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Objectives. The aim of this study was to investigate the role of ESR1 rs1643821 and TNF-α rs1800629 as potential genetic factors
regulating anterior disc displacement without reduction-mediated inflammatory pathway. Background. The temporomandibular
joint is a complex synovial joint that allows mandibular movement in three directions. Although temporomandibular disorders
are widespread, limited data is available on the biochemical characteristics of the displaced disc and quality of the surrounding
soft tissue. Changes in degenerative tissue provoke disc displacement which involves secretion of inflammatory markers and
sequential conversion of fibroblast-like cells into chondrocyte-like cells. Due to the high occurrence in female adolescents, the
potential role of sex hormones in temporomandibular joint disorders has been speculated. Furthermore, anterior disc
displacement without reduction severely affects the quality of life. Methods. 124 Caucasian patients with a history of at least one
anterior disc displacement without reduction within 3 months were enrolled. Anterior disc displacement without reduction was
diagnosed based on clinical examination, diagnostic criteria (DC)/TMD, and cone-beam computed tomography/magnetic
resonance imaging (CBCT/MRI). The control group consisted of 126 patients with no temporomandibular joint disorders.
Genotyping of two single nucleotide polymorphisms, estrogen receptor 1 (ESR1) rs1643821, and tumor necrosis factor α (TNF-
α) rs1800629 was performed. Results. ESR1 rs1643821 showed significant P values (using chi-square analysis) revealing the
difference in anterior disc displacement without reduction frequencies while TNF-α rs1800629 polymorphism was found to be
statistically insignificant when compared to the control group. Furthermore, patients with a genotype of ESR1 rs1643821
showed a decreased probability (OR = 0:412) against anterior disc displacement without reduction when compared to the GG
genotype (OR = 1). Conclusion. ESR1 rs1643821 with A allele frequency was lower in patients with anterior disc displacement
without reduction compared to the control group. Thus, the rs1643821 variant is significantly associated with susceptibility to
the anterior disc displacement without a reduction in European Caucasians. Conversely, TNF-α rs1800629 was a statistically
insignificant factor against anterior disc displacement without reduction when compared to the control group.

1. Introduction

Temporomandibular joint (TMJ) is a complex synovial joint
that allows mandibular movement in three directions. The
three components of TMJ that enable such complex motion

include mandibular condyle, glenoid fossa of the temporal
bone, and fibrocartilaginous articular disc that is surrounded
by synovial fluid (Figure 1). The prevalence of temporoman-
dibular disorder (TMD-) related pain and severity has been
reported to be twice in women than in men [1]. Accordingly,
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many previous studies have evaluated the potential role of
gender on TMD pathogenesis by investigating sex hormones
such as estrogen. Estrogen has been shown to play an impor-
tant role in the symptomatology of female-predominant
TMDs, synovitis, chondrocyte apoptosis, and inflammatory
pain [2–5]. The most common arthropathy that causes dislo-
cation of the disc-condyle complex is referred to as internal
derangement (ID). Though its origin is not yet completely
known, it is observed to be highly prevalent in female adoles-
cents [6]. Furthermore, the most frequent type of TMJ ID is
reported to be anterior disc displacement (ADD) with or
without reduction (ADDwR or ADDwoR, respectively) [7].
In ADDwR, the disc slides out anteriorly from its native,
functional position while the mandible opens and closes
(Figure 2). On the other hand, in ADDwoR, the disc glides
anteriorly and slightly medially to a lower resting position
where it remains locked in the anterior joint recess
(Figure 3). The displaced TMJ disc might be reducing at an
earlier stage; however, is shown to later progress into a non-
reducing form. The disc can also deform, torn, and elongate
(Figure 4). Thus, if the disc fails to revert to its normal posi-
tion, then the condylar movement disc becomes displaced
and can prevent suitable condyle movement causing TMJ
dysfunction [8]. Such medical condition severely affects the
quality of life, and yet patients are required to undergo differ-
ent treatment modalities and intensive rehabilitation for a
prolonged time. However, approximately 15% of the patients
develop a chronic form of TMJ pain that does not resolve and
alleviate with therapy. Such patients are reported to show
aggravated physical, behavioral, and psychological TMJ
pain-related symptoms [9]. It has been reported that unilat-

