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Treating Temporomandibular Disorders in Adolescents: 
A Randomized, Controlled, Sequential Comparison of 
Relaxation Training and Occlusal Appliance Therapy

Aims: To compare the effects of occlusal appliance therapy (OA) and therapist-
guided relaxation training (RT) on temporomandibular disorder (TMD) pain in 
adolescents, thereby replicating a previous randomized controlled trial, and to 
explore whether additional therapy administered in a crossover sequential design 
improves treatment outcomes. Methods: The study involved 64 adolescents, 
aged 12 to 19 years, experiencing TMD pain at least once a week and diagnosed 
with myofascial pain in accordance with the Research Diagnostic Criteria for 
TMD. For phase 1 of the study, subjects were randomly assigned to OA or RT; 
nonresponders were offered the other treatment in phase 2. Self-reports of TMD 
pain and clinical assessments were performed before and after treatment in each 
phase and 6 months after the last treatment phase. Differences in outcomes 
between treatment groups across the different phases were analyzed by analysis 
of covariance (ANCOVA), and for differences in proportions, the chi-square test 
was used. Results: After phase 1, a significantly higher proportion of adolescents 
treated with OA (62.1%) than those treated with RT (17.9%) responded to 
treatment, defined as a subjective report of “Completely well/Very much improved” 
or “Much improved.” Similar differences in self- report of treatment effect occurred 
after phase 2. About two-thirds of all adolescents in both phases reported such 
an improvement level at the 6-month follow-up, including a somewhat higher 
proportion of phase 1 responders (79.2%) than phase 1 nonresponders (60%). 
Conclusion: The findings suggest that, for adolescents with TMD pain, use 
of standardized clinical treatment with OA is more effective than RT on self-
evaluation of treatment improvement. For nonresponders, subsequent crossover 
treatment might be useful to improve subjective TMD pain. J Oral Facial Pain 
Headache 2015;29:41–50. doi: 10.11607/ofph.1285
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Temporomandibular disorder (TMD) pain is a rather common health 
problem among adolescents that involves the masticatory mus-
cles, temporomandibular joint (TMJ), and associated structures.1–3 

Approximately 2% to 7% of adolescents have reported TMD pain in 
general population–based studies.2,4 A large epidemiologic study of 
28,899 Swedish adolescents aged 12 to 19 years found an overall 
prevalence of 4.2% for self-reported weekly TMD pain, with prevalence 
rates increasing with age; this was especially evident in girls.3 TMD 
pain has a substantial impact on adolescents, negatively affecting their 
emotions and behaviors, psychosocial functioning, and quality of life.5–8 
Other recurrent pain conditions, such as tension-type headache (TTH), 
are also commonly associated with TMD among young sufferers.2,5,9 
While about two-thirds (66%) of adolescents who reported having 
TMD pain at least once a week wanted professional help, only 34% had 
received any form of care in dental clinics.3,9

In recent decades, occlusal appliance therapy (OA) has been wide-
ly used in the treatment of TMD pain, and there is some evidence of its 
benefits.10–13 Other treatments, such as behavioral approaches consist-
ing of relaxation training, biofeedback, and cognitive behavioral therapy 
(CBT), have also successfully treated TMD pain in adult patients.14–16 
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For example, one study found that a combination of 
splint and behavioral therapy improved pain com-
plaints  more effectively than either treatment given 
alone.17 A recent systematic review of previous sys-
tematic reviews and meta-analyses of the manage-
ment of TMD concluded that there is some evidence 
that conservative treatment, including OA and various 
types of behavioral interventions, can be effective in 
relieving TMD pain in adults.18 They also reported that 
OA and behavioral therapies seem to have similar 
pain-reducing effects and are as effective as other 
forms of conservative TMD treatment. Additionally, a 

number of school- and clinic-based outcome stud-
ies have found that relaxation therapy is an effective 
treatment for adolescents suffering from frequent 
TTH or migraine headaches and that this improve-
ment endured over various lengths of follow-up.19–22 

The findings of a previous randomized controlled 
trial (RCT),23 and the general lack of evidence on out-
comes of TMD pain treatments in adolescents, high-
light the necessity for further, systematic evaluations 
of TMD pain management in adolescents. Evidence 
on empirically based treatments for TMD pain is 
much greater for adults than for adolescents, and the 

