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A. L . PORPORATTI* & Y. M. COSTA* *Department of Prosthodontics, Bauru School of Dentistry, University of São

Paulo, Bauru and †Department of Public Health, Bauru School of Dentistry, University of São Paulo, Bauru, Brazil

SUMMARY The aim of this research was to test the

hypothesis that treatment with intra-oral appli-

ances with different occlusal designs was beneficial

in the management of pain of masticatory muscles

compared with a control group. A total of 51

patients were analysed according to the Research

Diagnostic Criteria for Temporomandibular Dis-

orders (RDC ⁄ TMD) to obtain the diagnosis of

masticatory myofascial pain (MMP). The sample

was then randomly divided into three groups: group

I (n = 21) wore a full coverage acrylic stabilisation

occlusal splint; group II (n = 16) wore an anterior

device nociceptive trigeminal inhibitory (NTI) sys-

tem; and group III (n = 14) only received counselling

for behavioural changes and self-care (the control

group). The first two groups also received counsel-

ling. Follow-ups were performed after 2 and

6 weeks and 3 months. In these sessions, patients

were evaluated by means of a visual analogue scale

(VAS) and pressure pain threshold (PPT) of the

masticatory muscles. Possible adverse effects were

also recorded, such as discomfort while using the

appliance and occlusal changes. The results were

analysed with Kruskal–Wallis, ANOVA, Tukey’s and

Friedman tests, with a significance level of 5%.

Group I showed improvement in the reported pain

at the first follow-up (2 weeks), whereas for groups

II and III, this progress was detected only after

6 weeks and 3 months, respectively. The PPT values

did not change significantly. It was concluded that

behavioural changes are effective in the manage-

ment of pain in MMP patients. However, the simul-

taneous use of occlusal devices appears to produce

an earlier improvement.
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Introduction

Occlusal splints have been used as an important

modality for the management of temporomandibular

disorders (TMD) for over 100 years (1). The most

common category, which is also the best documented,

is known as a stabilisation splint (2).

The real therapeutic effect and mechanisms of action

of this modality are not fully understood, but it is

believed that a combination of several peripheral,

central and behavioural modifications occurs that plays

an important role in this scenario. Reduction in muscle

activity, improvement in occlusal stability, an increase

in the vertical dimension of occlusion, cognitive alter-

ations and the placebo effect are listed as possible

beneficial effects of occlusal splints (3).

Indications for wearing an occlusal splint include the

management of TMD, tension-type headaches, tempo-

romandibular joint (TMJ), articular disc disorders and

the prevention of excessive wear of the teeth in patients

with parafunctional habits, such as bruxism (4).

The Nociceptive Trigeminal Inhibition (NTI) Clench-

ing Suppression System device, in contrast, covers only

the upper incisors and contacts the mandibular incisors.
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It has been suggested that this device is able to reduce

teeth clenching and grinding by activating the tension

suppression system (NTI-tss). According to the manu-

facturer, this inhibition is reported to be a reflection of

the body to protect the teeth from excessive forces,

preventing the parafunctional night habit on the

canines and molars. NTI-tss can also prevent and

reduce muscle components responsible for migraine

and chronic TMD (5). Acting as a unique or combined

therapeutic method, the establishment of counselling

and behavioural modifications is also reported as a very

powerful tool in the management of masticatory

myofascial pain (MMP) (6).

Based on the above, this study aims to compare

changes in pain intensity (VAS) and in the pressure

pain threshold (PPT) of masticatory muscles in MMP

patients, through therapies of counselling for behavio-

ural changes, with or without occlusal devices (NTI or

full coverage stabilisation splints).

Methods and sample

The Ethics Committee in Research of Bauru School of

Dentistry – University of São Paulo, Brazil (USP), in

06 ⁄ 07 ⁄ 2009 (protocol #034 ⁄ 2009), approved the study

protocol.

