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Introduction
Antiresorptive and antiangiogenic drugs are successfully 

used to treat different changes in bone metabolism, from 
osteopenia to metastases of malignant neoplasms in bone 
tissues. Antiresorptive drugs can compromise the activity 
of osteoclasts, inhibiting the process of bone resorption and 
remodeling. Antiangiogenic drugs decrease angiogenesis, 

which reduces the vascular supply of bone tissue.1-3 The 
changes in bone metabolism resulting from these medica-
tions can trigger bone necrosis as a side effect.

Although any bone tissue is subject to this side effect, 
the presence of trauma can promote the manifestation of  
osteonecrosis. Trauma resulting from surgical interventions, 
such as the extraction and installation of implants, or due  
to constant trauma to the jaws from poorly adapted prosthe-
ses or even the patient’s own occlusion, is a risk factor.2-4  
The presence of a risk factor increases the chance of mani-
festation of necrosis in the jaws of patients who use antire- 
sorptive and antiangiogenic medications, which is an inflam- 
matory condition known as medication-related osteonecro-
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ABSTRACT

Purpose: The aim of this study was to evaluate changes in the trabecular bone through texture analysis and compare 
the texture analysis characteristics of different areas in patients with medication-related osteonecrosis of the jaw 

(MRONJ).
Materials and Methods: Cone-beam computed tomographic images of 16 patients diagnosed with MRONJ were 
used. In sagittal images, 3 regions were chosen: active osteonecrosis (AO); intermediate tissue (IT), which presented 
a zone of apparently healthy tissue adjacent to the AO area; and healthy bone tissue (HT) (control area). Texture 
analysis was performed evaluating 7 parameters: secondary angular momentum, contrast, correlation, sum of 
squares, inverse moment of difference, sum of entropies, and entropy. Data were analyzed using the Kruskal-Wallis 
test with a significance level of 5%.
Results: Comparing the areas of AO, IT, and HT, significant differences (P<0.05) were observed. The IT and AO 
area images showed higher values for parameters such as contrast, entropy, and secondary angular momentum than 
the HT area, indicating greater disorder in these tissues.
Conclusion: Through texture analysis, changes in the bone pattern could be observed in areas of osteonecrosis. 
The texture analysis demonstrated that areas visually identified and classified as IT still had necrotic tissue, thereby 
increasing the accuracy of delimiting the real extension of MRONJ. (Imaging Sci Dent 2023; 53: 109-15)
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sis of the jaw (MRONJ). This condition mainly presents in 
women, and the most frequently affected site is the posterior  
region of the mandible.1,3,4

Clinically, patients may present with purulent secretion, 
edema, and/or the presence of an intraoral or extraoral fis-
tula, or may even be asymptomatic.1,2,5 On radiographic  
examinations, a radiolucent area with irregular borders is 
observed, with an aspect of bone destruction.6 In a 3-dimen- 
sional visualization using cone-beam computed tomography 

(CBCT) images, it is possible to evaluate the bone tissue  
without overlap, helping to identify compromised areas that 
would not be visualized on conventional radiographs.7-10

With the additional information obtained from CBCT  
images, it is possible to determine a more adequate treat-
ment plan considering the actual extent of the lesion.5,7-9,11 
However, while CBCT images can be obtained with gray-
scales up to 16 bits in depth (65,536 shades of gray), the 
human eye has a limited capacity to identify approximately 
only 60 shades of gray,12 such that variations in the bone 
pattern present in the image may not be identified with the 
naked eye. This factor may hinder a reliable delimitation 
of the area affected by MRONJ or even underestimate the  
extent of the lesion.

Thus, an objective analysis of tomographic images must 
be considered. These images present characteristics, such 
as smoothness, graininess, roughness, and homogeneity, 
which are determined by the shades of gray represented in 
the image.13-15 These image features can be identified from 
texture analysis.

