
Rom J Morphol Embryol 2011, 52(3):845–854 

 

OORRIIGGIINNAALL  PPAAPPEERR  

Fractal analysis differentiation of nuclear  
and vascular patterns in hepatocellular  

carcinomas and hepatic metastasis 
C. T. STREBA1,2), D. PIRICI2), C. C. VERE1), L. MOGOANTĂ2),  

VIOLETA COMĂNESCU3), I. ROGOVEANU1) 

1)Department of Internal Medicine 
2)Department of Histology 

University of Medicine and Pharmacy of Craiova 
3)Department of Pathology,  

Emergency County Hospital, Craiova 

Abstract 
Hepatocellular carcinoma (HCC) currently represents the fifth most common cancer worldwide, while being the third leading cause of 
cancer death. Fractal analysis is a novel tool used in quantitative and qualitative image assessment. Vascular patterns and cellular nuclei 
particularities in tumoral pathology make ideal candidates for this technique. Our aim was to apply fractal analysis in quantifying nuclear 
chromatin patterns and vascular axels in order to identify differences between images of primary HCC, liver metastasis (LM) and 
surrounding normal liver tissue. Formalin-fixed, paraffin-embedded tissue sections from 40 cases of HCC and 40 LM of various origins 
were used. We performed Hematoxylin staining for nuclear chromatin as well as immunohistochemical staining for vascular patterns. High-
resolution images were captured; nuclear and vascular morphologies were assessed on binarized skeleton masks using the fractal box 
counting method. Analysis was performed using the free, public domain Java-based image processing tool, ImageJ, which provided the 
fractal dimensions (FDs) for each studied element. Statistical analysis was performed using the ANOVA test with Bonferroni post-tests and 
t-tests for paired samples. Fractal analysis of vascular patterns clearly differentiated between tumoral tissue and normal surrounding tissue 
(p<0.01). Further analysis of nuclear FDs improved the specificity of these results, providing clear differentiation between pathological 
and normal tissue (p<0.01). When comparing primary HCC images with metastatic formations, we encountered statistically significant 
differences in nuclear chromatin assessment. However, blood vessels had a higher FD in primary tumors when compared with liver 
metastasis (p<0.05) and also allowed for a differentiation between primary liver tumors with and without neurodifferentiation. Fractal 
analysis represents a potent tool for discriminating between tumoral and non-tumoral tissue images. It provides accurate, quantifiable data, 
which can be easily correlated with the pathology at hand. Primary and metastatic liver tissue can be differentiated to some extent, 
however further studies, possibly including other variables (cellular matrix for instance) are needed in order to validate the method. 
Keywords: hepatocellular carcinoma, liver metastasis, pathology, fractal analysis. 

 Introduction 

Hepatocellular carcinoma (HCC) represents the major 
primary malignant tumor developed by the liver, which 
derives from primary parenchymal cells, hepatocytes [1, 
2]. It is currently in third place worldwide in terms of 
mortality [3] and fifth as incidence [1–4] in the general 
population. Among cancers of the digestive area, HCC 
ranks second in mortality, also being the leading cause 
of death among patients with liver cirrhosis [5, 6].  
An early diagnosis and a correct stadialization are key 
factors in determining the course of the therapy and the 
subsequent survival rate. Hence, the need for precise 
methods to aid the clinician in the decision-making 
process became increasingly important for current 
practice [1–4]. 

Computerized methods are being used for precise 
quantification of image features, which can later be 
classified and analyzed with minimal human input. 
Fractal image analysis and, specifically, determining the 
fractal dimension of areas belonging to complex shapes 
highlighted in any digitized image is a useful tool for 

numerically classifying and interpreting features [7, 8]. 
It can be used on both histological images [9–12] as 
well as pictures captured from any other imagistic 
method. All methods of measuring fractal dimension are 
based on the relationship between the gauge and spatial 
distribution profile of the reference space [13, 14]. 
Although various types of fractal dimensions were 
proposed in literature, models proposed by Hausdorff 
and by Kolmogorov seem to be most suitable for 
quantitative analysis in medical imaging [13–15]. 

