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Objective: This study aimed to evaluate the trabecular microarchitecture in the interdental region of
panoramic radiographs from periodontally healthy individuals and those with stage III/IV periodontitis
using fractal analysis (FA), while also assessing the relationship between clinical periodontal parameters and
FA outcomes.

DOI: 10.7759/cureus.77833

Study design: Clinical and radiographic records of 20 periodontally healthy individuals and 19 individuals
with stage III/IV periodontitis were included. Clinical measurements including the plaque score, bleeding on
probing, probing pocket depth, and clinical attachment level were recorded. A region of interest was selected
on panoramic radiographs from the mesial aspect of the mandibular first molar and the distal aspect of the
second premolar. The fractal dimension (FD) values for this region were calculated using the box-counting
method. The statistical significance of the difference was evaluated at P<0.05.

Results: There was no significant statistical difference in sex between the groups (p > 0.05). Conversely,
individuals in the periodontitis group had a significantly higher mean age compared to those in the healthy
group (p < 0.01). Clinical measurements were significantly higher in the periodontitis group (p < 0.01).
However, no significant differences in FD values were observed between the groups (p > 0.05). In the healthy
group, moderate negative correlations were found between FD and clinical parameters (with all p < 0.05),
while no such correlations were identified in the periodontitis group (with all p > 0.05).

Conclusion: FA demonstrates potential as a complementary diagnostic tool when used alongside clinical
periodontal measurements. However, its effectiveness as a standalone method for reliably distinguishing
between healthy individuals and those with periodontitis remains limited. Advanced radiographic analysis
can further enhance the identification of anatomical details, thereby improving the accuracy of periodontal
evaluations and diagnostics.

Categories: Dentistry
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Introduction

Periodontal diseases are chronic infections and a leading cause of tooth loss, with their development
influenced by multiple contributing factors [1]. While the primary causative agent is the pathogenic
microbial biofilm, the progression and clinical manifestation of the disease are predominantly driven by the
host's immune response and individual characteristics [2].

The severity of periodontitis is assessed using direct evidence, such as radiographic bone loss or attachment
loss over a five-year period, and indirect evidence, including case phenotype and the percentage of bone loss
[3]. In addition, it incorporates secondary criteria, such as risk factors like smoking and diabetes,
inflammatory burden, and biomarker indicators of bone loss [3,4]. Alveolar bone changes can reflect the
onset and progression of periodontitis. Therefore, evaluating alterations in alveolar bone structure is one of
the essential methods for preventing periodontal diseases, planning treatment, and determining prognosis.
Radiography is a vital tool used at various stages of periodontal assessment. Different imaging techniques,
such as panoramic radiography, intraoral radiography, and cone-beam computed tomography, can be
utilized to monitor the condition of periodontal tissues [5-7]. However, bone changes typically become
visible on radiographs only after more than 30% of the bone mineral content has been resorbed [3].
Additional analysis of radiographs could enhance their diagnostic value by improving the detection of
details.

Fractal analysis (FA) can serve as an alternative method for quantitatively assessing trabecular changes in
alveolar bone structure. This technique identifies intricate structural patterns and expresses them
numerically as the fractal dimension (FD) [9]. When calculated using radiographs, FD provides a measure of
the complexity of the alveolar bone surrounding the teeth [10]. FA is primarily applied to digital radiographs,
generating an FD value for the image. This value represents how much the object occupies space and
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describes its self-similarity. Among the various methods to calculate FD, the box-counting technique
introduced by White and Rudolph is the most widely used and is particularly effective for analyzing binary
images [11,12].

According to the available evidence, a limited number of studies have investigated trabecular changes in the
alveolar bone of periodontitis patients using FA, and conflicting results have been reported due to the lack
of standardization [13,14]. This study aimed to evaluate the effect of periodontal disease on trabecular bone
density using FA, examine its ability to detect trabecular changes in periodontitis, and explore its
relationship with clinical periodontal measurements. The null hypothesis (Hp) of the present study states
that “there is no significant difference in FD measurements between the healthy and periodontitis groups”.

