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Main points:
A correlation between pathological occlusal changes and the signs and symptoms of TMD was investigated.

Among the occlusal factors analyzed in the study, Class Il malocclusion was statistically correlated with TMD. The patients with this malocclusion
showed signs of crackling and bruxism.

Class | malocclusion with crowding was the most prevalent in cases of tooth loss.

ABSTRACT

Objective: This study aimed to investigate whether there is a correlation between pathological occlusal changes and the signs and
symptoms of temporomandibular dysfunction (TMD).

Methods: This cross-sectional, quantitative, non-randomized clinical trial was conducted on 150 participants. We examined adult
patients of both genders with occlusal interference, malocclusion and dental absence in the posterior region of the dental arch that
were associated or not associated with painful symptoms. The questionnaire was administered, and the intra- and extra-oral clinical
examination was performed on each patient, including the evaluation of the temporomandibular joint (TMJ) to investigate the pres-
ence of dysfunction.

Results: The mean age of the participants was 33 years (+2.3), and 103 (68.7%) of them were women and 47 (31.3%) were men.
Tooth loss and malocclusion were more prevalent in females. Tooth loss showed a statistically significant association with all the
signs and symptoms of TMD (p=0.02). Patients with multiple teeth losses experienced preauricular pain during mandibular open-
ing and closing. There was no association between malocclusion with tooth loss and the signs and symptoms of TMD in 65 patients
(p>0.05).

Conclusion: Only in the patients with Class Il malocclusion there was a significant association with 2 signs of TMD (crackling and brux-
ism). There was no association between malocclusion and tooth loss with the signs and symptoms of TMD. The signs and symptoms
of TMD were more frequent in the patients who presented multiple teeth loss without malocclusion.

Keywords: Malocclusion, occlusion, temporomandibular joint dysfunction syndrome

INTRODUCTION

Temporomandibular joint dysfunction (TMD) presents clinical, muscular, and articular symptoms related to the
stomatognathic system. It has a multifactorial etiology, and it is related to structural, neuromuscular, occlusal
factors (dental loss, dental wear, maladaptive dentures, cavities, improper restorations, premature contact of
restorations, inclination of teeth toward the space created by tooth loss, bruxism, nail-biting, hand—jaw support,
digit or pacifier sucking) and traumatic or degenerative lesions of the temporomandibular joint (TMJ) (1, 2).

Symptoms may occur spontaneously, but in general, they are aggravated by masticatory function. They are usu-
ally unilateral and are located close to the ear, the angle of the mandible, or the face and temporal area, with
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restricted muscle movements, tenderness to palpation, and pos-
sibly heterotopic pain when trigger points are detected (3).

Pain is the most common symptom, and women are more af-
fected than men. Some possible reasons for this involve psycho-
social, psychological, behavioral, hormonal, and structural fac-
tors. TMD symptoms appear to be more severe and last longer
in women, increasing the chance that they will seek treatment.
Symptoms have a negative impact on the quality of life of the
patient, impairing work activities, school, sleep, and appetite (4).

Both genders are affected equally between the ages of 20 and
40, with little clinical evidence in children. The signs of TMD in
children are mild, from no evidence progressing to more severe
dysfunction as adults. The low prevalence in elderly individuals
can be explained by the fact that with advancing age, symptoms
of other more serious diseases are more salient than those of
TMD, and this reduces the likelihood of seeking treatment (5, 6).

The literature is strong and consistent in support of the role of
other factors, such as psychosocial and genetic issues, as well
as muscle-related overload, in the pathophysiology of TMD.
It is worth mentioning that the loss of posterior teeth, a lower
number of teeth, and edentulousness have been associated with
TMD symptoms. Non-occlusion on at least one side leads to an
increased likelihood of developing myofascial pain (7).

Although occlusion is commonly considered to be a major risk
factor for TMD, there is limited understanding of the causal rela-
tionship between the occurrence of TMD symptoms and occlu-
sion and of the possible role of the different aspects of occlusion
in the etiology of TMD (8).

