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Abstract
Purpose: Surgical extraction of third molars can be challenging due to several factors, including increased bone density, whichcauses the bone structures to lose their elastic properties. The purpose of this study is to compare the trabecular structuresurrounding the impacted mandibular third molar (M3M) with the normal alveolar trabecular pattern using the fractal analysismethod.Materials and Methods: A total of 47 dental panoramic radiographs (DPRs) of the patients were included in the study. The regionof interest (ROI) was defined as the area between the distal root of the second molar and the mesial root of the third molar tooth(ROI1) and between the distal root of the first molar tooth and the mesial root of the second molar tooth (ROI2). Bone tissue wasanalyzed by FD analysis. Regions other than the area measured with FD were also evaluated using BMFD to assess the bonemarrow. Fractal dimension (FD) and bone marrow fractal dimension (BMFD) analyses were performed on the selected ROIs usingthe ImageJ software.Results: The mean FD values of 47 patients were found to be 1.135 for ROI1 and 1.105 for ROI2, respectively. The mean BMFD valueswere found to be 1.591 for ROI1 and 1.587 for ROI2. The results of the FD analysis (p = 0.078) and BMFD analysis (p = 0.731) showedno significant difference between ROI1 and ROI2.Conclusions: It is crucial to evaluate the trabecular structure prior to surgery of the impacted M3Ms. Bone density surrounding theimpacted M3Ms appears to be higher than that of healthy alveolar bone. Furthermore, the fact that males have denser bones thanfemales should be considered in surgical procedures. The FD analysis method may be useful in evaluating the trabecular structureof impacted M3Ms.
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Introduction
Mandibular third molars (M3Ms) are the most frequently impactedteeth in the jaw. 1 Surgical extraction of these teeth is one of themost common outpatient procedures in dentistry. Several compli-cations can occur during the surgical procedures of the impactedM3M teeth. The most common complications are alveolitis, infec-tion, paresthesia, or osteomyelitis. 2 The possible reasons for thesecomplications are difficulty in extraction due to the following fac-tors: angulation of the tooth, available space for extraction, depthof the tooth, relation with mandibular canal, bone density and elas-ticity around teeth, buccolingual position, tooth morphology, and

operator experience. 3
Dental panoramic radiographs (DPR) have been proposed asthe preferred imaging method because this technique provides anoverview of the teeth and jaws. 4 The technique is useful for deter-mining the position, eruption path and relationship to the mandibu-lar canal and surrounding bone of the impacted M3Ms. The mainadvantage of DPR is the low radiation dose and low cost comparedto three-dimensional imaging. DPR can not only show changes inthe tooth and surrounding structure, but also evaluate changes inthe trabecular bone structure. 5 Radiomorphometric indices suchas mandibular cortical index, mandibular panoramic index, andmandibular cortical width applied to DPR are useful methods for
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calculating bone density. 6,7 Indices based on linear measurementsare unreliable because they are affected by DPR-related magnifi-cation, distortion, and patient positioning. 8–10 Fractal dimension(FD) analysis is advantageous over other indices because it is notaffected by the technical variables of the DPR or other radiographsand objectively evaluates the internal structure of the bone. 11
In many studies, FD analysis used two-dimensional radiographsto detect trabecular density, apical healing, periapical bone, andsystemic diseases such as osteoporosis. 12–15 FD analysis is a math-ematical technique that can help quantify complex structures bycharacterizing them with a number, including those of trabecularbone. 16,17 In FD analysis, a box-counting algorithm is used to calcu-late the trabecular bone pattern by counting the interface betweenthe bone marrow and the trabecular bone. 18 A higher box-countingvalue is associated with a more complex bone structure. 19 Consid-ering all of this information, FD analysis may be a useful method forevaluating trabecular bone density around impacted teeth. To thebest of our knowledge, there is no study which has compared bonedensity around the M3M in the dentoalveolar region with normalbone density in the dentoalveolar region using FD analysis.The purpose of this study is to compare the trabecular structureof the bone characteristics in the around of the impacted M3M withthe bone structure in the healthy dentoalveolar region by usingthe FD analysis method and to evaluate the density of the bonearound the impacted tooth. The secondary objective is to investigatethe relationship between the trabecular bone structure around theimpacted M3M teeth and gender.

