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Abstract

Objectives: Main aim of the study was to explore the association between genetic 

polymorphisms in ACTN3 and bruxism. Secondary objectives included masseter muscle 

phenotypes assessment between bruxers and non-bruxers and according to genetic polymorphisms 

in ACTN3.

Materials and Methods: Fifty-four patients undergoing orthognathic surgery for correction of 

their malocclusion were enrolled. Self-reported bruxism and temporomandibular disorders status 

were preoperatively recorded. Saliva samples were used for ACTN3 genotyping. Masseter muscle 

samples were collected bilaterally at the time of orthognathic surgery to explore the muscle fiber 

characteristics.

Results: There were significant differences in genotypes for rs1815739 (R577X nonsense) (p 
= 0.001), rs1671064 (Q523R missense) (p = 0.005), and rs678397 (intronic variant) (p = 0.001) 

between bruxers and non-bruxers. Patients with self-reported bruxism presented a larger mean 

fiber area for types IIA (p = 0.035). The mean fiber areas in individuals with the wild-type 

CC genotype for rs1815739 (R577X) were significantly larger for type IIA fibers (1394.33 μm2 
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[572.77 μm2]) than in those with the TC and TT genotypes (832.61 μm2 [602.43 μm2] and 526.58 

μm2 [432.21 μm2] [p = 0.014]). Similar results for Q523R missense and intronic variants.

Conclusions: ACTN3 genotypes influence self-reported bruxism in patients with dentofacial 

deformity through specific masseter muscle fiber characteristics.

Keywords

ACTN3 protein; human; bruxism; malocclusion; masseter muscle; sleep bruxism; 
temporomandibular joint disorders

1 | INTRODUCTION

Dentofacial deformities often develop as a complex trait condition that is influenced by 

a combination of genes acting on bone, teeth, and skeletal muscle (Sciote et al., 2013). 

Indeed, previous studies have shown that the masticatory muscle genotype and phenotype 

contribute greatly to variations in the vertical dimension of facial growth (Ringqvist, 1974; 

Rowlerson et al., 2005; Sciote et al., 2012) or mandibular asymmetry (Raoul et al., 2011), 

through changes in the size and proportion of masseter muscle fibers. One gene of interest 

which is well documented to influence muscle performance and the proportion of fiber types 

is ACTN3 (Vincent et al., 2007). It encodes alpha-actinin-3, which is a Z-disc structural 

protein found only in type II muscle fibers (North & Beggs, 1996), functions to enhance 

the force, speed, and strength of skeletal muscle contraction. A common nonsense mutation, 

R577X, was identified in the ACTN3 gene and results in a lack of protein expression due 

to the production of a stop codon at residue 577 (North et al., 1999). The absence of alpha-

actinin-3 protein due to this polymorphism has been shown to change fiber type proportion, 

skeletal muscle metabolism, bone mineral density, and is associated with class II and deep-

bite skeletal malocclusions (Zebrick et al., 2014). This mutated genotype also results in 

significantly smaller diameters of fast type II fibers in masseter muscles. Patients with 

facial asymmetry consisting of a longer ramus but dimensionally smaller condyles are more 

likely to have self-reported temporomandibular disorder (TMD) symptoms and significantly 

more common clinical diagnosis of TMD, with masticatory myalgia most prominent (Nicot 

et al., 2020). Genotyping revealed two significant associations of these conditions with 

the ACTN3 polymorphisms rs1671064 (Q523R missense) and rs678397 (intronic single 

nucleotide polymorphism [SNP]) and one allele rs1815739 (R577X nonsense) (Nicot et al., 

2020). In addition, the rs678397, rs1671064, and rs1815739 polymorphisms in ACTN3 have 

been reported to be associated with bruxism in children (Calvano Küchler et al., 2020).