Sample

The study subjects were patients, seeking therapy for

facial pain at the Bauru School of Dentistry, University

of São Paulo, Brazil. The sample was composed of 51

adults, initially selected according to the following

criteria:

Inclusion:

1 Adults aged 18 years or more.

2 Presence of myofascial pain with or without jaw

opening limitation (Ia and Ib) according to the

Research Diagnostic Criteria for Temporomandibular

Disorders (RDC ⁄ TMD) (7).

3 Report of pain intensity of at least ‘50 mm’ in a visual

analogue scale (VAS), ranging from ‘0’ to ‘100 mm’.

Exclusion:

1 Individuals with dental pain or tender muscles

caused by systemic diseases.

2 Individuals with major psychological disorders.

3 Individuals with a recent history of trauma in the

face and neck area.

4 Subjects under TMD management.

5 Individuals wearing full or partial dentures.

Patients with a primary RDC ⁄ TMD diagnosis of

myofascial pain and concomitant asymptomatic TMJ

noises (RDC ⁄ TMD IIa) were not excluded.

Group establishment

Patients were asked, by means of written and oral

forms, to participate in this study. After fulfilling the

initial criteria, the patients were randomly allocated

into one of the following three groups:

Experimental Group I (stabilisation appliance and counsel-

ling). This group was composed of 21 patients who

received therapy with a rigid acrylic upper full

coverage stabilisation appliance and counselling for

habits and behavioural changes (8). The stabilisation

appliances were built after an occlusal registration

with a smooth and flat occlusal surface and a very

slight canine and anterior guidance to provide 2–2Æ5
mm of interocclusal separation in the posterior region

during mandibular excursion movements. No clasps

for extra retention were used. The patients were

advised to wear the appliance only at night while

sleeping. The patients were also instructed about

beneficial behavioural changes and received a printed

version of the instructions, containing information

about relaxation techniques, sleep hygiene, diet mod-

ification, thermotherapy and massage in the painful

area, as well as avoidance of caffeine and daytime

clenching.

Experimental Group II (NTI and counselling). This group

was composed of 16 patients who received therapy

with an NTI appliance and the same counselling and

behavioural changes explained for the patients in

group I.

The NTI device was built according to the manufac-

turer’s instructions. This device covered only the upper

incisors and maintained a single contact with the

mandibular incisors. The canines and molars did not

touch the device during mandibular movements.

Instructions were given for night-time use only, during

sleep, as in group I.

Control Group III (counselling only). This group was

composed of 14 patients who received only the previ-

ously described counselling for behavioural changes,

with no use of an intra-oral appliance.
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Examiners

Two experienced examiners, calibrated to perform all

necessary RDC ⁄ TMD evaluations, appliance delivery

and patient follow-ups, performed all of the procedures.

The first examiner handled the randomisation process

and provided the proper therapy, whereas the second

one performed the follow-up examinations and col-

lected all of the clinical data, using a ‘blind’ design with

no awareness of the individual’s group.

The patients were evaluated five times: at the first

visit, for inclusion in the study and group establishment;

at the second visit, when appliances were delivered (or

only counselling performed, for group III); and after 2,

6 weeks and 3 months for re-evaluation.

The following variables were analysed:

Visual analogue scale. The VAS (9) is a horizontal line,

100 mm in length, anchored by word descriptors at

each end, where at the far left the patient can read ‘no

pain’ and on the right ‘worst pain imaginable’. The

patients were requested to make a vertical mark on the

line at the point that they felt represented their

perception of their current state of pain.

Pressure pain threshold. The PPT (10, 11) determina-

tion was performed with the aid of a digital algometer*

containing a rod with a 1 cm2 flat, circular-shaped tip at

the end of it. The flat part of this tip was used to apply

pressure over the muscles.

The muscles analysed were the superficial and deep

masseter and the temporalis (anterior, medium and

posterior), in a relaxed posture, palpated on both sides.

The rate of pressure application was set as approxi-

mately 0Æ5 kgf cm)2 per s. To optimise the PPT deter-

mination, the algometer used in the present study has a

button to be pressed by the patient at the exact moment

when the increasing pressure becomes painful. The PPT

was recorded twice at each muscle site, and the mean of

both measurements was used for statistical purposes.

The sequence (side and group of muscle evaluated) was

previously randomised.