Material and Methods
Study Design and Ethical Considerations
The Declaration of Helsinki was followed for this retrospectivestudy. The Ankara University Clinical Research Ethics Committeeapproved this study (IRB approval no: 84/2021). Sample calculationwas performed using G-power analysis for the study. By using Type1 error value (α)=0.05, effect size dz=0.5, power=(1-β)=0.90, n=47was obtained.
Selection and Evaluation of DPR Images
2563 DPR images were evaluated by the DPR unit between 2021and 2022 in Ankara University Faculty of Dentistry. The DPRs weretaken by Planmeca Oy ProMax (Helsinki, Finland) DPR unit. Theexposure parameters were 64 kV, 10 mA, and 10 s. According to theinclusion and exclusion criteria (Table 1), 47 images were includedin the study. In the study, impacted M3Ms were examined uni-laterally in the DPR images. Two oral and maxillofacial radiologyresearch assistants with three years of experience evaluated andanalyzed the DPR images. Evaluation and analysis were performedon the same computer and under the same conditions. Intra- andinterobserver reliability was assesed by reanalyzing 20% of theimages one month later. The correlation coefficient was then cal-culated. According to the analysis results, there was intra- andinterobserver agreement.
Image Processing and FD Analysis
The DPRs of the subjects involved in the study were exported ashigh-resolution image files called Tag Image File Format (TIFF).The TIFF format is known to be a more successful image formatwith less loss of detail compared to the JPEG format. 20 The DPRswere exported in TIFF format to avoid data loss. To standardizethe radiographs, the dimensions of all images were adjusted to2836 × 1500 pixels using Adobe Photoshop CS5 (Adobe Systems Inc.,San Jose, CA, USA). The Java-based 64-bit image analysis software

ImageJ v1.52 (US National Institutes of Health, Bethesda, MD), aversion of the National Institutes of Health (NIH) imaging software,was used for FD analysis.

Determining ROIs
The following regions of interest (ROIs) were defined by us forthe purpose of comparing the bone structure surrounding theM3M tooth with that of the normal bone structure surroundingthe mandibular molars. The ROI selected for analysis was stan-dardized using the MicroDicom DICOM viewer software. In theMicroDicom software, the horizontal and vertical lengths were de-termined by using the nearest anatomical reference points (toothand mandibular canal) in relation to the teeth. ROI1: The 25x25pixel area between the distal root of the mandibular second molarand the mesial root of the M3M. ROI2: The 25x25 pixel area betweenthe distal part of the distal root of the mandibular first molar andthe mesial part of the mesial root of the mandibular second molar(Figure 1).

FD Analysis
Selected ROIs were analyzed using the ImageJ program. The ROIsize was to 25X25 pixels. Bone fractal dimension (FD) and bonemarrow fractal dimension (BMFD) analyses were performed usingthe box-counting method (Figure 1). The procedures required forFD analysis were performed using the ImageJ v1.52 program, aversion of the National Institute of Health Image, and the methoddeveloped by White and Rudolph. 21

The area of interest was cropped and saved in 8-bit format.The 400% up-sampling ratio was applied to the images becauseit provided the most optimal binarization result found in a previ-ous study. 22 The image was duplicated and was blurred using theGaussian filter technique (sigma = 35 pixels) to avoid brightnessvariations depending on the upper soft tissues and the differentbone thicknesses in the image. It was then subtracted from theoriginal image using the image calculator. A 128-gray value wasthen added to each pixel location, regardless of the original bright-ness of the image. In images with an average 128-gray value, areasof varying brightness help to separate the bone marrow from thetrabecular structure. The image with a 128-gray value was con-verted to a binary format. This revealed the outlines of the bonemarrow and trabecular structure. To reduce the noise of the image,erosion, and dilation were applied to the image. The image was thenskeletonized. To calculate the fractal size, the image was dividedinto squares of equal size widths of 2, 3, 4, 6, 8, 12, 16, 32, and 64pixels by using the Fractal Box Counter function. The number offrames containing trabeculae and the total number of frames in theimage were calculated for different pixel sizes. These values wereplotted on a logarithmic scale, and the slope of the line that best fitthe points on the graph gave the FD (Figure 2).

BMFD Analysis
The same steps, including the erosion and dilation processes de-scribed above, were then applied in the same manner to the imagesdestined for BMFD analysis. The image was then duplicated. FDanalysis was performed on the first image. The duplicated imagewas inverted and skeletonized to preserve only the central portionsof the trabeculae were preserved. BMFD analysis was performedon the skeletonized image using the box-counting methods in theImageJ program. All the above procedures were performed on ROI1and ROI2 defined on OPG images of 47 selected patients. The resultswere saved in an Excel file with FD, BMFD, and gender information.
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Table 1. Inclusion and exclusion criteria
Inclusion criteria Exclusion criteriaImages of patients aged 18-50 years withM3M with complete bone retention andclosed apex

Image of patients with the absence of any of the mandibular first, second, or third molars

