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Aim: Evaluate changes in and the complexity of the bone 
trabeculae in individuals with cancer using or not using 
antiresorptive drugs through the panoramic morphometric 
indices and fractal dimension. Methods: Clinical records 
and panoramic radiographs of individuals with cancer were 
analyzed. The risk group (RG) consisted of 22 individuals 
using zoledronic acid or denosumab for a minimum period of 
12 months. The control group (CG) consisted of 26 individuals 
without any antiresorptive drugs. Linear measurements 
were performed for the panoramic radiomorphometric 
indices and the fractal dimension in four different regions 
of interest (ROI). Results: In RG it was observed that 
72.7% of the patients were using zoledronic acid, while 
27.3% were using denosumab. In the fractal dimension 
analysis, the ROIs of the mandibular angle (p = 0.000) and 
premolar region (p = 0.005) of the RG showed significant 
changes in bone complexity when compared to the CG. 
In the analysis of panoramic radiomorphometric indices, 
the mental index showed a significant increase in linear 
measurements of the RG compared to the CG (p = 0.008).  
Conclusion: The fractal dimension analysis of the mandibular 
angle and premolar regions in the RG indicated greater bone 
complexity compared to the CG. 

Keywords: Fractals. Radiography, panoramic. Mandible. 
Osteonecrosis.

https://orcid.org/0000-0003-1805-0949
https://orcid.org/0000-0001-9178-707X
https://orcid.org/0000-0002-4956-0856
https://orcid.org/0000-0002-9021-5229
https://orcid.org/0000-0002-6219-9858
https://orcid.org/0009-0007-1330-3288
https://orcid.org/0000-0002-8249-4977


2

Néri et al.

Braz J Oral Sci. 2026;25:e264663

Introduction

Antiresorptive drugs such as zoledronic acid and denosumab are used as supportive 
treatments for individuals diagnosed with cancer and bone metastases to prevent 
hypercalcemia and skeletal-related events due to metastatic bone disease1.

The bone remodeling process is impacted by the administration of antiresorptive 
drugs, with an inhibition of both the cellular differentiation of osteoclast precursor 
cells and the performance of differentiated osteoclasts, in addition to stimulating  
their apoptosis2. 

Osteoprotective therapies have become an essential component in solid tumor man-
agement, where the bone is expected to be a site of metastasis. However, long-term 
use of zoledronic acid and denosumab increases the risk of compromised bone 
quality due to excessive bone resorption and reduced angiogenesis3. In this context, 
medication-related osteonecrosis of the jaw (MRONJ) is the most clinically impacting 
adverse complication reported from these medications2.

Asymptomatic patients on current or previous treatment with antiresorptive drugs are 
considered to be at risk for MRONJ3. Therefore, new approaches are needed to detect 
specific radiographic signs that are incipient in more routinely requested exams, such 
as panoramic radiography, which can be characterized as markers and predictors of 
changes in bone architecture.

To date, the panoramic radiomorphometric indices have been suggested as a choice 
to assess jaw mineral density changes in osteoporotic4, diabetes mellitus5, secondary 
hyperparathyroidism6 and celiac patients7. 

Another method that can be used in the analysis of trabecular bone changes is 
the fractal dimension8-10. Given that trabecular bone exhibits fractal characteristics, 
such as self-similarity and a branching structure without a well-defined gap, fractal 
dimension analysis is appropriate for patients undergoing treatments that affect 
bone mineral density9.

The determination of early panoramic radiography changes in the bone architecture 
of cancer patients using antiresorptive drugs can help health professionals in the 
planning, treatment, and management of these cases to follow the evolutionary and 
healing process of MRONJ. Therefore, the present study aimed to evaluate the bone 
architecture of cancer patients using antiresorptive drugs and without a clinical diag-
nosis of MRONJ through radiomorphometric indices and fractal dimension in pan-
oramic radiographs, which we hypothesized that there are already alterations in the 
bone architecture of these patients even without the established clinical diagnosis.

Materials and methods
The current study was approved by the Research Ethics Committee of the Federal 
University of Bahia (n°10477819.0.0000.024). The data were collected using a con-
venience sampling method composed of panoramic radiographs of cancer patients 
referred to a private cancer treatment clinic in Salvador, Bahia, Brazil.
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Sample selection

This was a retrospective study that included 237 clinical records of cancer patients 
initially treated with Zometa® (4 mg zoledronic acid – anhydrous, corresponding to 
4.264 mg of zoledronic acid monohydrate; Novartis) or Prolia® (60 mg of denosumab 
and excipients, Amgen) during the period from 2019 to 2021. 