eral ADDwoR in teenagers can lead to mandibular asymme-
try [10]. Furthermore, it has been proved that with prolonged
time, the severity of mandibular asymmetry intensifies and
can require orthognathic surgery [11]. Both, qualitative as
well as quantitative condylar displacements are associated
with TMJ DD. Osseous changes in the mandibular condyle
are significantly influenced by TMJ DD, and its severity
increases with TMJ DD progression [12]. On further devel-
opment of ADDwoR, it can cause severe bone resorption
which is known as idiopathic condylar resorption (ICR).
ICR is a well-documented yet poorly diagnosed disease. His-
tologically, ADD is associated with alterations in the degen-
erative tissue that involves cellular repair mechanism where
fibroblast-like cells phenotypically change into fibrochondro-
cytes and eventually into chondrocyte-like cells [13].
Although TMJ ID is quite common, limited data is available
on the biochemical characteristics of the displaced disc and
on the quality of the surrounding soft tissue. Nevertheless,
the ligaments of the TMJ posterior band have been proved
to play a significant role by preventing the displacement of
the TMJ disc [14]. Due to the high occurrence of ICR in
female adolescent patients, the role of sex hormones has been
suggested in the ICR development. The evaluation of serum
estrogen levels in patients with ICR has revealed a significant
reduction in 17β-estradiol expression levels. It remains
unclear and controversial whether it is the ADD or low
serum estrogen expression that plays a significant role in
ICR progression [15]. Subsequently, few studies have vali-
dated the influence of low serum estrogen level and
ADDwoR on the mandible length and asymmetry and deter-
mined the potential factor that provokes ICR [16]. Although
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Figure 1: Normal TMJ closed.
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many questions still remain unanswered, there has been
growing evidence on the ability of estrogens to modulate
metabolism-related joint inflammation. Steroid hormones,
specifically estrogen, act on the periphery and central ner-
vous system (CNS) through their estrogen receptors (ER)
(ERα and ERβ) to mediate inflammation and central pain
pathways [17]. For example, estrogen has been shown to

directly act on monocytes and macrophages and regulate
the production of proinflammatory cytokines such as
interleukin-1 (IL-1), IL-6, and tumor necrosis factor α
(TNF-α) [18]. Cytokines, IL-1β, and IL-6 have been detected
in TMJ synovium during inflammation while IL-1 and TNF-
α have been shown to inhibit proteoglycan synthesis and pro-
mote cartilage reabsorption as well as inflammation of joint
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Figure 2: Normal TMJ open.
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Figure 3: TMJ anterior disc displacement without reduction (ADDwoR).
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structures and adjacent connective tissue [19]. ERα, also
known as NR3A1, is one of the two main types of estrogen-
activated receptors. In humans, ERα is encoded by ESR1
and has been previously shown to be associated with dis-
tressed TMDs [13]. TNF-α is located on chromosome
6:31,575,567-31,578,336. rs1800629 is a single nucleotide
polymorphism (SNP) in the TNF-α, also known as TNFA-
308. rs1800629(A) allele is often referred to as 308.2 or
TNF2 while the conventional G allele is labelled as 308.1 or
TNF1. Furthermore, A allele is associated with upregulation
in TNF-α expression (ensemble database). On the other
hand, TNF-β promotes cell apoptosis and inflammatory
responses as it binds to TNF receptor type 1 and 2, respec-
tively. TNF-β is produced by lymphocytes, and its structure
resembles TNF-α. TNF-α and TNF-β have been shown to
have similar structure and functions such as 30% amino acid
sequence similarity and identical widely distributed cellular
receptors [20]. Consequently, it is assumed that TNF-α poly-
morphism affects the production and expression of proin-
flammatory cytokines (IL-1α, IL-1β, IL-6, TNF-α, and
IFNγ) in TMD patients. Thus, we hypothesized that ESR1
and TNF-α may be expressed in patients with ADDwoR
due to disruption in TMJ disc and adjacent tissue
homeostasis.

In this study, we investigated the role of ESR1 rs1643821
and TNF-α rs1800629 as potential genetic factors regulating
the ADDwoR-mediated inflammatory pathway. We focused
on Caucasian patients as selected SNPs have not been inves-
tigated in European Caucasians for their role in TMD.