Bruxism is a complex oral condition leading to a number of clinical problems, including 

orofacial pain, tooth wear, and failure of dental restorative treatments. According to 

international expert consensus, bruxism was defined as (Lobbezoo et al., 2013) “a repetitive 
jaw muscle activity characterized by clenching or grinding of the teeth and/or by bracing 
or thrusting of the mandible, having two distinct circadian manifestations. It can occur 
during sleep (indicated as sleep bruxism) or during wakefulness (indicated as awake 
bruxism).” Since 2018, experts have defined awake bruxism as “a masticatory muscle 
activity during wakeful-ness that is characterized by repetitive or sustained tooth contact 
and/or by bracing or thrusting of the mandible and is not a movement disorder in otherwise 
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healthy individuals,” while sleep bruxism is defined as “a masticatory muscle activity 
during sleep that is characterized as rhythmic (phasic) or nonrhythmic (tonic) and is not 
a movement disorder or a sleep disorder in otherwise healthy individuals.”(Lobbezoo et al., 

2018; Manfredini et al., 2019, 2021) The prevalence of sleep bruxism is reported to be about 

16% in the adult population, while the prevalence of awake bruxism is 24% (Lobbezoo 

et al., 2012). Both types occur due to the contraction of jaw muscles. Awake bruxism 

occurs mainly in the form of tooth clenching or mandible bracing. This represents prolonged 

isometric contractions of the masticatory muscles that differ from motor activity with respect 

to the phasic, isotonic, and the sudden-onset contraction of rhythmic masticatory muscle 

activity that occurs in sleep bruxism episodes (Manfredini et al., 2021). Currently, there is 

a paradigm shift in relation to bruxism from a pathology to a behavior, albeit with some 

clinical links to TMD (Manfredini et al., 2021), and a genetic component (Calvano Küchler 

et al., 2020; Vieira et al., 2020) Nevertheless, its place among the onset of pain conditions is 

particularly complex and varies according to age. A recent meta-analysis (de Oliveira Reis 

et al., 2019) focusing on the pediatric population showed that children with bruxism have 

a greater chance of developing TMD (de Oliveira Reis et al., 2019). Conversely, evidence 

provided in the systematic review of the adult population (Jiménez–Silva et al., 2017) was 

inconclusive, but suggested that bruxism is associated with TMD (Jiménez-Silva et al., 

2017). Similarly, the systematic review by Baad–Hansen et al., in 2019 did not support 

a direct linear causal relationship between bruxism and musculoskeletal pain symptoms, 

pointing more in the direction of a multifaceted relationship dependent on the presence of 

other risk factors (Baad-Hansen et al., 2019). On the other hand, bruxism and dysfunctional 

oral habits were shown to be risk factors for the presence of TMD symptoms after combined 

orthodontic and surgical treatment in a population with dentofacial deformities (Bruguiere et 

al., 2019).

As ACTN3 genotypes have been associated with bone growth-skeletal malocclusion 

characteristics and muscle fiber types—masticatory functional differences in patients 

undergoing surgical treatment for dentofacial deformity, we hypothesized that variations 

in these genotypes could contribute to bruxism through specific patterns of motor unit 

recruitment and fiber type. Therefore, the main aim of this study was to explore the 

association between genetic polymorphisms in ACTN3 and bruxism in a cohort of young 

adults with dentofacial deformities. In addition, we investigated the masseter muscle 

histomorphometry between bruxers and non-bruxers. Finally, as alpha-actinin-3 loss has 

been shown to be associated with changes in muscle fiber characteristics, we evaluated 

the association between genotypes in ACTN3 variants altering the protein structure and 

masseter muscle histomorphometry to determine how the relationships between genetics and 

physiology might underly bruxism in adults. Given the potential role of bruxism in the onset 

of TMD, we extended these investigations to TMDs.

2 | MATERIAL AND METHODS

2.1 | Participants

Patients undergoing orthognathic surgery for correction of malocclusion were recruited 

from the University of Lille Department of Oral and Maxillofacial Surgery (France). All 

Nicot et al. Page 3

Oral Dis. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients with a neurological or systemic condition, with developmental disorders of the 

temporomandibular joint (TMJ) that might influence TMD, or with medication influencing 

bruxism development, were excluded from the study.

All procedures performed in the study were in accordance with the ethical standards of the 

Helsinki declaration. All participants provided written informed consent, and the research 

protocol was validated by a French Independent Ethics Committee (CPP12/44), the Temple 

University (Certificate 13438), and the University of Pittsburgh (Certificate PRO12080373) 

IRB Committees.

Age, sex, and bruxism status, as well as TMJ symptoms, were recorded during preoperative 

examination. Cephalometric analysis was performed to determine the craniofacial 

morphologic diagnosis. Saliva samples collected from all subjects were stored in Oragene® 

kits (DNA Genotek) and used for DNA extraction and posterior genotyping. Masseter 

muscle samples were collected bilaterally from the area of the deep anterior masseter 

muscle, by using an intraoral approach at the time of orthognathic surgery. Indeed, all 

included patients had a bilateral sagittal split osteotomy by Epker surgical procedure, which 

permits to easily perform a masseter biopsy without additional surgical incision. Masseter 

muscle samples were then snap-frozen in isopentane cooled with liquid nitrogen to ensure 

optimal preservation and avoid any disintegration of any tissue parts, and stored at −80°C 

prior to histologic evaluation and gene expression analysis.