While classical objective morphological classifiers 
like areas and diameters have proved insufficient to 
describe the highly variable vascular patterns, scale-
invariant parameters like fractal dimensions (FDs) have 
been very useful in characterizing complex and non-
regular objects [16]. The FD of an object is a real 
number that expresses the morphological complexity 
and the inner self-similarity as measured on different 
scales, or simply put a denominator of the space-filling 
properties of that object [16]. The closer this dimension 
is to the topological dimension of the space in which it 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



C. T. Streba et al. 

 

846 

is considered, the greater is its space filling capacity. 
Thus, a straight line or an empty circle have an FD of 1, 
a more complex bi-dimensional structure would have an 
FD between 1 and 2, and finally a filled circle would have 
an FD of 2, as it completely fills the plane in which it 
exists. This concept is now widely used in pathology to 
describe many highly irregular normal and pathologically 
occurring patterns and processes like changes in cerebral 
blood flow in AD, tumor angiogenesis, and chromatin 
distribution in malignant cells [17–21]. 

 Materials and Methods 

Patient’ characteristics 

Table 1 summarizes the characteristics of the group 
of six patients and their respective pathologies.  

Table 1 – Characteristics of the studied group 
No. Gender* Age** Diagnosis*** 
1. M 73 Primary HCC 
2. F 82 Primary HCC 

3. F 77 Primary HCC, neuroendocrine 
differentiation 

4. M 72 Hepatic metastasis (gastric 
adenocarcinoma) 

5. F 89 Hepatic metastasis (colon cancer) 
6. M 69 Hepatic metastasis (pulmonary cancer)

*M – male, F – female. **In years. ***Histopathologically-confirmed 
necropsy diagnosis. 

Patients were admitted in the 1st Medical Clinic, 
Emergency County Hospital of Craiova, Romania, 
between January and September 2009 and were 
deceased during their hospitalization due to the late 
stages of their respective status of disease. All biopsy 
material was harvested post-mortem, conforming to  
the guidelines and recommendations of the Ethics 
Committee of the hospital, and following written 
consent from each patient and their respective families. 

After anamnesis, we established a history of 
hepatitis B infection for all HCC patients, which later 
led to liver cirrhosis. The gastric and colon cancers were 
identified during routine endoscopy/colonoscopy in the 
same Medical clinic. We identified all liver metastases 
by contrast US. The diagnosis of pulmonary cancer  
was suspected after standard chest radiography. Liver 
metastases were found during the autopsy. 

Two distinct pathologists confirmed both the 
diagnosis of primary liver tumor, and that of metastasis 
with 100% inter-observer agreement. 

Histology and immunohistochemistry 

Formalin-fixed, paraffin-embedded tissue sections, 
2 µm thick, underwent Hematoxylin staining for nuclear 
chromatin as well as immunohistochemical staining for 
vascular patterns. 

Vessels were immunodetected on 2–4 slides from 
each case. We performed antigen retrieval by boiling in 
citrate buffer for 20 minutes. We incubated the sections 
overnight with an anti-CD34 antibody (Clone BIRMA-
K3, Dako, diluted as 1:100). Next day, we washed the 
sections and the signal was amplified utilizing an ABC–
HRP system (Dako, Golstrup, Denmark), and detected 

with 3,3’-diaminobenzidine (DAB) (Dako), as described 
elsewhere [21]. We performed all the intermediate 
washing steps in 0.1 M PBS, pH 7.2, and diluted  
all antibodies in PBS with 1% BSA (Sigma-Aldrich, 
Bornem, Belgium). Finally, we coverslipped the  
slides either without counterstaining or after a light 
Hematoxylin staining. 

