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Abstract
Objective: In the literature, it is still unclear whether the trabecular structure of the jaw in subjects with
hypodontia is different from those without hypodontia. Hence, the aim was to determine whether the
mandibular trabecular bone structure of children and adolescents with hypodontia differs from the
control group by using the fractal analysis method in this study.

Materials and Methods: A total of 138 radiographs of 69 cases and 69 control subjects (mean age
13.2±10.1) were evaluated. The age and gender of subjects in the case and control groups were matched.
Three regions of interest (ROI) were selected from the panoramic radiographs. Mann-Whitney U and
Wilcoxon tests were used. p<0.05 was accepted for the signi�cance value.

Results: The mean fractal dimension (FD) values of ROI1, ROI2, and ROI3 were 1,25, 1,20, and 1,13,
respectively. The means FD values obtained from the ramus region were higher than the other regions
(p<0.05). The FD values did not differ signi�cantly according to gender and age (p>0.05). The FD values
of the case group were lower than the control group for ROI3 (p<0.05).

Conclusions: The results of this study showed that the mandibular trabecular bone quality of pediatric
patients with one missing tooth was different from the healthy group. The difference in the mean FD
values from the ROIs indicates that the ramus has a denser structure than the mandibular corpus.
Therefore, it shows that individuals with hypodontia may need additional procedures in cases that require
orthodontic and implant treatment.

Clinical Relevance: Clinicians should consider that individuals with hypodontia may need additional
procedures in cases requiring orthodontic and implant treatment.

Introduction
Hypodontia is de�ned as the agenesis of one or more teeth in primary or permanent dentition [1]. Tooth
agenesis is more common in women, and the most frequently missing tooth is the mandibular second
premolar, followed by the maxillary lateral incisor and maxillary second premolar [2].

The etiology of tooth agenesis is complex, and both environmental and hereditary factors are reported to
be effective [3]. Environmental factors leading to tooth agenesis include infectious diseases (e.g., rubella),
various traumas in the tooth region, surgical procedures, chemotherapy or radiotherapy, or impairments in
the innervation to the jaw, and factors linked to fetal development in the uterus [4-6]. In addition, it is
known that tooth agenesis is accompanied by various syndromes, such as Down syndrome, cleft lip and
palate, ectodermal dysplasia, van der Woude syndrome, oral-facial-digital syndrome type I, Rieger
syndrome, and holoprosencephaly [7]. Although epigenetic and environmental factors contribute to tooth
agenesis's etiology, there is convincing evidence that genetic factors prevail in the pathogenesis of the
disease [8].
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Today, fractal analysis is a popular method that quantitatively expresses the quality of bone tissue [9-11].
The FD values calculated by the box-counting method in trabecular bone are expected to be between 1
and 2. Values close to 2 represent a more complex bone microstructure, while values close to 1 refer to
simpler bone microstructures highlighting the porosities of bone [12].

In hypodontia patients, it is valuable for the clinician to know the bone quality in treatments such as
dental implant applications and orthodontic treatment [13, 14]. It has been reported that permanent tooth
agenesis may cause insu�cient alveolar bone development [15-17]. On the other hand, the relevant
literature reports that the effect of hypodontia on trabecular bone structure is not clear [18]. For these
reasons, it was aimed to determine whether the mandibular trabecular bone structure of children and
adolescents with hypodontia is different from the control group by the fractal analysis method.

Material And Methods
The Sütçü İmam University Clinical Research Ethics Committee granted the ethical approval to the
present study (approved no. 2021-04). The presented study was retrospectively carried out in the Sütçü
İmam University, School of Dentistry, Department of Pedodontics in full compliance with the current
ethical principles and the 1964 Declaration of Helsinki and its subsequent versions. The radiological
records of the child and adolescent individuals who applied to the Sütçü İmam University, Pedodontics
Outpatient Clinic for various dental treatment reasons were analyzed. To ensure standardization in the
study, we included only the pediatric patient with agenesis of the mandibular second premolar in the
study group. 

According to the analysis of 95% con�dence (1-α), 80% test power (1-β) and d=0.77 effect size, the
number of samples to be taken in each group was determined as 6 according to the one-tailed
independent samples t test analysis [19]. However, in order to increase the power of the sample, 67 people
were included in each group in our study.