2.2 | Bruxism status and TMD status

Bruxism status was recorded during the preoperative interview and clinical examination. 

According to international expert consensus (Lobbezoo et al., 2013, 2018), bruxism was 

diagnosed based on non-instrumental approaches (self-reporting and clinical examination). 

Each patient was asked whether he/she engaged in grinding or clenching his/her teeth, 

and in bracing or thrusting of the mandible. Bruxism dental signs were clinically 

collected (attrition; study wear facets; abfractions; chipping, breaking, cracks and fractures; 

periodontal recession and bone loss; tooth mobility; etc.)

According to the diagnostic criteria for TMDs (DC/TMD) (Dworkin & LeResche, 1992; 

Reiter et al., 2012; Schiffman et al., 2014), TMD status was classified into five types 

of symptoms: myalgia, arthralgia, headache attributed to TMD, disc displacement with 

reduction, and disc displacement without reduction. As defined in the DC/TMD, myalgia 

was diagnosed based on history and clinical examination as a pain of muscular origin that 

is affected by jaw movement, function, or parafunction; replication of this pain occurs with 

provocation testing of masticatory muscles.

2.3 | Cephalometric analysis

Cephalometric data were assessed and classified according to Delaire analysis (Delaire et 

al., 1981). This allowed us to precisely determine the exact craniofacial morphotype of 

each patient. Patients were then classified into one of six craniofacial morphologic groups 

that included a variation of sagittal skeletal jaw malocclusion (Class II or Class III), and 

a variation of vertical skeletal occlusal relationship (open bite, deep bite, or normal bite). 
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Anterior facial asymmetry was identified by measuring the deviation of the mandibular 

dental midline, and asymmetry was defined as a deviation ≥2 mm.

2.4 | Genotyping

Three SNPs in ACTN3 (rs1815739 [R577X nonsense], rs1671064 [Q523R missense], and 

rs678397 [intronic variant]) were selected for genotyping of all subjects. To determine if 

specific allelic variants were overrepresented in patients with bruxism, TMD subtypes, and 

muscle fiber types, we analyzed these SNPs using TaqMan chemistry and end-point analysis 

in an automatic sequence-detection instrument (ABI Prism 7900HT, Applied Biosystems), 

as described previously (Zucchero et al., 2004).

2.5 | Analysis of masseter muscles

Serial sections (10 μm thickness) were prepared from frozen muscles. The sections were 

mounted on glass microscope slides for immunostaining with antibodies specific for myosin 

heavy chain (MyHC) isoforms as described previously (Sciote et al., 1994). The antibodies 

used were as follows: Anti-I (BA-F8), Anti-fast (BF-35), Anti-IIA (SC-71), Anti-neonatal, 

and Anti-atrial. We then classified masseter fibers into the following six groups: type I, 

type hybrid (containing both type I and II MyHC), type IIA, type IIX, neonatal type, and 

atrial type (Sciote et al., 1994). Neonatal and atrial types both contained the neonatal and/or 

α–cardiac MyHC in combination with other type I and II isoforms (Korfage et al., 2005a). 

Type I fibers are slow-contracting and fatigue-resistant, and function most commonly to 

produce the jaw posture freeway space that maintains the airway. Type II fibers are fast 

contracting and are either fatigue-resistant or fatigable. Hybrid type fibers, which are a very 

unusual and distinctive group, are found in masseter muscles, which combine slow and 

fast contractile properties. Hybrid fibers can be found in certain states of skeletal muscle 

pathology, but are almost never present in normal limb muscle. For fiber type classification, 

only tissue section series with consistent antibody reactions for all stains and acceptable 

morphology of muscle fibers that were clear in transverse section were used. All fibers 

within the selected areas were type-classified and their cross-sectional areas were analyzed 

with Image Image J software. Tests for measurement error included intra-rater reliability 

in determination of fiber area (by repeating morphometric tracing of all fiber areas in one 

biopsy by one examiner), which resulted in an R2 value of 0.94. Listed histomorphometric 

data included fiber type, the number of each fiber, their percentage of occupancy, and their 

mean surface area.