Fractal dimension and statistical analysis 
We acquired all images using a Nikon Eclipse 90i 

microscope (Apidrag, Bucharest, Romania) and a  
5-megapixel CCD camera, with Apo-chromatic 40×  
and 60× objectives. We have captured a series of 100 
images for each studied case. We further processed the 
images by using the NIS-Elements image processing 
software (Nikon). Consecutively, we created a Red-
Green-Blue signature of the DAB signal, all the images 
were automatically segmented, and the obtained masks 
were then saved as binary images containing the texture 
information for each. The automated scripts permitted 
the visualization of the segmentation process, thus 
allowing user intervention in case of uneven signal 
intensity. The binary images were further analyzed 
using the ImageJ software (Wayne Rasband, National 
Institutes of Health, Bethesda) together with the FracLac 
plug-in (A. Karperien – Charles Sturt University, 
Australia). FDs were calculated accordingly to the box-
counting algorithm as the slope of the regression line for 
the log-log plot of the scanning box size and the count 
from a box-counting scan. A representation of the 
process can be seen in Figure 1. 

Lastly, we exported all the raw data to Excel 
(Microsoft Corporation, Redmond, Washington, USA) 
and we later analyzed it with the GraphPad Prism 5.0 
statistical software package (GraphPad, USA). We 
performed a one-way analysis of variance (ANOVA) 
with a post hoc Bonferroni Multiple Comparison Test 
for intra- and extra-tumoral regions of all pathologies. 
Consecutively, we analyzed paired sample values taken 
from the tumor region and from the corresponding 
parenchyma by performing unpaired t-tests. We 
considered p-values <0.05 to be significant. 

 Results 

Histopathological analysis 
We observed tumors predominantly containing 

hepatocytes with round-oval shapes, large nuclei with 
unique or multiple nucleoli, some with perinucleolar 
halo, as well as cell islets containing intracellular 
inclusions (Figures 2 and 3). Several tumor cells have 
vesicular nuclei without nucleoli, pyknotic nuclei or 
even no nucleus when in apoptosis. 

Colon cancer metastasis displayed a high number of 
tumoral cells, some with intra-cytoplasmatic micro-
vesicles and inclusions, heterogeneous pleomorphic 
nuclei (Figure 3). In both cases, we could observe a 
marked process of angiogenesis (CD34 positive at a 
vascular level). 

CD34 was absent in tumor cells, being present only 
in vessels, thus marking the angiogenesis process. The 
first hepatocellular carcinoma case (HCC1) presented 
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the aspect of hepatocarcinoma on a steatotic liver.  
We could observe numerous hepatocytes with clear 
cytoplasm and a small nucleus towards the periphery 
(macrovesicular steatosis) among tumor cells. Tumor 
hepatocytes presented a trabecular arrangement, 
heterogeneous dikaryotic nuclei and we could observe 
binuclear hepatocytes. In this case, CD34 was intensely 
positive within vessels and the membrane of several 
tumor hepatocytes as well (Figures 4 and 5). 

The third hepatocellular carcinoma case (HCC3) 
presented the aspect of a neuroendocrine tumor 

composed of monomorphic tumor cells arranged in 
acinary structures separated by vascular stroma. We 
found CD34 expression to be negative in tumor cells 
and positive in vessels, however, we could conclude 
there was reduced angiogenesis in this particular case 
presenting neuroendocrine differentiation. 

The lung cancer metastasis presented itself as a 
tumor with small cells, vascular CD34 positivity within 
vessel walls and the membrane of tumor cells. The 
colon and gastric cancer metastasis were of poorly 
differentiated adenocarcinoma (Figure 5). 

 
Figure 1 – Representation of the segmentation and binarization process, followed by calculation of the FD for a given 
element (in this example, vascular disposition of the CD34 antibody): (1) The initial image is loaded in the software; 
(2) A color threshold is set on the image, thus selecting the elements of interest; (3) A black and white binary map is 
created, which is later inversed (4) and a 1×1 grid is super-imposed for the calculation of the fractal dimension. 
Finally, by applying the formula shown, the FD value is expressed, as the as the slope of the regression line for the 
log-log plot of the scanning box size. 
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Figure 2 – Examples of three HCC images 
with the segmentation of the nuclear chromatin 
and creation of their binary counterparts. The 
mean FDs for their respective class is shown. 

 

Figure 3 – Examples of three images of liver 
metastases with the segmentation of the 
nuclear chromatin and creation of their 
binary counterparts. The mean FDs for their 
respective class is shown. We can observe the 
relative similarities between chromatin 
disposition in the gastric and colon adeno-
carcinoma images. 
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Figure 4 – Examples of three HCC images 
with the segmentation of the CD34-stained 
vascular walls and creation of their binary 
counterparts. The mean FDs for their respective 

class is shown. 