2. Materials and Methods

2.1. Study Group. In this case-control study, we enrolled
patients who were seeking treatment for TMD from 2014-
2018 at the Department of Dental Prosthetics, Pomeranian
Medical University, in Szczecin, Poland. Our study included
124 Caucasian patients from both the sexes. Patients with a
history of ADDwoR within the last 3 months were included

in the study. Prior informed formal consent was obtained
from all patients enrolled in the study. ADDwoR was diag-
nosed based on clinical examination, diagnosed criteria for
TMD (DC/TMD), and cone-beam computed tomography/-
magnetic resonance imaging (CBCT/MRI). The control
group included 126 patients with no TMD based on
DC/TMD analysis. Additional exclusion criteria for both
the groups included the following:

(1) Pathological tooth mobility (grade 1 or more using
Miller index)

(2) Have prior implemented occlusal splint therapy

(3) Presence of occlusal support only in limited areas

(4) Coexisting pathology or inflammation within jaws
and muscles of the head and neck

(5) Any concomitant metabolic diseases or known con-
nective tissue disorders

2.2. SNP Selection. In this study, we investigated the role of
ESR1 rs1643821 and TNF-α rs1800629 as potential genetic
factors mediating the signals of ADDwoR-induced inflam-
matory pathway. So far, the role of the selected SNPs has
not been investigated in European Caucasians having TMD.

2.2.1. DNA Isolation. Genomic DNA was extracted from oral
epithelial cells using the SWAB Genomic Extraction GPB
Mini Kit (Genoplast Biochemicals, Gdańsk, Poland) accord-
ing to the manufacturer’s instructions.

2.2.2. Molecular Analyses. Genotyping of selected SNPs was
performed by real-time PCR using TaqMan probes. SNPs,
ESR1 rs1643821 and TNF-α rs1800629, were analyzed using
the predesigned Applied Biosystems TaqMan real-time PCR
assays (Applied Biosystems, Foster City, CA, USA).

The reaction mix for each sample consisted of GoTaq®
Probe qPCR Master Mix (Promega, Madison, WI, USA),

P A

AE

L

Pt

Sagittal view Frontal view

A = anterior, P = posterior, AE = articular eminence, L = lateral, M = medial, Pt = pterygoid

Figure 4: TMJ ADDwoR sagittal (a) and frontal view (b). Posterior and lateral ligaments become significantly overstretched and the disc gets
distorted.
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TaqMan real-time PCR assays (Applied Biosystems, Foster
City, CA, USA), and nuclease-free, deionized water, accord-
ing to the manufacturer’s instructions.

Reaction mix, DNA, and no template control (NTC)
were pipetted into 384-well plates (Axygen Inc., NY, USA).
Real-time PCR was performed on LightCycler® 480 (Real-

Time PCR System, Roche Diagnostics, Basel, Switzerland).
Genotyping data was analyzed using the LightCycler480
Basic Software Version 1.5 (Roche Diagnostics, Basel, Swit-
zerland). Allelic discrimination plots with the results of Taq-
Man genotyping for ESR1 and TNF-α are shown in Figures 5
and 6.
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Figure 5: Allelic discrimination plot for ESR1 rs1643821.
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Figure 6: Allelic discrimination plot for TNF-α rs1800629.

5Disease Markers



2.3. Statistical Analysis. A significant difference in the distri-
bution of genotypes was analyzed using Pearson’s chi-square
test. The logistic regression modelling was performed to ana-
lyze the influence of the investigated SNPs on ADDwoR. The
data is presented as allele frequencies and odds ratio (OR)
with 95% confidence interval (CI). The Mann–Whitney U
test was performed to determine the age difference between
the groups. P < 0:05 was considered to be statistically signif-
icant. The calculations were made using MATLAB (Math-
Works Inc., US).

3. Results

3.1. Patient Characteristics. No significant genotypic differ-
ences were found with respect to age or sex between groups.
The complete demographic information and clinical param-
eters of the study population are illustrated in Table 1. Exper-
imental and clinical data were initially analyzed using
descriptive statistics with respect to groups. Additionally,
the chi-square test of independence was performed to vali-
date the significant relationship between groups.

