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Temporomandibular ~ disorders
(TMDs) are recognized as a
major cause of nondental pain in
the orofacial region, negatively
affecting oral function and
quality of life." TMD main signs
and symptoms include pain in
the masticatory muscles and
temporomandibular joint (TM]),
muscle fatigue, joint sounds,
and restrictions or deviations
in mandibular movements.'
Mandibular movement range
can be restricted by increased
muscle strain and internal de-
rangements of TMJs.” Further-
more, the presence of pain due
to alterations in arthrogenic and
neuromuscular control affects
nervous system defense re-
sponses and may alter the
course and repeatability of
the mandibular movements®>;
thus, changes in the mandibular

ABSTRACT

Statement of problem. Limited mandibular movements are one of the most important signs of
temporomandibular disorders (TMDs) and may cause functional difficulties.

Purpose. The purpose of this double-blind, randomized clinical trial was to evaluate the effect of
treatment with only educational or education associated with self-care therapies on the pattern
of mandibular movements of women with chronic painful TMDs.

Material and methods. Forty-two women were selected and randomly divided into 3 groups,
control group (CG, n=13), education group (EG, n=16), and education and self-care group (ESG,
n=13), according to the sequence of treatment they received. A kinesiograph device
recorded mandibular movements during maximum mouth opening and mastication at
baseline (T0) and at 30-day (T1) and 60-day (T2) follow-up. Kinesiographic data were
statistically analyzed using 1-way ANOVA, followed by the Bonferroni test for multiple
comparisons of means (2=.05).

Results. The ESG group demonstrated an improvement in the maximum vertical opening (MVO=
5.1 £3.4 mm; P=.012) and anteroposterior mandibular movement (MAM) during maximum opening
(7.4 £9.5; P=.019), significantly higher than that of the EG (MVO=1.8 £3.5 mm; MAM=0.8 +5.0 mm)
and the CG (MVO=0.9 £3.8 mm; MAM=0.8 +4.4 mm) after 30 days of follow-up. Moreover, at T1,
vertical mandibular movement during mastication was significantly higher in the ESG group
(17.4 £1.7 mm) than in the EG group (15.0 £2.8, P=.027). No significant differences were found
between the women who received treatment with educational and self-care therapies for 60
days and the women who received this treatment for 30 days.

Conclusions. In the short-term, education and self-care treatment positively influenced the
mandibular movement pattern of women with chronic painful TMDs. (J Prosthet Dent
2016;116:749-755)
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Clinical Implications

Educational and self-care therapies for the
treatment of TMD may reduce the need for
irreversible and expensive treatments.

motor activity of individuals with TMDs can be a result of
sensitization mechanisms and reflex adaptation.®”

Parafunctional habits, neuromuscular factors, and
psychosocial factors (anxiety, depression, and fatigue) are
involved in the development and maintenance of the
signs and symptoms of TMD.® Therefore, treatments that
take into account only biomedical factors are often
insufficient to promote long-term improvement of
TMD.”'¢ Conservative and low-cost treatment ap-
proaches involving self-care strategies and behavioral
therapies may help relieve musculoskeletal pain and
restore mandibular function in individuals with
TMDs'"'* by reducing inflammation, relieving muscle
tension, and improving psychological health.'>"!'” Coun-
seling and self-care approaches include extensive edu-
cation about the disorder and the use of heat packs, jaw
exercises, guidance in reducing parafunctional jaw ac-
tivities, and muscular relaxation techniques.

Studies of these treatment approaches show that
enforcing patient responsibility, stress management, and
reducing harmful behaviors are powerful tools in the
control of TMD signs and symptoms.'®'” For this reason,
they have been indicated as initial treatment of almost all
TMDs.'72° Most studies investigating the impact of
treatment with educational and self-care therapies on the
pain and mandibular function of individuals with TMDs
have used subjective parameters such as questionnaires
and a visual analog scale,'*'©?°"** whereas studies
addressing objective analysis are still relatively scarce.'” >

Limited mandibular movements are one of the most
important signs of TMDs and may cause functional dif-
ficulties.”* The kinesiograph device provides accurate
graphic records of mandibular movements and can be
used in the diagnosis and objective investigations of the
mandibular function of individuals with TMDs.?>*” The
purpose of the present study was to evaluate the impact
of treatment with instruction about TMD or education
associated with self-care therapies on the mandibular
movement pattern of women with chronic painful TMDs,
considering kinesiographic parameters. The null hy-
pothesis was that the proposed treatment methods
would not influence the pattern of mandibular move-
ments in the women with chronic TMDs.

