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ABSTRACT
Objective: The present investigation aimed to characterize Texture Analysis (TA) parameters of the condylar 
medullary bone and the superior aspect of the lateral pterygoid muscle (LPM) on Magnetic Resonance Imaging 
(MRI) for the identification of potential changes in individuals with temporomandibular disorder (TMD). 
Material and Methods: A total of 40 MRI scans was retrospectively selected, consisting of 20 from patients 
without temporomandibular joint (TMJ) changes (control group) and 20 from patients diagnosed with TMD 
(TMD group). All MRI scans adhered to a consistent protocol, utilizing an 8.0 cm diameter bilateral surface coil 
to capture latero-medial parasagittal images with T2-weighted and Proton Density-weighted (PD), both with 
the mouth closed and at maximum mouth opening. TA was performed using the MaZda 4.20 software (Institute 
of Electronics, Technical University of Lodz, Poland). The regions of interest (ROI) were standardized for all 
evaluated images, and texture parameters were calculated through the gray-level co-occurrence matrix method. 
TA results underwent comparison using the Mann-Whitney test. Results: There was a statistically significant 
difference in the Correlation and Moment of Inverse Difference parameters between control and TMD groups, 
notably evident in PD-weighted images for the region of the condylar medullary bone and the LPM, respectively 
(p<0.05). Conclusion: Thus, the TA method exhibits promising potential to provide valuable information, 
enhancing the accuracy of TMD diagnosis and classification.
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RESUMO
Objetivo: Objetivou-se caracterizar os parâmetros de AT da medular do côndilo e do vente superior do músculo 
pterigóideo lateral (MPL) em imagens de Ressonância Magnética (RM), com o intuito de identificar possíveis 
alterações de indivíduos com disfunção temporomandibular (DTM). Material e Métodos: Foram selecionados 40 
exames de RM das articulações temporomandibulares de arquivo, sendo 20 exames de pacientes sem alteração 
na articulação temporomandibular (ATM) (grupo C) e 20 exames de indivíduos diagnosticados com disfunção 
tempormandibular (grupo DTM). Todos os exames de RM foram adquiridos com o mesmo protocolo, utilizando 
uma bobina de superfícies bilateral de 8,0 cm de diâmetro, com imagens parassagitais látero-mediais, ponderadas 
em T2 e Densidade Protônica (DP), em boca fechada e máxima abertura bucal. Para a AT utilizou-se o software 
MaZda 4.20 (Institute of Electronics, Technical Universityof Lodz, Polônia), foram determinadas as regiões de 
interesse (ROIs), sendo a mesma para todas as imagens e, então, foram calculados os parâmetros de textura, 
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INTRODUCTION

The temporomandibular joints (TMJs) are 
diarthrodial synovial joints that interface with the 
temporal bone, a constituent of the fixed skull, 
and the mandible [1]. The complex dynamics 
of TMJs, coupled with their interaction with the 
stomatognathic system, render them susceptible 
to pathological changes. Temporomandibular 
disorders (TMD) represent a term employed to 
describe clinical alterations encompassing the 
TMJs, masticatory muscles, and other structures 
linked to the TMJs [2].

TMD stand out as the most common 
instances of non-dental chronic orofacial pain 
encountered by dentists and other healthcare 
professionals [3]. The etiology of TMD is 
multifactorial, encompassing a range of biological, 
environmental, and biopsychosocial factors [4,5]. 
Consequently, the diagnosis of these disorders 
plays a crucial role in dental practice, given 
their significant impact on the quality of life for 
patients experiencing TMD-related disturbances.

In this context, magnetic resonance imaging 
(MRI) is recognized as the gold standard for 
visualizing anatomical structures of the TMJ [6,7]. 
When assessing the TMJ, MRI not only proves to be 
a non-invasive examination, owing to the absence 
of ionizing radiation, but it is also the exclusive 
imaging modality that allows visualization of the 
fibrocartilaginous articular disc. This capability 
facilitates the examination of its position, shape, 
potential signal alterations, and function, while 
delivering high-resolution images for muscular 
tissues [8,9]. Moreover, the weighting of images 
during acquisition, whether in T1, T2, or proton 
density (PD), enables comparative studies of tissue 
behavior, thereby aiding in the identification of 
changes such as avascular necrosis and medullary 

edema, which are characteristics inherently 
revealed by MRI [10].

