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Abstract

Background: Temporomandibular disorders (TMDs) comprise a heterogeneous group of musculoskeletal conditions
affecting the temporomandibular joint, masticatory muscles, and associated structures. Growing evidence highlights the
role of genetic predisposition as a significant contributor to TMD. Aim: This study aimed to investigate genetic aspects
involved in TMDs etiology. Methodology: A cross-sectional study was conducted with 249 adolescents, of whom 149 were
affected by TMD. Genomic DNA was extracted from buccal cells, and single nucleotide polymorphisms (SNPs) in DRD2
(rs6275 and rs6276), ANKK1 (rs1800497), COMT (rs6269 and rs4818), and 5-HTT genes (rs3813034 and 1042173) were
analyzed. Allelic and genotypic distribution, haplotype, and diplotype analysis were performed using PLINK software version
1.06. Multifactor dimensionality reduction (MDR) was applied to identify SNP-SNP interactions and generate an interaction
graph. Results: In total, three possible single-locus allele combinations were obtained for haplotype and diplotype analyses
(rs6275|rs6276 in DRD2, rs6269|rs4818 in COMT and rs3813034|rs1042173 in 5-HTT), but no associations with TMD
were observed (p>0.05). However, MDR analysis for gene-gene interactions revealed a synergistic relationship between
rs6275 (DRD2), rs6269 (COMT), and rs1042173 (5-HTT) that predisposes to TMD (p=0.050). Conclusion: MDR analysis
suggests a possible synergistic interaction among SNPs in the DRD2, COMT, and 5-HTT genes that may contribute to
TMD susceptibility in adolescents.
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The term temporomandibular disorder (TMD)
encompasses a group of musculoskeletal and
neuromuscular conditions involving pain and/
or dysfunction in the temporomandibular joint
(TM3J), masticatory muscles, and related tissues.!?
TMD is frequently associated with parafunctional
habits, muscular dysfunction, and psychological
conditions such as stress, depression, and anxiety,?
and is characterized by restricted mouth opening,
mandibular movement deviations, and joint noises.*
TMD symptoms fluctuate from early childhood to
adulthood,® likely because they are associated with
individual developmental stages.®In children and
adolescents, signs and symptoms of TMD vary
widely,”® and pain in the TMJ region, tenderness to
palpation, muscle fatigue, joint sounds, and limited
mandibular movement are frequently observed.® In
adults, TMD signs are more common in women than
men and typically appear from the third decade of
life.1°

TMD has a multifactorial etiology with initiating,t:12
predisposing,'® and perpetuating factors.** Initiating
factors trigger the onset of the pathology, predisposing
factors increase the individual’s risk of developing
it, and perpetuating factors interfere with recovery
or contribute to the progression of the condition.
In children, adolescents, and adults, TMD limits,
and even incapacitate, daily activities. Thus, correct
management must integrate individual physical and
psychological processes.>

In recent years, our research group has investigated
the prevalence of TMD in a population of adolescents
in Curitiba, Brazil. Nearly 1,000 adolescents were
examined, and the prevalence of TMD symptoms was
36.9%.1% Notably, high or moderate anxiety levels
were found in 82.6% of adolescents, and those with
high anxiety levels were 3.25 times more likely to
show TMD symptoms. Since TMD was associated with
anxiety in this sample, the next step was to investigate
the association between TMD symptoms and single
nucleotide polymorphisms (SNPs) in anxiety-related
genes. To this end, we selected candidate genes that
regulate endogenous mechanisms of pain, stress,
and anxiety as follows: Dopamine Receptors (DRD2),
Ankyrin Repeat and Kinase Domain Containing 1
(ANKK1), Catechol-O-Methyl transferase (COMT), and
Serotonin Transporter gene (5-HTT), and to investigate
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their association with TMD in that population.

At that time, our findings indicated that SNPs in
5-HTT were associated with painful TMD (arthralgia
and myofascial pain); SNPs in COMT were significantly
associated with myofascial pain and very close to
being related to painful TMD and disc displacement.t”
Moreover, the SNP rs6275 in DRD2 was associated
with disc displacement.!® In other words, most of the
SNPs studied were individually associated with specific
TMD symptoms.

Based on this evidence, we hypothesized that a
complex interplay among these SNPs and genes could
increase the risk of TMD. To test this hypothesis,
this case-control study aimed to evaluate haplotype-
and diplotype-based associations in DRD2 (rs6275,
rs6276), ANKK1 (rs1800497), COMT (rs6269, rs4818),
and 5-HTT (rs3813034 and rs1042173), as well as in
gene-gene interactions by multifactor dimensionality
reduction analyses in TMD in a population of Brazilian
adolescents (Figure 1).

