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SUMMARY The aim of this randomised controlled

trial was to assess the efficacy of stabilisation

splint treatment on TMD-related facial pain during

a 1-year follow-up. Eighty patients were randomly

assigned to two groups: splint group (n = 39) and

control group (n = 41). The patients in the splint

group were treated with a stabilisation splint

and received counselling and instructions for

masticatory muscle exercises. The controls received

only counselling and instructions for masticatory

muscles exercises. The outcome variables were the

change in the intensity of facial pain (as measured

with visual analogue scale, VAS) as well as the

patients’ subjective estimate of treatment

outcome. The differences in VAS changes between

the groups were analysed using variance analysis

and linear regression models. The VAS decreased

in both groups, the difference between the groups

being not statistically significant. The group status

did not significantly associate with the decrease in

VAS after adjustment for baseline VAS, gender,

age, length of treatment and general health status.

The only statistically significant predicting factor

was the baseline VAS, which was also confirmed

by the mixed-effect linear model. After 1-year

follow-up, 27�6% of the patients in the splint

group and 37�5% of the patients in the control

group reported ‘very good’ treatment effects. The

findings of this study did not show stabilisation

splint treatment to be more effective in decreasing

facial pain than masticatory muscle exercises and

counselling alone in the treatment of TMD-related

facial pain over a 1-year follow-up.
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Introduction

Temporomandibular disorders (TMD) involve clinical

problems in the masticatory muscles, the temporo-

mandibular joints (TMJ) and associated structures.

Facial pain, TMJ sounds, limited jaw opening capacity

and deviations in mandibular movements are com-

mon signs and symptoms of TMD (1). TMD signs and

symptoms are relatively common in the population.

Due to discrepancies in the criteria for the symptoms

and signs, the prevalence of TMD varies between

studies. The prevalence of TMD symptoms in the

adult population is suggested to vary between 21%

and 50% and that of clinical findings between 40%

and 90% (2–6). TMD symptoms and signs seem to be

more common among females than males. (3–5, 7).

The prevalence of TMD increases during adulthood,

and the elderly have more TMD findings but fewer

symptoms (5, 8, 9).

Several methods have been used in the treatment

of TMD including information and counselling,

instructions for self-care and masticatory muscle
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exercises, pharmacological treatment, as well as occlu-

sal adjustment (10). The most common form of active

TMD treatment is the use of an occlusal splint (1), of

which the stabilisation splint is the most commonly

used (11). However, there have been contradictory

results in the literature about the efficacy of stabilisa-

tion splint treatment on TMD-related facial pain;

according to some studies, stabilisation splint treat-

ment decreases TMD-related pain (12–16), whereas

others have found that stabilisation splint treatment

does not offer any additional benefit compared with

other active forms of treatment (13, 17).

Only few long-term studies have been conducted

on the efficacy of stabilisation splint (12, 18). Further-

more, due to the contradictory results between the

previous studies, additional randomised controlled

studies are needed to assess the efficacy of stabilisa-

tion splint treatment over a long-time period. Subse-

quently, the aim of this randomised controlled study

was to assess the efficacy of stabilisation splint therapy

on facial pain in a 1-year follow-up.

Materials and methods

Design of the study

The study sample consisted originally of 80 patients

(18 men, 62 women) who were referred to the Oral

and Maxillofacial Department in Oulu University Hos-

pital, Oulu, Finland, for treatment of TMD-related

facial pain. The patients were examined between

March 2008 and August 2010. The inclusion criteria

were the following: (i) clinically diagnosed TMD as

defined by the Research Diagnostic Criteria for Tem-

poromandibular Disorders (RDC/TMD) (19), (ii) mini-

mum of 20 years of age and (iii) lack of long-term

illnesses (i.e. rheumatoid arthritis) that may affect

TMJs or the masticatory muscles (17).

