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SUMMARY Stabilisation splint therapy has long

been thought to be effective for the management

of temporomandibular disorders (TMD). However,

the superiority of stabilisation splint therapy

compared to other TMD treatments remains

controversial. The aim of this study was to

determine the efficacy of stabilisation splint

therapy combined with non-splint multimodal

therapy for TMD. A total of 181 TMD participants

were randomly allocated to a non-splint

multimodal therapy (NS) group (n = 85) or a non-

splint multimodal therapy plus stabilisation splint

(NS+S) group (n = 96). Non-splint multimodal

therapy included self-exercise of the jaw,

cognitive–behavioural therapy, self-management

education and additional jaw manipulation. Three

outcome measurements were used to assess

treatment efficacy: mouth-opening limitation, oro-

facial pain and temporomandibular joint sounds. A

two-factor repeated-measures analysis of variance

(ANOVA) was used to evaluate the efficacy of the

two treatment modalities (NS vs. NS+S), and

Scheffe’s multiple comparison test was used to

compare the treatment periods. Subgroup analyses

were performed to disclose the splint effects for

each TMD diagnostic group. All three parameters

significantly decreased over time in both groups.

However, there were no significant differences

between the two treatment groups in the total

comparison or subgroup analyses; an exception

was the group with degenerative joint disease. No

significant difference between the NS and NS+S

treatment approaches was revealed in this study.

Therefore, we conclude that the additional effects

of stabilisation splint are not supported for

patients with TMD during the application of

multimodal therapy.
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Background

Splint therapy has been a preferred modality for the

management of temporomandibular joint disorders

(TMD) since the 1960s, and many practitioners use

splints as a primary care technique for patients with

TMD. Although several randomised controlled trials

(RCTs) demonstrating the positive effects of splints

have been reported (1–3), others did not find evi-

dence to support the proactive use of this modality

(4–7).

When considering the complex effects of splint

therapy combined with self-care, previous RCTs have

failed to demonstrate a distinct positive effect of

splints (6–8). In comparison with other TMD treat-

ments, the effect of the splint was shown to be equal
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to (6, 9, 10) or weaker (11, 12) than the outcomes of

other treatments. Three systematic reviews also

arrived at similar conclusions, showing that splint

therapy has a weak effect compared to no treatment

and that splint therapy and other treatments, includ-

ing non-occluding splints, acupuncture, bite plates,

exercises and relaxation, are not significantly different

with regard to outcome (13–15). However, two other

systematic reviews supported the efficacy of stabilisa-

tion splints compared to no treatment (16, 17).

From the viewpoint of evidence-based medicine,

the effectiveness of splint therapy for TMD has not

yet been confirmed, and it no longer seems to be the

most optimal treatment. Splints should be thoroughly

tested and compared with other therapies intended to

manage TMD, and such therapies should be

non-invasive, low cost and safe. For this reason, we

conducted an RCT to clarify whether splint therapy

combined with non-splint multimodal therapy can

reduce the signs and symptoms of TMD.

Methods

Participants

The participants were selected from among those who

were admitted to The Nippon Dental University Niigata

Hospital between June 2009 and July 2013. All partici-

pants had been diagnosed with TMD according to the

criteria in the RDC/TMD axis I (18, 19). These partici-

pants provided written informed consent to participate

in the study. The three exclusion criteria were as fol-

lows: (i) inability to attend our clinic during a set 2- to

4-week period; (ii) patient request for a particular treat-

ment (e.g. drug, occlusal treatment) or declining our

proposed treatment (e.g. splint, exercise); and (iii) the

presence of any mental or physical problem that might

interfere with the treatment (RDT/TMD axis II).

Twenty participants withdrew from the study because

they discontinued their treatment after the first visit,

leaving a final total of 181 participants (63 males and

118 females) (Fig. 1).

The sample size of this study was selected using

prior power analysis with G*Power software*.

The following parameters were used: input effect

size f = 0�1, a error = 0�05, power = 0�8, number of

groups = 2, number of measurements = 7. The total

sample size calculated was 456; finally, 456/7 = 65�1
participants were required for each group in this

study. The number of participants in each group (85

in NS and 96 in NS+S) was increased slightly to

account for possible dropouts.

Treatment groups

Participants were randomly assigned to the non-splint

multimodal therapy group (NS) or to the multimodal

therapy plus splint group (NS+S) with block randomi-

sation to equalise the numbers of participants in the

two groups (Table 1). The study was designed as a

single blind RCT; participants in each group received

detailed explanations for their individual treatment,

but further information was not given to them to

avoid education bias.

