eor.istanbul.edu.tr

\STAy

a%e [STANBUL
Y UNIVERSITY
fEet _ pRESS

Official Publication of Istanbul University Faculty of Dentistry

Eur Oral Res 2023; 57(2): 68-74

Original research

The effects of technical factors on the fractal dimension in

different dental radiographic images

Purpose
The aim of this study was to assess the impact of exposure parameters and image
formats on fractal dimension (FD) values in periapical, panoramic, and CBCT images.

Materials and Methods

Seven dry male mandibles were selected, and a Gutta-Percha was used to identify
identical regions of interest. A periapical radiograph was taken with 60 kVp/7 mA
and exported in DICOM, JPEG, TIFF, and PNG formats. Nine periapical radiographs
(60,65,70kVp; 4,5,6 mA) were taken from seven dry human mandibles. Additionally,
12 panoramic radiographs (60, 70, 81,90 kVp; 5,8, 13 mA) and 10 CBCT images (with
different scanning options and FOVs) were taken from each mandible. FDs were
measured from a standard area.

Results

The intra-class correlation coefficient demonstrated a high degree of agreement
between observers. No significant difference was found between TIFF and PNG
formats (p > 0.05). The highest FD mean was found in TIFF format, while the lowest
FD mean was found in JPEG format (p < 0.001). There was no significant difference
between kVp and mA settings in periapical images. In panoramic images, a
significant difference was found at 90 kVp (p = 0.001) and 13 mA (p < 0.001), with
lower FD values observed at these settings. There was no significant difference
between FOV and resolution in CBCT images (p > 0.05).

Conclusion

The format of theimage caninfluence FD. For periapical and panoramic radiographs,
kVp and mA settings do not have a significant impact on FD. However, fractal
analysis may not be an ideal method for evaluating three-dimensional images, such
as those obtained with CBCT.

Keywords: Fractal analysis, Exposure parameters, Image format, Dental radiography,
CBCT

Introduction

Fractal analysis (FA) is a mathematical technique utilized to evaluate
complex structures and quantify their degree of irregularity through a
numerical value known as the fractal dimension (FD). This method has
been employed by radiologists as a tool to assess bone tissue quality and
bone mineral density (1, 2), and it has been used for various purposes in
dentistry (3). Previous research on FA has utilized a range of dental radio-
graphic images, including panoramic, periapical, bitewing, cephalomet-
ric, and cone-beam computed tomography (CBCT), which are commonly
employed in dentistry (1, 4).

FA can only be performed on digital radiographic images, but these im-
ages must be processed in advance. To this end, White and Rudolph de-
veloped a method using ImagelJ software (https://imagej.nih.gov/ij/) with
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the aim of making inferences about bone microarchitecture
using radiographic images and FA (5). The resolution of the
images is a crucial factor in ensuring accurate and realistic
evaluations. However, image resolution is directly affected
by scanning and exposure parameters such as peak tube
voltage (kVp), tube current (mA), exposure time, scan time,
the field of view (FOV), and voxel-pixel size (6). The selection
of FOV has a significant impact on the quality of CBCT imag-
es and the visualization of anatomical structures (7). More-
over, several factors can influence FD, including the com-
pression and recording format of the radiographic image, as
well as the size and location of the regions of interest (ROI)
within the bone being analyzed. The effect of these factors
on FD has been a subject of debate in the literature, with
some studies reporting minimal differences in FD associated
with exposure parameters (8-13).