Using computer-generated random numbers, the

patients were randomly assigned to two groups: splint

group and control group (Fig. 1). The baseline data of

the subjects are shown in Table 1. Patients in the con-

trol group (n = 41) were given counselling and guid-

ance for masticatory muscle exercises. In addition to

these, the patients in the splint group (n = 39) were

also treated with a stabilisation splint. Myofascial pain

was diagnosed for 97�3% of the patients in the splint

group and 82�9% of the controls. More detailed infor-

mation concerning the distribution of the diagnostic

subclassifications according to the RDC/TMD criteria

is given in our earlier study (17).

Data collection

The patients had four follow-ups: at about 1 month,

3 months, 6 months and 1 year after the baseline

evaluation. The same dentist specialised in stomato-

gnathic physiology (KS) conducted all of the follow-

up examinations, being unaware of the group status

of the patients. The intensity of the facial pain was

assessed using visual analogue scale (VAS) at baseline

and at all the follow-ups. The patients’ subjective esti-

mates of the effects of the treatment were evaluated

with a questionnaire, using a scale from 1 to 4

(1 = Very good effect, 2 = Treatment has helped to

some extent, 3 = No difference/Cannot tell and

4 = Symptoms worsened). The patients’ general

health status was also inquired by a questionnaire (on

a scale of 1–5, 1 = excellent, 2 = very good, 3 = good,

4 = moderate, 5 = poor) (Table 1).

Treatment procedures

The stabilisation splints were made of heat-cured

acrylic by the same dental technician. The occlusion

of the splint was defined in the centric relation occlu-

sion using wax (Astynax;* ). The patients were

instructed to use the splint every night during the

course of the study.

All the patients in both groups were instructed to

perform a standardised programme for masticatory

muscle exercises as described by Carlsson and Mag-

nusson (20). At the beginning of the training pro-

gramme, active mouth openings, laterotrusive

movements and protrusive movements were per-

formed. The mandible was held in the maximal

positions for a few seconds on each movement.

Thereafter, these movements were made towards

resistance (using the patient’s own fingers). After jaw

exercises, the patients were suggested to open the jaw

wide, stretching it with fingers a few times for

10–20 s. These movements were repeated 7–10 times per

training session, and the sessions were performed 2–3

times per day. The patients received written instruc-

tions, and the movements were also demonstrated by

*Associated Dental Products Ltd., Wiltshire, UK.
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the dentist before the treatment, and reprised if nec-

essary. The instructions for masticatory muscle exer-

cises were given by the same dentist (KS) at the first

visit. At every examination, the patients were

reminded to use the splint and/or to perform the

exercises at a regular basis.

The stabilisation splint treatments were performed

by two other dentists who were instructed in the

treatment method.

Attrition

The treatment protocol is presented in Fig. 1. Two

patients dropped out of the trial from the splint group;

one did not attend any of the check-ups and the

other was offered other treatment, that is orthogna-

thic surgery. In addition, during the 1-year follow-up,

altogether 16 patients interrupted their attendance to

the trial or did not show up for their appointed fol-

low-up. Sixteen controls were transferred from the

control group to the splint group because of their

symptoms and need of treatment. Thirteen patients

(10 patients in the splint group and three in the con-

trol group) were treated with arthrocentesis of the

TMJ during the study.

All the patients in the total sample were defined as

belonging to the ‘intention-to-treat’ (ITT) population

except for the two who were excluded at the begin-

ning of the trial. Thus, the ITT also included those

who switched groups or those who in whichever

Table 1. Baseline data of the TMD patients in the splint and control groups

Intention-to-treat Per-protocol

Splint

n = 37

Control

n = 41

Splint

n = 30

Control

n = 16

Age mean (SD) 42�56 (13�39) 44�03 (13�09) 41�98 (13�14) 47�98 (11�57)
Gender (%)

Men 16�2 26�8 16�7 18�8
Women 83�8 73�2 83�3 81�3

General health status (%)

Excellent/very good/good 89�2 80�5 86�7 81�2
Moderate/poor 10�8 19�5 13�3 18�8

SD, Standard deviation.

TMD patients 80 

Randomization 
Splint group 

 One due to missed visit. 
One referred for surgical treatment. 