 

Figure 5 – Examples of three images of liver 
metastases with the segmentation of the CD34-
stained vascular walls and creation of their 
binary counterparts. The mean FDs for their 
respective class is shown. 
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Fractal classification of tumoral morphology 
Descriptive statistics 

Descriptive statistics for data sets belonging to intra-
tumoral parenchyma images are presented in Tables 2 
and 3, while data for outer regions is presented in 
Tables 4 and 5. We could observe the distinct variations 
of mean values for each specific type of pathology, was 

well as the distinct variations in the vascularization of 
the hepatocellular carcinoma presenting neuroendocrine 
differentiation. Recording the minimum and maximum 
values, as well as 95% confidence intervals, gave us 
better overview of the spread of the values in each 
interval. A graphical representation of the distribution of 
various FDs is shown in Figure 6. 
 

Table 2 – FDs for cellular nuclei inside the tumor area 
 Gastric Colon Lung HCC1 HCC2 HCC3 

Minimum 1.551 1.490 1.430 1.560 1.567 1.560 
Maximum 1.600 1.650 1.540 1.798 1.796 1.799 
Median 1.578 1.586 1.478 1.667 1.672 1.674 

Std. Deviation 0.01461 0.04603 0.03339 0.07114 0.06335 0.07164 
Std. Error 0.00146 0.00460 0.00333 0.00711 0.00633 0.00716 

Lower 95% CI 1.574 1.566 1.475 1.654 1.659 1.661 
Upper 95% CI 1.580 1.585 1.488 1.682 1.685 1.690 

Table 3 – FDs for cellular nuclei outside the tumor area 
 Gastric Colon Lung HCC1 HCC2 HCC3 

Minimum 1.002 1.000 1.008 1.003 1.000 1.000 
Maximum 1.230 1.209 1.209 1.203 1.209 1.207 
Median 1.081 1.076 1.095 1.083 1.087 1.095 

Std. Deviation 0.06000 0.06039 0.05681 0.05886 0.06235 0.05882 
Std. Error 0.00600 0.00603 0.00568 0.00588 0.00623 0.00588 

Lower 95% CI 1.076 1.078 1.092 1.083 1.085 1.091 
Upper 95% CI 1.099 1.102 1.114 1.106 1.110 1.114 

Table 4 – FDs for vascular CD34 disposition inside the tumor area 
 Colon Gastric Lung HCC1 HCC2 HCC3 

Minimum 1.262 1.487 1.611 1.770 1.742 1.721 
Maximum 1.458 1.580 1.709 1.889 1.887 1.860 
Median 1.376 1.528 1.667 1.827 1.822 1.798 

Std. Deviation 0.05375 0.02754 0.02819 0.03742 0.03849 0.03528 
Std. Error 0.00537 0.00275 0.00281 0.00374 0.00384 0.00352 

Lower 95% CI 1.358 1.526 1.657 1.821 1.811 1.794 
Upper 95% CI 1.380 1.537 1.668 1.836 1.826 1.808 

Table 5 – FDs for vascular CD34 disposition outside the tumor area 
 Gastric Colon Lung HCC1 HCC2 HCC3 

Maximum 1.190 1.186 1.187 1.187 1.190 1.189 
Minimum 1.011 1.001 1.002 1.000 1.002 1.001 
Median 1.111 1.093 1.092 1.092 1.086 1.096 

Std. Deviation 0.05397 0.05291 0.05253 0.05346 0.05262 0.05696 
Std. Error 0.00539 0.00529 0.00525 0.00534 0.00526 0.00569 

Lower 95% CI 1.096 1.084 1.084 1.080 1.076 1.083 
Upper 95% CI 1.117 1.105 1.105 1.101 1.097 1.106 

 

Figure 6 – Representation of FDs for the various 
types of lesions: (a) We can observe the relative 
similarities between intra-tumoral nuclei of the three 
HCC cases; (b) All nuclear FDs are similar in the 
surrounding parenchyma; (c) FDs of the vascular 
axels clearly differentiate between the malignant and 
benign lesions; (d) Surrounding normal parenchyma 
indicates no real differences between the six cases, 
proving the homogeneity of its vascularization. 
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Nuclear chromatin evaluation 