Sixty-nine child and adolescent individuals with agenesis of the mandibular second premolar consisted
of the study group, while 69 child and adolescent individuals without hypodontia, matched with the study
group for age and gender, consisted of the control group. Both groups were selected from child and
adolescent individuals with mixed dentition periods. Each individual in the case and control group were
matched for age and gender.

In both groups, radiographs with insu�cient image quality, diagnosis of disease and drug use affecting
bone metabolism, presence of syndrome, genetic disease, deep dental caries in the missing tooth region,
apical and periodontal pathology were excluded from the study.

All panoramic radiographs were obtained by the same technician on the GENDEX GDP-700 device (Kavo
Kerr, Biberach, Germany) at 66 kVp, 6.3 mA and 14 sec acquisition procedures according to the
manufacturer's reference values.
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A total of 138 panoramic radiographs, 69 of the study group and 69 of the control group, were saved to
the lab computer is 2441x1149 pixel, 300 dpi resolution, 8-bit color depth, and Joint Photographic Experts
Group (JPEG) format. In this study, the box-counting algorithm, which is primarily preferred in the fractal
analysis method, was used [11].

All the image processing and fractal analysis procedures were conducted via the ImageJ v1.52 (NIH,
Bethesda, MD, USA) program. The �rst step for fractal analysis was to select the region of interest
manually. In all panoramic radiographs, trabecular bone structures in three ROIs located on the left side
of the mandible (the quadrant with agenesis teeth) were measured.

ROIs in the mandibular left posterior region were selected from:

(1) The center of the region between the mandibular foramen and the anterior border of the ramus (Figure
1a),

(2) The area between the apical level of the mandibular molar and the upper border of the mandibular
canal (Figure 1b), 

(3) The missing tooth region, between the mesial root of the �rst mandibular molar and the root (or
anticipated root) of the second mandibular premolar (Figure 1c).

ROI1 was selected as a 20x20 pixel square, while ROI2 was a 30x10 pixel rectangle and ROI3 was a
40x20 pixel rectangle (Figure 1). The selected ROIs were duplicated (Figure 2a). The duplicated images
were blurred with Gaussian �lter (Sigma 35). The purpose of this step is to eliminate the large-scale
brightness changes that may occur due to different object thicknesses and the presence of overlapping
soft tissues and to preserve only density differences (Figure 2b). The images obtained with the Gaussian
�lter were subtracted from the original images (Figure 2c). One hundred twenty-eight gray pixel values to
each pixel location in the images were added (Figure 2d). The images were binarized as the next step to
secure two parts representing bone marrow and trabeculae. (Figure 2e). The resulting images were
eroded; thus, the noise was reduced (Figure 2f). In the next step, dilatation was applied to the image to
make the structures more apparent (Figure 2g). The colors of the regions denoting the bone marrow and
trabecular bone were changed to the opposite colors (Figure 2h). The �nal images were skeletonized
using the 'Skeletonize' option (Figure 2i and Figure 2j). Using the software's box-counting algorithm, the
images were divided into 2, 3, 4, 6, 8, 12, 16, 32, and 64 pixel-sized squares, and the number of frames
containing trabeculae and the total number of frames was calculated. The values obtained in the
logarithmic scale chart were included. The slope of the line aligned to points on the chart yields the
fractal dimension value. 

In the present study, two oral and maxillofacial radiologists performed the measurements blindly and
independently. The mean FD value of each region of interest was calculated and used for statistical
analysis. For evaluating the intra and inter-observer reliability, the measurements of were repeated two
weeks after the �rst measurements. 
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Statistical Analysis

Data analyses were performed using IBM SPSS Statistics 26.0 (Statistical Package for Social Science)
package program. Kolmogorov Smirnov test was used to evaluate whether the data were normally
distributed. Since the data did not show normal distribution (p<0,05), Mann-Whitney U and Wilcoxon tests
were used. Also, reliability analysis was performed for intra-observer and inter-observer agreement.
p<0.05 was accepted for the signi�cance value.

Results
A total of 138 radiographs of 69 individuals with hypodontia (36 females, 33 males) and 69 control
subjects (36 females, 33 males) were evaluated. Since age and gender were matched in the patient and
control groups, the mean age of the individuals in both groups was 13.2±10.1. There was no statistically
signi�cant difference in the distribution of age and groups according to gender, p>0.05).