2.6 | Statistical analysis

Patient characteristics were analyzed using the usual rules for descriptive statistics: 

frequencies and percentages for categorical variables, and mean and standard deviation 

for quantitative variables. After ensuring compliance with Hardy–Weinberg equilibrium, 

allelic frequencies between bruxers and non-bruxers were compared using the χ2 test or 

Fisher’s exact test in a dominant model. One-way analysis of variance (ANOVA) was used 

for comparisons of the phenotypic characteristics of participants (bruxism status, TMD 

subtypes, or muscle phenotypes) in various ACTN3 genotypes. The Bonferroni correction 

method was used to correct the p-values in multiple testing, with a p < 0.017 (p = 0.05/3, 

where 3 is the number of SNPs included in this study) considered to indicate statistical 
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significance. To evaluate the effect of ACTN3 genotypes on phenotype, multinomial logistic 

regression was used to adjust for the association of these SNPs with age, sex and biometrics, 

and the related odds ratio (OR) values were determined. Muscle phenotype quantitative 

variables between bruxers and non-bruxers were analyzed using Student’s t-test. When the 

distribution of the variable was not normal, the nonparametric Wilcoxon test was performed. 

All statistical analysis was performed using SPSS software (SAS Institute), and p values < 

0.05 were considered to indicate statistical significance.

3 | RESULTS

We recruited 54 orthognathic surgery patients who were systemically healthy and without 

genetic craniofacial syndromes, other growth disturbances, or reported trauma. This sample 

included a larger proportion of women 39 (72.22%), young people (18 years [16; 29.75]), 

and Class II dentofacial deformity patients (74.07%). Details of the age, sex, and biometric 

characteristics of the study population are listed in Table 1. There was no significant 

difference between the two groups (bruxers and non-bruxers) regarding age, sex, or 

biometric characteristics of patients, suggesting that the two populations were similar. 

Regarding TMD diagnoses, there was no difference in the proportion of myalgia (p = 0.67) 

or of disc displacement with reduction (p = 0.34) using Fisher’s exact between bruxers and 

non-bruxers.

3.1 | Association between bruxism and ACTN3 genotypes or alleles

There were significant differences in genotypes for SNPs rs1815739 (R577X nonsense) (p 
= 0.001), rs1671064 (Q523R missense) (p = 0.005), and rs678397 (intronic variant) (p = 

0.001) between bruxers and non-bruxers. There were also significant differences in alleles 

for rs1815739 (R577X nonsense) (p < 0.002) rs1671064 (Q523R missense) (p = 0.013), and 

rs678397 (intronic variant) (p = 0.000) between the two groups (Table 2).

3.2 | Association between masseter fiber types and bruxers

Patients with self-reported bruxism presented a larger mean fiber area for types IIA, atrial, 

and neonatal. The mean area of type IIA fibers was 1227.29 μm2 (508.27 μm2) for bruxers 

and 774.33 μm2 (614.24 μm2) for non-bruxers (p = 0.035), while the mean fiber area of 

the atrial type was 564.67 μm2 (517.04 μm2) for bruxers and 258.33 μm2 (406.50 μm2) for 

non-bruxers (p = 0.046) and the mean fiber area of the neonatal type was 74838.51 μm2 

(235827.73 μm2) for bruxers and 246.52 μm2 (466.19 μm2) for non-bruxers (p = 0.035) 

(Table 3).

There was also a significant difference in the percent occupancy for the atrial type fibers, 

with a larger percent occupancy in the bruxer group than in the non-bruxer group (8.02% 

[14.33%] vs. 2.52% [5.03%]; [p = 0.042]). For neonatal type fibers, there was a tendency 

for a larger percent occupancy in the bruxer group than in the non-bruxer group (9.77% 

[29.47%] vs. 1.86% [3.75%]), although this difference did not reach the level of statistical 

significance (p = 0.085). Finally, bruxers had significantly more atrial fibers than non-

bruxers (14.15 [27.46] vs. 3.24 [5.74]; p = 0.016).
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Figure 1 shows four low power (10×) immunohistochemical staining images of fast and 

slow myosin in masseter fibers of a patient with homozygous mutated ACTN3 genotypes 

for rs1815739 (R577X nonsense), rs1671064 (Q523R missense), and rs678397 (intronic 

variant), compared with the fibers of a patient with the wild-type genotypes for all three 

positions. Differences in overall fast versus slow myosin-fiber composition of masseter 

fibers are highlighted depending on the ACTN3 genotype.