Images of patients whose mandibularfirst and second molars present Images of patients whose M3Ms are not impacted
Images of patients with distoangular, horizontal, or inversed positioned M3MImages of patients with root configuration anomalies in the mandibular first and second molarsImage of patients with the presence of root canal treatment at one of the mandibular first, second,or third molarsImages of patients with any pathology (cyst, tumor, periodontal defect, enostosis) inthe relevant bone areasImages of patients undergoing active orthodontic treatmentImages of the patients with previous orthodontic treatmentImages of the patients with systemic disease diagnosisImages with artifacts or low resolution that may hinder the examination

Table 2. Distribution of gender and age
n (%)

Gender Female 35 (74,5)Male 12 (25,5)
Age (24,11±5,66) 18-24 32 (68,1)25-46 15 (31,9)

Statistical Analysis
Data were analyzed using the SPSS 26.0 program with a 95% con-fidence level. The mean (Avg), standard deviation (hs), median(M), minimum, and maximum values were statistically recordedfor the measurements. The study used dependent groups t (para-metric)/Wilcoxon (nonparametric), FD, and independent groups t(parametric)/Mann Whitney (nonparametric) to compare BMFDmeasurements by gender, Pearson/Spearman correlation test wasused for the relationship between FD and BMFD measurements.The significance level was set at 0.05.

One of the procedures for examining the conformity of measure-ments and continuous variables to the normal distribution is thecalculation of skewness and kurtosis values. The kurtosis and skew-ness values obtained from the measurements between +3 and -3 areconsidered sufficient for normal distribution. 23 Parametric tests(Pearson) were employed for measurements that met the normaldistribution criteria, while nonparametric methods (Spearmen)were utilized for those that did not. In the normality measure-ments, FD FOV2 was determined as the measurement that did notmeet the normal distribution. Other measurements yielded resultsconsistent with a normal distribution.

Results
Descriptive characteristics of the samples are shown in Table 2. Themean FD values of ROI1 and ROI2 were 1.135 and 1.591, respectively.In addition, the mean values of BMFD in ROI1 and ROI2 were 1.105and 1.587, respectively (Table 3). Although there is no statisticallysignificant difference between the impacted region and the normaldentoalveolar region, the measurement of the FD of the bone ishigher in ROI1 (p=0.078 > 0.05).

There was no statistically significant difference in different theROIs between the genders in FD and BMFD analysis. Bone FD andthe BMFD of ROI1 and the BMFD of ROI2 measurements are higherin males, while the bone FD of ROI2 is higher in females (Table4). Bone FD and the BMFD measurements of ROI1 have a positiveand statistically significant correlation. In addition, a significantcorrelation was found between the bone FD and the BMFD mea-surements of ROI2 (Table 5).

Table 3. Comparison of FD and BMFD measurements of ROIs
Max-Min (M) Mean ± hs pFD of ROI 1 1,360-0,941 (1,132) 1,135±0,086 0,078**FD of ROI 2 1,408-0,912 (1,102) 1,105±0,083BMFD of ROI 1 1,690-1,431 (1,594) 1,591±0,056 0,731*BMFD of ROI 2 1,670-1,468 (1,586) 1,587±0,046

**Wilcoxon, * Dependent groups t-tests

Discussion
One of the main reasons for the difficulty in extracting impactedM3Ms is the density and elasticity of the bone. 3 As bone densityincreases, the amount of vascularization of the bone in the regiondecreases. 24 Therefore, the risk of infection, alveolitis, and os-teomyelitis increases. For this reason, it is important to properlyassess the bone structure prior to surgery. It has been shown thatfractal analysis methods and bone densitometric values are corre-lated.24,25 For these reasons, it found to be reliable to use fractalanalysis, which is not affected by local artifacts, to evaluate bonedensity. 11,25,26

Some studies have evaluated bone density around impactedteeth using fractal analysis or other methods. 27–29 Koseoglu Secginet al. 29 evaluated bone density around impacted maxillary caninesusing gray values in cone beam computed tomography (CBCT) im-ages. The gray values of the impacted canines were found to bestatistically significantly higher than those of nonimpacted teeth(p=0.003). They concluded that the alveolar bone density aroundthe impacted maxillary canine is a potential etiological factor forimpaction. In this study, bone density was found to be high in theimpacted tooth region, parallel to the study of Koseoglu Secgin etal. 29 However, the result was not significant. Although the use oftwo distinct imaging techniques and the divergence in method-ology may also have contributed to the observed outcome, it wasconcluded that the primary reason for the non-significant result ofthis study was the difference in bone density between the mandibleand maxilla. 30 In addition, the gray value, which can also be usedto assess bone density, is a reliable parameter for computed to-mography (CT). It has been reported that large amounts of X-rayscatter and artifacts affect the gray value in CBCT scans, and thegray value does not correlate with Hounsfield Units. 31 Therefore,CBCT is not a reliable parameter for measuring bone density byusing gray values. 32 In their study, Gonca et al. 27 examined FDaround the impacted M3Ms to evaluate the trabecular structure andcompared it with different ROIs, including the gonial, antegonial,sigmoid notch, and ramus regions of the mandible. The objectiveof their study was to investigate whether the eruption of the M3Mwas influenced by increasing or decreasing trabecular structure inthe ROI. No significant difference was found between the FD values



