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ARTIGO ORIGINAL 

 
RESUMO 

 

Introdução: A reabsorção radicular apical (RRA) é uma consequência comum do 

tratamento ortodôntico e é caracterizada pelo arredondamento ou encurtamento da 

raiz dentária. A avaliação da qualidade do tecido ósseo adjacente à reabsorção radicular 

pode ser realizada por meio da tomografia computadorizada de feixe cônico (TCFC), 

através da análise da dimensão fractal (DF). Objetivo: O objetivo deste estudo 

observacional transversal foi avaliar a qualidade do osso adjacente ao terço apical da 

raiz de incisivos superiores com RRA em pacientes sob tratamento ortodôntico, 

determinando a DF na TCFC e comparando-as com as imagens dos dentes contralaterais 

correspondentes sem RRA no mesmo indivíduo. Material e métodos: A amostra do 

estudo foi composta por 20 pacientes em tratamento ortodôntico com aparelho 

edgewise, que apresentavam RRA em um incisivo superior (grupo experimental) e 

ausência de RRA no incisivo contralateral correspondente (grupo controle), identificados 

por meio de radiografias periapicais de rotina. A DF das quatro regiões do osso alveolar 

de incisivos com RRA e seus contralaterais sem RRA foi determinada e comparada. 

Resultados: Em todas as regiões ósseas avaliadas, os incisivos sem RRA apresentaram 

valores de DF mais altos do que os incisivos com RRA, mas não houve diferença 

significativa. Conclusão: Não foi encontrada diferença significativa entre a qualidade do 

tecido ósseo, avaliada por meio da análise da dimensão fractal, na região apical dos 

incisivos superiores com e sem reabsorção radicular apical do mesmo paciente 

ortodôntico. 

 

Palavras-chave: Ortodontia; Movimento dentário; Reabsorção da raiz; Tomografia 

computadorizada de feixe cônico. 
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Fractal dimension assessment of bone tissue in the region 

of incisives with and without apical root resorption 
 
ABSTRACT 

 

Introduction: Apical root resorption (ARR) is a common consequence of orthodontic 

treatment, and is characterized by the rounding or shortening of the tooth root. The 

quality of the bone tissue adjacent to root resorption can be assessed using cone beam 

computed tomography (CBCT), by analyzing the fractal dimension (FD). Objective: The 

aim of this observational cross-sectional study was to assess the quality of the adjacent 

bone of the root apical third of maxillary incisors with ARR in patients under orthodontic 

treatment by determining the FD in CBCT and comparing them with the images of the 

corresponding contralateral teeth without ARR in the same individual. Material and 

methods: The study sample consisted of 20 patients under orthodontic treatment with 

edgewise appliance, who presented apical root resorption in a maxillary incisor 

(experimental group) and absence of root resorption in the corresponding contralateral 

incisor (control group), identified through routine periapical dental radiographs. The FD 

of four regions in the adjacent alveolar bone of incisors with ARR and their contralateral 

teeth without ARR was determined and compared. Results: In all bone regions 

evaluated, the incisors without ARR had higher FD values than incisors with ARR, but 

there was no significant difference. Conclusion: No statistical difference was found 

between the quality of the bone tissues, assessed through the analysis of the FD, in the 

apical region of the maxillary incisors with and without apical root resorption of the 

same orthodontic patient. 

 

Keywords: Orthodontics; Tooth movement; Root resorption; Cone beam computed 

tomography. 

 

 

 

 

                         

 

This work is licensed under a Creative Commons Attribution 4.0 

International License.

Instituição afiliada – 1 Departamento de Ortodontia - Universidade Federal de Juiz de Fora, Brasil 

2 Professor Associado - Universidade Estadual do Rio de Janeiro, Brasil 

3 Professora Auxiliar - Centro Universitário Estácio Juiz de Fora, Brasil 

4 Assistente Administrativo - Universidade Federal de Juiz de Fora, Brasil 

5 Professor Titular - Universidade Federal de Juiz de Fora, Brasil 

6 Professor Associado - Universidade Federal de Juiz de Fora, Brasil 

 
Autor correspondente: Fernanda Ramos de Faria fernandaramosfaria@gmail.com 

 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:email%20do%20autor@gmail.com


Avaliação da dimensão fractal do tecido ósseo na região de incisivos com e sem 

reabsorção radicular apical 

Lupatini et. al. 