3.3 | Association between ACTN3 genotypes or alleles and masseter fiber type 
characteristics

For rs1815739 (R577X nonsense leading to absence of alpha-actinin-3), there were 

significant differences in the mean fiber areas among the genotypes for type IIA (p = 0.014) 

and neonatal type (p < 0.0001) and alleles for types I (p = 0.014) and IIA (p = 0.003). The 

mean fiber areas in individuals with the wild-type CC genotype were significantly larger for 

type IIA fibers (1394.33 μm2 [572.77 μm2]) than in those with the TC and TT genotypes 

(832.61 μm2 [602.43 μm2] and 526.58 μm2 [432.21 μm2], respectively). There were also 

significant differences in the percent occupancy among the genotypes for type I (p < 0.011) 

and neonatal type (p < 0.0001) fibers. Finally, there were significantly fewer type I/II hybrid 

fibers in patients with genotype CC than in patients with either of the other genotypes (p = 

0.009) (Tables 4–6).

Similarly, for rs1671064 (Q523R missense), there were significant differences in mean fiber 

area in genotypes for type IIA (p = 0.014) and neonatal type (p < 0.0001) fibers and alleles 

for type I (p = 0.032) and IIA (p = 0.014) fibers. The mean fiber area for type IIA fibers of 

individuals with the wild-type AA genotype (1344.86 μm2 [591.49 μm2]) was significantly 

larger than that of individuals with the GA and GG genotypes (860.75 μm2 [615.50 μm2] 

and 526.58 μm2 [432.21 μm2], respectively). There were also significant differences in the 

percent occupancy among genotypes for type I (p = 0.011) and neonatal type (p < 0.0001) 

fibers. Type I/II hybrid fibers were also significantly fewer in individuals with the AA 

genotype than in those with either of the other genotypes (p = 0.009).

Finally, for rs678397 (intronic SNP), there were significant differences in the mean fiber 

area among the genotypes for type IIA (p = 0.014) and neonatal type (p < 0.0001) fibers 

and alleles for type I (p = 0.004), IIA (p = 0.000) and neonatal type (p = 0.043) fibers. The 

mean fiber area of type IIA fibers was significantly larger in participants with the wild-type 

CC genotype (1369.62 μm2 [545.59 μm2]) than that among individuals with the TC and TT 

genotypes (728.59 μm2 [576.77 μm2] and 547.11 μm2 [385.48 μm2], respectively). However, 

there were also significant differences in the percent occupancy of type I and neonatal type 

fibers (p = 0.011 and p < 0.0001, respectively). Similarly, type I/II hybrid fibers were also 

significantly fewer in participants with the CC genotype than in those with either of the other 

genotypes (p = 0.009).

Using multinomial logistic regression, we showed that carriers of TC/TT genotypes of 

ACTN3 R577X were at significantly lower risk of bruxism (OR = 0.128, 95%CI = 0.017–

0.945; p = 0.044 and OR = 0.026, 95%CI = 0.001–0.531; p = 0.018, respectively) compared 

to individuals with the CC genotype. Carriers of the GG genotype of ACTN3 Q523R were 

at significantly lower risk of bruxism (OR = 0.025, 95%CI = 0.001–0.617; p = 0.024) 
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compared to individuals with the AA genotype. Finally, carriers of the TC/TT genotypes 

of ACTN3 intronic variant were also at significantly lower risk of bruxism (OR = 0.087, 

95%CI = 0.011–0.718; p = 0.023 and OR = 0.046, 95%CI = 0.004–0.547; p = 0.015, 

respectively) compared to individuals with the CC genotype. Multinomial logistic regression 

showed no relevant associations regarding the muscle phenotypes (data not shown).

3.4 | Association between ACTN3 genotypes or alleles, masseter fiber types, and 
subtypes of TMD

No associations were identified among the different TMD subtypes, ACTN3 genotypes, and 

the different phenotypic characteristics of the muscle (data not detailed).

In particular, there was no association between myalgia and genotype/alleles in alpha-

actinin-3 altering variants rs1815739 (R577X nonsense) (p = 0.143/p = 1) and rs1671064 

(Q523R missense) (p = 0.168/p = 1). There was no significant difference in the mean fiber 

area for all fiber types (all p values >0.2 except for neonatal type [p = 0.135]), in the percent 

occupancy for all fiber types (all p values >0.2 except for neonatal type [p = 0.103]), and in 

the number of each fiber (all p values >0.2 except for neonatal type [p = 0.132]).

