spatial data 
while descending the ramp. These results are a deviation 
from the original hypothesis that there would be no dif-
ferences during descent because both knee units are con-
trolled by microprocessors. During ramp descent, 
subjects demonstrated longer step lengths bilaterally 
using the C-Leg, with the prosthetic comparison with the 
PK showing significance. This is likely because of the 
increased walking speed of the subjects while wearing 
the C-Leg. Subjects spent more time in stance on their 
nondisabled limb and less time on their prosthetic limb 
during both ramp and stair descent. This result is consis-
tent with the overground walking literature [4,26]. Com-
parison between knee units showed that subjects using 
the C-Leg spent significantly less time on their nondis-
abled limb and significantly more time on their prosthetic 
limb compared with the PK. This asymmetry is similar 
for stair descent although not significant. This result indi-
cates a greater reliance on the C-Leg compared with the 
PK during descent. Other researchers reporting on stance 
time in subjects with TFA have concluded that increased 

nondisabled stance time implies increased sense of secu-
rity and comfort [26].

Subjects showed increased ankle power generation at 
the PK compared with the C-Leg, and as indicated in 
Figure 2, both conditions appear to be greater than the 
control group. This result may be due to a strategy to 
maintain safety during stair descent. The subjects may be 
keeping their center of mass more posterior while leading 
with their prosthetic limb to maintain stability and safety. 
The ankle power generation on the nondisabled limb 
occurs during double support, after the prosthetic limb 
has made contact. Once the subject feels secure, addi-
tional power from the nondisabled limb may be needed to 
both overcome the lag of the center of mass and poten-
tially to trigger the prosthetic limb to react with proper 
functionality associated with stair descent. This phenome-
non needs to be examined more closely with future 
research. Based on these results, subjects may have more 
confidence in their C-Leg while descending stairs and ramps.

Ascending Ramp and Stairs
Temporal-spatial results from subjects ascending 

ramps and stairs only showed significant differences 
between the C-Leg and the PK for prosthetic step length 
during ramp ascent. Although not statistically significant, 
subjects ascended the ramp faster using the C-Leg. Sub-
jects ascended the stairs at a faster pace (not significant) 
using the PK. This result was most likely due to the 
study’s methodology requiring subjects to ascend the 

Table 3.
Power data for descending ramp and stairs.

Power Data
Descending Ramp Descending Stairs

Power Knee C-Leg Power Knee C-Leg

Peak Ankle Power Generation (W/kg)

   Nondisabled 5.2 ± 1.2 4.9 ± 1.7 4.8 ± 1.5* 3.8 ± 1.3*

   Prosthetic 0.8 ± 0.1 0.9 ± 0.2 0.1 ± 0.0 0.2 ± 0.1

Early-Stance Peak Knee Power Absorption (W/kg)

   Nondisabled 2.1 ± 1.1 2.2 ± 1.0 1.8 ± 1.9 1.8 ± 1.0

   Prosthetic 1.06 ± 0.6 1.5 ± 0.9 0.7 ± 0.5 0.6 ± 0.3

Late-Stance Peak Knee Power Absorption (W/kg)

   Nondisabled 2.9 ± 1.1 3.4 ± 1.0 4.4 ± 1.3 4.0 ± 0.9

   Prosthetic 2.9 ± 1.2* 2.3 ± 0.9* 4.0 ± 1.5 3.6 ± 1.3

Peak Hip Power Generation (W/kg)

   Nondisabled 1.0 ± 0.5 0.6 ± 1.0 0.8 ± 0.3 0.8 ± 0.2

   Prosthetic 1.1 ± 0.8 0.7 ± 0.3 0.4 ± 0.2 0.4 ± 0.2
*Significant differences between prosthetic components.
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stairs step-over-step. The PK is able to assist with the 
stair climbing task by actively extending the knee. Most 
subjects chose to perform the step-over-step task in the 
C-Leg by thrusting themselves up the stairs with their 
nondisabled limb. Comparable with stair and ramp 
descent, subjects spent a greater amount of time on their 
nondisabled limb during ascent, although there were no 
significant differences between the different components. 
Unlike the descent observation, subjects took a longer 
step with their nondisabled limb during ramp ascent com-
pared with ramp descent, and comparing both prostheses, 
subjects’ step length with their prosthetic limb was sig-
nificantly greater with the C-Leg. The reversal in step 
lengths is most likely a compensation to reduce loading 

