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SUMMARY 
Jumping is a fundamental skill in recreational sport with 

different mechanics and demands than walking and running.  

Although a reasonable body of research had accumulated on 

amputee gait, little is known about the compensations to be 

expected for amputees in jumping.  Six unilateral transtibial 

amputees (TTAs) performed a maximum effort unilateral 

countermovement jump from the prosthetic limb without the 

use of arms.  Insufficient strain energy was stored in the 

prostheses during the countermovement, as a result of a 

small range of motion (RoM) and anterior lean of the 

prosthetic shank.  In contrast to walking and running gait, no 

clear kinetic compensations at the knee and hip in the 

propulsion phase were noted for the reduced prosthetic 

range of motion and peak plantarflexor moments.  It was 

concluded that compensations typically seen for TTAs in 

gait cannot be extrapolated to jumping to inform this aspect 

of recreational sport for amputees.  More research is needed 

to determine the suitability of current prostheses in amputee 

jumping. 

 

 

I�TRODUCTIO� 
Amputees are encouraged to engage in recreational sport to 

gain from the health benefits associated with physical 

exercise.  To date, a reasonable body of research on amputee 

walking and running gait has accumulated in order to 

determine compensations and adaptations that can be 

expected for amputees [1-3].  Jumping is a fundamental skill 

in recreational sport and offers great potential for 

stimulating osteogenesis in osteoporosis prone amputees [4].  

However, a dearth of literature on amputee jumping exists to 

understand the compensations and role of the prosthesis 

during jumping  Jumping is mechanically different and more 

demanding than walking and running with a greater vertical 

force component.  Taking into consideration that prostheses 

have been designed mainly with walking and running in 

mind, it is uncertain what compensatory mechanisms will 

manifest during jumping and how the prosthesis will 

respond under a greater vertical load.  The aim of this study 

was to address the lack of knowledge on amputee jumping 

by exploring the underlying mechanics of performing the 

unilateral countermovement jump. 

 

 

METHODS 
Six unilateral TTA participants (5 male and 1 female) took 

part in the study.  Amputees were included if they were 

between the ages of 18 and 50 years, recreationally active, at  

 

least 1 year post-amputation with no secondary pathology 

and had an amputation of a traumatic nature.  Each TTA 

participant wore patellar tendon-bearing sockets with rigid 

pylons and their own prescribed prosthetic feet.  For 

comparison, ten able bodied (AB) participants of the same 

age range and jumping experience and no pathology also 

participated in the study.  All participants wore their own 

athletic footwear.  Prior to data collection, all participants 

underwent a familiarization session.  Following a 5 minute 

treadmill walk (self-selected brisk velocity) participants 

were given the opportunity to practice the vertical jump 

prior to data collection.  Ten maximal unilateral 

countermovement jumps were performed with arms on hips 

and 1 minute rest between each trial. The single jump with 

the greatest vertical position of the centre of mass was used 

for analysis.  Data were collected using two Kistler (model 

9581C, 1080 Hz) force platforms (Kistler Instruments Ltd, 

Hampshire, UK) synchronized with a 9-camera Vicon 

(model 612, 120Hz) motion analysis system (Oxford 

Metrics, Oxford, UK). A total of 34 reflective markers (25 

mm diameter) were attached to each participant’s head, 

trunk, pelvis, upper limbs and lower limbs to create a full 

body model using Vicon’s Plug-in-Gait model.  On the 

prosthetic side, markers were placed on a level 

corresponding to that of the intact ankle since it has been 

shown that the differences in inertial properties have a non-

significant influence on joint moment calculations.  A 

Mann-Whitney U test was used to test for statistically 

significant differences (p < 0.05) between the TTA and AB 

participants. 