The intra-rater reliability coe�cients for ROI1, ROI2, and ROI3 were 0.898, 0.875, and 0.902 for rater 1, and
0.912, 0.921, and 0.885 for rater 2, respectively. Interobserver Cronbach's alpha values for ROI1, ROI2, and
ROI3 were also 0.928, 0.896, and 0.901, respectively. Intra-observer and inter-observer consistency was
nearly perfect.

The mean fractal dimension values of ROI1, ROI2, and ROI3 were 1,25, 1,20, and 1,13, respectively. Table
1 shows the mean fractal values of ROIs by total sample, gender, age, and case-control groups. According
to Wilcoxon test, there was a statistically signi�cant difference between fractal dimension values
obtained from ROIs. While the mean fractal dimension value obtained from the ramus region was the
highest, the fractal dimension value obtained from the edentulous area was the lowest (p<0.05) (Table 1).
The fractal dimension values obtained from all ROIs did not differ signi�cantly according to gender and
age (p>0.05) (Table 1). When the fractal dimension values of the case-control groups were compared, the
values obtained from ROI1 and ROI2 did not differ according to the groups, while ROI3 showed a
signi�cant difference (p<0.05) (Table 1) (Figure 3). The fractal dimension values of the case group were
lower than the control group.

Discussion
Hypodontia treatment requires a multidisciplinary as a combination of orthodontics, �xed and removable
prosthesis, and oral surgery approach and treatment includes different approaches according to the age
of the child and the dentition period [20, 21]. If orthodontic treatment and dental implants are to be
applied in the early period in order to preserve the bone structure in hypodontia patients, it is
recommended to wait for the completion of growth and development, that is, approximately 16-20 years
of age [22, 23].   In the literature, early placement of dental implants in children with hypodontia has only
been applied in severe tooth de�ciency, and these are case reports [24-26].  One the other hand, in
orthodontic treatment, it is reported that the speed of tooth movement increases as the bone density
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decreases, and that the anchorage should be increased according to the need in the regions where the
bone density is low [27].

It will be bene�cial for the clinician to know the status of the bone tissue in the patient group with
hypodontia. In the literature, the effects of many systemic diseases on the jaw were investigated using
the fractal method [28, 29]. However, there is only one study in individuals with hypodontia [18].

Individuals in the permanent dentition and mixed dentition period were evaluated in the study. Although
the time of dental implant applications is reported as the completion of growth and development, our
results may give an idea in terms of mandibular jawbone trabeculation for both orthodontic treatment
and dental implant patients.

There are many recent studies related to bone quality through fractal analysis and dental radiology in the
literature [9, 11, 12, 30]. In the calculation of fractal dimension values, methods such as power, caliper
and box counting methods are used [31]. It has been stated that the methods to be used in the analysis of
mandibular and maxillary bones should differ. Although there are many methods to calculate, the most
preferred is the box counting method [32]. Therefore, this method was used in this study. 

Most studies evaluated the fractal dimension on periapical, bitewing, and panoramic radiographs.
Recently, the number of studies working fractal dimension on CBCT images has been increasing.
However, the number of studies is still limited [33]. Magat et al. [34] compared DPR and CBCTs in the
evaluation of trabecular bone by fractal analysis and stated that it would be more feasible and
appropriate to choose panoramic radiographs because of the disadvantages of CBCTs such as higher
radiation and lower image resolution. DPR was the method of choice due to its advantages in the
presented study, considering the pediatric patient group. 

It has been reported that the FB is affected by the parameters of ROI selection, size, shape, and the region
where it is placed. It has been stated that the use of linear ROIs is insu�cient to evaluate the trabecular
structure, therefore, a planar ROI selection should be made [35]. Planar ROIs were selected in this study.
The size of the selected ROIs differed by region, as individuals were in the mixed dentition period and
were studied in a limited area.