This cross-sectional study was approved by the
Research Ethics Committee of the Federal University
of Parana (Process no. 2.006.086). Participants
received written information about the study, and
signed consent was obtained from a parent or legal
guardian for all adolescents. The study followed the
Declaration of Helsinki guidelines and was conducted
according to the principles for reporting genetic
association studies as defined by the STrengthening
the REporting of Genetic Association Studies (STREGA)
recommendations.® This study used a random sample
selected from a previous cross-sectional survey by
Bertoli, et al.2°(2018) which included 934 adolescents
of both sexes aged 10-14 years. Based on a previously
reported TMD prevalence of 25% in adolescents,’
a subset of 249 adolescents was selected using a
random number generator (www.randomizer.com),
leading to 149 adolescents with a TMD diagnosis
(TMD-affected) and 100 unaffected adolescents.

TMD phenotype was determined in two stages:
first, the presence of self-reported TMD symptoms
(myofascial pain, arthralgia, disc displacement, and
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Figure 1- Framework of our study hypothesis. Single nucleotide polymorphisms in COMT, 5-HTT', and DRD2'® were individually
associated with TMD (+). Is it possible that a complex interplay between these SNPs and genes contributed to the same outcome?

painful TMD) was assessed using a validated Brazilian
Portuguese version of the self-report questionnaire
from the American Academy of Orofacial Pain.?t
Adolescents with at least one positive answer were then
clinically examined following the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/
TMD), which included muscle diagnosis encompassing
myofascial pain, with or without limited opening;
disc displacements, with or without reduction; and
arthralgia, osteoarthrosis, and osteoarthritis.?? The
presence of at least one of these signs or symptoms
during clinical examination was considered to classify
the adolescent as TMD affected. The sequence of
clinical examination followed Bertoli, et al.*¢ (2028).
The control group consisted of adolescents randomly
selected without a TMD diagnosis.

Genomic DNA for molecular analysis was extracted
from buccal cells based on the method described by
Kichler, et al.?* (2012). The SNPs were selected from
the International HapMap Project (www.hapmap.
org), an international initiative to develop a map
with patterns of DNA sequence variations. In this
database, information about the SNPs in the genes
of interest is available. The characteristics of the
studied SNPs, including minor allele frequency (MAF)
and base change, are as follows: two SNPs of the
DRDZ2 gene (rs6275, 0.473, A/G, and rs6276, 0.466,
C/T), one SNP of the ANKK1 gene (rs1800497, 0.325,
G/A), two SNPs of the COMT gene (rs6269, 0.356,
A/G, and rs4818, 0.296, C/G/T) and two SNPs of the
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5-HTT gene (rs3813034, 0.483, A/C, and rs1042173,
0.485, G/T) (retrieved from the NCBI database: ncbi.
nim.nih.gov).

Chi-square test was applied to analyze the Hardy-
Weinberg Equilibrium and to compare allele and
genotype frequencies. Fisher’s exact test was used
to compare haplotype frequencies with PLINK version
1.06 (https://zzz.bwh.harvard.edu/plink/Id.shtml).
Poisson regression was performed for multivariate
analysis adjusted by sex and age, and Prevalence
Ratio (PR) with 95% Confidence Interval (95% CI)
was obtained. IBM SPSS version 25.0 (IBM Corp.,
Armonk, USA) was used for these analyses, and values
of p<0.05 indicated statistical significance.

Multifactor dimensionality reduction (MDR)
adjusted for sex and age as co-variates was applied
to identify SNP-SNP interactions. Two software
programs, MDR 3.0.2%* and MDR Permutation Testing
Module 1.0 beta 225 (available at sourceforge.net/
projects/mdr/files), were used to perform 10-fold
cross-validation consistency (CVC), testing balanced
accuracy (TBA), and run a 1000 permutation test to
determine the statistical significance of the models.
Models with a CVC of 9/10 or 10/10, TBA greater
than 0.55, and p<0.05 were considered the best
models. Entropy values were estimated according to
Jakulin and Bratko,?¢ and based on these values MDR
created an interaction graph. Bonferroni correction
was applied to control multiple comparisons within
each set of analyses by multiplying the p-value by
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the number of tests in that group. Adjusted p-values
greater than 1.000 were reported as 1.000, and
only corrected p-values below 0.05 were considered
significant.?”

A total of 249 adolescents participated in this
study. 139 (55.8%) were female, and 110 (44.2%)
were male. In the TMD-affected group, the sample
was composed of 149 (59.9%) adolescents. Among

them, 92 females (61.7%) and 57 (38.3%) males. It
is important to emphasize that TMD prevalence was
significantly higher in females, representing a 1.61-
fold greater prevalence than in males (p=0.022). Table
1 shows the allelic and genotypic frequencies in the
TMD-affected and unaffected groups. No association
was observed between TMD and the studied SNPs in
the ANKK1, COMT, and 5-HTT genes in either allelic
or genotypic models (p>0.05).