For this reason, it is necessary to follow up on patients by per-
forming occlusal adjustments and orientation to obtain remov-
able dentures as a replacement for permanent teeth that are lost,
ensuring an improvement in aesthetics, speech, and chewing,
i.e., in the patient’s quality of life. The high prevalence of TMD
and the negative outcomes that are associated with several oth-
er morphofunctional problems justify the development of this
research.

As a hypothesis, it is believed that occlusal factors should not be
considered the most important factors in the etiology of TMD. It
is necessary to take a broad view of its etiological factors and to
recognize occlusion as just one of these factors, which may or
may not have an influence on TMD, depending on the patient’s
characteristics. Therefore, the aim of the study was to investigate
whether there was a correlation between pathological occlusal
changes and the signs and symptoms of TMD.

METHODS

A cross-sectional, quantitative, non-randomized clinical interven-
tion study was carried out after approval by Committee Research
Ethics at the State University of Piaui - CEP / UESPI with the deci-
sion number 1.978.081. The number of patients attended to per
month in the Clinical School of Dentistry (CSD) of the State Univer-

sity of Piaui in the city of Parnaiba-Pl was considered as the target
population. For that, an arithmetic average of the number of vis-
its was calculated for the period between August 2017 and June
2018, resulting in 310 patients per month. Based on the proposed
data and considering a sampling error of 5% in addition to a 95%
confidence level, the minimum sample size needed to represent
the assisted population was 160 participants (9).

Adult patients of both genders with occlusal interferences, such
as premature dental contact points or any type of malocclusion
(biprotrusion, crowding, crossbite, open bite, Angle Class |, Class
I, and Class Ill), associated or not associated with dental absence
in the posterior region (of one tooth or teeth in any posterior
hemi-arch of both arches), with or without painful symptom-
atology, were included in the study. We excluded patients who
had already used orthodontic appliances or had a history of TMD
treatment, patients with cognitive deficiency, and those who did
not wish to participate in the study.

During the experiment, some of the patients did not continue
treatment and finally a total of 150 participants, were included
for further analysis, of whom 97 were women and 53 were men.
Convenience sampling was used, which consisted of selecting
the participants consecutively as the individuals arrived at the
data collection site.

The team, made up of 2 researchers, had a workload of 36 hours,
divided between theoretical discussion of the variables and
codes used, the criteria of examination, and practical discussion.
The experiment simulated the different conditions and situa-
tions that the professionals would encounter during their practi-
cal work in the diagnosis of occlusal interferences, dental losses,
malocclusion, pain, and TMD in 30 patients who received routine
care at the CSD, according to the methodology described in an-
other publication (10).

Between December 2017 and May 2018, the patients were select-
ed as they sought dental treatment on Mondays, Wednesdays,
and Fridays, during both shifts at the CSD. After the signing and
authorization of the informed consent form, the questionnaire
that had been developed for the study of each case was applied.
The physical examination for the intra- and extra-oral evaluation
of each patient was then performed, including an analysis to in-
vestigate the presence of TMD. Dental signs, malocclusions, and
TMD were recorded in the clinical file (the 3 symptoms of muscle
fatigue, preauricular pain and TMJ pain), along with 7 dental in-
dicators, including click (a clear, strong, and short sound), crack-
ling (a long and rough sound), mandibular displacement, limited
mouth opening, mandibular locking, tightening, and bruxism.
The presence of these symptoms and signs is suggestive of TMD
because they can be associated with occlusal conditions, trau-
ma, emotional distress, and parafunctional activities.

Mandibular displacement was considered as the deviation from
the dental midline during opening the mouth. Mouth-opening
limitation was measured by the distance between the incisal
edges of the upper and lower central incisors, 52.85+7.41 mm
for men and 48.34+5.64 mm for women.
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Clinically, mandibular locking was measured by the partial or to-
tal interruption of mandibular movement. As the mandible is a
rigid arch, a lock on one side produces chin deviation toward the
homologous side, creating a rotational movement. In total lock-
ing, the mouth opens up to the limit of the lock.

Tightening and bruxism were detected by the wear on the inci-
sors and canines and were associated with pain in the TMJ.

