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Abstract 

Background: Running with prostheses has become a common activity for amputees 

participating in sports and recreation. However, very few studies have characterized the 

kinematic and kinetic parameters of walking in individuals with amputation who are runners. 

Thus, this study attempts to elucidate the kinematics and kinetics of walking in runners with 

a unilateral transfemoral amputation or knee-disarticulation.  

Methods: This study experimentally compares the prosthetic and intact limbs of runners with 

prostheses as well as compares the findings against the limbs of age-matched able-bodied 

individuals while walking. Fourteen runners with a unilateral transfemoral amputation or 

knee-disarticulation were recruited and 14 age-matched able-bodied individuals were 

prepared using gait database. Spatiotemporal, kinematic, and kinetic parameters of walking 

were analyzed using a 3-demensional motion capture system.  

Results: The results showed that the peak ankle positive power at pre-swing and peak hip 

positive power from loading response to mid stance in the intact limb were significantly 

larger than that in the prosthetic limb. Moreover, to compensate for missing anatomical 
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functions on the prosthetic limb, it appeared that the intact limb of the runners generated 

larger peak joint power by producing more ankle plantarflexor and hip extensor moments 

while walking.  

Interpretation: This study demonstrated that the runners rely on their intact limb while 

walking. Training of hip extensor muscles of the intact limb may be beneficial for these 

individuals.   

 

Keywords: Athlete; Amputee locomotion; Gait; Paralympic; Running 
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Introduction  

    The physical and psychosocial benefits of sports and recreational activities have been widely 

recognized for individuals with amputation, but their participation in these activities is limited (Bragaru et 

al., 2011). Running with a transfemoral prosthesis generally requires a tremendous personal effort and 

training in order to develop the necessary strength in both the amputated and intact lower limbs. 

Fortunately, the recent technological advances in prosthetic components have paved the way for more 

individuals with a transfemoral amputation to participate and engage themselves in running activity 

(Nolan, 2008). Walking characteristics have been widely analyzed in general population of individuals 

with transfemoral amputation. But studies specifically analyzing walking characteristics in runners with 

transfemoral amputation have been limited. One example of such study includes a comparison of energy 

cost with runners without amputation (Mengelkoch et al., 2017). The runners with amputation 

demonstrated greater energy cost and lower gait performance under various prosthetic feet conditions in 

comparison to runners without amputation. 

    Previous studies on analyses of walking have provided insights on how prosthetic components, such 

as knees (Creylman et al., 2016; Eberly et al., 2014; Segal et al., 2006), sockets (Traballesi et al., 2011) 

and feet (Graham et al., 2007) may affect the walking ability of individuals with transfemoral amputation. 



 5 

The walking ability of individuals with transfemoral amputation may also be influenced by their physical 

characteristics, such as functional levels (Sions et al., 2018) and residual limb length (Bell et al., 2013). In 

general, highly functional individuals could achieve comparable walking speed to able-bodied individuals. 

However, overall reductions in biomechanical and functional performances are often reported (Jarvis et al., 

2017; Mahon et al., 2017).  

    Asymmetry in kinematics and kinetics of walking has been commonly observed in individuals with 

unilateral transfemoral amputation (Kaufman et al., 2012). Studies investigating maximal sprinting in 

runners with transfemoral amputation have also shown that peak ground reaction force in the intact leg 

was greater than those of the prosthetic leg while running (Makimoto et al., 2017; Sano et al., 2017). 

Asymmetric loading patterns during gait may potentially lead to the amputees experiencing lower back 

pain (Shojaei et al., 2016) or osteoarthritis of the knee in the intact limb (Russell Esposito et al., 2015). 

These loading patterns may be attributed to the fact that individuals with transfemoral amputation 

compensate for the missing functions of the amputated limb, such as active knee extension and ankle 

plantarflexion, by exerting more effort with the intact limb (Schaarschmidt et al., 2012). The runners with 

amputation are highly active and expected to be functionally and physically fit. And they may present 

unique walking characteristics, such as generating greater amount of lower-limb joint moments and power 
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in comparison to general population of individuals with transfemoral amputation. Therefore, analyzing 

their walking characteristics may provide novel insights on walking in individuals with amputation.  

    The aim of this study is to characterize the kinematics and kinetics of walking in runners with 

transfemoral or knee-disarticulation amputation. We hypothesize that the intact limb of the runners with 

amputation generates more joint power at ankle, knee and hip when compared to the prosthetic limb as 

well as the limbs of age-matched able-bodied individuals while walking. In addition, we attempt to 

compare our results with existing literature to identify potential differences in gait between our unique 

group of runners with transfemoral amputation and general population of individuals with transfemoral 

amputation. 