70 | Polat Balkan et al.

Figure 1. Display of ROI’s in DPR (a) ROI1. (b) ROI2.

around the impacted M3Ms and those of the other regions. Theresearchers proposed that the trabecular structure had no effect onM3M impaction. The selected ROIs in the aforementioned studymay not be able to demonstrate the effects of the trabecular bonestructure on the impaction. Those ROIs represent the attachmentareas of the masticatory muscles. Previous studies have demon-strated that the condylar, ramus, and gonial regions are influencedby the mechanical function of the masseter muscle. 28,33–35 There-fore, it is not appropriate to compare the bone density around theselected regions with that of the impacted M3Ms.
To date, no studies have been conducted to evaluate the differ-ence between bone density around the M3Ms and normal dentoalve-

olar bone density using fractal size analysis in DPR. Servais et al. 36
evaluated bone density around impacted maxillary canines on CBCTby using fractal analysis. The study included 49 subjects with bilat-eral and unilateral impacted canines. The bone structure aroundthe impacted canine and in the nonimpacted region was measuredby fractal analysis. The study reported that the FD value of the im-pacted region was 1.248, while that of the non-impacted region was1.245. They associated the high FD value on the impacted side withthe increased bone density in the area. The researchers concludedthat the bone density around the impacted teeth may be one of thereasons for developing impaction. In this present study, the meanFD values of the measurements of the impacted region (ROI1) and
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Figure 2. Steps for image processing for bone fractal dimension: (a) original 25 × 25-pixel region of interest. (b) cropped, (c) up-sampling ratio (%400). (d) blurred image. =C
subtracted image. (f) value-added image (C + 128). (g) binarized image. (h) eroded image. (i) dilated image. (j) skeletonized imag
Table 4. Comparison of FD and BMFD measurements of ROIs by gender.

Max-Min (M) Mean ± hs p
FD of ROI 1 * Female 1,360-0,996 (1,113) 1,130±0,076 0,544Male 1,340-0,941 (1,145) 1,148±0,113
FD of ROI 2** Female 1,408-0,912 (1,106) 1,111±0,088 0,457Male 1,203-0,964 (1,082) 1,086±0,066
BMFD of ROI 1* Female 1,654-1,431 (1,592) 1,585±0,053 0,206Male 1,690-1,460 (1,626) 1,609±0,064
BMFD of ROI 2** Female 1,670-1,468 (1,579) 1,582±0,050 0,196Male 1,649-1,548 (1,605) 1,602±0,029

**Mann-Whitney, * Independent groups t-tests

Table 5. The relationship between the FD and BMFD measurements ofROIs
BMFD (1)* BMFD (2)*

FD (1)* r ,670***p 0,000
FD (2)** r ,528***p 0,000

**Spearman, * Pearson correlation tests, ***p<0,05

the normal dentoalveolar region (ROI2) were 1.135 ± 0.086 and 1.105± 0.083, respectively. The results of this study are consistent withthose of Servais et al. 36 However, the present study did not yieldstatistically significant results, with a p-value of 0.078. A high FDvalue indicates increased bone density around the impacted M3M.Therefore, the results of the study demonstrate that it can makea clinical difference in the determination of bone density in theregion and in surgical operations.
Furthermore, the researchers employed fractal analysis to exam-ine the bone marrow fractal size. The researchers reported BMFDvalues for impacted regions and nonimpacted regions as 1.284 and1.305, respectively. 36 In this study, the mean BMFD values for theimpacted region (ROI1) and the normal dentoalveolar region (ROI2) were 1.592 and 1.587, respectively. A positive correlation wasidentified between the bone FD and the BMFD. In contrast to thefindings of Servais et al. 36, a positive correlation was observedbetween BMFD and FD analysis. It is hypothesized that this dis-crepancy is due to the fact that Servais et al. 36 conducted their studyon the maxilla, which is a more stable bone. In this study, sampleswere selected from the mandible. It is well established that strong