MATERIAL AND METHODS

The present study was approved by the institutional
ethics committee of Araraquara Dental School, Sao Paulo
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State University, Brazil (CAAE: 0010.0.199.000-11) and
registered in the Registro Brasileiro de Ensaios Clinicos
(Brazilian  Clinical ~ Trials  Registry;  http://www.
ensaiosclinicos.gov.br/database; identifier: RBR-45yn9v).
Two hundred forty-nine women seeking treatment for
orofacial pain in the TMD/Occlusion Clinic of the Ara-
raquara Dental School over a 2-year period (2012-2014),
were assessed for possible participation in the study.
Their medical histories, complaints, and pain character-
istics were recorded, clinical observations were made,
and muscles and TMJs were examined. Additionally,
diagnosis and classification of TMDs were performed
according to Research Diagnostic Criteria for Temporo-
mandibular Disorders (RDC-TMD) axes I and I1.>%%° In
(somatic) axis I, the clinical condition is diagnosed among
individuals with masticatory muscle pain with or without
limitation of mouth opening (group I), individuals with
disk displacement with or without reduction (group II),
and individuals with arthralgia, osteoarthritis, or osteo-
arthrosis (group III). In the (psychosocial) axis II, an
assessment of the psychological state and of TMD-
related pain, including degree of chronic pain and in-
capacity related to pain, is made.

Participants were enrolled based on the following
inclusion criteria: they were between 18 and 50 years of
age; had a diagnosis of muscle and joint TMD as defined
by the RDC-TMD criteria of axis I consisting of groups Ib
and II, where group Ib consisted of individuals with a
maximal active mouth opening of less than 40 mm;
presence of recurrent or constant pain for more than 3
months; had self-reported average jaw pain intensity
based on assessment of no less than 3 on a visual analog
scale (ranging from 0, no pain, to 10, worst pain imag-
inable); had grade II or III chronic pain according to
RDC-TMD axis II; had received no treatment or insuffi-
cient treatment for this painful condition and had not
started any treatment for other painful conditions; and
manifested presence of natural dentition or fixed pros-
theses with posterior occlusal stability. Exclusion criteria
were severe malocclusions, debilitating systemic diseases,
and presence of a cardiac pacemaker (to avoid possible
interference with the kinesiograph).

A calibrated researcher dentist (D.A.dG.G.) per-
formed all clinical and functional examinations necessary
to diagnose RDC-TMD. Fifty-two women who met the
criteria agreed to participate. They were informed
verbally about the research, and each participant gave
written informed consent before enrollment.

The study was designed as a double-blind, randomized
clinical trial with a 60-day follow-up to assess the
mandibular movement pattern of women with chronic
painful TMD after management with educational and self-
care therapies. A sample size was calculated when a con-
venience sample of 30 women underwent the proposed
protocol. Thus, 15 women per group was determined,
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Table1. Study groups

First Visit Second Visit Third Visit
Group (TO-baseline) (T1-30 d) (T2-60 d)
Control Kinesiographic assessment Kinesiographic assessment Kinesiographic assessment
+ +
Education and self-care instructions Review of education and self-care instructions
Educational Kinesiographic assessment Kinesiographic assessment Kinesiographic assessment

+ +
Education instructions

Education and self-care instructions

+
Review of education and self-care instructions

Education and Kinesiographic assessment
Self-Care + +
Education and self-care instructions

Kinesiographic assessment

Review of education and self-care instructions

Kinesiographic assessment
+
Review of education and self-care instructions

which allowed detection of a minimal significant difference
of 5 mm with a=.05 and P=.20. Because losses and drop-
outs might occur during the study, 52 women were
included.