To investigate SNP x SNP interaction, haplotype
analysis was performed, and three possible
combinations of single-locus alleles were obtained:

Table 1- Allelic and genotypic frequencies in TMD-affected and unaffected groups.

Frequency in Frequency in TMD

Gene SNP Minor allele P#
controls cases
rs6275 C 0.3474 0.3926 0.323
DR2D
rs6276 A 0.3646 0.4046 0.387
ANKK1 rs1800497 C 0.2121 0.2263 0.714
rs6269 G 0.3073 0.3182 0.804
COMT
rs4818 G 0.3258 0.3417 0.734
rs3813034 C 0.4531 0.4228 0.516
SHTT
rs1042173 C 0.4694 0.4234 0.321
Note: # Chi-square test was performed
Table 2- Haplotype analysis for DRD2, COMT and 5-HTT genes.
Gene SNPs Haplotype Frequency in Frequency in TMD P-value#
controls cases
C-A 0.3481 0.3871 0.408
DR2D rs6275|rs6276 T-A 0.0110 0.0201 0.461
T-G 0.6409 0.5927 0.312
G-G 0.2496 0.2704 0.642
A-G 0.0680 0.0659 0.934
COMT rs6269|rs4818
G-C 0.0386 0.0482 0.644
A-C 0.6437 0.6155 0.564
Cc-C 0.4492 0.4183 0.513
5-HTT rs3813034|rs1042173 A-C 0.0107 0.0152 0.680
A-A 0.5401 0.5665 0.578
Note: * PLINK compare the frequencies between expected number of haplotypes by fisher test.
Table 3- Diplotype analysis using Poisson Regression adjusted for sex and age.
Reference . o
Genes SNPs Diplotype Diplotypes PR (95% CI) p-value
TC + GA 1.14 (0.71 - 1.83) 0.580
DR2D rs6275 and rs6276 TT + GG
CC +AA 1.25 (0.69 — 2.28) 0.452
AG + CG 1.11 (0.68 — 1.80) 0.664
COMT rs6269 and rs4818 AA+CC
GG + GG 1.09 (0.53 — 2.24) 0.804
AC +AC 1.25 (0.77 — 2.02) 0.363
5-HTT rs3813034 and rs1042173 AA +AA
CC+CC 0.85 (0.42 — 1.75) 0.674

Note: PR means Prevalence Ratio. 95% CI means 95% Confidence Interval.
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rs6275|rs6276 in DRD2, rs6269|rs4818 in COMT, and
rs3813034|rs1042173 in 5-HTT. None were associated
with TMD (p>0.05) (Table 2). Diplotype analysis was
used to investigate the specific variants of all possible
combinations of single-locus genotypes in the studied
genes. None of the diplotype combinations showed
an increased probability of TMD (p>0.05) (Table 3).
Next, between-gene multifactor dimensionality
reduction (MDR) analysis was performed to test
whether SNP x SNP combinations and gene-gene
interactions contributed to increased risk of TMD.
Among the results, the best combination and
interaction, with the highest balanced accuracy, was
SNPs rs6275 in DRD2 gene, rs6269 in COMT gene,
and rs1042173 in 5-HTT gene. Nonetheless, this
combination was not statistically significant (p=0.050)

Table 4- Summary of MDR analysis results for TMD.

and reflected only a tendency toward a synergistic
relationship between these SNPs and genes in
increasing TMD risk (Table 4, Figure 2). In addition,
Bonferroni correction applied to this combination
revealed a non-robust causal relationship (p=0.357).

It is not new that TMD is a complex condition
involving environmental and intrinsic factors,
including genetic background. It is also commonly
accepted that genetic variants may predispose to
increased risk for TMD.?® Nonetheless, can different
genes interact to cause TMD? This is the crucial
point of this cross-sectional study. To answer this

Locus Best
Number Combination

TBA# cv* P-value#

2 rs6269 (COMT), rs1042173 (5-HTT)
3 rs6275 (DRD2), rs6269 (COMT), rs1042173 (5-HTT)

4 rs6275 (DRD2), rs1800497 (ANKK1), rs6269 (COMT), rs1042173 (5-HTT)
rs6275 (DRD2), rs6276 (DRD2), rs1800497 (ANKK1), rs6269 (COMT), rs1042173 (5-

g HTT)
6 HTT), rs1042173 (5-HTT)
7

rs3813034 (5-HTT), rs1042173 (5-HTT)

rs6275 (DRD2), rs6276 (DRD2), rs1800497 (ANKK1), rs4818 (COMT), rs38133034 (5-

rs6275 (DRD2), rs6276 (DRD2), rs1800497 (ANKK1), rs6269 (COMT), rs4818 (COMT),

0.5707  07/10 0.259
0.6042 10/10 0.050
0.5316 03/10 0.695

0.5501 10/10 0.117

0.5389 05/10 0.595

0.5274  04/10 0.742

Notes: # Testing Balanced Accuracy. * Cross-validation consistency. ¥ P-values were based on 1000 permutations test.

