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Abstract
Background. Photodynamic therapy (PDT) is a noninvasive method for the treatment of premalignant 
lesions, such as leukoplakia and lichen planus (LP). These lesions are very irregular. In the case of such ir-
regular lesions, fractal dimension analysis (FDA) is very helpful. Photodynamic diagnosis (PDD) enables the 
visualization of irregular lesion shapes more precisely than a classical white-light examination.

Objectives. In our study, we tried to distinguish oral leukoplakia and LP, using FDA in a classical examination 
with white light and PDD. Lesions treated using PDT were histopathologically verified.

Material and methods. We enrolled 35 patients in our study. Fractalyse software v. 2.4 (University of 
Franche-Comté, Besançon, France) was used to count fractal dimensions (FDs). Photodynamic therapy and 
PDD were mediated with 20% delta-aminolevulinic acid (5-ALA).

Results. Fractal dimensions of leukoplakia foci of the tongue in a white-light examination were significantly 
lower than in PDD. In the case of LP, a significant difference of FDs was observed between lesions in the cheek 
and in the alveolar ridge region. Differences in FDs were observed between leukoplakia foci of the alveolar 
ridge, tongue and palate. A complete response of leukoplakia foci to PDT was observed in 10 out of 34 le-
sions, partial remission occurred in 20 lesions and a total lack of response was noted in 4 lesions. Generally, 
LP was completely treated in 7 out of 14 cases, a partial response was observed in 5 lesions and a failure 
of PDT treatment was noted in 2 cases.

Conclusions. Fractal dimension analysis may be a useful method in the comparison of complicated shapes 
of such lesions as LP or leukoplakia, but our study did not confirm that this method may be used to distinguish 
LP and leukoplakia without a histopathological examination. Photodynamic therapy is an effective treatment 
method in the case of LP and leukoplakia of the oral cavity.
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Introduction

Photodynamic therapy (PDT) is a noninvasive treat-
ment method for premalignant and malignant lesions. 
This therapy is commonly used in dermatology for the 
treatment of solar keratosis, actinic keratosis, Bowen’s dis-
ease, and basal cell carcinoma.1–4 Photodynamic therapy 
is composed of 2 main agents: light and a photosensitizer 
(PS). It has to be emphasized that the doses of light and 
PS are too weak to manage the clinical effect separately; 
only the combination of these 2 agents is responsible for 
the effect of the treatment. One of the most important 
features of PS is an affinity for cells with higher metabo-
lism. After penetrating the cell membrane, PS accumu-
lates in the target cells. Delta-aminolevulinic acid (5-ALA) 
is one of the most commonly used precursors of PS in PDT. 
After penetrating the cells, 5-ALA passes into the bio-
chemical pathways of heme. Protoporphyrin IX (PPIX) 
is the effect of these reactions; it is also a proper photosen-
sitizer. Protoporphyrin IX has few peaks in the spectrum 
of absorption. The first and the highest peak of absorp-
tion – at the 405 nm wavelength – is called Sorret’s band. 
It is used during the procedure of photodynamic diagnosis 
(PDD). The irradiation of PPIX in Sorret’s band leads to red 
fluorescence and phosphorescence inside the cells. This 
phenomenon is used during PDD. Unmetabolized 5-ALA 
is unable to fluoresce after 405 nm excitation. It prevents 
false-positive trials during PDD. Higher wavelengths are 
used in the case of PDT, because skin and mucous mem-
brane penetration by light increases along with the longer 
waves of light in the visible and near infrared (vis–NIR) 
electromagnetic spectrum. Because of this function, red 
light (635–650 nm) is used during PDT.

Photodynamic diagnosis very often enables the visu-
alization of irregular lesion shapes more precisely than 
a classical white-light examination.5,6 In the case of hyper-
keratotic lesions, during PDD, the fluorescence of healthy 
background tissue is higher than the fluorescence of patho-
logical lesions due to the thicker layer of the epithelium; 
thus, in these cases a negative image of the examined lesion 
is observed.