After the initial refinement, based on the exclusion criteria, a second evaluation was 
performed using the inclusion criteria: monthly administration of Zometa® 4 mg intra-
venous or subcutaneous Prolia® 120 mg for at least 12 months, presence of meta-
static disease, the existence of panoramic radiography of each patient after a mini-
mum period of 12 months of use of the antiresorptive drugs, performed in the same 
imaging clinic and the presence of relevant information such as age, gender, diagno-
sis, family cancer history, current use of corticosteroids, type of antiresorptive drugs, 
dosage and number of cycles, as well as habits related to smoking and alcoholism 
and possible deaths and their causes. A flowchart illustrating the study participants 
is presented in Figure 1.

Figure 1. Flowchart of study participants.

Panoramic radiographs

Panoramic radiography obtained using the digital technique were performed at the 
same imaging clinic, acquired using the CS K8000 panoramic device (Carestream 
Dental, Germany), operating at 76 kV and 10 mA, with an exposure time of 12.3 sec-
onds. They had to meet the technical quality criteria to avoid image distortion (the 
patient’s position was the Frankfort horizontal plane parallel to the horizontal plane 
and the midsagittal plane perpendicular to the horizontal plane) and to provide full 
visualization of the mandibular cortical bone. The panoramic radiography used in the 
present study did not show any lesions or systemic pathologies that interfere with the 
analyses that justify their exclusion from the sample.
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Examiner calibration

The examiner’s calibration for the evaluation of fractal dimension and panoramic radio-
morphometric indices in panoramic radiography was performed before the beginning 
of the analysis of the present study in 20 panoramic radiography not belonging to the 
sample, selected at random and from the same imaging clinic. After fifteen days, the 
analyses were repeated by the same examiner. The intraclass correlation coefficient 
(ICC) was applied to quantitative variables, and the kappa test was used for qualitative 
variables. The ICC values indicated excellent intraexaminer reproducibility for fractal 
dimension (1.0) and panoramic radiomorphometric indices (0.968), as well as the val-
ues of the weighted kappa test for the qualitative analysis of the Mandibular cortical 
index (1.0).

Evaluation of panoramic radiomorphometric indices

Linear measurements for panoramic radiomorphometric indices were made in 
millimeters (mm) on all panoramic radiography using RadioImp® Software (Radio 
Memory Ltd., Belo Horizonte, MG, Brazil). The evaluated panoramic radiomorpho-
metric indices can be seen in Figure 2.

Figure 2. a) Panoramic radiograph with the measuring method used for the Panoramic mandibular index 
(PMI), mental index (MI), antegonial index (AI), goniac index (GI), antegonial notch depth (AND); b) Cropped 
panoramic radiographs showing the C1, C2, and C3 classification of the mandibular cortical index

Mandibular cortical index (MCI)

The inferior mandibular cortical morphology was categorized into three groups: (C1) 
normal cortex, when the endosteal margin of the mandibular cortex is uniform and 
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tender on both sides; (C2) moderately eroded cortex, when the endosteal margin 
shows semilunar defects (lacunar resorptions) or appears to form endosteal cortical 
residues; and (C3), severely eroded or porous cortex, when the mandibular cortical 
layers include dense endosteal cortical residues and are clearly porous11.

Panoramic Mandibular Index (PMI)

This index was characterized by the ratio of the mandibular cortex thickness to the dis-
tance between the inferior portion of the mental foramen and the mandibular cortex12.

Mental Index (MI)

The thickness of the inferior cortex of the mandible was measured in the region of 
the mental foramen. After identifying the mental foramen, a line perpendicular to the 
tangent of the lower border of the mandible was drawn and measured13.

Goniac Index (GI)

Measurement of the mandibular cortex in the region of the bisector angle formed by 
two lines tangent to the base and the mandibular ramus14.

Antegonial Index (AI)

It is characterized by providing a measure of cortical thickness at the location defined 
by a line extending from the anterior edge of the ascending ramus to the lower border 
of the mandible15. 