Materials And Methods

This study was conducted in accordance with the principles of the Declaration of Helsinki and approved by
the Ethics Committee of Biruni University (2024-BIAEK/05-50). Informed consent was obtained from all
individuals. The study included 20 periodontally healthy individuals and 19 patients with stage III/IV
periodontitis. Periodontal status was confirmed through dental history, clinical symptoms, clinical records,
and radiographic findings. In the healthy group, individuals meeting specific criteria to ensure periodontal
health were included in the study [15]. Suitable individuals had no history of periodontal disease and
exhibited clinically and radiographically healthy periodontal tissues. Additional inclusion criteria,
consistent with established definitions of periodontal health, required a bleeding on probing (BOP) score of
less than 10% and a probing pocket depth (PPD) <3 mm.

Patients diagnosed with stage III or IV periodontitis [3] were included based on specific clinical and
radiographic criteria. These criteria included interdental clinical attachment loss of >5 mm in at least two
non-adjacent teeth and a history of tooth loss attributed to periodontal disease. Radiographic findings
further confirmed the diagnosis, showing bone loss extending to the middle or apical third of the root. The
choice of the relevant site was based on the study that showed that bone loss measurements obtained from
mandibular posterior teeth are optimal for periodontal disease index [14].

Individuals were excluded from the study if they met any of the following criteria. Exclusion criteria related
to systemic conditions included a history of systemic diseases known to affect periodontal health, such as
diabetes or osteoporosis, and the use of medications that could influence periodontal status, such as
bisphosphonates, immunosuppressants, or corticosteroids. Radiographic exclusions included cases with low
image quality due to poor resolution or technical artifacts. Dental exclusions encompassed the presence of
jaw pathologies such as tumors or developmental anomalies, teeth with deep cervical caries, previously root-
treated teeth, and the presence of periapical lesions. Individuals with missing left mandibular the first molar
and/or second premolar were excluded from the study.

All clinical measurements were conducted by two calibrated assessors (E.B.D. and M.Z.). Inter-examiner
reproducibility was assessed by examining 10 individuals (five periodontally healthy and five with
periodontitis) who were not included in the study. PPD measurements were repeated independently by both
assessors at six sites per tooth after a 48-hour interval. The intraclass correlation coefficient (ICC) was 0.998
(0.994-1), indicating excellent intra-examiner reproducibility. Plaque score (PS), PPD, BOP, and clinical
attachment level (CAL) were measured at six sites per tooth (mesio-buccal, mid-buccal, disto-buccal, mesio-
lingual, mid-lingual, and disto-lingual) using a periodontal probe (Hu-Friedy, Chicago, IL, USA). FD analyses
of the radiographs were performed by a second examiner (A.F.E.), who did not perform the clinical
measurements.

Radiographic analysis

All digital panoramic radiographs were obtained using the same device (Sirona, Germany; 68 kVp, 8 mA, 14-
second exposure time). Bone trabeculation was analyzed using “Image J” software (National Institutes of
Health, USA). Radiographic images were processed via the software’s image-processing functions, and
numerical values of the trabecular structure were calculated using FA. Standard regions of interest (ROIs) of
30 x 30 pixels were selected between the roots of the left mandibular first molar and second premolar (Figure
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FIGURE 1: The mesial and distal regions were represented by uniform
rectangular regions of interest (ROIs) placed along the margins of
healthy trabecular bone.

FD values were calculated using the box-counting method (Figure 2) [11]. During image optimization, a
Gaussian filter was applied to a copy of the original image to create a blurred version, which was then
subtracted from the original image. A gray value of 128 was added to each pixel, and the resulting image was
converted to binary for black-and-white visualization. Erosion, dilation, and skeletonization functions were
subsequently applied. Finally, the FD of the selected ROI was determined.

a C

FIGURE 2: Steps used in image processing.

a. Blur: The image was blurred. b. Subtract: The contrast was reduced, and details were extracted. c. Adding 128
shades of gray: Shades of gray were added. d. Threshold: The image was binarized using thresholding. e. Erode:
Black areas were expanded (erosion process). f. Dilate: White areas were expanded (dilation process). g. Color
Inversion: The colors were inverted. h. Skeleton image: The image was reduced to its skeleton structure.