masticatory muscles and occlusal forces play a role in the remod-eling of the mandibular bone. In this study, it was hypothesizedthat the positive correlation observed was due to the more dynamicremodeling of the mandibular bone.
Previous studies have examined bone mineral density in thejaws of males and females using CT by Hounsfield Units values,and dual-energy X-ray absorptiometry (DEXA). These studies havefound that male patients have significantly higher bone mineraldensity than female patients. 37,38 Gaalaas et al. 39 evaluated bilat-eral molar region and condyle using fractal analysis on CBCT interms of gender. The study revealed that fractal analysis values inmales were higher than in females. While this difference was notstatistically significant, the fractal size of bone the around impactedM3M was found to be higher in males (1,148 ± 0,113) than in females(1,130 ± 0,076). This discrepancy could be attributed to the fact thatmales exert greater masticatory forces than females. 37,38
This study is subject to a number of limitations. Primarily, thestudy was conducted using only DPR as an imaging technique andexclusively evaluating the mandibular molar region. DPR was se-lected as the imaging modality for this study because it is a routineexamination technique for M3Ms and the relevant region is lesssusceptible to superpositions in the DPR images. 40 The rationalebehind the exclusion of radiographs of patients over the age of 50from the study is that diseases affecting bone density, such as os-teoporosis, are prevalent in both male and female patients of thisage group. 41,42 Furthermore, the study only evaluated vertical im-paction according to the classification of Pell and Gregory. 43 It isrecommended that other classifications be considered for futurestudies.
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Conclusion
In order to avoid possible complications before the surgery on theM3Ms and to perform the extraction correctly, knowledge of thepattern of the trabecular structures should be obtained. Duringsurgery, it can be considered that bone density is higher in men thanin women. The FD analysis method seems to be useful in evaluatingthe trabecular structure of impacted M3Ms. Further studies areneeded to increase the knowledge of the trabecular structure aroundthe different impaction positions.

Author Contributions
Study Idea / Hypothesis: E.P.B., H.A.D., M.H.K., Study Design: E.P.B.,H.A.D., M.H.K., Data Collection: E.P.B., H.A.D. Literature Review:E.P.B., H.A.D., M.H.K. Analysis and/or Interpretation of Results:E.P.B., H.A.D., M.H.K. Article Writing: E.P.B., H.A.D., M.H.K., E.S.Critical Review: E.P.B., M.H.K.

Conflict of Interest
The authors have no conflicts of interest related to this work todeclare.

Authors’ ORCID(s)
E.P.B. 0000-0001-9952-0548H.A.D. 0000-0001-8477-6807M.H.K. 0000-0001-8312-5674E.S. 0000-0002-5727-6310S.K. 0000-0002-8692-7266

References
1. Carter K, Worthington S. Predictors of third molar im-paction: a systematic review and meta-analysis. J Dent Res.2016;95(3):267–276. doi:10.1177/0022034515615857.2. Bui CH, Seldin EB, Dodson TB. Types, frequencies,and risk factors for complications after third molar ex-traction. J Oral Maxillofac Surg. 2003;61(12):1379–1389.doi:10.1016/j.joms.2003.04.001.3. Sammartino G, Gasparro R, Marenzi G, Trosino O,Mariniello M, Riccitiello F. Extraction of mandibu-lar third molars: proposal of a new scale of diffi-culty. Br J Oral Maxillofac Surg. 2017;55(9):952–957.doi:https://doi.org/10.1016/j.bjoms.2017.09.012.4. Horner K, Rushton V, Tsiklakis K, Hirschmann P, van der Stelt P,Glenny A, et al. European guidelines on radiation protection indental radiology; the safe use of radiographs in dental practice.European Commission, Directorate-General for Energy andTransport. Radiation Protection. J Dent. 2004.5. Bollen A, Taguchi A, Hujoel P, Hollender L. Fractal dimension ondental radiographs. DMFR. 2014. doi:10.1038/sj/dmfr/4600630.6. Dagistan S, Bilge O. Comparison of antegonial index, mentalindex, panoramic mandibular index and mandibular corticalindex values in the panoramic radiographs of normal males andmale patients with osteoporosis. DMFR. 2010;39(5):290–294.doi:10.1259/dmfr/46589325.7. Leite AF, de Souza Figueiredo PT, Barra FR, de Melo NS,de Paula AP. Relationships between mandibular cortical in-dexes, bone mineral density, and osteoporotic fractures inBrazilian men over 60 years old. OOOO. 2011;112(5):648–656.doi:10.1016/j.tripleo.2011.06.014.8. Eninanc I, Yeler DY, Cinar Z. Evaluation of the effect of bruxism