 

 

RESULTS A�D DISCUSSIO� 
Despite being exposed to a greater vertical load compared to 

gait, inadequate strain energy was stored in the prosthetic 

keel (Table 1) to be returned as positive work during recoil 

(Table 2) and effectively contribute to the jump.  Minimal 

kinematic compensations for the significantly reduced 

prosthetic ankle RoM were seen at the knee and hip.  In 

order to avoid the instability associated with a more flexed 

knee [5], knee RoMs were not increased, while only two 

TTAs increased their hip RoMs, leading to significantly 

reduced countermovement depths compared to the AB 

participants (Table 1).  Significantly reduced ankle RoMs 

resulted in significantly reduced peak ankle “plantarflexor” 

moments, represented by the passive recoil of the prosthetic 

keel (Table 2).  In walking and running gait, TTAs tend to 

compensate for the loss in plantarflexion by generating an 



increased hip extensor moment and work done at the hip 

during stance [3, 5].  This was not evident in the knee nor 

hip extensor moments of the unilateral jump, with the 

average knee extensor moments being significantly reduced 

and the average hip extensor moments as well as positive 

knee and hip work mostly similar to those of the AB 

participants (Table 2). 

 
 

CO�CLUSIO�S 
Insufficient strain energy was stored in the prostheses during 

the countermovement, brought about by the lack in RoM 

and anterior lean (implied compression) of the prosthetic 

shank.  In contrast to walking and running gait, no clear 

compensations were noted for the reduced prosthetic range 

of motion and peak plantarflexor moments at the knee and 

hip, highlighting the fact that compensations seen for TTAs 

in gait cannot be extrapolated to jumping to inform this 

aspect of recreational sport for amputees.  More research is 

needed to determine the suitability of current prostheses in 

amputee jumping. 
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Table 1: Outcome and countermovement phase variables of the unilateral countermovement jump. * Indicates a significant 
difference between the transtibial amputee (TTA) and able-bodied (AB) participants.  Positive range of motion (RoM) depicts 

dorsiflexion at the ankle and flexion at the knee and hip.  Negative RoM depicts plantarflexion at the ankle. 

 

Participant TTA1 TTA2 TTA3 TTA4 TTA5 TTA6 x̄ (TTA) ± sd x̄ (AB) ± sd 

Flight height (m) 0.08 0.05 0.04 0.03 0.02 0.02 0.04 ± 0.02 0.14 ± 0.02* 

Countermovement depth (m) 0.24 0.23 0.09 0.13 0.12 0.05 0.14 ± 0.07 0.25 ± 0.07* 

RoM(Ankle) (°) 5 2 -4 5 4 6 3 ± 4 21 ± 7* 

RoM(Knee) (°) 48 63 7 50 34 9 35 ± 23 54 ± 13 

RoM(Hip) (°) 70 68 18 35 42 12 41 ± 24 50 ± 13 

Anterior shank lean (°) 35 32 9 33 19 28 26 ± 10 40 ± 6* 

�egative work(Ankle) (J.kg-1) -0.12 -0.07 -0.10 -0.18 -0.06 -0.14 -0.11 ± 0.04 -0.28 ± 0.09* 

 
 
 
Table 2: Propulsion phase variables of the unilateral countermovement jump.  * Indicates a significant difference between the 
transtibial amputee (TTA) and able-bodied (AB) participants.  Moments depict peak extensor moments at the ankle, knee and 

hip. 

 

Participant TTA1 TTA2 TTA3 TTA4 TTA5 TTA6 x̄ (TTA) ± sd x̄ (AB) ± sd 

Moment(Ankle) (�m.kg-1) 2.12 2.00 1.72 2.29 1.32 2.47 1.99 ± 0.41 2.48 ± 0.25* 

Moment(Knee) (�m.kg-1) 1.54 1.64 0.01 1.72 1.54 1.54 1.35 ± 0.61 1.78 ± 0.36* 

Moment(Hip) (�m.kg-1) 2.86 3.26 3.15 2.96 2.17 0.50 2.48 ± 1.04 2.92 ± 0.77 

Positive work(Ankle) (J.kg-1) 0.19 0.06 0.09 0.16 0.05 0.23 0.13 ± 0.08 1.36 ± 0.19* 

Positive work(Knee) (J.kg-1) 0.89 0.92 0.06 0.64 0.65 0.41 0.59 ± 0.32 0.87 ± 0.43 

Positive work(Hip) (J.kg-1) 1.61 1.17 0.93 0.95 0.57 0.07 0.88 ± 0.53 1.17 ± 0.46 

 

 