Statistical analysis

Data obtained in the study were analyzed using IBM SPSS Statistics for Windows, Version 27.0 (released
2020, IBM Corp., Armonk, NY). Quantitative variables were presented using descriptive statistical methods,
such as mean, standard deviation, median, minimum, and maximum values, while qualitative variables were
expressed as frequencies and percentages. The normality of data distribution was assessed using the
Shapiro-Wilk test and box-plot graphics. For normally distributed variables, comparisons between two
groups were performed using the Student’s t-test, while the Mann-Whitney U test was used for comparisons
of non-normally distributed variables. The Chi-square test was used for comparisons of categorical data.
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Spearman’s correlation analysis was conducted to evaluate relationships between variables. Results were
interpreted at a 95% confidence interval, with statistical significance set at p < 0.05.

Results

A total of 39 individuals participated in the study, comprising 56.4% females (n = 22) and 43.6% males (n =
17), including 20 healthy individuals and 19 with periodontitis. The participants' ages ranged from 20 to 53
years, with a mean age of 35.59 + 9.92 years. There was no statistically significant difference in sex
distribution between the groups (p > 0.05). The age of individuals in the periodontitis group was significantly
higher compared to the healthy group (p = 0.001; p < 0.01) (Table 7).

Group
p
Healthy (N = 20) Periodontitis (N = 19)
Female N: 12 %60.0 N: 10 %52.6
Sex 20.643
Male N: 8 %40.0 N: 9 %474
Mean + SD 29.70 + 8.71 41.79 £ 6.98
Age b0.001**
Median (Min-Max) 27.5 (20-53) 43 (28-53)

TABLE 1: Demographic characteristics of the groups.

The data presented in this table are described using specific statistical parameters for enhanced clarity and interpretability. "SD" denotes the standard
deviation, which reflects the variability of the data around the mean. "Min" and "Max" represent the minimum and maximum values observed in the
dataset, respectively, providing an overview of the range. "N" refers to the sample size or the number of observations included in the analysis.

Statistically significant results are highlighted in bold to draw attention to meaningful differences or associations. The superscripts "a" and "b" indicate the
statistical tests employed, with "a" denoting the Pearson chi-square test and "b" denoting the Student'’s t-test. Results deemed statistically significant are
marked with three asterisks (***), indicating a significance threshold of p < 0.001.

The FD values did not exhibit any significant differences between patients with periodontitis and healthy
individuals. However, all clinical periodontal measurements were found to be significantly higher in the
periodontitis group compared to the healthy group (p = 0.001; p < 0.01) (Table 2). There was no statistically
significant correlation observed between FD values and age in either the periodontitis or healthy groups (r =
-0.133, p =0.587; r = 0.061, p = 0.799, respectively). In terms of FD, there were no statistically significant
differences between males and females in either group (p > 0.05).
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Group
p
Healthy (N = 20) Periodontitis (N = 19)
Mean + SD 1257.40 + 70.64 1227.79 £ 69.79
FD b0.196
Median (Min-Max) 1261 (1104-1377) 1235 (1088-1375)
Mean + SD 9.48 £ 6.02 68.56 + 20.37
PS (%) 0.001**
Median (Min-Max) 8,9 (1.1-24.4) 67.4 (32-100)
Mean + SD 1.95+0.39 3.65+0.79
PPD (mm) €0.001**
Median (Min-Max) 2(1.4-3.2) 3,7 (2.2-5.7)
Mean + SD 1.96 +0.39 3.99 + 0.94
CAL (mm) €0.001**
Median (Min-Max) 2(1.4-3.2) 3.9 (2.7-5.9)
Mean + SD 5.75+2.07 59.55 + 21.52
BOP (%) €0.001**
Median (Min-Max) 6 (2.9-9.5) 60.2 (25.3-100)

TABLE 2: Comparison of clinical periodontal measurements between groups.