Texture analysis (TA) is an advanced image 
processing technique that extracts pertinent 
features by delving into the intricacies of 
existing texture patterns [11,12]. Texture can be 
understood as intrinsic characteristics of the image 
(e.g. brightness, color, and shape distribution) 
that convey the idea of regularity, roughness, 
smoothness, among others, hence the name 
texture. This technique can be applied for efficient 
image classification, relying on parameters, or in 
discerning subtle variations within its gray values 
distribution [13]. Various approaches exist for 
extracting texture parameters from an image, 
and in the field of medical images, the statistical 
approach, including the Gray-Level Co-occurrence 
Matrix (GLCM), stands out as one of the most 
commonly employed methods [11,13-15].

TA emerges as a promising method for 
scrutinizing image data, with the potential to 
significantly improve diagnostic capabilities. This 
methodology entails the automated measurement 
of pixel intensity variation, thereby offering deeper 
insights into disease progression [16,17]. Within 
this framework, TA has garnered increasing 
attention in prior investigations, exemplified by 
its application in the identification and diagnosis 
of conditions such as breast tumors, brain tumors, 
muscular dystrophies, epilepsy, mild cognitive 
impairment, attention deficit, and the analysis of 
altered function in the lateral pterygoid muscle 
(LPM) in TMD [18-23].

Hence, the aim of this study was to apply the 
TA technique to analyze potential alterations in 
the condylar medullary bone and LPM in patients 
with TMD using MRI scans. The null hypothesis of 
this study is that the TA technique isn’t effective in 

por meio do método de matriz de co-ocorrência de níveis de cinza. Os resultados foram submetidos ao teste 
de Mann-Whitney. Resultados: Pôde-se verificar que os parâmetros de Correlação e de Momento da Diferença 
Inversa apresentaram diferença estatisticamente significante, entre os grupos analisados C x DTM verificados nas 
imagens ponderadas em DP, para a região da medular condilar e do MPL, respectivamente (p<0.05). Conclusão: 
A AT é um método que tem potencial para fornecer informações com a finalidade de melhorar a precisão do 
diagnóstico e da classificação das DTM.
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analyzing possible changes in the aforementioned 
structures through MRI in patients with TMD.

MATERIAL AND METHODS

Ethical aspects

This study, characterized as observational, 
retrospective, and cross-sectional, was conducted 
at the Dentomaxillofacial Radiology and Imaging 
Clinic (Department of Diagnosis and Surgery) at 
the School of Dentistry of the Institute of Science 
and Technology of São Paulo State University (ICT 
UNESP) in São José dos Campos, São Paulo, Brazil.

Approval for the study was obtained from 
the Ethics Committee on Human Research 
of the aforementioned institution, adhering 
to the guidelines outlined in Resolution 
number 196/96, with protocol number CAAE: 
32339720.8.0000.0077.

Characterization and sample selection

The non-probabilistic sample was obtained 
through convenience sampling and based on the 
study by Fardim et al. [24]. Clinical data and 
TMJ MRI scans, previously obtained and stored 
in the database of the Radiology Clinic OF the 
Department of Diagnosis and Surgery at the 
School of Dentistry in São José dos Campos (ICT 
UNESP), were recruited. A sample of 40 patients 
was considered, categorized into groups based 
on individuals’ alterations represented by TMJ 
MRI scans. Twenty MRI scans were selected from 
individuals without TMD or any other alterations 
in the TMJ (Control Group), and another 20 MRI 
scans were chosen from individuals diagnosed 
with TMD (TMD Group). These patients were 
within the age range of 16 to 71 years, with a 
mean age of 38.91 ± 17.02 years.

The diagnosis of TMD was determined 
immediately before the time of MRI acquisition, 
with both groups undergoing a cl inical 
examination of the TMJ conducted by an 
experienced specialist in orofacial pain. The 
examination adhered to the Research Diagnostic 
Criteria for Temporomandibular Disorders (RDC/
TMD) as outlined by Dworkin et al. [25].

Sample categorization

The sample comprised 40 patients, divided 
into two groups (Control and TMD Groups). MRI 
images for analysis were acquired with T2 and PD 

weighting, aligning with the predefined groups 
for the study, resulting in a total of 80 TMJs.

