The Association Between Genetic Factors and Temporomandibular Disorders: A Systematic Literature Review
Abstract
Background: Temporomandibular disorders (TMDs) are multifaceted conditions affecting the temporomandibular joint (TMJ), masticatory muscles, and related structures. Different individuals may have varied clinical manifestations of TMDs involving symptoms related to the TMJ and masticatory muscles. Similarly, various genetic factors have been linked to the development and progression of TMDs. Therefore, this study will investigate the relationship through a systematic review and meta-analysis of the role of genetic factors in the onset and progression of TMDs.
Methods: A comprehensive search was conducted via ScienceDirect, PubMed, Cochrane Library, Dimensions, and Emerald. A reviewer made the study selection using modified PICOs criteria, considering human subjects with TMDs, comparing different genetic factors among TMD and non-TMD patients, and reporting TMD signs and symptoms as the outcomes. The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for non-randomized experimental studies was used to assess the methodological quality of the eligible studies. In addition, data were systematically extracted and analyzed from the included studies.
Results: The electronic database search yielded 851 articles, 19 of which were included in this study. Following data analysis, the results showed a significant influence of genetic factors like polymorphisms and gene differences on the development of TMD signs and symptoms like myofascial pain, chronic pain, and disc displacement. In addition, gene polymorphism significantly influences TMD development, with an odds ratio of 2.46 (1.93-3.14) and p< 0.00001.
Conclusion: Genetic factors significantly influenced TMD signs and symptoms, and gene polymorphisms significantly influenced TMD onset and progression. Further research should be conducted in more diverse settings with larger sample sizes to verify and validate these findings.
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Introduction
Temporomandibular disorders (TMDs) are multifaceted conditions affecting the temporomandibular joint (TMJ), masticatory muscles, and related structures [1]. TMDs clinically manifest through orofacial pain, limited jaw movement, joint sounds, and dysfunction [2]. In addition, they significantly affect public health, with a higher prevalence among women and middle-aged subjects.
The aetiology of TMDs is multifaceted, involving various factors, broadly categorized into risk factors and contributors to the onset and development. Risk factors include genetic predisposition, anatomical factors like joint morphology and muscle attachments and psychosocial factors, including stress and anxiety [3]. On the other hand, contributors to the onset and development may include trauma, parafunctional habits like bruxism and clenching, and occlusal factors, which trigger the TMD symptoms onset [4]. In addition, other factors, like inflammatory processes, muscle hyperactivity, and central sensitization, may escalate the progression of TMDs and the signs and symptoms severity [5].
Different individuals may have varied clinical manifestations of TMDs involving symptoms related to the TMJ and masticatory muscles. TMDs may manifest through orofacial pain, affecting the preauricular region, temple, or masticatory muscles. TMD patients may also experience limited jaw movements [6]. In addition, some cases often report clicking sounds in the joints during movement. TMDs are also associated with masticatory or cervical muscle tenderness, headaches, or earaches [7]. The TMJ may also lock or dislocate, besides dysfunction, causing difficulty chewing or speaking.
TMD may be classified into different types under Axis I using the Diagnostic Criteria for Temporomandibular Disorders, including myalgia involving masticatory muscle pain with or without complications, arthralgia associated with TMJ pain, and other adverse conditions like headaches [5].
Various genetic factors, including gene variations, have been linked to the development and progression of TMDs. Various genes associated with TMD onset and development are involved in different biological processes like pain perception and modulation, including Catechol-o-methyltransferase (COMT), the mu-opioid receptor (MOR), encoded by OPRM1, and transient receptor potential vanilloid 1 (TRPV1) [8-10]. In addition, other genes linked to TMD development are those associated with inflammation and immune response, including Interleukin-1β (IL-1β), Interleukin-6 (IL-6), and Tumour Necrosis Factor-alpha (TNF-α) [11-13].
In addition, other essential biological processes like bone metabolism and cartilage formation genes may also potentially influence TMD development, including growth differentiation factor 5 (GDF5), frizzled-related protein (FRZB), and lumbar-disc degeneration (LDD) gene (ASPN) [14-16]. These relationships between genetic factors and TMD onset and development are based on the assumption that genetic variations may impact an individual's susceptibility to TMD signs and symptoms development. These genetic factors may also influence the severity and progression of TMDs.
Research has yielded inconclusive results on the association between genetic factors and TMD. This study will investigate the relationship through a systematic review and meta-analysis of the role of genetic factors in the onset and progression of TMDs. In addition, it will provide a quantitative synthesis of the existing evidence of the relationship.
Research Objectives
The main aim of this study was to explore and critically appraise the existing evidence of the role of genetic factors in the development of TMD. In addition, this study will investigate the different genetic variants and the risk of developing TMD.
Methods
This study was prepared and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [17].
Identification and Selection of Studies
Search Strategy
A comprehensive database search was conducted via ScienceDirect, PubMed, Cochrane Library, Dimensions, and Emerald. The following keywords were used in different combinations to optimize the search results for different databases: Genetic, gene, genome, temporomandibular disorder, and musculoskeletal disorder. Tables 1 and 2 show the search strings used in PubMed and other databases respectively.
Table 1: PubMed search strings.
	Search number
	Query
	Search Details
	Results