Brazilian Journal of Implantology and Health Sciences 

Volume 7, Issue 4 (2025), Page 368-382. 

 

 

INTRODUCTION  

Apical root resorption (ARR) is a common consequence that affects most 

orthodontically treated teeth and is characterized by root shortening or even apical 

rounding1. Despite its high prevalence, the severity of the resorption related to 

orthodontic treatment usually has minimal clinical significance2, however, ARR is a 

concern for the orthodontist since it jeopardizes treatment success3. 

The factors responsible for ARR during orthodontic treatment have not yet been 

fully understood, and their origin is considered multifactorial3. The biological factor most 

likely to influence the susceptibility to resorption is genetics3,4. 

According to Goldie and King5, Rygh and Reitan6 the bone mineral density is a 

factor related to ARR. It has been suggested that greater mineral density requires the 

application of more intense forces to accomplishment dental movement6,7, and 

consequently result in more root resorption6. However, there are still divergent results 

that do not find an association between the alveolar bone density around the roots and 

the amount of corresponding root resorption3. 

The CBCT (cone beam computed tomography) has been frequently used to 

determine the mineral density of craniofacial structures8. The main advantages of CBCT 

are the low radiation dose, shorter image acquisition time and reduced costs compared 

to conventional computed tomography (CT)9,10. In the CBCT occurs a non-uniform 

angular distribution of X-ray beam intensity leading to nonuniformity of Hounsfield Unit 

(HU), which has been used in conventional CT to measure bone mineral density11. 

Because of the fact that HU values are not valid in CBCT, the fractal dimension 

(FD) has been suggested as an alternative for evaluation of bone quality when this exam 

is undertaken11,12. Fractal analysis is a method used for quantitative evaluation of 

structures with complex geometry, which is represented by a single number, the FD13,14. 

Although quantitative, the FD represents a qualitative evaluation of the bone texture 

that is closely related to bone density15. 

The aim of this study was to assessed the quality of the adjacent bone of the root 

apical third of maxillary incisors with ARR in patients under orthodontic treatment by 

determining the FD in CBCT and comparing them with the images of the corresponding 

contralateral teeth without ARR in the same individual. 
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 MATERIAL AND METHODS 

The sample consisted of 20 individuals (9 males and 11 females) with the mean 

age of 20.3 years (14-28 years), under orthodontic treatment with edgewise appliance, 

who were not orthodontically treated before and presented apical root resorption in a 

maxillary incisor (experimental group) and absence of root resorption in the 

corresponding contralateral incisor (control group). Routine periapical dental 

radiographs of the maxillary incisors, at different phases of the orthodontic treatment, 

were used to identify these conditions. 

The subjects presented absence of disturbance involving calcium metabolism or 

history of trauma in the maxillary incisors. Furthermore, their pre-treatment records 

showed symmetrical malocclusions, and selected incisors (with and without resorption) 

with no root resorption, no endodontic treatment, no morphological alteration, same 

root length and similar root structures. 

This study has been approved by the Ethics Committee of the *** University and 

all individuals who voluntarily participated in this research signed the informed consent 

term after thorough explanation about the procedures. 

After identification of the incisors with and without ARR, the subjects who met 

the inclusion criteria were submitted to CBCT, performed with an i-CAT scanner (Imaging 

Sciences International, Hatfield, PA-USA), operated at 120kV and 3-8mA, voxel size of 

0.25mm, rotation time of 26.9s, and field of view (FOV) of 160mm in diameter and 

100mm in height. 

For image acquisition, each individual was positioned with the chin resting on 

the appropriate support, with the Frankfurt plane parallel to the ground and the median 

sagittal plane perpendicular to the ground and the mandible in maximum intercuspation 

position. The FOV was positioned so that the occlusal plane occupied its vertical center 

and the anterior nasal spine was 35 mm from its anterior border. 

 

Determination of CBCT incisor images: 

 The 40 incisors (22 lateral and 18 central incisors) were evaluated by one 

calibrated examiner (orthodontist with more than 5 years of clinical experience in CBCT 

imaging). The selected incisors were initially analyzed with i-CAT Vision (Imaging 
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Sciences International Inc., Hatfield, USA) software in MPR (multiplanar reconstruction) 

mode, with 0.5mm thick slices. They were vertically positioned so that the intersection 

of the sagittal and coronal sections coincided with its long axis and the coronal section 

was parallel to the incisal border. 