Leukoplakia and lichen planus (LP) are mucous mem-
brane lesions which are very difficult to treat when they are 
large or multifocal; these 2 lesions are also precancerous 
stages. The classic World Health Organization (WHO) 

definition of  leukoplakia from 1978 characterizes it as  
“a white patch or plaque that cannot be characterized clini-
cally or pathologically as any other disease”.7 The etiol-
ogy of leukoplakia is multifactorial. The most important 
factors are cigarette smoking, alcohol consumption, poor 
oral hygiene, sharp edges of the teeth, defective fillings, 
electrogalvanic currents (due to various metals in the oral 
cavity, i.e., amalgam, gold or nickel), food irritation, or the 
oral mucosa.

Since 2002, it has been recommended to make a distinc-
tion between a provisional clinical diagnosis of oral leuko-
plakia and a definitive one. A provisional clinical diagnosis 
is made when a lesion at the initial clinical examination 
cannot be clearly diagnosed as either leukoplakia or any 
other disease.8

The etiology of LP is still not fully known. According 
to the most common theories, it  is a chronic, probably 
autoimmune, mucocutaneous, psychosocial disease that 
usually presents in middle-aged females and primarily 
affects the oral mucosa, skin, genital mucosa, scalp, and 
nails. Oral LP can clinically present in various forms, in-
cluding reticular, papular, plaque-like, atrophic, erosive, 
and bullous types.9

The characteristic feature of both abovementioned le-
sions is a very irregular shape, therefore it  is very hard 
to measure the area of these lesions. In the case of such 
irregular lesions, fractal dimension analysis (FDA) is very 
helpful. Fractal dimension analysis is a very promising 
method which is  widely used to  describe complicated 
shapes when the classical methods fail.

The term “fractal” refers to a shape which is described 
by potentially simple mathematic formulas. If these formu-
las are iterated into infinity, they may create shapes which 
we are able to magnify indefinitely and each time we can 
see infinite numbers of details of the shape – it has the 
feature of self-similarity. In classical Euclidean geometry, 
dimension is an integer – it is a number of coordinates 
which we need to describe the point inside the shape. For 
example, a point has no dimension, so it equals 0; to de-
scribe a straight line we need only 1 dimension (length); 
the main features of a rectangle are its length and width; 
a 3-dimensional shape needs to have width, length and 
height. Classic examples of fractals are Cantor set, Koch 
snowflake and Sierpinski triangle (Fig. 1).

The fractal dimension (FD) of Cantor set equals approx. 

Fig. 1. Examples of fractals               Cantor set                       Koch snowflake            Sierpinski triangle 
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0.631. This means that this shape is something between 
a point and a line. Koch snowflake, with a FD ≈ 1.262, 
is a shape which is closer to a line than to a flat figure, 
in contrast to Sierpinski triangle, with a FD ≈ 1.585, which 
is nearly halfway between a line and a flat figure.

Some natural shapes may be considered fractals, e.g., 
coast lines, trees, clouds, and mountains. Examples 
of fractals in living organisms include nerves and branch-
es of blood vessels, the structure of brain neurons and 
the structure of bone. These shapes are too complicated 
to measure or compare between each other using tradition-
al methods based on Euclidean geometry. In such cases, 
FDA is non-substitutable.

It is important to mention that FDA offers the ability 
to compare complicated shapes. The value of FD describes 
only the distribution of points (on a surface or in space) 
which create these shapes, as opposed to traditional ways 
of physically describing the dimension of a shape.

Fractal dimension analysis can be very useful in medi-
cine; examples of FDA usage in medicine are mammo-
graphic image analysis, or estimation of tumor neoangio-
genesis or of the pattern of coronary vessels.10–12 Fractal 
dimension analysis of  jaw bone cone beam computed 
tomography (CBCT) images is useful in  the diagnosis 
of osteoporosis.13

In our study, we tried to distinguish oral leukoplakia and 
LP using FDA with a classical white-light examination and 
PDD. Lesions treated using PDF were histopathologically 
verified.

Material and methods

Patients

We enrolled patients (20 females and 15 males) in our 
study. The mean age of the study group was 58 years (range: 
32–81 years). The total number of patients suffering from 
leukoplakia was 26, while 9 patients suffered from LP. Each 
lesion was histopathologically examined after taking the 
specimen from pathologically changed oral mucosa under 
local anesthesia (a classical examination with hematoxy-
lin and eosin (H&E) staining). Leukoplakia foci occurred 
at the same rate in females and males. In the case of LP, 
females suffered from lesions more frequently than males 
(77.8% vs 22.2%, respectively). All procedures were con-
ducted after obtaining the approval of the Ethics Com-
mittee of Wroclaw Medical University, Poland (approval 
No. KB-367/2014).