41 

1 month 

2 

2 

3 month 

41 

27 

21 

5 

16 

 Control group 

39 

4 

2 

37 

33 

31 

1 

30 

2 

 Dropouts due 
to missed visit 

6 month 

1 year 

12 

Switch to 
splint group 

16 

4 

16 

 Dropouts due 
to missed visit 

Follow ups: Fig. 1. Flow chart of the study

subjects. The numbers surrounded

by lighter grey circles describe the

‘intention-to-treat’ (ITT) (n = 37,

41), and the numbers surrounded

by darker grey circles describe the

‘per-protocol’ (PP) (n = 30, 16).

Sixteen patients in the control

group switched to the splint group

during the course of the study. One

patient was referred for surgical

treatment, one did not attend any

follow-ups, and 16 others dropped

out during the course of the trial.
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group received other treatment than initially planned

based on the group criteria. In the analysis, the num-

ber of days each patient had stayed in the assigned

groups was taken into account. The patients who had

stayed in their assigned groups for the whole follow-

up period were defined as forming the ‘per-protocol’

(PP) population. At the last 1-year follow-up, there

were 30 patients in the splint group and 16 in the

control group in the PP and 37 patients in the

splint group and 41 patients in the control group in

the ITT.

Statistical analysis

Statistical significances of the differences in patients’

estimate of the effects of the treatment between the

groups were analysed using chi-square test. Differ-

ences in means of the change in VAS between the

groups were tested using ANOVA. VAS change was cal-

culated by subtracting VAS at 1-year follow-up from

baseline VAS. The fluctuation of facial pain during

the study (VAS) was demonstrated with a box-plot

diagram. At first, linear regression analysis was used

to analyse factors associated with change in VAS

after 1-year follow-up in both the ITT and PP popu-

lations. Group status was included as the explanatory

factor and baseline VAS, gender, age, length of treat-

ment and general health status were included as

confounders. To take into account each examination

point, association between the group status and

change in VAS was analysed by linear mixed-effect

regression model with generalised estimating equa-

tions by SPSS 21† .

Results

Means of VAS at baseline and at 1-year follow-up are

shown in Table 2. There were no statistically signifi-

cant differences in VAS changes between the splint

and control group patients in either the ‘per-protocol’

(PP) or the ‘intention-to-treat’ (ITT) populations (ANO-

VA test). In the ITT, the mean of VAS decreased in

both groups, from 5�2 to 4�2 in the splint group and

from 4�6 to 3�4 in the control group (Table 2).

The linear regression analysis showed that the

group status did not associate with VAS change. The

only statistically significant factor was the baseline

VAS (Tables 3 and 5). The baseline VAS remained as

the only statistically significant factor when testing

the VAS at 1-year follow-up as the independent fac-

tor. Facial pain was shown to fluctuate during the

study (Fig. 2). Also according to the mixed model,

VAS at baseline was significantly higher and at the

6 month follow-up significantly lower as compared to

VAS at 1-year follow-up. Group, gender or age did

not associate with the change in VAS.

The patients’ estimates of the effects of the treat-

ment are shown in Table 4. Patients in the control

group reported more often ‘very good’ treatment out-

comes and less often ‘worsened’ treatment outcomes

than patients in the splint group.

Discussion

According to this study, stabilisation splint treatment

does not offer significant improvement on TMD-

related facial pain compared with masticatory muscle

exercises alone during a 1-year treatment time. Facial

pain intensity decreased in both groups, but the dif-

ferences in change were not statistically significant.

Table 2. Patient’s estimates of the intensity of current facial pain as measured with visual analogue scale (VAS, on a scale of 0–10).

The change in VAS was counted by subtracting the 1-year follow-up VAS from the baseline VAS for each of the patients

VAS

Intention-to-treat Per-protocol

Splint mean (SD)

n = 37

Control mean (SD)

n = 41 P-value

Splint mean (SD)

n = 30

Control mean (SD)

n = 16 P-value

Baseline 5�22 (2�78) 4�59 (2�57) 0�301 5�60 (2�55) 4�31 (2�73) 0�119
1-year follow-up 4�24 (3�00) 3�37 (2�84) 0�189 4�57 (2�96) 3�13 (3�10) 0�128
Change 0�97 (3�12) 1�22 (2�64) 0�707 1�03 (3�06) 1�19 (2�34) 0�861

SD, Standard deviation.