Digital Imaging and Communications in Medicine (DICOM)
is a widely accepted image format designed for medical ra-
diographic imaging, despite having some disadvantages.
Other commonly used formats include Joint Photographic
Experts Group (JPEG), Tagged Image File Format (TIFF), Por-
table Network Graphics (PNG), Bitmap (BMP), and Graphics
Interchange Format (GIF) (14, 15). JPEG is a popular image
format on all platforms, known for its compression capabili-
ty. On the other hand, TIFF is an adaptable image format that
uses lossless compression (LC) (14, 16). PNG was developed
to replace the GIF format and is useful in medical imaging
due to its LC, which results in the created image being the
same as the original after decompression (16). The effects
of compression on image quality or qualitative and quan-
titative measurements in digital radiography are important
issues that need to be investigated. Although the analysis
part of the FA method has some standardized steps through
a computer program, there are non-standardized steps such
as the methods of obtaining the radiographs, the selection
of areas to be measured, and the recording formats of the
images (5). The purpose of this study is to evaluate the ef-
fects of exposure parameters and image formats on FD val-
ues using periapical, panoramic, and CBCT images.

Materials and Methods
Ethical approval and study design

This study is a retrospective in-vitro study conducted in
the Department of Oral and Maxillofacial Radiology at Er-
ciyes University Faculty of Dentistry. It does not include a
control group. The study was approved by the Erciyes Uni-
versity Clinical Research Ethics Committee. The study started
with the following hypotheses: Different image formats can
affect FD, exposure parameters can affect FD in periapical ra-
diograph, exposure parameters can affect FD in panoramic
radiographs and FOV and different scanning resolutions can
affect FD in CBCT images.

Specimens

The present study included the use of edentulous dry
mandibles from seven male cadavers that did not have any
pathologies or diseases affecting bone metabolism and
were aged between 50-70 years. To ensure consistency,

each mandible was marked with a Gutta-Percha to identify
a specific ROI. The marked area was a 6x6 mm square region
located distal to the mental foramen in the periapical bone
area, without any overlap with the tooth roots or periodon-
tal space.

Radiographicimaging

The mandibles were positioned on a hard and fixed sur-
face to ensure consistent projection geometry throughout
the imaging procedures. Periapical radiographs were cap-
tured using the Kodak 2100 Intraoral X-Ray System (Kodak,
New York, USA) and size 2 photostimulable phosphor plates
(PSP). The dental X-ray unit was set to operate at 1.5 mm Al
equivalent filtration, 0.2 s exposure time, and a focus-recep-
tor distance of 25 cm. The parallel technique was employed
to obtain all periapical images (Figure 1A-1B). Firstly, periapi-
cal radiographs were captured using 60 kVp/7 mA values,
which were accepted by the device as the standard for peri-
apical radiography in adults.

The images were exported in uncompressed DICOM, JPEG,
TIFF, and PNG formats. Following that, nine periapical radio-
graphs were taken from each mandible using 60, 65, and
70 kVp and 4, 5, and 6 mA values, respectively, resulting in
70 periapical images. The photostimulable phosphor plate
(PSP) was scanned immediately after exposure using the Ex-
press Digital Imaging Plate Scanner (Instrumentarium Den-
tal, Tuusula, Finland) in standard resolution.

Panoramic radiographs were acquired using the Instrumen-
tarium Dental Orthopantomograph OP200 D (Instrumentar-
ium Dental, Tuusula, Finland). The device is equipped with
radial reference lines that assist in patient positioning and en-
sure alignment of the midsagittal plane and Frankfort plane.
The position of each mandible was fixed during image acqui-
sition with the aid of these lines (Figure 2). Initially, panoramic
radiography was performed using 66 kVp/8 mA values, which
were considered as the standard for panoramic radiography
in adults. Subsequently, 12 panoramic radiographs were tak-
en from each mandible, with varying exposure parameters of
60, 70,81,and 90 kVp and 5, 8, and 13 mA values, respectively,
resulting in a total of 91 panoramic images.

CBCT images were acquired using the Newtom CBCT de-
vice (Newtom5G, QR, Verona, ltaly). Radial reference lines
were used as a guide, similar to the panoramic radiography
device. Five different scan FOVs were employed, namely
8x8, 12x8, 15x12, and 18x16, with varying scanning op-
tions. These options included standard resolution standard
dose (STD), standard resolution high dose (BOOSTED), and
high resolution (HIRES). However, for the HIRES resolution of
the device, only 8x8 and 12x8 FOV values were available,
and images were captured accordingly. A total of 70 CBCT
images were produced. The exposure parameters in all ra-
diography techniques were modified within the permis-
sible limits of the respective devices. The images obtained
through periapical, panoramic, and CBCT techniques were
saved in uncompressed TIFF format.