Participants (n=52, mean [+SD] age was 36.4 +8.8
years old) were assigned to 1 of 3 independent groups by
means of block randomization. One researcher (V.B.P.)
was responsible for randomizing the sample by using
computer-generated numbers (BioEstat v5.0 software;
Federal University of Pard). The CG (n=16, mean [+SD]
age: 37.4 £7.3 years old), the EG (n=18, mean [+SD] age:
34.8 £6.7 years old), and the ESG (n=18, mean [+SD]
age: 36.6 £10.6 years old) were established according to
the sequence of treatment received as described in
Table 1. The women were not informed about the type of
treatments evaluated in the study or about the existence
of different groups.

The outcome variable was mandibular movement
pattern as evaluated by means of kinesiographic records.
This analysis was performed at baseline (T0), 30 days
(T1), and 60 days (T2) and was conducted by the same
researcher (G.G.), who was blinded to group assignment.

All instructions on educational and self-care therapies
were transmitted by means of a video recording so that
all participants received the information in the same way.
One researcher (A.R.P.L.) monitored the video sessions
and was responsible for clarifying any questions. Partic-
ipants also received written instructions about TMD ed-
ucation and the sequence of self-care procedures that
they should perform daily at home during the follow-up
period proposed by the study.

The video of educational instructions addressed
general information about TMD. Participants were reas-
sured about the problem, the structures involved, the
possible causes, and the good prognosis for these dis-
orders. Furthermore, the video explained self care related
to the mandibular muscles, emphasizing that overuse of
these muscles could be one of the causes of the signs and
symptoms of TMD. Participants were instructed to keep
the mandibular muscles relaxed and to avoid harmful
oral habits and excessive mandibular movement.

The video on self-care therapies taught a sequence of
procedures recommended by the American Academy
of Orofacial Pain®' and considered effective for the relief
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of pain and control of dysfunction related to TMD. These
procedures included thermotherapy to promote pain re-
lief, improve muscle tone, and relax mandibular muscles.
Participants were advised to place moist heat pads on
the painful muscle for 15 minutes, 3 times per day.
Mandibular exercises consisted of controlled movements
of the mandible to improve muscle coordination and
extension of mandibular movements and to increase
muscle strength.”” In order to stretch the mandibular
muscles, participants were instructed to slowly open the
mouth with the aid of the thumb and index fingers, until
they experienced a sensation of initial pain and then
maintain the stretch for 10 seconds; thereafter, they were
to open and close the mouth, keeping the tongue on the
palate. In addition, participants were told to perform
mouth opening with resistance, that is, they should place
1 hand under the chin and force the mandible up,
avoiding the opening movement. Coordination exercises
consisted of opening and closing the mouth slowly in
front of a mirror, trying to make the mandible perform
straight movements. All exercises were to be repeated 6
times and performed 3 times per day. Self-massage was
meant to promote improvement of local blood circulation
and to relieve pain and muscle tension.** Thus, partici-
pants were instructed to bilaterally massage the masseter
and temporal muscles 3 times per day with circular
movements performed using the index, middle, and ring
fingers.

In order to evaluate participants” adherence to treat-
ment, a telephone interview was conducted every 15
days during follow-up. Participants were asked about
compliance with the procedures prescribed, and the in-
formation was reinforced.

A kinesiograph device (K7-I Diagnostic System;
Myotronics Research Inc) was used to assess the
mandibular movement pattern during mouth opening
and mastication. This instrument was connected to a
computerized system that recorded, displayed, and
measured the spatial coordinates of movements in the
vertical, anteroposterior, and lateral axes, at 0.1-mm
accuracy.”*?*

Two tracing modes (scans) were selected for re-
cordings: scan 1 recorded mandibular movement limits
during maximum mouth opening, and scan 8 recorded
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Figure 1. Representative graphic patterns. A, Mandibular movement
during maximum mouth opening (scan 1). B, Mandibular movement
during habitual mastication (scan 8) on vertical (Ver), anteroposterior
(AP), and lateral (Lat) axes. COMO, centric occlusion to maximum
opening; LMD, left maximum deviation; MAM, maximum anteroposterior
movement from centric occlusion; MVO, interincisal maximum vertical
opening; RMD, right maximum deviation.

