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SUMMARY 

Secondary musculoskeletal disability has been recognized as a 

source of additional functional limitation in lower extremity 

amputees. This study was conducted to determine whether 

ramp descent gait increases intact limb loading in transfemoral 

amputees (TFA) and whether they differ in their control 

strategies compared with non-amputees, as well as, whether 

prosthetic knee type affects intact limb loading. No differences 

in intact limb loading were observed between controls and 

amputees. There are notable differences, however, in 

prosthetic and intact limb energy absorption strategies, as well 

as temporal-spatial differences between amputees and controls 

that modulate intact limb loading. 

 

INTRODUCTION 

TFA are at particular risk for intact knee pain and 

degenerative arthritis [1,2]. Understanding modifiable risk 

factors is critical to reduce the risk of secondary disability 

especially in the young active traumatic amputee.  Impact 

transients have been shown to contribute to risk of 

degenerative arthritis [3]. Ramp descent ambulation is a task 

that has been associated with an increase in the decelerative 

peak of the ground reaction force (GRF) [4]. Motor control 

strategies in particular control of Center of Mass (CoM) 

velocity through energy absorption by the intact limb may 

affect joint loading [5]. In addition, prosthetic limb negative 

muscle work, as well as, the energy absorption characteristics 

of the prosthetic foot and the prosthetic knee may further 

modify loads [6]. This study was therefore undertaken to 

determine if TFA intact limb loading is increased in ramp 

descent ambulation compared with controls, and whether 

prosthetic knee type modifies loading, and whether TFA 

utilize different control strategies to modify loading.   

 

METHODS 
Five control subjects and five experienced, combat trauma TF 

amputee subjects without co-morbid musculoskeletal or 

neurological injuries participated in the study. The prosthetic 

limbs consisted of a narrow medio-lateral prosthetic socket 

and a Low Profile Variflex® prosthetic foot (Ossur). The C-

leg® (Otto Bock), and the Power Knee® (PK; Ossur) were 

utilized in a cross over study design with a 6 week training 

protocol, and a 3 week acclimation period. Subjects had 36 

retro-reflective markers placed on specific anatomical 

landmarks. A ten-camera system (Vicon) was used to collect 

three-dimensional position data from the markers at 120 Hz. A 

12 degree ramp 5.9 m long and instrumented with two AMTI 

force platforms at its mid length was used. Data from the force 

platforms were collected at 120 Hz. Participants were asked to 

descend the ramp at a comfortable speed and instructed to 

limit use of the handrails. A “clean” trial was considered one 

where the subject had one foot completely within the 

boundary of the force platform. Between two and five “clean” 

strikes were recorded for each limb. Raw motion capture data 

were reduced using Vicon Nexus software. Erroneous markers 

were removed and data were filtered using a 2
nd

 order dual-

pass Butterworth filter with a cutoff frequency of 6 Hz. 

Kinetic data were calculated using a 7 segment biomechanical 

model developed using Visual 3D (C-Motion). Temporal-

spatial variables, CoM velocity at intact limb contact 

(InCoMvel) and at prosthetic limb contact (PrCoMvel), 

vertical GRF, and ankle, and knee powers were compared 

across prosthetic knee type, and between amputees and 

controls. To determine the effect of prosthetic knee and ankle 

energy absorption on CoM velocity at intact heel contact, 

prosthetic knee and ankle energy absorption 

(PrKnEA,PrAnEA) were calculated during prosthetic stance 

phase from prosthetic heel contact to intact heel contact. To 

determine the intact limb energy absorption demands, 

mechanical work done by the intact knee and ankle 

musculature were calculated during the weight acceptance 

portion of stance phase (IntKnEA, IntAnEA). Group effects 

were tested for significant differences using a single-factor 

ANOVA (α=0.05; Systat 13). 

 

RESULTS AND DISCUSSION 
There were no significant differences in intact limb loading 

(First Peak (BW), 1.4  0.17 controls, 1.3  0.25 C-leg, 1.3  

0.25 PK) (Loading Rate (BW/s), 18.3  6.2 controls, 17.8  

6.2 C-leg, 16.3  6.8 PK) under either knee condition or 

between the amputee intact limb and controls. Significant 

differences were observed in temporal-spatial variables (Table 

1). To maintain a constant gait velocity down a ramp the net 

decelerative work must equal the accelerative muscle work 

plus the energy resulting from the conversion of potential to 

kinetic energy. Beginning at prosthetic heel contact, the CoM 

velocity in amputees was significantly less than in controls. 

