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Abstract

Aim: This study aimed to verify the presence of generalized joint hypermobility (GHJ) in individuals
with temporomandibular disorders (TMD) and asymptomatic individuals and to compare the
activity of their masticatory muscles. Methods: 61 female patients aged 18 to 35 years were
evaluated: 34 with diagnosis of TMD by the Research Diagnostic Criteria for Temporomandibular
Disorders constituted the TMD group and 27 constituted the asymptomatic group. The subgroups
were classified according to the presence of GJH by the Beighton score. Electromyographic
recordings of the masseter and anterior temporal muscles were acquired bilaterally at mandibular
rest and in maximal intercuspal position. Results: GJH was present in 64.71% of the individuals
with TMD and in 40.74% of the asymptomatic individuals. The electrical activity was significantly
higher in the right masseter (p = 0.0111), left masseter (p = 0.0007) and right temporal (p = 0.0046)
in the patients with TMD than in the asymptomatic individuals. The activity of the left masseter muscle
was significantly higher (p=0.0072) in the volunteers with TMD and GJH compared with in the
individuals with TMD but without hypermobility. Also, the right temporal muscle showed higher
activity in subjects with GJH and TMD compared with asymptomatic individuals without hypermobility
(p=0.0248). Conclusions: The electrical activity was higher at mandibular rest in TMD and TMD/
GJH patients. This result suggests that these muscles need to be recruited for the joint stabilization
due to the low ligamentar resistance and a possible proprioceptive deficit. This recruitment appears
to occur asymmetric and variedly among all muscles involved in this stabilization, which could
compensate for the low ligamentar competence and a possible proprioceptive deficit in individuals
with GJH. Both TMD and GJH seem to have influenced the muscular activity.

Keywords: temporomandibular disorder, hypermobility, joint instability, electromyography,
masticatory muscles.

Introduction

The association between generalized joint hypermobility (GJH) and
temporomandibular disorders (TMD) has been addressed by several studies1-8. It is
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believed that the temporomandibular joint is one of the
hypermobile joints. On the other hand, the results of the
studies regarding this relationship are conflicting generally
due to discrepancies in the sampling and methodology used.

GJH is characterized by the excessive range of motion
of several joints due to ligamentous laxity, and may be
associated with chronic and recurrent musculoskeletal
symptoms in patients without any visible rheumatologic
pathology9. The alteration of proprioceptive acuity may be
the cause or the effect of hypermobility, encouraging the
adoption of biomechanically inadequate postures and
consequently joint trauma. Moreover, loose ligaments
produce down-regulation related to muscle stretch receptors,
reducing the proprioception10. Associated to these changes,
joint instability in GJH patients can alter the modulation of
muscle contraction.

Bird11 considers that GJH depends not only on ligament
laxity, but also on skin, blood vessels and adjacent muscle
tissue that allow the occurrence of this phenomenon.
Simmonds and Keer12 reported that usually there is little
muscle definition and the rest tone is low even when the
individual is submitted to proper training.

It is possible to consider that the proprioceptive changes
in the modulation of muscle contraction in individuals with
GJH may influence the pattern of electrical activity on
masticatory muscles associated to a clinical state of TMD.

In recent years, several studies involving electromyography
of masticatory muscles have been performed13-16. These studies
have demonstrated that there is higher electrical activity of
the masticatory muscles at rest, especially the anterior temporal,
in individuals with TMD. Such condition can be explained
by the higher activity required to keep the mandibular rest
position in patients with TMD and myofascial pain14.

Although there are studies about GJH and TMD, there
is neither consensus about their association nor studies that
investigate the pattern of electrical activity of masticatory
muscles in individuals with both conditions. Understanding
the musculoskeletal and ligament system as a complex formed
by muscular and fascial chains linked, it should be
investigated whether the presence of GJH influence the
electrical activity of masticatory muscles.

Searching individuals with joint hypermobility is essential
to identify patients with potential risk to develop certain
injuries and prevent them. The pathogenetic mechanisms for
the development of joint symptoms in the joint hypermobility
are not well defined and may be related to excessive and/or
inadequate use of the joint, which may not be a causative
factor of TMD but would predispose to its occurrence17.
Therefore, this study aimed to verify the presence of GJH in
individuals with TMD and asymptomatic individuals and to
compare the electrical activity of their masticatory muscles.