Fig 1  Flow diagram of the study. RT = relaxation training; OA = occlusal appliance therapy.
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current use of OA in adolescents is primarily based 
on clinical experience and practice. In the earlier RCT 
of adolescents with TMD pain, a significantly higher 
proportion of patients treated with four sessions of 
OA and brief information achieved at least a 50% re-
duction in pain. Patients receiving the same number 
of therapist-based relaxation training (RT) sessions 
combined with brief information did not differ signifi-
cantly from the control group (who received brief in-
formation only) and showed no improvement in TMD 
pain.23 However, RT commonly lasts eight sessions 
and has been shown effective in numerous controlled 
studies of recurrent headaches among adoles-
cents.19–22 Therefore, to optimize treatment perfor-
mance, it was decided to administer eight sessions 
of therapist-guided RT in this trial. The study aimed 
to compare the effects of OA and RT on TMD pain in 
adolescents, thereby replicating a previous random-
ized controlled trial, and to explore whether additional 
therapy administered in a crossover sequential de-
sign improves treatment outcomes.

Materials and Methods  

Subjects
The study was conducted between September 
2003 and January 2011, drawing subjects from the 
539 adolescents referred to two specialist sites 
in Sweden for TMD treatment: the Department 
of Stomatognathic Physiology in Linköping and 
Norrköping (Fig 1). There were 111 patients who met 
the inclusion criteria and were invited to participate in 
the study. Of these 111 patients, 47 patients declined 
to participate, mainly due to distance and transporta-
tion problems. Consequently, the majority of the 64 
study participants were recruited from the two cities. 

Inclusion and Exclusion Criteria
The trial included patients: (1) aged 12 to 19 years; 
(2) experiencing TMD pain at least once a week for 
at least 3 months, as verified by a questionnaire and 
pain diary entries; (3) with a diagnosis of myofascial 
pain according to the Research Diagnostic Criteria 
for TMD (RDC/TMD)24; and (4) who wanted treat-
ment. Patients excluded were those with no myofas-
cial pain diagnosis and only a diagnosis of arthralgia 
and/or a disc displacement with reduction according 
to the RDC/TMD, as well as those with juvenile id-
iopathic arthritis, migraine, or ongoing orthodontic 
treatment that might interfere with OA.

All patients and their parents were informed about 
the study and signed a written consent form to partic-
ipate. The Regional Ethics Committee of the Faculty 
of Health Sciences at Linköping University approved 
the study.

Randomization 
Using a random number table, a secretary not oth-
erwise involved in the study generated the allocation 
sequence to assign patients to a treatment, either OA 
or RT. The secretary put these assignments in sealed 
opaque envelopes. Before assignment, a trained nurse 
provided each patient with standardized information 
about TMD-related anatomy, TMD pain epidemiology, 
parafunction, and stress, as also provided in the pre-
vious RT.23 After providing this information, the nurse 
opened the patient’s envelope, randomly assigning the 
patient to one of the two treatment methods.

Trial Design
The study had two phases (see Fig 1). In phase 1, 
patients were randomly assigned to either RT or OA. 
Patients were evaluated before treatment (pre) and 3 
months after treatment (post1). Phase 2 included only 
patients who did not respond to treatment in phase 1.  
These nonresponders were offered the alternate 
treatment method in a sequenced crossover design 
and were also reevaluated after 3 months (post2). 
All subjects were invited to participate in a 6-month  
follow-up after their final treatment phase.

Treatment
Occlusal appliance therapy (OA): A therapist with both 
theoretical and practical training for a year in occlusal 
appliance treatment administered the OA. The occlu-
sal appliance was a stabilization splint placed in the 
maxilla. The splint surface was designed to produce 
maximum occlusal contact with canine guidance.25 
The therapist checked the splints after 2 weeks of 
use and adjusted them, if needed. The adolescents in 
the OA group were asked to use the splint every night 
until the posttreatment evaluation, and whenever they 
felt they needed it thereafter, until their 6-month fol-
low-up. Adolescents in the OA group received treat-
ment in four sessions of 30 minutes each, conducted 
every other week—a total of 2 hours of therapist time.

Relaxation training (RT): A trained and experienced 
therapist performed the RT procedures. Patients in this 
group received individual, clinic-based treatment for 8 
weekly sessions of 45 minutes each, representing a to-
tal of 6 hours of therapist time. Each patient received a 
home-training program, including a manual and audio 
instructions, and was instructed to practice relaxation 
procedures at least once a day for 15 to 20 minutes.