 

Methods 

Study participants 

Fourteen individuals with a unilateral amputation (12 individuals with a transfemoral amputation and 

2 individuals with a knee-disarticulation; 4 females and 10 males) participated in this study (Table 1). 

Their mean (SD) age was 32.6 (10.2) years, their mean (SD) body height was 1.65 (0.10) m, and mean 

(SD) body mass was 60.0 (10.6) kg. The individual data on age, body height, and body mass were 
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excluded from Table 1 in order to avoid identification of the participants. Eight participants had 

amputations due to trauma; five participants had amputations due to cancer, and one participant had 

amputation due to infection. Of the 14 individuals, eight individuals had amputations on the left side, 

while six individuals had amputations on the right side. The mean (SD) time since amputation was 14.1 

(9.1) years. Twelve individuals with transfemoral amputation used an ischial containment socket, while 

two individuals with knee-disarticulation used a distal end-bearing socket. Clinical observations showed 

that, from the individuals with transfemoral amputation, four individuals had a long residual limb, five 

individuals had a middle residual limb, and three individuals had a short residual limb. All the participants 

used a silicon liner. The inclusion criteria of this study as runners were: 1) aged over 18 years, 2) user of 

a unilateral transfemoral or knee-disarticulation prosthesis, 3) active, exercising regularly (i.e., at least 

once a week) and able to run using a running-specific prosthesis at a speed of more than 4.0 m/s, and 4) 

no confounding neurological or orthopedic issues. The types of prosthetic knees and prosthetic feet used 

by the participants for walking and running are listed in Table 1. In addition, we utilized AIST 

(Advanced Industrial Science and Technology) Gait Database to prepare 14 age- and walking speed- 

matched able-bodied individuals as the control group (Kobayashi et al., 2015). The mean (SD) age of the 

control group was 32.5 (9.5) years, the mean (SD) body height was 1.69 (0.09) m, and the mean (SD) 
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body mass was 66.9 (12.5) kg. The study was approved by the Institutional Review Board, and written 

informed consent was obtained from all subjects and the guardian of one subject prior to the experiment. 

 

Gait analysis 

A 3D motion capture system (MX-T 160, Vicon, Oxford Metrics, UK) equipped with 15 infrared 

cameras and nine force plates (BP400600-1000, AMTI, USA) was used to measure spatiotemporal, 

kinematic, and kinetic parameters of gait. The sampling frequency of the cameras was 200 Hz, while 

that of the force plates was 2000 Hz. For control group, 3D positional data and ground reaction forces 

were collected at 200 Hz and 1000 Hz, respectively (Kobayashi et al., 2015). Reflective markers (14 

mm) were placed on each participant based on the Helen-Hayes marker set (Kadaba et al., 1990). For 

data collection, the participants were instructed to walk upright at self-selected walking speed on a 10 m 

walkway for 5 times.  

    Data were recorded and synchronized using Vicon Nexus software (Vicon Motion Systems, Oxford, 

UK) and post-processed using Visual3D (CMotion, Germantown, MD, USA). The gait data were filtered 

using a fourth-order Butterworth low-pass filter with a cut-off frequency of 10 Hz for the marker 

trajectories and 100 Hz for the force data. For the control group, 3D positional data and ground reaction 
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forces were filtered using a fourth-order Butterworth low-pass filter with a cut-off frequency of 10 Hz 

and 50 Hz, respectively (Kobayashi et al., 2015). Because ground reaction force data of the control 

group in AIST Gait Database were collected at the sample frequency of 1000 Hz, their cut-off frequency 

was set at 50 Hz. The spatiotemporal and kinematic parameters of gait from a prosthetic limb of the 

amputees, an intact lower-limb of the amputees, and a right lower-limb of the able-bodied individuals 

were calculated with marker data, while kinetic parameters of gait were calculated with marker and 

ground reaction force data using inverse dynamics (Winter, 2005). The parameters were averaged over 

five trials. The kinetic data were normalized to the body mass of the participants. Subsequently, the 

mean of the prosthetic limb of the amputee, the intact limb of the amputee, and the right lower-limb of 

the able-bodied individuals were plotted for the ankle, knee, and hip joint angle, as well as moment and 

power, which were normalized to a gait cycle in time. Ankle dorsiflexion, knee flexion, and hip flexion 

were defined as positive for the joint angles, while ankle plantarflexor, knee extensor, and hip extensor 

were defined positive for the internal joint moments.  