According to the literature, it is seen that the mean fractal values vary between 1.10 and 1.83 in healthy
individuals.  In this study, mean fractal values ranged from 1.04 to 1.26. The results we obtained were
within the limits of the literature. In studies, FD values were generally evaluated in individuals over the age
of 18 [29, 36-40]. There were a limited number of studies evaluating the trabecular bone structure of
children and adolescents with fractal dimension [28, 41, 42]. The mean age (11.67 ± 2.53 years.) and
fractal dimension values (1.29 ± 0.06) of the individuals in Yagmur et al.'s study [41] were quite close to
those in this study. The reason for the differences in fractal dimension values stated in the studies may
be due to the difference in the number of samples, fractal dimension calculation method, gender and age
distributions.
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It is known in the literature that fractal dimension values are lower in females and in the older age
group [38]. However, fractal dimensions did not differ according to age and gender in this study. There is
not a limited number of studies in the literature in which these �ndings can be directly compared.Similar
to this study, in a study evaluating the fractal dimensions of children's condyles [42], it was emphasized
that trabecular structure did not change according to age, except for those aged 6 years. In another
study [43], it is stated that trabecular bone scarcity is more pronounced in individuals under the age of 20.
Kavitha et al. [44] reported that fractal values of trabecular bone were lower in females than males all
ages. Hormonal problems, the number of systemic diseases and the increase in drug use with age in
females may cause this situation [45]. As far as we know, there was no study in the literature evaluating
the effect of gender in this age group.

In this study, the FD values of different ROIs of individuals on the same side were signi�cantly different
from each other. When the FD values of all individuals were examined, it was seen that the FD values
calculated from the ramus region were the highest and the FD values calculated from the regions with
missing teeth were the lowest. A larger FD indicates a denser and less porous trabeculae [32]. According
to this information, it can be said that among the regions examined in this study, the trabecular
complexity in the ramus region is higher than in other areas. In addition, Yaşar and Akgünlü [37] observed
that the differences in occlusal forces occurring in the dental and edentulous areas during chewing
caused some changes in the trabecular bone structure, resulting in lower FD in the dental areas. In this
study, fractal values obtained from structures adjacent to the dentulous regions were lower. Consistent
with our result, there are studies in the literature that indicate that there are differences in fractal
dimensions of ROIs evaluated on the same side, as well as in studies conducted in the same regions [37,
39, 40, 44].

The number of studies evaluating FD is high in the literature. While it was stated that FD was higher in
patients using bisphosphonates [46], the FD values of patients with sickle cell anemia [43] and chronic
renal failure  were found to be lower than healthy subjects. In this study, the FD value of the hypodontia
group was found to be signi�cantly lower than that of the healthy group (p<0.05). There was only one
study in the literature evaluating the effect of hypodontia on trabecular bone [18]. In this study, Creton et
al. [18]. investigated possible bone structure changes due to hypodontia with fractal analysis and other
radiographic measurements and reported that there was no signi�cant difference between the groups.
However, they observed a greater FD when the number of missing teeth increased. The difference
between Creton et al. [18] and us may be due to the fact that they used the caliper method when
calculating fractal dimension values in their study and classi�ed tooth de�ciency as hypodontia,
oligodontia or dental agenesis. In addition, similar to this study, Creton et al. [18] also included only
individuals with left mandibular second premolar agenesis.

The limitation of the current study is that only one missing tooth was evaluated in the study groups and
the sample size was small. In future studies, the number of patients should be increased and edentulous
status should be evaluated. In addition, studies that include both cortical bone and trabecular bone in a
wider age range can be done by categorizing missing tooth cases.
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Conclusion
The results of this study showed that the mandibular trabecular bone quality of pediatric patients with
one missing tooth was different from the healthy group. The difference in the mean fractal values from
the ROIs indicates that the ramus has a denser structure than the mandibular corpus. Therefore, it shows
that individuals with hypodontia may need additional procedures in cases that require orthodontic and
implant treatment. In addition, high ramus density is important in procedures such as graft, tooth
movement, and orthognathic surgery.

Declarations
Compliance with ethical standards

Con�ict of interest: The authors declare no competing interests.

Funding: None.

Ethical approval: The Sütçü İmam University Clinical Research Ethics Committee granted the ethical
approval to the present study (number: 2021-04). All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent: For this type of study, formal consent is not required. 

Study design: K.T.T., A.S.O. and A.C., Data acquisition: A.S.Ö and K.T.T., Methodology: K.T.T., A.S.O. and
A.C., Statistical analyzes: G.M., Writing, review and editing: K.T.T., G.M., A.S.O. and A.C., Supervision: S.O.
and G.M.

