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Abstract 

Background: Leukemia is cancer of blood and bone marrow cells. In general, there are four types 

of leukemia: chronic myelogenous leukemia (CML), acute myeloid leukemia (AML), B-cell 

chronic lymphocytic leukemia (CLL) and acute lymphoblastic leukemia (ALL).  Fractal geometry 

can be introduced as one of the effective ways to detect this type of cancer. In this study, with 

introducing an effective method, it is tried to predict CLL cancer through the measurement of 

nucleus cell fractal dimension. 

Methods: Blood samples of 30 healthy individuals and 30 patients with blood cancer were taken 

and digital pictures were taken from the samples with 100X optical microscope. Finally, nucleus 

cells fractal dimension was calculated with box counting method and the obtained data were 

analyzed through statistical software. 

Results: Mean fractal dimension of lymphoma type B cell was 1.367± 0.0011 in healthy subjects 

and 1.398 ± 0.0016 in cancer patients. The difference between healthy cells and cancer cells fractal 

dimension is significant. 

Conclusion: Fractal dimension measurement can be used to screen cancer cells from healthy cells. 

The detection point for identification of CLL cancer by fractal dimension method was introduced as 

1.3 (the middle point of normal cells and cancer cells fractal dimension). In the case of blood cell 

fractal dimension higher than 1.383, the patient is suspected to have CLL blood cancer. 
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Introduction 

In leukemia, bone marrow produces a lot of abnormal 

white blood cells (1). These cells stop the production of white 

blood cells. Leukemia cells also affect the production of red 

blood cells and platelets. One of the four most common 

cancers in children is leukemia (2). Leukemia is divided into 

two categories of acute and chronic leukemia (3, 4). In 

general, there are four types of leukemia: chronic 

myelogenous leukemia (CML), acute myeloid leukemia 

(AML), B-cell chronic lymphocytic leukemia (CLL) and 

acute lymphoblastic leukemia (ALL). Chronic myelogenous 

leukemia is a type of blood cancer that affects bone marrow 

cells and has a chronic process (5, 6). Acute myeloid leukemia 

affects bone marrow cells (7). Acute lymphoblastic leukemia 
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affects lymphoid cells and finally B-cell chronic lymphocytic 

leukemia is a blood cancer of the lymph cells or lymphocytes 

that make up lymphoid tissues and has a chronic process. In 

chronic leukemia, neoplastic cells appear to be mature but 

they are not entirely normal and cannot fight infections. 

Chronic lymphocytic leukaemia (CLL) is a type of slow 

growing leukaemia that affects developing B-

lymphocytes (also known as B-cells).These cells are 

specialized white blood cells. Under normal conditions they 

produce immunoglobulins (also called antibodies) that protect 

our bodies against infection and disease. In people with CLL, 

lymphocytes undergo a malignant (cancerous) change and 

become leukaemic cells (8, 9). B-CLL is the most common 

type of leukemia in Europe and around 40 percent of adults 

over the age of 60 years have leukemia (10, 11). The main 

cause of the disease is unknown (12, 13), and it is more 

prevalent in farmers (13, 14). The clinical course of the disease 

is varied and its diagnosis is usually based on classical 

parameters suggested by the International Workshop on 

Chronic Lymphocytic Leukemia (IWCLL) and the National 

Cancer Institute (NCI); accordingly, more than 5×109 per liter 

cells with small lymphocytes, despite normal appearance, and 

specific Immunophenotyping show CLL cancer (15, 16). 

Fractal geometry can be used as an effective method to detect 

and anticipate the type of cancer. The Scientists have come to 

recognize that many natural constructs in medical sciences are 

better characterized using fractal geometry. Some uses of 

fractal geometry are in medical fields such as molecular 

biology, pathology of tumor, bone pathology, vascular 

pathology, neuropathology, corneal ulcers of each post 

simplex, different regions of heterochromatin and Chromatin 

in the cell nucleus and etc (17, 18)  

The importance of chaos theory Suffices to say that this 

theory with relativity theory and quantum mechanics in the 

twentieth century are known as three major scientific 

progresses. 