Inclusion criteria for sample selection 
involved scans meeting basic requirements 
and providing clear visualization of the 
condylar structures and LPM. Exclusion criteria 
encompassed scans with artifacts hindering the 
determination of TMJ anatomical structures and 
those displaying degenerative condylar changes 
such as erosion, flattening, and osteophytes.

All analyses were performed by an oral 
radiologist with over 5 years of experience in TMJ 
MRI image evaluation. To ensure calibration, TA 
was conducted on 10% of the sample. Subsequently, 
the analysis was repeated after 15 days, and the 
Intraclass Correlation Coefficient (ICC) was 
applied until achieving excellent agreement.

For each image, two Regions of Interest 
(ROIs) were established, one in the condylar 
medullary bone and another in the LPM 
(Figures 1 and 2). The distribution of groups 
is presented in Tables I and II based on the 
weighting of each image and the location of ROIs.

The parasagittal (i.e. oblique sagittal) 
reconstructions perpendicular to the long axes of 
the mandibular condyles were analyzed, as seen 
in Figure 1 and 2.

Texture analysis

After obtaining and processing the MRI 
scans, they were exported in DICOM (Digital 
Imaging and Communications in Medicine) format 
using OnDemand3D software (Cybermed Inc., 
Tustin, CA, USA), and subsequently converted to 
bitmap (BMP) format. All BMP images were then 
imported into MaZda 4.20 software (Institute of 
Electronics, Technical University of Lodz, Poland), 
a specialized and freely available package designed 
for TA purpose [26-28]. Introduced in 1998, this 
software was initially developed for TA in MRI but 
has versatility across various image modalities, 
including intraoral radiographs [29] and Cone 
beam Computed Tomography (CBCT) [30,31].

The TA process involves manually delineating 
ROIs using the available delineation tools 
in the software. The software automatically 
performed mathematical calculations and 
generated recorded features of these regions 
based on the tissues within the ROIs. This process 
utilizes a single slice for each ROI, as illustrated 
in Figures 1 and 2.
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The TA results were quantified using 
the GLCM. This approach is one of the six 
existing TA methods in the literature and This 

approach is one of the six existing TA methods 
in the literature and operates by tabulating the 
occurrences of different combinations of pixel 
intensity values (gray levels) in an image [27]. 
The statistical parameters obtained from each 
GLCM are presented in Table III and illustrated 
in Figures 3 and 4.

Statistical analysis

The Mann-Whitney test was employed to 
compare the value of each texture parameter 
between the studied groups. Evaluations were 
conducted for intergroup comparisons. All 
p-values were adjusted using the Benjamin-
Hochberg false discovery rate (FDR) procedure to 
correct for multiple tests [32,33]. The statistical 
significance level was set at a p-value < 0.05.

Figure 1 - Regions of Interest (ROIs) established in the condylar medullary bone in T2-weighted (A) and PD-weighted (B) magnetic resonance 
imaging reconstructions. Source: Prepared by the authors.

Figure 2 - Regions of interest established in the lateral pterygoid muscle in T2-weighted (A) and PD-weighted (B) magnetic resonance imaging 
reconstructions. Source: Prepared by the authors.

Table I - Sample Distribution in T2-weighted images

Weighted in T2 C (n) TMD (n)

Lateral Pterygoid Muscle 20 20

Condylar Medullary Bone 20 20

Legend: C = control; TMD = temporomandibular disorder; n = sample size.
Source: Prepared by the authors.

Table II - Sample Distribution in Proton Density (PD)-weighted images

Weighted in PD C (n) TMD (n)

Lateral Pterygoid Muscle 20 20

Condylar Medullary Bone 20 20

Legend: C = control; TMD = temporomandibular disorder; n = sample size.
Source: Prepared by the authors.
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Figure 3 - Mazda software displaying: Selection of the parameters for the gray-level co-occurrence matrix (GLCM) method. Source: Prepared 
by the authors.

Figure 4 - Mazda software displaying: Outcomes of applying the gray-level co-occurrence matrix method. Source: Developed by the authors.