For nuclear chromatin disposition, we observed 
significant differences between the six intra-tumoral 
groups [one-way ANOVA, F(5, 594)=205.2, p<0.0001]. 
Post-hoc analysis using Bonferroni’s Multiple Compa-
rison Test indicated that the differences between median 
FDs for the gastric and the colon metastases were not 
statistically significant (t=0.2164, p>0.05). In addition, 
as expected, all three cases of HCC also displayed 
minimum inter-group variance of the mean FDs 
(p>0.05), as seen in Tables 6 and 7. All other mean FDs 
differed significantly (p<0.0001). 

Table 6 – ANOVA with five degrees of freedom, 
applied for the six groups of intratumoral nuclei. 
Bartlett’s test was used to demonstrate the equal 
variances of the variables 

No. of groups 6   
F 205.2   

R squared 0.6333   
    

Bartlett’s test for equal variances    
Bartlett’s statistic (corrected) 247.8   

P-value <0.0001   
    

ANOVA Table SS df MS 
Between groups 3.019 5 0.6037 

Table 7 – Bonferroni’s Multiple Comparison Test for 
intratumoral nuclear chromatin FDs. A summary of 
the p-values is presented in column three. Ns – not 
significant (p>0.05), while three stars (***) represents 
a very high confidence interval, with a p<0.0001. We 
could observe the similarities between the gastric and 
the colon metastases, and the lack of distinguishing 
features for the HCC cases 

 Mean  
difference t Summary  

of p-values 
95% CI of 
difference 

Gastric vs. Colon 0.00166 0.2164 ns -0.02095 to 
0.02427 

Gastric vs. Lung 0.09532 12.43 *** 0.07271 to 
0.1179 

Gastric vs. HCC1 -0.09116 11.88 *** -0.1138 to 
-0.06855 

Gastric vs. HCC2 -0.09478 12.36 *** -0.1174 to 
-0.07217 

Gastric vs. HCC3 -0.09820 12.80 *** -0.1208 to 
-0.07559 

Colon vs. Lung 0.09366 12.21 *** 0.07105 to 
0.1163 

Colon vs. HCC1 -0.09282 12.10 *** -0.1154 to 
-0.07021 

Colon vs. HCC2 -0.09644 12.57 *** -0.1190 to 
-0.07383 

Colon vs. HCC3 -0.09986 13.02 *** -0.1225 to 
-0.07725 

Lung vs. HCC1 -0.1865 24.31 *** -0.2091 to 
-0.1639 

Lung vs. HCC2 -0.1901 24.78 *** -0.2127 to 
-0.1675 

Lung vs. HCC3 -0.1935 25.23 *** -0.2161 to 
-0.1709 

HCC1 vs. HCC2 -0.003620 0.4719 ns -0.02623 to 
0.01899 

HCC1 vs. HCC3 -0.007040 0.9177 ns -0.02965 to 
0.01557 

HCC2 vs. HCC3 -0.003420 0.4458 ns -0.02603 to 
0.01919 

As for the nuclear chromatin analysis of the extra-
tumoral samples, no significant differences between the 

mean FDs was found (F=1.16, one-way ANOVA 
p>0.05). The post-hoc analysis revealed no significant 
differences as well (Bonferroni Multiple Comparison 
Test, p>0.05). This proved the homogeneity of normal 
liver parenchyma across the studied lot, where normal 
hepatic architecture is preserved and no aberrant cellular 
phenotype is expressed. 

Successive t-tests applied to each pair of intra- and 
extra-tumoral tissue samples series clearly differentiated 
between specific FDs (two-tail, p<0.0001). These 
findings are further summarized in Table 8. 