 

Chaotic geometry History 

The term fractal means an irregular shaped stone meant to 

be broken. Figure 1 shows an example that looks irregular, but 

a closer look shows that it is formed of smaller parts which are 

more or less similar to the whole and called self-similar 

patterns. 

 

 

 

 

 

 

 

 

Figure 1. An example of self-similar pattern 

Fractal traits are the most unpredictable ones in their 

behavior. Fractal is chaos in space and has dimensions with 

non-integer values. The analysis of these structures requires 

the special theory. Today, with the introducing of chaos theory 

and analysis of dynamic phenomena, the investigation of 

chaotic behavior of nature in different branches of science are 

possible. There are two approaches in the analysis of chaos in 

biological systems. Some believe that biological systems have 

normal and regular behavior and others believe that some 

biological examples are chaos. 

The fractal dimension of cells in the blood system can be 

used to diagnose CLL cancer. In this study, the basic 

assumptions taken into account were as follow: 1- Cancer 

affects blood cells, 2 – Cancer Changes the Lymphocytes 

form, 3 - Cancer cell surface of the lymphocytes is chaotic, 4 - 

Leukemia fractal dimension increases with the cell nuclei 

deformation and 5 – Fractal is a prediction method for the 

detection of blood cancer. 
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 By doing this research, it was tried to examine the validity 

of the initial assumptions. 

 

There has been already extensive use of fractal geometry 

in medical researches and some examples are mentioned here. 

James W. Baish et al. used fractal geometry in their cancer 

research (19). Naeim F et al studied the fractal spatial patterns 

in 31 samples of bone marrow cancer. (20). Dey et al 

measured the fractal dimension of cytology smears using 

breast imaging by box counting method (21). Ohri et al, by 

measuring the fractal dimension of benign and malignant 

cervical cells, identified a significant difference in the fractal 

dimension, and introduced this method as an auxiliary tool in 

the differentiation of benign and malignant cells (22). 

Simon S. Cross, in a study on colorectal polyps, observed 

that polyps had a statistically significant difference in their 

average fractal dimension (17). Dey et al. studied the fractal 

dimension of glands in simple hyperplasia, atypical complex 

and endometrial carcinoma (23) B. Ilkhanizadeh et al. studied 

nucleus boundary of cancer cells in urine cytology (24). 

Ravanshadi S et al used fractal and chaos theory in biomedical 

engineering. In the analysis of heart beat signal for normal and 

CHF (congestive heart failure) patients, fractal dimension 

method was used as a qualifier. They were observed that the 

fractal characteristic of heart beat signal in normal subjects had 

a multifractal form, while in patients it had a monofractal 

form. Chaotic parameters of ECG signal was calculated in 

three different groups of VT (ventricular tachycardia) patients, 

VF (ventricular fibrilation) patients and one group of normal 

subjects.They showed that healthy coronary arteries express a 

fractal behavior, while in totally blocked coronary artery 

patients, there is no evidence of fractal phenomenon ( 25).  

As it is seen, the term fractal is a notion quite familiar for 

medical researchers. 

 

Method 

To evaluate the validity of the assumptions, cytology 

slides of blood samples of 30 healthy subjects and 30 people 

with leukemia in Shahid Bahonar hospital in Kerman were 

randomly selected and numbered. Then, they were studied 

with Olympus optical microscope at 100X magnification .A 

sample of these images is shown in Figure 2. 

 

 

 

 

 

 

 

 

 

Figure 2. A sample of blood cytology slide 

 

The fractal dimensions of the blood cells images were 

calculated using appropriate fractal software. Five different 

boxes with dimensions of 8 × 8, 12 × 12, 16 × 16, 20 × 20 and 

24 × 24 pixels were applied on healthy and cancer cell images 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiGmo-gpKfTAhXlKJoKHUt7CkgQFggsMAI&url=http%3A%2F%2Fwww.jept.ir%2Farticle_15480_2063.html&usg=AFQjCNEjZdDdNiDQbmPrr64oPnLNT5MC9w&sig2=aUK1x1vQckNDpSF3WEv0nQ&bvm=bv.152479541,d.bGs
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and fractal dimension is obtained by box counting method 

.The fractal dimensions were processed by statistical software. 