Texture analysis is a mathematical method of evaluating 
gray tones and the relationship/distribution between adja-
cent gray tones that can help characterize the tissue under 
study.15,16 Texture analysis has been successfully used in 
the medical field to evaluate changes in ischemic stroke,13  
osteoarthritis,17 osteoporosis,18 and intraosseous lipoma.19 As 
well, in dentistry, it has already been used to evaluate peri-
odontal alterations in the furcation region,20 oral cancer,21  
bone grafts used in maxillary sinus lift surgery,22 and dental 
implant stability.23 However, a more detailed and accurate 
assessment of the bone pattern in cases of MRONJ in the 
mandible was not identified in the reviewed literature.

Considering the possibility of pointing out changes in 
tomographic images not identified by the human eye, it is 
necessary to evaluate the applicability of texture analysis as 
a tool for detecting osteonecrosis even in regions diagnosed 
by the human eye as healthy tissue. Thus, the present study 
was developed with the objective of evaluating the ability of 
texture analysis to detect changes in the trabecular bone and  
comparing the texture analysis characteristics of different 

areas in patients with MRONJ. The hypothesis was that 
there would be statistically significant differences in texture 
analysis parameters of areas of active osteonecrosis, inter-
mediate tissue around the lesion, and healthy bone tissue.

Materials and Methods
The present study is experimental, analytical, and diag- 

nostic research carried out at the Radiology Clinic of the 
Department of Diagnosis and Surgery of São José dos  
Campos School of Dentistry. At the time of each examina- 
tion, the patient’s authorization was requested for the use of  
the image in research through an informed consent form. 
The proposed project was approved by the Ethics Commit- 
tee via Plataforma Brasil under number 40680920.2.0000. 
5220. 

Sample
CBCT images of 16 patients aged 56 to 82 years (mean 

age, 71 years) who were on continuous use of antiresorp-
tive medication (bisphosphonate) who were diagnosed with 
MRONJ were selected. The inclusion criteria were exam-
inations that showed visible mandibular alterations and pre- 
sented a confirmed clinical and radiographic diagnosis of 
MRONJ. Examinations in which the field of view did not 
register the entire mandible and those with movement arti-
facts that made it impossible to see the region clearly were 
excluded. All images were obtained on the OP 3D Vision 
tomograph (Imaging Science International, Hatfield, PA, 
USA) with 5 mA, 120 kVp, 7.42 s, 0.20 mm voxel size, and 
an 8 cm×8 cm field of view, covering the entire mandible. 
The images were obtained in the Digital Imaging and Com-
munications in Medicine (DICOM) format.

Image analysis
All images were exported in DICOM format to On-

Demand3D software version 1.0 (Cybermed Inc., Seoul,  
Korea). In this software, the examination was visualized in  
the “Dental Module.” In the multiplanar reconstruction win- 
dow, 2 dentomaxillofacial radiologists with more than 10 
years of experience in CBCT imaging selected, by consen-
sus, 2 sagittal images of each volume with a section thickness 
of 0.20 mm: 1 image of the bone necrosis area and 1 sagittal  
image of the opposite side, in the region of healthy tissue.

Rectangular regions of interest (ROIs) with dimensions of  
25×10 pixels were delimited using the ROI tool in 3 regions:  
regions with a tomographic appearance of active osteo-
necrosis (AO), regions with a tomographic appearance of 
intermediate tissue (IT) (aspect of healthy tissue adjacent to  
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the area of necrosis), and regions with a tomographic appear- 
ance of healthy bone tissue (HT) as the control area. Subse-
quently, the images were saved in the bitmap format (.bmp), 
individually, with the ROI marked so that the AO could be 
visualized in the delimited regions (Fig. 1).