Figure 2- Entropy graph. This graph shows the entropy value of each SNP individually, indicated by percentages inside the nodes. The
percentages on the lines indicate the entropy values resulting from the combination of SNPs. The different colors of the lines indicate
the type of entropy, such as red and orange for synergic entropy and blue and green for redundancy entropy. The combination of rs6275
(DRD?2), rs6269 (COMT), and rs1042173 (5-HTT) reflects a non-robust tendency to predispose to TMD.
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question, we used powerful tools for genetic analysis,
including haplotype, diplotype-based association, and
multifactor dimensionality reduction analyses. DNA
samples from 249 Brazilian adolescents, most of them
affected by TMD, were analyzed in DRD2 (rs6275,
rs6276), ANKK1 (rs1800497), COMT (rs6269, rs4818),
and 5-HTT (rs3813034 and rs1042173). Although MDR
analysis suggested a possible synergistic interaction
between rs6275, rs6269, and rs1042173 in TMD
predisposition, none of the six gene-gene combinations
showed significant positive interactions or additive
effects for TMD risk.

Although a disorder, research groups worldwide
have revealed that TMD follows the biopsychosocial
disease model, in which multiple factors such as
anxiety,32° depression,?® physical, psychological,
and socio-demographic aspects,3® hormones,3!3? and
genetic background,7:18:33-35 act as triggers. Many
studies report a higher prevalence of TMD in females.
One of the hypotheses raised for this association is
that estrogen levels fluctuate drastically during the
menstrual cycle, and excessive levels, particularly
in the early follicular phase, may potentiate TMD
signs and symptoms.3® In addition, estrogens play a
molecular signaling role in the temporomandibular
joint®” via estrogen receptors encoded by Estrogens
Receptors alpha and beta (ESRa and ESRB) genes.3® In
this sense, Berger, et al.3! (2015) previously highlighted
the importance of estrogen level assessment in studies
on TMD.

Our study reinforced that TMD is significantly
higher in females, perhaps due to stronger estrogen
modulation in these female adolescents. Unfortunately,
we did not address pubertal stage or estrogen levels
in the evaluated population. Our sociodemographic
questionnaire included a question about menarche,
and only a small sample of girls had reported it.
Another point to note is that ESRa and ESR are also
anxiety-related genes, as estrogen impacts the limbic
system by modulating behavior, emotional status, and
pain perception,? all of which are factors related to
TMD. Therefore, ESR genes should have been included
in the MDR analyses. The absence of estrogen data
and of ESR genes are limitations of our study.

In 2018, a review listed 73 genes that were
somehow linked to TMD, including genes expressed
in skeletal muscle, genes involved in aggrecan
cleavage, collagen pathways, bone metabolism, and
catecholamine, serotonin, and dopamine metabolism,

J Appl Oral Sci.

among others. Most studies investigated specific
SNPs in TMD-affected individuals through allelic or
genotypic analyses.?® Currently, several functional
SNPs are available among candidate genes related
to TMD.3335 Qur group also identified some SNPs
associated with TMD, including an association
between the COL2A1 gene and temporomandibular
joint disc displacement*®and between SNPs in 5-HTT,
COMT, and DRD2 genes with TMD symptoms.t7:18
These three genes were target genes because their
association with episodes of anxiety and TMD had
already been found, but all analyses performed were
based only on the contribution of each SNP or gene
separately to TMD outcomes.

Investigations based only on alleles or genotypes
can be complex and may not effectively detect
associations between SNPs and the studied outcome.!
Therefore, tools that explore SNP-SNP interactions,
as well as haplotypes and diplotypes, are essential
for addressing this gap. These tools can reflect
contributions from multiple loci and help predict
interactions that may negatively or positively impact
a given disease or condition.*? Since haplotype and
diplotype analyses are more accurate due to the
preservation of additional information,* we decided
to apply them to the studied SNPs to test the
hypothesis that an association between SNPs and
genes could reflect contributions from multiple loci to
TMD outcome. Three possible single-locus alleles and
single-locus genotypes were obtained, none of which
showed association with TMD. This lack of association
can be explained in different ways: (i) environmental
modifiers outweigh genetic effects at these loci; (ii)
molecular regulatory mechanisms not captured by
haplotypes/diplotypes; (iii) population heterogeneity;
or (iv) in fact, TMD depends on single-variant effects
of the studied SNPs rather than haplotype or diplotype
blocks.