    To determine the spatiotemporal parameters of gait, the following parameters were extracted: 

walking speed (m/s); gait cycle time (s); cadence (steps/min); stride length (m); step length (m); step 

width (cm); stance time (%); and double support time (%).  
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    Kinematic and kinetic parameters of the ankle, knee and hip joints were analyzed based on the 

hypothesis of this study. Phases of the gait cycle were defined according to Perry (Perry and Burnfield, 

2010). As regards the kinematic parameters of gait, the following parameters were extracted: peak ankle 

plantarflexion angle at loading response [AA1] (°); peak ankle dorsiflexion angle from terminal stance 

to pre-swing [AA2] (°); peak ankle plantarflexion angle from pre-swing to initial swing [AA3] (°); peak 

knee flexion from loading response to mid stance [KA1] (°); peak knee flexion from initial swing to mid 

swing [KA2] (°); and peak hip extension angle from terminal stance to pre-swing [HA1] (°).  

    Finally, for the kinetic parameters of gait, the following parameters were extracted: peak ankle 

dorsiflexor moment at loading response [AM1] (Nm/kg); peak ankle plantarflexor moment from 

terminal stance to pre-swing [AM2] (Nm/kg); peak ankle negative power at terminal stance [AP1] 

(W/kg); peak ankle positive power at pre-swing [AP2] (W/kg); peak knee extensor moment from 

loading response to mid stance [KM1] (Nm/kg); peak knee flexor moment at terminal stance [KM2] 

(Nm/kg); peak knee extensor moment at pre-swing [KM3] (Nm/kg); peak knee negative power at 

loading response [KP1] (W/kg); peak knee positive power at mid stance [KP2] (W/kg); peak knee 

negative power at pre-swing [KP3] (W/kg); peak knee negative power from mid swing to 

terminal-swing [KP4] (W/kg); peak hip extensor moment from initial contact to loading response [HM1] 
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(Nm/kg); peak hip flexor moment from terminal stance to pre-swing [HM2] (Nm/kg); peak hip positive 

power from loading response to mid stance [HP1] (W/kg); peak hip negative power at terminal stance 

[HP2] (W/kg); and peak hip positive power at pre-swing [HP3] (W/kg) (Winter, 1987).  

 

Statistical analysis 

Statistical analyses were performed using SPSS v.22.0 (IBM Corp. Armonk, USA). Normality of 

data distribution was assessed using the Shapiro–Wilk and the Kolmogorov–Smirnov test. For walking 

speed, gait cycle time, cadence, and stride length, the statistical comparisons between amputees and 

able-bodied individuals were performed using t-test. For KP1 and KP2, statistical comparisons between 

the intact limb of the amputees and able-bodied individuals were performed using t-test. For the 

parameters that did not demonstrate normality (i.e., double support time, AP2, KA1, KM1, KM3 and 

KP4), statistical comparisons between the intact limb of the amputee, the prosthetic limb of the amputee, 

and able-bodied individual were performed using the Kruskal–Wallis test. As regards other parameters 

that demonstrated normality, one-way ANOVA was performed for the statistical comparisons. The 

significance level was set at P-value < 0.05 for each analysis. Post-hoc testing for multiple comparisons 

was performed using t-test for parametric parameters and Mann–Whitney U test for non-parametric 
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parameters using Bonferroni correction of the P-value.  

 

Results 

Spatiotemporal parameters 

As shown in Table 2, the statistical analysis showed no significant differences between the amputees 

and the able-bodied individuals with the exception of step width (P < 0.001) by t-test and stance time (P < 

0.001) by one-way ANOVA.   

 

Kinematic and kinetic parameters of the ankle 

Figures 1 illustrate the plots for mean ankle, knee and hip angle, moment, and power of the amputees 

(prosthetic and intact limb) and able-bodied individuals, respectively, with standard deviations of the 

able-bodied limb. The mean, standard deviations, and 95% confidence intervals of the ankle, knee and 

hip angle, moment, and power parameters as well as the statistical outcomes are summarized in Table 2. 