mandibular movements during habitual mastication. For
reliable registration, participants were asked to sit upright
in a dental chair with the Frankfort plane parallel to the
horizontal plane. A magnet (12x6x3 mm) was attached
to the middle line of the mandibular incisors with an
easily removable sticky adhesive, such that it did not
contact the maxillary teeth at the time of occlusion. The
sensor array that recorded mandibular movements was
positioned in the participants according to the manu-
facturer’s instructions. To scan 1 record, participants were
instructed to slightly occlude the teeth and then perform
maximum mouth opening movement, occluding imme-
diately after. To record the masticatory cycle (scan 8),
participants were instructed to masticate 5 almonds
simultaneously for 20 seconds in the usual way.

Figure 1 shows a representative pattern of mandibular
movement during maximum mouth opening and
mastication. All procedures were carried out according to
the manufacturer’s instructions.”® Three records were
made for each scan, and mean values of the extension of
mandibular movements were obtained for each axis.

Data were collected by 1 researcher (P.M.S.), and sta-
tistical analysis was performed by another (D.O.M.M.).
The 1-way ANOVA was used to compare kinesiographic
data among the groups, followed by the Bonferroni post
hoc test (=.05). All analyses were carried out using sta-
tistical software (PASW v19; SPSS Inc).
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The main objective of this study was to determine
whether the 3 groups (CG, EG, and ESG) would show
different results when compared with each other after 30
days of proposed treatments. Differences among the
mean values recorded at T1 and TO were calculated
(AT1TO), and these values were compared among the 3
groups.

The second aim of the study was to evaluate the
impact of the duration of treatment with education and
self-care (30 and 60 days). Thus, a third visit (T2) was
made to record data of the 3 groups. At this time, the
control and education groups had received the complete
treatment (education and self-care) for 30 days and the
education and self-care group for 60 days. Therefore, a
comparison among groups was performed considering a
single time point (T2), without presenting repeated
measures.

RESULTS

Figure 2 displays a flow diagram of the participants
throughout the course of the research. During follow-up,
17 participants dropped out of the study. Ten participants
3 from the CG, 2 from the EG, and 5 from the ESG
group) dropped out after the first evaluation (T0), and 7
participants (4 from the CG and 3 from the EG) dropped
out after the second evaluation (I1). Hence, 52 partici-
pants were evaluated at baseline (T0), 42 were evaluated
after 30 days of follow-up (T1), and 35 were evaluated
after 60 days of follow-up (T2). Reasons for dropout
included lack of time because of job or family conflicts,
illness, and improvement of symptoms.

Kinesiographic measurement data obtained during
maximum mouth opening are shown in Table 2.
Considering the values of AT1T0, improvement in
maximum vertical opening (MVO) and anteroposterior
mandibular movement (MAM) in the ESG was signifi-
cantly higher than in the EG and CG. Also, right
maximum deviation (RMD) and left maximum deviation
(LMD) remained unaltered or increased after the pro-
posed treatments.

Table 3 illustrates comparisons among the groups
considering the kinesiographic measurements during
mastication. Results showed that, at T1, vertical
mandibular movement was significantly higher in the
ESG than in the EG. At T2, no significant differences
were found among the groups for either of the kinesio-
graphic parameters (Table 4).

DISCUSSION

Epidemiologic studies show that the signs and symptoms
related to TMDs occur predominantly in women."' This
higher prevalence has been explained by hormonal
characteristics and sociocultural behavior in response to
pain.” Thus, only women were included in this study in
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249 women seeking treatment for orofacial pain
October 2012 to December 2014

‘ Women satisfying all inclusion criteria and willing to participate in the study (N=52)

Control group

TO: Baseline evaluation (n=16)

i Participants dropped out (n=3).
i Cause(s): Unable to

i attend appointments

\

Control group

T1:30-day evaluation (n=13)

Participants dropped out (n=2).

attend appointments

Education group e iftel eI

(n=18)

self-care group
(n=18)

:IParticipants dropped out (n:5).‘:
! Cause(s): Unable to !
Cause(s): Unable to ! attend the appointments
! (n=3); improvement of
I
\

symptoms (n=1); illness (n=1)

———————

e AL Education and

(n=16)

self-care group

Start educational and
self-care therapies

(n=13)

:I Participants dropped out (n=4). \:
! Cause(s): Unable to !
! attend the appointments !
I I
\

(n=3); illness (n=1)

Control group

T2: 60-day evaluation (n=9)

Figure 2. Flow diagram of participants.

order to form a homogeneous sample corresponding to
the prevalence of TMDs.