The course of RT sessions was as follows:

• Sessions 1 and 2: Progressive muscle relaxation 
in a seated position focusing mainly on the upper 
part of the body, especially the muscles in the 
face and neck region

• Session 3: Progressive muscle contraction 
without tensing
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• Session 4: Diaphragmatic breathing and the use 
of a cue-controlled word, “relax”

• Session 5: Relaxation during activities, eg, 
reading, standing, or walking

• Session 6: Short form of relaxation with 
breathing and activity

• Session 7: Application of relaxation at early signs 
of increased muscle tension or pain 

• Session 8: Repetition

The main purpose of RT was to teach patients a quick 
coping method to use in everyday situations of in-
creased bodily tension and at the onset of TMD pain.

Assessment
At each evaluation point, patients reported in a ques-
tionnaire the intensity, frequency, duration, unpleas-
antness, and location of their TMD pain; jaw function; 
tooth clenching and grinding; use of analgesics; and 
pain-related school absences. A dental assistant was 
present to review questionnaires for completeness 
and legibility and to answer questions, if needed. The 
patients also recorded their pain experiences in pro-
spective daily diaries spanning 3 weeks each. 

Clinical Examination
For diagnostic purposes, a clinical examination was 
performed in accordance with RDC/TMD examina-
tion guidelines and assessed pain site, mandibular 
movement capacity (mm), and associated pain, pres-
ence of joint sounds, and palpatory pain of the tem-
poromandibular muscles and joints.24 Two previously 
calibrated TMD specialists (KW and IMN), blinded to 
group assignment, performed the examination. The 
questionnaire and the clinical examination and diag-
nostic procedures have all shown acceptable reliabil-
ity in adolescents with TMD.26  

Treatment Evaluation
The outcome variables listed below were evaluated. 
For pain intensity, pain frequency, pain index, and 
unpleasantness, the highest scores reported for the 
temples, face, and jaws/jaw joints in the pre-, post-, 
and follow-up evaluations were used:

• Pain intensity: The average intensity of current 
pain was measured by using a 0 to 10 numeric 
rating scale (NRS), with 0 = “No pain” and  
10 = “Worst pain imaginable” as endpoints.26,27 

• Pain frequency: Patients reported their frequency 
of pain on a 5-point scale: “Never,” “1 to 2 times 
a month,” “Once a week,” “Several times a 
week,” or “Daily.”

• Pain index: A pain index was calculated by multi-
plying the pain intensity score by the pain frequen-
cy score, with sum scores ranging from 0 to 50.23 

• Unpleasantness: Adolescents were asked to rate 
the degree of unpleasantness due to TMD pain 
in the temples, face, and jaws/jaw joints on an 
11-point NRS. 

• Clinical significance: A pre-post reduction in 
the pain index of 50% or more was defined 
as clinically relevant pain improvement.23 This 
is consistent with common use in headache 
outcome research as a benchmark for clinical 
significance and has been used extensively also 
among adolescents.19,28

• Weekly pain diary: Patients recorded TMD 
pain intensity and analgesic consumption in a 
pain diary four times daily: at breakfast, lunch, 
dinner (after school), and bedtime. Each diary 
spanned 3 weeks, with one completed before 
treatment, one immediately after treatment 
(post1 and post2), and one at the 6-month 
follow-up. Patients rated pain intensity on a 
6-point behavioral rating scale with the following 
endpoints: 0 = “No pain,” and 5 = “Very intense 
pain, totally handicapped, can’t do anything.”29,30 
Sum scores for this measure, here defined as 
weekly pain sum, ranged from 0 to 140.

• Global improvement: The Patient´s Global 
Impression of Change Scale (PGIC)31 was used 
to assess subjective improvement with treatment. 
This was the primary outcome measure. The 
PGIC is a 7-point scale with the following 
options: “Completely well/Very much improved,” 
“Much improved,” “Somewhat improved,” “No 
change,” “Somewhat worse,” “Much worse,” 
and “Very much worse.” The PGIC was used 
to assess patients’ response to treatment in 
phase 1. Adolescents reporting themselves 
“Completely well/Very much improved” or 
“Much improved” and requesting no further 
treatment were considered to be responders. 
Responders received no additional treatment 
and were evaluated at a 6-month follow-up. 
Patients who answered “Somewhat improved,” 
“No change,” “Somewhat worse,” or “Much 
worse,” or “Very much worse” were considered 
to be nonresponders. Nonresponders were 
offered subsequent treatment in phase 2 with the 
alternate treatment method, ie, OA treatment for 
phase 1 RT patients and vice versa. 