References
1. Sadaqah NR, Tair JA (2015) Management of patient with hypodontia: review of literature and case

report. Open J Stomatol 5(12):293.

2. Polder BJ, Van’t Hof MA, Van der Linden FPGM, Kuijpers-Jagtman AM (2004) A meta-analysis of the
prevalence of dental agenesis of permanent teeth. Community Dent Oral Epidemiol  32(3):217-226.

3. Yin W, Bian Z (2015) The gene network underlying hypodontia.  J Dent Res   94(7):878-885.

4. Alkhatib R, Obeidat B, Laith A-E, Abdo N, Obeidat F, Aman HJ (2021) Family-based association study
of genetic analysis of paired box gene 9 polymorphisms in the peg-shaped teeth in the Jordanian
Arab population. Arch Oral Biol 121:104966.

5. Näsman M, Forsberg C-M, Dahllöf GJ (1992) Long-term dental development in children after
treatment for malignant disease. Eur J Orthod 19(2):151-159.



Page 9/14

�. Al-Ani A, Antoun J, Thomson W, Merriman T, Farella MJ (2017) Maternal smoking during pregnancy
is associated with offspring hypodontia.  J Dent Res 96(9):1014-1019.

7. Klein OD, Oberoi S, Huysseune A, Hovorakova M, Peterka M, Peterkova R: Developmental disorders of
the dentition: an update. In: American Journal of Medical Genetics Part C: Seminars in Medical
Genetics: 2013: Wiley Online Library; 2013: 318-332.

�. Ye X, Attaie AB (2016) Genetic basis of nonsyndromic and syndromic tooth agenesis. J Pediatr Genet
5(04):198-208.

9. Coşgunarslan A, Aşantoğrol F, Çabuk DS, Canger (2021) The effect of selective serotonin reuptake
inhibitors on the human mandible. Oral Radiol  37(1):20-28.

10. Demiralp KÖ, Kurşun-Çakmak EŞ, Bayrak S, Akbulut N, Atakan C, Orhan K (2019) Trabecular structure
designation using fractal analysis technique on panoramic radiographs of patients with
bisphosphonate intake: a preliminary study. Oral Radiol 35(1):23-28.

11. White SC, Rudolph DJ (1999) Alterations of the trabecular pattern of the jaws in patients with
osteoporosis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod  88(5):628-635.

12. Tolga Suer B, Yaman Z, Buyuksarac B. Implants M (2016) Correlation of Fractal Dimension Values
with Implant Insertion Torque and Resonance Frequency Values at Implant Recipient Sites. Int J Oral
Maxillofac Implants   31(1).

13. Valle ALd, Lorenzoni FC, Martins LM, Valle CVMd, Henriques JFC, Almeida ALPFd, Pegoraro LF
(2011) A multidisciplinary approach for the management of hypodontia: case report. J Appl Oral
Sci 19(5):544-548.

14. Lindh C, Oliveira GHC, Leles CR, do Carmo Matias Freire M, Ribeiro-Rotta RF (2014) Bone quality
assessment in routine dental implant treatment among Brazilian and Swedish specialists. Clin Oral
Investig 25(9):1004-1009.

15. Bertl K, Bertl MH, Heimel P, Burt M, Gahleitner A, Stavropoulos A, Ulm C (2018) Alveolar bone
resorption after primary tooth loss has a negative impact on straightforward implant installation in
patients with agenesis of the lower second premolar. Clin Oral Implants Res 29(2):155-163.

1�. Wang Y, He J, Decker A, Hu J, Zou DJ (2016) linical outcomes of implant therapy in ectodermal
dysplasia patients: a systematic review. Int J Clin Oral Maxillofac Surg 45(8):1035-1043.

17. Agarwal P, Vinuth DP, Dube G, Dube P (2013) Nonsyndromic tooth agenesis patterns and associated
developmental dental anomalies: a literature review with radiographic illustrations. Minerva Stomatol
62(1-2):31-41.

1�. Créton M, Geraets W, Verhoeven JW, van der Stelt PF, Verhey H, Cune M (2012) Radiographic features
of mandibular trabecular bone structure in hypodontia. Clin Implant Dent Relat Res 14(2):241-249.