One-way ANOVA demonstrated significant differences in peak ankle plantarflexion angle from 

pre-swing to initial swing [AA3] (P < 0.001) and peak ankle plantarflexor moment from terminal stance 

to pre-swing [AM2] (P < 0.001). Kruskal-Wallis test demonstrated significant differences in peak ankle 
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positive power at pre-swing [AP2] (P < 0.001). The results of the post-hoc tests for ankle parameters, 

which exhibited significant differences, are shown in Figure 2. The intact limb demonstrated significant 

differences in AA3 (P < 0.001), AM2 (P < 0.001), and AP2 (P < 0.001) when compared with the 

prosthetic limb. However, the intact limb demonstrated significant differences in AA3 (P = 0.004) when 

compared to the able-bodied limb. The prosthetic limb demonstrated significant differences in AA3 (P < 

0.001), AM2 (P = 0.002), and AP2 (P = 0.001) in comparison to the able-bodied limb. 

 

Kinematic and kinetic parameters of the knee joint 

As shown in Table 2, the intact limb demonstrated the significant differences in peak knee negative 

power at loading response [KP1] (P = 0.004) and peak knee positive power at mid stance [KP2] (P = 

0.040), when compared to the able-bodied limb. One-way ANOVA showed significant differences in peak 

knee extensor moment in peak knee negative power at pre-swing [KP3] (P < 0.001). Kruskal-Wallis test 

demonstrated significant differences in peak knee flexion from loading response to mid stance [KA1] (P 

< 0.001), peak knee extensor moment from loading response to mid stance [KM1] (P = 0.002), and peak 

knee negative power from mid swing to terminal-swing [KP4] (P < 0.001). The results of the post-hoc 

tests for the knee parameters that demonstrated significant differences are shown in Figure 2. In 
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comparison to the prosthetic limb, the intact limb demonstrated significant differences in KA1 (P < 

0.001) and KP3 (P < 0.001). Moreover, in comparison to the able-bodied limb, the prosthetic limb 

demonstrated significant differences in KA1 (P < 0.001), KM1 (P = 0.001) and KP3 (P = 0.012).  

 

Kinematic and kinetic parameters of the hip joint 

One-way ANOVA demonstrated significant differences in peak hip extensor moment from initial 

contact to loading response [HM1] (P < 0.001), peak hip flexor moment from terminal stance to 

pre-swing [HM2] (P < 0.001), peak hip positive power from loading response to mid stance [HP1] (P < 

0.001), peak hip negative power at terminal stance [HP2] (P = 0.020), and peak hip positive power at 

pre-swing [HP3] (P = 0.042). The results of the post-hoc tests for the hip parameters, which exhibited 

significant differences, are shown in Figure 2. When compared to the prosthetic limb, the intact limb 

demonstrated significant differences in HM1 (P < 0.001), HM2 (P < 0.001), HP1 (P < 0.001), HP2 (P = 

0.016) and HP3 (P = 0.037); moreover, it exhibited significant differences in HM1 (P < 0.001) and HP1 

(P = 0.003) when compared with the able-bodied limb. The prosthetic limb demonstrated significant 

differences in HM2 (P = 0.006) in comparison to the able-bodied limb. 
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Discussion 

In this study, we characterized the kinematics and kinetics of walking in individuals with 

transfemoral or knee-disarticulation amputation who are runners by comparing the intact and prosthetic 

limb of amputees as well as the limbs of age-matched able-bodied individuals. The findings suggested that 

the peak hip positive power from loading response to mid stance [HP1] of the intact limb was 

significantly larger than that for the prosthetic limb and the able-bodied limb (Table 2, Figure 2). This 

finding supports with our hypothesis that the intact limb of the runners with transfemoral or 

knee-disarticulation amputation generates more joint power when compared to the prosthetic limb and the 

limbs of age-matched able-bodied individuals at particular phases of the gait cycle while walking. While 

individuals with transfemoral amputation generally rely on their intact limb to maintain stability while 

walking (Kendell et al., 2016), the study showed that amputee runners were no exception. The findings 

suggest that to compensate for the anatomical functions on the prosthetic limb, the individuals rely on the 

intact limb by generating more joint power at the hip joint in stance while walking.  

    This study also found that the peak ankle plantarflexor moment from terminal stance to pre-swing 

[AM2] of the intact limb was significantly larger than the prosthetic limb, while the peak hip extensor 

moment from initial contact to loading response [HM1] of the intact limb was significantly larger than 
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the prosthetic limb and the able-bodied limb (Table 2, Figure 2). As the joint power is a dot product of 

joint moment and joint angular velocity, the significantly larger ankle and hip positive power may be 

attributed to significantly larger ankle plantarflexor and hip extensor moments in the intact limb because 

ankle and hip joints moment and power appeared to demonstrate similar trends in their plots (Winter, 

2005). Thus, ankle plantarflexors and hip extensors in the intact limb can be regarded as key muscles 

that compensate for the missing anatomical muscles and joint functions in the amputated limb during 

walking.  

