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1. Introduction

Over the last 10 years, several studies analyzed 3D 
joint space of the knee and deduced articular contact 
kinematics during various weight-bearing activities (Li 
et al. 2015). Joint space and articular contact 
kinematics provide relevant data on how the intrinsic 
biomechanics of the knee is altered after a disease or a 
surgical procedure, such as knee osteoarthritis (OA) or 
total knee arthroplasty (Li et al. 2015). 

Although very accurate, the methods employed by 
these studies require complex acquisition protocols, 
implying 3D/2D registration techniques or MRI-based 
methods, which turn out unusable in clinical routine. 
The goal of the present study is to assess the feasibility 
of a new method to estimate 3D joint space of the knee 
during dynamic weight-bearing squats, which are the 
2nd most studied activity in orthopedics (Fukagawa et 
al. 2012), performed by healthy and OA subjects. To 
our knowledge, this method based on motion capture 
has never been proposed before. 

2. Methods

2.1 Subjects 

This preliminary study involves two subjects: one 
healthy woman (60 years, 58.3 kg, 156 cm) and one 
OA woman (64 years, 77.8 kg, 150 cm). 

2.2 Kinematic acquisition and optimization 

3D knee kinematics was recorded on the two subjects 
while performing dynamic weight-bearing squats (0°-
60°-0° of knee flexion-extension during 10 seconds) 
with the KneeKG™ (Emovi Inc., Laval, QC, Canada) 
and Polaris Spectra® camera (60-Hz, NDI, Waterloo, 
ON, Canada). The dynamic squats were standardized 
with a proprioceptive jig (Clément et al. 2014). The 
KneeKG™ provides repeatable and reliable 
measurements (Lustig et al. 2012), but they are still 
influenced by soft tissue artefacts (STA) with 
kinematics errors up to 7° and 11 mm (Südhoff et al. 
2007). These STA errors were therefore corrected with 

a multi-body optimization method (MBO) (Gasparutto 
et al. 2015)  

The lower limb model used in MBO consisted of 4 
segments (pelvis, femur, tibia, foot) imposing 
spherical joint constraints at the hip and ankle, and 
parallel mechanism constraints at the knee. The 
parallel mechanism was composed of 2 sphere-on-
plane contacts and 4 deformable ligaments and was 
personalized from the subject-specific 3D knee bone 
models. These 3D models were obtained from the 
upright low-dose biplane radiographic imaging EOS® 
system (EOS Imaging Inc., Paris, France) with an 
accuracy around 2 mm (Cresson et al. 2010).  

2.3 Knee joint space calculation 

Fusion of the 3D bones models of subjects with the 
optimized knee kinematics allowed computing the 3D 
joint space during a descent phase of the recorded 
squats. We established a distance map between the two 
meshes of the femur and tibia at each instant of the 
movement, according to the symmetric Hausdorff 
distance definition (Aspert et al. 2002). 

2.4 Validation 

The validation process was done by comparing the 
distance maps obtained using our method with those 
obtained during a quasi-static squat recorded with the 
EOS® system. The quasi-static squat consisted of 4 
positions of knee flexion and was standardized with the 
same proprioceptive jig used during the dynamic squat. 
The method used to obtain the 3D knee models for 
these 4 positions is detailed in Kanhonou et al. (2014) 
and presents an accuracy and a precision about 0.3° 
and 0.3 mm in terms of positions and orientations of 
knee bones. Calculation of distance maps was the same 
as detailed above. 

3. Results and discussion

The two figures below show the distance maps of the 
healthy and OA subjects obtained from the recordings 
of the KneeKG™ and EOS® systems. 
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Figure 1 Knee distance maps of a healthy subject 

 

Figure 2 Knee distance maps of an OA subject 

On average, measurements based on the KneeKG™ 
recordings overestimates of about 2 mm the distance 
between the articular surfaces of the femur and tibia 
compared to the measurements based on the EOS® 
system. However, the patterns of the distance maps and 
the positions of the points of closest contact remain 
qualitatively similar between the two methods. This 
could be very interesting to assess the joint reaction 
forces and torques in the context of a musculoskeletal 
modeling of the lower limb for example. 

4. Conclusions 
The estimation of joint space using a new method 
based on motion capture showed very encouraging 
results. These results nevertheless remain very 
preliminary. Further investigations on a greater 
number of subjects, i.e. 10 healthy and 10 OA, and 
exhibiting more quantitative data, i.e. the area covered 

by the distance maps on the bones and the position of 
the points of closest contact between the bones, are 
ongoing. 
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