Registration of occlusal contacts. This procedure was

performed using a ribbon and a Miller clamp, with

the patient seated in an upper body position. After the

teeth were dried, the patients were asked to open and

close their mouths repeatedly so that the number of

points of occlusal contact between the upper and lower

teeth could be recorded.

A comprehensive assessment of splint adjustments

was performed at all of the follow-up visits for the

individuals in groups I and II. The control group also

had the counselling and behavioural changes informa-

tion reinforced during at each visit.

Data analysis. The results were analysed with Kruskal–

Wallis (VAS between groups), ANOVA and Tukey’s tests

(PPT and occlusal contacts between groups) and Fried-

man tests (VAS and PPT levels within groups), with a

significance level of 5%.

Results

At baseline, 51 individuals were divided into three

groups: group I (n = 21), group II (n = 16) and group III

(n = 14). After 3 months, 39 individuals completed the

treatment: group I (n = 17), group II (n = 13) and

group III (n = 9). Twelve patients dropped out because

of difficulties in returning to the university for the

follow-up visits or even because of lack of time or

interest.

The mean age of the sample was 38Æ09 years for

group I, 35Æ25 years for group II and 38Æ14 years for

group III (P > 0Æ05). Women formed 80Æ9% of group I,

87Æ5% of group II and 100% of group III.

When the VAS differences between the baseline and

the final evaluation (within-group analysis) were con-

sidered, a significant decrease (P < 0Æ05) in the reported

pain was found for all of the groups (Fig. 1). This

reduction, however, occurred earlier for group I

(2 weeks follow-up) and group II (6 weeks follow-

up). When the between-group analysis was considered

at different times, significant differences were found

only at the time of the second follow-up (6 weeks)

between groups I and III.

When the PPT values were analysed, a tendency

towards increased values (less tender to pressure) was

noted, suggestive of improvement for all of the groups.

However, no significant differences were detected,

either within or between the groups (Table 1).

The percentage of patients responsive to treatment

who halved their VAS values were also analysed. The

experimental groups, using occlusal devices, showed

more convincing results (88Æ2% for group I and 76Æ9%

for group II), whereas only 33Æ3% of group III achieved

this condition.*Mod. DDK-20; Kratos Equipamentos Industriais, Cotia, SP, Brazil.
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The number of occlusal contacts did not significantly

change in different evaluations, and no irreversible

occlusal changes were found. Indeed, no differences

between reports of any discomfort between the two

different splints were identified (P > 0Æ05).

Discussion

The sample was mainly composed of women, aged

between 30 and 45 years old, agreeing with the epide-

miological features of TMD (12, 13). After 3 months of

evaluation, all of the management strategies used in the

present study provided a significant improvement in the

pain levels of MMP when judged by the VAS. Individuals

wearing occlusal appliances (stabilisation splints or NTI)

and educated about behavioural changes, however,

reported earlier significant improvement compared with

the control group with no appliances.

The within-group analysis demonstrated a significant

decrease in pain reported (VAS) by group I after

2 weeks in comparison with the baseline, whereas the

same occurred only after 6 weeks for group II and after

3 months for group III.

Stabilisation devices are well documented in the

literature as an effective modality in the management

of masticatory muscle pain (5, 12, 14–16). The possible

mechanisms of action of this modality are listed as

follows: the re-establishment of a proper occlusal

relationship and a stable physiological mandibular

posture; the cognitive effect, making the patient aware

of oral parafunctional habits; the reduction in muscular

activity; and the placebo effect. The actual results are

likely due to a combination of all of these mechanisms.

Based on the fact that the control group also experi-

enced improvement, counselling and behavioural

changes can also be considered to be effective treat-

ments and should be part of conservative management

for myogenic TMD.

The improvement in pain reported for all groups after

a 3-month period may reflect, as stated above, the

importance of behavioural alterations and the avoid-

ance of deleterious and parafunctional habits in the

facial pain of masticatory origin. In a similar study, the

effectiveness of an education program was compared

* P < 0·05

Fig. 1. Visual analogue scale (VAS) scores for the three groups at

different times.