The data in this table are represented using various statistical parameters to enhance clarity and provide detailed insights into the results. "SD" stands for
standard deviation, reflecting the degree of variability within the data. "Min" and "Max" denote the minimum and maximum values observed in the dataset,
respectively, providing an understanding of the data range. "N" indicates the number of observations or sample size, while "FD" represents the fractal
dimension, a parameter describing complex structures. "PS" refers to the plaque score, "PPD" represents the probing pocket depth, "CAL" denotes the
clinical attachment level, and "BOP" stands for bleeding on probing.

Statistically significant results are highlighted in bold to emphasize key findings. The statistical methods applied are identified by superscripts, where "b"
represents the Student’s t-test and "c" indicates the Mann-Whitney U test. Statistical significance is further denoted by double asterisks (**), indicating a
significance level of p < 0.01, underscoring the reliability of the observed differences or relationships within the data.

The correlations between FD and clinical periodontal measurements for each group are presented in Table 3.
A moderate, negative, and statistically significant correlation was observed between FD and PS, PPD, CAL,
and BOP in the healthy group (r = 0.576, p = 0.008; r = -0.540, p = 0.014; r = -0.515, p = 0.020; and r =- 0.490,
p = 0.028, respectively). By contrast, no statistically significant correlations were found between FD and PS,
BOP, PPD, or CAL in the periodontitis group (p > 0.05).
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Group Clinical periodontal measurements rip FD
r -0.576
PS
p 0.008**
r -0.540
PPD
p 0.014*
Healthy
r -0.515
CAL
p 0.020*
r -0.490
BOP
p 0.028*
r 0.032
PS
p 0.896
r 0.066
Periodontitis PPD
p 0.789
r -0.014
CAL
p 0.954
r -0.090
BOP
p 0.713

TABLE 3: Correlation between fractal dimension and clinical periodontal measurements between
groups.

The data presented in this table are described using various parameters to enhance clarity and provide a detailed understanding of the statistical findings.
"FD" represents the fractal dimension, used to characterize complex structures. "BOP" denotes bleeding on probing, "PS" refers to plaque score, "PD"
represents probing depth, and "CAL" indicates clinical attachment level.

Statistically significant results are highlighted in bold font to emphasize key findings. The statistical method employed is indicated by "r," which represents
the Spearman correlation test. Double asterisks (**) denote a significance level of p < 0.01, indicating that the observed relationships are statistically
reliable.

Discussion

Periodontitis is a condition that can present in either acute or chronic forms and is influenced by various
etiological factors [1]. As periodontal infections progress, they often result in alveolar bone destruction and
tooth loss, which can have significant negative effects on patients. This disease affects a large portion of the
global population. It has been estimated that 11.2% of individuals worldwide are affected by this condition
[16]. Identifying bone loss at an early stage can help prevent further progression and related complications.
Improving the analysis of medical images plays a vital role in various diagnostic applications [8]. Detecting
differences in bone structures on FA radiographs using mathematical morphology provides a potential
approach to enhance the diagnostic accuracy of radiographs [17]. Studies have utilized varying exposure
times (mAs), peak kilovoltage (kVp), and projection angles for FD analysis, indicating the absence of a
standardized protocol [18-20].

According to Kato's 2020 meta-analysis, the box-counting method was identified as the most widely used
and current approach in FA [21]. This method adheres to the procedural steps introduced by White and
Rudolph and is supported by the Image ] software, developed specifically for image analysis. In alignment
with previous studies, our research utilized the box-counting method in the Image] software (Rasband, W.S.,
Image], U. S. National Institutes of Health, Bethesda, Maryland, USA, https://imagej.net/ij/, 1997-2018) to
perform FA [6,22].

