
 
 

LOSS OF FORE FOOT TO HIND FOOT KINEMATIC COUPLING IN RHEUMATOID ARTHRITIS 
 

1 Rosemary Dubbeldam, 1 Jaap Buurke, 1 Anand Nene, 2 Hetty Baan and 1 Hermie Hermens  
1Roessingh Research and Development, Enschede, The Netherlands, 

2Ziekenhuis Groep Twente, Enschede, The Netherlands; email: r.dubbeldam@rrd.nl, web: www.rrd.nl 
 

SUMMARY 
Rheumatoid arthritis (RA) subjects suffer from foot and ankle 
impairments during gait. Analysis of their foot and ankle joint 
kinematics can provide insight into the causes and or 
mechanisms of such gait impairments. MTP I and hind foot 
joint kinematics are affected by the RA disease process and 
the bones are attached by plantar foot structures which are 
frequently involved in the disease process too. The aim of this 
study was to analyse joint coupling of MTP I dorsi-flexion and 
hind foot eversion of RA subjects and compare them with 
those of healthy subjects. The Pearson correlation coefficient 
(CC) was used to assess the relationship between MTP I dorsi-
flexion and hind foot eversion motion. A non-parametric 
Mann-Whitney test was used to detect significant difference in 
joint coupling between the RA and healthy subjects.  
Strong coupling (CC >0.9) was observed for healthy subjects. 
Although strong coupling was observed for several RA 
subjects, the average RA coupling value (CC 0.8) was 
statistically significantly lower. For the RA subjects with poor 
coupling between MTP I dorsi-flexion and hind foot eversion, 
degeneration of the attachment of the plantar fascia to the 
calcaneus was observed in MRI images. Hence, in future 
studies assessment and analysis of plantar structures may 
improve understanding of the causes and mechanisms of 
observed kinematic changes in the RA foot and ankle 
compared to healthy subjects. 
 
 
INTRODUCTION 
RA subjects suffer from gait impairments at an early stage of 
the disease process and reductions in foot and ankle joint 
kinematics compared to healthy subjects have been identified 
[1,2]. These kinematic changes can be attributed to the 
reduction in walking speed which RA subjects display, as well 
as to other, not yet defined factors of the disease process [3]. 
The disease process directly influences maximum MTP I 
dorsi-flexion at toe-off and mid foot and hind foot eversion 
during mid-stance. Plantar structures such as the intrinsic foot 
muscles and plantar fascia connect the bony structures of the 
fore, mid and hind foot. Degeneration of the plantar structures, 
which are frequently reported in RA [4], may alter the natural 
joint coupling of the foot and ankle. While a relationship 
between MTP I flexion and hind foot eversion has been 
suggested in healthy subjects, it has not been confirmed [5]. 
The aim of this study was to analyse the coupling between 
MTP I and hind foot eversion in healthy and RA subjects. 
 
 

 
METHODS 
Twenty-four RA subjects with various disease severity and 
fourteen healthy subjects without foot and ankle complaints 
participated in this study. Nineteen infra-red reflective 
markers were attached to the lower limbs of the subjects 
according to the method described by Simon [6] and their gait 
was recorded with a 6-camera video-based (1.3 megapixel, 
100 Hz) analysis system (Vicon Nexus, Oxford Metrics group, 
UK). For the RA subjects, one foot was measured while 
walking at a comfortable speed. For each healthy subject the 
right foot was measured in three sequential sessions at 
comfortable walking speed (Vc) and at 75% (V75) and 50% 
(V50) of the comfortable walking speed to analyse the effects 
of walking speed on the kinematics. Temporal-spatial 
parameters and MTP I dorsi-flexion and hind foot eversion 
motion were assessed. The Pearson correlation coefficient 
(CC) of the relationship between MTP I dorsi-flexion and hind 
foot eversion motion during stance phase of gait was 
calculated (SPSS 16.0, Chicago, IL, USA) and only those CC 
values with a statistical significance of p<0.001 were taken 
into account in further calculations. The effect of the walking 
speed on the CC values of the healthy subjects was analysed 
by means of a repeated ANOVA. A non-parametric Mann-
Whitney test was used to compare the healthy and RA subject 
groups to analyse the effect of RA on the coupling values. 
 