After applying a box with different pixels to the cell 

image, the fractal dimension was calculated using Equation 

1(26): 

 

(1) 

Where D is the fractal dimension, y is boxes that occupied 

by the nucleus of a particular cell, X is the pixels dimension 

and A is a constant factor. 

An example of grid cells is shown in Figure 3. 

 

 
Figure 3. Sample of box that applied on blood cells 

 

The numbers of occupied boxes based on different pixel 

sizes are shown in Table 1 and Figure 4. 

 

Table 1. Number of occupied boxes versus pixel size 

32 28 24 20 16 12 8 The Pixel of box 

4 4 6 8 10 13 24 
The number of 

occupied boxes 

 

Figure 4. The y=A.X-D behavior of result with D=1.367 

 

Figure 4, shows a curve that fitted on result with 

format according to the Equation 1. After this 

process, the fractal dimension of sample was about 1.367. 

 

Results 

In determining the fractal dimension, the above mentioned 

steps were done for 60 samples and the obtained results have 

been shown in Table 2. 

 

Table 2.The fractal dimension of 60 samples of normal and cancer blood cells 

sample Di'fractal dimension cancer cells Difractal dimension normal cells 

1 

 

1.395 

 

1.369 

2 

 

1.398 

 

1.367 

3 

 

1.399 

 

1.365 

4 

 
1.398 

 

1.366 

. Dy A X 

. Dy A X 
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5 

 

1.399 

 

1.367 

6 

 

1.398 

 

1.368 

7 

 

1.397 

 

1.369 

8 

 

1.397 

 

1.367 

9 

 

1.399 

 

1.365 

10 

 

1.399 

 

1.367 

11 

 

1.398 

 

1.366 

12 

 

1.395 

 

1.367 

13 

 
1.398 

 

1.368 

14 

 

1.396 

 

1.366 

15 

 

1.395 

 

1.367 

16 

 
1.395 

 

1.368 

17 

 

1.398 

 

1.367 

18 

 

1.395 

 

1.369 

19 

 
1.395 

 

1.367 

20 
 

1.395 

 

1.367 

21 

 

1.398 

 

1.367 

22 

 
1.399 

 

1.367 

23 

 

1.398 

 

1.367 

24 

 

1.395 

 

1.369 
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25 

 

1.397 

 

1.367 

26 

 

1.397 

 

1.368 

27 

 

1.398 

 

1.367 

28 

 
1.395 

 

1.368 

29 
 
1.398 

 

1.367 

30 
 
1.398 

 

1.365 

Mean and error �̅� cancer = 1.398 ± 0.001592 �̅� normal = 1.367 ± 0.001096 

 

In this table, Di ', Di, D, and D' are the fractal dimensions 

of cancer cells, normal cells, and average fractal dimension of 

cancer cell, and healthy cells respectively. At the bottom of the 

table, the σDs =  is the sample standard 

deviation. Finally, the middle fractal dimension (Dm) of 

cancer and healthy cells is obtained using the equation (2): 

 

Dm= 
2

normal cancerD D

 (2) 

 

The average fractal dimension (Dm) is introduced in order 

to detect and predict CLL blood cancer. In the case of fractal 

dimension of blood cells lower than the Dm, the person is 

healthy and larger amounts of Dm show a risk for cancer. 

 

 

 

 

 

 

Discussion and conclusion 

Mean fractal dimension of healthy and cancer cell samples 

were respectively 1.367 ± 0.0011 and 1.398 ± 0.0016 and 

showed significant difference. Fractal dimension 

measurement, provided that it is done purposefully and with 

scientific principles, can be used in the detection of cancer 

cells and differentiation of them from healthy cells. Mean 

fractal dimension of healthy and cancer blood cells 

(1.367+1.398)/2=1.383) can be introduced as a reference level 

for the B-CLL cancer diagnosis. If the fractal dimension of a 

blood cell sample is greater than the reference level (1.383), 

then the person is diagnosed with leukemia and otherwise, B-

CLL cancer risk is low 
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