In addition, there was no association between disc displacement with reduction and 

genotype/alleles in alpha-actinin-3 altering variants rs1815739 (R577X nonsense) (p = 

0.143/p = 1) and rs1671064 (Q523R missense) (p = 0.168/p = 1). There was no significant 

difference in the mean fiber area for all fiber types (all p values >0.2 except for neonatal type 

[p = 0.135]), in the percent occupancy for all fiber types (all p values >0.2 except for type 

I [p = 0.145] and neonatal [p = 0.103]), and in the number of each fiber (all p values >0.2 

except for neonatal types [p = 0.132]).

4 | DISCUSSION

Alpha-actinin-3, which is a cytoskeletal protein encoded by the ACTN3 gene, binds actin 

filaments in skeletal muscle (North et al., 1999). In contrast to alpha-actinin-2, alpha-

actinin-3 protein is present only in type II fast contracting fiber types, where they cross-link 

actin filaments with dense bodies located in the Z-disk of the sarcomere. This interaction 

helps to order the myofibril array, which is important in coordinating sarcomere contraction 

(Vincent et al., 2007). The ACTN3 R577X polymorphism (rs1815739) consists in a cytosine 

to thymine mutation at nucleotide 1586 in exon 16, which converts the arginine at position 

577 to a stop codon, and produces three genotypes: CC (normal), CT (heterozygote), and 

TT (no alpha-actinin-3 protein) (North et al., 1999). Approximately 18% of the European 

population is homozygous for this common nonsense mutation (Yang et al., 2003).

ACTN3 genotypes have been widely studied in human elite athletic population, mainly 

through ACTN3 R577X variations, since they represent a natural experimental model of a 

nonsense mutation contributing to muscle performance (Ma et al., 2013; Tharabenjasin et 

al., 2019). Compared with X allele carriers, studies have indicated that the RR genotype 

and R allele carriers have greater muscle size and strength (Broos et al., 2015; Kikuchi 

& Nakazato, 2015; Walsh et al., 2008), faster sprint times (Moran et al., 2007), and a 

higher proportion of fast-twitch muscle fibers (Ahmetov et al., 2011; Vincent et al., 2007). 
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Reciprocally, elite power sports athletes have been reported to have a higher frequency of 

the RR +RX genotype in their fast-twitch skeletal muscle compared to controls (Yang et 

al., 2003). Nevertheless, a recent meta-analysis by Tharabenjasin et al., in 2019 showed 

a significant association of the R allele with female elite power sports athletes, while no 

such association was identified for their male counterparts (Tharabenjasin et al., 2019). In 

a histomorphometric study focusing on the vastus lateralis muscle in young adult males, 

individuals carrying the RR genotype had type IIX, fast contracting-fatigable fibers, which 

were significantly larger in size and greater in number compared to individuals carrying the 

mutated XX genotype (Vincent et al., 2007). In this study, alpha-actinin-3 protein content 

was systematically higher in type IIX compared with type IIA fibers. Therefore, we propose 

that the ACTN3 variant could be one of the genes that contributes to the heritability of 

fiber type distribution through its interaction with calcineurin. Alpha-actinin-3 also binds 

to calsarcin family signaling proteins located at the Z-disc (Frey & Olson, 2002). These, 

in turn, bind to the signaling protein calcineurin, which has a key role in determining 

fiber type and size through activation fiber type-specific gene expression pathways (Swoap 

et al., 2000). Calcineurin activity is increased when alpha-actinin-3 expression is lost, 

explaining the slower metabolic, physiological, and functional phenotypes associated with 

alpha-actinin-3 deficiency.

Increased calcineurin activity is associated with increased muscle plasticity, as demonstrated 

by an enhanced adaptive response to endurance training in ACTN3 knockout mice and an 

increased switch in muscle fiber type from fast-twitch glycolytic fibers (type IIX) toward 

fast-twitch oxidative fibers (type IIA) (Seto et al., 2013). Myofibers are known to undergo 

a progressive transition due to changes in muscle activity, usually changing from type IIX 

to type IIA to type I when muscles are loaded (Yamada et al., 2020). Variation in the pellet 

hardness of a rat diet is an experimental model of this masseter fiber type transition. Studies 

have shown a reduction in fiber volume (Kawai et al., 2010; Kiliaridis et al., 1988; Kiliaridis 

