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INTRODUCTION 
Clinical Question: Do athletes with unilateral right 

transtibial amputations have advantages resulting in 
faster race times compared to left transtibial 
amputations in competitive sprinting events that 
include turns? 

Background: Both Paralympic and Olympic athletes 

who compete in the 200 or 400-meter sprinting events 
must maintain high speeds as they navigate curves.  
The 400-meter is one full lap on the track with two 
curved sections; the 200-meter is half a lap with one 
curve.  Keys to success for these sprinters require 
strategies that improve their ability to run a curve. The 
International Paralympic Committee (IPC) levels the 
playing field for athletes with limb differences by 
providing classifications that group together similarly 
impaired athletes.  At this time, limb-side amputation 
is not considered a factor for classification. Earlier 
studies provide a good foundation that describes the 
physics of running on a flat (not banked) curve and 
the generation of leg-specific centripetal force 
(Greene, 1985). Recent studies examine the 
movements of sprinting and curve running in able-
bodied athletes that may have implications for 
athletes with limb differences (Nemtsev, 2010). One 
such study shows differences in foot and shin 
biomechanics when curve sprinting.  These joint 
kinematics help to counter the centrifugal forces being 
generated. This study has implications for an athlete 
with a transtibial amputation missing a foot and some 
of his calf.   Other studies look at lower limb 
musculature and found that curve sprinters with larger 
right side psoas major muscle are faster curve 
sprinters (Alt, 2014). One study reports that the 
hamstrings and other lower extremity musculature are 
not significant factors in predicting speed (Tottori, 
2015).  For athletes with unilateral amputations and 
thus varying residual musculature, these findings may 
be quite relevant.  Another earlier study concludes 
that sprint performance is more a function of the 
application of the support forces to the ground and not 
the repositioning ability of the swinging limb to reach 
top speeds (Weyand, 2000). These results suggest 
that a biomechanical difference between inside and 
outside leg exists and that research exploring curve 
how this impacts an athlete with a transtibial 
amputation. 

 

METHOD 
Search Strategy:  

Databases Searched: CINAHL, PUBMED and 
Google Scholar,  

Search Terms: Curve, bend, sprint, prosthetic, 

Paralympics.  References cited on reviewed and title 
and author searched relevant journal articles. 

Inclusion/Exclusion Criteria: 2007-2016 for 
Reviewed Articles; 1985-2016 for history and 
background references.  

RESULTS 
Synthesis of Results: Five articles were reviewed, 

which included analyzing past race results, and doing 
trials with subjects running on the track that are able 
bodied or have amputations of right or left side. All but 
one of these articles found that athletes with the 
amputation on the inside leg seemed to have slower 
running times (Hobara, 2015).  Because track events 
are run in a counterclockwise direction, this puts 
athletes with left side amputations at a disadvantage 
compared to athletes with a right side amputation. 
One article

9
 compared a left side amputee athlete's 

personal times on a straight sprint, a 
counterclockwise curve, and a clockwise curve.  The 
results showed that he ran faster going clockwise, 
with his amputation side on the outside of the track, 
than he did going counterclockwise, with his 
amputation side on the inside of the track.  However, 
this study was done with a transfemoral amputee, so 
the results may vary with a transtibial amputee, so 
further studies should be performed. Only one article 
found that there was no difference in race times of 
right vs. left sided amputations (Hobara, 2015).  This 
study was done analyzing data from elite-level 
competitions, such as the Paralympics and the 
International Paralympic Committee Athletics World 
Championship.  These are the top athletes with 
advanced training, and these results cannot be 
applied to non-expert level athletes. The slower 
running times can be explained by factors such as 
reduced stride frequency, centrifugal forces, side and 
level of amputation, or decreased generated forces by 
the inside leg (Taboga, 2007) 
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DISCUSSION, CONCLUSION  

AND CLINICAL APPLICATIONS 
Clinical Message: Sprinters with a right-side 

amputation have competitive advantages over those 
with left-sided amputations on turns. Research and 
development for prosthetic blade technology should 
consider curve running demands as well as on which 
side the foot will be worn. There is a unique and 
greater demand on the inside leg, but more 
experimental data is needed to determine the specific 
needs of the athlete with the left side amputation. 
Possible considerations include inversion/eversion 
ability of the blade and increased ability to create 
centripetal forces with the prosthetic running blade. 
Prosthetic blades designed specifically for left legs 
could even the playing field for these athletes. This 
literature review also highlights a need for trainers 
and physical therapists working with athletes with left 
transtibial amputations to take special consideration 
of how to better prepare the athlete for competition.
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Changes could be made by the IPC for future events 
for these athletes. Future classification could have 
athletes with left side amputations run track events on 
the curve in the clockwise direction, opposite of the 
traditional counterclockwise. Alternatively, the IPC 
could classify sprinters also by the side of their 
amputation. Based on our review of current literature, 
there is a deficit of studies that examine, either 
empirically or theoretically, clinically relevant data that 
can be related to the athlete with a transtibial 
amputation. More research is needed to better 
understand the biomechanics of the competitive 
sprinter with a transtibial amputation to increase the 
success of these athletes on the competitive level. 
Future research could offer more insight for prosthetic 
foot design, competitive training regimens, and 
Paralympic classification systems for transtibial 
sprinters grouped by amputation side. 