Fractal analysis

The images were analyzed by three oral and maxillofacial
radiologists using NNT software (Version 9.1), which is the
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original software of the CBCT machine (Newtom5G, QR, Ve-
rona, Italy) for CBCT images, on a Dell Precision T5400 work-
station with a 19-inch 1920x1080 resolution monitor (Dell
E190S, China). The radiologists had three years of clinical
experience and were blinded to the parameters from which
the images were taken. All regions of interest (ROIs) were
within the marked area borders, and the measured locations
were the same regardless of technical parameter changes or
imaging methods.

Firstly, FDs were calculated to assess the effects of image
formats. ROIs were placed at specific X and Y coordinates us-
ing features provided by the software to ensure they were
all at the same point. This ensured that ROIs in all formats
(DICOM, JPEG, PNG, TIFF) were of the same size and position
(see Figure 3). To evaluate the effects of exposure parame-
ters, FD was calculated on radiographic images taken with
different parameters. The size of ROIs was determined to be
the maximum size allowed by the marked area in the imag-
es. The size of ROl on periapical radiographs was 70x70 pix-
els (see Figure 4A), on panoramic radiographs, it was 50x50
pixels (see Figure 4B), and on CBCT images, it was 40x40 pix-
els (see Figure 4C). FA was carried out on ImageJ version 1.53
software using the box-counting method defined by White
and Rudolph (5) (see Figure 5).

Statistical analysis

The statistical analysis was performed using SPSS v26
(IBM, Armonk, New York, USA). To determine the level of
agreement between observers, the intra-class correlation
coefficient (ICC) with a 95% confidence interval (Cl) was cal-
culated. Statistical differences were assessed using one-way
repeated measures ANOVA followed by Bonferroni’s post
hoc test. A p-value less than 0.05 was considered statistically
significant.

Results

ICC showed a high degree of agreement between observ-
ersin all image format and imaging methods measurements
(Table 1).

Image format

Based on the analysis of variance using mean FD values,
it was determined that there was no significant difference

Figure3. Periapical radiographs with different image formats placed on the marked area. A; DICOM, B; JPEG, C; PNG, D; TIFF.

between the FD values of TIFF and PNG formats (p>0.05) as
they already had the same FD value. However, a statistical-
ly significant difference was observed between the FD val-
ues of TIFF (and PNG), DICOM, and JPEG formats (p<0.001).
Among these formats, TIFF (and PNG) had the highest mean
FD value, whereas JPEG had the lowest mean FD value, as
shown in Table 2.

Exposure parameters

In the analysis of variance performed on FD measurement
values obtained with the periapical radiography technique,
it was found that there was no significant difference be-
tween the values of kVp and mA exposure parameters (p >
0.05) (Table 3). For the panoramic radiography technique,
a significant difference was found in the FD values of 90

Figure 1. A, Positioning of the mandible and apparatus for taking
periapical radiographs with the parallel technique. B, mandible was
placed on a hard and constant floor for stabilization.

Figure 2. Positioning of dry human mandible for panoramic radio-
graph.
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kVp/13 mA (p < 0.05). The FD was found to be lower in the
90 kVp/13 mA exposure parameters (Table 4). In the analy-
sis of variance using FD measurement values in the images
obtained with the CBCT technique, no significant difference
was found between all groups, including FOV and resolution
(p > 0.05) (Table 5).

Figure 4. A; periapical radiograph with a 70x70 ROl inserted within
the marked area borders, B; panoramic radiograph with a 50x50 ROI
inserted within the marked area borders, C; CBCT images with 40x40
ROl inserted within the marked area borders.

