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Abstract— Four different methods of fractal analysis able to 

analyze grayscale images were applied to trabecular structure of 

the calcaneus, as it appears on the plain lateral radiograph. Their 

capacity to recognize a radiograph as belonging to a pre- or 

postmenopausal group was investigated. The study used 3 

different regions of interest (ROI), after digital processing. Two-

tailed p-value was calculated to compare the results. K-means 

clustering, nearest neighbor (1-nn) and 3-nearest neighbor (3-nn) 

algorithms – were used to objectively assess the ability of these 

analysis methods to discriminate the two sets of radiographs. 

Using these methods, 19 out of 24 X-rays were correctly classified 

(p = 0.004). 

Introduction 
Bone strength is determined by bone mineral density 

(BMD) and bone quality [1]. After the limits of BMD to 

assess risk fracture became apparent, factors defining 

bone quality, such as bone size, accumulation of 

microdamage, subclinical osteomalacia, bone 

microstructure and geometric characteristics, drew their 

share of attention [2]. Trabecular architecture is 

accepted as one of the main factors defining bone 

quality [3]. Three-dimensional trabecular architecture 

can now be assessed using high-resolution digital 

imaging techniques such as high-resolution magnetic 

resonance (hrMR) and micromagnetic resonance (micro-

MR), high-resolution computed tomography (hrCT), as 

well as micro-computed tomography (microCT). Along 

with these highly sophisticated imaging techniques, 

computerized analysis of radiographic patterns of 

trabecular bone still constitutes a valid field of 

research[4],[5]. 

During the accelerated phase of postmenopausal bone 

loss, women lose 25% of trabecular bone [6]. Trabecular 

architecture suffers dramatic changes in terms of a 

decrease in connectivity, thinning, perforation or loss of 

trabeculae [7]. 

The aim of the present work is to determine if fractal 

analysis applied to trabecular texture, as it appears on 

the plain lateral radiograph of the calcaneus can be used 

to identify postmenopausal alteration of trabecular 

structure and eventually to classify X-rays as belonging 

to a pre- or postmenopausal group.  

Given the grave consequences of osteoporosis, any 

automated method able to detect subtle changes of the 

trabecular texture accompanying this process could be 

important to early recognition and improved therapy 

outcomes. If inexpensive radiographs obtained during 

routine clinical practice for trauma of the foot or ankle 

or complaints associated with other diseases, could 

prove to be the source of such information, this would 

provide a more accessible and cheap tool in the hand of 

medical staff. 

Materials and methods 
We analyzed 2 sets of 12 radiographs from two groups 

of women: a premenopausal group between 26 and 38 

years (yrs) (mean age = 33 yrs, standard deviation = 3,8 

yrs) and a postmenopausal group with ages between 48 

and 65 yrs (mean age = 56 yrs, standard deviation = 5,5 

yrs).  



 

Radiographs were digitized using a 2.0 Mpixel Fuji 

FinePix 2600 Zoom camera and grayscale images 

obtained using a public domain programme from the 

National Institutes of Health, ImageJ 

(http://rsb.info.nih.gov/ij/). Three 150/150 pixels regions 

of interest (ROI) were selected on each X-ray. ROI 0 

corresponds to the thalamic region, ROI 1 to Ward’s 

triangle and ROI 2 to the region where the posterior 

plantar group of trabeculae intersects the thalamic 

group, Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  The three ROIs analyzed on each X-ray 
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Figure 2.  Trabecular systems within the calcaneus bone: anterior apophysis 

system (1), plantar system (2, 4), achillean system (3), thalamic system (5) and 

Ward triangle (6). 

    

Figure 3.  Image of ROI 0, corresponding to thalamic area from 

premenopausal group (left image) and postmenopausal group (right image) 

Classical description of  trabecular systems of 

calcaneum [8], Fig. 2, was used as a guide to select 

“significant” ROI. As a result, ROI 1 corresponds to 

compressive stress trajectories, ROI 2 corresponds to 

compressive and tensile stress trajectories. ROI 2 

coresponds to a minimum of compressive and tensile 

stresses. 

For the fractal analysis we used Gwyddion 

(http://gwyddion.net/). Gwyddion is a free software, 

covered by GNU General Public License. It provides 4 

different methods of fractal analysis: cube counting 

method (fdcc), triangulation method (fdt), the variance 

method (fdv) and power spectrum method (fdps). 

Images represented by ROI are analysed as grayscale 

images. This could be an advantage in this specific case, 

as no information is lost through a binarization 

procedure. 

The results for the 2 sets of X-rays were compared for 

corresponding ROI, Fig. 3, and fractal analysis method. 

We used unpaired t-test to calculate the two-tailed p-

value to estimate statistical significance of differences 

between these results. 