This study aimed to evaluate FD in periodontitis and healthy individuals using panoramic radiographs,
assess the potential contribution of the FA method to radiographic diagnosis, and examine the possible
relationship of FD with clinical periodontal measurements. The results did not disprove the null hypothesis,
suggesting that there is no statistically significant difference in FD values between individuals with
periodontitis and healthy individuals.
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FA can provide additional information on factors such as bone loss and contribute to risk assessment
alongside clinical periodontal measurements [4]. Evaluating FA in maintenance-oriented periodontal
therapies, such as frequent monitoring of patients with low FA values and improving oral hygiene, may be
beneficial. Cosgunarslan et al. [22] analyzed FD values derived from CBCT images in healthy individuals and
periodontitis patients, reporting no statistically significant differences between the two groups, similar to
the findings of our study. However, the detection of significant correlations between FA and certain clinical
periodontal measurements suggests that FA could make an important contribution to the diagnostic process
when compared to traditional clinical assessments. The lack of significant differences in FA values between
periodontitis and healthy groups may be attributed to the insufficient sensitivity of FA in detecting minor
alveolar bone changes during the progression of periodontitis.

In the literature, studies have evaluated the trabecular structure of bone using FA with panoramic [23,24]
and periapical radiographs [19,25]. In their study measuring FD values using periapical radiographs, Sener et
al. [26] found a significant difference between healthy individuals and patients with moderate periodontitis.
Bollen et al. [17], in their comparative analysis of periapical and panoramic radiographs, reported that FD
values obtained from periapical radiographs of the same patients were significantly higher. This finding
suggests that variations in imaging methods, such as differences in detail and resolution, may influence the
outcomes, particularly in diseases like periodontitis that cause localized bone loss. Moreover, selecting an
identical ROI from the same region in every patient is not feasible, which may result in measurement
discrepancies [14]. This variability in measurement methodologies is likely a contributing factor to the
inconsistencies observed in the results reported in the literature. Consistent with the literature, our study
also found no significant relationship between sex and FD [6,9,27]. Variations in mandibular size, shape,
medical history, and bone metabolism dynamics may overshadow gender-specific effects. A larger sample
size is required to better understand the impact of sex on trabecular bone architecture. In our study,
although the periodontitis group was older than the healthy group, no correlation was found between FD
and age or sex in either group. Further studies with larger sample sizes are needed to determine whether
these factors play a role in periodontal health. In the absence of studies in the literature employing a
methodology directly comparable to ours, it is challenging to draw direct comparisons regarding the
relationship between our clinical periodontal measurements and FD values.

In this study, panoramic radiographs were selected for FA analysis based on the As Low As Reasonably
Achievable (ALARA) principle, prioritizing patient safety while considering lower radiation dose, cost-
effectiveness, and accessibility. Alternatively, 2D radiographs provide sufficient diagnostic quality with
significantly lower doses for specific indications. Compared to computed tomography images, 2D plain
radiographs offer higher spatial resolution and can reveal morphological changes in bone trabeculation
compared to controls. In this context, FA on 2D imaging stands out as a non-invasive method in dental
radiology for quantifying trabecular bone [21,28].

Various factors, including patient selection, imaging quality, sample size, sex, age distribution across groups,
ROI location and size variability, individual differences in ROI selection, and anatomical diversity among
patients, are likely to influence study outcomes. To mitigate the effects of these factors, it is essential to
address methodological limitations and conduct further studies with larger, more standardized sample sizes.

Conclusions

In this study, FD values and clinical periodontal measurements of individuals with periodontitis, and
healthy controls were compared using panoramic radiographs. The analysis revealed no statistically
significant difference in trabecular bone FD values between the periodontitis and healthy groups. In
addition, FD values showed no significant correlation with gender or age in either group.

Notably, in the healthy group, moderate negative correlations were observed between FD and clinical
parameters, including PS, PPD, CAL, and BOP. By contrast, no significant correlations were found between
FD and clinical measurements in the periodontitis group. Based on the results of this study, FD does not
appear to have sufficient diagnostic value for distinguishing between healthy and periodontitis cases.
Further research with larger sample sizes and standardized methodologies is required to clarify the potential
role of FD in periodontal assessments.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Melis Ziyaettin, Ahmet F. Ertiirk, Emrullah B. Dosdogru
Acquisition, analysis, or interpretation of data: Melis Ziyaettin, Ahmet F. Ertiirk, Emrullah B. Dosdogru