    The peak hip flexor moment from terminal stance to pre-swing [HM2] was significantly larger in 

the prosthetic limb than that in the intact limb and the able-bodied limb. Moreover, the peak hip positive 

power at pre-swing [HP3] in the prosthetic limb was significantly larger than that in the intact limb 

(Table 2, Figure 2). This suggests that hip flexors in the prosthetic limb play an important role in the 

swing movement while walking. Based on the anthropometric data, an average mass of foot and shank 

of biological leg of the participants with amputation was 3.66 kg (0.061 x 60 kg)(Winter, 2005). The 

mass of the transfemoral prosthesis is generally around 3 to 4 kg (Meikle et al., 2003). Thus it appears 

that the hip flexors in the prosthetic limb require greater efforts despite mass of the prosthetic leg and 

biological limbs are close. This might be attributed to required efforts by the hip flexors to secure 
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sufficient toe clearance during swing.   

    The results also showed that the peak ankle plantarflexion angle from pre-swing to initial swing 

[AA3] in the intact limb was significantly larger than that in the able-bodied limb (Table 2, Figure 2). 

This may be attributed to the common strategy adopted by individuals with transfemoral amputation 

known as vaulting. Vaulting is defined as plantarflexion of the intact ankle during single-limb support 

phase to assist toe clearance of the prosthetic limb (Drevelle et al., 2014). Another explanation could be 

that the intact ankle needed to produce larger plantarflexion moments and power generation for push-off 

in order to maintain a desired speed. Figure 1 shows that the slope of ankle moment (i.e., increase in 

plantarflexor moment) has a plateau in mid-stance in the intact limb, while the slope for the prosthetic 

limb and able-bodied limb is relatively constant. This can be attributed to the limited amount of 

dorsiflexion, which would give a sensation of walking uphill in the intact limb while walking (Bowker et 

al., 2002).  

    The results of this study also showed that the peak knee negative power at pre-swing [KP3] in the 

prosthetic limb was significantly larger than that in the intact limb and the able-bodied limb (Table 2, 

Figure 2). This demonstrates that, while the knee is flexing, the dampers of the prosthetic knee absorb 

significantly more energy when compared to anatomical knees from pre-swing to initial swing. The peak 
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hip negative power at terminal stance [HP2] in the prosthetic limb was also significantly larger than that 

in the intact limb (Table 2, Figure 2). This finding could be explained by the significantly larger hip 

flexor moment from terminal stance to pre-swing [HM2] during the extension of the hip joint in the 

prosthetic limb. This may be attributed to eccentric contraction of the hip flexor muscles to stabilize the 

prosthetic limb during stance phase.  

   The results of this study were indirectly compared against the results of the study conducted by 

(Segal et al., 2006), wherein the kinematic and kinetic parameters of a general population of individuals 

with transfemoral amputation were studied. The comparison shows that the runners in our study 

demonstrated much larger peak hip positive power from loading response to mid stance [HP1] in the 

intact limb [2.95 (0.57) W/kg] and in the prosthetic limb [1.53 (0.68) W/kg] at a walking speed of 1.36 

(0.17) m/s (Table 2). In the previous study, the HP1 in the intact limb was 0.57 (0.4) W/kg for C-Leg, 

and the HP1 in the prosthetic limb was 0.46 (0.1) W/kg for C-Leg at a walking speed of 1.20 – 1.30 m/s. 

The runners also demonstrated much larger peak hip positive power at pre-swing [HP3] in the prosthetic 

limb [2.28 (1.04) W/kg] when compared to the participants of the previous study [0.75 (0.3) W/kg for 

C-Leg]. Furthermore, the peak ankle positive power at pre-swing [AP2] in the intact limb [4.00 (1.19) 

W/kg] of the runners was also larger than the participants in the previous study [3.17 (0.5) W/kg for 
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C-Leg]. Although the gait models in the two studies were different and their statistical comparison was 

impossible, the walking speed that might affect these kinetic parameters was close to each other (Lelas 

et al., 2003). Therefore, in comparison to the general population of individuals with transfemoral 

amputation, the runners recruited in the present study were suggested to generate more power, 

particularly at the hip joint from loading response to mid-stance in the intact limb and at pre-swing in the 

prosthetic limb. 