	3
	#1 AND #2
	("genetic"[All Fields] OR "genetical"[All Fields] OR "genetically"[All Fields] OR "genetics"[MeSH Subheading] OR "genetics"[All Fields] OR "genetics"[MeSH Terms] OR ("genes"[MeSH Terms] OR "genes"[All Fields] OR "gene"[All Fields]) OR ("genome"[MeSH Terms] OR "genome"[All Fields] OR "genomes"[All Fields] OR "genome s"[All Fields] OR "genomically"[All Fields] OR "genomics"[MeSH Terms] OR "genomics"[All Fields] OR "genomic"[All Fields])) AND ("temporomandibular disorder"[All Fields] OR "musculoskeletal disorder"[All Fields])
	236

	2
	("temporomandibular disorder" OR "musculoskeletal disorder")
	"temporomandibular disorder"[All Fields] OR "musculoskeletal disorder"[All Fields]
	3,675

	1
	(Genetic OR gene OR genome)
	"genetic"[All Fields] OR "genetical"[All Fields] OR "genetically"[All Fields] OR "genetics"[MeSH Subheading] OR "genetics"[All Fields] OR "genetics"[MeSH Terms] OR "genes"[MeSH Terms] OR "genes"[All Fields] OR "gene"[All Fields] OR "genome"[MeSH Terms] OR "genome"[All Fields] OR "genomes"[All Fields] OR "genome s"[All Fields] OR "genomically"[All Fields] OR "genomics"[MeSH Terms] OR "genomics"[All Fields] OR "genomic"[All Fields]
	5,940,510



Table 2: Search strings for different databases.
	Database
	Search Strings
	Results

	Cochrane Library
	((Genetic OR gene OR genome) AND ("temporomandibular disorder" OR "musculoskeletal disorder"))
	38 Trials

	Emerald
	((Genetic OR gene OR genome) AND ("temporomandibular disorder" OR "musculoskeletal disorder"))
	48

	Dimensions
	((Genetic OR gene OR genome) AND ("temporomandibular disorder" OR "musculoskeletal disorder"))
	181 clinical trials

	ScienceDirect
	(("Genetic factors" OR "gene polymorphism") AND ("temporomandibular disorder" OR "musculoskeletal disorder"))
	348 Research articles



Eligibility Criteria
This study included research on the role of genetic factors in the onset and development of TMD. Articles fulfilling the modified PICOS criteria were selected [18]. 
The PICO criteria for eligible studies were defined as follows;
Population (P): Human subjects with TMD.
Intervention (I): Not applicable
Comparison (C): Different gene variants and other genetic factors influencing TMD development.
Primary outcomes (O): TMD onset and development, demonstrated by different signs and symptoms, including myofascial pain and bruxism.
The potential articles were subjected to the following inclusion and exclusion criteria:
Inclusion Criteria
This study included original research articles on the influence of genetic factors on TMD development. It also included only studies on human subjects, studies with more than eight participants, and studies with access to the full text.
Exclusion Criteria
Reviews, meta-analyses, case reports, opinion pieces, conference abstracts, letters and correspondences were excluded from this study. 
Methodological Quality Assessment
The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for non-randomized experimental studies was used to assess the methodological quality of the eligible studies [19].
Data Selection and Extraction
Data were systematically extracted from the included studies and tabulated in an Excel Workbook for analysis. The extracted data included the authors, study design, settings, duration, sample characteristics, size, mean age, study purpose, gene type, outcome measures, and the findings.
Data Analysis
The extracted data were analyzed and reported according to the predominant themes regarding the association between genetic factors and TMD onset and development [20].
Results
Study Selection
The literature search yielded 851 articles, of which 72 duplicates were removed. Further, 697 articles were excluded following title and abstract screening. The remaining 82 articles were sought for retrieval, after which 19 studies that met the eligibility criteria were included. The results are presented in Figure 1.
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Figure 1: PRISMA flow diagram showing results of the study selection [17]
Methodological quality assessment results
The results of the Joanna Briggs Institute (JBI) Critical Appraisal Checklist are shown in Table 3.
Table 3: Joanna Briggs Institute (JBI) Critical Appraisal Checklist assessment results.
	Study
	Is the ‘cause’ and the ‘effect’ clear?
	Were the participants included in any comparisons similar?
	Were the participants included in any comparisons exposed to similar treatment/care other 
than the exposure or intervention of interest?
	Was there a control group?
	Were there multiple measurements of the outcome, both pre-and post-intervention/exposure?
	Was follow-up complete, and if not, were differences between groups in terms of their 
Follow-up adequately described and analyzed?
	Were the outcomes of participants included in any comparisons measured in the same way?
	Were outcomes measured reliably?
	Was appropriate statistical analysis used?
	Overall appraisal