Leukoplakia foci were estimated using van der Waal 
classification. This classification is based on 3 parameters:  
L, C and P. The L parameter describes the size of the lesion: 
1 – focus ≤2 cm; 2 – a lesion size 2–4 cm; and 3 – a le-
sion size >4 cm. LX refers to an unspecified size. C is the 
clinical appearance of the lesion: 1 – homogenic; 2 – non-
homogenic. P describes the occurrence of dysplasia (P1)  

in a histopathological examination or a non-dysplastic 
lesion (P0). PX is the absence or presence of epithelial dys-
plasia not specified in the pathology report. According 
to these properties, van der Waal distinguishes 4 stages 
of leukoplakia: stage I (L1P0); stage II (L2P0); stage III (L3P0 
or L1L2P1); or stage IV (L3P1). In our study, we admitted 
only patients with homogenic leukoplakia without dys-
plasia (L1P0, L2P0, or L3P0). Other patients were treated 
by surgery. In the case of erosive LP, the patients were 
excluded from the study. All LP lesions were classified 
as reticular.

Photodynamic therapy  
and photodynamic  
diagnosis procedure

A solution of 20% 5-ALA (Sigma-Aldrich, St. Louis, USA) 
was dissolved in an eucerin base directly before each pro-
cedure. Delta-aminolevulinic acid was applied to lesions 
and covered by an occlusive dressing (gelatinous sponge 
flakes). After 2 h, PDD was performed. A Viofor-PDT lamp  
(Med & Life, Komorów, Poland) was used as the 
source of  light. To excite the photoensitizer, we used 
a 405-nanometer wavelength with 250 mW of power. 
Photos were taken using the same parameters: Canon 
EOS 500D (Canon Inc., Tokyo, Japan), a 13-millimeter 
intermediate ring, a 50-millimeter lens, orange and UV-
cut filters, an ISO of 1600, f-stop of 1/9, and exposure 
time of 1/50 s. Photo resolution was 4752 × 3168 pixels. 
After the PDD procedure, the 5-ALA ointment was ap-
plied again with an occlusive dressing for 2 h. Next, 
PDT was performed using red light (635 nm, a Viofor 
PDT lamp) in a total dose of 120 J per lesion. All PDT 
procedures were repeated every 3 weeks for each patient. 
Patients were observed 3, 6 and 12 months after their 
last photodynamic procedure.

Image preparation

All graphical operations were performed in GIMP v. 2.8.0 
(GNU Image Manipulation Program; www.gimp.org).  
In the center of the lesion, a square with 300 pixels per 
side was selected. Prepared image selection was cropped 
from the original photo. A high pass filter was applied 
and the Levels tools were used to equalize the histogram 
of the image. Next, the images were converted into a gray-
scale and then converted into bitmap images (with a 50% 
threshold). The file was saved in TIFF format without 
any compression algorithms. All graphical operations for 
white-light photos are shown in Fig. 2. The PDD photos 
were prepared in the same way, but after the last bitmap 
transformation, color inversion was applied (Fig. 3). Dur-
ing PPD, hyperkeratotic lesions are darker than healthy 
mucosa, so color inversion was necessary to obtain pic-
tures analogous to the white-light ones. These prepared 
files were the basis for FDA.
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Fractal dimension analysis

We used the computer program Fractalyse v. 2.4 (Univer-
sity of Franche-Comté, Besançon, France). Fractalyse enables 
the user to measure FDs using the box-counting method. 
The fractal dimension (Ds) is counted using the formula 
below14:
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where Ds – the fractal dimension; ε – the length of the 
box which creates a mesh covering the surface with the 
examined pattern; N(ε) – the minimal number of boxes 
required to cover the examined pattern.

Statistical analysis

GraphPad Prism v. 6.01 (GraphPad Software, La Jolla, 
USA) was used for the statistical analysis. The Shapiro-Wilk 
test was applied to check for normality. Due to the lack 
of normal distribution in the examined samples, we used 
a non-parametric test. The Mann-Whitney test was applied 
to compare 2 values of FD. In the cases of more than 2 FD 
values, we used the Kruskal-Wallis test with Dunn’s multiple 
comparisons test. The significance level was set at 0.05.