    It is widely believed that in individuals with amputation, hip strength is weaker in the residual limb 

than in the intact limb (Ryser et al., 1988). However, hip strength of the residual limb in active 

individuals with transtibial amputation is reported to be stronger than able-bodied individuals (Nolan, 

2009). A previous study also demonstrated that the training program to improve hip strength was 

important for enabling lower limb amputees to acquire the ability to run after amputation (Nolan, 2012). 

In addition, intense hip abductor strength training was reported to improve the functional performance of 

individuals with transfemoral amputation (Pauley et al., 2014). Therefore, the present study as well as 

other studies in this domain highlight the importance of hip strength for walking among active 

individuals with amputation.  

    There are certain considerations that must be acknowledged when interpreting the results of this 
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study. First, the set of study participants (runners with amputation) was not homogeneous in terms of 

running ability. Their maximum running speed ranged from 4.4 m/s to 7.6 m/s and exercise frequency 

ranged from 1 day/week to 6 days/week. Therefore, some of the participants can be regarded as 

recreational runners while the others are competitive athlete runners. Second, the participants used their 

own prostheses for data collection, and the prosthetic knees and feet used in this study were not 

controlled. Moreover, their time from amputation ranged widely, from 3 years to 29 years. All being 

considered, this study will serve as foundation for future studies investigating the kinematics and 

kinetics of walking in runners with amputations.  

 

Conclusions 

This study demonstrated that the amputee runners with transfemoral or knee-disarticulation prostheses 

rely on their intact limb while walking. The intact limb of the amputee runners demonstrated significantly 

larger peak ankle positive power at pre-swing and peak hip positive power at loading response than the 

prosthetic limb. They appeared to generate more joint power by producing more ankle plantarflexor and 

hip extensor moments while walking. In addition, a comparison to a previous study suggested that runners 

with amputation might generate larger ankle and hip joints power than a general population of individuals 
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with transfemoral amputation.  
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Captions for Tables 

Table 1. Demographic data of the runners with amputation. 

 

Table 2. Spatiotemporal, kinematic and kinetic parameters of gait in the intact limb, the prosthetic limb, 

and the able-bodied limb and outcome of statistical analyses.  
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Captions for Figures 

Figure 1. Comparison of the kinematics and kinetics of the intact limb (blue and solid), the prosthetic 

limb (red and dash) and the able-bodied limb (green and dot). Plot of their mean and standard deviation 

of the able-bodied limb in the angle, moment and power for ankle, knee and hip joints as percentage of a 

gait cycle, where 0% is initial contact and 100% is subsequent initial contact. 

 

Abbreviations for the kinematic parameters: AA1, peak ankle plantarflexion angle at loading response; 

AA2, peak ankle dorsiflexion angle from terminal stance to pre-swing; AA3, peak ankle plantarflexion 

angle from pre-swing to initial swing, KA1, peak knee flexion from loading response to mid stance; 

KA2, peak knee flexion from initial swing to mid swing; HA1, peak hip extension angle from terminal 

stance to pre-swing.  

 

Abbreviations for the kinetic parameters: AM1, peak ankle dorsiflexor moment at loading response; 

AM2, peak ankle plantarflexor moment from terminal stance to pre-swing; AP1, peak ankle negative 

power at terminal stance; AP2, peak ankle positive power at pre-swing; KM1, peak knee extensor 

moment from loading response to mid stance; KM2, peak knee flexor moment at terminal stance; KM3, 
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peak knee extensor moment at pre-swing; KP1, peak knee negative power at loading response; KP2, 

peak knee positive power at mid stance; KP3, peak knee negative power at pre-swing; KP4, peak knee 

negative power from mid swing to terminal-swing; HM1, peak hip extensor moment from initial contact 

to loading response; HM2, peak hip flexor moment from terminal stance to pre-swing; HP1, peak hip 

positive power from loading response to mid stance; HP2, peak hip negative power at terminal stance; 

HP3, peak hip positive power at pre-swing.  

 

Figure 2. Post-hoc analyses of the kinematic and kinetic parameters of gait in the intact limb (blue, 

circle), the prosthetic limb (red, triangle) and the able-bodied limb (green, square), which demonstrated 

significant differences by ANOVA or Kruskal-Wallis test. 

 



 
 
  



 
  



 
  



 



Highlights 
 

• Walking characteristics of runners with a transfemoral amputation was analyzed. 
• The intact limb generated more plantarflexor and hip extensor moment. 
• The intact limb generated more positive ankle and hip joint power. 
• Runners with a transfemoral amputation rely on the intact limb while walking. 
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