	(Aneiros-Guerrero et al., 2011) [21].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Brancher et al., 2019) [22].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Campello et al., 2022) [23].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Cristina et al., 2020) [24].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Ekici & Soylemez 2023) [25].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Furquim et al., 2016) [26].
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Good

	(Jounger et al., 2021) [27].
	Yes
	Yes
	Yes
	No
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Lim et al., 2021) [28].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Not applicable
	Yes
	Yes
	Yes
	Good

	(Luo et al., 2015) [29].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Michelotti et al., 2013) [30].
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Good

	 (Nascimento et al., 2019) [31].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Roudgari et al., 2023) [32].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Sales et al., 2016) [33].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Schaffer et al., 2022) [34].
	Yes
	Yes
	Yes
	No
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Slade et al., 2020) [35].
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Good

	(Slade et al., 2015) [36].
	Yes
	Yes
	Unclear
	No
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Smith et al., 2013) [37].
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Good

	(Tchivileva et al., 2023) [38].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good

	(Tesch et al., 2020) [39].
	Yes
	Yes
	Yes
	Yes
	Not applicable
	Yes
	Yes
	Yes
	Yes
	Good



Data Extraction
The extracted data were systematically tabulated, as shown in Table 4.
Table 4: Study descriptor table
	Study
	Study Design
	Study Setting/Region
	Study Duration
	Sample Characteristics
	Sample Size
	Mean Age/Age Range
	Study Purpose
	Gene type 
	Outcome measures
	Findings

	(Aneiros-Guerrero et al., 2011) [21].
	Case-control
	Department of Biochemistry and Molecular Biology, Faculty of Medicine,
University of Málaga, Spain
	Eight months
	Patients with no clinical history of traumatic injuries on the head and neck, mental retardation, drug dependence, and somatic or neurological illnesses.
	229
	unspecified
	To assess the impact of genetic polymorphisms on folate metabolism, neurotransmission, oxidative and hormonal metabolism
on TMD
	Serine Hidroximetil Transferase 1 gene (SHMT1), Methylenetetrahydrofolate dehydrogenase 1 gene
(MTHFD1), Methionine Synthase Reductase (MTRR) gene, D4 receptor of Dopamine (DRD4) gene
	TMD pains and syndromes
	Genetic polymorphisms usually have a more significant influence on the development of TMD syndromes.

	(Brancher et al., 2019) [22].
	Case-control
	School of Health
Sciences, Universidade Positivo, Curitiba, Brazil
	September 2014 to July 2016.
	 adolescent patients with non-odontogenic origin, non-orthodontic
appliances, non-occlusal splints, without severe facial or den‐
tal anomalies, 
	934
	10-14 years
	To assess the influence of genetic
polymorphisms in 5HTT and COMT on TMD and anxiety in adolescents
	Serotonin trans‐
porter gene (5HTT) and catechol‐O‐methyltransferase (COMT)
	TMD signs and anxiety levels
	Polymorphisms in 5HTT and COMT are associated with TMD in adults‐
Cents, specifically polymorphism in COMT, is associated with anxiety in adolescents.

	(Campello et al., 2022) [23].
	Case control
	Department of Prosthetic Dentistry
and Maxillofacial Surgery, Federal University of Pernambuco, Recife, Pernambuco, Brazil
	March 2017 and May 2018
	Elderly females with chronic TMD pain
	34
	The patient group aged between 60 and 74
years, and control group aged between 60 and 68 years
	To   evaluate the correlation of the TNF-α, IL-6, and IL-10 polymorphisms
with chronic temporomandibular disorder pain development in female elderly
Patients.
	TNF-
α, IL-6, and IL-10 genes 
	TMD pains
	The GA genotype of the –308 G/A TNF-α and the AA genotype of the –1082 A/G IL-10 SNPs may be involved in the origination and development of chronic TMD pains.

	(Cristina et al., 2020) [24].
	Case-control
	School of Health and
Biological Sciences, Universidade Positivo, Curitiba, Brazil
	Unspecified
	Adolescent subjects without severe periodontal problems, severe psychiatric disorders, and dental anomalies
	249
	 10 to 14 years
	To investigate if genetic polymorphisms in the COL2A1 gene could be associated with TMD in adolescents
	COL2A1 gene
	TMD signs and myofascial pain
	In adolescents, genetic polymorphism in COL2A1 is not associated with myofascial pain arthralgia or TMD.