Texture analysis
A dentomaxillofacial radiologist performed texture anal-

ysis using MaZda 3.20 software (Institute of Electronics, 
Technical University of Lodz, Poland) by a dental radiol-
ogist with more than 10 years of experience. In this soft-
ware, the “Draw Polygon” tool was used to delimit the ROI 

(Fig. 2) previously determined in OnDemand3D.
Texture analysis was performed using a statistical appro- 

ach through gray-level co-occurrence matrix (GLCM) anal-

ysis. This study evaluated 7 texture analysis factors used in  
the study by Costa et al.23 1) angular second moment (a mea- 
surement of image uniformity), 2) contrast (representing the 
variation in shades of gray), 3) correlation (a measurement 
dependent on grayscales between neighboring pixels), 4) 
sum of squares (a measurement of grayscale dispersion), 5) 
inverse difference moment (an indicator of the homogeneity  
of shades of gray), 6) sum of entropies (the sum of the dis-
organization of the distribution of shades of gray), and 7) 
entropy (the degree of disorder between pixels).

The texture parameters related to GLCM analysis were 
first selected in the “Analysis Option” window. To evaluate 
the shades of gray in different positions, in the “Maps” tab, 
matrix parameters were selected in relation to the direction 
of the pixels: horizontal (0°), vertical (90°), and angles of 

Fig. 1. A. Sagittal image of the osteonecrosis region, where AO is the region with a tomographic appearance of active osteonecrosis and IT 
is the region with a tomographic appearance of intermediate tissue (the aspect of healthy tissue adjacent to the area of necrosis). B. Sagittal 
image of the side opposite to osteonecrosis, with HT being the region with a tomographic appearance of healthy bone tissue.

A B

Fig. 2. A region of interest is delimit- 
ed in the MaZda software to perform 
texture analysis.
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45° and 135°. The values referring to each factor studied 
were tabulated for each study area.

 
Statistical analysis
The tabulated data were analyzed using the BioEstat soft- 

ware (Fundação Mamiraua, Belém, Brazil). The Shapiro- 
Wilk normality test was performed. The data did not show a 
normal distribution, so for each factor, the 3 areas (affected,  
intermediate, and healthy) were compared using the Kru-
skal-Wallis test with the post-hoc Student-Newman-Keuls 
test, considering a significance level of 5% (P<0.05).

Results
The patients had a mean age of 67 years; the majority 

(68.75%) were women and 31.25% were men. Compar-
ing the areas of AO, IT, and HT, significant differences 

(P<0.05) were observed for all factors studied, as shown in  
Table 1.

A significant difference (P<0.05) was observed between 
the angular second moment values of the 3 studied areas, 
with a higher value in the healthy area.

For contrast, a significant difference (P<0.05) was ob-
served among the 3 studied areas, with a lower value in the 
healthy area and a higher value in the intermediate area.

A significant difference (P<0.05) was observed in the cor- 
relation values of the 3 studied areas. However, no signifi-
cant difference was observed between the area with active 
osteonecrosis and the intermediate area (P=0.255), which 
presented higher values than the healthy area.

For the sum of squares, a significant difference (P<0.05) 
was observed among the 3 studied areas, with a lower value  
in the healthy area and a higher value in the intermediate 
area.

A significant difference (P<0.05) was observed in the 

values of the inverse difference moment of the 3 studied 
areas, with a higher value in the healthy area and a lower 
value in the intermediate area.

A significant difference was observed in the sum of entropy  
values (P<0.05) and entropy values (P<0.05) among the 
3 studied areas, with lower values in the healthy area and 
higher values in the intermediate area.

Discussion
MRONJ is a low-incidence condition, but it causes un-

pleasant symptoms and can result in important complica-
tions, such as fistulas, extensive infectious processes, and 
bone fractures. The treatment of MRONJ is associated with 
the stage of development of the condition, which is classi-
fied based on clinical characteristics and imaging tests.2,3,10