Table III - Description of the texture analysis parameters calculated through gray-level co-occurrence matrix method

Parameter Description

Contrast (CO) Represents the amount of local variation in gray values

Inverse Difference Moment (IDM) Homogeneity of the distribution of image gray values

Angular Second Moment (ASM) Measure of image uniformity

Correlation (COR) Measures the linear dependence of gray values between neighboring pixels

Sum of Squares (SS) Measure of dispersion (relative to the mean) of the distribution of gray values

Entropy (E) Measures the degree of disorder among the image pixels

Sum of Average (SA) Mean of the distribution of the sum of gray values

Sum of Variance (SV) Dispersion around the mean of the distribution of the sum of gray values

Sum of Entropy (SE) Measures the disorganization of the distribution of the sum of gray values

Difference of Variance (DV) Measures the dispersion of the distribution of the difference of gray values

Difference of Entropy (DE) Measures the irregularities associated with variations in the image gray values distribution

Source: Prepared by the authors.
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RESULTS

As shown in Table IV, a statistically significant 
difference was observed between the control and 
TMD groups concerning the inverse difference 
moment (IDM) parameter, as seen in T2-weighted 
images of the LPM region (p < 0.05). The IDM, 
serving as an indicator, reflects the homogeneity 
of the gray values distribution within the image.

Tables V, VI and VII present a summary of 
the intergroup analysis for the ROIs of the LPM 
and condylar medullary bone, respectively. No 
statistically significant difference was observed 
for the eleven parameters analyzed between 
the control and TMD groups in the T2-weighted 
images (p > 0.05).

As observed in Table VI, a statistically 
significant difference was noted between the 

Table IV - Comparison between control (C) and temporomandibular 
disorder (TMD) groups for texture analysis parameters conducted in 
the region of interest (ROI) of the lateral pterygoid muscle (LPM) in 
proton density-weighted (PD) images

Parameter LPM in DP n Mean p-value

ASM
C 20 23.00

0.176
TMD 20 18.00

CO
C 20 17.85

0.152
TMD 20 23.15

COR
C 20 21.75

0.499
TMD 20 19.25

SS
C 20 19.65

0.646
TMD 20 0.00

IDM
C 20 24.35

0.037
TMD 20 16.65

SA
C 20 22.70

0.234
TMD 20 18.30

SV
C 20 19.85

0.725
TMD 20 21.15

SE
C 20 19.03

0.425
TMD 20 0.00

E
C 20 18.30

0.234
TMD 20 22.70

DV
C 20 18.25

0.224
TMD 20 22.75

DE
C 20 17.73

0.133
TMD 20 23.28

ASM = Angular Second Moment; CO = Contrast; COR = Correlation; 
SS = Sum of Squares; IDM = Inverse Difference Moment; SA = Sum of 
Average; SV = Sum of Variance; SE = Sum of Entropy; E = Entropy; DV = 
Difference of Variance; DE = Difference of Entropy; n = sample number; 
Mean = mean of the obtained values. Statistical significant p-value 
highlighted in bold (p < 0.05).
Source: Developed by the authors.

Table V - Comparison between control (C) and temporomandibular 
disorder (TMD) groups for texture analysis parameters conducted in 
the region of interest (ROI) of the lateral pterygoid muscle (LPM) in 
T2-weighted images

Parameter LPM in T2 n Mean p-value

ASM
C 20 19.61

0.953
TMD 20 19.39

CO
C 20 19.68

0.919
TMD 20 19.32

COR
C 20 22.53

0.093
TMD 20 16.47

SS
C 20 20.42

0.609
TMD 20 18.58

IDM
C 20 19.47

0.988
TMD 20 19.53

SA
C 20 19.16

0.849
TMD 20 19.84

SV
C 20 20.79

0.474
TMD 20 18.21

SE
C 20 20.05

0.759
TMD 20 18.95

E
C 20 19.42

0.965
TMD 20 19.58

DV
C 20 20.11

0.737
TMD 20 18.89

DE
C 20 19.47

0.988
TMD 20 19.53

ASM = Angular Second Moment; CO = Contrast; COR = Correlation; 
SS = Sum of Squares; IDM = Inverse Difference Moment; SA = Sum 
of Average; SV = Sum of Variance; SE = Sum of Entropy; E = Entropy; 
DV = Difference of Variance; DE = Difference of Entropy; n = sample 
number; Mean = mean of the obtained values. Statistical significance 
level set at p < 0.05.
Source: Developed by the authors.

studied groups regarding the correlation (COR) 
parameter, an indicator of non-homogeneity in 
the distribution of gray values, particularly in the 
condylar medullary bone region in PD-weighted 
images. It is important to emphasize that no 
statistically significant differences were observed 
for the other parameters in the condylar medullary 
bone and LPM ROIs in PD-weighted images.