 

 
Figure 1. Schematic view of the measured stride kinematics 
versus time. (A) Non-amputees. (B) Sprinters with an 
amputation. Stride time is the time from mid-stance to 
ipsilateral mid-stance. Aerial time is the time from the end of 
foot–ground contact to the beginning of contralateral foot–
ground contact. Non-amputees (A) have a symmetric 
running gait, while sprinters with a unilateral amputation (B) 
have longer contact times and aerial times with their 
affected leg (AL) compared with their unaffected leg (UL) 
(Taboga, 2007). 

 

Figure 2. Mean (±s.d.) maximum speed for straight, CCW 
and CW curve running. Curve radius was 17.2 m. Non-
amputees were slower during CCW and CW curve running 
compared with straight running (P=0.001 for both conditions) 
and ran slower on CW compared with CCW curves 
(P=0.042). All athletes with amputations ran slower during 
curve running compared with straight running (P<0.001). 
Moreover, they were slower during curve running when their 
AL was on the inside compared with on the outside of the 
curve (P=0.032). Asterisks represent significant differences 
between straight- and curve-running trials. Double daggers 
indicate significant differences between CCW and CW 
directions or between the AL on the outside and the AL on 
the inside of the curve (Taboga, 2007).  
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EVIDENCE TABLE 
Do athletes with unilateral right leg amputations have advantages over those with unilateral left 

leg amputations in competitive sprinting events that include turns? 
 

 

Hobara et al, 2015
 

 
 

Funken et al, 2016
 

Chang et al, 

2007
 

Funken, et al, 2014
 

Taboga et al, 2016
 

Population 

n= 59, male/female 

unilateral lower limb 

amputation  competin

g in elite 200 meter 

races; 27 right, 32 left 

amputees; all used 

RSPs 

n=9; 3 lower 

limb amputees, 6 

able bodied; all 

elite 

athletes;  Ampute

e Levels and 

side: 1 right 

transtibial, 1 

bilateral BK, 1 

left knee 

disarticulation 

n=5; 

recreationally 

fit; 29.4 +/- 5 

years old; 

body mass 

80.7 +/-9.0 kg  

n= 1 left sided 

unilateral 

transfemoral 

amputee (male), 

medalist in 2012 

Paralympic games 

n= 17; 6(5 

male/1 female) 

non amputee 

sprinters, 6(5 

male/1 female) 

right transtibial 

amputees, 5(2 

male/3 female) 

left transtibial 

amputee 

Study 

Design 

Case Report; 

retrospective 

observation; 

Empirical Research  

 

Case Control 

Study, 

Quantitative 

studies, empirical 

research 

Case Report, 

Qualitative 

studies, 

empirical 

research 

Quantitative 

studies, Empirical 

Research 

Randomized 

counterbalance

d trials  

Intervention 

Running on a curve 

on a track with a 

prosthesis 

Running on a 

curve on a track 

with a prostheses 

Running on a 

curve on a 

track 

Running on a 

straight track, 

clockwise curve, 

and 

counterclockwise 

curve with 

prosthesis 

Running on a 

curve on a 

track with a 

prosthesis 

Comparison 

Right sided versus 

left sided amputees 

during 200 m sprint 

Mean peak GRF, 

impulse (braking) 

and velocity for 

all three 

amputees 

separately and 

the able bodied 

as a group of 

right and left 

limbs.  

Inside versus 

outside leg 

velocities, x, 

y. z 

components 

of GRF, 

average force 

applied by 

sprinter to the 

tether, step 

length  

Straight run vs. 

running around a 

curve clockwise, 

Straight run vs. 

running around a 

curve counter 

clockwise.   