These differences are the result of the differences in the 

average gait velocity between these groups (Tables 1, 2). After 

prosthetic heel contact, the prosthetic stance phase limb is 

required to undergo net energy absorption to reduce the CoM 

velocity and therefore the kinetic energy of the body at intact 

limb contact. No differences were observed between PrKnEA 

and control KnEA.  



 

This suggests that the energy absorption function of the 

prosthetic knee is similar to the normal knee. This finding is in 

contrast to those reported for transtibial amputees where there 

was a reduction in knee energy absorption [7,8]. The PrAnEA 

was significantly reduced compared to controls but there were 

no differences noted between prosthetic limb conditions. This 

suggests that overall the prosthetic limb (Fig 1,Table 2) is less 

effective in controlling CoM velocity. It would be expected 

that with reduced total PrEA the CoM velocity at intact heel 

contact would be greater in amputees. The CoM velocity was 

higher in controls, but this is expected because of the 

increased average walking speed. However, the extent to 

which CoM velocity exceeded average walking speed is no 

different between amputees and controls. There are two 

potential mechanisms that may compensate for the reduced 

PrEA which result in lower than anticipated CoM velocity at 

intact limb loading. Firstly, the reduced intact step length 

reduces the potential to kinetic energy conversion and 

therefore velocity at contact. Second, there are likely 

significant soft tissue energy losses at the residual limb 

prosthetic socket interface. It has been shown that soft tissue 

energy losses can be considerable during gait [9]. Intact limb 

impact loading was further modified by muscle energy 

absorption. Increased InAnEA, was seen during the weight 

acceptance portion of stance phase. No significant difference 

was noted in KnEA between amputees and controls. 

 

CONCLUSIONS 

There are no differences in intact limb loading compared with 

controls during ramp descent and prosthetic knee type has no 

significant effect. TFA utilize different control strategies to 

modulate intact limb loading. The stance phase prosthetic knee 

absorbs a comparable amount of energy compared with 

controls, the prosthetic foot/ankle absorbs significantly less 

energy than the controls. To compensate for the reduced total 

energy absorption by the prosthetic limb the amputees take a 

shorter intact step length which results in a relative reduction 

in the conversion between potential and kinetic energy, 

reducing CoM velocity at intact heel contact. In addition the 

prosthetic limb may absorb additional energy at the soft tissue 

interface of the residual limb and prosthetic socket. Finally, 

the InAnEA is increased in amputees to reduce the effects of 

CoM velocity, reducing the impact loads on the intact limb.   
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Table 2: CoM velocity at heel contact for both limbs, and energy absorbed for the ankle and knee of each limb; (mean  SD). 

 PrCoMvel 

(m/s) 

InCoMvel 

(m/s) 

PrAnEA 

(J/kg) 

PrKnEA 

(J/kg) 

InAnEA 

(J/kg) 

InKnEA 

(J/kg) 

PK 0.88  0.09
a
 0.99  0.16

a
 -0.18  0.03

a
 -0.55  0.21 -0.14  0.07

a
 -0.23  0.13 

C-Leg 0.97  0.22
b
 1.01  0.18

b
 -0.20  0.03

b
 -0.57  0.29 -0.10  0.03

b
 -0.22  0.15 

Control 1.33  0.20
a,b

 1.33  0.20
a,b

 -0.35  0.06
a,b

 -0.55  0.10 -0.05  0.02
a,b

 -0.38  0.03 
a
 Significant difference between PK and Control (p < 0.05).  

b
 Significant difference between C-Leg and Control (p < 0.05). 

Table 1. Temporal-spatial values for each limb (mean  SD). 

 PK C-Leg Control 

Gait velocity (m/s) 0.77  0.07
b
 0.88  0.16

c
 1.21  0.19

b,c
 

Intact stance phase  

(% gait cycle) 
75  1

a,b
 70  2

a,c
 64  2

b,c
 

Prosthetic stance 

phase (% gait cycle) 
56  2

b
 57  1

c
 65  1

b,c
 

Intact step length 

(m) 
0.47  0.02

b
 0.49  0.06

c
 0.64  0.10

b,c
 

Prosthetic step 

length (m) 
0.53  0.05 0.60  0.06 0.63  0.08 

Stride length (m) 1.00  0.06
a,b

 1.09  0.09
a
 1.27  0.18

b
 

    a
 Significant difference between PK and C-Leg (p < 0.05). 

    b
 Significant difference between PK and Control (p < 0.05). 

    c
 Significant difference between C-Leg and Control (p < 0.05). 

 
Figure 1:  Ensemble curve of ankle power for each limb. 

Prosthetic and Intact curves represent data combined from 

both PK and C-Leg conditions. 