The NS participants were instructed to perform an

improved self-exercise of the jaw (described below),

underwent cognitive–behavioural therapy (CBT; e.g.

guidance about clenching control during waking

hours and coping with pain and stress) and received

education about TMD self-management (i.e. a diet of

soft foods, avoiding gum chewing and correcting bad

posture). The participants with a mouth-opening limi-

tation (under 35 mm) also underwent jaw manipula-

tion (20) (Figure S1).

The self-exercise that all of the participants were

instructed to perform was as follows: the participant

pulled down on his or her bilateral lower last molars

with their secondary fingers while opening his or her

jaw to the greatest possible extent (Figure S2). This

exercise was performed with 20 repetitions three

times a day.

In the NS+S group, stabilisation splint therapy was

added to the NS treatment at the second visit. The sta-

bilisation splint was made of hard, clear, acrylic resin

and was set to the upper teeth to provide equal contact

for all of the lower teeth (Figure S3). An impression for

the splint was made at the participant’s initial visit, and

the splint was applied to the upper teeth at the next

visit approximately 2 weeks later. The splint was

adjusted using habitual closing and light tapping of the

jaw. The participants were instructed to wear the splint

every night while sleeping, but daytime use was not

required. If no change of symptoms was achieved by

this treatment, the splint was altered to the bruxism-

controlled type to disturb the eccentric movements of*University Dusseldorf, http://www.gpower.hhu.de/
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the mandible with a steep obstacle located at the ante-

rior teeth (Figure S4).

Examination and division for subgroup analysis

All participants included in the RCT were classified

for subgroup analysis based on pathological type,

which was determined by magnetic resonance imag-

ing (MRI) (Excel ART Vantage XGV 1.5T†) of the pri-

mary symptom side of the jaw between the first and

second visits. The pathological groups included mus-

cular dysfunction (MD), disc displacement with reduc-

tion (DDW/R), non-reducing disc displacement

(DDWo/R) and degenerative joint disease (DJD).

Participants without any temporomandibular joint

(TMJ) problem detected by MRI were included in the

MD group. Most participants have tenderness or spon-

taneous pain in the masticatory muscle, mylohyoid

muscle or digastric muscle, and only five cases did not

have these types of pain.

Participants with a side shift of the disc, posterior

displacement of the disc at the maximum opening or

partial displacement of the disc were included in the

DDW/R group. Seven participants who refused the

Assessed for eligibility (n = 317)

Randomised (n = 201)

NS (n = 98) NS+S (103)

Received allocated intervention NS (n = 98)

Lost to follow-up before the treatment (n = 13)

reason: did not receive allocation (n = 4)
reason: could not visit hospital (n = 9)

Lost to follow-up before the treatment (n = 7)

reason: was not clear (n = 2)
reason: could not visit hospital (n = 5)

RCT Analyzed (n = 85) 

All patients ,not including lost to follow-up
before the treatment

RCT Analyzed (n = 96)

MRI (n = 191)
Declined to receive examination (n = 10)

Subgroup analyzed (n = 78)

MD (n = 24)
DDW/R (n = 22)
DDWo/R (n = 22)
DJDI (n = 10)

All patients ,not including lost to follow-up
before the treatment

Subgroup analyzed (n = 93)
Declined the examination (n = 3)Declined the examination (n = 7)

MD (n = 19)
DDW/R (n = 41)
DDWo/R (n = 25)
DJDI (n = 8)

Excluded (n = 116)

Do not meet inclusion criteria (n = 101)
Declined to participate (n = 15)

Enrollment

Allocation

Follow up

RCT
Analysis

Subgroup
Analysis

Received allocated intervention NS (n = 103)

Fig. 1. Flow diagram of the RCT and subgroup analysis.

Table 1. Patient characteristics (Mean and s.d.)

NS NS+ Comparison

Participants 85 (33M, 52F) 96 (30M, 66F)

Age 43�1 � 17�6 41�1 � 18�9 ns

Mouth-opening

distance (mm)

36�3 � 9�8 36�7 � 8�9 ns

Oro-facial

pain NRS

4�3 � 2�8 4�4 � 2�6 ns*

TMJ sound NRS 2�8 � 2�9 3�0 � 3�1 ns*

NS, non-splint multimodal therapy; NS+S, non-splint multi-

modal therapy plus splint; NRS, patient numerical rating scale

(0–10); ns, not significant (Student’s t-test); ns*, not significant

(Mann–Whitney U-test).