Results

The most frequent location of lesions was the mucous 
membrane of the cheeks: for leukoplakia, 15 lesions were 

Fig. 2. Preparation of images during a white-light examination

Fig. 3. Preparation 
of PDD images

PDD – photodynamic 
diagnosis.
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located there and for LP there were 6 lesions. Another 5 le-
sions of LP occurred in the alveolar ridge. The floor of the 
oral cavity was affected by LP in 2 cases. Lichen planus very 
rarely occurred on the tongue – only 1 lesion – and was 
not observed in the region of the lips or the hard palate. 
Leukoplakia lesions occurred in the tongue area in 7 cases 
and in 5 cases, in the alveolar ridge. Leukoplakia was very 
rarely observed in the region of the hard palate (3 lesions), 
the floor of the oral cavity (2 lesions) or the lips (2 lesions).

Stage L2 was most commonly observed (41.2%), L1 le-
sions occurred in 35.3% of cases and L3 occurred least 
often (23.5%).

The differences between the FDs of  leukoplakia and 
LP in a white-light examination and the PDD procedure 
are shown in Tables 1 and 2. It is important to note that 
in the case of leukoplakia, the FD of lesions in the tongue 
in a white-light examination was significantly lower than 
during PDD. This means that lesions in PDD seem to be 
larger in both dimensions. No other FDs show statistically 
significant differences.

There were no significant differences observed between 
the FDs of leukoplakia and LP in the case of a white-light, 
classical examination or PDD. These results are shown 
in Tables 3 and 4.

Table 1. Fractal dimension values of leukoplakia in a white-light examination and the PDD procedure (Mann-Whitney test)

Site

Leukoplakia

p-valuewhite light PDD

median mean SD median mean SD

Cheek 1.780 1.793 0.029 1.808 1.795 0.049 0.271

Alveolar ridge 1.805 1.811 0.027 1.857 1.854 0.011 0.057

Palate 1.746 1.718 0.049 1.634 1.640 0.144 0.600

Tongue 1.744 1.744 0.009 1.773 1.769 0.014 0.026

All locations 1.773 1.774 0.042 1.782 1.780 0.084 0.162

PDD – photodynamic diagnosis; SD – standard deviation.

Table 2. Fractal dimension values of lichen planus in a white-light examination and the PDD procedure (Mann-Whitney test)

Site

Lichen planus

p-valuewhite light PDD

median mean SD median mean SD

Cheek 1.760 1.766 0.029 1.783 1.778 0.008 0.195

Alveolar ridge 1.823 1.819 0.023 1.806 1.803 0.005 0.314

All locations 1.780 1.787 0.038 1.787 1.787 0.016 0.914

PDD – photodynamic diagnosis; SD – standard deviation.

Table 3. Values of fractal dimension of leukoplakia and lichen planus during a white-light examination (Mann-Whitney test)

Site

White light

p-valueleukoplakia lichen planus

median mean SD median mean SD

Cheek 1.780 1.793 0.029 1.760 1.766 0.029 0.068

Alveolar ridge 1.805 1.811 0.027 1.823 1.819 0.023 0.629

All locations 1.773 1.774 0.042 1.780 1.787 0.038 0.452

SD – standard deviation.

Table 4. Values of fractal dimension of leukoplakia and lichen planus during PDD (Mann-Whitney test)

Site

PDD

p-valueleukoplakia lichen planus

median mean SD median mean SD

Cheek 1.808 1.795 0.049 1.783 1.778 0.008 0.196

Alveolar ridge 1.857 1.854 0.011 1.806 1.803 0.005 0.057

All locations 1.782 1.780 0.084 1.787 1.787 0.016 0.899

PDD – photodynamic diagnosis; SD – standard deviation.
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In the case of LP, a significant difference in FD was ob-
served between lesions in the cheek and the alveolar ridge 
region. The values of FD were greater in the region of the 
alveolar ridge in both white-light and PDD examination. 
These results are shown in Table 5.

Differences in the FD were observed between the leuko-
plakia foci of the alveolar ridge, the tongue and the palate. 
These differences occurred in both white-light and PDD. 
Different values of FD were observed between cheek and 
tongue lesions in a white-light examination, in contrast 
to PDD, where the values were similar. The results of the 
Kruskal-Wallis and Dunn’s multiple comparisons tests are 
shown in Table 6.