The null hypothesis of the study was rejected as the
treatment with educational and self-care therapies had a
positive influence on the mandibular movement pattern
of women with chronic muscular and articular TMDs.
After 30 days of treatment, the ESG showed a significant
increase (>5 mm) in the extension of vertical opening and
anteroposterior mandibular movement during maximum
mouth opening and also a significant increase (1.4 mm)
in the extension of mandibular movements during the
masticatory cycles on the vertical axis. These improve-
ments in opening mandibular movement may have
clinical relevance, as it was stated by Kropmans et al*
that 5 mm is the smallest detectable difference in
repeated measurements of the interincisal opening
range.

Furthermore, for the EG, no change in kinesiographic
parameters was found. The improvement observed in the
ESG might have been attributed mainly to the mandib-
ular exercises performed by the participants. Previous
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Participants dropped out (n=3).

attend the appointments

1
1
1
Cause(s): Unable to !
1
1

Education and
self-care group
(n=13)

Education group

(n=13)

studies of myofascial pain'>“* have suggested the effec-

tiveness of such techniques to stretch and relax the
muscles, thereby restoring their flexibility and functional
capacity. In addition, the improvement of blood flow in
the masticatory muscles and decreased muscle tension
provided by massages followed by exercises and hot pads
can reduce pain,®® which also contributes to improve-
ment in mandibular function.>®

Michelotti et al'” and Carlson et al*® observed a sig-
nificant decrease (>50%) in the intensity of spontaneous
pain and in pain during mastication in individuals with
TMD treated with educational and self-care therapies.
They also found a clinically significant increase in the
range of the maximum mouth opening movement (>5
mm). However, in those studies, only individuals with
muscular TMD were included, and a millimeter ruler was
used to record the measurements of mandibular move-
ments. In this study, women with muscular and articular
TMDs were included, and a kinesiograph device that
records and displays spatial coordinates of mandibular
movements in 3 dimensions was used. This device
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Table 2. Mean (£SD) mandibular movement patterns during maximum
mouth opening at TO (baseline) and T1 (30 d)

Table 3. Mean (£SD) mandibular movement patterns during mastication
at TO (baseline) and T1 (30 d)

Self-care and P Self-care and P
Control Education Education (1-way Control Education Education (1-way
Time Points Pattern Group (mm) Group (mm) Group (mm) ANOVA) Time Points Pattern Group (mm) Group (mm) Group (mm) ANOVA)
To MVO 351 +50% 300102 305 +6.0* 71 TO VER 162 20 147 20" 16.0 £1.4% 069
MAM 255 +66°  17.7 £100*  18.1 +89" 046* AP 57 +2.5% 36 +1.9% 55 +4.2% 135
LMD 13.8 +8.5% 7.4 +9.9" 6.1 +5.5" 051 LAT 2.8 +4.8" 13 +1.7° 1.8 +3.9% 546
RMD 0.5 +0.7% 5.3 +6.7° 0.8 +1.1* .006* T VER 163 #1.7°% 150 +2.8% 174 £1.74 027
30d MVO 360 29" 318 494" 35.6 +6.4" 215 AP 57 +2.1° 40 £2.5% 53 +2.7% 179
MAM 263 +6.5" 18.6 +8.3° 256 +9.5" 027* LAT 1.8 217 0.08 +3.0% 20 +26% 102
LMD 152 +11.2% 6.8 +7.0° 19.7 +13.8% .009* AT1TO VER 0.5 +1.5% 03 +1.74 14 +1.14 065
RMD 1.5 +2.0% 3.7 458 0.6 +0.5" 025* AP 005 +24* 02 17" 0.1 +3.4" 903
AT1TO MVO 09 +3.8* 1.8 +3.5" 5.1 +3.4° 012* LAT -1.3 +54° -1.5 +3.3% 0.1 324 638
MAM 0.8 +4.4" 08 50" 7.4 £9.5° 019* AP, anteroposterior; LAT, lateral; VER, vertical. *Statistically significant differences
LMD 14 +143% -0.5 £9.1% 13.6 £1348 .009* (P<.05). Different superscript letters indicate statistically significant differences among
RMD 1010 +22%  -1.6 63" 02 +13" 303 the groups.