	(Ekici & Soylemez 2023) [25].
	Observational case-control study
	Faculty of Dentistry, Department of Oral and Maxillofacial Surgery, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey
	January 2022 and October 2022
	Individuals between the ages of 18 and 65 years were diagnosed with TMD for the TMD group, while for the control group, healthy individuals without orofacial pain complaints
	150
	Mean age (TMD group)= 31.8   ± 11.57 years ,( Control group)= 29.64   ± 10.69 years  ; age range 18-65 years 
	To evaluate the possible relationship between polymorphisms in the Catechol -O-Methyl-Transferase (COMT) and adrenergic receptor gene  with temporomandibular disorder
	  Catechol -O-Methyl-Transferase (COMT) and andrenergic receptor gene
	TMD signs
	Gene polymorphisms in COMT and ADRB2 were associated with particular TMD; thus, they act as predisposing factors for TMD.

	(Furquim et al., 2016) [26].
	Case-control
	Dental clinic Bauru School of Dentistry, Sao Paulo, Brazil
	Unspecified
	Patients diagnosed with articular disc displacement or masticatory muscles disorder and without congenital or developing disorder
	243
	36.0 ± 11 for the TMD subjects and 34  ± 11.47 for the control group
	To evaluate the influence of single nucleotide polymorphism TNFA-308 on TMD risk and pressure pain threshold
	TNFA gene
	Pressure pain threshold
	 TNFA 308 polymorphisms are positively associated with TMD

	(Jounger et al., 2021) [27].
	Cross-sectional trial
	 Department of Dental Medicine, Karolinska Institutet, Huddinge, Sweden
	Unspecified
	individuals with TMD myalgia, presence of facial pain and without neuropathic pain or neurological disorder
	117
	18 years and above
	To investigate if single nucleotide polymorphisms
(SNPs) related to monoaminergic neurotransmission contribute to pain perception in patients with temporomandibular disorder
(TMD) 
	 Serotonin transporter gene, HTR2A (rs9316233), HTR3A (rs1062613),
HTR3B (rs1176744)
	Characteristic pain intensity
	 Participants carrying at least one copy of the rare allele (rs9316233) and HTR3A (rs1062613) had higher characteristic pain intensity than those with homozygous common genotypes.

	(Lim et al., 2021) [28].
	Observational study
	Unspecified
	Unspecified
	Chronic myofascial TMD patients and healthy controls
	12 (TMD) and 24 (Controls)
	27.4 (TMD patients) and 27.0 (Controls)
	To explore the association between blood-oxygen-level–dependent signal variability (BOLDSV) and COMT Val158Met polymorphism in chronic TMD patients and healthy controls
	COMT Val158Met polymorphism
	BOLDSV, sensory-discriminative pain, pain sensitivity to masseteric pain challenge, TMD pain frequency
	Reduced BOLDSV was found in the dorsolateral prefrontal cortex (dlPFC) and specific brain regions, with correlations between lower BOLDSV in certain regions and higher clinical pain and sensitivity.

	(Luo et al., 2015) [29].
	Case control
	Department of Oral and Maxillofacial Surgery at the school and hospital of stomatology, Wuhan university
	1 March 2010 and 1 June 2014
	Unspecified
	647
	Unspecified
	To investigate the correlation of polymorphism MMP 1 promoter with the susceptibility to anterior disc displacement and temporomandibular joint osteoarthritis
	MMP-1 Promoter gene
	Genotype frequency
	The susceptibility of 1G2G genotype carriers to ADDWOR was higher than other genotype carriers with or without TMJOA.

	(Michelotti et al., 2013) [30].
	Case control
	Department of Oral and Maxillo-Facial Sciences, University of Naples “Federico II,” Naples, Italy
	January 2008 to December 2009
	Whites who had lived in southern Italy for at least three generations
	182
	34.4 ± 11 years and age range 17-70 years
	To evaluate the role of the COMT gene as a potential
risk factors in a group of patients affected with chronic temporomandibular disorder (TMD) pain
	 Catechol -O-Methyl-Transferase (COMT)
	TMD pains
	Genetic variability in the COMT gene could be a risk factor for the onset of temporomandibular pain.

	(ascimento et al., 2019) [31].
	Clinical trial
	Department of Periodontics and Oral Medicine, University of Michigan
School of Dentistry, Ann Arbor, MI, USA
	Unspecified
	Non-pregnant subjects without neurological and psychiatric disorders, investigational drug or device use within 30 d of study enrollment, current opioid medication use,
	24              12 TMD patients and 12 healthy individuals
	For TMD subjects 27.4 ± 7.8 and 27.8 ± 8.7 for healthy subjects
	To evaluate whether opioid activity in chronic TMD pains is associated with COMT polymorphism
	Catechol‐O‐methyltransferase (COMT)
	Nondisplaceable binding potential (BPND) and TMD pain intensity
	There was a significant decrease in µOR availability (BPND levels) in the left parahippocampal region of TMD patients during the SMPT challenge