Figure 5. Steps of fractal analysis.

Discussion

To ensure clinical reliability and value of a bone analysis
method, it should be able to operate independently of tech-
nical parameters and demonstrate stability against varying pa-
rameters, as the obtained results should remain consistent (13).

DICOM is a widely accepted image format designed for
medical radiographic imaging. However, DICOM has some
disadvantages. It cannot be viewed without a special viewer
(such as ImageJ or DICOM Works), and it has a larger file size
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Table 1. The Intra-Class Correlation (ICC) coefficient between the
raters in imaging methods

ICC (95%Cl) P
Image Formats Measurements 0.947(0.893-0.991)  0.001*
Periapical Radiography 0.932(0.807-0.988)  0.002*
Measurements
Panoramic Radiography 0.947(0.893-0.991)  0.001*
Measurements
CBCT Measurements 0.953(0.829-0.992) 0.001*

ICC (%95 Cl): Intra-Class Correlation with 95% confidence interval. *Significant
atp <0.05

Table 2. Comparison of fractal dimention results for differentimage

format measurements on periapical radiography.

Image Format n mean SD p F
DICOM 7 1.254° 0.057
JPEG 7 1.252¢ 0.055

0.000* F=32.70
TIFF 7 1.264° 0.057
PNG 7 1.264° 0.057

n: number of dry mandible, SD; standard deviation F: One-way repeated
measures ANOVA, *Significant at p < 0.05, g, b, c: the difference between the
averages without the common letter is significant

because DICOM is a data set that includes different types
of data, such as demographic information of the individual,
imaging parameters of the device, and matrix size of the im-
age (14, 15). JPEG is a widely used and compression-capable
format. Thanks to this compression feature, JPEG offers an
easy and high level of portability. However, the images pro-
duced have poorer quality than TIFF or DICOM. TIFF uses LC,
making it the best choice for a master copy (14, 16). PNG is
also very useful in medical imaging due to its LC. The image
created after decompression is the same as the original (16).

In our study, it was found that PNG and TIFF had signifi-
cantly higher FD, which was an expected result, as these for-
mats use the LC technique. In contrast, JPEG had the lowest
FD significantly, which was also an expected result because
JPEG causes LC in the image.

Toghyani et al. (17) conducted a study comparing FD val-
ues across different image formats, resolutions, and com-
pression levels (CL) on periapical radiographs. They found
that FD increased with increasing resolution and that the
most consistent and reliable FD value was obtained at high
resolution. Baksi et al. (18) compared the effects of different
compression levels on periapical radiographs using JPEG
and JPEG2000 formats. They found that FA was insensitive
to CL and confirmed the validity of FA, which was consistent
with previous studies that reported insensitivity to changes
in exposure parameters and projection geometry (8, 19).In a
similar vein, Yasar et al. (20) also found that the FD value was
higher in the TIFF format than in the JPEG format, which is
consistent with our study findings.

Fractal images exhibit a high degree of similarity between
the points of the image, making them particularly suscep-
tible to the negative effects of noise. Increased noise levels
can impede correct diagnosis and early treatment, particu-
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Table 3. Comparison of fractal dimention results for periapical radiography measurements

4 5 6 7

kVp/mA F P
Mean SD Mean SD Mean SD Mean SD

60 1.201 0.049 1.198 0.058 1.206 0.059 1.204 0.069 0.161 0.921

65 1.187 0.034 1.217 0.039 1.189 0.070 1.548 0.260

70 1.189 0.033 1.197 0.044 1.197 0.044 0.283 0.758

F 0.489 0.788 1.001

P 0.625 0.421 0.396

SD; standard deviation, F: One-way repeated measures ANOVA, Significant at p < 0.05.