In all leukoplakia foci, in the region of the palate and 
the floor of the mouth, we observed a complete response. 
In the region of the tongue, a complete response was ob-
served in 4 lesions and a partial response in 3 lesions. 
Leukoplakia of the alveolar ridge was completely treated 
in the case of 2 lesions, a partial response was achieved 
in 2 lesions and a lack of therapeutic effect was observed 
in the case of 1 lesion. Lesions in the region of the cheeks 
were the most resistant to PDT. Only in the case of 2 le-
sions we observed a complete response, a partial response 
was observed in the case of 11 lesions and a lack of thera-
peutic results occurred in the case of 2 lesions. Overall, 
a complete response of leukoplakia foci to PDT observed 
in 29.4% cases, a partial remission occurred in 58.8% cases 
and a total lack of treatment was noted in 11.8% cases.

Complete treatment was achieved in the case of 1 LP 
lesion in the tongue area. In the alveolar ridge, 4 out of 5 
lesions were completely treated and 1 was partially treated. 
In the region of the floor of the mouth, a complete response 
was noted in the case of 1 lesion and a partial response 

occurred in 1 lesion. The most resistant areas to PDT 
treatment were the cheeks, where complete response was 
seen in 1 lesion, a partial response was observed in 4 le-
sions and a lack of treatment effects was seen in 1 lesion. 
Generally, LP was completely treated in 50% of all cases  
(7 lesions), a partial response was observed in 35.7% of cas-
es (5 lesions) and failed PDT treatment was noted in 14.3% 
of cases (2 lesions). After PDT application, symptoms of LP, 
such as a burning pain, sensitivity to spicy foods and dis-
comfort during speaking, disappeared in all of our pa-
tients, even if the lesion did not respond or only partially 
responded to the treatment.

Discussion

The diagnosis and treatment of leukoplakia and LP as 
premalignant lesions are important therapeutic problems. 
Photodynamic diagnosis allows the visualization of lesions 
in much more detail than a normal white-light examina-
tion. In many cases, the actual size and range of lesions 
are larger during a PDD session. This is particularly im-
portant in neoplasm lesions, where a margin of healthy 
tissue should be preserved. Due to the complicated shapes 
of leukoplakia and LP, FDA appears to be the most efficient 
method for estimating the size of these lesions. Fractal di-
mension analysis may be useful to check the microvascular 
pattern of LP in various locations of the oral cavity. Luc-
chese et al. showed that the FD of LP microvascular pat-
tern is higher in buccal mucosa (1.167) and in the tongue 
mucosa (1.196) in comparison to healthy mucosa (1.123).15

No statistical differences were found in our study be-
tween the FDs of leukoplakia and LP. However, statistical 

Table 5. Differences in fractal dimension of lichen planus between the cheek and the alveolar ridge during a white-light examination and PDD  
(Mann-Whitney test)

Diagnostic method

Lichen planus

p-valuecheek alveolar ridge

median mean SD median mean SD

White light 1.760 1.766 0.029 1.823 1.819 0.023 0.019

PDD 1.783 1.778 0.008 1.806 1.803 0.005 0.036

PDD – photodynamic diagnosis; SD – standard deviation.

Table 6. Statistical differences between foci of leukoplakia in various locations according to the examination method (Dunn’s multiple comparisons test)

Dunn’s multiple comparisons test

Leukoplakia

White light PDD

mean rank diff. significant: yes or no mean rank diff. significant: yes or no

Cheek vs alveolar ridge –2.95 no –7.80 no

Cheek vs palate 10.88 no 7.87 no

Cheek vs tongue 10.13 yes 5.87 no

Alveolar ridge vs palate 13.83 yes 15.67 yes

Alveolar ridge vs tongue 13.08 yes 13.67 yes

Palate vs tongue –0.75 no –2.00 no
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differences within the groups were observed. The value 
of FD in a white-light examination and in PDD was lower 
in the cheek region than in the alveolar ridge. This means 
that lesions in the cheek region were smaller in 1 dimen-
sion (width or height) than in the alveolar ridge. Differ-
ences in the FD of leukoplakia were mainly observed in the 
tongue region during both white-light examination (1.744) 
and PDD examination (1.773). This suggests that tongue 
lesions during PDD are larger and that the shape is more 
complicated than during a classical examination. Fractal 
dimension analysis may be a useful method for comparing 
complicated shapes, such as those of LP or leukoplakia, 
though our study did not confirm the usefulness of this 
method for distinguishing LP and leukoplakia without a 
histopathological examination.