†Toshiba CO., Tokyo, Japan.
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MRI examination were diagnosed by clinical exami-

nation alone.

Evaluation parameters

Nineteen dentists, each of whom had more than

3 years of clinical experience with TMD treatment,

were selected as the practitioners in this study. For

the evaluation of treatment efficacy, the three TMD

signs/symptoms of mouth-opening distance, oro-facial

pain and TMJ sounds were recorded by the practitio-

ners at seven time points: before and after treatment

at the first visit and then 2, 4, 6, 8 and 10 weeks later

(Figure S5). The mouth-opening distance between the

upper and lower teeth was measured with a calliper.

The participants were instructed to open their mouths

as widely as possible, even if they felt pain. Oro-facial

pain from the TMJ or masticatory muscles and TMJ

sounds were estimated by the participants using a

self-reported numerical rating scale (NRS) with scores

ranging from 0 to 10.

If a muscle relaxant, acetaminophen or non-steroi-

dal anti-inflammatory drug (NSAID) other than those

in the pre-arranged protocol was given to a partici-

pant when no decrease in TMD signs/symptoms was

achieved after several treatments, or if a participant

discontinued treatment before the completion of this

study, the participant’s last TMD values were

extended to fill in the post-assessment time points,

according to the intention-to-treat concept.

Statistical analysis

A two-factor repeated-measures analysis of variance

(ANOVA) was used to evaluate the efficacy of the two

treatment modalities (NS vs. NS+S), and Scheffe’s

multiple comparison test was used to compare each

treatment period.

The same analyses were performed in the subgroup

analysis to clarify the pathological specificity of splint

therapy. Excel add-in software‡ was used for all analyses.

Results

All three parameters significantly improved over time

in both treatment groups (Fig. 2). The mouth-opening

limitation gradually improved after treatment during

the first visit, and pain continuously decreased with

time, although the most significant improvement was

observed over the period from just after treatment to

2 weeks later. The TMJ sound score reduction was

indistinct compared to the other parameters. However,

ANOVA revealed no statistically significant differences

between treatment groups with respect to changes in

the mouth-opening limitation (P = 0�4715), pain

(P = 0�2699) or sound (P = 0�2915). There was no sta-

tistically significant interaction between time and treat-

ment group for any of the outcome measurements

(P > 0�05). In addition, the results of Scheffe’s test

showed no differences between groups at any assess-

ment time point (Fig. 2).

The results of the subgroup analysis were similar to

those of the original RCT (Figs 3–5). ANOVA results for

comparisons of the three parameters showed no dif-

ference between the two treatment groups, with the

exception of the pain level in DJD participants

(P = 0�0404). Scheffe’s analysis indicated that the

change in the pain scores of DJD participants was

greater for NS+S than NS from before treatment to

4 weeks after treatment.

Discussion

Several studies including RCT have shown that

splint therapy can reduce the signs and symptoms

of TMD (2, 3, 21, 22). However, as our RCT data

did not reveal significant differences between the

two treatment groups, our results are in disagree-

ment with those findings. One reasons for the

difference between the two conclusions is that RCTs

supporting the effectiveness of splint therapy have

typically employed a non-contact control splint (2,

3) for the control group, whereas we used a

combination of other treatments as a control. Our

findings are in accord with those of many RCTs (4,

6, 8–10) and systematic reviews (13–15) reporting

no superiority of splint therapy over other treat-

ments. Indeed, such studies used jaw self-exercise

(11) and patient education (12) as a control. There-

fore, we suggest that the inconsistencies among

studies may be attributable to differences in control

groups.

Although our RCT concluded that splint therapy

was not effective based on comparisons of patients

with TMD that included every pathological type, the‡SSRI Co., Tokyo, Japan.

© 2015 The Authors. Journal of Oral Rehabilitation Published by John Wiley & Sons Ltd.

E F F I C A C Y O F S T A B I L I S A T I O N S P L I N T T H E R A P Y 893



possibility remains that splint efficacy may be some-

what specific for particular pathological states of TMD.

For example, splints may improve muscle-only disor-

ders or disc displacement. For this reason, subgroup

analysis was applied to clarify the pathological speci-

ficity of splint therapy. Contrary to our expectations,

the results were similar to those of the RCT, with only

significant differences shown for the pain of DJD par-

ticipants from before the treatment to 4 weeks later.