on mandibular cortical bone using radiomorphometric indiceson panoramic radiographs. Niger J Clin Pract. 2021;24(11):1742–1748. doi:10.4103/njcp.njcp7121.9. Stramotas S, Geenty JP, Petocz P, Darendeliler MA. Accuracy oflinear and angular measurements on panoramic radiographstaken at various positions in vitro. EJO. 2002;24(1):43–52.doi:https://doi.org/10.1093/ejo/24.1.43.10. Xie Q, Soikkonen K, Wolf J, Mattila K, Gong M, Ainamo A. Ef-fect of head positioning in panoramic radiography on verticalmeasurements: an in vitro study. DMFR. 1996;25(2):61–66.doi:https://doi.org/10.1259/dmfr.25.2.9446974.11. Jolley L, Majumdar S, Kapila S. Technical factors in fractalanalysis of periapical radiographs. DMFR. 2006;35(6):393–397.doi:10.1259/dmfr/30969642.12. Baksi BG, Fidler A. Fractal analysis of periapical bone fromlossy compressed radiographs: a comparison of two lossycompression methods. J Digit Imaging. 2011;24:993–998.doi:10.1007/s10278-011-9383-0.13. Baksi BG, Fidler A. Image resolution and exposure time ofdigital radiographs affects fractal dimension of periapical bone.Clin Oral Investig. 2012;16:1507–1510. doi:10.1007/s00784-011-0639-3.14. Huang C, Chen J, Chang Y, Jeng J, Chen C. A fractal dimensionalapproach to successful evaluation of apical healing. Int Endod J.2013;46(6):523–529. doi:10.1111/iej.12020.15. Sindeaux R, de Souza Figueiredo PT, de Melo NS, GuimaraesATB, Lazarte L, Pereira FB, et al. Fractal dimensionand mandibular cortical width in normal and osteo-porotic men and women. Maturitas. 2014;77(2):142–148.doi:https://doi.org/10.1016/j.maturitas.2013.10.011.16. Apolinário AC, Sindeaux R, de Souza Figueiredo PT, GuimarãesAT, Acevedo AC, Castro LC, et al. Dental panoramic in-dices and fractal dimension measurements in osteogenesisimperfecta children under pamidronate treatment. DMFR.2016;45(4):20150400. doi:10.1259/dmfr.20150400.17. Gumussoy I, Miloglu O, Cankaya E, Bayrakdar IS. Frac-tal properties of the trabecular pattern of the mandiblein chronic renal failure. DMFR. 2016;45(5):20150389.doi:10.1259/dmfr.20150389.18. Amer ME, Heo MS, Brooks SL, Benavides E. Anatomical vari-ations of trabecular bone structure in intraoral radiographsusing fractal and particles count analyses. ISD. 2012;42(1):5.doi:10.5624/isd.2012.42.1.5.19. Molon RSd, Paula WNd, Spin-Neto R, Verzola MHA, TosoniGM, Lia RCC, et al. Correlation of fractal dimension with his-tomorphometry in maxillary sinus lifting using autogenousbone graft. Braz Dent J. 2015;26(1):11–18. doi:10.1590/0103-6440201300290.20. Gurdal P, Hildebolt C, Akdeniz B. The effects of different imagefile formats and image-analysis software programs on den-tal radiometric digital evaluations. DMFR. 2001;30(1):50–55.doi:10.1038/sj/dmfr/4600570.21. White SC, Rudolph DJ. Alterations of the trabecular pattern ofthe jaws in patients with osteoporosis. OOOO. 1999;88(5):628–635. doi:https://doi.org/10.1016/s1079-2104(99)70097-1.22. Hwang JJ, Lee JH, Han SS, Kim YH, Jeong HG, Choi YJ,et al. Strut analysis for osteoporosis detection modelusing dental panoramic radiography. DMFR. 2017;46(7).doi:10.1259/dmfr.20170006.23. Hopkins KD, Weeks DL. Tests for normality and mea-sures of skewness and kurtosis: Their place in researchreporting. Educ Psychol Meas. 1990;50(4):717–729.doi:https://doi.org/10.1177/0013164490504001.24. Misch L, Misch C. Denture satisfaction–a patient perspective.Int J Implant Dent. 1991;7(2):43–48.25. Bayrak S, Goller Bulut D, Orhan K, Sinanoglu EA, Kursun Cak-mak ES, Misirli M, et al. Evaluation of osseous changes in dentalpanoramic radiography of thalassemia patients using mandibu-