The sagittal slice was positioned at the mesiodistal center of the incisors, and in 

this sagittal image the root length was determined by the distance between the most 

apical point of the dental root and its orthogonal projection on a perpendicular line to 

the long axis of the tooth, which was positioned equidistant from the buccal and lingual 

cementum-enamel junctions (CEJ) (Figure 1). The extension of the root resorption was 

determined by the difference between the root length of the incisors without and with 

resorption, since both had the same length at the beginning of orthodontic treatment. 

 

 

Figure 1 - Determination of the root length. (a) Horizontal line drawn through the CEJ of the 

buccal and lingual tooth surface. (b) Perpendicular line to the long axis of the tooth, equidistant 

from the buccal and lingual cementum-enamel junctions. (c) Line representing the root length. 

 

In order to evaluate bone tissues in similar regions of the incisors with and 

without ARR from the same patient, the apical third of the teeth was calculated by 

dividing the root length of the incisors with ARR into three equal parts. This measure 

was applied from the most apical point of the root in the incisor with ARR, but in the 

incisors without ARR, the extension of the root resorption was discounted. The limits of 

the apical third were identified by two lines in the incisors with ARR (Figure 2a) and four 

lines in the incisors without ARR (Figure 2b), in order to allow the selection of the regions 
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of interest (ROIs), and the image of the sagittal slice was saved in JPEG format (Joint 

Photographics Expert Groups) in standardized size (1444x900 pixels). 

 

 

Figure 2 - Buccal and lingual lines in sagittal slice indicating the apical third of the incisors. (a) 

The limits of the apical third were identified by two lines in the incisors with ARR and (b) Four 

lines in the incisors without ARR, with the two upper lines indicating the limits of the resorption 

in the contralateral incisor. 

 

ROIs of alveolar bone: 

 The images of the sagittal slices were analyzed with ImageJ (National Institutes 

of Health, USA) and three vertically distributed areas (upper, middle and lower) were 

selected along the lingual bone of the apical third of the root. Each area had one third 

of the length of the apical third of the root and 1mm in width. These areas were 

positioned as near as possible to the root, limited by the periodontal ligament, and had 

the same size in teeth with and without resorption from the same individual (Figure 3). 

 

 

Figure 3 - Determination of the ROIs for the analysis of the fractal dimension of the alveolar 

bone in teeth with and without ARR. 
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The other area of bone evaluation, the supra-apical area, was 1mm in height and 

2mm in width and positioned in the center of the root apex. In teeth without ARR, this 

area was positioned immediately above the root apex and in teeth with ARR it was 

positioned away from the apex at the same distance as the extent of the resorption 

(Figure 3). 

 Since ImageJ only measures in pixels, the lines that limit the apical third of the 

root served as a scale for the conversion of pixel to millimeters. 

 

Determination of the fractal dimension: 

 The fractal dimension (FD) of four areas of alveolar bone were determined with 

ImageJ software. The digital images of each ROI were converted from RGB color to 8 bits 

(Figure 4a). Then the ROIs were duplicated and blurred through the use of a Gaussian 

filter with a diameter of 35 pixels (Figure 4b). What happens in this step is the removal 

of all fine and medium scale structure and maintenance of only large variations in 

density. The next step consisted in subtracting the resulting heavily blurred image from 

the original image (Figure 4c). Then, a constant grayscale value of 128 was added to the 

result at each pixel location (Figure 4d). The next step consisted of transforming the 

resulting image into a binary image (Figure 4e) for the erosion step to be performed. In 

order to dilate the image, each pixel is replaced with the maximum value of the 

neighboring pixels. In the inversion, the image of the previous result was inverted, and 

the trabeculae changed from white to black, making it easier to count. Then, there was 

a transformation into an outline image (Figure 4f). In this process, the pixels of the 

edges of the images were removed until the image was reduced to a single broad 

skeleton with the size of a pixel. In the outline images, analyzes were performed in box 

counting method, generating then, the values of the FD16. 
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Figure 4 - Transformation of the ROI image prior to calculation of FD. (a) Original image of the 

supra-apical area with an 8 bit gray scale. (b) The result of blurring the image. (c) The result of 

subtracting the blurred image from the original image (d) and adding 128 pixels. (e) 

Transformation of the image into a binary image. (f) The trabecular pattern is outlined. 