DISCUSSION

Several previous studies have employed the 
TA technique to characterize lesions in various 
regions of the body and to distinguish them from 
normal tissues [19].

McLaren et al. [18] employed TA in MRI 
scans, through GLCM, to detect and diagnose 
breast tumors. In a study focusing on brain 
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tumors, Ditmer et al. [34] demonstrated the 
TA technique’s ability to differentiate tissues by 
highlighting characteristics among lesions within 
the same tumor, including the quantification of 
intensity variations or surface patterns. In an 
investigation on the condylar cortex of the TMJ 
in Articular Osteoarthritis, Bianchi et al. [35], 
utilized bone imaging biomarkers, including 
GLCM, and observed the technique’s effectiveness 
in detecting condylar bone degeneration. 
Additionally, Gonçalves et al. [13] explored 
changes in bone patterns related to periodontal 
disease using the TA technique with GLCM 
method in Cone Beam Computed Tomography 
images. The study’s findings indicated the 
feasibility of distinguishing the affected area by 
comparing it to the normal pattern.

The TA method based on GLCM methodology 
employs texture parameters to highlight 

disruptions in the homogeneity and uniformity 
of lesioned tissues in comparison to normal 
ones [14,23,34]. These parameters are effective 
for characterizing the gray-level distributions 
of ROIs, which, in turn, rely on the physical 
properties of the tissues depicted in the image.

In the current study, T2-weighted images 
were investigated, which are recommended 
when emphasizing joint effusion and bone 
marrow edema. Additionally, PD-weighted image 
sequences were employed, offering good spatial 
resolution for lesions in the articular disc and 
serving as an excellent option for distinguishing 
lateral and medial disc displacements [36].

In the assessment of T2-weighted images 
between the studied groups in this investigation 
(i.e. control and TMD groups), no statistically 
significant differences were found in the analyzed 

Table VI - Comparison between control (C) and temporomandibular 
disorder (TMD) groups for texture analysis parameters conducted in 
the region of interest (ROI) of the condylar medullary bone (CMB) in 
proton density-weighted (PD) images

Parameter CMB in PD n Mean p-value

ASM
C 20 19.88

0.735
TMD 20 21.13

CO
C 20 23.55

0.099
TMD 20 17.45

COR
C 20 16.40

0.027
TMD 20 24.60

SS
C 20 21.80

0.482
TMD 20 0.00

IDM
C 20 19.58

0.617
TMD 20 21.43

SA
C 20 22.20

0.358
TMD 20 18.80

SV
C 20 20.55

0.978
TMD 20 20.45

SE
C 20 21.05

0.766
TMD 20 19.95

E
C 20 21.65

0.534
TMD 20 0.00

DV
C 20 24.05

0.055
TMD 20 16.95

DE
C 20 23.50

0.105
TMD 20 17.50

ASM = Angular Second Moment; CO = Contrast; COR = Correlation; 
SS = Sum of Squares; IDM = Inverse Difference Moment; SA = Sum 
of Average; SV = Sum of Variance; SE = Sum of Entropy; E = Entropy; 
DV = Difference of Variance; DE = Difference of Entropy; n = sample 
number; Mean = mean of the obtained values. Statistical significant 
p-value highlighted in bold (p < 0.05).
Source: Developed by the authors.

