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 Three-dimensional (3-D) kinematic data were collected for 9 normal subjects as they 
walked on an AMTI force plate treadmill at 1.0 m/s and were recorded using a 12-camera 
Vicon system at 150 frames per second and using the Plug-In Gait full body marker set. 

 Subjects walked with either set step widths, or set pelvic conditions, that mimic hip OA 
gaits. 

 3-D marker kinematic data were filtered using a Woltring filter and all joint angles were 
calculated using Vicon Nexus. Step widths were calculated using a custom written script in 
MATLAB. 

 

 

 

 

 

Background Methods 

 Hip osteoarthritis (OA) causes patients to experience pain, stiffness and swelling leading to 
reduced hip function and quality of life. Patients with hip OA walk with characteristic 
compensatory gait strategies1,2,3. Notably, they tend to either decrease pelvic obliquity on 
the affected side leading to a Trendelenburg gait or increase pelvic obliquity leading to 
pelvic elevation. Patients also either increase or decrease step width. Despite 
documentation of these patterns, the relationship between factors underlying these 
compensatory mechanisms are not fully understood. It is unknown how either are related 
to whole-body stability and balance in the frontal plane, nor why certain subjects would 
adopt one or the other strategy. 

 To investigate the mechanics underlying the compensatory strategies in hip OA 

 To determine the relationship between pelvic motion and step width. 
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 Differences between conditions were tested for 
significance using Linear Mixed Models with subject 
as a random factor, using null-based comparator 
models and post-hoc tests for significance between 
group factors.  
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Figure 1: Pelvic and hip 
motions for varying step 
widths (normal, narrow, 
wide). 1A shows mean 
hip ab/adduction angles 
over the stride. 1B 
shows average pelvic 
obliquity angles over the 
stride. Fig 1 shows for 
each condition: C: mean 
relative step widths; D: 
mean hip adduction; and 
E: pelvic list range of 
motion.  

Figure 2: Pelvic and hip 
motions for varying pelvic 
conditions (normal, pelvic 
drop, hip hike). 2A shows 
mean hip ab/adduction 
over the stride. 2B shows 
average pelvic obliquity 
angles over the stride.   
Fig 2 shows for each 
condition: C: mean 
relative step widths; D: 
mean hip adduction; and 
E: pelvic list range of 
motion. 1B 1A 
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3A 3B 3C 3D Figure 3: Bivariate plots 
showing relationship 
between relative step width 
and hip abduction average for 
changing step width 
conditions (3A) and changing 
pelvic conditions (3B) or 
pelvic list range of motion for 
changing step width 
conditions (3C) or pelvic list 
range of motion (3D).   

 In both the altered step width condition, and the altered pelvic motion condition, pelvic and hip motions were linked to step width.   

 Hip adduction was significantly different between step width conditions. Hip adduction decreased as steps widen.  When controlling for step widths, walking with 
wide steps significantly decreased pelvic list range of motion compared to normal and narrow walking.  

 When pelvic condition was controlled for, walking with a hip hike or exaggerated pelvic drop resulted in wider steps, though this was only significant for the hip 
hike condition. Walking with a hip hike also led to significantly decreased hip adduction compared to normal walking or walking with a pelvic drop. The pelvic list 
range of motion was also significantly different between all pelvic conditions, with both altered conditions having a larger range of motion. 

 Our results suggest that compensatory hip OA gaits may be a means to increase the base of support during walking, as both pelvic conditions increased step 
width. At the same time, our results show that there is a direct link between step width and hip and pelvic motion. Wider steps therefore likely affect the forces 
and moments experienced by the hip, which are likely to dictate hip pain levels during walking. How each of these factors are prioritized in an individual patient 
remains the focus of future research. 
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