	(Roudgari et al., 2023) [32].
	Case-control
	 Department of Oral and Maxillofacial Diseases and Pain, Faculty of Dentistry, Tehran
University of Medical Sciences, Tehran, Iran
	Six months
	TMD patients without rheumatoid arthritis, systemic lupus erythematosus, fibromyalgia, diabetes, cardiovascular
Diseases or cancer. 
	100
	36 years (18-65 years) case group and 35 years (20-54 years) control group
	 To evaluate the hypothesis that the polymorphism of
Estrogen receptor genes and the gene Catechol -O-Methyl-Transferase (COMT) could be Predisposing factors for TMD
	Estrogen receptor genes and gene Catechol -O-Methyl-Transferase (COMT) 
	TMD signs
	SNPs of ESR1 rs-1643821 have a susceptible role, and ESR2 rs1676303 has a protective role against TMD.

	(Sales et al., 2016) [33].
	Cross-sectional trial
	Department of Prosthodontics, Bauru School of Dentistry, University of São Paulo, Brazil
	Unspecified
	 Subjects with non-neurological, non-cognitive and non-neuropathic pain disorders
	268
	20 years and above
	To evaluate the correlation between inflammatory and pain gene polymorphisms
with the presence of temporomandibular disorder (TMD) patients and with pressure pain sensitivity
	IL-6, TNF-A and COMT genes
	  Pressure pain threshold and single nucleotide
polymorphism 
	Genetics are an essential component of TMD and pressure sensitivity with TNFA-308.
being associated with the presence of TMD, while SNP IL6−174 and SNP
Val158Met influencing pain sensitivity of the TMJ.

	(Schaffer et al., 2022) [34].
	Cross-sectional trial
	 Dental Clinic of the Social Service of the Civil
Construction Industry Union of the Paraná State (SECONCI-PR), Brazil
	One year
	Healthy and literate male construction workers
	115
	Mean age 38.2 years and age range (19 to 70 years)
	To evaluate the influence of genetic polymorphisms in ANKK1
and DRD2 on the signs and symptoms of temporomandibular disorder (TMD)
in construction workers
	Dopamine receptor D2 gene and Ankyrin repeat and kinase Domain Containing one gene
	TMD signs and symptoms
	Genetic polymorphisms in DRD2 and ANKK1 might influence TMD signs
and symptoms in a group of male construction workers

	(Slade et al., 2020) [35].
	Double-blind RCT
	University of North Carolina at Chapel Hill, University of Florida, University at Buffalo
	Unspecified
	Non-Hispanic Whites with TMD myalgia
	200
	33
	To investigate whether the analgesic efficacy of propranolol is modified by variants of the COMT gene
	Catechol-O-methyltransferase (COMT) gene
	Primary: Facial pain index and patient's global impression of change
	G: G homozygotes showed greater efficacy than A:A homozygotes

	(Slade et al., 2015) [36].
	Prospective Cohort Study
	Baltimore, Maryland; Buffalo, New York; Chapel Hill, North
Carolina; and Gainesville, Florida
	May 2006 and November 2008
	Individuals with no significant history of TMD symptoms, no pregnancy and no orthodontic treatment
	3263
	18-44 years
	To evaluate the effects of dynamic patterns of stress on
Incident TMD and whether  COMT gene variation modifies
the association between stress and TMD incidence
	Catechol‐O‐methyltransferase (COMT)
	Perceived stress
	The risk was amplified for participants
with low-activity COMT haplotypes than
those with high-activity COMT diplotypes

	(Smith et al., 2013) [37].
	Prospective Cohort Study
	Communities in and around academic health centres at four US study sites: Baltimore, Buffalo, Chapel Hill, and Gainesville.
	Median follow-up of 2.8 years
	Initially pain-free subjects
	2,737
	27.1
	To assess common genetic variation contributing to nociceptive pathways, inflammation, and affective distress and their association with first-onset TMD
	Unspecified candidate genes related to pain perception, inflammation, mood, and affect
	Incidence of first-onset TMD
	No SNP was significantly associated with TMD incidence after correction for multiple testing.

	(Tchivileva et al., 2023) [38].
	Cross-sectional trial
	Orofacial Pain
Clinic at the Adams School of Dentistry, the University of North Carolina at Chapel Hill
	June 2018 to December 2018
	Patients without severe hepatic, respiratory, immunologic, cardiovascular, or psychiatric diseases, painful cranial neuropathies, odontogenic pain, head trauma or surgery within 6 hours of the study visit
	80
	18 to 64 years
	To evaluate the associations of plasma calcitonin gene-related peptide (CGRP) with chronic temporomandibular disorder.
	 Plasma Calcitonin gene-related peptide
	TMD pains and migraines
	The concentration of CGRP was not associated with any clinical characteristics of painful TMD or migraine. Instead, it was associated with participant age and borderline obesity. Moreover, the concentration of CGRP in peripheral blood was a poor biomarker for TMD disorders.