To detect joint noise, manual palpation, and bilateral auscul-
tation of the TMJ were done using a stethoscope. The patients
opened and closed their mouth several times, following the ver-
bal prompt of the examiner, so that it was possible to determine
the presence or absence of noise and the type of noise. The man-
ual palpation of the masticatory muscles and the TMJ evaluation
followed the recommendations of Santos et al. (11). This palpa-
tion was performed as a complement to the clinical evaluation
to analyze the muscle condition.

The patients received follow-up at the CSD for 1 year. During the
study, the researchers gave educational lectures on the subject.
The importance of maintaining oral hygiene was emphasized to
prevent tooth loss and TMD.

The sample of patients with malocclusion was referred to the
specialization clinic in the city of Parnaiba for orthodontic treat-
ment. When necessary, in situations of occlusion interference,
occlusal adjustment was performed at the end of orthodontic

treatment in patients who presented “spots” after an occlusal
test with carbon paper. Those with tooth loss who needed re-
movable dental prostheses were referred to the CSD for oral re-
habilitation.

Statistical Analysis

The data were tabulated using The Statistical Package for Social
Sciences version 21.0 software (SPSS Inc., Chicago, IL, USA), and
descriptive statistics (frequency and distribution) were mea-
sured. Chi-square tests were used to verify the association be-
tween symptoms, sex, and causes. A pilot study was performed
on 20 patients. The patients who did not fit the sample to test the
proposed methodology were also assisted by the CSD. As a re-
sult, its viability was observed, with no need for adjustments. To
assess intra- and inter-examiner reproducibility, 10% of the total
sample was double examined by each of the examiners, and the
Kappa coefficients for the agreement of intra- and inter-examin-
ers were 0.88 and 0.87, respectively.

RESULTS

The mean age of the participants was 33+2.3 years, and 103
(68.7%) of them were women and 47 (31.3%) were men. The
results were showed in tables 1-3 with their respective descrip-
tions. In patients who had malocclusion associated or not associ-
ated with tooth loss, dental interference was present, and occlu-
sal adjustment was performed in 90 patients after orthodontic
treatment. The distribution of tooth loss and malocclusion in

Table 1. Distribution of tooth loss, multiple teeth loss, and malocclusion in relation to gender tested by chi-square test

Chi-square value
Variables N Women Men and p value Superior arch  Inferior arch  Both arches
Tooth loss 20 1 9 x°=0.20 Women: 8 Women: 3
p=0.65 Men: 2 Men: 7

Multiple teeth loss 40 29 11 X’=12.81 Women: 4 Women: 9 Women: 16

p=0.01** Men: 1 Men: 3 Men: 7
Malocclusion 25 19 6 X’=5.40

p=0.02*
Malocclusion+multiple teeth loss 65 44 21 X’=7.23

p=0.01%**
*p< 0.05; **p<0.01

Table 2. Frequency of the sample distribution based on the questionnaire

Signals/ Total Toothloss  Multiple teeth Malocclusion  Malocclusion+multiple
symptoms n=150 Women Men n=20 loss n=40 n=25 teeth loss n=65
Click 60 47 13 11 39 8 2
Crackling 26 20 6 17 3 1

Muscle fatigue 44 35 9 6 24 9 5
Mandibular displacement 50 34 16 10 20 7 13
Mouth-opening limitation 26 21 5 2 13 6 5
Mandibular locking 16 10 6 3 8 3 2

Tooth tightening 64 45 19 13 23 8 20
Bruxism 50 32 18 10 22 3 15
Preauricular pain 48 36 12 7 21 8 12

TMJ pain (opening and closing) 42 30 12 5 20 8 9

TMJ: Temporomandibular joint
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Table 3. The results of Chi-square test regarding the signs/symptoms and the variables