on the nondisabled limb. If subjects were to take a longer 
step with their prosthetic limb, they would have to create 
additional power with the nondisabled limb to ascend the 
ramp. By taking a shorter step with the prosthetic limb, 
they are potentially reducing the wear on the nondisabled 
limb or reducing their energy expenditure by minimizing 
their overall power output.

Kinetic analysis during ramp and stair ascent showed 
significant differences for knee power between the knee 
units. The knee power displayed for servicemembers in 
the control group and those with TFA while climbing 
stairs was bimodal (two distinct power generation peaks 
are displayed) (Figure 4). During stair climbing, a peak 
knee power occurs at about 20 percent of the gait cycle 

Figure 1. 
Ankle, knee, and hip power (W/kg) during ramp descent for servicemembers with transfemoral amputation using C-Leg and Power 
Knee (representative data from single subject). Foot-off is represented by vertical lines.
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after foot strike. This is the power generated by the knee 
to ascend to the next step. A secondary peak occurs at 
foot-off. This knee power peak occurs after the contralat-
eral limb has made contact and provides assistance from 

the trailing limb in ascending to the next step. This sec-
ondary peak does not occur during ramp ascension, most 
likely because the incline is at a level where the ankle of 
the trailing limb is still providing significant power.

Figure 2.
Ankle, knee, and hip power (W/kg) during stair descent for servicemembers with transfemoral amputation using C-Leg and Power 
Knee (representative data from single subject). Foot-off is represented by vertical lines.

Table 4.
Temporal-spatial data for ascending ramp and stairs.

Temporal-Spatial Data
Ascending Ramp Ascending Stairs

Power Knee C-Leg Power Knee C-Leg
Speed (m/s) 0.79 ± 0.08 0.95 ± 0.18 0.41 ± 0.03 0.31 ± 0.12
Nondisabled Stance (%) 0.72 ± 0.06 0.70 ± 0.04 0.74 ± 0.03 0.81 ± 0.07
Prosthetic Stance (%) 0.59 ± 0.03 0.64 ± 0.03 0.54 ± 0.03 0.57 ± 0.13
Nondisabled Step Length (m) 0.56 ± 0.03 0.65 ± 0.07 — —
Prosthetic Step Length (m) 0.52 ± 0.09* 0.61 ± 0.08* — —
*Significant differences between prosthetic components.
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During ramp ascension, the PK does exhibit signifi-
cantly more peak knee power than the C-Leg. However, 
the nondisabled limb generated more knee power compared
with the pattern displayed by control group servicemembers 
for both prostheses. The peak knee power generated by 
the nondisabled limb while using the PK is lower than 
while using the C-Leg, but it is not statistically signifi-
cant. For ascending stairs, for the initial peak of the pros-
thetic limb, the PK generated significantly more power 
than the C-Leg. This result was expected because of the 
mechanical design of the PK and the functional limita-
tions of the C-Leg (namely, no active extension). Exami-
nation of the secondary peak revealed that, while wearing 
the C-Leg, the nondisabled limb produced knee power 

significantly greater than while wearing the PK and the 
prosthetic limb produced significantly less power. The 
intact limb of subjects wearing the C-Leg (9.0 ± 3.0 W/kg)
exhibited a peak knee power more than four times greater 
than while wearing the PK (2.1 ± 0.3 W/kg). The pros-
thetic limb peak knee power generation was four times 
higher while wearing the PK (1.2 ± 0.7 W/kg) compared 
with the C-Leg (0.3 ± 0.4 W/kg). This result implies that 
while ascending stairs step-over-step, subjects with TFA 
are heaving themselves up with their nondisabled limb 
while wearing a C-Leg. The total peak knee power gener-
ated by the nondisabled limb for the C-Leg (13.9 W/kg) 
while climbing each stair is almost twice that of the PK 
(7.3 W/kg).