19. Pacheco-Pereira C, Silvestre-Barbosa Y, Almeida FT, Geha H, Leite AF, Guerra EN (2021) Trabecular
and cortical mandibular bone investigation in familial adenomatous polyposis patients. Sci Rep
 11(1):9143.

20. Breeze J, Dover MS, Williams RW. 2017 Contemporary surgical management of hypodontia. Br J Oral
Surg   55(5):454-460.



Page 10/14

21. Anweigi L, Azam A, Mata C, AlMadi E, Alsaleh S, Aldegheishem A (2020) Resin bonded bridges in
patients with hypodontia: Clinical performance over a 7 year observation period. Saudi Dent J
32(5):255-261.

22. Holst S, Geiselhoringer H, Nkenke E, Blatz MB, Holst AI (2008) Updated implant-retained restorative
solutions in patients with hypodontia. Quintessence Int 39(10):797-802.

23. Gill DS, Barker CS (2015) The multidisciplinary management of hypodontia: a team approach. Br
Dent J 218(3):143-149.

24. AlNuaimi R, Mansoor M (2019) Prosthetic rehabilitation with �xed prosthesis of a 5-year-old child
with Hypohidrotic Ectodermal Dysplasia and Oligodontia: a case report. Med Case Rep 13(1):1-6.

25. Kramer FJ, Baethge C, Tschernitschek H.  (2007) Implants in children with ectodermal dysplasia: a
case report and literature review. Clin Oral Implants Res 18(1):140-146.

2�. GGuckes AD, Scurria MS, King TS, McCarthy GR, Brahim JS (2002) Prospective clinical trial of dental
implants in persons with ectodermal dysplasia. J Prosthet Dent 88(1):21-5.

27. Chugh T, Jain AK, Jaiswal RK, Mehrotra P, Mehrotra R (2013) Bone density and its importance in
orthodontics. J Oral Biol Craniofac Res 3(2):92-7.

2�. Apolinário AC, Sindeaux R, de Souza Figueiredo PT, Guimarães AT, Acevedo AC, Castro LC, de Paula
AP, de Paula LM, de Melo NS, Leite AF (2016) Dental panoramic indices and fractal dimension
measurements in osteogenesis imperfecta children under pamidronate treatment. Dentomaxillofac
Radiol 45(4):20150400.

29. Kurşun-Çakmak E, Bayrak S (2018) Comparison of fractal dimension analysis and panoramic-based
radiomorphometric indices in the assessment of mandibular bone changes in patients with type 1
and type 2 diabetes mellitus. Oral Surg Oral Med Oral Pathol Oral Radiol 126(2):184-191.

30. Gumussoy I, Miloglu O, Cankaya E, Bayrakdar IS (2016) Fractal properties of the trabecular pattern of
the mandible in chronic renal failure. Dentomaxillofacial radiol 45(5):20150389-20150389.

31. Türkmenoğlu A, Yüksel HT, Karahan AY (2022) Evaluation of mandibular condyle trabecular structure
in patients with rheumatoid arthritis using fractal analysis. Oral Surg Oral Med Oral Pathol Oral
Radiol 133(2):229-237.

32. Arsan B, Köse TE, Çene E, Özcan İ (2017)  Assessment of the trabecular structure of mandibular
condyles in patients with temporomandibular disorders using fractal analysis. Oral Surg Oral Med
Oral Pathol Oral Radiol  123(3):382-391.

33. Kato CN, Barra SG, Tavares NP, Amaral TM, Brasileiro CB, Mesquita RA, Abreu LG (2020) Use of
fractal analysis in dental images: a systematic review. Dentomaxillofacial radiol  49(2):20180457.

34. Magat G, Sener S (2019) Evaluation of trabecular pattern of mandible using fractal dimension, bone
area fraction, and gray scale value: comparison of cone-beam computed tomography and
panoramic radiography. Oral Radiol 35(1):35-42.

35. GÜLEÇ M, TAŞSÖKER M, ÖZCAN S (2019) Tıpta ve Diş Hekimliğinde Fraktal Analiz. Ege Üniversitesi
Diş Hekimliği Fakültesi 40(1):17-31.



Page 11/14

3�. Pereira CP, Escobar CP, Santos JC (2015)  Age estimation of unaccompanied minors: A portuguese
overview. Ann Forensic Res Anal 2:1012.