P-value is based on ANOVA.

†IBM Corp, Armonk, NY, USA.
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The modest improvement noted in both groups is

most likely due to information and to actual positive

effects of both treatment methods as well as possibly

due to the fluctuating characteristics of TMD.

The results are in accordance with the previous

study conducted on the same patient sample with a

shorter follow-up period, that is 1 month (17), as

well as with several other RCT studies on stabilisa-

tion splint and other occlusal splint efficacy (21–24).

Due to the fact that the number of long-term follow-

up studies is scarce, the present study gives impor-

tant information based on a relatively long-time per-

Table 3. Association between stabilisation splint treatment and change in current facial pain as measured with visual analogue scale

(VAS) after 1-year follow-up according to linear regression analysis. The change in VAS was counted by subtracting the 1-year follow-

up VAS from the baseline VAS for each of the patients

Variables

Intention-to-treat Per-protocol

b (95%CI)

n = 78 SE P-value

b (95%CI)

n = 46 SE P-value

Gender (1 = male, 2 = female) �0�15 (�1�60 to 1�31) 0�73 0�839 0�03 (�2�15 to 2�20) 1�08 0�981
Group (1 = splint, 2 = control) 0�71 (�0�52 to 1�94) 0�62 0�252 0�48 (�1�42 to 2�38) 0�94 0�611
Age �0�01 (�0�04 to 0�06) 0�02 0�757 0�02 (�0�05 to 0�09) 0�03 0�508
Baseline VAS 0�50 (0�28–0�73) 0�11 0�000 0�43 (0�10–0�75) 0�16 0�011
Treatment time in days 0�00 (�0�00 to 0�01) <0�01 0�433 0�00 (�0�01 to 0�01) <0�01 0�880
General health status �0�51 (�1�33 to 0�31) 0�41 0�217 0�21 (�0�95 to 1�38) 0�58 0�713
R2 0�23 (0�16) 0�17 (0�04)

95% Confidence interval (95% CI).

SE, Standard error.

Groups 

Splint group Control group 

( )

P
ai

n
 (

V
A

S
) 

Fig. 2. A diagram showing the

fluctuating characteristics of facial

pain in TMD patients during the

course of the treatment over a

1-year follow-up. Pain was

measured with visual analogue scale

(VAS) (as expressed with medians,

upper and lower quartiles and

minimum and maximum values).
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iod. In another long-term follow-up study, the splint

therapy was shown to decrease TMD pain. Erixon

and Ekberg (18) conducted an 8-year follow-up

study to assess the long-term effects of occlusal

splints on TMD patients. The patients were randomly

assigned to be treated with an occlusal splint or a

control (palatal) appliance. Based on a questionnaire,

more than 75% reported an overall improvement in

TMD pain (18).

The patients in the splint group had higher VAS val-

ues at baseline compared to the patients in the control

group, implying that their symptoms were more

severe at the beginning. This might explain why their

estimates of treatment outcome were less positive

than those of the patients in the control group.

Although the mean of the VAS on pain intensity of

the patients in the splint group decreased during the

follow-up, it was still higher than in the control group.

The results of this study showed that the baseline

facial pain intensity was the only determinant that

played a significant role on the change in facial pain.

The randomised controlled study design was the

strength of the present study. Furthermore, the same

dentist performed all the examinations and was una-

ware of the group status of the patients. The length of

this study was particularly long compared to most of

the other studies conducted on this subject. The use

of multiple analyses which yielded in similar results

can also be considered as one strength of the study.

However, it must be taken into account that in long-

term studies, the reliability of the results may be

weakened, because the regular use of the splint as

well as performing the masticatory muscle exercises

cannot be assured. There is a possibility that the

patients may use the splint regularly at the beginning

of the study but do not necessarily continue using it

throughout the course of the study.