In radiographic images, some important aspects can be 
observed in patients with MRONJ, such as areas of osteoly-
sis, changes in the trabecular bone pattern, bone loss, dense 
bone, non-repair of bone in the post-surgical area, and bone 
sequestration.6,10 Considering the inherent limitations of  
radiographic images, tomographic images can be used to 
better assess the characteristics associated with the sever- 
ity and extent of the lesion.10,24 Although, in general, bone 
changes can be visualized on CBCT images, small structural  
variations that are not visually perceptible may occur.20 In 
addition, CBCT presents information relevant for the inter-
pretation of tissue characteristics that are associated with  
image pixel distribution. These characteristics can be stud-
ied through texture analysis.17

Texture analysis provides an objective and quantitative 
assessment of the distribution and relationship between the 
grayscale values of an image. The most frequently applied 
method is GLCM analysis, which considers the repetition 

(co-occurrence) of shades of gray at a distance d and with an 

Table 1. Mean and standard deviation of the values of the factors studied in the regions of active osteonecrosis, intermediate tissue, and 
healthy tissue 

Active osteonecrosis Intermediate tissue Healthy tissue P-value

Angular second moment 0.031 (±0.02)A 0.021 (±0.02)B 0.049 (±0.05)C <0.05
Contrast 7.787 (±7.78)A 9.375 (±9.54)B 5.446 (±5.75)C <0.05
Correlation 0.715 (±0.23)A 0.736 (±0.22)A 0.525 (±0.32)B <0.05
Sum of squares 14.996 (±7.95)A 22.751 (±14.67)B 6.335 (±4.64)C <0.05
Inverse difference moment 0.470 (±0.16)A 0.435 (±0.15)B 0.514 (±0.17)C <0.05
Sum of entropy 1.333 (±0.13)A 1.404 (±0.14)B 1.131 (±0.17)C <0.05
Entropy 1.846 (±0.27)A 1.943 (±0.24)B 1.609 (±0.33)C <0.05

*Different letters on the same line indicate a significant difference between regions for the corresponding factor, considering a significance level of 5%.
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angle× for different directions. Normally, the 0°, 45°, 90°, 
and 135° angles are the most used.20 Thus, in the present  
study, the MaZda software was used for the interpretation 
of texture analysis by GLCM in these usual directions. The 
MaZda software has already been used in clinical studies to 
evaluate bone loss detection in the furcation region,20 bone 
grafts performed for maxillary sinus lift procedures,22 and 
cerebrovascular accidents.13 This software has been pre-
sented as one of the most appropriate for texture analysis.14

Texture analysis is a resource that can be used to evaluate 
images by characterizing bone microarchitecture, which 
shows a close correlation with the histomorphometric pat-
terns of bone tissue.22,25 This method of detailed analysis 
incorporates information beyond the human visual capac-
ity; this makes texture analysis an important tool because 
some apparently healthy areas may contain altered bone 
tissue not detected by the human eye.20

Considering the importance of characterizing tissue with 
MRONJ and determining the correct extent of osteonecro- 
sis in the tissue to select a treatment plan, this detailed anal- 
ysis may provide useful information for diagnosis and plan- 
ning. In the present study, the value of the moment of  
inverse difference was lower in the intermediate areas, indi- 
cating less homogeneity than in other regions.15,16 This can  
be confirmed by the greater contrast in the intermediate re-
gion, indicating greater noise and lack of uniformity. Instead,  
the healthy area presented an inverse moment of difference 
and contrast compatible with a more uniformly patterned 
tissue, providing evidence for a difference in the bone pat-
tern between the healthy area and the intermediate area.

This apparently healthy intermediate area showed a very 
significant pattern of disorganization, as expressed by the 
high values of sum of squares, sum entropy and entropy. 
These 3 factors are correlated with the distribution of vari-
ance, mean dispersion, and degree of disorder, respective-
ly.15,16 This tissue disorganization, even greater than that  
observed in tissue with active osteonecrosis, may be due to 
the fact that necrotic tissue and healthy tissue may be present  
in this intermediate area, mixing these 2 patterns.