Table 4. Comparison of fractal dimention results for panoramic radiography measurements

5 8 13

kVp/mA F p

Mean SD Mean Mean SD
60 1.331 0.056 1.355 0.036 1,345% 0.048 0,994 0,399
66 1.352 0.044
70 1.343 0.035 1.327 0.037 1,341%8 0.045 3,043 0,085
81 1.348 0.029 1.339 0.029 1,331%8 0.047 1,206 0,333
20 1.345° 0.027 1.347° 0.032 1,280 0.041 13,583 0,001*
F 0.421 2.240 13.334
P 0.578 0.095 0.000*

SD; standard deviation, F: One-way repeated measures ANOVA, *Significant at p < 0.05 A, B: In the same column, the difference between the mean kVp without
common capital letters is significant. a,b: In the same row, the difference between the mA averages without the common lowercase letter is significant

Table 5. Comparison of fractal dimention results for CBCT measurements.

Standard Boosted HIRES
FOV/Resolution Fort P
Mean SD Mean SD Mean sD

8x8 1.304 0.089 1.334 0.090 1.329 0.081 1.338 0.299
12x8 1313 0.077 1.337 0.085 1.324 0.067 0.997 0.358
15x12 1.330 0.082 1.328 0.087 0.180 0.863
18x16 1313 0.083 1.335 0.070 -1.639 0.152
Fort 1.326 0.160 0.746

P 0.297 0.922 0.484

Standard: standard dose standart resolution scannnig, Boosted: standart dose high resolution scanning, HIRES: high dose high resolution scanning, SD; standard
deviation. t:Paired t-test, F: One-way repeated measures ANOVA, Significant at p < 0.05

larly in the early stages of lesions (21). Previous studies have
demonstrated that exposure parameters can influence the
amount of noise present in images (22, 23).

In our study, there was no statistically significant differ-
ence found in the FD of periapical radiographs. This is con-
sistent with the findings of a previous study that evaluated
exposure parameters on periapical radiographs and found
no significant difference in FDs (8). Given the high level of
detail and clarity provided by periapical images, it is be-
lieved that FD is not affected by changes in exposure param-
eters. In panoramic radiographs, FD was not significantly af-
fected up to 90 kVp and 13 mA, but there was a statistically
significant difference in images taken with 90 kVp and/or
13 mA. FD changed in images taken with less than 13 mA
and 90 kVp or with less than 90 kVp and 13 mA. To the best

of our knowledge, there are no studies on the effects of ex-
posure parameters on FA in panoramic images in the litera-
ture. Therefore, previous studies that have investigated the
effects of exposure parameters on image quality have been
reviewed in this study.

In a previous study, panoramic images that provide less
detail were found to have lower FD values than periapical
images that offer higher detail (24). Similarly, PSP scanned at
higher resolutions were found to have higher FD values (12,
17). Although previous studies did not directly investigate
the effects of different kVp-mA settings on FD in panoramic
radiographs, we believe that our results are related to the
varying spatial resolution, based on the information provid-
ed by these studies. However, further research is necessary
to fully explore this topic.
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In our study, we found no statistically significant differenc-
es in FD values between CBCT images taken with different
FOV sizes. This finding is consistent with a study by Tsai et al.
(25), which evaluated the effects of scanning protocols on
bone microarchitecture in CBCT images using the Image)
program and found that resolution mode did not affect the
trabecular parameters. However, it should be noted that
there are studies in the literature indicating that changes in
CBCT scanning parameters can alter image quality (27-30).
Furthermore, in a study by Corpas et al. (26) that evaluat-
ed bone density with CBCT images and histological bone
sections in animal experiments, the authors found that FD
values of two-dimensional CBCT image sections and his-
tological sections were not compatible. This suggests that
analyzing two-dimensional sections obtained from CBCT
images using the ImageJ program may not provide accurate
results. To address this issue, current publications recom-
mend using the BoneJ extension of the ImageJ program for
three-dimensional images, and using three-dimensional FD
analysis (31, 32). This approach can provide more accurate
and reliable results for FD analysis of CBCT images.