Material and methods

Subjects
Sixty-one female volunteers aged between 18 and 35

participated in the study and were distributed in two groups.

The Study Group (SG) was composed by 34 individuals
presenting signs and chronic symptoms of TMD (for a period
superior to 6 months) who sought the discipline of
prosthodontics occlusion of the Federal University of Santa
Maria or the researchers in response to the research advertising
in print and electronic media. The SG volunteers had one or
more diagnoses according to the Research Diagnostic Criteria
for TMD (RDC/TMD). The Control Group (CG) was composed
by 27 asymptomatic volunteers who did not present any signs
and symptoms of TMD or bruxism, based on history and
clinical signs according to the RDC/TMD.

Individuals were excluded from the study with
neuropsychomotor impairment, history of orthopedic trauma
or malformation of face; systemic or rheumatologic disease
in physical, dental or speech therapy prior to the study, or
using any medication.

The study was approved by the University Ethics
Committee under number 0281.0.243.000-08. All participants
were informed about the nature and objectives of the study
and signed an informed consent form before participating in
the research.

Evaluation Procedures
The RDC/TMD classify TMD diagnoses into three

groups: I) Muscular (only myofascial pain or myofascial pain
with limited opening); II) Disc Displacement (with or without
reduction with limited opening or without reduction without
limited opening); III) Arthralgia and TMJ osteoarthritis/
osteoarthrosis18.

GJH has been evaluated by the criteria of Carter and
Wilkinson modified by Beighton19, which have been used in
several studies1-2,4-9 on hypermobility. The Beighton score
examines 9 joints on 5 tests: apposition of thumb to the
anterior forearm until they touch; passive dorsiflexion of
the little finger until it is parallel to the forearm; trunk flexion
with knees fully extended so palms touch the floor; and
elbow and knee hyperextension beyond 10 degrees. Each
joint with hypermobility scores one point. GJH is diagnosed
with a score equal or greater than 4. GJH is considered
moderate (4-6 points) and severe (7-9 points)4.

SG and CG groups were subdivided after this
examination: SG with GJH (SGH), SG without GJH (SGN),
CG with GJH (CGH) and CG without GJH (CGN).

The electromyographic (EMG) exam of masticatory
muscles (masseter and anterior temporal) was carried out with
an electromyography of eight channels with analog-digital
conversion board of 16-bit model CAD 10/26, sampling
frequency of 2 KHz, Butterworth filter with high-pass cut-off
frequency of 10Hz and low-pass of 1000Hz (Lynx Electronic
Technology Ltda). The acquisition software BioInspector
developed by Lynx Electronic Technology Ltda was used.

Before collecting the EMG signal, the skin impedance
was reduced by cleaning with isopropyl alcohol swab 70°
(ISEK - International Society of Electromyography and
Kinesiology). Double-junction Ag/AgCl electrodes (Hall
Indústria e Comércio Ltda) with circular shape, fixed distance
of 20 mm, diameter of 10 mm, 2 mm contact surface, 20x
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gain, input impedance of 10 GÙ and common mode rejection
ratio >100 dB were connected to active preamps with
differential input (PA1020) from Lynx Electronic Technology
Ltda. Surface electrodes were fixed in the region of the muscle
belly13 and a reference electrode was fixed on the region of
the sternum bone20. For collecting and storing data a notebook
DELL Latitude D520, Intel (R) Celeron (R) M CPU
430@1.73GHz, real speed of 1.69 GHz, 1536 MB of RAM
memory, Microsoft Windows XP Professional Operating
System Version 5.1.2600, was used disconnected from the
electrical grid.

The muscular electric activity was recorded bilaterally
in two mandibular positions21:

1) Mandibular physiologic rest position: EMG signal
collected for 10 s.

2) Maximal intercuspal: oriented under the examiner’s
verbal command “clench, clench, clench”. The signal was
collected for 5 s, three times, with the material Parafilm “M”®

(Chicago, IL, USA) located between the premolars, the
maxillary 1st and 2nd molars. A 2-min between each signal
collecting was maintained in order to minimize the effects
of muscle fatigue.