 

The sagittal FD values were used to determined the mean FD of the lingual 

alveolar bone was calculated based on the FD values of the lower, middle and upper 

areas of lingual alveolar bone. The FD values of supra-apical ROI and the means of the 

lingual alveolar bone (upper, middle and lower), in teeth with and without ARR, were 

compared. 

 

Statistical analysis: 

 The intra-examiner reliability was analyzed by the determination of the intraclass 

correlation coefficient (ICC), which was calculated from the values of FD of alveolar bone 

of eight incisors randomly chosen, measured twice, with a 15-day interval between 

measurements. 

 The normality test (Shapiro-Wilk) was performed in order to evaluate the 

distribution pattern of the values obtained for each variable. To compare the values of 

bone FD between the groups, the Wilcoxon test was used. A significance level of 5% was 

adopted and the analysis was performed in SPSS 20.0.0 software (SPSS, Chicago, IL, 

USA). 

 

 RESULTS 

 The intra-examiner reliability test for the variables root length and FD of the 

supra-apical bone presented values above 0.9, indicating an excellent concordance. 

 The Shapiro-Wilk test (Table 1) showed that some variables did not present 
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normal distribution and, therefore, the Wilcoxon test was used for comparisons 

between the groups. 

 

Table 1 - Shapiro-Wilk normality test. 

Variables Incisors with ARR Incisors without ARR 

Root lenght 0.902 0.578 

Supra apical alveolar bone   0.001* 0.350 

Lower lingual alveolar bone 0.082 0.473 

Middle lingual alveolar bone 0.110   0.035* 

Upper lingual alveolar bone 0.334 0.051 

Mean lingual alveolar bone 0.080   0.019* 

* - significant difference. 

 

The values of root length and fractal dimension of the alveolar bone in the supra-

apical region and in the lingual region (lower, middle, upper and mean), are described 

in Table 2. 

 The incisors with ARR presented a statistically smaller root length than the 

incisors without ARR, with a mean difference of 1.29 mm or 9.91% (Table 2). The fractal 

dimensions of the alveolar bone of the incisors with and without ARR did not present a 

statistically significant difference, however, a lower value of FD could be observed in the 

teeth with ARR in all variables. 

 

  

 DISCUSSION 

 Apical root resorption is a common undesirable effect of orthodontic 

treatment1,17,18 and the most involved teeth are the maxillary incisors4,19,20, this could be 

Table 2 - Mean values and standard deviations of the fractal dimension of each 

variable in incisors with and without ARR, and the comparisons between two groups. 
 INCISORS WITH ARR INCISORS WITHOUT ARR P-

VALUE* N MEAN SD N MEAN SD 

Root lenght (mm) 20 11.725 1.133 20 13.012 1.663 0.000 

Supra apical alveolar bone (FD) 20 0.727 0.245 20 0.786 0.117 0.117 

Lower lingual alveolar bone (FD) 16 0.578 0.162 16 0.586 0.135 0.955 

Middle lingual alveolar bone (FD) 17 0.627 0.185 17 0.669 0.117 0.868 

Upper lingual alveolar bone (FD) 17 0.613 0.171 17 0.621 0.189 0.427 

Mean lingual alveolar bone (FD)  17 0.606 0.111 17 0.629 0.654 0.795 

ARR - apical root resorption; SD - standard deviation; FD - fractal dimension; * Wilcoxon test. 
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explained by their highest percentages of abnormal root shapes and tendency to have 

more slender roots, especially the upper lateral incisors4, and also by the greater 

movement they are subjected during orthodontic treatment19. In order to monitor the 

appearance and progression of these lesions during the orthodontic treatment, 

periapical radiographs are frequently requested and, therefore, these exams were used 

for the initial selection of patients for this study, when the presence of ARR in a superior 

incisor and the absence of this lesion in the contralateral incisor were identified during 

the orthodontic treatment. However, in two-dimensional radiographic methods, the 

extent of the ARR might be underestimated due to overlapping structures21, therefore, 

CBCT provides the best images for the correct diagnosis of ARR22 and it is used for the 

confirmation of the diagnosis of ARR and analysis of the images of the incisors. 