Using computed fractal dimensions as attributes, we 

made an attempt to classify the X-rays and to determine 

the ability of these fractal analysis methods to 

discriminate between the two sets of radiographs. For 

this purpose, two instance-based learning algorithms – 

nearest neighbor (1-nn) and 3-nearest neighbor (3-nn) – 

were used. The 2 sets of 12 radiographs represented the 

training set for the 1-nn and 3-nn algorithms, with 

membership of each X-ray image to one of the two sets 

known. Successively, each X-ray was considered a new, 



unknown object and was classified using the k-nn 

algorithm applied to the remaining 23 radiographs 

(leave-one-out algorithm). If the X-ray was classified to 

the set which it belonged to, the classification was 

correct. Otherwise, it was considered an error.  

RESULTS 
All calculated fractal dimensions are presented in Tables 

1, 2, 3, 4, 5 and 6. Results of differences between the 

regions of interest and fractal analysis methods in terms 

of pre- and postmenopausal groups are represented in 

Table 7. 

K-nn algorithms rendered a minimum number of 5 

errors, in two instances: using 3-nn on 3 parameters, 

fdps, fdv and fdt calculated for ROI 1 and using 3-nn on 2 

parameters, fdps and fdv calculated for ROI 1. K-means 

clustering algorithm also rendered a minimum number 

of 5 errors, in one instance, for ROI 2, characterized by 

the parameters fdps and fdt, Fig. 4, Fig. 5. 

 

Figure 4.  ROI 2 from each X-ray characterized by fdps and fdt 

 

 

Figure 5.  Same data as in Fig. 4 after k-means clustering. 

 

Discussion and conclusions 
Fractal analysis applied to trabecular texture of 

calcaneus on radiographs has led to interesting findings 

in previous studies. Significant statistical differences 

were found between postmenopausal women with 

osteoporotic (OP) vertebral crush fractures and age-

matched control group [9] and also found between 

vertebral, hip, and wrist fracture cases and control 

groups in postmenopausal women [10]. Less significant 

correlation was found with bone strength [11]. A 

significant relationship between the fractal Hmean 

parameter and structural histomorphometric indices 

was also reported [12].  

In our study, we could demonstrate that  results from 

three out of four fractal analysis methods obtained 

statistically significant differences between the 2 groups 

of radiographs, for one or more ROI. Of interest is that 

the fourth fractal analysis method, fdv, contributed to 

the classifications (3-nn), which rendered minimum 

number of errors. Statistical significant differences did 

not necessarily led to the best classification results. 

Power spectrum method yielded statistically significant 

different results for all ROI, proving to be the most 

successful method from this point of view. Also three 

out of four fractal analysis methods yielded statistically 

significant different results from ROI 2.  



Using k-nn and k-means clustering algorithms, 19 out of 

24 X-rays (80%) were correctly classified (X2
1,24 = 8.16, p 

= 0.004). 

Analysing multiple ROI proved to be helpful. More 

information could be extracted and processed, reflecting 

perhaps the heterogenity of trabecular structure. There 

is a  striking correspondence between classical 

description of  trabecular systems of calcaneus on 

sagittal anatomical sections and on lateral X-ray, which 

guided our ROI selection, and more recently described 

trajectories of  principal stresses during gait evaluated 

on a finite element model of the foot [13]. 

For all 12 comparable sets of values (four fractal analysis 

methods and three ROI), the average values of fractal 

dimensions were higher for the postmenopausal group. 

The difference was significant in 2 instances: for the fdt 

method from ROI 2 (p=0.0124) and for the fdcc method 

from ROI 2 (p=0.015) and very significant in the other 

three instances, for the fdps method from ROI 0 

(p=0.0069), the fdps method from ROI 1 (p=0.0088) and 

the fdps method from ROI 2 (p=0.004). 

In a previous study [14] performed on the same X-rays 

and ROI, the box-counting fractal dimension (bcfd) was 

determined from binarized images with a dynamic 

thresholding technique. An identical k-nn classification 

algorithm rendered a minimum number of errors, 6, for 

two instances: 1-nn for the bcfd method from ROI 1 and 

ROI 2; 1-nn for the bcfd method from ROI 0,1 and 2. So, 

we can report a slightly lower number of errors with the 

present methods with an 5% improvement in accuracy. 

