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INTRODUCTION 
The aim of this study was to develop a new six-segmented 
foot model and to apply this on an rheumatoid arthritis (RA) 
patient group to gain insight in the possible changes in the foot 
kinematics, particularly in the midfoot and  the medial 
forefoot. Previous studies using multi-segment foot models in 
an RA population had fewer segments and did not include a 
midfoot segment, although a medial collapsed arch is an 
important feature of the foot deformation in RA.  [1,2,3]. 
 
METHODS 
47 patients (17 M, 30 F) with rheumatoid arthritis, diagnosed 
by the ACR-criteria, participated in the study (61.2±10 yr, 
76.6±14 kg, 166.3±7 cm). Their average disease duration was 
15.2±12.1 yr. 77% showed low, 16% average and 6% high 
disease activity according to the DAS28. 49 healthy subjects 
(18 M, 30 F), without foot complaints or injuries to the lower 
limb, formed the control group (55.3±13 yr, 72.6±15 kg, 
168.7±9 cm). All subjects walked barefoot over a 12 m long 
instrumented walkway. Kinematic data were collected with a 6 
camera opto-electronic system (Oqus 3, Qualysis, Sweden) at 
500 Hz. A plantar pressure platform (Footscan®, RSscan, 
Belgium) was mounted on top of a force platform (Accugait, 
AMTI, USA) and both were build into the middle of the 
walkway. Force data were collected at 1000 Hz and pressure 
data at 500 Hz. A midgait protocol was used and trials with 
obvious targeting for the platform were excluded from further 
analysis. The subjects used a self selected comfortable 
walking speed.  Data collection continued till 5 usable trials 
were registered. 
To identify and track the segments 23 reflective markers 
(7mm Ø) were used. They were placed on anatomical 
landmarks on the foot and the lower leg and some 
supplementary tracking markers were added (Fig.1).  
 
 
 
 
 
 
 

Fig.1: marker positions on the foot 
 

The captured data were analyzed with Visual 3D software (C-
motion, Germantown, MD, USA) using standard Euler 
rotations. For each foot segment, rotation about the latero-
medial axis was defined as plantar-/dorsiflexion (red axes Fig.  
2). In-/eversion was rotation around the longitudinal axis of 

the foot (proximo-distal) (green axes Fig. 2). Rotation about 
the plantar-dorsal axis for the foot segments was called ad-
/abduction (blue axes Fig. 2). Therefore, abduction from the 
first metatarsal and the hallux was movement away from the 
sagittal plane but indicated adduction towards the longitudinal 
midline of the foot. Segment positions and intersegment 
angles were calculated in respect to a static reference position 
in a small tandem stance with the subtalar joint in a relaxed 
position. Kinematic data were filtered using a recursive 
Butterworth low-pass filter at 10 Hz and were normalized to 
stance phase. Duration of the stance phase was derived from 
the kinetic data and timing within the stance phase was based 
on the plantar pressure data.  
Statistical analysis was done in IBM® SPSS® Statistics 19 
using an independent samples T-test.  

Fig.2: the 5 segments of the foot with indication 
of all axes of rotation and motions 

PF= plantar flexion, DF= dorsiflexion, INV= inversion, EV=  
eversion, INT ROT= internal rotation, EXT ROT= external  

rotation, ADD= adduction, ABD= abduction 

 
RESULTS AND DISCUSSION 
 
Preliminary results showed significant differences between the 
healthy control group and the patients for the ROM (See Table 
1). The ankle plantar/dorsiflexion and internal/external 
rotation, midfoot inversion/eversion, lateral forefoot and 
hallux movement in all three planes showed a smaller ROM. 
The medial forefoot inversion/eversion showed a larger ROM. 
Minimum values differ significantly between both groups for 
ankle plantar/dorsiflexion and internal/external rotation, 
medial forefoot inversion/eversion and adduction/abduction, 
all motions of the lateral forefoot and hallux 
plantar/dorsiflexion. Maximum values differ significantly 
between both groups for ankle plantar/dorsiflexion and 
internal/external rotation, medial forefoot inversion/eversion 
and adduction/abduction, all motions of the lateral forefoot 
and hallux plantar/dorsiflexion.  



Table 2: Ranges of Motion (ROM) for the different 
movement of the foot segments for the  healthy 

controls and for the rheumatoid arthritis (RA) patients 
PF= plantar flexion, DF= dorsiflexion, INV= inversion, EV=  
eversion, INT ROT= internal rotation, EXT ROT= external  

rotation, ADD= adduction, ABD= abduction, *p≤0.001, †p≤0.05 
 
As an example the graphs for the intersegment angles of the 
the hallux are documented (See Fig.3). 
For all motions in all the segments, except for midfoot 
adduction/abduction, the RA group demonstrated a smaller 
ROM. Most of the significant differences are noted in the 
forefoot and the hallux.  This is not surprising since forefoot 
and hallux are often the most affected sites in RA feet. Bigger 
differences were expected in the midfoot, but could not be 
revealed within this patient group. The majority of the patients 
 
 
 
 
 
 
 
 
 
 
 

had only discrete deformations on the feet, which might not 
reflect in changed biomechanics yet. They were selected from 
a bigger cohort, consisting out of 106 RA patients, 
consecutively presenting for their routine check up. Foot 
problems or deformation was not a prerequisite to enter the 
study. Moreover 77% showed low disease activity (DAS 28 < 
3.2) indicating that their disease was well controlled and that 
they were not in an acute stage. Further research should focus 
on the more severely affected feet in RA patients and on 
defining when changes in foot biomechanics of RA patients 
are to be expected. 
The possible influence of the differences in walking speed 
between the controls and the RA group on the different 
segments is yet to be analyzed just like the differences in the  
timing of the different kinematic events. 
Future research should also focus on the clinical relevance and 
the functional impact of the differences found.  
 
CONCLUSIONS 
 
A six-segmented foot model was used to gain insight in the 
possible changes in the foot kinematics, particularly in the 
midfoot , the medial forefoot and the hallux, caused by foot 
problems and deformations due to RA. Significant differences 
could be demonstrated in the ROM between the healthy 
controls and the RA patient group. 
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: Range of motion (ROM) of the different motions for 

Fig.3:  Intersegment angles for the hallux plotted against stance phase 
The standard deviation zone (band) around the mean pattern (solid line for RA patients, dotted line for controls) 

shows the variation between the different subjects. 
PF= plantar flexion(-), DF= dorsiflexion(+), INT ROT= internal rotation(-), EXT ROT= external rotation(+), 

ADD= adduction(-), ABD= abduction(+), INV= inversion(-), EV= eversion(+) IFC = initial foot contact, IMC =  
initial metatarsal contact, FFF = forefoot flat, HO = heel off, LFC = last foot contact 

 