Moreover, this difference existed prior to treatment,

indicating that this result should not be interpreted as

the difference between two treatment groups, but as

an advantageous inequality in the deviation of the

participants caused by subgrouping.

Although the reliability of our subgroup analysis

was limited by a small degree of inequality, these

results did not confirm any pathological specificity of

splint therapy.

The superiority of splint therapy over non-splint

multimodal therapy was not demonstrated in our

results. These findings suggest that the appropriateness

and necessity of splint therapy as an initial treatment

for TMD are limited. Instead, we suggest, in view of

the cost and promptness of treatment, that multimodal

therapy be recommended to treat oro-facial pain,

mouth-opening limitation and TMJ sounds.

Multimodal therapies can be complex treatments

that include CBT, patient education and additional
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Fig. 2. Changes in mouth-opening distance (mm), pain score and sound score (NRS) in the RCT. Data points indicate the mean and

95% confidence interval; the results of ANOVA and Scheffe’s multiple comparison are shown with P-value.
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jaw manipulation. These therapies are selected for

patients depending on their pathophysiological state,

as TMD involves multiple factors and different

causes. The effectiveness of CBT (23–25), patient

education (12) and self-exercise (11) has been par-

tially supported by the outcomes of previous RCTs,

and we previously demonstrated the validity of jaw

manipulation for the early treatment of mouth-open-

ing limitation in another RCT (20). Each of the

multimodal therapies was shown to be safe, available

at low cost, and could be started immediately at the

first visit. We therefore propose that comprehensive

care using a combination of therapies represents an

adequate and practical choice for primary TMD treat-

ment.

The results of the present study revealed no superior-

ity of splint therapy for TMD management, although

this study had specific research design-related
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points indicate the mean and the 95% confidence interval; the results of ANOVA and Scheffe’s multiple comparison are shown with

P-value.
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limitations as follows, and the results should be

interpreted with caution.

The first possible limitation was selection bias, as

20% of the participants were referred from general

practices to our clinic, and some participants had

already undergone unsuccessful splint therapy. These

participants were potentially not suitable for splint

therapy, and their data could have affected the

results. Additional dental institutions should be

involved in further investigations to eliminate this

bias.

The second limitation was that only stabilisation

splints were used, and other types of splints were not

included in our RCT. Our results may therefore only

be relevant to the stabilisation-type custom splints

made in a laboratory. If other types of splints had

been used, or if the timing had been different (e.g.

the splint had been applied at the patient’s first visit)

(8), the conclusions might have been different. Addi-

tional investigation is necessary to evaluate the effec-

tiveness of other types of splints (e.g. the anterior

repositioning type).
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The third limitation was that a non-treatment con-

trol group was not included in this study. Non-treat-

ment subjects are necessary for strict evaluation of a

treatment’s effects. However, most patients with TMD

indicated a desire for positive treatment during our

explanation of this study, leading us to abandon the

inclusion of a non-treatment group. Therefore, our

results can only estimate the combined effect of splint

therapy rather than the single effect.

However, the finding that perceptible sign and

symptom improvements were achieved prior to

splint setting during the participants’ second visit

should be emphasised (Fig. 2). Thus, we believe that

the above-mentioned limitations did not affect our

main finding concerning splint therapy in TMD

treatment.

Conclusion

Our RCT and subgroup analysis revealed no signifi-

cant differences between NS treatment and NS+S

treatment with respect to mouth-opening limitation,

oro-facial pain and TMJ sounds; the sole exception

was a small difference in the subgroup analysis for

one of the pathological states of TMD. These results

did not confirm pathological specificity of splint ther-

apy. We therefore conclude that splint therapy as an

initial treatment for TMD is not supported when used
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in combination with NS therapy. Given cost consider-

ations and the desire for prompt treatment, compre-

hensive care rather than splint therapy alone might

be considered to manage TMD.
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Supporting Information

Additional Supporting Information may be found in

the online version of this article:

Figure S1. Jog-type jaw manipulation technique.

(a) A pivot made of gauze was set on the last molar.

(b) The pivot closing type. (c) The side-to-side type.

(d) The opening type.

Figure S2. Self-exercise of the jaw for TMD

patients.

Figure S3. Stabilisation splint.

Figure S4. Bruxism controller. A bruxism control-

ler was added to a stabilisation splint to disturb the

eccentric movements of the mandible.

Figure S5. Evaluation and treatment chart.
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