Antegonial Notch Depth (AND)

It´s represented by a line tangent to the body and ramus of the mandible with the mea-
surement of the most posterior region of the antegonial notch16.

Fractal Dimension Evaluation

The fractal dimension analysis was performed using box-counting17 and the images 
were analyzed using ImageJ software, version 1.3 (National Institutes of Health, 
Bethesda, MD, USA) and saved in JPEG format. Periapical and periodontal sites 
were not used to avoid misinterpretation caused by inflammatory changes. The 
regions of interest (ROIs) were selected as follows: region 1: subcortical area in the 
condyle; region 2: area above the supracortical extent of the angle of the mandible; 
region 3: area above the mandibular canal on the distal side of the second premolar; 
and region 4: area anterior to the mental foramen18.

These four ROIs were selected bilaterally, each corresponding to an area of 40 x 40 
pixels7. Each ROI was selected from the original image and duplicated; duplicate 
images were blurred with a Gaussian filter (sigma-35), used to remove brightness vari-
ations due to smooth tissue overlap and varying bone thickness; the resulting image 
was subtracted from the original image of the ROI; a gray value of 128 was added to 
the subtraction result and transformed into a binary image, where bone marrow and 
trabeculae spaces were discriminated from each other; the image was then eroded, 
dilated and finally skeletonized for fractal dimension (Figure 3).



6

Néri et al.

Braz J Oral Sci. 2026;25:e264663

Figure 3. Panoramic radiograph showing a fractal dimension in a selected region of interest. a) Panoramic 
radiograph. b) Selected ROI. c) Blurred image with Gaussian filter. d) Subtraction of region of interest 
from the original image. e) Addition of 128 gray value to each pixel location. f) Binarization. g) Erosion. h) 
Dilatation. i) Skeletonization.

Statistical Analysis

SPSS 10.0 Software (SPSS Inc., Chicago, IL, USA) was used for data analysis. The 
chi-square test was used to compare demographic variables (age, sex, diagnosis, dis-
ease staging, family cancer history, smoking, alcohol, corticosteroid use, number of 
missing teeth and frequency of death) and evaluation of the Mandibular cortical index. 
Student’s T-test was used to compare the groups for the analysis of fractal dimension 
and panoramic radiomorphometric indices, adopting a significance level of 5%.

Results
The final sample consisted of 22 clinical records of individuals diagnosed with can-
cer, using Zometa® 4 mg or Prolia® 120 mg monthly, by intravenous and subcu-
taneous administration, respectively, for at least 12 months, considered as a risk 
group (RG), and 26 clinical records of individuals diagnosed with cancer, but with-
out current or previous antiresorptive drugs, characterized as a control group (CG), 
totaling 48 patients.

The mean age of the sample was 68 years. In the RG, 17 (77.2%) were women, and 
50% were diagnosed with breast cancer. In both groups, smoking was a commonly 
denied habit, with 20 (77%) and 13 (59%) nonsmoking patients in the CG and RG, 
respectively. In addition to tobacco consumption, alcohol consumption was also eval-
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uated, with 10 (38.5%) patients from the CG and 8 (36.4%) patients from the RG who 
reported social consumption.

The average number of missing teeth in the mandible was three dental units, with 
14/22 (63.6%) patients in the RG having more than four missing teeth. Regarding the 
frequency of death, only 1/26 patients in the CG died, and the cause was cancer. In 
the RG, 8/22 (36.4%) patients died, and all died due the underlying disease (Table 1).

Table 1. Demographic characteristics of the sample (n = 48)

Clinical Variable Control Group
n = 26 (%)

Risk Group
n = 22 (%) p-value

Age (years) 0.226

≤ 67 14 (53.8) 8 (36.4)

> 68 12 (46.2) 14 (63.6)

Gender  0.152

Male 11 (42.4) 5 (22.8)

Female 15 (57.6) 17 (77.2)

Diagnosis 0.015*

Bronchus and lung cancer 3 (11.5) 3 (13.7)

Breast cancer 6 (23) 11 (50)

Prostate cancer 0 (0) 3 (13.7)

Multiple myeloma 7 (27) 4 (18.1)

Other types of cancer 10 (38.5) 1 (4.5)

Family history of cancer 0.041*

No 16 (61.5) 8 (36.4)