Lastly, MDR analysis was performed. This analysis
combines testing balanced accuracy, cross-validation
consistency, and dimensionality reduction techniques
to reduce the dimensionality of multilocus genotypes
and detect gene-gene interaction, which increases
the accuracy of estimates of the prediction error
rate even in small population samples.** Through
the MDR technique, the genotypic analyses enable
pooling individuals into high-risk and low-risk groups,
effectively reducing genotype dimensionality to
one dimension.* In addition, MDR cross-validation
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consistency enables the division of data into ten equal
parts, increasing the model’s predictive capacity via
independent data analysis and identifying significant
high-order interactions among different polymorphisms
and genes that other statistical tests fail to capture. A
clear example of how this combined analysis can be
helpful is the study by Ritchie, et al.#* (2001), one of
the first to use MDR analysis. That study identified a
statistically significant high-order interaction among
four polymorphisms from three different estrogen-
metabolism genes that, when analyzed separately,
were not associated with the cancer outcome.

Regarding MDR results, our study suggests a
specific interaction between DRD2, COMT, and 5-HTT
genes that may predict TMD, although the evidence is
non-robust. The combination of rs6275, rs6269, and
rs1042173 was the model with the lowest prediction
error, highest cross-validation consistency, and best
accuracy in MDR, suggesting a synergistic action in
predisposing to TMD; however, this finding was not
statistically supported (p=0.050). Interestingly, these
same SNPs were individually associated with TMD
in previous studies,”*8 which makes the possibility
of synergism between them to increase the risk of
TMD plausible, a hypothesis that was not confirmed.
These null findings suggest that TMD risk is not
driven by strong epistasis among the SNPs and genes
studied. In our study, to increase the power of the
MDR analysis, our research protocol considered two
essential points: a) the number of study participants,
and b) the minor allele frequency of the selected
SNPs. Regarding our sample, 249 adolescents were
included, which statistically represents the age of the
target population, including 149 affected by TMD.
Concerning SNP selection, it is important to emphasize
that selecting SNPs with low minor allele frequency
means rare SNPs and lower statistical power,* i.e.,
the probability of not observing the association using
rare SNPs increases substantially. In this study, we
established a protocol for selecting SNPs with allele
frequency close to 0.5, which reduces distortions
and provides the best prediction model for most
phenotypes.

Finally, in previous studies concerning these
specific SNPs, we described their contributions to
TMD susceptibility. In this study, a new approach was
employed to investigate gene-gene interaction within
these loci, and the results provide evidence that they
influence the TMD outcome via independent biological
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mechanisms, without potential epistatic effects. In this
sense, this work contributes to TMD genetics research
by evaluating polygenic interaction, a crucial step
toward understanding the condition’s complex etiology.

MDR analysis suggests a possible, but non-
robust, synergistic interaction among SNPs in DRD2,
COMT, and 5-HTT genes that may contribute to TMD
susceptibility in adolescents.

The authors declare no conflict of interest.

The datasets generated during and/or analyzed
during the current study are available from the
corresponding author on reasonable request.

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work
reported in this paper.

Pozza, Otavio Augusto: Data curation (Equal);
Formal analysis (Equal); Methodology (Equal); Writing
- original draft (Equal). Bertoli, Fernanda Mara
de Paiva: Data curation (Equal); Formal analysis
(Equal); Methodology (Equal). Topolski, Francielle:
Data curation (Equal); Formal analysis (Equal);
Methodology (Equal). Spada, Paula Porto: Data
curation (Equal); Formal analysis (Equal); Methodology
(Equal); Supervision (Equal). Gabardo, Marilisa
Carneiro Ledo: Data curation (Equal); Formal
analysis (Equal); Methodology (Equal); Supervision
(Equal). Feltrin-Souza, Juliana: Conceptualization
(Lead); Data curation (Lead); Formal analysis (Lead);
Methodology (Lead); Supervision (Lead); Writing -
original draft (Lead); Writing - review & editing (Lead).
Kiichler, Erika Calvano: Conceptualization (Equal);
Supervision (Equal); Writing - review & editing
(Equal). Brancher, Joao Armando: Data curation
(Lead); Formal analysis (Lead); Investigation (Lead);
Methodology (Lead); Supervision (Lead); Writing -
original draft (Lead); Writing - review & editing (Lead).