	(Tesch et al., 2020) [39].
	Case-control
	Antonio Pedro University Hospital
	Six months
	Individuals without a history of macro trauma, diagnosis of rheumatoid arthritis, fibromyalgia, and other types of systematic joint diseases
	252
	Age between 18 -65 years
	To evaluate the possible association between polymorphisms in the Catechol -O-Methyl-Transferase (COMT) and adrenergic receptor gene and muscular temporomandibular disorder
	  Catechol -O-Methyl-Transferase (COMT) and andrenergic receptor gene
	TMD pains and Syndromes
	Polymorphisms in the COMT and ADRB2 genes are associated with chronic myofascial pains in patients with TMD and controls.




Study Characteristics and Thematic Analysis of Outcomes
The extracted data were analyzed and reported according to the predominant themes.
Genetic Polymorphism on TMD Development
Various included studies reported genetic polymorphism. According to the study [34], myofascial pain in the dominant model was more associated with genetic polymorphism in rs1800497 in ANKK1 (p=0.036; Odds ratio=0.13, Confidence Interval 95% 0.01 to 0.89). Chronic pain was more associated with genetic polymorphism rs6276 in DRD2 with (p= 0.033), whilst other genetic polymorphisms and phenotypes were not statistically significant with (p> 0.05). Similarly, the allele distribution among the phenotypes was not statistically significant (p> 0.05).
Similarly, according to the study [21] from the four polymorphisms studied on the cytoplasmic SHMT1 in TMD patients, there was a significant increase of the G allele of the polymorphism rs1979277 (Leu435Phe) as compared to the controls (OR=3.99; 95% CI and p=0.002). Regarding polymorphism SHMT1 rs638416 of the promoter region, a significant increase was observed for the C allele and the CC genotype in TMD patients (OR= 2.80; 95% CI and p= 0.013). Moreover, six polymorphisms exhibited a statistical association with TMD, four being related to enzymes of folates metabolism: Allele G of serine Hydroxy methyltransferase 1( SHMT1) rs1979277 (OR=3.99; 95% CI p=0.002), allele G of SHMT1 rs638416 ( OR= 2.80; 95% CI p= 0.013), allele T of Methylenetetrahydrofolate Dehydrogenase (MTHFD) rs2236225 (OR = 3.09; 95%CI 1.27, 7.50; p = 0.016) and allele A of Methionine Synthase Reductase (MTRR) rs1801394 (OR = 2.35; 95CI 1.10, 5.00; p = 0.037). An inflammatory oxidative stress enzyme, Glutathione S-Transferase Mu-1(GSTM1), null allele (OR = 2.21; 95%CI 1.24, 4.36; p = 0.030) and a neurotransmission receptor, Dopamine Receptor D4 (DRD4), long allele of 48 bp-repeat (OR = 3.62; 95%CI
0.76, 17.26; p = 0.161).
The study [23] reported a positive association between the –1082A/G IL-10 polymorphism and chronic temporomandibular disorder (p = 0.020). Similarly, the -308G/A TNF polymorphism exhibited a significant difference when comparing the genotypes of cases with chronic temporomandibular disorder pain and controls (p=0.025). However, there was no association regarding the 174G/C IL-6 polymorphism (p= 0.286). On the other hand, according to [33], the TMD group exhibited significantly lower pressure pain threshold values for all the structures as compared to the control group (p < 0.001). Higher pain sensitivity in the temporomandibular joint (p < 0.005) and anterior temporalis muscle (p < 0.044) was predicted by SNP IL6-174, while in the masseter muscle (p < 0.038) was predicted by SNP Val158Met.  Consequently, the classification of the TMD group according to pressure pain threshold values of the assessed structures revealed that SNP Val158Met increase pain sensibility in the masseter muscle (p < 0.027).
According to [22], painful TMD characterized by arthralgia and myofascial pain was observed in 5HTT, the rs1042173 with an odds ratio of 1.97 (1.02‐3.77) and p = 0.04) while myofascial pain was significantly observed in polymorphisms in COMT rs4818 with an odds ratio of 2.15 (1.08‐4.29) and p = 0.02). Similarly, it was borderline for painful TMD exhibiting a 1.85 odds ratio (0.97‐3.51) and p = 0.06 and disc displacement exhibiting a 2.42 odds ratio (1.00‐5.87) and p = 0.05. The borderline for myofascial pain was rs6269 polymorphism in COMT, exhibiting an odds ratio of 0.82 and p=0.08, while disc displacement showed an odds ratio of 2.38 and p0.06).
In addition, the study [32] reported an insignificant relationship between COMT rs4680 and TMD (p>0.05), while a significant relationship between the severity of TMD and ESR1 exists (p=0.003). Similarly, ESR1 genotype AA and GA significantly increased the probability of TMD, showing odds ratios of 4.80 and 2.98, respectively. In contrast, ESR2 T/T homozygosity decreased the risk of TMD (0.41). Similarly, there was a significant association between the COMT gene and the presence of muscular TMD, specifically the genotype with two T alleles for the COMT gene rs 9332377 (P= 0.03) [39]. Similarly, the study [39] reported that individuals with just one T allele were likelier to belong to the group with painful joint TMD than those with muscular TMD (P = 0.04). Moreover, the non-polymorphic AA genotype in rs1042713 was more prevalent in the control group with exclusive painful joint TMD than in the group with muscular TMD (P= 0.05).