Yes 10 (38.5) 10 (45.5)

Uninformed 0 (0) 4 (18.1)

Smoking 0.226

No 20 (77) 13 (59)

Yes 5 (19.2) 5 (22.8)

Uninformed 1 (3.8) 4 (18.2)

Alcohol consumption 0.130

No 15 (57.7) 9 (40.9)

Yes 10 (38.5) 8 (36.4)

Uninformed 1 (3.8) 5 (22.7)

Steroid 0.060

No 14 (53.8) 9 (41)

Yes 8 (30.8) 3 (13.6)

Uninformed 4 (15.4) 10 (45.4)

Continue
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Continuation

Number of absent teeth 0.141

1 - 3 15 (57.6) 8 (36.4)

> 4 11 (42.4) 14 (63.6)

Death 0.004*

No 25 (96.1) 14 (63.6)

Yes 1 (3.9) 8 (36.4)

* Statistical significance

When the variables related to the use of antiresorptive drugs in the RG were analyzed, 
such as the type of drug used and the number of cycles, 72.7% of the patients used 
zoledronic acid, while 27.3% used denosumab. The mean number of antiresorptive 
drugs cycles was 24 ± 8.39, with a mean of months of drug use of 26 ± 10.32 (shortest 
time of use of 12 months and greater than 52 months).

When comparing the ROIs in the analysis of fractal dimension in CG and RG, the ROIs 
that showed significant differences were the mandible angle (p = 0.000) and premolar 
region (p = 0.005) (Table 2).

Table 2. Fractal dimension values (mean and SD) of the four regions of interest on panoramic images of 
patients in this study

Fractal Dimension CG
Mean (SD)

RG
Mean (SD)  p

Condyle 1.6895 (0.0007155) 1.6895 (0.0005083) 0.488

Angulus mandibulae 1.6894 (0.0005826) 1.6897 (0.0002327)   0.000*

Distal side of the second PM 1.6896 (0.0002686) 1.6894 (0.0008668)   0.005*

Anterior to the MF 1.6895 (0.0005435) 1.6896 (0.0004305) 0.613

Abbreviations: CG control group, RG risk group, SD standard deviation
* Statistical significance

Regarding the mandibular cortical morphology, evaluated qualitatively through the 
Mandibular cortical index, it was possible to assess that there was no statistically 
significant difference between the CG and RG according to the classifications C1, C2 
and C3 (p = 0.643). In CG, similarly to the RG, most patients were classified as C2, rep-
resenting 40 patients (76.9%) and 36 patients (82%), respectively. Four (9%) patients 
from the RG and 4 (7.7%) from the CG were classified as C1; as C3, 4 patients (9%) 
were observed in the RG, and 8 patients (15.4%) belonged to the CG.

When analyzing the panoramic radiomorphometric indices, the only statistically sig-
nificant index between the CG and RG was the Mental index (p = 0.008). However, in 
the other indices, even though there was no statistically significant difference, the 
results showed an increase in the mean, minimum and maximum values of RG com-
pared to the CG, except for Antegonial Notch Depth (Table 3). 
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Table 3. Mean (SD), minimum and maximum of radiomorphometric panoramic indices PMI, MI, AI, GI, AND

Group Mean (SD) Minimum Maximum p

Panoramic 
mandibular index 
(PMI)

CG
RG

0.31 (0.06)
0.36 (0.08)

0.15
0.26

0.45
0.60 0.251

Mental index (MI) CG
RG

4.30 (0.87)
5.45 (1.30)

2.60
2.80

6.10
8.60  0.008*

Goniac index (GI) CG
RG

1.71 (0.49)
1.86 (0.52)

0.80
0.9

3.20
3.30 0.876

Antegonial index (AI) CG
RG

3.91 (0.84)
4.56 (1.00)

2.10
2.10

5.50
6.60 0.271

Antegonial notch 
depth (AND)

CG
RG

2.05 (1.29)
2.05 (0.94)

0.30
0.00

6.30
3.70 0.129

Abbreviations: CG control group, RG risk group, SD standard deviation
* Statistical significance

Discussion
Panoramic radiomorphometric indices and fractal dimension are image analysis tools 
capable of evaluating the architecture and bone complexity of the maxillary bones. 
Compared to other bones in the human body, the jaws have a higher concentration 
of these antiresorptive drugs, justified by the fact that they are deposited in areas 
with good blood supply and increased cell turnover. Considering that cancer patients 
using antiresorptive drugs are already classified as being at risk for the development 
of MRONJ3, it is relevant to study new signs of incipient changes in the trabecular 
bone to be able to detect, in an increasingly precocious and accurate way, changes 
in the bone structure of the jaws, since most of the analyses performed include the 
disease already installed clinically and in more advanced stages19-21.