Table VII - Comparison between control (C) and temporomandibular 
disorder (TMD) groups for texture analysis parameters conducted in 
the region of interest (ROI) of the condylar medullary bone (CMB) 
in T2-weighted images

Parameter CMB in T2 n Mean p-value

ASM
C 20 17.92

0.381
TMD 20 21.08

CO
C 20 17.89

0.373
TMD 20 21.11

COR
C 20 22.55

0.090
TMD 20 0.00

SS
C 20 20.79

0.474
TMD 20 18.21

IDM
C 20 20.18

0.704
TMD 20 18.82

SA
C 20 19.89

0.827
TMD 20 19.11

SV
C 20 21.16

0.358
TMD 20 17.84

SE
C 20 20.08

0.748
TMD 20 0.00

E
C 20 19.74

0.895
TMD 20 19.26

DV
C 20 17.74

0.328
TMD 20 21.26

DE
C 20 18.05

0.422
TMD 20 20.95

ASM = Angular Second Moment; CO = Contrast; COR = Correlation; 
SS = Sum of Squares; IDM = Inverse Difference Moment; SA = Sum 
of Average; SV = Sum of Variance; SE = Sum of Entropy; E = Entropy; 
DV = Difference of Variance; DE = Difference of Entropy; n = sample 
number; Mean = mean of the obtained values. Statistical significance 
level set at p < 0.05.
Source: Developed by the authors.
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parameters within the GLCM for both the condylar 
medullary bone and LPM. Despite these observed 
results, establishing a threshold for texture 
parameters is challenging, given the varied 
parameters displaying a tendency for statistical 
differences. It is concluded that the evaluation 
of joint effusion and bone marrow edema was 
inconclusive in this case, even though they may 
be present. However, further research with an 
expanded sample size could provide a more 
comprehensive comparison of these findings.

In the current study, it was observed that 
TA through the GLCM exhibited a statistically 
significant difference in differentiation between 
the studied groups. This distinction was evident 
in PD-weighted images for both the condylar 
medullary bone and LPM regions. The COR 
parameter, which assesses the measure of 
linear dependence in gray value levels between 
neighboring pixels in an image, showed statistically 
significant differences for the condylar medullary 
bone. This outcome may be associated with 
degenerative changes and condylar necrosis, 
detectable in relation to the physiology of the 
lesion in this region. In images with a certain 
local ordering of grayscale levels, the value of 
the COR parameter is high [37]. Therefore, the 
null hypothesis is rejected.

Additionally, the IDM parameter revealed a 
statistically significant difference in PD-weighted 
MRI images for the LPM region. This parameter 
measures the homogeneity of the gray values 
distribution in the image, which may be related 
to the presence of changes in this region, such as 
muscular fibrosis, serving as an image biomarker 
for assessing LPM in patients with TMD.

The results reported by Liu et al. [23], who 
employed TA to evaluate the LPM in patients with 
TMD using MRI scans, indicated a statistically 
significant difference in the contrast parameter. 
This parameter quantifies the local variation 
in gray values within an image. Consequently, 
the study concluded that this parameter can be 
regarded as an image biomarker for assessing the 
LPM in patients with TMD.

To the best of our knowledge, studies 
with objectives similar to those of the current 
investigation were not found. Nevertheless, 
Fardim et al. [24] explored goals somewhat 
akin to those proposed in our study. In their 
investigation involving patients with migraines, it 
was observed a potential influence of the migraine 

on the behavior of TMJ disc displacements. High 
contrast values, low entropy values, and their 
correlation may correspond to displacements and 
a propensity for non-reduction of the disc in these 
individuals. Also, Muraoka et al. [38] sought to 
investigate the feasibility of TA using MRI images 
of the LPM in patients with rheumatoid arthritis 
affecting the TMJ. The seven analyzed parameters 
of the investigated region showed significant 
differences between the groups without and those 
with rheumatoid arthritis.

The small sample size is a relevant limitation 
of our study. Further studies using TA technique 
through MRI images for this purpose could 
be recommended, suggesting caution when 
analyzing the results. Therefore, this study holds 
significant clinical relevance by contributing to 
the evaluation of the condylar medullary bone 
and the LPM in patients with TMD through the 
application of TA on MRI images.

CONCLUSION

The characteristics of the TA technique 
applied to the condylar medullary bone and LPM 
regions, extracted through the GLCM in MRI 
images, can reveal and quantify whether these 
regions are altered when compared to normal 
conditions, as observed in PD-weighted images. 
Positive results obtained signify the potential 
of this tool as a more objective diagnostic aid 
for regions that share similarities in imaging 
appearance. However, further studies are needed 
in the future to assess the feasibility and solidify 
the importance of this tool in dentistry.
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