Non-amputees, 

left side 

transtibial 

amputees, right 

side transtibial 

amputees and 

their speed 

running on a 

curve 
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Methodolog

y 

Statistical analyses 

were performed using 

SPSS version 19;  

performances 

analyzed from 

internet broadcasts 

races: Athletes 

categorized by Race 

times, gender, 

amputation side and 

stump length 

Statistical 

Analysis of 

kinematic data 

using MATLAB:  

Indoor track 

course, three 

curved runs, 

maximal speeds 

for amputees and 

submaximal 

speeds for able 

bodied, standard 

curvature of 36.3 

m radius for track 

Statistical 

analysis of 

kinematic 

data using 

various robust 

methods; 30 

min warm up; 

Subjects 

sprinted on 

circular tracks 

of 1, 2, 3, 4 

and 6 m radii 

after a 30 m 

straight path; 

one time they 

were tethered 

axially and 

one time they 

were not 

Athlete ran many 

trials, including 

straight, counter 

clockwise curve, 

and clockwise 

curve.  Kinematic 

data was collected 

by 3D camera.  4 

force plates 

recorded kinetic 

data.  34 

reflective marks 

on the blade, knee 

joint axis, and 

pelvis were 

analyzed using 

MATLAB 

Six 40m 

sprints on a 

standard, 

synthetic track 

surface 

wearing their 

own shoes; 2 

straight sprints, 

2 on CCW 

curve (radius 

17.2m) and 2 

CW curve 

(radius 17.2m) 

trials. 8 min 

rest between 

each trial.  

Outcomes 

Race times of 200-m 

sprints of tournament 

finals and reported 

amputation side 

Retro-reflective 

markers; 16 

infrared cameras, 

four force plates 

collected kinetic 

data 3D motion 

capture system; 

Force plate on 

curves  

Kinematic 

data 

collection 

recorded by 

high speed 

video 

cameras, 

researcher 

stop watches, 

force plates 

on curves; 

infrared 

sensors 

Speed of trial, 

stance time in 

each trial, GRF, 

eversion moment, 

torsion moment, 

and flexion 

moment 

 

Speed of trial, 

contact time of 

each leg during 

a trial, stride 

frequency, 

stride length, 

aerial time, leg 

swing time 

Key 

Findings 

No difference in race 

times and, no 

significant 

differences in 

participation as a 

function of 

amputation side 

-Prosthetic curve 

sprinting kinetics 

depends on level 

and side of 

amputation. 

-Athletes with 

amputations at 

the inside leg 

(unilateral or 

bilateral) seem to 

be disadvantaged 

in terms of 

generating high 

curve running 

velocities. 

-Peak forces 

generated by 

the inside leg 

decreased 

twice as much 

for a given 

decrease in 

radius 

compared to 

the outside 

leg; maximum 

sprint velocity 

on curves is 

not only 

limited by a 

-He ran faster 

going clockwise 

and straight, and 

slowest going 

counter-

clockwise.  The 

stance time with 

the prosthesis was 

highest in 

counterclockwise.

   

-The ML ground 

reaction force of 

counterclockwise 

show a peak in 

-Sprinters with 

an amputation 

ran 3.9% 

slower with 

their affected 

leg on the 

inside of the 

curve 

-All sprinters 

reduce stride 

length on the 

curve, but only 

amputees with 

affected leg on 

the inside of 
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physiological 

limit to axial 

leg force 

medial direction 

of the inside leg, 

causing a 

centrifugal 

force.  However, 

the ML ground 

reaction force of 

clockwise shows 

medial force of 

the outside leg, 

causing a 

centripetal force. 

the curve 

reduced stride 

frequency 

Study 

Limitations 

-Cannot extrapolate 

results to novice or 

non-expert level 

athletes 

-Results based on 

retrospective, not 

experimental 

observations; stump 

length and knee 

componentry vary 

among athletes 

-Race was only 

200m, which only 

involves one curve.  

-Small Sample 

size of amputee 

athletes -Results 

cannot be 

extrapolated to 

novice or non-

expert level 

athletes 

-No discussion of 

componentry, 

surgical 

considerations, 

cause of 

amputation or 

body mass or age 

comparisons 

-No discussion of 

warm up or rest 

periods  

 

-Small sample 

size -No 

amputees 

studied 

-Cannot 

extrapolate to 

novice 

runners, older 

or heavier 

patients  

-No mention 

of co-

morbidities, 

leg length 

discrepancies, 

shoe choice, 

neuromuscula

r 

insufficiencie

s. 

-Small sample 

size: Only tested 

one 

athlete.  Would 

need more 

athletes with 

amputations on 

right and left 

side.   

-No discussion of 

what the order 

was for the 

runs.  If all the 

runs were done 

back-to-back, 

athlete may have 

become tired 

toward the end.   

-Athlete had a 

transfemoral 

amputation, so 

more research 

would need to be 

done on 

transtibial 

amputees  

-Only 

measured one 

curve radius 

-Need future 

measurements 

of ground 

reaction forces 

during curve 

running in 

athletes with 

amputations 

-Small sample 

size 

 