Drafting of the manuscript: Melis Ziyaettin, Ahmet F. Ertiirk, Emrullah B. Dosdogru

2025 Dosdogru et al. Cureus 17(1): e77833. DOI 10.7759/cureus.77833 7 of 9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Critical review of the manuscript for important intellectual content: Melis Ziyaettin, Ahmet F. Ertiirk,
Emrullah B. Dosdogru

Supervision: Ahmet F. Ertiirk

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Ethics Committee of Biruni University issued approval 2024-BIAEK/05-50. This
study was conducted in accordance with the principles of the Helsinki Declaration. This study is solely based
on clinical measurements and radiographs and does not involve any interventions on humans. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Meyle ], Chapple I: Molecular aspects of the pathogenesis of periodontitis . Periodontol 2000. 2015, 69:7-17.
10.1111/prd.12104
2. Hajishengallis G: Periodontitis: from microbial immune subversion to systemic inflammation . Nat Rev
Immunol. 2015, 15:30-44. 10.1038/nri3785
3. Caton ]G, Armitage G, Berglundh T, et al.: A new classification scheme for periodontal and peri-implant
diseases and conditions - introduction and key changes from the 1999 classification. | Clin Periodontol.
2018, 45 Suppl 20:S1-8. 10.1111/jcpe.12935
4.  Mishra S, Kumar M, Mishra L, Panda S, Panda S, Lewkowicz N, Lapinska B: Estimation of cancellous changes
using fractal analysis in patients with periodontitis. Biomedicines. 2023, 11:10.3390/biomedicines11092547
5. Kim H: Investigation of the super-resolution algorithm for the prediction of periodontal disease in dental
X-ray radiography. | Korean Soc Radiol. 2021, 15:153-8. 10.7742/JKSR.2021.15.2.153
6. Aktuna Belgin C, Serindere G: Evaluation of trabecular bone changes in patients with periodontitis using
fractal analysis: a periapical radiography study. ] Periodontol. 2020, 91:933-7. 10.1002/JPER.19-0452
7. Sousa Melo SL, Rovaris K, Javaheri AM, et al.: Cone-beam computed tomography (CBCT) imaging for the
assessment of periodontal disease. Curr Oral Health Rep. 2020, 7:376-80. 10.1007/540496-020-00283-1
8. Jeffcoat MK, Reddy MS: A comparison of probing and radiographic methods for detection of periodontal
disease progression. Curr Opin Dent. 1991, 1:45-51.
9. Updike SX, Nowzari H: Fractal analysis of dental radiographs to detect periodontitis-induced trabecular
changes. ] Periodontal Res. 2008, 43:658-64. 10.1111/j.1600-0765.2007.01056.x
10. Ruttimann U, Webber R, Hazelrig J: Fractal dimension from radiographs of peridental alveolar bone. A
possible diagnostic indicator of osteoporosis. Oral Surg Oral Med Oral Pathol. 1992, 74:98-110.
10.1016/0030-4220(92)90222-c
11.  White S, Rudolph D: Alterations of the trabecular pattern of the jaws in patients with osteoporosis . Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 1999, 88:628-35. 10.1016/s1079-2104(99)70097-1
12.  Arsan B, Kése TE, Cene E, Ozcan I: Assessment of the trabecular structure of mandibular condyles in
patients with temporomandibular disorders using fractal analysis. Oral Surg Oral Med Oral Pathol Oral
Radiol. 2017, 123:382-91. 10.1016/j.0000.2016.11.005
13.  Magat G, Ozcan Sener S: 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. 2019, 35:35-42. 10.1007/s11282-018-0316-1
14.  Shrout MK, Roberson B, Potter BJ, Mailhot JM, Hildebolt CF: A comparison of 2 patient populations using
fractal analysis. ] Periodontol. 1998, 69:9-13. 10.1902/jop.1998.69.1.9
15.  Chapple IL, Mealey BL, Van Dyke TE, et al.: Periodontal health and gingival diseases and conditions on an
intact and a reduced periodontium: Consensus report of workgroup 1 of the 2017 World Workshop on the
Classification of Periodontal and Peri-Implant Diseases and Conditions. ] Periodontol. 2018, 89 Suppl 1:S74-
84.10.1002/JPER.17-0719
16. Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJ, Marcenes W: Global burden of severe
periodontitis in 1990-2010: a systematic review and meta-regression. ] Dent Res. 2014, 93:1045-53.
10.1177/0022034514552491
17.  Bollen AM, Taguchi A, Hujoel PP, Hollender LG: Fractal dimension on dental radiographs . Dentomaxillofac
Radiol. 2001, 30:270-5. 10.1038/sj/dmfr/4600630
18.  Buckland-Wright JC, Lynch JA, Rymer J, Fogelman I: Fractal signature analysis of macroradiographs
measures trabecular organization in lumbar vertebrae of postmenopausal women. Calcif Tissue Int. 1994,
54:106-12. 10.1007/BF00296060
19. Jolley L, Majumdar S, Kapila S: Technical factors in fractal analysis of periapical radiographs .
Dentomaxillofac Radiol. 2006, 35:393-7. 10.1259/dmfr/30969642
20. Tosun S, Karataslioglu E, Tulgar MM, Derindag G: Retrospective fractal analyses of one-year follow-up data
obtained after single-visit nonsurgical endodontic retreatment on periapical radiographs. Clin Oral Investig.
2021, 25:6465-72. 10.1007/s00784-021-04079-0
21. Kato CN, Barra SG, Tavares NP, Amaral TM, Brasileiro CB, Mesquita RA, Abreu LG: Use of fractal analysis in
dental images: a systematic review. Dentomaxillofac Radiol. 2020, 49:20180457. 10.1259/dmfr.20180457
22. Cosgunarslan A, Asantogrol F, Canger EM, Medikoglu EK, Soydan D: Examination of trabecular bone