The present study showed that facial pain intensity

fluctuated during the 1-year follow-up (Fig. 2). In this

study, it was not possible to distinguish between the

normal fluctuation of pain and the benefits of the

treatments the patients received. It should also be

noted that the pain intensity often varies over time

regardless of the treatment given to the patients,

which may affect results depending on whether the

treatment was started at a more or less painful phase.

At the 6 month follow-up, the VAS on pain intensity

was at its lowest point, as compared to the VAS at

Table 4. Patients’ subjective estimates of treatment outcome (on a scale of 1–4)

Intention-to-treat Per-protocol

Splint n (%)

n = 29

Control n (%)

n = 32

Splint n (%)

n = 29

Control n (%)

n = 16

1. Very good 8 (27�6%) 12 (37�5%) 8 (27�6%) 5 (31�3%)

2. Has helped to some extent 9 (31�0%) 9 (28�1%) 9 (31�0%) 5 (31�3%)

3. No difference/Cannot tell 7 (24�1%) 8 (25�0%) 7 (24�1%) 6 (37�5%)

4. Worsened 5 (17�2%) 3 (9�4%) 5 (17�2%) 0 (0%)

Table 5. A linear mixed-effect regression model showing the association between intensity of pain as measured with visual analogue

scale (VAS) and explanatory factors

b 95%CI SD P-value

Intercept 4�34 2�28–6�40 1�04 0�000
Gender ref. female �0�62 �1�87 to 0�64 0�63 0�332
Age (years) �0�12 �0�05 to 0�28 0�2 0�545
Group ref. control 0�10 �0�94 to 1�13 0�52 0�854
Treatment time Baseline 1�12 0�31–1�93 0�41 0�007

1 month �0�15 �0�97 to 0�67 0�42 0�716
3 months �0�35 �1�32 to 0�61 0�49 0�472
6 months �1�26 �2�24 to (�0�28) 0�50 0�012
ref. 12 months – – – –

SD, Standard deviation; 95%CI, 95% confidence interval.
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baseline or at 1-year follow-up. This might be due to

the fact that the follow-ups were at a more frequent

interval, which may have had beneficial effects on

patient compliance (Table 5).

The patient sample in this study was quite heter-

ogenic regarding the diagnostic subgroup of TMD.

The patients were diagnosed as having both myoge-

nous and arthrogenous TMD, the former classifica-

tion presenting for the majority of the patients. The

proportion of myofascial pain was slightly higher in

the splint group as compared to the patients in the

control group. Because of the high proportion of

myofascial pain diagnoses in both groups and over-

lap between the diagnostic classes, the diagnostic

subgroups could not be taken into account. In fur-

ther studies, it would be beneficial to restrict the

patient samples into more homogenous ones regard-

ing the original diagnosis, in order to evaluate the

treatment outcome in specific diagnostic subgroups.

Moreover, the heterogeneity of the sample may be

due to differences in psychosocial background

factors, which may affect the treatment outcome

(25). Further studies are needed where those factors

are considered, as it has recently been stated that

individually tailored treatments are recommended

for the treatment of TMD (26).

Another possible limitation of this study was attri-

tion, meaning changes in group status. Sixteen

patients switched from the control group to the splint

group during the study period. In addition, 17

patients quit the trial or failed to show up for their

scheduled follow-ups. Therefore, the treatment time

of each patient had to be taken into account to

exclude errors in the study. It was shown in the

analyses, however, that there was no statistical signifi-

cance between the ITT and the PP. The number of

patients in the PP was relatively small in the end as

compared to the number at the beginning of the trial.

The same problem occurred in the 8-year follow-up

study: more than 60% of the patients had additional

treatment during the 8 years (18). In addition, other

treatments that were offered to the patients may have

effected on the treatment response.

The findings of this study did not show stabilisation

splint therapy in addition to guidance and masticatory

muscle exercises to have additional benefit on facial

pain intensity in patients with TMD compared to

guidance and masticatory muscle exercises alone over

a treatment time of 1 year. Further studies with larger

and possibly more homogenous patient samples are

needed to better assess the effectiveness of stabilisa-

tion splint therapy in a long-term follow-up.
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