https://orcid.org/0000-0001-9952-0548
https://orcid.org/0000-0001-8477-6807
https://orcid.org/0000-0001-8312-5674
https://orcid.org/0000-0002-5727-6310
https://orcid.org/0000-0002-8692-7266
http://dx.doi.org/10.1177/0022034515615857
http://dx.doi.org/10.1016/j.joms.2003.04.001
http://dx.doi.org/https://doi.org/10.1016/j.bjoms.2017.09.012
http://dx.doi.org/10.1038/sj/dmfr/4600630
http://dx.doi.org/10.1259/dmfr/46589325
http://dx.doi.org/10.1016/j.tripleo.2011.06.014
http://dx.doi.org/$10.4103/njcp.njcp_71_21$
http://dx.doi.org/https://doi.org/10.1093/ejo/24.1.43
http://dx.doi.org/https://doi.org/10.1259/dmfr.25.2.9446974
http://dx.doi.org/10.1259/dmfr/30969642
http://dx.doi.org/10.1007/s10278-011-9383-0
http://dx.doi.org/10.1007/s00784-011-0639-3
http://dx.doi.org/10.1007/s00784-011-0639-3
http://dx.doi.org/10.1111/iej.12020
http://dx.doi.org/https://doi.org/10.1016/j.maturitas.2013.10.011
http://dx.doi.org/10.1259/dmfr.20150400
http://dx.doi.org/10.1259/dmfr.20150389
http://dx.doi.org/10.5624/isd.2012.42.1.5
http://dx.doi.org/10.1590/0103-6440201300290
http://dx.doi.org/10.1590/0103-6440201300290
http://dx.doi.org/10.1038/sj/dmfr/4600570
http://dx.doi.org/https://doi.org/10.1016/s1079-2104(99)70097-1
http://dx.doi.org/10.1259/dmfr.20170006
http://dx.doi.org/https://doi.org/10.1177/0013164490504001


Fractal analysis in detecting trabecular bone characteristics around mandibular impacted third molars | 73

lar indexes and fractal size analysis. ORRA. 2020;36:18–24.doi:10.1007/s11282-019-00372-7.26. Southard TE, Southard KA, Jakobsen JR, Hillis SL, Na-jim CA. Fractal dimension in radiographic analysisof alveolar process bone. OOOO. 1996;82(5):569–576.doi:https://doi.org/10.1016/s1079-2104(96)80205-8.27. Gonca M, Gunacar DN, Kose TE, Karamehmetoglu I. Evalua-tion of mandibular morphologic measurements and trabecularstructure among subgroups of impacted mandibular third mo-lars. ORRA. 2021:1–9. doi:10.1007/s11282-021-00527-5.28. Matic DB, Yazdani A, Wells RG, Lee TY, Gan BS. The ef-fects of masseter muscle paralysis on facial bone growth. JSR.2007;139(2):243–252. doi:10.1016/j.jss.2006.09.003.29. Secgin CK, Karslioglu H, Ozemre MO, Orhan K. Gray valuemeasurement for the evaluation of local alveolar bone densityaround impacted maxillary canine teeth using cone beam com-puted tomography. Med Oral Patol Oral Cir. 2021;26(5):e669.doi:https://doi.org/10.4317/medoral.24677.30. Chugh T, Ganeshkar SV, Revankar AV, Jain AK. Quantitativeassessment of interradicular bone density in the maxilla andmandible: implications in clinical orthodontics. Prog Orthod.2013;14:1–8. doi:10.1186/2196-1042-14-38.31. Hua Y, Nackaerts O, Duyck J, Maes F, Jacobs R. Bone quality as-sessment based on cone beam computed tomography imaging.Clin Oral Implants Res. 2009;20(8):767–771. doi:10.1111/j.1600-0501.2008.01677.x.32. Pauwels R, Jacobs R, Singer SR, Mupparapu M. CBCT-basedbone quality assessment: are Hounsfield units applicable?DMFR. 2015;44(1):20140238. doi:10.1259/dmfr.20140238.33. Kitai N, Fujii Y, Murakami S, Furukawa S, Kreiborg S, TakadaK. Human masticatory muscle volume and zygomatico-mandibular form in adults with mandibular prognathism. JDent Res. 2002;81(11):752–756. doi:10.1177/0810752.34. Kubota M, Nakano H, Sanjo I, Satoh K, Sanjo T, KamegaiT, et al. Maxillofacial morphology and masseter musclethickness in adults. Eur J Orthod. 1998;20(5):535–542.doi:10.1093/ejo/20.5.535.35. Tsouknidas A, Jimenez-Rojo L, Karatsis E, Michailidis

