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ABSTRACT 

Joint damage in rheumatoid arthritis is frequently assessed using radiographs of hands and feet. Evaluation includes 
measurements of the joint space width (JSW) and detection of erosions. Current visual scoring methods are time-
consuming and subject to inter- and intra-observer variability. Automated measurement methods avoid these limitations 
and have been fairly successful in hand radiographs. This contribution aims at foot radiographs. 
Starting from an earlier proposed automated segmentation method we have developed a novel model based image 
analysis algorithm for JSW measurements. This method uses active appearance and active shape models to identify 
individual bones. The model compiles ten submodels, each representing a specific bone of the foot (metatarsals 1-5, 
proximal phalanges 1-5). 
We have performed segmentation experiments using 24 foot radiographs, randomly selected from a large database from 
the rheumatology department of a local hospital: 10 for training and 14 for testing. Segmentation was considered 
successful if the joint locations are correctly determined. Segmentation was successful in only 14%. To improve results a 
step-by-step analysis will be performed. 
We performed JSW measurements on 14 randomly selected radiographs. JSW was successfully measured in 75%, mean 
and standard deviation are 2.30±0.36mm. 
This is a first step towards automated determination of progression of RA and therapy response in feet using radiographs. 
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INTRODUCTION 

Rheumatoid arthritis (RA) is an inflammatory disease causing swelling, pain and stiffness leading to loss of function in 
joints. Commonly affected joints are the small joints in hands, wrist and feet. Current treatments focus on pain relief, 
inflammation reduction and therefore reducing joint damage. To reduce joint damage detection in an early stage is 
essential.  

Joint damage in RA is frequently assessed using radiographs of hands and feet. Evaluation includes measurements of the 
joint space width (JSW) and detection of erosions. Current visual scoring methods, as used in clinical research1,2, are 
time-consuming and subject to inter- and intra-observer variability3,4. Improved treatment strategies have reduced joint 
damage and the currently used scoring methods are falling short in sensitivity to detect the minimal changes in early 
arthritis.  
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Computerized methods to measure JSW in hand radiographs have been proposed 5–9. These systems have been fairly 
successful, reducing subjectivity, measuring on a metric scale with a higher sensitivity and improved reproducibility 
7,10–16. However automated quantification of bone loss and erosion in hand joints has only been demonstrated in a few 
cases using µCT and MRI17.  

The aim is to develop automated methods to measure joint damage (JSW, erosions) with a higher sensitivity to change 
compared to the currently used visual scoring methods.  

This paper focuses on the first step of automatic measurements on foot radiographs: segmentation and JSW 
measurements, in which individual joints are located and JSW is measured (semi-)automatically. The long term goal of 
this algorithm is fully automated quantification of disease progression in RA.  

METHOD 

A fairly successful method for automatic segmentation on hand radiographs was developed by Kauffman et al. 18,19 We 
have now redesigned this method for foot radiographs. We use a set of ten foot-radiographs (anteroposterior view) 
randomly selected from a large database from the rheumatology department of a local hospital for training. We have 
selected another 14 foot radiographs from the same database for testing. Inclusion criteria were; maximal one 
radiographs per patient, only radiographs made from one foot, radiographs made after the first of December 2012. Pixel 
size was 10 pixels per millimeter.  

In order to use left and right feet images in a single model, the left-foot images were mirrored. Foot radiographs usually 
include the tarsals as well as the metatarsals and phalanges. For damage assessment only the metatarsal-phalangeal joints 
(MTP) 1-5, interphalangeal joint (IP) are evaluated. Therefore, we preprocess the images by removing redundant –and 
most likely disturbing- information. We manually indicated the upper left corner of the proximal phalanx and the right 
lower corner of  the cropped image containing metatarsal 1-5 and proximal phalanges 1-5. The box defined by the x- and 
y-coordinates of these points is used for further analysis.  