The clinical detection of  leukoplakia facilitates auto-
fluorescence, chemiluminescence or vital staining with 
toluidine blue, though these methods have relatively low 
specificity and are not recommended for distinguishing 
leukoplakia from other lesions.16 Another option is opti-
cal coherence tomography (OCT), which detects dyspla-
sia by the fluctuation of light scattering due to random 
cellular changes in  dysplastic tissues in  comparison 
to normal mucosa.17 Another study proved that narrow-
band imaging (NBI) demonstrating an  intraepithelial 
papillary capillary loop (IPCL) pattern destruction or 
a twisted elongation are indicative of histological changes 
in oral leukoplakia.18 Application of 5% Lugol’s solution 
aids in the featuring of suspicious lesions. Normal mu-
cosa stains brown because of the high glycogen content, 
whereas leukoplakia appears pale compared to the sur-
rounding normal tissue.19

Biopsy of the lesion and a histopathological examination 
still remains the standard diagnostic procedure for suspi-
cious lesions. One of the possible features of leukoplakia 
is dysplasia, which manifests as architectural changes 
within the epithelial strata, combined with cellular atypia 
due to inappropriate differentiation.

The diagnostic process of LP is similar to the previously 
described diagnostic process of leukoplakia; it involves a 
provisional clinical diagnosis and histopathological con-
firmation. Lichen planus clinically presents mostly as one 
of 2 forms: reticular or erosive.20 The reticular form occurs 
more frequently and is usually asymptomatic. The erosive 
form is less common, but is more symptomatic. Symptoms 
may range from a slight discomfort to an intense pain 
that interferes with chewing.20,21 Our study revealed that 
after PDT application, these symptoms disappeared in all 
patients, even when the lesion did not respond or only 
partially responded to treatment.

Lichen planus and leukoplakia very frequently occur 
on a  large area of  the mucous membrane, which leads 
to complicated surgical treatment and requires reconstruc-
tion of the mucosa after complete excision. Surgical exci-
sion creates contracted scars, which may decrease patients’ 
comfort. Photodynamic therapy as a noninvasive procedure 

is more frequently used for the treatment of leukoplakia 
and LP.22–27

Maloth et al. revealed that in their study, in the leukopla-
kia group, 17% of cases showed a complete response, 66% 
showed a partial response and 17% of the lesions did not 
respond to the treatment. In the LP group, 80% of the le-
sions showed a partial response and 20% did not respond.28 
Those results are similar to our study in the case of leu-
koplakia, in contrast to the lower effectiveness of PDT 
in LP found in our study. Pietruska et al. used chlorin-e6-
mediated PDT, and their results were similar to 5-ALA-
mediated PDT.29 In the case of leukoplakia, the results were 
as follows: 27.3% of cases with a total response, 50% of cases 
with a partial response and 22.7% with no effect.29 A study 
by Semkin et al. demonstrated that laser ablation may be 
another treatment method; successful results were seen 
in 42% of cases, but a recurrence of lesions was observed 
in 58% of cases.30

Photodynamic therapy and cryotherapy appear to be 
comparative treatment methods that may both serve as 
alternatives for the traditional surgical treatment of oral 
leukoplakia. The advantages of PDT are its minimal inva-
siveness and localized character, which prevents damage 
of collagenous tissue structures. Photodynamic therapy 
is more convenient for patients, less painful and more es-
thetically pleasing.31

Conclusions

Fractal dimension analysis may be a useful method for 
the comparison of complicated shapes, such as those of 
LP or leukoplakia, but our study did not confirm that this 
method may be used to distinguish LP and leukoplakia 
without a histopathological examination.

Photodynamic therapy is a promising, noninvasive treat-
ment method of leukoplakia and LP in the region of the 
oral cavity.

After PDT application, symptoms of LP, such as a burn-
ing pain, sensitivity to spicy foods and discomfort during 
speaking, disappeared in all of our patients, even when 
the lesion did not respond or only partially responded 
to treatment.
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