The recordings was accomplished in the orthostatic
posture, with the subject barefoot, feet parallel, arms along
the body and stare at a target at eye level. The signal
acquisition was carried out three times in each situation and
the one with the best quality and lowest presence of noise
was selected. EMG amplitude values were quantified using
the Root Mean Square (RMS) and expressed in microvolts
(µV)14,21-23. This measure is recommended to represent EMG
amplitude of static contractions, such as isometric – maximal
intercuspal24. The software AqDAnalisys 7.0 (Lynx Electronic
Technology Ltda) was used for the signal processing.

Statistical analysis
Statistical analysis was performed by the software

Statsoft STATISTICA 7.1. The data showed normal
distribution by Shapiro Wilk test (p <0.05). The difference
between EMG activity of masticatory muscles in SG and CG
was analyzed by the Student’s t-test for independent samples.
Comparison of EMG activity among the subgroups with and
without GJH was verified by one-way ANOVA and Tukey’s
test was used for multiple comparisons when significant
difference was detected. To verify the difference in the
frequency of GJH between groups the chi-square and Fisher’s
tests were used. The level of significance was set at p< 0.05
for all analyses.

Results

From the evaluation of TMD and hypermobility,
participants were distributed in a SG (n=34) and a CG
(n=27), as described before. These two groups were
subdivided into four subgroups: SG with GJH (SGH), n =
22; SG without GJH (SGN), n = 12; CG with GJH (CGH), n
= 11; and CG without GJH (CGN), n = 16.

The mean age of the participants in the SG was 25.7

± 5.0 years old and in the control group was 22.4 ± 2.3
years old.

The SG was characterized by individuals who had signs
and/or chronic symptoms of TMD (more than 6 months).
Among these symptoms, all participants reported complaints
of bruxism concentric and/or eccentric.

Among subjects with TMD, 64.71% of participants had
hypermobility and 35.29% had normal mobility. In the
control group, 40.74% had hypermobility and 59.25%
showed normal mobility. The chi-square test did not find
statistically significant different between the groups (p =
0.0621).

Besides, the frequency of severe hypermobility (7-9
points on the Beighton score) was higher in the SG (23.53%)
than in the CG (7.41%). The percentage of severity degrees
of GJH in both groups were evaluated using the chi-square
and Fisher’s tests. There were no statistically significant
differences between groups for moderate (p = 0.5301) and
for severe hypermobility (p = 0.0878).

All TMD individuals were diagnosed with myofascial
pain (Group I), 41% had a diagnosis of disc disorders (Group
II) and 91% had some type of joint involvement (Group III),
especially arthralgia (79.41%).

When the participants were subdivided according to
GJH, there was a higher percentage of myofascial pain without
limited mouth opening (Ia) in individuals with GJH (81.82%)
compared with those without GJH (58.33%). This difference
was not significant in the chi-square test (p = 0.2468). Disc
displacement with reduction (IIa) was diagnosed in 31.82%
of hypermobility and 41.67% of normal joint mobility
participants. The diagnosis of arthralgia (IIIa) showed high
percentages in both groups (81.82% and 83.33% in the groups
with and without GJH, respectively) (Table 1.)

The results of EMG signals of masticatory muscles
(masseter and anterior temporal) of the SG and CG are shown
in Table 2.

Classification  TMD (n=34) GN (n=12) GH (n=22)
Ia 70.59 58.33 81.82

GROUP I Ib 29.41 41.67 18.18
None 0.00 0.00 0.00
IIa 38.23 41.67 31.82

GROUP II IIb 0.00 0.00 0.00
IIc 2.94 0.00 4.54
None 61.76 58.33 63.64
IIIa 79.41 83.33 77.27

GROUP III IIIb 11.76 8.33 13.64
IIIc 2.94 0.00 4.54
None 8.82 8.33 9.09

Table 1. Table 1. Table 1. Table 1. Table 1. Results (%) of diagnostic classification of TMD
by the RDC/TMD (Dworkin & Leresche, 199218) according
to the presence of GJH