37. Yaşar F, Akgünlü F (2005) Fractal dimension and lacunarity analysis of dental radiographs.
Dentomaxillofacial Radiol 34(5):261-267.

3�. Güleç M, Taşsöker M, Özcan S (2019) Mandibular trabeküler kemiğin fraktal boyutu: Yaş, cinsiyet ve
ilgi alani seçiminin önemi nedir? Selcuk Dental Journal 6(4):15-19.

39. Gulec M, Tassoker M, Ozcan S, Orhan K (2021) Evaluation of the mandibular trabecular bone in
patients with bruxism using fractal analysis Oral radiol 37(1):36-45.

40. Şener E, Baksı BG (2016) Sağlıklı ve osteoporoz tanılı hastalarda fraktal boyut ve mandibular kortikal
indeks değerlendirilmesi. Ege Üniversitesi Diş Hekimliği Fakültesi Dergisi   37(3):159-167.

41. Yagmur B, Tercanli-Alkis H, Tayfun-Kupesiz F, Karayilmaz H, Kupesiz OA (2022) Alterations of
panoramic radiomorphometric indices in children and adolescents with beta-thalassemia major: A
fractal analysis study. Med Oral Patol Oral Cir Bucal 27(1):10-17.

42. Bulut M, Tokuc M (2021) Evaluation of the Trabecular Structure of Mandibular Condyles in Children
Using Fractal Analysis. J Clin Pediatr Dent 45(6):441-445.

43. Demirbaş AK, Ergün S, Güneri P, Aktener BO, Boyacioğlu H (2008) Mandibular bone changes in sickle
cell anemia: fractal analysis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 106(1):41-48.

44. Kavitha MS, Park S-Y, Heo M-S, Chien S-I (2016) Distributional Variations in the Quantitative Cortical
and Trabecular Bone Radiographic Measurements of Mandible, between Male and Female
Populations of Korea, and its Utilization. PLoS One  11(12):e0167992-e0167992.

45. Khosla S, Monroe DG (2018)Regulation of Bone Metabolism by Sex Steroids. Cold Spring Harb
Perspect Med 8(1):031211.

4�. Demiralp K, Kurşun-Çakmak E, Bayrak S, Akbulut N, Atakan C, Orhan K (2019) Trabecular structure
designation using fractal analysis technique on panoramic radiographs of patients with
bisphosphonate intake: a preliminary study. Oral radiol 35(1):23-28.

Tables



Page 12/14

Table 1 The mean fractal dimension values according to total sample, gender, age and case-control
groups 

  ROI1 p
value

ROI2 p
value

ROI3 p value

Total 1.25 (1.00 -
1.49)

1.20 (1.00 -
1.37)

1.13 (0.81 -
1.35)

0.000*†

Gender

     Female 1.26 (1.01 -
1.49)

0.629 1.20 (1.00 -
1.35)

0.448 1.14 (0.88 -
1.35)

0.203

     Male 1.24 (1.00 -
1.43)

1.19 (1.00 -
1.37)

1.11 (0.81 -
1.29)

Age Groups

     4-10 years 1.26 (1.00 -
1.49)

0.578 1.19 (1.00 -
1.35)

0.604 1.14 (0.90 -
1.35)

0.619

     11-17 years 1.24 (1.00 -
1.44)

1.20 (1.00 -
1.37)

1.12 (0.81 -
1.35)

Case-Control
Groups

    Case 1.24 (1.00 -
1.49)

0.589 1.20 (1.00 -
1.34)

0.854 1.04 (0.80 -
1.23)

0.000*

    Control 1.25 (1.00 -
1.44)

1.20 (1.00 -
1.37)

1.14 (0.71 -
1.35)

*p<0.01,  Wilcoxon test,  Mann-Whitney U test
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Figure 1

a: The center of the region between the mandibular foramen and the anterior border of the ramus b: The
area between the apical level of the mandibular molar and the upper border of the mandibular canal c:
The missing tooth region

Figure 2

a: Duplicated, 2b: Blurred image, 2c: Gaussian �lter 2d: Addition of a gray value of 128,  2e: Binarized, 2f:
Erode, 2g: Dilate, 2h: Invert 2i-j:Skeletonize
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Figure 3

The diaphragm of mean fractal dimension values according to case-control groups