 
RESULTS AND DISCUSSION 
The healthy subjects walked at comfortable speed of 1.28 m/s 
and the RA subjects at a much lower speed of 0.78 m/s. The 
mean, maximum and minimum values and corresponding 
standard deviation of the assessed correlation coefficient of 
the relationship between MTP I dorsi-flexion and hind foot 
eversion are given for both groups in table 1. For each subject 
the CC is plotted as function of walking speed in figure 1.   
 
Table 1: Average, minimum and maximum values and 
corresponding standard deviation (SD) of the CC for healthy 
(Vc, V75 and V50) and RA subjects (RA) 

Correlation 
coeff (CC) 

CCave  
(SD) Vc 

CCave 
(SD) V75 

CCave 
(SD) V50 

CCave  
(SD) RA 

MTP I 
dorsifl. - 
Hind foot 
eversion 

0.93 
(0.06) 

0.93 
(0.05) 

0.91 
(0.06) 

0.81 
(0.16) 

Range CC 0.79-0.98 0.85-0.98 0.81-0.98 0.39-0.96 



 

Figure 1: Correlation coefficient of the relationship between 
MTP I dorsi-flexion and hind foot eversion for healthy and 
RA subjects. 
 
 

 
 
 

Figure 2 Example of individual CC variations of the MTP I 
dorsi-flexion to hind foot eversion coupling relationship for 
three walking speeds. 
 
 

 
 

Figure 3: Angle-angle plot of MTP I dorsi-flexion and hind 
foot eversion for the average healthy subject and examples of 
two RA subjects: one with good and one with poor coupling. 
 
 
A strong relationship between MTP I dorsi-flexion and hind 
foot eversion motion was observed during the stance phase of 
gait for healthy subjects. Walking speed did not have a 

statistical significant effect on the coupling values for the 
healthy subjects and the standard deviations of the CC’s of the 
healthy subjects group were comparable to individual 
variations (figure 2).  
 
The average CC for the RA subjects was statistically 
significantly lower than that of the healthy subjects (p=0.002). 
Although for many RA subjects a good coupling was observed 
between MTP I dorsi-flexion and hind foot eversion, for 
several RA subjects poor coupling (CC <0.7) was observed 
(figure 3). Coupling between hind foot and fore foot may be 
controlled by plantar structures such as the plantar fascia, 
which attach the calcaneus to the meta-tarsalia and phalanges. 
On MRI images, tendinitis of the attachment of the plantar 
fascia to the calcaneus was observed for RA subjects with 
poor coupling. No or limited degeneration of the plantar fascia 
was observed for the RA subjects with good coupling.  
 
The relationship between MTP I dorsi-flexion and hind foot 
eversion is linear most part of the stance-phase (figure 3). 
Hence the use of a linear correlation coefficient to quantify 
this coupling relationship is acceptable. Other methods such as 
the coupling-angle and the relative phase angle have been used 
in literature to study joint coupling, however neither of these 
methods have a single value that can be used to quantify the 
coupling relationship. 
 
 
CONCLUSIONS 
The coupling relationship between MTP I dorsi-flexion and 
hind foot eversion motion was assessed for healthy and RA 
subjects. Strong (CC 0.9) and almost linear coupling was 
observed for the healthy subjects and RA subjects had a 
statistically significantly lower coupling value (CC 0.8). 
Within the RA group, a good coupling relationship was 
assessed for some subjects while other subjects for whom 
degeneration of the plantar structures was observed on MRI 
images, the coupling relationship was poor. From these 
observations we suggest to include assessment of plantar foot 
structures in future studies which aim to study the effects of 
foot and ankle structural degeneration on foot and ankle 
kinematics. 
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