• Analgesic consumption: Patients reported 
analgesic use on a 5-point scale: “Never or 
almost never,” “1 to 2 times a month,” “1 to 2 
times a week,” “3 to 4 times a week,” or “Daily.” 
They were also asked if these were prescription 
analgesics or over-the-counter medication.  

• School absence: Patients reported the number 
of days of school missed during the last month 
because of TMD pain.
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• Maximum unassisted pain-free opening: This 
distance was measured in millimeters with a ruler 
between the maxillary and mandibular central 
incisors, adding the vertical overbite.26

Classification
Because TMD and TTH have been found to coexist 
frequently, two complementary classification systems 
were used. The RDC/TMD allows multiple diagnoses 
to be set for a given patient. In addition to myofascial 
pain, the patient could also receive a diagnosis of disc 
displacement and/or arthralgia/arthrosis.24 TTH was 
diagnosed as either episodic or chronic according to 
the International Headache Society (IHS) criteria.32  

Treatment Motivation and Credibility
Before treatment, adolescents were asked to rate the 
following four questions on an 11-point scale:

1. “How motivated are you to begin this treatment?” 
[0 = “Not at all” and 10 = “Very much”]

2. “How much time and work are you willing to put 
into this treatment?” [0 = “None” and 10 = “Very 
much”]

3. “How good do you think this treatment is for the 
pain you have in your face and temples?” [0 = 
“Not good at all” and 10 = “Very good”]

4. “Would you recommend this treatment method to 
a friend with the same type of pain as you have?” 
[“No” or “Yes”] 

Treatment Compliance 
After treatment in both phases 1 and 2, and at the 
6-month follow-up, patients treated with OA were 
asked to rate the frequency of their splint use on a 
5-point scale: (1) “Every night,” (2) “Several times a 
week,” (3) “Once or twice a week,” (4) “Occasionally,” 
or (5) “Never.” Patients in the RT group were asked 
to rate the frequency of training and their use of 
relaxation techniques for TMD pain on a similar 
5-point scale: (1) “Daily,” (2) “Several times a week,”  
(3) “Once or twice a week,” (4) “Occasionally,” and 
(5) “Never.”

Statistical Analyses
Based on the results of the previous RCT,23 a pow-
er analysis was performed to determine the sample 
size necessary to detect a one-sided difference in 
pain improvement between the OA and RT treatment 
groups, with improvement defined as a 50% pre-post 
reduction in the pain index. It was estimated that 33 
subjects per treatment group would be sufficient to 
detect this difference on a 5% alpha level with 80% 
power. Given an anticipated dropout rate of 10%, 
the target was a total sample size of approximately 
75 subjects. However, due to the extended 7-year 

recruitment period and barriers to recruitment of pa-
tients, the final sample included only 64 subjects, 
representing 85% of the desired sample size.

Descriptive statistics included numbers and per-
centages of subjects, means, and SDs. Associations 
between categorical variables were analyzed by us-
ing the Pearson chi-square test or the Fisher exact 
tests, and agreement between categorical variables 
with Kappa coefficients. Student t test or analysis 
of covariance (ANCOVA) was used to assess mean 
differences between and within groups for para-
metric variables, and within-group change over time 
was measured with the dependent t test. In these 
analyses, effect size (ES) was estimated by using 
Cohen’s eta square.33 For ordinal variables and be-
tween-group differences, the Mann-Whitney test 
was used. The level of alpha was set to P < .05.

Results

Pretreatment Assessment 
Table 1 shows the distribution of sex, age, dropouts, 
duration of TMD pain, and diagnosis. There was no 
significant difference between treatment groups in 
any of these variables. All subjects received a diag-
nosis of myofascial pain in the examination. The dis-
tribution of patients with a diagnosis of arthralgia or/
and disc displacement with reduction is shown in 
Table 1. The majority of the patients reported episod-
ic or chronic TTH as well.

During the phase 1 treatment period, three pa-
tients in the RT group (9.7%) and four in the OA 
group (12.1%) dropped out. Two of the patients in 
the RT group received two to three sessions before 
dropping out, while the remaining five dropouts did 
not undergo any treatment. All dropouts stated that 
they did not have time or were not interested in con-
tinuing participation in the study.