Table 8 – t-Test comparison of FDs for the disposition 
of nuclear chromatin between intra- and extra-
tumoral sample pairs 

 
Gastric 
adeno-

carcinoma 
metastasis

Colon 
adeno-

carcinoma 
metastasis

Lung 
adeno-

carcinoma 
metastasis 

HCC1 HCC2 HCC3

t(198) 79.30 63.92 57.49 62.14 64.64 61.78

Vascular CD34 evaluation 

We used CD34 antibody staining to highlight 
vascular axels, both in tumoral samples and in 
surrounding parenchyma. For all different types of 
tumors, FDs of the areas stained by CD34 could clearly 
differentiate between the metastases and primary tumors 
[one-way ANOVA, F(5, 594)=2441; p<0.0001]. Data is 
shown in Table 9. 

Table 9 – ANOVA with five degrees of freedom, 
applied for the six groups of intratumoral vascular 
CD34 disposition. Bartlett’s test was used to 
demonstrate the equal variances of the variables 

No. of groups 6   
F 2441   

R squared 0.9536   
    

Bartlett’s test for equal variances    
Bartlett’s statistic (corrected) 62.63   

P-value <0.0001   
    

ANOVA Table SS df MS 
Between groups 17.43 5 3.486 

As the HCC with neurodiferentiation (HCC3) was 
poorly vascularized when compared to the other two 
studied HCCs, in the post-hoc analysis we could 
observe significant variations between HCC1 and HCC3 
(t=5.149, p<0.0001) and HCC2 and HCC3 (Bonferroni 
Multiple Comparison Test, t=3.215, p<0.05). All 
metastases were clearly classified using the vascular 
pattern, as were the first two HCC cases (Bonferroni 
Multiple Comparison Test, p<0.0001). Results are 
shown in Table 10. 

The surrounding liver parenchyma displayed a 
homogenous disposition of CD34, translating into a 
normal vascularization pattern across all six studied 
cases. We established no significant difference between 
cases by using FDs for calculating the area of staining, 
thus proving the high sensitivity fractal analysis has as a 
discriminator (F=1.562, one-way ANOVA p>0.05). By 
further comparing each case between them individually, 
we did not encounter significant differences in FD 
values for CD34 marking (Bonferroni Multiple Compa-
rison Test, p>0.05). 
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Table 10 – Bonferroni’s Multiple Comparison Test 
for intratumoral CD34 FDs. A summary of the p-
values is presented in column three. Ns – not 
significant (p>0.05), one star (*) represents a good 
confidence interval, with a p<0.05, while three stars 
(***) represents a very high confidence interval, with 
a p<0.0001. We could observe the differentiation 
between the two cases with HCC without neuro-
differentiation (HCC1 and HCC2) and the one with 
neurodifferentiation (HCC3) 

 Mean  
difference t Summary  

of p-values 
95% CI of 
difference

Colon vs. Gastric -0.1628 30.45 *** -0.1785 to 
-0.1470 

Colon vs. Lung -0.2933 54.88 *** -0.3091 to 
-0.2776 

Colon vs. HCC1 -0.4598 86.04 *** -0.4756 to 
-0.4441 

Colon vs. HCC2 -0.4495 84.11 *** -0.4653 to 
-0.4337 

Colon vs. HCC3 -0.4323 80.89 *** -0.4481 to 
-0.4166 

Gastric vs. Lung -0.1306 24.43 *** -0.1463 to 
-0.1148 

Gastric vs. HCC1 -0.2971 55.59 *** -0.3128 to 
-0.2813 

Gastric vs. HCC2 -0.2868 53.65 *** -0.3025 to 
-0.2710 

Gastric vs. HCC3 -0.2696 50.44 *** -0.2853 to 
-0.2538 

Lung vs. HCC1 -0.1665 31.16 *** -0.1823 to 
-0.1508 

Lung vs. HCC2 -0.1562 29.22 *** -0.1719 to 
-0.1404 

Lung vs. HCC3 -0.1390 26.01 *** -0.1547 to 
-0.1232 

HCC1 vs. HCC2 0.01034 1.935 ns -0.005411 to 
0.02609 

HCC1 vs. HCC3 0.02752 5.149 *** 0.01177 to 
0.04327 

HCC2 vs. HCC3 0.01718 3.215 * 0.001429 to 
0.03293 

We compared FDs of normal parenchyma with the 
values obtained for the tumoral tissue in each case, and 
found significant differences between means (two-tail  
t-test, p<0.0001), as shown in Table 11. 