Table 1. The mean (s.d.) pressure pain threshold (kgf cm)2) for all of the groups at baseline and after 3 months (ANOVA and Tukey’s test).

Group I* Group II* Group III* P-value between groups

Baseline 3 months Baseline 3 months Baseline 3 months Baseline 3 months

Anterior temporalis

Right 2Æ06 (0Æ49) 2Æ00 (0Æ54) 1Æ72 (0Æ56) 1Æ83 (0Æ52) 2Æ02 (0Æ56) 1Æ89 (0Æ43) 0Æ14 0Æ65

Left 1Æ98 (0Æ47) 2Æ04 (0Æ49) 1Æ72 (0Æ7) 1Æ75 (0Æ61) 1Æ86 (0Æ55) 1Æ65 (0Æ55) 0Æ41 0Æ17

Middle temporalis

Right 2Æ33 (0Æ5) 2Æ45 (0Æ73) 1Æ92 (0Æ66) 2Æ0 (0Æ58) 2Æ51 (0Æ92) 2Æ44 (1Æ14) 0Æ06 0Æ3
Left 2Æ21 (0Æ53) 2Æ43 (0Æ67) 2Æ04 (0Æ78) 1Æ97 (0Æ7) 2Æ27 (0Æ74) 2Æ09 (0Æ96) 0Æ06 0Æ23

Posterior temporalis

Right 2Æ22 (0Æ53) 2Æ49 (0Æ71) 2Æ31 (0Æ86) 2Æ27 (0Æ89) 2Æ51 (0Æ76) 2Æ66 (1Æ75) 0Æ50 0Æ71

Left 2Æ29 (0Æ64) 2Æ43 (0Æ74) 2Æ12 (0Æ78) 1Æ99 (0Æ84) 2Æ34 (0Æ91) 2Æ35 (1Æ4) 0Æ70 0Æ45

Superficial masseter

Right 1Æ42 (0Æ38) 1Æ46 (0Æ41) 1Æ28 (0Æ7) 1Æ23 (0Æ48) 1Æ20 (0Æ35) 1Æ13 (0Æ41) 0Æ40 0Æ14

Left 1Æ29 (0Æ33) 1Æ43 (0Æ4) 1Æ15 (0Æ46) 1Æ33 (0Æ56) 1Æ04 (0Æ25) 1Æ12 (0Æ32) 0Æ12 0Æ26

Deep masseter

Right 1Æ75 (0Æ52) 1Æ83 (0Æ61) 1Æ56 (0Æ82) 1Æ51 (0Æ6) 1Æ58 (0Æ48) 1Æ53 (0Æ55) 0Æ59 0Æ27

Left 1Æ65 (0Æ44) 1Æ75 (0Æ5) 1Æ58 (0Æ84) 1Æ51 (0Æ51) 1Æ55 (0Æ45) 1Æ51 (0Æ46) 0Æ88 0Æ33

*There are no intragroup differences for all muscles sites (P > 0Æ05).
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with the occlusal appliance therapy in the management

of myofascial pain of the jaw muscles during a short

period. The authors concluded that education was

slightly more effective than only an occlusal appliance

in treating spontaneous muscle pain (6).

The decrease in the overload to the system, associated

with a possible and probable high impact of the

patient’s initial reaction to a professional orientation,

may also account for the reduction in pain levels (17,

18). Obviously, the natural evolution of the disease,

placebo effect (19, 20) and regression towards the mean

(21, 22) may also have an important role in the

effectiveness of different modalities for the manage-

ment of TMD, as those studied here.

The earlier progress for those wearing occlusal

devices, especially stabilisation splints, may also

reflect the influence of other mechanisms of action.

It has been reported that the presence of a new intra-

oral condition (such as occlusal devices) can interfere

with certain trigeminal neural circuits (16) and, at

least in the beginning, have a significant impact on

pain relief.