LMD, left maximum deviation; MAM, maximum anteroposterior movement; MVO,
maximum vertical opening; RMD, right maximum deviation. *Statistically significant
differences (P<.05). Different superscript letters indicate statistically significant differ-
ences among groups.

provides accurate and reliable measurements and was
recommended by previous studies® to investigate the
mandibular function of individuals with TMD.

The benefits of education and exercises in TMD
treatment were also reported by Craane et al'* and Laat
et al.?' Those studies used a questionnaire as the
outcome variable (Mandibular Function Impairment
Questionnaire [MFIQ]) and observed considerable
improvement in mandibular function of individuals after
treatment with educational and physical therapies. The
subjective analysis of mandibular function of individuals
with TMD is important because it takes into account the
perception and satisfaction of the individual. However,
the study of objective parameters such as the recording
and measurement of mandibular movements add valu-
able information about the functioning of the stoma-
tognathic system of TMD sufferers.*>”

In the present study, no significant differences in kine-
siographic parameters were found among the groups of
participants who received educational and self-care thera-
pies for 60 days and the group of participants that received
these therapies for only 30 days. These results are not in
accordance with previous studies that reported significant
improvement of pain and functional variables over time of
TMD treatment with education and self-care; however,
different methodologies were used in these studies.'*?

Another important finding was that, although the
participants demonstrated improvement in the extent of
vertical and horizontal mandibular movements during
maximum mouth opening, the deviations from the
midline (RMD and LMD) remained unaltered or
increased after the proposed treatments. The inclusion of
women with muscular and articular TMDs may explain
this finding. According to Leeuw et al®' deviations
during opening mandibular movement are related mainly
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Table 4. Mean (£SD) mandibular movement patterns during maximum
mouth opening (scan 1) and mastication (scan 8) at T2

Self-Care and P
Control Education Education  (1-way
Time Point T2 Pattern Group (mm) Group (mm) Group (mm) ANOVA)

Scan 1 MVO 382 +43"  345+93* 368 +5.0" A47
MAM 276 79" 227 +99* 238 +7.7° 408
LMD 11.0 £84% 128 #141% 132 +7.1% 880
RMD 6.2 +9.9" 26 +4.8" 14 +3.2° 204
Scan 8 VER 169 +2.8% 155 +4.0" 172 +1.34 051
AP 6.5 +3.0* 46 +2.8" 38 +2.74 103
LAT 23 +34" 0.7 +4.0" 1.8 +3.8" 583

AP, anteroposterior; LAT, lateral; LMD, left maximum deviation; MAM, maximum
anteroposterior movement; MVO, maximum vertical opening; RMD, right maximum de-
viation; VER, vertical.

to TM] derangement disorders such as articular disk
displacement. Considering that educational and self-care
therapies act to control stress and masticatory muscle
disorders, the improvement of mandibular deviations in
individuals with articular TMDs treated with these ther-
apies would not be expected in the present study.

Educational and self-care therapies are low-cost
treatments that can be successfully used for most
TMDs. The present study revealed the efficiency of these
therapies in restoring mandibular function, considering
the analysis of the kinesiographic parameters in women
diagnosed with chronic TMDs. The limitations of this
study include the high dropout rate during the follow-up
period and the follow-up of only 60 days. The long-term
effect of treatment with educational and self-care thera-
pies also needs to be evaluated and could be the topic of
future research.

CONCLUSIONS

The findings of this study indicate that treatment with
educational and self-care therapies during a 30-day
period can positively influence the pattern of mandib-
ular movements in women with chronic muscular and
articular TMDs.
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