Signs/ Tooth loss Multiple teeth Malocclusion  Malocclusion+multiple
symptoms Test n=20 loss n=40 n=25 teeth loss n=65
Click X’=19.27 X*=0.20 X’=5.40 X*=0.07 X*=0.60
p<0.007%** p=0.65 p=0.02* p=0.79 p=0.44
Crackling X’=7.54 X’=5.01 X’=7.54 X’=5.40 X’=0.15
p=0.01%* p=0.02* p=0.01%* p=0.02* p=0.69
Muscle fatigue X’=15.36 X’=3.20 X’=5.82 X’=0.60 X’=0.09
p<0.007%** p=0.07 p=0.02* p=0.44 p=0.76
Mandibular displacement X’=6.48 X*=0.01 X*=5.12 x°=0.07 x°=0.32
p=0.01** p=0.99 p=0.02* p=0.79 p=0.57
Mouth-opening limitation X*=9.85 X*=12.80 X*=9.85 X*=0.60 x*=0.15
p=0.01** p<0.001%** p=0.01%** p=0.44 p=0.70
Mandibular locking X*=1.00 X*=6.25 x*=0.01 X*=0.60 X’=2.25
p=0.32 p=0.01%** p=0.99 p=0.44 p=0.13
Tooth tightening x’=10.56 X’=1.80 X*=9.00 x*=0.07 x°=0.02
p=0.01%* p=0.18 p=0.01%** p=0.80 p=0.89
Bruxism X’=3.92 X*=0.01 X’=11.52 X°=5.40 x°=0.01
p=0.04* p=0.99 p=0.01%* p=0.02* p=0.99
Preauricular pain X’=12.00 X’=1.80 X’=5.33 x°=0.07 x°=0.33
p=0.01%* p=0.18 p=0.02* p=0.79 p=0.56
TMJ pain (opening and closing) X’=7.72 X*=5.00 X’=6.09 X’=0.67 X’=0.95
p=0.01%* p=0.02* p=0.01%* p=0.79 p=0.76
TMJ: Temporomandibular joint; *p < 0.05; **p<0.01; ***p< 0.001

relation to gender and chi-square test was showed in Table 1.
Among 29 women, there were multiple teeth loss in the poste-
rior region, ranging from 4 to 6 teeth. In 16 women, there was
a teeth loss in both arches. Table 2 shows the frequency of the
sample distribution. Table 3 shows the chi-square test results for
the signs, symptoms, and variables. There was a significant pre-
dominance of women in relation to tooth loss and malocclusions
(Table 1).

It was found that there were differences in the association be-
tween gender and dental absence or malocclusion in the 7 signs
and 3 symptoms of TMD (p<0.05). This scenario indicates the re-
jection of the null hypothesis because of significant differences
between the observed and expected frequencies (Table 2). There
was a greater association of the female gender with the signs
and symptoms of TMD. Tooth loss showed a statistically signifi-
cant association with all the signs and symptoms of TMD. All the
patients with multiple teeth loss experienced preauricular TMJ
pain and pain during mandibular opening and closing (Table 2).
However, in tooth loss, only crackling, limited mouth opening,
and mandibular locking were observed (Tables 1-3).

In the patients who presented only malocclusion, 16 cases of
Class Il, 7 of Class | with anterior crowding, and 2 of Class Ill with
posterior crossbite were observed. No patient had an anterior
open bite. There was a significant association (p=0.02) with 2
signs of TMD (crackling and bruxism) only in the patients who
presented Class Il malocclusion. There was no association be-
tween the 65 cases of malocclusion with tooth loss and the signs
and symptoms of statistically significant TMD (Table 3). There
were 42 patients with Class | malocclusion with anterior crowd-
ing (17 with tooth loss and 25 with multiple teeth loss), 21 pa-
tients with Class Il (7 with tooth loss and 14 with multiple teeth

loss), and 2 patients with Class lll malocclusion associated with
multiple teeth loss.

DISCUSSION

Functional, structural, and psychological factors characterize the
complex multifactorial etiology of TMD. Occlusion is treated not
only as the contact relationship between the teeth but also as a
dynamic, morphological, and functional relationship between all
the components of the stomatognathic system that has a great
influence on chewing, swallowing, and speech. The authors be-
lieve that occlusion plays a limited role; however, it cannot be
underestimated (12-15).

In this study, there was an association between muscular pain
and TMJ, click, and crackling in some clinical situations, such as
dental loss and malocclusions (Tables 2 and 3), corroborating
Costa et al. (16). They observed that 80% of the patients with
TMD presented positive responses to TMJ sounds, muscle fa-
tigue, or pain during chewing, headache and pain in the cervical
region, occlusal interference, and associated malocclusions.