It has been hypothesised in the literature that

intra-oral appliances have a labelled ‘cognitive aware-

ness concept’, related to the presence of a foreign

object in the oral cavity, whether with or without

tooth coverage, likely due to changes in tongue

position during sleep (23), the consciousness of the

position and potentially harmful use of the jaw (24)

and changes in the intramuscular recruitment pat-

tern, which is often followed by a pain reduction (5).

This hypothesis also needs further studies to be

accepted, although it provides an explanation for

success in using oral appliances, as occurred in the

present study.

The reasons for the earlier improvement reported by

those wearing full coverage stabilisation splints are

discussed here. Only patients with primary myogenic

pain with no RDC ⁄ TMD diagnosis of arthralgia were

included to avoid any possible influence of the lever

effect over the joint caused by the single anterior

contact that is typical of the NTI device.

Based on the concept of more pronounced inhibition

of muscle activity provided by a single anterior contact

(25), it should be expected that the NTI also had a

significant initial impact on the pain levels, which took

6 weeks to occur. The initial discomfort and the time to

adaptation to the device could explain these findings.

After this period, however, the NTI group had the same

reduced pain levels compared with the stabilisation

splint group.

Although the presence of a larger area of occlusal

contact provided by the stabilisation splint is supposedly

less effective in ‘warning’ the system against muscle

hyperactivity and overload, the stability and comfort

offered by its design probably influenced the initial pain

improvement reported after 2 weeks.

No significant differences between the groups were

found for the PPT values, although higher mean levels

of PPT for most of the muscle sites were detected for

those wearing stabilisation splints. At baseline, the

lowest mean PPT was found in the masseter, followed

by the anterior, middle and posterior temporalis mus-

cles, with no differences between groups.

It is interesting to note that, regardless of the

improvement in the reported pain, the PPT levels did

not significantly increase in this short-term evaluation.

This result probably indicates that, for some reason, the

modalities used in this study had an earlier impact on

the patient’s perception of pain (expressed in VAS

values) than on peripheral, tissual or central changes

(expressed in PPT levels). Alterations of the modulatory

endogenous system and high expectance levels are

particularly important in this scenario. Alterations in

the PPT levels could occur in a long-term analysis,

which we were unable to do and is a limitation of our

study.

The final values of masseter and temporalis PPT for

the entire sample, however, were comparable to those

found in asymptomatic subjects in previous studies in

which algometry was also used (11, 26, 27), which

endorses the importance of the modalities studied here.

An important finding was the high percentage of

patients responsive to the treatment in groups I and II,

which includes those who had decreased their VAS

values by at least 50% (28), highlighting the impor-

tance of the occlusal splint in the management of

myogenic pain.

No differences were detected between the groups

when the number of occlusal contacts was considered

in this short-term analysis. Occlusal changes, however,

were reported in previous studies after 3 and 6 months

of therapy with NTI (25).

There is no evidence that supports NTI as more

effective than stabilisation devices for TMD manage-

ment (15). In fact, clinical trials have recorded some

adverse effects: aspiration and swallowing, occlusal

changes after long-term unmonitored use and teeth
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mobility (5, 24, 25, 29). In the present investigation,

NTI use was controlled only for a 3-month period, and

no occlusal alterations were found. Certain studies,

however, reported 1-mm mobility of the incisors and

development of an anterior open bite in the same

conditions (25, 30).

Nociceptive trigeminal inhibitory may induce pain

sensitivity in the anterior teeth or mandible movement

incoordination, and the device may be fall out or taken

out unconsciously while sleeping (24, 25). In the

present study, 25% of the NTI group reported tooth

sensitivity in the region of the mandibular incisors, and

12Æ5% reported a lack of coordination of mandibular

movements, whereas 18% of the sample reported the

appliance falling out or being taken out unconsciously

during the night.

The short-term nature of the evaluation, as well as

the relatively small number of individuals in the final

follow-up, especially in the control group, are limita-

tions of the present investigation and need to be

considered when judging the present results.

It was concluded that behavioural changes are

effective in the management of pain in masticatory

myofascial patients. However, the simultaneous use of

occlusal devices, especially the stabilisation splint,

appears to produce an earlier improvement. The effec-

tiveness and safety of NTI requires long-term studies.
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