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SUMMARY 
The analysis of motor joint moments is a contemporary topic 
in gait analysis through induced acceleration analysis and 
estimation of musculo-tendon forces by constrained 
optimisation. 
The present study proposes to compare the knee motor joint 
moment computed by four different approaches during gait. 
Two approaches are based on the Newton-Euler equations of 
motion: projection of net joint moment on the instantaneous or 
the mean knee extension/flexion axis. Two other approaches 
are based on the Lagrange equations of motion: joint moment 
about the DoF axis of a hinge joint or a parallel mechanism. 
Evaluated on nine asymptomatic subjects, all mean 
extension/flexion moments were similar and consistent with 
the literature. Only two approaches presented 
adduction/abduction and internal/external rotation moments, 
previously unreported. These components of knee motor joint 
moment should have a significant influence on induced 
acceleration analysis or musculo-tendon forces estimation. 
 
INTRODUCTION 
The analysis of motor joint moments (sometimes called motor 
torques) is a contemporary topic in gait analysis. 
These motor joint moments allow the analysis of the 
acceleration induced to the joints or segments [1-3]. These 
motor joint moments also allow the estimation of musculo-
tendon forces in musculo-skeletal modelling [4-6]: when 
either inverse dynamics and static optimisation or forward 
dynamics assisted data tracking are used, the estimated 
musculo-tendon forces multiplied by the muscle lever arms 
are constrained to equal the motor joint moments. 
 
The present study proposes to compare the knee motor joint 
moment computed by four different approaches during gait. 
Two approaches relate to a first definition of motor joint 
moment. The motor joint moment is defined as the moment 
that produces power. Following this definition, the knee motor 
joint moment can be computed as the projection of the net 
joint moment (obtained by the Newton-Euler equations of 
motion) on the extension/flexion axis: either the mean or the 
instantaneous rotation axis. 
Two other approaches relate to a second definition of motor 
joint moment. The motor joint moment is the moment that acts 
on the degree of freedom (DoF) of a kinematic model. 
Following this definition, the knee motor joint moment 
(obtained by the Lagrange equations of motion) is the moment 

about the joint DoF axis: either the DoF axis of a hinge joint 
or the DoF axis of a parallel mechanism [7]. 
 
METHODS 
One gait cycle at self-selected speed for nine asymptomatic 
subjects (2 females and 7 males: 273 years old, 678 kg, 
1746 cm) was measured using a Motion Analysis system 
with six Eagle cameras (Santa Rosa, USA) and two Bertec 
forceplates (Columbus, USA), synchronized at sampling 
frequencies of 100 Hz and 1000 Hz, respectively. Thirteen 
retro-reflective markers were fixed on classical anatomical 
landmarks of the pelvis and the right lower limb and allow 
defining the segment coordinates systems [8]. The body 
segment inertial parameters were estimated by regressions [9]. 
 
The knee net joint moment (M) was first computed by a 3D 
segment inverse dynamics (i.e., Newton-Euler equations of 
motion) using a specific set of segment parameters [10]. 
Notably, one of the segment parameters is an axis (w) 
corresponding to the mean extension/flexion axis of the joint, 
computed functionally [11] during gait. The motor joint 
moment was computed by projecting the net joint moment 
(M) on the angular velocity () axis (i.e., motor joint moment 
M) or on the mean extension/flexion axis (i.e., motor joint 
moment Mw). 
Using the same segment parameters, but introducing the 
kinematic constraints of a lower limb model [12], the joint 
moment (MK) was computed by a 3D lower limb inverse 
dynamics (i.e., Lagrange equations of motion). The kinematic 
constraints at the knee joint were either those of a hinge joint 
(i.e., motor joint moment MK1) or a parallel mechanism (i.e., 
motor joint moment MK2). 
 
The knee motor joint moments (M, Mw, MK1, MK2) were then 
normalized to dimensionless values [13] and expressed in the 
joint coordinate system (Zfemur = w, Xfloating, Ytibia) of the knee 
[14]. The knee motor joint moments presented different 
components of extension/flexion, adduction/abduction and 
internal/external rotation due to the orientation of the axes  
and w and the orientation of the hinge and parallel mechanism 
DoF axes. 
 
 RESULTS AND DISCUSSION 
Figure 1 presents the mean and SD of extension/flexion, 
adduction/abduction and internal/external rotation moment 
components for the four different approaches (M, Mw, MK1, 
MK2). 
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Figure 1: Mean and SD of (a) extension/flexion, (b) 
adduction/abduction and (c) internal/external rotation 
components of the dimensionless knee motor joint moments 
during gait (M:     , Mw:     , MK1:     , MK2:      ). 
  
The patterns of extension/flexion were very similar (except for 
M at some specific frames) and were close to previously 
reported knee motor joint moments [15-17]. The differences 
concerning M correspond to the specific frames where the 
knee net joint moment (M) and the knee angular velocity () 
are closely orthogonal [18].  
Only the motor joint moments computed without any 
kinematic constraints (i.e., direct computation of the 
instantaneous rotation axis ) and with the most complex 

kinematic constraints (i.e., parallel mechanism providing 
coupled DoFs) presented components in adduction/abduction 
and internal/external rotation. Such components of knee motor 
joint moment were previously unreported. However, the 
patterns of these components were very dissimilar. 
 
Nevertheless, considering either an extension/flexion only 
knee motor joint moment or a fully 3D knee motor joint 
moment (i.e., extension/flexion adduction/abduction and 
internal/external rotation components) has a significant 
influence on musculo-tendon forces estimation [16, 19, 20]. A 
more comprehensive analysis of this influence on both 
induced acceleration analysis and musculo-tendon forces 
estimation is required. 
 
 
CONCLUSIONS 
The knee motor joint moment was computed by four different 
approaches during the gait of nine asymptomatic subjects. 
Two approaches were based on the Newton-Euler equations of 
motion: projection of net joint moment on the instantaneous or 
mean knee extension/flexion axis. Two other approaches were 
based on the Lagrange equations of motion: joint moment 
about the DoF axis of a hinge joint or parallel mechanism. 
All mean extension/flexion moments were similar and 
consistent with the literature. Only two approaches presented 
adduction/abduction and internal/external rotation moments. 
These components of motor joint moment are usually 
unreported but should have a significant influence on induced 
acceleration analysis or musculo-tendon forces estimation. 
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