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SUMMARY 

Previous subject-specific torque-driven simulation models of 

dynamic human movement have not considered two-joint 

kinematics in the representation of the torques exerted at a 

joint. A two-joint representation of plantar flexor, knee flexor 

and extensor, and hip flexor and extensor torques was found to 

provide better agreement with measured torques than a single-

joint representation when the kinematics of both a primary and 

secondary joint were changed. Single-joint and two-joint 

representations of torque were used in simulation models of 

two-footed jumps to evaluate the necessity for a two-joint 

torque generator representation.  

  

INTRODUCTION 

Subject-specific computer simulation models of human 

movement can represent the torque exerted at a joint using 

measurements of torque collected on an isovelocity 

dynamometer. Such a method avoids some of the errors 

encountered with individual muscle models where strength 

parameters are derived from the literature [1] instead of 

determining strength parameters directly from torque 

measurements. The disadvantage of existing subject-specific 

torque generator models over individual muscle models has 

been that the torque exerted at a joint has been represented by 

a function only of the kinematics of that joint. As such torque 

generator models may not accurately represent the torques 

exerted by biarticular muscles where two-joint kinematics are 

important.  

 

The purpose of this study was to evaluate the need for joint 

torque generators to consider the kinematics of multiple joints 

by creating two different subject-specific torque driven models 

of jumping; one considering only single-joint kinematics in 

the representation of ankle, knee and hip joint torques and 

another which considered multiple joint kinematics. 
 

METHODS 

A Contrex Multi-Joint isovelocity dynamometer (CMV AG, 

Switzerland) was used to collect maximum voluntary 

isometric and isovelocity ankle plantar flexion (PF), dorsi 

flexion, knee flexion (KF) and extension (KE),  hip flexion 

and extension, and shoulder flexion and extension torques for 

a single participant. Kinematics and ground reaction forces 

were measured for three different two footed jumps: squat 

jump, counter-movement jump and two footed jump for 

distance. The participant gave informed consent for the 

procedures in accordance with a protocol approved by the 

Loughborough University Ethical Advisory Committee.   

 

Kinematics for the jumps and dynamometer measurements 

were collected using a Vicon Nexus motion analysis system 

(OMG plc, UK). Isometric and isovelocity plantar flexion, 

knee flexion and extension, and hip flexion and  extension 

torques were measured for a variety of secondary joint angles.  

 

The nineteen parameters governing two-joint torque 

representations of plantar flexion, knee flexion and extension 

[2], and hip flexion and extension were determined using a 

simulated annealing algorithm [3] by minimizing a weighted 

Root Mean Squared (RMS) difference between measured and 

calculated torques. The biarticular torques exerted during hip 

flexion and hip extensions were calculated from the pre-

determined biarticular knee flexor and extensor parameters. 

Plantar flexor torque was represented as a function of ankle 

and knee kinematics, while knee flexion and extension torques 

were represented as a function of knee and hip kinematics. 

Torques exerted by the dorsi flexors, shoulder flexors and 

shoulder extensors were represented by nine parameter single-

joint representations of joint torque.  

 

Two planar subject-specific 8-segment forward-dynamic 

torque-driven models of jumping were created using 

Autolev
TM

 (Figure 1) and subsequently compared.  

 
Figure 1:  Two simulation models of 2-footed jumps 

representing the torques exerted by the joints a) single-joint 

torque generator model, b) two-joint torque generator model. 

 

The first simulation model (Figure 1a) used an existing 

methodology; torques at the ankle, knee, hip and shoulder 



joints were calculated from single-joint kinematics [4]. The 

second model (Figure 1b) represented torques at the ankle, 

knee and hip using the kinematics of two joints. The foot-

ground interface was modeled by three vertical linear spring-

dampers, whilst the horizontal location of the toe was fixed. 

The visco-elastic parameters defining the foot-ground 

interface were determined using an angle driven version of the 

model by minimizing the difference between  measured and 

simulated  GRF’s, orientation at take-off, contact time, vertical 

and horizontal take-off velocities and angular momentum, 

using a genetic algorithm.  

 

RESULTS AND DISCUSSION 

Fitting the PF, KF and KE torque measurements using a two-

joint representation of torque resulted in weighted RMS 

differences of 23 Nm, 14 Nm and 26 Nm respectively. For 

different secondary joint angles the differences ranged from 5-

12% PF, 7-10% KF and 8-12% KE of maximum torque. 

Single-joint representations of PF, KF and KE torque resulted 

in weighted RMS differences of 9 Nm, 10 Nm and 22 Nm 

respectively. For different secondary joint angles the 

differences ranged from 5-16% PF, 6-15% KF and 9-18% KE 

(Table 1).  

 

Table 1: RMS difference between measured joint torques and 

those calculated by the respective torque generators 

 

action / secondary 

joint angle (˚) 

single-joint 

(%) 

two-joint 

(%) 

plantar flexion (posterior knee joint angle) 

91 10.6 4.7 

114 16.3 11.9 

160* 5.3 5.1 

knee flexion (posterior hip joint angle) 

141 14.9 9.4 

126 12.4 9.7 

104* 6.2 7.6 

knee extension (anterior hip joint angle) 

146 18.3 8.2 

124 12.4 8.3 

104* 9.3 11.7 

* signifies secondary joint angle used to obtain single-joint model 

parameters. Two joint model parameters obtained from all three 

secondary joint angles 

 

One of the nineteen parameters determined for the two-joint 

torque representation was a measure of the mean moment arm 

ratio for the two joints such that ankle plantar flexion 

(knee:ankle) was 0.15, knee flexion (hip:knee) 1.19 and knee 

extension (hip:knee) 0.44. Flexing the secondary joint by 

approximately 40˚ was accompanied by a greater difference 

between the single-joint representation of torque and measured 

torques than for the two-joint representation (Figure 2).  

a) 

 
 

b) 

 
 

Figure 2:  Knee extensor torques measured in the most flexed 

hip position fitted with: a) two-joint torque generator,  

b) single-joint torque generator. 

 

CONCLUSIONS 

The representation of torque exerted by the plantar flexors, 

considering only ankle joint kinematics, the knee flexors and 

extensors, considering only knee kinematics, and the hip 

flexors and extensors, considering only hip kinematics are 

most suitable when joint angles of secondary joints differ little 

from those used to obtain strength parameters. For knee 

flexion when flexing the hip by 37˚ or for knee extension 

when extending the hip by 42˚ the knee joint are best 

represented by two-joint torque generator representations 

considering the kinematics of both the knee and hip. A two-

joint torque representation of the ankle considering both ankle 

and knee kinematics provides better agreement with measured 

torques than a single-joint representation when the knee angle 

has been flexed by 69˚. The torques measured at the hip can 

include contributions from biarticular knee-hip components 

and this effect should be incorporated when using two-joint 

torque generators in subject-specific simulation models. 
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