Table 11 – t-Test comparison of FDs for the 
disposition of vascular CD34 between intra- and 
extra-tumoral sample pairs 

 
Gastric 
adeno-

carcinoma 
metastasis 

Colon 
adeno-

carcinoma 
metastasis 

Lung 
adeno-

carcinoma 
metastasis 

HCC1 HCC2 HCC3

t(198) 70.16 36.44 95.15 113.1 112.3 105.5

 Discussion 

This is, to our knowledge, the first attempt in using 
the fractal box counting method for differentiating 
between primary HCC tumors and different types of 
liver metastases. We performed nuclear chromatin 
assessment by using usual Hematoxylin staining and 
immunodetected vascular axels in order to improve the 
accuracy of the results. We used surrounding healthy 
parenchyma as normal controls. Our method proved 
efficient in differentiating normal and tumor–specific 
features such as nuclear sizes and vascular density of 
primary HCCs and liver metastasis. We successfully 

proved that FDs can be used as differentiators of the 
origins of liver tumors on histology images (Figure 7). 

The fractal dimension was previously been used in 
the diagnostic process of various types of cancers, both 
for identifying tumoral tissue, for stadialization or as a 
prognostic factor. Goutzanis L et al. recently demons-
trated that FD is an independent prognostic factor of 
survival in oral cancer patients [10]. He discovered that 
FD values are significantly different for each TNM 
stage, thus validating the method as a tool for cancer 
stadialization. 

Our study proves that the fractal box counting 
method can successfully be applied to hepatic lesions of 
different etiologies in order to differentiate and possibly 
positively identify each separate entity.  

Several researchers used Hausdorff’s and 
Kolmogorov’s dimensions as tools to assess liver 
fibrosis in animal models [22, 23]. The methods showed 
promising results in quantifying different degrees of 
fibrosis and their reaction to treatment. The research 
was applied in human models by the team of Dioguardi, 
who successfully applied fractal measurements on liver 
tissue, in a patented complex expert system designed as 
a diagnostic tool for staging hepatic fibrosis in viral 
hepatitis patients [24–27]. They further theorized that 
the same techniques could be applied in the morpho-
logical diagnosis of hepatocellular carcinoma, when 
measuring vascular disposition inside the tumor tissue 
and comparing it against surrounding parenchyma [28]. 
The fractal box counting method we used is similar to 
the above-mentioned techniques, and was used in our 
study to calculate dimensions of histological features 
(nuclei and vascular axels) which are known to be 
specific for malignant lesions of the liver parenchyma. 
Our results support the idea that fractal image analysis 
can indeed be used as a quantitative, semi–automated 
computer-aided technique used for image analysis of 
histological samples. 

Our pilot study suffered from some limitations. First, 
the small patient sample might have influenced the 
results. This limitation has somewhat been escalated by 
using a large number of images processed for each case. 
Further studies on larger samples are however necessary 
to validate the method for different pathologies. We can 
safely conclude that the method is valid for differenti-
ating hypervascular or hypovascular metastases from 
primary liver tumors. The method is also safe to 
differentiate normal from tumor tissue on histological 
samples, even when limited information is present, such 
as the case of Hematoxylin–Eosin staining for nuclear 
chromatin. 

Secondly, we encountered a few outliners (data not 
shown) in each set of features. We obtained these 
aberrant FDs when analyzing ambiguous images, which 
captured signal from cells as well as vascular walls. 
This was mainly attributed to the antibody mixture used, 
and should be overcome by the use of more targeted 
marking techniques. We resolved this by manually 
processing the images and removing the aberrant 
signals, improving the accuracy to suitable levels. 
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Figure 7 – Differences between median values of intra- and extra-tumoral FDs for nuclear chromatin and vascular 
CD34 disposition. 

 Conclusions 

In conclusion, the present findings support the 
premises that fractal box counting methods can 
successfully be applied to histological images, aiding 
the pathologist by adding a quantitative method of 
assessment of the features of malignity for various liver 
pathologies. 
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