The goal of the researchers was to make the evaluation of
bone microarchitecture with FA applicable to clinical prac-
tice. They achieved this by evaluating clinical conditions like
orthognathic surgery healing and implant osseointegration
using FA (33, 34). Itis believed that FA can be useful in assess-
ing bone quality before and after surgical procedures. We
anticipate that this application will become more prevalent
in the future. Consequently, we believe that it is necessary to
standardize the use of FA in these assessments.

To improve the accuracy and reliability of the results, future
studies should have larger sample sizes to assess the effects
of technical parameters and the FA method on various imag-
ing modalities. Another limitation of this study was the lack of
consideration for soft tissue compensation, which may affect
the results. Since our study evaluated the effects of technical
features, soft tissue compensation was not taken into account.
Moreover, it should be noted that each image format has its
own advantages and disadvantages that should be taken into
account by the radiologist according to the intended use.

Conclusion

FA is a bone analysis technique that is intended for clinical
use but its standardization has yet to be clarified. The for-
mat of images used for FA can affect the FD. The study find-
ings suggest that using higher resolution TIFF images that
are suitable for black and white images can result in more
accurate measurements. The parameters, such as kVp and
mA, used for periapical and panoramic radiographs do not
significantly affect the FD. However, for panoramic images,
it is important to avoid using images that were taken with
high doses, such as 90 kVp and 13 mA. It is worth noting that
FA may not be appropriate for evaluating two-dimensional
cross-sectional images of CBCT, and three-dimensional FA
methods may be necessary.

Tiirkge ozet: Farkli Dental Radyografik Gériintiilerde Teknik Faktérlerin
Fraktal Boyuta Etkisi. Amag: Isinlama parametreleri ve gériintii formatinin
fraktal boyuta(FB) etkisini periapikal, panoramik ve KIBT gortintiileri
kullanilarak degerlendirmek amaglanmustir. Gere¢ ve Yontem: Erkek ka-

davralara ait, 7 adet tam dissiz kuru mandibula secildi ve belirlenilen ilgili
alanlar Gutha-Perka kullanilarak isaretlendi. 60 kVp/7mA dederlerinde
bir periapikal radyografi alindi ve DICOM,JPEG,TIFF,PNG formatlarinda
kaydedildi. Sonrasinda her mandibuladan sirasiyla 60,65,70kVp/4,5,6mA
degerlerinde 9 periapikal radyografi; sirasiyla 60,70,81,90kVp/ 5,8,13 ma
degderlerinde 12 panoramik radyografi; farkl ¢oziintirliik ve FOV boyut-
larinda 10 KIBT gériintiisti alindl. Segilen standart bélgelerden FB 6l¢iildi.
Bulgular: Sinif igi korelasyon degeri gézlemciler arasinda ytiksek derecede
uyum gésterdi. TIFF ve PNG formatlari arasinda istatistiksel olarak anlam-
I bir fark yoktu.(p>0.05) FB degeri en yiiksek TIFF formatinda, en diistik
JPEG formatinda 6l¢lildti.(p<0.001) Periapikal gériinttilerde farkli kVp ve
mA parametreleri arasinda anlamli bir fark yoktu.(p>0.05) Panoramik
goriinttilerde 90 kVp/13 mA parametrelerinde daha diisiik FB 6l¢ildii.
(p<0.001) KIBT gériintiilerinde farkli ¢éziindirliik ve FOV boyutlarinda
anlamli bir fark yoktu.(p> 0.05). Sonug: Gértintii formati FB'yi dedistire-
bilir. Periapikal ve panoramik radyografilerde kVp ve mA degisimleri
FBYyi bliylik dlclide etkilememektedir. Fraktal analiz, KIBT gibi li¢ boyutlu
goriinttilerde degerlendirme yapmak icin uygun bir ybntem olmayabilir.
Anahtar kelimeler: Fractal analiz, isinlama parametreleri, gériintii for-
mati, dental radyografi, KIBT.
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