Figure 3.
Ankle, knee, and hip power (W/kg) during ramp ascent for servicemembers with transfemoral amputation using C-Leg and Power 
Knee (representative data from single subject). Foot-off is represented by vertical lines.
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One of the main limitations of this study is sample 
size. Only five subjects volunteered to participate in this 
protocol. This most likely occurred because of the intense 
training and time commitment required of the subjects. 
We required subjects to wear both the PK and the C-Leg 
for 6 weeks and participate in specific training for each 
knee in addition to their standard physical therapy. 
Another variable that was unaccounted for was walking 
speed. We asked subjects to walk at a comfortable speed. 
Controlling for velocity could have affected the out-
comes of the kinetic variables. Subject strength was also 
not assessed and could be a significant covariate. Varia-
tions in strength could be partly controlled by the cross-
over design of the study and the exclusion of patients 
with uninjured limb functional deficits. We also asked 
subjects to perform all of the trials without using hand-
rails and perform the stair conditions step-over-step. 
These conditions are not necessarily representative of the 
functional performance of persons with TFA during daily 
activities, but instead represent an idealistic scenario that 
prosthetic technologies have not yet achieved. Although 
not necessarily clinically relevant for most persons with 
unilateral TFA, performing these tasks in this manner is 
relevant for this population in regard to their desire to 
return to Active Duty. It is also noteworthy that since the 
completion of this study, newer technologies have 
emerged. The second generation PK (Össur Americas) 
and the Genium (Otto Bock Healthcare) are now com-

mercially available knee units. Both manufacturers claim 
improvements over former devices.

CONCLUSIONS

In conclusion, there were functional differences, both 
temporal-spatial and kinetic, between the PK and the C-
Leg while ascending and descending ramps and stairs. 
The main functional differences occurred at the nondis-
abled and prosthetic knees during stair ascent, a result 
that was expected because of the design of the PK, which 
provides active propulsion. The PK was able to signifi-
cantly reduce the power generated by the nondisabled 
knee while ascending stairs step-over-step. The C-Leg 
required users to produce less ankle power generation on 
the nondisabled limb during stair descent. Also, C-Leg 
conditions resulted in temporal-spatial differences that 
included increased speed (although not significant) and 
greater symmetry between the nondisabled and prosthetic 
limbs during ramp and stair descent. These data show 
that significantly more work is required by the nondis-
abled limb while ascending stairs step-over-step with a 
prosthesis that does not provide active extension. The 
data also imply that technology as complex as a powered 
knee prosthesis may not yet be ideal and only provide a 
benefit over current knee units during certain tasks.

Table 5.
Power data for ascending ramp and stairs.

Power Data
Ascending Ramp Ascending Stairs

Power Knee C-Leg Power Knee C-Leg
Peak Ankle Power Generation (W/kg)
   Nondisabled 3.7 ± 1.7 3.9 ± 1.1 6.0 ± 3.8 9.9 ± 5.1
   Prosthetic 2.1 ± 0.5 2.1 ± 0.5 1.1 ± 0.5* 0.6 ± 0.3*

Early-Stance Peak Knee Power Absorption (W/kg)
   Nondisabled 2.8 ± 1.7 3.2 ± 1.0 5.2 ± 1.8 4.9 ± 1.6
   Prosthetic 0.7 ± 0.3* 0.3 ± 0.1* 1.9 ± 0.8*† 0.2 ± 0.1*†

Late-Stance Peak Knee Power Absorption (W/kg)
   Nondisabled — — 2.1 ± 0.3* 9.0 ± 3.0*

   Prosthetic — — 1.2 ± 0.7*† 0.3 ± 0.4*†

Peak Hip Power Generation (W/kg)
   Nondisabled 1.9 ± 0.8* 2.3 ± 0.8* 1.9 ± 0.9 1.7 ± 0.6
   Prosthetic 1.6 ± 1.1 1.5 ± 0.5 2.4 ± 1.2 2.0 ± 1.2
*Significant differences between prosthetic components at p < 0.05.
†Significant differences between prosthetic components at p < 0.01.
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