The present study opted to use panoramic radiography, as it is the most frequently 
requested imaging test in the initial dental consultation and is routinely used to 
establish diagnosis and treatment planning22. It is an easy-to-access examina-
tion, which makes it possible to perform different measurements on the right and 
left sides23, in addition to having lower cost and radiation exposure compared  
to computed tomography21. 

To our knowledge, to date, there have been few studies that have simultaneously 
addressed panoramic radiomorphometric indices and the fractal dimension in 
the assessment of the bone structure of the jaws and, especially, in cases of 
osteoporosis24-26 and bone diseases such as osteogenesis imperfecta8.

Considering that the trabecular bone can be characterized as a complex structure8,9, 
through the selection of ROIs in panoramic radiography, it becomes possible to 
acquire the box-counting value, the most used method. 

In the present study, the ROIs of the mandible angle (p = 0.000) and the premolar 
region (p = 0.005) corroborate the idea of de Molon et al.10, since in the RG, there was 
an increase in local bone complexity when compared to the CG. However, in general, 
for the other ROIs evaluated, there was no significant difference in the mean frac-
tal dimension between the groups. Despite the significant difference in the mandible 
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angle region, we believe that this result may correlate with the insertion of the masse-
ter muscle and the possible excessive masticatory force or stress associated with the 
density and quality of the bone mineral structure in this region.

Demiralp et al.18 evaluated panoramic radiography of patients diagnosed with meta-
static cancer using intravenous bisphosphonates, with a mean administration period 
of 28.2 ± 16.1 months. Although the authors did not observe any statistically signifi-
cant difference in the same ROIs of the present study, it can be noted that the study 
group had a higher mean FD (1.39 ± 0.14) than the control group (1.38 ± 0.07). 

When comparing the fractal dimension values of the CG and RG of the present study, 
without distinction of ROIs, the means obtained and standard deviation (SD) were 
1.689570 ± 0.0005524 and 1.689591 ± 0.0005615, respectively (p = 0.700), which 
suggests an increase in bone complexity in patients using antiresorptive drugs, 
although without a statistically significant difference. The fractal dimension was also 
analyzed independently for each ROI to consider variations in bone density at each 
ROI location. For the different ROIs analyzed, the use of antiresorptive drugs for an 
average period of 26 ± 10.32 months resulted in changes in the complexity of the 
mandibular bone structure in the ROIs of the mandible angle and premolar region. 
Due to the existence of studies that demonstrated the presence of specific radio-
graphic alterations in patients with MRONJ24-26, we believe that the analysis of fractal 
dimension in patients considered at risk is relevant, especially in the mandible, given 
the approximately 100 times greater occurrence of MRONJ in the alveolar bone than 
in other skeletal sitestorres20,27,28.

In the present study, regarding the panoramic radiomorphometric indices, their repli-
cability was observed on both sides, since there was no significant difference between 
the sides of the RG or CG. The only index that showed a significant difference between 
the groups was the Mental index (p = 0.008), although all other measures, except for 
Antegonial Notch Depth, showed increased values in the RG when compared to the 
CG.

The Mental index is considered the most well-established for evaluating signs of 
resorption on panoramic radiography to identify osteopenia and osteoporosis, and 
previous studies have found significant relationships between Mental index and bone 
mineral density29. In a study carried out by Hastar et al.29, 487 panoramic radiogra-
phies of patients diagnosed with osteoporosis were evaluated using the Mental index, 
Mandibular cortical index and Panoramic Mandibular Index, and the authors observed 
significant differences between the study group and the control group regarding the 
Mental index and Panoramic Mandibular Index. Therefore, we believe that the signif-
icant difference in the Mental index in the present study is a possible predictor for 
assessing patients at risk for MRONJ.