According to [26], TNFA 308 polymorphisms are positively associated with TMD since 26.97% of TMD patients possess the rare A –allele, whereas it was found in just 13.18% of healthy patients with an odds ratio of 2.454 (1.212-4968). Moreover, TMD subjects had a 2.87 (1.256- 6.569) times greater chance of having the GA genotype for the TNF 308 polymorphism than the control group. According to [24], there was no significant difference between the affected and unaffected individuals for myofascial pain, TMD and arthralgia (P> 0.05). The borderline in the genotype distribution (P=0.07) was evident in rs2276454 and was similarly associated with disc displacement (P= 0.03) in the allelic distribution. Disc displacement in a recessive model (P=0.02) was observed in the genetic polymorphism rs2276454. Moreover, it was observed that the C allele was more prevalent in the unaffected individuals, implying that this allele is a protection factor for TMD exhibiting a 1.89 odds ratio (1.07-3.31). In addition, disc displacement is the prevalent temporomandibular joint internal derangement in rs2276454 with p= 0.02 and an odds ratio of 1.89 (1.07 to 3.31), while myofascial pain showed p= 0.93 and odds ratio of 0.95 (0.31 to 2.91).
According to [25], there was a significant difference in the genotype frequencies (P < 0.05) between the articular TMD group and the control group in terms of COMT gene rs9332377 polymorphism. The TT and CT genotypes were significantly higher in the articular TMD groups than the control groups (P =0.034 and P =0.045). On the other hand, the CC genotype was significantly lower in the control group (P=0.020). Concerning ADRB2, the GG genotype was significantly higher in the TMD group than in the control group (P= 0.048).
Gene polymorphism significantly influences TMD development, with an odds ratio of 2.46 (1.93-3.14) and p< 0.00001, as shown by the forest plot in Figure 2.
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Figure 2: Forest plot showing the association between gene polymorphism and TMD [21, 22, 26].
Stress on the Development of TMD
According to [36], at the baseline, the perceived stress scores were 20 % greater in adults who developed incident TMD compared with TMD-free controls (P <0.001). During follow-up, the perceived stress remained stable in the control group but increased by 9% in the cases group (P =0.003). Moreover, it was observed that a significant interaction of COMT haplotype and time-varying stress showed that a post-baseline increase of 1.0 standard deviation in perceived stress increased the risk of TMD incidence in individuals with low activity COMT haplotypes (HR= 2.35; 95% confidence limits:1.66, 3.32). On the other hand, with a decrease in perceived stress and low activity, the COMT haplotype was weakly protective, showing a hazard ratio of 0.75 (0.42-1.34).
Gene Variants as a Predisposing Factor for TMD
According to [30], 40 single nucleotide polymorphisms were detected. In the promoter region, 3 SNPs were more frequently present in the case group than in the control group (rs 4646310 showed p=0.018, rs165656, p=0.001, and rs165722 had p= 0.007). Moreover, the rs 4646310 (AG vs GG, P= 0.015) and rs 165656 (GG vs CC, P= 0.001) were independently associated with TMD, conferring a risk ratio of 2.6 (CI= 1.2-5.6) and 5.3 (CI= 2.0-13.7) respectively.  
Pain Intensity and Sensitivity on TMD Subjects with Genetic Polymorphisms
According to [31], TMD subjects reported a higher pain value (0- 100 VAS) than the healthy control group (37.3 for healthy controls and 59.3 for TMD subjects). Accounting for the genotype evaluated, subjects with TMD and a COMT Val Met substitution exhibited increased pain sensitivity compared to healthy subjects without a COMT Val Met substitution. Moreover, there was no statistically significant difference between the genetic groups (Val/Val vs Val Met-Met/Met) during the acute pain model (P= 0.89). On the other hand, according to [27], higher characteristic pain intensity was observed for individuals carrying at least one copy of the rare allele of the HTR2A (rs9316233) and HTR3A (rs1062613) compared with individuals with the homozygous common genotype (P = 0.042 and P = 0.024, respectively).
Genetic Biomarkers Associated with TMD Development
According to [38], the plasma calcitonin gene-related peptide (CGRP) concentration in the four study groups was the same. In a regression analysis, neither TMD pain nor migraine was associated with plasma CGRP concentration (p= 0.761 and p= 0.972). The study further revealed that participant age was the only characteristic statistically significantly associated with plasma CGRP concentration (P= 0.034), while body mass index exhibited a significant association (p=0.080).
Discussion