N, Mitsiadis TA. A bio-realistic finite element modelto evaluate the effect of masticatory loadings on mousemandible-related tissues. Front physiol. 2017;8:265436.doi:https://doi.org/10.3389/fphys.2017.00273.36. Servais JA, Gaalaas L, Lunos S, Beiraghi S, Larson BE,Leon-Salazar V. Alternative cone-beam computed tomog-raphy method for the analysis of bone density around im-pacted maxillary canines. AJODO. 2018;154(3):442–449.doi:https://doi.org/10.1016/j.ajodo.2018.01.008.37. Choel L, Duboeuf F, Bourgeois D, Briguet A, Lissac M. Trabecu-lar alveolar bone in the human mandible: A dual-energy x-rayabsorptiometry study. OOOO. 2003;95(3):364–370. Availablefrom: https://www.sciencedirect.com/science/article/pii/
S1079210402917348. doi:https://doi.org/10.1067/moe.2003.119.38. Wakimoto M, Matsumura T, Ueno T, Mizukawa N, Yanagi Y,Iida S. Bone quality and quantity of the anterior maxillarytrabecular bone in dental implant sites. Clin Oral ImplantsRes. 2012;23(11):1314–1319. doi:https://doi.org/10.1111/j.1600-0501.2011.02347.x.39. Gaalaas L, Henn L, Gaillard PR, Ahmad M, Islam MS. Anal-ysis of trabecular bone using site-specific fractal values cal-culated from cone beam CT images. ORRA. 2014;30:179–185.doi:https://doi.org/10.1007/s11282-013-0163-z.40. Pathak S, Mishra N, Rastogi MK, Sharma S. Signifi-cance of radiological variables studied on orthopantamo-gram to pridict post-operative inferior alveoler nerve pares-thesia after third molar extraction. JCDR. 2014;8(5):ZC62.doi:10.7860/JCDR/2014/8392.4399.41. Cosman F, de Beur SJ, LeBoff M, Lewiecki E, Tanner B, Randall S,et al. Clinician’s guide to prevention and treatment of osteoporo-sis. Osteoporos Int. 2014;25:2359–2381. doi:10.1007/s00198-014-2794-2.42. Dutra V, Yang J, Devlin H, Susin C. Radiomorphometric in-dices and their relation to gender, age, and dental status. OOOO.2005;99(4):479–484. doi:10.1016/j.tripleo.2004.09.013.43. Hartman B, Adlesic EC. Evaluation and managementof impacted teeth in the adolescent patient. Dent Clin.2021;65(4):805–814. doi:10.1016/j.cden.2021.07.003.

http://dx.doi.org/10.1007/s11282-019-00372-7
http://dx.doi.org/https://doi.org/10.1016/s1079-2104(96)80205-8
http://dx.doi.org/10.1007/s11282-021-00527-5
http://dx.doi.org/10.1016/j.jss.2006.09.003
http://dx.doi.org/https://doi.org/10.4317/medoral.24677
http://dx.doi.org/10.1186/2196-1042-14-38
http://dx.doi.org/10.1111/j.1600-0501.2008.01677.x
http://dx.doi.org/10.1111/j.1600-0501.2008.01677.x
http://dx.doi.org/10.1259/dmfr.20140238
http://dx.doi.org/10.1177/0810752
http://dx.doi.org/10.1093/ejo/20.5.535
http://dx.doi.org/https://doi.org/10.3389/fphys.2017.00273
http://dx.doi.org/https://doi.org/10.1016/j.ajodo.2018.01.008
https://www.sciencedirect.com/science/article/pii/S1079210402917348
https://www.sciencedirect.com/science/article/pii/S1079210402917348
http://dx.doi.org/https://doi.org/10.1067/moe.2003.119
http://dx.doi.org/https://doi.org/10.1111/j.1600-0501.2011.02347.x
http://dx.doi.org/https://doi.org/10.1111/j.1600-0501.2011.02347.x
http://dx.doi.org/https://doi.org/10.1007/s11282-013-0163-z
http://dx.doi.org/10.7860/JCDR/2014/8392.4399
http://dx.doi.org/10.1007/s00198-014-2794-2
http://dx.doi.org/10.1007/s00198-014-2794-2
http://dx.doi.org/10.1016/j.tripleo.2004.09.013
http://dx.doi.org/10.1016/j.cden.2021.07.003

	Introduction
	Material and Methods
	Study Design and Ethical Considerations
	Selection and Evaluation of DPR Images
	Image Processing and FD Analysis
	Determining ROIs
	FD Analysis
	BMFD Analysis
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Author Contributions
	Conflict of Interest
	Authors' ORCID(s)