This similarity between the intermediate area and the 
tissue with active osteonecrosis was also supported by the 
statistical study of the relationship between pixels. The cor- 
relation factor measures the linear dependence between 
neighboring pixels.15,16 In the present study, a lower depen-
dence was observed between pixels in the healthy tissue 
in relation to the affected and intermediate tissues, which 
showed no difference between them. A likely explanation 
for this is that healthy tissue shows a texture of bone trabec-
ulae and medullary spaces that are independent. In tissues  

where there is osteonecrosis, there is a change in the bone 
pattern.6,10 Thus, in tissues with active and intermediate  
osteonecrosis, there is a greater dependence between pixels,  
since there is a similar pattern of disorganization in this tis-
sue, without the difference in the characteristics of medul-
lary trabeculae and bone spaces. This factor reinforces the 
change in the pattern of tissue with necrosis, and the finding  
that the apparently healthy intermediate tissue presented the  
same pattern of correlation as the tissue with active osteo-
necrosis confirms the importance of these characteristics for  
the correct definition of the limits of the areas of tissue osteo- 
necrosis. Considering the difficulty in treating MRONJ,10 a 
correct delimitation of the affected area by texture analysis 
will probably increase the assertiveness of the plan of treat-
ment.20

As shown in Table 1, the regions related to the intermedi-
ate bone presented the highest values for 5 of the 7 parame-
ters analyzed: contrast, correlation, sum of squares, sum of 
entropy, and entropy. The regions of affected bone presented  
the second-highest values of the same parameters. For these,  
the healthy bone regions had the lowest values. High values  
for these parameters, such as contrast, entropy, sum of  
entropy, sum of squares and angular second moment, point 
to a greater disorder and lack of uniformity in the distribu- 
tion of image pixels, indicating regions affected by osteo-
lytic processes. This finding indicates that, even if the inter-
mediate regions were classified as unaffected areas through 
a visual inspection of the images, resorption processes were  
already taking place in those areas. That is, bone visually  
classified as borderline healthy/unaffected can already show  
altered behavior involving MRONJ.

These findings can greatly influence the planning pro-
cess in the delimitation of the lesion and establishment of 
the dimensions of the affected region of necrotic bone; fur-
thermore, these results also explain the frequent occurrence 
that, during surgical intervention procedures for curettage of  
MRONJ regions, the region is discovered to be in fact much  
larger than seen on imaging.

As for the parameters that indicate greater uniformity and 
balance - angular second moment and inverse difference 
moment16 - the healthy bone regions had the highest values 
of the groups, indicating the uniformity and standardization 
of the distribution of gray levels in the image. It is noted that  
for these 2 parameters, the regions of intermediate bone 
presented the lowest mean values, lower even in relation to  
those of regions affected by MRONJ. This indicates that the  
behavior of the intermediate regions emphatically differed 
from that observed for healthy regions, further emphasiz-
ing that these areas are not regions that can be considered 
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healthy and capable of maintenance in cases of curettage.
Considering the meticulousness of the information ob-

tained through texture analysis, future studies could be con-
ducted in order to assess the possibility of early diagnosis  
of osteonecrosis. This indication is already applied by neu-
rologists for the early diagnosis of ischemic stroke and for 
quantifying the real extent of the entire affected area.13

Thus, evidence was found that texture analysis technique  
made it possible to evaluate the real bone involvement of 
border regions between areas evidently affected by MRONJ  
and healthy areas, thereby providing valuable information 
and underscoring the need for an objective process to be 
used in image analysis for delimiting lesions and surgical 
planning.

It is important to emphasize that this study is pioneering  
and needs further development, such as a study with a larger  
sample and the possibility of cross-referencing the CBCT 
observations and the actual surgical findings, but it is evi-
dent that texture analysis can be considered as a promising 
complementary method for this goal.

Through texture analysis, it was possible to observe 
changes in the trabecular bone pattern in areas affected by 
osteonecrosis. In addition, texture analysis made it possible  
to visually identify that areas classified as intermediate areas  
had necrotic tissue, thus increasing the accuracy of delimit-
ing the real extension of MRONJ.

Conflicts of Interest: None
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