We did not find any significance based on the P value
while comparing the genotypes of men and women that were
enrolled in this case-control study. Thus, our study shows
that gender has no influence on the frequency of TMJ
ADDwoR.

On further analysis, polymorphism odds were evaluated
with respect to most frequent allele combinations using
95% CI. The chi-square test at 5% confidence level was per-
formed to determine the allele-based significant relationship

between groups. The results of the OR analysis are shown in
Table 2. In this study, the SNP marker, ESR1 rs1643821,
revealed a statistically significant difference (chi-square test,
P = 0:014) in the frequency of developing TMJ ADDwoR.
On the other hand, rs1800629 polymorphism in TNF-α was
found to be statistically insignificant in comparison with
the control group. Furthermore, patients with rs1643821
genotype AA showed a reduced probability (OR = 0:412) of
developing TMJ ADDwoR in reference to genotype GG
(OR = 1).

3.2. Data Verification by Logistic Regression Analysis. Fur-
thermore, the unconditional logistic regression analysis was
performed to validate the findings. Consistent with our ear-
lier data in the study, we did not find any additional signifi-
cance in the experimental data, except for ESR1 rs1643821.
None of the other statistical models showed any significance
in the chi-square test vs. constant model. Table 3 and Table 4
illustrate the results of the logistic regression analysis, respec-
tively, for ESR1 rs1643821 and TNF-α rs1800629.

The data suggested that a variation in the rs1643821 allele
combination is a significant factor that increases the proba-
bility of developing TMJ ADDwoR.

4. Discussion

To the best of our knowledge, we are the first to investigate the
role of TNFA-308 (rs1800629) and ESR1 rs1643821 in the
pathogenesis of TMJ ADDwoR in European Caucasians.
While we did not find significant changes in rs1800629 poly-
morphism, rs1643821 mutation with rare genotype AA was
found to be lower in patients with ADDwoR compared to
the control group. Furthermore, patients with rs1643821
genotype (AA+AG) showed a decreased probability
(OR = 0:67) of developing ADDwoR compared to genotype
GG allele carriers (OR = 1). Moreover, patients with genotype
AA showed a decreased chance of developing TMJ ADDwoR.
On the contrary to our findings, Furquim et al. have proved
that TNFA-308 rs1800629 polymorphism is positively associ-
ated with TMD occurrence in general, while in their study,
Brazilian patients with TMD had 2.87 times increased proba-
bility of having GA genotype compared to the controls.

Furthermore, using the pressure pain threshold (PPT)
test, they showed that rare A-allele homozygotes have
decreased pain sensitivity for TMJ and anterior fascicle of
the temporal muscle compared to the ancestral allele homo-
zygotes [21]. Similarly, Yerliyurt et al. have shown that in the
Turkish population, the TNF-β +252A/G variant was found
to be significantly associated with susceptibility to TMD.
However, they did not find a significant difference with
respect to TNF-β +252A/G variant-related genotype
(P = 0:010) or allele frequencies (P = 0:015) between the
patient group and control group, respectively. A significant
increase in TNF-β +252 AG genotype and G allele frequen-
cies were observed in patients with TMD compared to
healthy controls. The individuals with GG genotype and G
allele were revealed to have an increased risk of developing
TMD. Furthermore, a statistically significant association
was observed when the patients were compared with the

Table 1

Total n =
250

Case n =
124

Control
n = 126 P∗

N % N % N %

Sex
F 200 80.00 104 83.87 96 76.19

0.129M 50 20.00 20 16.13 30 23.81

Age (years)

<24 54 21.60 40 74.07 14 25.93

24-33 70 28.00 37 52.86 33 47.14

<0.001∗∗34-50 65 26.00 33 50.77 32 49.23

≥50 61 24.40 14 22.95 47 77.05
∗Chi-square test, ∗∗Mann–Whitney U test.

Table 2: OR analysis.