Legends: Ia = myofascial pain; Ib = myofascial pain with limited opening, IIa = disk
displacement with reduction; IIb = disk displacement without reduction with limited
opening; IIc = disk displacement without reduction without limited opening; IIIa=
arthralgia; IIIb = TMJ osteoarthritis; IIIc = TMJ osteoarthrosis; GN = Group without
GJH; GH = Group with GJH.
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 R Masseter L Masseter R Temporal L Temporal
Rest
SG  (n =34) 3.92 ± 1.34 4.23 ± 1.62 5.67 ± 1.73 6.24 ± 3.4
CG  (n= 27) 3.72 ± 0.97 4.03 ± 1.38 4.94 ± 1.44 4.61 ± 1.57
p 0.0111* 0.0007* 0.0046* 0.1191
Maximal intercuspal
SG (n=34) 271.03 ± 158.71 254.29 ± 156.51 258.91 ± 154.12 249.86±117.17
CG (n=27) 279.51±171.43 264.18±121.52 271.13±99.70 281.68 ± 61.58
p 0.9476 0.5272 0.3118 0.0513

Table 2.Table 2.Table 2.Table 2.Table 2. Mean and standard deviation of RMS values (in µV) of masticatory
muscles at mandibular rest and maximal intercuspal position of the study and
control groups

Legends: SG = Study Group, CG = Control group; Significance p <0.05

Table 3Table 3Table 3Table 3Table 3. Mean and standard deviation of RMS values (in
µV) of masticatory muscles at mandibular rest and comparison
between study and control groups, distributed on the presence
of GJH
Muscles                 Mean and SD

SGH SGN CGH CGN  p value
R Masseter 4.26±1.35 3.29±1.12 3.98±0.96 3.54±0.97 0.0667
L Masseter 4.74±1.66 3.30±1.07 4.59±1.41 3.65±1.26 0.0072*
R Temporal 6.09±1.81 4.90±1.34 5.38±1.29 4.64±1.50 0.0248*
L Temporal 6.67±3.83 5.46±2.37 4.96±1.93 4.37±1.29 0.1173
Legends: SG = Study Group, CG = Control Group; SGH = Study Group with GJH;
SGN = Study Group without GJH; CGH = Control Group with GJH; CGN = Control
group without GJH; * statistical significance (p <0.05)

When comparing SG and CG, it was observed a higher
electrical activity at rest physiologic mandibular in the
temporal compared with the masseter muscles, in individuals
with TMD. A statistically significant difference (Student’s t
test) was found for right temporal and masseter muscles. There
was no difference in EMG activity between groups during
the maximal intercuspal position.

Mean and standard deviations of RMS values (in µV)
of masticatory muscles at rest physiologic mandibular of the
volunteers, classified according to the presence of GJH, are
shown in Table 3.

In the comparison between groups by one-way ANOVA,
statistically significant differences were observed for the
left masseter and right temporal muscles. The Tukey’s test
revealed the left masseter muscle was significantly more
active in subjects with TMD and GJH (SGH) compared with
patients with TMD and normal joint mobility (SGN). Also
the right temporalis muscle showed a value of RMS
significantly higher in SGH compared with CGN. Yet, there
was increased electrical activity in the temporalis muscles,
with levels of hyperactivity, mainly in SG and SGH.

There were no statistically significant differences in the
EMG analysis of masticatory muscles during maximal
intercuspal among the individuals with normal mobility and
with GJH.

Discussion

The association between TMD and GJH has been
investigated in several studies1-8 with inconclusive results.

In the present study, GJH reached high percentages in
both groups, even higher in the individuals with TMD
(64.71%). However, there was no statistically significant
difference in the incidence and severity of GJH between the
study and control groups. This result agrees with Conti et
al.9 who did not observed differences in the incidence of
GJH in symptomatic and asymptomatic groups for TMD,
despite the high percentages in both groups. Some authors1,7,25

found an association between TMD and GJH, with higher
scores of hypermobility in symptomatic individuals.