719 2025;33:20250258



Association between single nucleotides polymorphisms in the DR2D, ANKK1, COMT, and 5-HTT genes with temporomandibular disorder

References

1- Gauer RL, Semidey MJ. Diagnosis and treatment of temporomandibular
disorders. Am Fam Physician. 2015;91(6):378-86.

2- Kapos FP, Exposto FG, Oyarzo JF, Durham J. Temporomandibular
disorders: a review of current concepts in aetiology, diagnosis and
management. Oral Surg. 2020;13(4):321-34. doi: 10.1111/0rs.12473
3- Lomas J, Gurgenci T, Jackson C, Campbell D. Temporomandibular
dysfunction. Aust J Gen Pract. 2018;47(4):212-5. doi: 10.31128/
AFP-10-17-4375

4- Quanounou A, Goldberg M, Haas DA. Pharmacotherapy in
temporomandibular disorders: a review. J Can Dent Assoc. 2017;83:h7.
5- Egermark I, Carlsson GE, Magnusson T. A 20-year longitudinal
study of subjective symptoms of temporomandibular disorders from
childhood to adulthood. Acta Odontol Scand. 2001;59(1):40-8. doi:
10.1080/000163501300035788

6- Thilander B, Rubio G, Pena L, Mayorga C. Prevalence of
temporomandibular dysfunction and its association with malocclusion
in children and adolescents: an epidemiologic study related to specified
stages of dental development. Angle Orthod. 2002;72(2):146-54. doi:
10.1043/0003-3219

7- Godoy F, Rosenblatt A, Godoy-Bezerra J. Temporomandibular
disorders and associated factors in Brazilian teenagers: a cross-
sectional study. Int J Prosthodont. 2007;20(6):599-605.

8- S6nmez H, Sari S, Oksak Oray G, Camdeviren H. Prevalence of
temporomandibular dysfunction in Turkish children with mixed and
permanent dentition. J Oral Rehabil. 2001;28(3):280-5.

9- Al-Khotani A, Naimi-Akbar A, Albadawi E, Ernberg M, Hedenberg-
Magnusson B, Christidis N. Prevalence of diagnosed temporomandibular
disorders among Saudi Arabian children and adolescents. J Headache
Pain. 2016;17:41. doi: 10.1186/s10194-016-0642-9

10- Bove SR, Guimaraes AS, Smith RL. Caracterizagdo dos
pacientes de um ambulatério de disfungdo temporomandibular e
dor orofacial [Characterization of patients in a temporomandibular
dysfunction and orofacial pain outpatient clinic]. Rev Lat Am
Enfermagem. 2005;13(5):686-91. Portuguese. doi: 10.1590/s0104-
11692005000500012

11- Tchivileva IE, Ohrbach R, Fillingim RB, Greenspan JD, Maixner W,
Slade GD. Temporal change in headache and its contribution to the risk
of developing first-onset temporomandibular disorder in the Orofacial
Pain: Prospective Evaluation and Risk Assessment (OPPERA) study.
Pain, 158(1):120-9. doi: 10.1097/j.pain.0000000000000737

12- Sharma S, Wactawski-Wende ], LaMonte MJ, Zhao J, Slade GD,
Bair E, et al. Incident injury is strongly associated with subsequent
incident temporomandibular disorder: results from the OPPERA study.
Pain, 160(7):1551-61. doi: 10.1097/j.pain.0000000000001554

13- Bair E, Ohrbach R, Fillingim RB, Greenspan ]D, Dubner R,
Diatchenko L, et al. Multivariable modeling of phenotypic risk factors
for first-onset TMD: the OPPERA prospective cohort study. J Pain,
2013;14(12 Suppl):T102-15. doi: 10.1016/j.jpain.2013.09.003

14- Rathnayaka N, Diatchenko L, Greenspan JD, Maixner W, Fillingim
RB, Ohrbach R. Clinical predictors of persistent temporomandibular
disorder in people with first-onset temporomandibular disorder: a
prospective case-control study. J Am Dent Assoc. 2019;150(7):572-81.
e10. doi: 10.1016/j.adaj.2019.03.023

15- Suvinen TI, Reade PC, Kemppainen P, Kénénen M, Dworkin SF.
Review of aetiological concepts of temporomandibular pain disorders:
towards a biopsychosocial model for integration of physical disorder
factors with psychological and psychosocial illness impact factors. Eur
J Pain. 2005;9(6):613-33. doi: 10.1016/j.ejpain.2005.01.012

16- Bertoli FM, Bruzamolin CD, Pizzatto E, Losso EM, Brancher JA,
Souza JF. Prevalence of diagnosed temporomandibular disorders:
a cross-sectional study in Brazilian adolescents. PLoS One.
2018;13(2):e0192254. doi: 10.1371/journal.pone.0192254

J Appl Oral Sci.