In the present study, the Panoramic Mandibular Index values were also higher in the 
RG, although with no statistically significant difference. Corroborating this finding, 
Wazzan et al.30 evaluated panoramic radiography changes in the mandibular bone in 
patients diagnosed with multiple myeloma and did not observe significant differences 
in Panoramic Mandibular Index. However, the authors observed a direct relationship 
between MRONJ and the thickness and sharpness of the mandibular cortical border 
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(p = 0.0003) using the Mandibular cortical index. In the present study, this difference 
was not observed, with 36 patients from the RG (82%) and 40 patients from the CG 
(76.9%) being considered as a C2 classification. This difference between the stud-
ies is probably the result of a homogeneous sample concerning age (p=0.226) in the 
present study, as well as the fact that these patients are considered only at risk, with-
out the disease clinically installed.

Kubo et al.22 revealed a possible significant association between the definition of 
Mandibular cortical index categorized as C2 and the use of antiresorptive drugs. 
In turn, the side affected by osteonecrosis was significantly higher than that in the 
control group. These results suggest that C2 categorization may not necessarily 
indicate the presence of a bone defect as in the original definition but that the use 
of bisphosphonates could cause additional bone formation in the thinner cortex, 
resulting in the roughness of the endosteal margin, which would be evaluated as C2. 
The authors concluded that a mandible classified as C2, when it becomes inflamed, 
has a higher frequency for the development of MRONJ; that is, the Mandibular cor-
tical index classified as C2 should be listed as a possible factor that leads to the 
development of MRONJ.

In a study carried out by Ozcan et al.19, significant differences were found in the 
Mandibular cortical index between the left and right sides of the MRONJ group  
(p = 0.014) and between the side compromised with osteonecrosis and the control 
group (p<0.0001). Perhaps the fact that the authors chose cone-beam computed 
tomography to assess the Mandibular cortical index is one of the reasons for the 
difference observed in comparison with the present study, in addition to the fact that 
patients already had installed osteonecrosis. Furthermore, the authors evaluated, 
through panoramic radiography, the condylar angle (CA), gonial angle (GA), antego-
nial angle (AA) and antegonial depth (AD); however, no statistically significant dif-
ferences were observed in this analysis of two-dimensional images. These findings 
corroborate the present study, which evaluated the Goniac Index, Antegonial Index 
and Antegonial Notch Depth, and it was also not possible to observe significant 
differences. We believe that these results may suggest that antiresorptive drugs are 
able to influence internal morphological changes in the mandible. However, these 
changes were not reflected in values measured in the panoramic radiomorphomet-
ric indices under the mandibular external morphology.

In the present study, Antegonial Notch Depth was also evaluated, as it is known 
that due to remodeling of the antegonial region, while bone resorption is seen 
along the lower margin of the mandible, deposition is seen on the anterior side of 
the antegonial area31. Ali et al.32 stated that problems in condylar growth are con-
ducted through the masseter and medial pterygoid muscles to the lower part of 
the mandible, thus forming the Antegonial Notch Depth. In the present study, the 
mean Antegonial Notch Depth in the CG was higher than that in the RG, although 
there was no significant difference. This result is like the work by Busra et al.23, 
who also evaluated Antegonial Notch Depth in patients using bisphosphonates 
and found statistically significantly higher values in the control group than in the 
study group (p < 0.05).
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The main limitation of this study was due to the heterogeneity of the population eval-
uated in terms of the primary site of the disease and the number of different drug 
cycles. However, the results provide essential trigger points for future research, espe-
cially regarding the clinical evaluation of cancer patients concerning harmful oral 
health conditions and habits, as well as investigation of changes in the trabecular 
bone of these patients, mainly in the Mental index region, through cone-beam com-
puted tomography, for the possible establishment of panoramic radiomorphometric 
indices predictor of MRONJ and the use of the fractal dimension as a routine tool in 
patients who use antiresorptive drugs, with the primary focus on the mandibular angle 
and premolar regions.

In conclusion, our results showed that in the assessment of fractal dimension, the 
ROIs of the mandible angle and premolar region of the group of patients at risk 
showed greater bone complexity when compared to patients in the control group. The 
measurement of the Mental index through panoramic radiomorphometric indices, 
together with assessments of fractal dimension, are maybe possible predictors of 
incipient changes in mandibular trabecular bone in cancer patients using zoledronic 
acid and denosumab.
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