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INTRODUCTION 
Knee osteoarthritis (OA) is a significant cause of disability in 

women and men around the globe.  Obesity is a highly cited 

risk factor for knee OA [1], having been associated with 

increased risk of radiographic OA [2], symptomatic OA [3], 
and accelerated disease progression [4].   While obesity is 

well-established as a risk factor, its role in knee OA 

pathogenesis and progression is not as clear.  Excess weight 

may contribute to an increased mechanical burden and altered 

dynamic movement and loading patterns at the knee.  A recent 

study showing changes in gait patterns associated with high 

weight loss [5] suggests the role of body weight in gait pattern 

definition, but the interacting role of disease presence has not 
been fully explored.  The objective of this study was to 

examine the interacting role of moderate knee OA disease 

presence and obesity on knee joint mechanics during gait.    

 

METHODS 
Gait analysis was performed on 66 asymptomatic individuals 

and 63 individuals diagnosed with moderate knee OA. Four 

subject groups (asymptomatic / healthy weight, N=52; 
asymptomatic / obese, N=14; mod OA / healthy weight, N=12; 

and mod OA / obese, N=51) were defined according to body 

mass index (BMI) and disease presence.   Healthy weight 

subjects had BMI less than 25, and obese subjects had BMI 

greater than 30, while moderate knee OA subjects were 

diagnosed clinically and radiographically with OA but were 

not yet candidates for joint replacement surgery.  

Asymptomatic subjects, recruited from the general population, 
had no history of arthritis or surgery to the lower limbs.  Using 

an Optotrak motion capture system (Northern Digital, Inc.), 

the three dimensional motion of the lower limb was described 

by tracking 16 infrared emitting diode markers.  Three-

dimensional knee joint kinematics were calculated in the joint 

coordinate system [6].  Using custom Matlab software (The 

MathWorks, Natick, MA, USA), and incorporating a force 

platform (AMTI, Watertown, MA), net external joint moments 
were calculated by inverse dynamics [7].  Waveform principal 

component analysis (PCA) was applied to the knee flexion 

angle and the net moments at the knee to extract major 

patterns of variability in the angles and moments over the gait 

cycle [8].  PC scores for major patterns (projections of data 

onto these patterns) were calculated for the subset of PCs 

which explained at least 80% of the variance in the original 

data.  These PC scores, as well as gender, age, thigh girth, 
walking speed, and percent of gait cycle spent in stance phase 

were compared between the 4 groups using a two-factor 

ANOVA. 
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Figure 1:  Net external knee flexion moment plotted against 

the gait cycle for the four subject groups:  Asymptomatic / 

Healthy Weight, solid blue; Asymptomatic / Obese, dotted 

blue; Moderate OA / Healthy Weight, solid red; Moderate OA 

/ Obese, dotted red.  Arrow shows obesity effect (p=0.016). 

 

RESULTS AND DISCUSSION 
Significant disease effects (Table 1) were found in the overall 

magnitude of the knee flexion angle (OA lower), the 

magnitude of the knee adduction moment during stance phase 

(OA higher, Figure 2), and in the relative difference between 

the early and late stance phase knee internal rotation moment 

(OA showed less difference between early and late stance 

phase peaks). Similar differences due to disease presence have 

been demonstrated previously [7, 9].    A significant obesity 
effect was found in the magnitude of the flexion/ extension 

moment during late stance phase (obese lower, Figure 1).  The 

difference between toe-off and mid-swing phase knee flexion 

angles also showed a significant obesity effect, with obese 

subjects having lower flexion angles at toe-off and higher 

flexion angles during swing phase. 

 

Variation in the difference between the maximum and 
minimum of the knee flexion moment during the stance phase 

was highlighted by the second principal component of the 

knee flexion curve, and scores for this second PC showed a 

significant interaction effect between obesity and disease 

presence.  Interestingly, this interaction is characterized by an 



increased range in the knee flexion moment due to obesity in 

asymptomatic subjects and by the opposite effect, or a flatter 

curve, in subjects with moderate OA.  This indicates the 

interacting role played by obesity and moderate OA disease 

presence in patterns of dynamic movement.   Moderate OA 

was associated with a significantly slower walking speed 
(p=0.002), while obesity was associated with increased thigh 

girth (p<0.001).  Moderate OA disease presence and 
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Figure 2:  Net external knee adduction moment plotted 
against the gait cycle for the four subject groups:  

Asymptomatic / Healthy Weight, solid blue; Asymptomatic / 

Obese, dotted blue; Moderate OA / Healthy Weight, solid red; 

Moderate OA / Obese, dotted red.  Arrow shows moderate OA 

effect (p=0.002). 

 

obesity interacted to increase percent time in stance phase 

relative to the complete gait cycle, with obesity producing a 
significantly stronger effect in moderate OA subjects than in 

asymptomatic subjects (p=0.046).   

 

CONCLUSIONS 
These results suggest that some changes in the biomechanical 

patterns of the knee joint during gait with OA can be attributed  

   

to the interacting effects of obesity on joint mechanics. While 

some effects, such as a decreased overall flexion angle and an 

increased overall knee adduction moment have previously 

been shown to be related to knee OA [8, 9], some of the BMI 

effects, and the interaction effects shown here have not been 

previously demonstrated. In part, limiting the scope of the 
progression of osteoarthritis to the moderate stage has allowed 

the interacting effect of obesity to be better identified.  Many 

studies have focused on the complete spectrum of severity of 

OA, which is highly variable in its mechanical manifestation, 

and as such it has proven difficult to identify the role of 

distinct factors.  Although increased body mass has been 

shown to contribute to higher mechanical loading at the knee 

during walking [5], evidence of kinematic adaptations 
associated with increased size and weight have also been 

identified [10]. Our results support the hypothesis that the 

adaptive process from early to moderate OA manifestation 

may be mechanically different for those who are obese than 

for those of healthy body weight.  Given the increasing 

prevalence of obesity, these findings may have important 

implications for OA disease indications and treatment 

development strategies.    Patient specific therapies are 
needed, taking into account not only increased body weight 

but also individual anthropometrics which may influence joint 

mechanics.  
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Table 1: P-values for OA, obesity, and interaction effects and description of the waveform feature that each significant PC 
explains, bold indicates significance (p<0.05). 

Gait Measure PC 
OA 

Effect 
Obesity 
Effect 

Interaction 
Effect 

Feature Described 

Flex/Ext Angle 1 

2 

3 

0.001 
0.721 

0.045 

0.813 

0.042 

0.007 

0.647 

0.130 

0.029 

overall magnitude throughout gait cycle 

difference from toe-off to mid-swing phase 

a flattened curve  throughout gait cycle 

Ad/Abduction Moment 1 

2 

3 

0.002 
0.192 

0.765 

0.647 

0.691 

<0.001 

0.569 

0.070 

0.022 

overall magnitude during stance phase 

difference between early and late swing phase 

difference between early and late stance phase 

Flex/Ext Moment  1 

2 
3 

0.090 

0.001 
0.611 

0.016 
0.538 

0.044 

0.389 

0.005 
0.799 

magnitude during late stance phase 

difference between early and late stance phase 
magnitude during swing phase 

Int/Ext Rotation Moment 1 

2 

3 

0.547 

0.497 

0.045 

0.163 

0.207 

0.001 

0.276 

0.957 

0.177 

decreased early in stance phase, increased in swing 

increased late in stance phase 

lower in early stance phase 

 