& Shyu, 1988; Miehe et al., 1999) and a significant increase in type IIB fibers in the deep 

masseter fibers after consuming soft food compared to those on a hard food diet (Saito et al., 

2002). Based on this model, Saito et al. suggested that similar changes that might be induced 

by a soft diet in human masseter muscle could result in a phenotypic transition from type 

I/IIA fibers, which are predominant under normal conditions, to type IID/X or even to IIB’ 

(Saito et al., 2002). More recently, Takasu et al. reported evidence in support of previous 

results in a rabbit model, showing that a liquid diet caused a reduction in the diameter of 

fast-twitch muscle fibers and increased the proportion of fast-twitch fibers (Takasu et al., 

2019).

In our study, we showed a significant association of participants with self-reported bruxism 

with wild-type genotypes and alleles for SNPs rs1671064 (Q523R missense), rs1815739 

(R577X nonsense), and rs678397 (intronic SNP). In addition, these participants had a larger 

mean fiber area for type IIA and an increased number of atrial/neonatal type fibers. Type 

I fibers are characterized by low force, power, and speed production and high endurance, 

while type IIX fibers are characterized by high force, power, and speed production and 

low endurance, with type IIA with intermediate characteristics (Korfage et al., 2005a). 

Therefore, our results are consistent with previous reports and the relevant experimental 

models showing a specific pattern of muscle phenotype characterized by larger fast-twitch 
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oxidative fibers and fewer hybrid fibers that confer intermediate contraction velocity and 

fatiguability on masseter muscle.

Despite bruxism was not a peripheral condition, these characteristics seem to provide 

favorable pathophysiological conditions that lead to its clinical expression. Moreover, 

compared with non-bruxers, bruxers had more atrial/neonatal type fibers, with higher 

percent occupancy. This particular fiber type has been shown to be commonly co-expressed 

with either type I or type IIA fibers, indicating that α–cardiac MyHC, which forms atrial 

fibers, is an intermediate isoform between the slow MyHC-I and the fast MyHC-IIA 

isoforms (Hämäläinen & Pette, 1997; Peuker et al., 1998). In addition, it has been speculated 

that fibers with different combinations of myosin composition increase the capacity of the 

jaw muscles to perform a wide variety of motor tasks, since these fibers have contractile 

properties that lie between those of pure fibers (Korfage et al., 2005b). The greater the 

composition of fibers, the more a continuum exists in contractile properties that could 

contribute to a precise modulation of mandibular position and force. In addition, all three 

common genotypes were associated with larger mean areas of type IIA fibers, although 

we did not find any difference in mean area of the type IIX fibers, indicating a tripartite 

relationship between bruxism, ACTN3 genotypes, and type IIA fiber enlargement. Both 

wild-type genotypes of rs1671064 (Q523R missense) and rs1815739 (R577X nonsense) 

also showed lower type I/II hybrid mean fiber area, while this parameter was increased 

for rs678397 (intronic SNP), suggesting a role of alpha-actinin-3 in bruxism, although 

the proportion of hybrid fibers changes when alpha-actinin-3 expression is lost. Moreover, 

multinomial logistic regression showed that the mutant ACTN3 genotypes protect against 

bruxism. Therefore, although muscle phenotype is strongly influenced by genetics, it is also 

subject to environmental influences (Isola et al., 2018). It is probable that, to some extent, 

the histomorphometric results are linked to fiber type transitions due to masseter muscle 

training or jaw disproportion, thus distorting the results of the statistical analysis (Nicot et 

al., 2020; Zebrick et al., 2014). This could explain why enlargement of type IIA fibers was 

not found to be a risk factor in the multinomial logistic regression.

On the other hand, this research supports the current paradigm switch, in which bruxism 

is considered to be an oral behavioral more than a pathology in most cases. Indeed, no 

association was found between bruxism and the different subtypes of TMD. Nevertheless, 

these results should be interpreted with caution given the small sample size. Moreover, all 

our results suggest the high adaptability of muscle pattern based on the possibility of fiber 

transition.

Our results are also particularly interesting from the perspective of the pathophysiology of 

botulinum toxin injections into masseter and temporal muscles for the treatment of bruxism. 