17- Brancher JA, Spada PP, Meger MN, Fatturri AL, Dalledone M, Bertoli
FM, et al. The association of genetic polymorphisms in serotonin
transporter and catechol-O-methyltransferase on temporomandibular
disorders and anxiety in adolescents. J Oral Rehabil. 2019;46(7):597-
604. doi: 10.1111/joor.12783

18- Franco GB, Faturri AL, Meger MN, Bertoli FM, Wambier LM, Scariot
R, et al. Dopamine receptor D2 and ankyrin repeat domain containing
one in temporomandibular disorder of adolescents. Int J Paediatr Dent.
2019;29(6):748-55. doi: 10.1111/ipd.12544

19- Little J, Higgins JP, Ioannidis JP, Moher D, Gagnon F, von EIm E, et al.
STrengthening the REporting of Genetic Association Studies (STREGA):
an extension of the STROBE statement. PLoS Med. 2009;6(2):e22. doi:
10.1371/journal.pmed.1000022

20- Bertoli FM, Bruzamolin CD, Almeida Kranz GO, Losso EM,
Brancher JA, Souza JF. Anxiety and malocclusion are associated with
temporomandibular disorders in adolescents diagnosed by RDC/TMD.
A cross-sectional study. J Oral Rehabil. 2018;45(10):747-55. doi:
10.1111/joor.12684

21- Franco-Micheloni AL, Fernandes G, Gongalves DA, Camparis
CM. Temporomandibular disorders among Brazilian adolescents:
reliability and validity of a screening questionnaire. J Appl Oral Sci.
2014;22(4):314-22. doi: 10.1590/1678-775720130694

22- Franco AL, Fernandes G, Gongalves DA, Bonafé FS, Camparis CM.
Headache associated with temporomandibular disorders among young
Brazilian adolescents. Clin J Pain, 2014;30(4):340-5. doi: 10.1097/
AJP.0b013e31829cab2f

23- Kuchler EC, Tannure PN, Falagan-Lotsch P, Lopes TS, Granjeiro JM,
Amorim LM. Buccal cells DNA extraction to obtain high quality human
genomic DNA suitable for polymorphism genotyping by PCR-RFLP and
Real-Time PCR. ] Appl Oral Sci. 2012;20(4):467-71. doi: 10.1590/
s1678-77572012000400013

24- Ritchie MD, Hahn LW, Roodi N, Bailey LR, Dupont WD, Parl FF, et
al. Multifactor-dimensionality reduction reveals high-order interactions
among estrogen-metabolism genes in sporadic breast cancer. Am J
Human Genet. 2001;69:138-47. doi: 10.1086/321276

25- Pattin KA, White BC, Barney N, Gui J, Nelson HH, Kelsey KT, et
al. A computationally efficient hypothesis testing method for epistasis
analysis using multifactor dimensionality reduction. Genet Epidemiol Off
Publ Int Genet Epidemiol Soc. 2009;33:87-94. doi: 10.1002/gepi.20360
26- Jakulin A, Bratko I. Quantifying and visualizing attribute
interactions. arXiv. 2004:2004cs/0308002v3

27- Bland JM, Altman DG. Multiple significance tests: the
Bonferroni method. BMJ. 1995; 21:310(6973):170. doi: 10.1136/
bmj.310.6973.170

28- Scariot R, Corso PF, Sebastiani AM, Vieira AR. The many faces of
genetic contributions to temporomandibular joint disorder: an updated
review. Orthod Craniofac Res. 2018;21(4):186-201. doi: 10.1111/
ocr.12239

29- Atsi SS, Guner S, Palulu N, Bulut AC, Kirkgioglu I. Oral
parafunctions, personality traits, anxiety and their association
with signs and symptoms of temporomandibular disorders in the
adolescents. Afr Health Sci. 2019;19(1):1801-10. doi: 10.4314/ahs.
v19i1.57

30- Chung J, Lobbezoo F, van Selms MK, Chattrattrai T, Aarab G,
Mitrirattanakul S. Physical, psychological and socio-demographic
predictors related to patients’ self-belief of their temporomandibular
disorders’ aetiology.J Oral Rehabil. 2021;48(2):109-23. doi: 10.1111/
joor.13113

31- Berger M, Szalewski L, Bakalczuk M, Bakalczuk G, Bakalczuk S,
Szkutnik J. Association between estrogen levels and temporomandibular
disorders: a systematic literature review. Prz Menopauzalny.
2015;14(4):260-70. doi: 10.5114/pm.2015.56538