Although other authors have stated that joint noises are fre-
quent, the absence of joint noise cannot be a determining fac-
tor of joint normality. There is a relationship between TMD and
occlusal factors that may predispose, trigger, or perpetuate this
dysfunction, and the occlusal analysis of the patients should not
be neglected (16).

In particular, the multiple loss of posterior teeth was quite ex-
pressive (Tables 1-3), suggesting an association with the signs
and symptoms of TMD. The loss of posterior support is consid-
ered to be one of the few dental factors that had some consisten-
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cy of evidence in the literature as a cause of TMJ pain and TMD.
This was observed by Landi et al. (17) when they stated that the
most prevalent occlusal factor in TMD patients was the absence
of 5 or more posterior teeth. This kind of tooth loss could lead to
joint problems, particularly the risk of cracking and dislocation of
the articular disc. Some authors have reported that the patients
with greater tooth loss in support areas were more affected by
myofascitis of the lateral pterygoid muscle, capsulitis, and partial
anterolateral disc displacement, which may accelerate the devel-
opment of TMJ degenerative diseases (17-19).

In this study, it was observed that the patients who presented
multiple tooth loss without malocclusion showed significant
signs and symptoms of TMD, such as click, crackling, muscle fa-
tigue, mandibular displacement, limited mouth opening, man-
dibular locking, tooth tightening, bruxism, preauricular pain, and
TMJ pain (opening and closing). It is worth mentioning that the
patients with tooth loss associated with malocclusion did not
show any significant correlation with TMD signs and symptoms.
This suggests that orthodontic treatment alone will not treat this
dysfunction. Oral rehabilitation is indicated to restore the correct
masticatory function and muscle balance. Such observations have
been made by other authors who concluded that invasive dental
therapy, such as orthodontic treatment, is not recommended for
the management or prevention of TMD, and its need should be
analyzed with caution by practitioners (17, 18).

In the study by Lemos et al. (20) and Teixeira et al. (21), the maloc-
clusion was not associated with the presence of TMD or the ap-
pearance of clinical signs. Among the occlusal factors analyzed
in the study, Class Il malocclusion was statistically correlated
with the need for treatment and TMD, which corroborates our
studies because Class Il showed significant signs of TMJ crack-
ling and tooth creaking. When malocclusion was associated with
multiple teeth loss, Class | with dental crowding was more prev-
alent, but the signs and symptoms of TMD were not statistically
significant, although they were observed in all the malocclusions
studied (Tables 2, 3).

In a prospective longitudinal study, an increase in the prevalence
of TMD symptoms was found in a group of patients with Class Il
malocclusion. According to these authors, the type of occlusion
may play a role as a contributing factor in the development of
TMD signs and symptoms, although this influence is difficult to
quantify and predict (22).

In a systematic review of the association between malocclusion
and the signs and symptoms of TMD, significant evidence to
suggest that functional or static occlusal factors cause TMD is
lacking. TMD cannot be correlated with any specific type of mal-
occlusion (23).

Studies indicate that the contribution of occlusal factors to the
appearance of TMDs is mild. Only a few factors of static occlusion
were significantly correlated with the signs of TMD (23). However,
the study by Motta et al. (24) found that there was a statistically
significant association between parafunctional habits and sinus-
es and/or TMD symptoms in adolescents. It should be noted that

the study by Lemos et al. (20) showed that Class Il malocclusion,
overbite, and rotated teeth were correlated with the presence of
clinical signs of joint TMD or the need for treatment, but that in
general, occlusion may play a role as a cofactor in predisposing
or perpetuating the different forms of TMD and should not be
considered to be the main factor.

The absence of a disease-specific association between the fea-
tures of dental occlusion and TMD has been observed, and there
is no ground to hypothesize a major role of dental occlusion in
the pathophysiology of TMDs. Thus, longitudinal studies should
be performed to prove that there is a correlation between mal-
occlusion and TMD (25-27).

CONCLUSION

There was a significant association between the 2 signs of TMD
(crackling and bruxism) and Class Il malocclusion. The signs and
symptoms of TMD were more frequent in the patients who pre-
sented multiple teeth loss without malocclusion.
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