 Due to the multifactorial characteristic of ARR, in the studies that involve the 

assessment of this condition, a strict control of the variables is necessary to select the 

sample. In order to control some possible etiological factors related to individual 

susceptibility to ARR, such as genetic or systemic factors, gender and age3,4, the 

comparison of the incisors with and without resorption was made from the same 

individual. Other possible etiological factors of ARR such as trauma23, root 

morphology4,24 and the application of orthodontic forces25,26 were controlled by the 

inclusion criteria. The inclusion of individuals with only symmetric malocclusion creates 

the possibility of applying symmetric protocols of orthodontic forces on each maxillary 

incisor of the same orthodontic patient. 

The most commonly procedure performed to measure bone quality through 

radiological techniques is the use of the Hounsfield scale to quantify the radiodensity in 

computed tomography images27,28. Although CBCT is an exam with a lower dose of 

effective radiation, its image present instability of the voxel values, which compromises 

the application of the Hounsfield scale11,29,30. As an alternative, the use of fractal analysis 

in conjunction with CBCT has been suggested for the assessment of bone quality11,12,31. 

This technique was chosen to evaluate the quality of the bone in this study, since it 

allows an analysis of the texture and complexity of the architecture of mineralized 

tissue11,15,31. 

The comparison between results addressing bone mineral radiodensity and FD is 

possible because, although fractal analysis is a quantitative measure32 both methods are 
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used to define the quality of mineralized tissues11,12,33 and previous studies have stated 

that the density of the alveolar bone was positively correlated to the FD values on 

periapical radiographs15 and CBCT images34. 

 The box-counting method used in this study is a common, simple and accessible 

method to calculate the FD14,35. The image is covered by a grid of progressively reduced 

squares and the number of squares containing the structure is counted. A graph of the 

inverse of the size of the box versus the log of the number of elements containing the 

squares is obtained. The slope of the graph is the fractal dimension36. A limitation of this 

method is the impossibility of calculating the fractal dimension of an irregular ROI37,38. 

When an irregular structure is selected, it is automatically complemented by a black 

background, creating a rectangular image that is used for the application of the box 

counting method. This background interferes with the value of the FD, since the black 

pixels have value equal to zero38. Thus, in this study, the ROIs in the lingual and supra-

apical regions of the alveolar bone respected the rectangular shape so that the FD could 

be correctly calculated. Additionally, the fact that the images of ROIs were binarized 

using the method described by White and Rudolph16, which even though it was 

developed to be applied to periapical radiographs, was applied well in this study, as 

there was sufficient resolution of the bone trabecular in the CBCT images for this 

procedure to be correct applied. 

The association between apical root resorption and quality of alveolar bone has 

been discussed in the literature3,39. In the present study, after the control of the 

individual factors associated with AAR, the alveolar bone adjacent to the incisors with 

ARR exhibited lower FD values than the bone of the incisors without ARR bone, but this 

difference was not significant, which corroborates with other authors3,39 that did not 

consider the bone quality, assessed by mineral density, as a predisposing factor for ARR 

during orthodontic movement. However, we did not find any study in the literature that 

evaluated bone quality by FD in the region of upper permanent incisors with ARR in CBCT 

images so that we could compare them. 

In addition, in this study, the absence of a significant difference in the FD values 

of the alveolar bone of incisors with and without ARR may have been influenced by the 

size of the ROIs, which may not have been sufficient to adequately represent the 

trabeculae of the alveolar bone, but which was the methodology applied, due to a 
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limitation of the anatomy of the bone, which can be seen in the sagittal slice. For this 

reason, the average of the three ROIs of the lingual region of the incisors was also 

calculated to represent the DF value of this region. Thus, according to the results of this 

study, bone quality, as assessed by trabecular texture, does not appear to be an 

influencing factor in the occurrence of ARR. 

 

 CONCLUSION 

 No significant difference was observed in the fractal dimension values of the 

adjacent alveolar bone between upper incisors with and without apical root resorption 

of the same orthodontic patient. 
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