8/9 2025;33:€20250258



Pozza OA, Bertoli FM, Topolski F, Spada PP, Gabardo MC, Souza JF, Kiichler EC, Brancher JA

32- Kuchler EC, Meger MN, Omori M, Gerber JT, Martins E Neto,
Machado NC. Association between oestrogen receptors and female
temporomandibular disorders. Acta Odontol Scand. 2020;78(3):181-8.
doi: 10.1080/00016357.2019.1675904

33- Milosevic N, Nikolic N, Djordjevic I, Todorovic A, Lazic V, Milasin J.
Association of functional polymorphisms in matrix metalloproteinase-9
and glutathione s-transferase T1 genes with temporomandibular
disorders. J Oral Facial Pain Headache. 2015;29(3):279-85. doi:
10.11607/0fph.1343

34- Bonato LL, Quinelato V, Cordeiro PC, Vieira AR, Granjeiro JM, Tesch R,
et al. Polymorphisms in COMT, ADRB2 and HTR1A genes are associated
with temporomandibular disorders in individuals with other arthralgias.
Cranio. 2021;39(4):351-61. doi: 10.1080/08869634.2019.1632406
35- Quinelato V, Bonato LL, Vieira AR, Granjeiro JM, Menezes
K, Borojevic R, et al. PAX7 gene polymorphism in muscular
temporomandibular disorders as potentially related to muscle stem
cells. BMC Musculoskelet Disord. 2021;22(1):959. doi: 10.1186/
$12891-021-04846-w

36- Macfarlane, T. V., Blinkhorn, A. S., Davies, R. M., Kincey, J.,
& Worthington, H. V. (2002). Oro-facial pain in the community:
prevalence and associated impact. Community dentistry and oral
epidemiology, 30(1), 52-60. https://doi.org/10.1034/j.1600-
0528.2002.300108.x

37- Stemig M, Myers SL, Kaimal S, Islam MS. Estrogen receptor-alpha
polymorphism in patients with and without degenerative disease
of the temporomandibular joint. Cranio. 2015;33(2):129-33. doi:
10.1179/2151090314Y.0000000013

38- Yamada K, Nozawa-Inoue K, Kawano Y, Kohno S, Amizuka N,
Iwanaga T, et al. Expression of estrogen receptor alpha (ER alpha) in
the rat temporomandibular joint. Anat Rec A Discov Mol Cell Evol Biol.
2003;274(2):934-41. doi: 10.1002/ar.a.10107

J Appl Oral Sci.

39- Sun LH, Zhang WX, Xu Q, Wu H, Jiao CC, Chen XZ. Estrogen
modulation of visceral pain. J Zhejiang Univ Sci B. 2019 Aug.;20(8):628-
636. doi: 10.1631/jzus.B1800582

40- Rechia BC, Michels B, Faturri AL, Bertoli FM, Scariot R, Souza
JF, et al. Polymorphisms in COL2A1 gene in adolescents with
temporomandibular disorders. J Clin Pediatr Dent. 2020;44(5):364-72.
doi: 10.17796/1053-4625-44.5.12

41- Morris RW, Kaplan NL. On the advantage of haplotype analysis in
the presence of multiple disease susceptibility alleles. Genet Epidemiol.
2002;23(3):221-33. doi: 10.1002/gepi.10200 2.

42- Chen CC, Schwender H, Keith J, Nunkesser R, Mengersen K,
Macrossan P. Methods for identifying SNP interactions: a review on
variations of logic regression, random forest and bayesian logistic
regression. IEEE/ACM Trans Comput Biol Bioinform. 2011;8(6):1580-
91. doi: 10.1109/TCBB.2011.46

43- Hahn LW, Ritchie MD, Moore JH. Multifactor dimensionality reduction
software for detecting gene-gene and gene-environment interactions.
Bioinformatics. 2003;19(3):376-82. doi: 10.1093/bioinformatics/
btf869

44- Ritchie MD, Hahn LW, Roodi N, Bailey LR, Dupont WD, Parl FF, et
al. Multifactor-dimensionality reduction reveals high-order interactions
among estrogen-metabolism genes in sporadic breast cancer. Am J
Hum Genet. 2001;69(1):138-47. doi: 10.1086/321276

45- Turner S, Armstrong LL, Bradford Y, Carlson CS, Crawford DC,
Crenshaw AT, et al. Quality control procedures for genome-wide
association studies. Curr Protoc Hum Genet. 2011;Chapter 1:Unit1.19.

doi: 10.1002/0471142905.hg0119s68

9/9 2025;33:20250258


https://doi.org/10.1034/j.1600-0528.2002.300108.x
https://doi.org/10.1034/j.1600-0528.2002.300108.x

	_heading=h.z33flqswzmj4