SNP Case Control OR 95% CI P∗

ESR1 rs1643821

GG 44 28 1 - -

AG 57 57 0.636 0.349-1.159 0.138

AA 22 34 0.412 0.201-0.842 0.014

TNF-α rs1800629

GG 92 89 1 - -

AG 26 33 0.901 0.422-1.376 0.367

AA 6 2 2.902 0.570-14.763 0.236
∗Chi-square test.
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healthy controls based on the AA genotype vs. AG+GG
genotypes (P = 0:002, OR = 2:23, 95%CI = 1:31 − 3:82).
Additionally, the TNF-β +252A/G genotype distribution
was shown to be associated with chewing problems
(P = 0:046) [20]. TNF-α is a proinflammatory cytokine that
plays a vital role in the pathogenesis of joint osteoarthritis
(OA) [22]. A study conducted by Chen et al. has shown that
IL-1β and TNF-α promote stiffness and impaired contractile
function of articular chondrocytes [23]. Xue et al. investi-
gated the TMJ OA mechanism in rats and reported that the
female synovial membrane significantly upregulates the
expression of proinflammatory factors. Further, they showed
enhanced synovitis in female synovial membranes with
severe cartilage degradation and bone deterioration as com-
pared to the male synovial membrane during induced
inflammation. Estrogen promotes TNF-α-induced mRNA
expression of inducible nitric oxide synthase (iNOS), IL-1β,
and monocyte chemoattractant protein 1 (MCP-1) in
fibroblast-like synoviocytes. Furthermore, iNOS has been
described as calcium-insensitive which may be due to its tight
noncovalent interaction with calmodulin (CaM) and Ca2+.

Thus, tamoxifen (estrogen receptor antagonist) treat-
ment can partially block TNF-α-induced upregulation of
the proinflammatory cytokines. Furthermore, histomorpho-
metrically, the osteoclast number and receptor activator of
nuclear factor kappa-Β ligand (RANKL) expression sur-
rounding the subchondral bone in the tamoxifen-treated rats
were significantly reduced in patients compared to the osteo-
clast number and RANKL expression in the control group.
Remarkably, no significant difference in the expression of
ERα and ERβ was detected in female and male synoviocytes
by the real-time PCR and western blot analysis. These find-
ings partly correlate with the data obtained in this study.
However, there is a need for further investigation and confir-
mation in human trials [24]. This report evidently revealed
that ESR1 rs1643821 with rare A-allele in patients with
ADDwoR was found at a lower frequency compared to that
in the control group. Furthermore, the variation is signifi-
cantly associated with susceptibility to ADDwoR in Euro-

pean Caucasians. In addition, in this case-control study,
TNF-α rs1800629 polymorphism was found to be statistically
insignificant compared to the control group.

4.1. Limitation of the Study. Further insight into other ethnic
populations is now essential to validate the association of
ESR1 rs1643821 variant with susceptibility to ADDwoR
worldwide. Plus, the role of estrogen sensitization and its
mutual relationship with the biomarkers of inflammation in
TMD patients requires additional consideration in larger
cohorts.

5. Conclusion

To summarize, ESR1 may be contributing to the pathogene-
sis of synovitis, and cartilage and bone degeneration in TMJ.
This study is significant with regard to the pathogenesis of
inflammatory joint diseases and provides a valuable reference
for future investigations.

Data Availability

The data used to support the findings of this study have been
deposited in the Department of Genetics and Pathology,
Pomeranian Medical University, Szczecin, Poland.
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The study was approved by the Ethics Committee of the
Pomeranian Medical University in Szczecin according to
the Good Clinical Practice (resolution No. KB-0012/88/14).
The procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000.

Table 3: Logistic regression modelling for ESR1 rs1643821.

Estimate SE Wald test P OR OR 95% -OR 95%

Intercept ESR1 rs 1643821 0.452 0.242 3.496 0.0615 1.571 0.978 2.524

GG 0.000 - - - 1.000 - -

AG -0.452 0.306 2.184 0.1394 0.636 0.349 1.159

AA -0.887 0.365 5.906 0.0151 0.412 0.201 0.842

Table 4: Logistic regression modelling for TNF-α rs1800629.

Estimate SE Wald test P OR OR 95% -OR 95%

Intercept TNF-α rs1800629 0.033 0.149 0.050 0.8236 1.034 0.772 1.383

GG 0.000 - - - 1.000 - -

AG -0.272 0.301 0.812 0.3677 0.762 0.422 1.376

AA -1.065 0.830 1.684 0.1992 2.902 0.571 14.763
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