The segmentation method uses multiple connected active appearance models (AAM)20–22. We use 10 connected 
submodels each representing an individual phalanx (metatarsals 1-5, proximal phalanges 1-5), since these are the six 
joints per foot that are also included in the visual scoring (MTP 1-5, IP 1). The model for individual bones was created 
using manually outlined contours using a custom made application, that allows to place 64 equally distributed landmarks 
on each of the contours with the help of an earlier developed “fish bone” shaped grid18. This “fish bone” also helps 
define corresponding landmark positions of multiple images (Figure 1-2).  
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Automatic segmentation was correct in 12 joints (14%). Joint locations were manually indicated when automatic 
segmentation failed so JSW measurements could be performed on all joints.  

JSW measurements were evaluated by a rheumatologist (HM). 51% was considered correct. 24% was considered 
”almost correct”, 15% completely wrong. In 10% the program failed to automatically determine joint margins (Table 1). 
Examples of the different kinds of joint margins are shown in Figure 7-9.  

 

 

 
Figure 6 Example of outcome of the segmentation 

algorithm; in blue the surrounding boxes, in yellow the 
contours 
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Table 1 Results of JSW measurements 

MTP1 MTP2 MTP3 MTP4 MTP5 IP1 
Correct 7 (50%) 11 (%) 7 (50%) 6 (43%) 7 (50%) 5 (36%) 

”Almost Correct” 1 (7%) 3 (21%) 5 (36%) 5 (36%) 4 (29%) 2 (14%) 
Completely wrong 2 (14%) 0 (0%) 1 (7%) 1 (7%) 3 (21%) 6 (43%) 

Program failure 4 (29%) 0 (0%) 1 (7%) 2 (14%) 0 (0%) 1 (7%) 
 

Table 2 Mean and standard deviation values of foot joints, values in millimeter 

MTP1 MTP2 MTP3 MTP4 MTP5 IP1 Total 
Mean-std 2.22 2.39 2.11 1.95 1.74 1.77 1.94 

Mean 2.39 2.69 2.28 2.18 1.99 1.90 2.30 
Mean+std 2.57 2.98 2.44 2.41 2.23 2.02 2.65 

 

 

Figure 11 Mean and standard deviation values of foot joints 
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DISCUSSION 

The radiographs have been manually preprocessed, however, using a positioning aid might provide tools to automatically 
perform the preprocessing. 

Although our segmentation method successfully determined 14% of our test data, we believe that this method should 
perform much better since a the AAM-method used on hand radiographs is able to correctly find over 73% of all bone 
contours18. Causes of failures of the automatic segmentation method will be determined using a step-by-step analysis. 
Our JSW measurement method successfully determined joint margins in 51%. We are confident that we are able to 
improve our JSW measurement method; using a different definition of an “incorrectly detected point” and therefore 
allowing larger deviations. Also, we will investigate how to improve the determination of the joint space along the 
profile plots, since this caused failure to determine joint margins in 15%. Our aim should be to correctly determine joint 
locations and identify joint margins in over 80%.  

The determined JSW values are plausible. We did not find literature to compare our measurements against. Foot 
radiographs are currently made using a projection angle (angle of the path of an x-ray with regard to the orientation of 
the exposed object) of 15 degrees. This may reflect in errors in consecutive JSW measurements as well as erosion 
detection23,24. Although it is not yet known how large these errors are in feet, further standardizing acquisition using for 
example a positioning aid is expected to improve outcome. Still, this is a first step establishing normal values for feet 
joints as are already established in hand joints 25,26. Since individual JSW values are irrelevant in the assessment of 
disease progression, they differ per person, method for automated determination of progression of RA can be used to 
assess changes over time. 

CONCLUSIONS 

We described and tested methods to automatically locate and measure the distance of joint of the foot using radiographs. 
The segmentation method is based on an earlier developed AAM-based method for segmentation of hand radiographs.18 

We evaluated the segmentation method and automatic JSW measurement method using 14 randomly selected 
radiographs. As in currently used scoring methods for damage assessment in RA, we addressed only MTP 1-5 and PIP 1. 
The segmentation method was able to correctly find 12 out of 84 joint locations. Joint margins were correctly found in 
51%.  Failures of the automatic JSW measurement method were caused by incorrectly found joints space.  

This is a first step towards automated determination of progression of RA in feet using radiographs. Next steps are 
improving the algorithms and to involve the addition of automatic erosion detection on foot radiographs.  
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