Multiple diagnoses according to RDC/TMD were present
in most individuals with TMD. However, disc disorders
diagnoses were not more frequent in the GJH patients
evaluated in this study than in the normal joint mobility,
agreeing with Conti et al9 and Saez-Yuguero et al.25. Intra-
articular dysfunctions have been correlated with GJH and
TMJ hypermobility1,6, since an excessive movement of the
mandibular condyle beyond the articular eminence and the
ligaments laxity would facilitate intra-articular joint disc
displacements.

However, in studies that considered older individuals26-

27, the diagnosis of disc disorders was more frequent and
there are reports1 that the diagnosis of disc displacement
increases with age. In the present study, it can be considered
that the low mean age of the evaluated volunteers may have
contributed for this result. Furthermore, TMD individuals
showed high incidence of arthralgia, regardless of the joint
mobility condition, which may indicate an earlier stage of
joint damage considering the young group studied.

High percentage of myofascial pain without limited
mouth opening was observed in individuals with GJH
(81.82%) compared with those without GJH (58.33%), but
there was no significant difference between them. Hirsh et
al.8 confirmed the lower risk of GJH subjects to develop
limited mouth opening. The preservation of the mandibular
motion range within physiological parameters, in these
individuals, may lead to a low functional repercussion and
late diagnosis.
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On the EMG evaluation of masticatory muscles of TMD
individuals and control group, there was significant higher
electrical activity at rest physiologic mandibular in all
assessed muscles, except the left temporal in the TMD group.
Several authors14-16,28 confirmed the higher electrical activity
of masticatory muscles at rest, especially the anterior
temporal, in patients with TMD. This behavior is explained
by the need for greater muscle recruitment in patients with
TMD and myofascial pain at mandibular rest14. In the present
study, it was also observed a predominance of electrical
activity of the temporal over the masseter muscles, with levels
of hyperactivity in SG compared with the CG.

Rodrigues-Bigaton et al.15 also observed a higher
electrical activity of masticatory muscles at rest in TMD
patients compared with controls. However, this increase did
not reach levels of muscular hyperactivity, but it was
considered by the authors as a suggestive sign of TMD. The
present study observed levels below of the hyperactivity  - 5
µV - for all muscles studied only in CGN. It suggests that
both TMD and hypermobility contribute to the muscle
hyperactivity.

Multiple comparisons in the rest physiologic mandibular
activity found significantly higher levels in the left masseter
muscle when comparing individuals with TMD and GJH
(SGH) and TMD without GJH (SGN). Besides, the right
temporal muscle was more active in individuals with TMD
and GJH (SGH) compared with controls without GJH (CGN).

The literature has been reporting higher activity at rest
in the masticatory muscles in individuals with TMD14-15,28.
The results of this present study indicate that the GJH may
contribute to higher EMG activity in these muscles.

Considering that in individuals with TMD associated
with GJH the mandibular rest position, which should be
maintained by the viscoelasticity of muscles, ligaments,
articular capsule and the subatmospheric pressure of mouth13,
is hampered by the reduction of ligament resistance10, it is
assumed that the masticatory muscles may be recruited to
participate in the TMJ stabilization. This recruitment appears
to occur asymmetric and variedly among all muscles involved
in this stabilization, which could compensate the low
ligamentar competence and a possible proprioceptive deficit
in individuals with GJH. According to Ferrell et al.29, besides
the excessive motion range of some joints, the only
recognized neurophysiologic abnormalities in individuals
suffering from GJH were the proprioceptive deficit.

On the EMG evaluation of masseter and temporal
muscles during maximal intercuspal it was not observed
significant differences between groups. These results agree
with those of Rodrigues et al.30, who did not find differences
between TMD and control groups during maximal intercuspal.
On the other hand, other study14 observed lower EMG activity
in patients with TMD.

In this study, the masticatory muscles of individuals
with TMD and GJH presented a different and non-specific
activation pattern. Thus, it is assumed that TMD demands
greater muscle recruitment and GJH determines difficulty in
modulating the muscle contraction due to joint instability

associated to a proprioceptive deficit.
No studies were found in the literature associating EMG

variables to GJH. However, since GJH is a feature often found
in individuals with TMD, it is important to study which
effects this phenomenon can cause in the masticatory
muscles. As this topic has not yet been explored, further
studies are needed to generalize the obtained results.
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