2025 Dosdogru et al. Cureus 17(1): e77833. DOI 10.7759/cureus.77833 8of9


https://dx.doi.org/10.1111/prd.12104
https://dx.doi.org/10.1111/prd.12104
https://dx.doi.org/10.1038/nri3785
https://dx.doi.org/10.1038/nri3785
https://dx.doi.org/10.1111/jcpe.12935
https://dx.doi.org/10.1111/jcpe.12935
https://dx.doi.org/10.3390/biomedicines11092547
https://dx.doi.org/10.3390/biomedicines11092547
https://dx.doi.org/10.7742/JKSR.2021.15.2.153
https://dx.doi.org/10.7742/JKSR.2021.15.2.153
https://dx.doi.org/10.1002/JPER.19-0452
https://dx.doi.org/10.1002/JPER.19-0452
https://dx.doi.org/10.1007/s40496-020-00283-1
https://dx.doi.org/10.1007/s40496-020-00283-1
https://pubmed.ncbi.nlm.nih.gov/1912633/
https://dx.doi.org/10.1111/j.1600-0765.2007.01056.x
https://dx.doi.org/10.1111/j.1600-0765.2007.01056.x
https://dx.doi.org/10.1016/0030-4220(92)90222-c
https://dx.doi.org/10.1016/0030-4220(92)90222-c
https://dx.doi.org/10.1016/s1079-2104(99)70097-1
https://dx.doi.org/10.1016/s1079-2104(99)70097-1
https://dx.doi.org/10.1016/j.oooo.2016.11.005
https://dx.doi.org/10.1016/j.oooo.2016.11.005
https://dx.doi.org/10.1007/s11282-018-0316-1
https://dx.doi.org/10.1007/s11282-018-0316-1
https://dx.doi.org/10.1902/jop.1998.69.1.9
https://dx.doi.org/10.1902/jop.1998.69.1.9
https://dx.doi.org/10.1002/JPER.17-0719
https://dx.doi.org/10.1002/JPER.17-0719
https://dx.doi.org/10.1177/0022034514552491
https://dx.doi.org/10.1177/0022034514552491
https://dx.doi.org/10.1038/sj/dmfr/4600630
https://dx.doi.org/10.1038/sj/dmfr/4600630
https://dx.doi.org/10.1007/BF00296060
https://dx.doi.org/10.1007/BF00296060
https://dx.doi.org/10.1259/dmfr/30969642
https://dx.doi.org/10.1259/dmfr/30969642
https://dx.doi.org/10.1007/s00784-021-04079-0
https://dx.doi.org/10.1007/s00784-021-04079-0
https://dx.doi.org/10.1259/dmfr.20180457
https://dx.doi.org/10.1259/dmfr.20180457
https://dergipark.org.tr/en/download/article-file/851049