Using the available 24 X-ray training set, new X-rays can 

be classified using the same k-nn and k-means clustering 

algorithms. In fact, the whole algorithm - from 

acquisition of the image to its classification - can be fully 

automated and eventually applied for the study of other 

sets of radiographs separated by other criteria (sex, 

BMD, presence of osteoporotic fracture, etc.). 
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TABLE I.  FRACTAL DIMENSIONS FOR  ROI 0 OF THE PREMENOPAUSAL GROUP 

Xray 1 2 3 4 5 6 7 8 9 10 11 12 

fdv 2.67 2.67 2.68 2.62 2.67 2.59 2.68 2.69 2.64 2.69 2.69 2.66 

fdcc 2.36 2.34 2.36 2.37 2.38 2.32 2.38 2.36 2.38 2.35 2.39 2.33 

fdt 2.39 2.36 2.38 2.34 2.40 2.31 2.39 2.38 2.37 2.39 2.41 2.35 

fdps 2.74 2.68 2.77 2.77 2.84 2.75 2.74 2.81 2.74 2.66 2.77 2.60 

TABLE II.  FRACTAL DIMENSIONS FOR  ROI 0 OF THE POSTMENOPAUSAL GROUP 

Xray 13 14 15 16 17 18 19 20 21 22 23 24 

fdv 2.72 2.71 2.62 2.71 2.70 2.76 2.64 2.69 2.72 2.73 2.69 2.57 

fdcc 2.40 2.39 2.33 2.36 2.40 2.40 2.37 2.37 2.40 2.40 2.36 2.33 

fdt 2.43 2.40 2.33 2.29 2.41 2.42 2.36 2.38 2.43 2.42 2.38 2.30 

fdps 2.75 2.83 2.77 2.81 2.83 2.87 2.78 2.89 2.81 2.83 2.76 2.76 

TABLE III.  FRACTAL DIMENSIONS FOR  ROI 1 OF THE PREMENOPAUSAL GROUP 

Xray 1 2 3 4 5 6 7 8 9 10 11 12 

fdv 2,73 2,58 2.70 2,57 2.69 2.69 2,71 2.71 2.69 2,50 2,59 2,53 

fdcc 2.40 2,32 2,40 2,32 2,39 2,38 2,39 2,40 2,37 2,32 2,32 2,31 

fdt 2,47 2,33 2,43 2,32 2,41 2,42 2,38 2,43 2,42 2,32 2,34 2,36 

fdps 2,75 2,63 2,76 2,66 2,78 2,73 2,77 2,79 2,71 2,58 2,64 2,46 

TABLE IV.  FRACTAL DIMENSIONS FOR  ROI 1 OF THE POSTMENOPAUSAL GROUP 

Xray 13 14 15 16 17 18 19 20 21 22 23 24 

fdv 2.75 2.72 2.63 2.61 2.72 2.68 2.58 2.65 2.70 2.64 2.70 2.60 

fdcc 2.45 2.41 2.37 2.31 2.38 2.41 2.35 2.38 2.42 2.36 2.39 2.38 

fdt 2.51 2.45 2.39 2.31 2:42 2.46 2.37 2.39 2.46 2.35 2.40 2.41 

fdps 2.72 2.80 2.70 2.70 2.85 2.81 2.75 2.83 2.81 2.82 2.77 2.81 

TABLE V.  FRACTAL DIMENSIONS FOR  ROI 2 OF THE  PREMENOPAUSAL GROUP 

Xray 1 2 3 4 5 6 7 8 9 10 11 12 

fdv 2.76 2.75 2.80 2.72 2.77 2.78 2.72 2.79 2.77 2.73 2.77 2.74 

fdcc 2.38 2.38 2.44 2.38 2.41 2.35 2.37 2.32 2.41 2.41 2.40 2.35 

fdt 2.42 2.42 2.48 2.42 2.43 2.35 2.37 2.35 2.47 2.47 2.44 2.38 

fdps 2.72 2.72 2.78 2.71 2.79 2.79 2.77 2.80 2.73 2.70 2.72 2.57 

TABLE VI.  FRACTAL DIMENSIONS FOR  ROI 2 OF THE POSTMENOPAUSAL GROUP 

Xray 13 14 15 16 17 18 19 20 21 22 23 24 

fdv 2.76 2.82 2.76 2.79 2.83 2.75 2.68 2.76 2.78 2.74 2.73 2.78 

fdcc 2.45 2.48 2.38 2.35 2.44 2.41 2.39 2.45 2.45 2.44 2.38 2.45 

fdt 2.51 2.51 2.41 2.40 2.48 2.45 2.44 2.50 2.51 2.49 2.40 2.50 

fdps 2.73 2.88 2.78 2.84 2.86 2.87 2.74 2.89 2.84 2.78 2.73 2.82 

TABLE VII.  P-VALUES FOR EACH FRACTAL ANALYSIS METHOD AND EACH ROI 



p-value ROI 0 ROI 1 ROI 2 

fdps 0.0069 0.0088 0.0040 

fdt 0.6890 0.2741 0.0124 

fdcc 0.1267 0.1254 0.0150 

fdv 0.1597 0.3983 0.6343 

 

 

 
 
 
 


