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Background 
Over the past 20 years, the field of human movement 
biomechanics collected a huge amount of integrated 3D 
motion capture data in both healthy subjects and those 
with various musculoskeletal pathologies. This has 
resulted in a large data set of kinematics and kinetics 
describing locomotor function, during a range of 
activities of daily living in a large population. Further, 
with accelerated acquisition and increased quality of 
medical imaging, rich data sets on musculoskeletal 
geometry are also steadily becoming more available. 
While this data is often used to perform a case-by-case 
cross sectional analysis on specific individuals, they 
remain a sparse sample of specific populations. 
Therefore, we explored emerging techniques for 
population-based modelling approaches. Given the 
relevance of mechanical loading as driving factor and its 
high prevalence [1], the use, applicability, and relevance 
of these model-based approaches in knee OA will be 
discussed. 
 
Recent Advances 
Two specific population-based methods will be 
introduced, both based on data reduction and principal 
component analysis: The first is based on principle 
components derived from motion capture data – 
specifically joint angles or kinematics [2]. Using 
existing datasets from both healthy control subjects, and 
patient with knee OA, we determined and defined the 
average 3D kinematic gait pattern during walking gait 
along with the primary variations seen within a studied 
knee OA population. The second, relates to knee joint 
alignment – specifically femoral and tibial bone and 
cartilage geometry [3]. Using SSM modelling approach, 
the average geometry and primary variation in geometry 
are determined. In isolation, each of these approaches 
can determine specific kinematics and/or geometric 
variations which are unique to each population and may 
relate to disease onset or progression. Further, based on 
clustering methods, specific knee OA phenotypes can be 
defined, identifying subjects at risk of accelerated 
progression.  
In combination with state-of-the-art musculoskeletal 
modelling, both these methods provide exciting 
opportunities to unravel the knee joint loading landscape 
of the knee OA joint. By using the statistical 
distributions of gait kinematics, and joint geometry – we 
can, at least in theory, clinically relevant parameters 
from MSK modelling such as joint contact forces and 
pressure. Using novel state-of-the-art methods, we can 
include different joint geometries in our musculoskeletal 

models to determine the effect of joint geometry on 
estimated joint contact parameters. Further, using 
reconstructions of gait patterns – the effect of different 
gait patterns on joint contact loading parameters can be 
determined. 
 
Future directions 
Population-informed models and simulations, if 
informed by rich enough data, will be used to develop 
machine learning based approaches to estimate joint 
loading parameters based on lower dimensional data 
(e.g., joint dimensions combined with 3D accelerometer 
data).   

 
Figure 1: Schematic representation of population-based 
joint loading landscape. 
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