Cureus

Part of SPRINGER NATURE

23.

24.

25.

26.

27.

28.

changes associated with periodontitis using fractal analysis [Article in Turkish]. Selcuk Dent J. 2019, 6:341-
5.

Korkmaz MZ, Altin A, Giinacar DN, Kose TE: Comparison of trabecular bone structure in individuals with
healthy periodontium and stage II1/IV, grade C periodontitis by fractal analysis. Oral Surg Oral Med Oral
Pathol Oral Radiol. 2023, 135:427-32. 10.1016/§.0000.2022.09.041

Eser S, Saribas E: Anatomical assessment of the trabecular structure of the alveolar bone in periodontal
disease by fractal analysis method. Folia Morphol (Warsz). 2024, 83:157-67. 10.5603/FM.a2023.0023

Soltani P, Sami S, Yaghini J, Golkar E, Riccitiello F, Spagnuolo G: Application of fractal analysis in detecting
trabecular bone changes in periapical radiograph of patients with periodontitis. Int ] Dent. 2021,
2021:3221448. 10.1155/2021/3221448

Sener E, Cinarcik S, Baksi BG: Use of fractal analysis for the discrimination of trabecular changes between
individuals with healthy gingiva or moderate periodontitis. ] Periodontol. 2015, 86:1364-9.
10.1902/jop.2015.150004

Ugur Aydin Z, Ocak MG, Bayrak S, Goller Bulut D, Orhan K: The effect of type 2 diabetes mellitus on changes
in the fractal dimension of periapical lesion in teeth after root canal treatment: a fractal analysis study. Int
Endod J. 2021, 54:181-9. 10.1111/iej.13409

Kayaalti-Yiiksek S, Biiyiik C, Agirman M, Keles G: Comparative examination of trabecular bone structure in
healthy and diabetic patients with periodontitis using fractal analysis. Quintessence Int. 2024, 55:192-200.
10.3290/j.qi.b4920297

2025 Dosdogru et al. Cureus 17(1): e77833. DOI 10.7759/cureus.77833

90f9


https://dx.doi.org/10.1016/j.oooo.2022.09.041
https://dx.doi.org/10.1016/j.oooo.2022.09.041
https://dx.doi.org/10.5603/FM.a2023.0023
https://dx.doi.org/10.5603/FM.a2023.0023
https://dx.doi.org/10.1155/2021/3221448
https://dx.doi.org/10.1155/2021/3221448
https://dx.doi.org/10.1902/jop.2015.150004
https://dx.doi.org/10.1902/jop.2015.150004
https://dx.doi.org/10.1111/iej.13409
https://dx.doi.org/10.1111/iej.13409
https://dx.doi.org/10.3290/j.qi.b4920297
https://dx.doi.org/10.3290/j.qi.b4920297

	Investigation of the Effect of Periodontitis on Trabecular Bone Structure by Fractal Analysis
	Abstract
	Introduction
	Materials And Methods
	Radiographic analysis
	FIGURE 1: The mesial and distal regions were represented by uniform rectangular regions of interest (ROIs) placed along the margins of healthy trabecular bone.
	FIGURE 2: Steps used in image processing.

	Statistical analysis

	Results
	TABLE 1: Demographic characteristics of the groups.
	TABLE 2: Comparison of clinical periodontal measurements between groups.
	TABLE 3: Correlation between fractal dimension and clinical periodontal measurements between groups.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