TMDs are multifaceted conditions affecting the temporomandibular joint (TMJ), masticatory muscles, and related structures. It is essential to acknowledge the complexity of TMD, its multifaceted aetiology, and the relationship between different genetic, environmental, and psychological factors and their role in the onset and development of TMD signs and symptoms. Therefore, this study explored the association between genetic factors and temporomandibular disorders by critically analyzing evidence from existing literature. The study investigated various genetic factors, such as gene polymorphisms in genes related to pain perception, inflammation, bone metabolism, and neurotransmission, and their significance in the onset and development of TMDs.
This study investigated different gene variants, including the COMT gene, which encodes an enzyme linked to the breakdown of catecholamines, including dopamine, epinephrine, and norepinephrine [9]. COMT variants may alter catecholamine levels, potentially influencing pain perception and TMD development risk. In addition, this study also investigated TNF-α, IL-6, and IL-10 genes, which encode pro-inflammatory cytokines responsible for immune response [11, 13]. Variants may influence cytokine levels, causing chronic inflammation linked to TMD aetiology. In addition, Serine Hydroxymethyltransferase 1 gene (SHMT1) encodes an enzyme involved in folate metabolism, essential in DNA synthesis and methylation. Its polymorphisms may significantly affect folate metabolism, impacting TMD development [40].
This study also investigated the Methylethylenetetrahydrofolate dehydrogenase 1 gene (MTHFD1), which is involved in folate metabolism and whose polymorphisms may affect folate levels, increasing TMD risk [41]. On the other hand, Estrogen receptors, associated with pain modulation and inflammation, may affect estrogen signalling pathways, potentially increasing TMD risks, especially in females [42]. In addition, the included studies reported the Methionine Synthase Reductase (MTRR) gene responsible for methionine regeneration from homocysteine, whose variants may influence methionine synthesis and methylation processes, increasing TMD susceptibility.
The D4 receptor of the Dopamine (DRD4) gene, which is responsible for neurotransmission, is associated with pain modulation [43]. Its variations may influence the severity of TMD pain symptoms. Moreover, this study also reported that the serotonin transporter gene regulates brain serotonin reuptake. In addition, it is involved in mood regulation and pain perception, and variants may influence serotonin function and TMD risk.
The results showed a significant influence of genetic polymorphisms on the development of TMD signs and symptoms, such as myofascial pain, chronic pain, and disc displacement. The meta-analysis revealed a pooled odds ratio of 2.46 (95% CI: 1.93-3.14, p < 0.00001) for the association between gene polymorphism and TMD development [21, 22, 26]. In addition, the included studies reported associations between specific gene polymorphisms and TMD progression and symptom severity. Gene polymorphisms COMT, TNFA, SHMT1, and MTHFD significantly increased the risk of TMD signs and symptoms like myofascial pain, disc displacement, and chronic pain. Moreover, some included studies showed that polymorphisms in inflammation-related genes, including IL-6, IL-10, TNF-α and bone metabolism like GDF5, FRZB, and ASPN increased the risk of TMD development.
On the other hand, this study highlighted the potential role of stress in the development of TMDs. The study [36] reported a significant correlation between COMT haplotype and time-varying stress. Subjects with low-activity COMT haplotypes were at a higher risk of developing TMDs under stress stimuli. This study also investigated the relationship between genetic factors and pain intensity and sensitivity in TMD patients. Some genetic predispositions like COMT Val158Met and serotonin receptor gene variants were associated with increased pain intensity and sensitivity [22].
However, this study had some limitations, such as the heterogeneity of the available data from the included studies, which limited the data in the meta-analysis. Nevertheless, this study's results will significantly contribute to a better understanding of the role of genetic factors in the onset and progression of TMD. In addition, this study impacts clinical practice through an evidence-based approach to optimizing the management of TMDs. 
Conclusion
This study explored the association between genetic factors and TMD. There was a significant association between various genetic factors and TMD signs and symptoms development. Gene polymorphisms significantly influenced TMD onset and progression. This study's results provide valuable insights into the role of different genetic factors in the onset and development of TMD. This study highlights the influence of genetic variations on the risk of developing TMD, particularly in genes responsible for pain perception, inflammation, and bone metabolism. Further research should be conducted in more diverse settings with larger sample sizes to verify and validate these findings. Further research should also be conducted to investigate gene-environment interactions and epigenetic mechanisms associated with TMDs.
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