This approach produces a reduction in the muscular force and frequency of bruxism events 

and is therefore more and more used in the management of bruxism to improve the quality 

of life of patients (Ågren et al., 2020; Almukhtar & Fabi, 2019; Fernández-Núñez et al., 

2019; Sendra et al., 2020; Villa et al., 2019). Indeed, injected masseters show a steep 

increase in the size of type IIX fibers, whereas fast fibers decreased by approximately 50% 

(Korfage et al., 2012). Therefore, botulinum toxin injections lead to a fiber type transition 

that could be unfavorable for the development of bruxism. These results are in accordance 
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with those reported by Tsai et al., in which a reduction in muscle fiber size and transition 

of muscle fiber subtypes from type IIA to IIX or IIB was found to occur due to reduced 

masticatory function in a rat model treated with botulinum toxin injection (Gedrange et al., 

2013; Tsai et al., 2012). Fiber transition after masticatory muscle botulinum toxin injections 

in humans remains to be investigated.

The initial objective of study was to investigate the musculoskeletal heritable influences 

on malocclusions. Therefore, the main limitation of this study concerns the diagnosis 

of bruxism, which was based on self-reporting and did not differentiate between the 

two patterns of the condition. Nevertheless, this study is, to date, the first to explore 

polymorphisms in the genes of interest and the histomorphometric patterns in the related 

muscles in human self-reported bruxism in patients with dentofacial deformity.
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FIGURE 1. 
Low power (10×) immunohistochemical staining images of fast (a) and slow (c) 

myosin in masseter fibers of a patient with homozygous mutated ACTN3 genotypes 

for rs1815739 (R577X nonsense), rs1671064 (Q523R missense), and rs678397 (intronic 

variant), compared with the fast (b) and slow (d) myosin in fibers of a patient with the 

wild-type genotypes for all three positions
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TABLE 1

Description of the study population

Characteristics of the study population n = 54

Age md (Q1;Q3) 18 (16;29.75)

Females n (%) 39 (72.22)

Biometrical characteristics:

Sagittal n (%)

 Class I 1 (1.85)

 Class II 40 (74.07)

 Class III 13 (24.07)

Vertical n (%)

 Normal bite 19 (35.18)

 Open bite 25 (46.30)

 Deep bite 10 (18.52)

Mandibular asymmetry n (%)

 No asymmetry 33 (61,11)

 Mandibular asymmetry >2 mm 21 (38,89)

Bruxism n (%) 10 (18.52)

Myalgia n (%) 9 (16.67)

Arthralgia n (%) 4 (7.41)

Headache attributed to TM D n (%) 2 (3.70)

Disc displacement with reduction n (%) 9 (16.67)

Disc displacement without reduction n (%) 1 (1.85)

Abbreviations: md, median; n (%), number of observation (percentage); n, number of observations; Q1;Q3, interquartile.
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TABLE 3

Association between masseter fiber types and bruxer status

Bruxers (n = 10) Non-bruxers (n = 44) p

Muscle fiber mean area (μm2)

 Type I 2010.24 (640.52) 1695.14 (881.33) 0.292

 Type hybrid 1171.52 (487.33) 1265.23 (735.93) 0.704

 Type IIA 1227.29 (508.27) 774.33 (614.24) 0.035

 Type IIX 195.13 (617.07) 489.37 (955.30) 0.358

 Atrial 564.67 (517.04) 258.33 (406.50) 0.046

 Neonatal 74838.51 (235827.73) 246.52 (466.19) 0.035

Muscle fiber percent occupancy (%)

 Type I 38.72 (19.46) 43.46 (15.18) 0.401

 Type hybrid 19.47 (13.14) 27.24 (17.80) 0.199

 Type IIA 23.66 (22.13) 17.59 (12.99) 0.253

 Type IIX 0.36 (1.13) 7.33 (16.16) 0.181

 Atrial 8.02 (14.33) 2.52 (5.03) 0.042

 Neonatal 9.77 (29.47) 1.86 (3.75) 0.085

Number of fibers

 Type I 42.55 (20.93) 41.17 (26.18) 0.877

 Type hybrid 34.85 (24.82) 30.09 (22.83) 0.561

 Type IIA 33.85 (20.20) 35.67 (38.11) 0.885

 Type IIX 0.70 (2.21) 7.65 (16.36) 0.189

 Atrial 14.15 (27.46) 3.24 (5.74) 0.016

 Neonatal 1.40 (2.96) 2.97 (6.27) 0.447

Abbreviation: N, number of observation. All variables are expressed as means (standard deviations).

Bold values are statistically significant p-values.
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