The analyses outlined below were primarily car-
ried out in accordance with the protocol analyses ex-
cluding dropouts during treatment. The results were 
also contrasted to the more conservative intent-to-
treat (ITT) analysis, in which dropouts were included 
in the primary outcome measures. In these ANCOVA 
analyses, imputation of posttreatment scores were 
based on percentages of pre-post changes ob-
served in a control group in a previous RCT23 having 
received the same amount of pedagogic information 
as in the present study.

Treatment Credibility and Motivation
The results of the independent t test showed that the 
two treatment groups were identical in their subjec-
tive evaluations of “Overall treatment credibility” (mean 
± SD was 7.7 ± 1.8 for OA and 7.7 ± 1.7 for RT) 
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and for “Recommending treatment to someone else”  
(7.7 ± 2.2 and 7.6 ± 2.1 for OA and RT). While 
“Treatment motivation” was somewhat higher in the 
OA group than the RT group (8.6 ± 1.7 and 8.0 ± 1.8,  
respectively), this difference was not significant. 
However, the OA group reported significantly high-
er scores in “Time available for treatment” than the 
RT group (8.6 ± 1.7 and 7.7 ± 1.8, respectively),  
t[62] = 2.06, P < .05.

Phase 1: Randomized Treatment
Overall, 36% of all adolescents reported being 
“Completely well/Very much improved” or “Much 
improved,” 34.4% were “Somewhat improved,” and 
29.6% were “Unchanged” or “Worse/much worse” 
at the end of phase 1. The results of the chi-square 
test showed that 62.1% of the adolescents treated 
with OA were “Completely well/Very much improved” 
or “Much Improved,” while only 17.9% of those 
in the RT group reported such levels of improve-
ment, a highly significant difference, χ2 [1] = 11.57,  
P < .001. The proportion of subjects who had 
achieved a 50% reduction in the pain index was 
33.1% in the OA group and only 17.2% in the RT 
group, but this difference was not significant.

In the analyses using ANCOVAs and posttreat-
ment scores as outcome, there were no significant 
differences between treatment groups in the week-
ly pain sums from the composite pain index variable 
(frequency and intensity), pain intensity, and the pro-
spective pain diaries (ES varied from 2.1% to 5%). 
Nor were any differences found for unpleasantness 
due to TMD pain, drug consumption, number of 
school absences, or maximum unassisted pain-free 
jaw opening (Table 2). In the ITT analyses, for TMD 

pain index, posttreatment scores were clearly lower 
in the OA than in the RT group, but the difference 
was not significant, F(1, 61) = 3.64, P = .06 (ES 6%). 
Pain intensity and weekly diary recordings were also 
not significant, with estimates of ES being 4.6% and 
less than 1%, respectively. 

No patients in either treatment group reported 
any major adverse treatment effects. 

Phase 2: Treatment of Nonresponders
At posttreatment evaluation after phase 1, two of 
the nonresponding patients in the OA group refused 
crossover-sequenced treatment in phase 2. They 
were evaluated further at a 6-month follow-up. One 
other nonresponding patient in the OA group was ex-
cluded from phase 2 due to increasing pain in the jaw 
joint; the patient was treated with an intra-articular 
cortisone injection.

After phase 2, 51.6% of phase 1 nonrespond-
ers reported being “Completely well/Very much im-
proved” or “Much improved.” A higher proportion 
of adolescents treated with OA (56.5%) than those 
treated with RT (37.5%) reported being “Completely 
well/Very much improved” or “Much improved,” but 
this difference was not significant (total n = 31). Also, 
the proportion of adolescents treated with RT (43%) 
who achieved a 50% reduction in the pain index com-
pared to those treated with OA (32%) was not sig-
nificant. With nonparametric analyses (n = 22 vs 8, 
respectively, for OA and RT groups), again no signifi-
cant differences occurred between treatment groups 
in gain scores across phase 2 for pain frequency, pain 
intensity, diary recordings, unpleasantness due to 
TMD pain, medication use, school absence, or max-
imum unassisted pain-free jaw opening (Table 2). 

Table 1   Distribution of the Two Treatment Groups (RT=Relaxation 
training, OA= Occlusal appliance) by Sex, Age, Duration of  
TMD Pain, Dropout, and Diagnoses

Variable

Treatment group

RT (n=31) OA (n=33) All (n=64)

Sex
 Girls 
 Boys

30 (96.8%)
1 (3.2%)

31 (93.9%)
2 (6.1%)

61 (95.3%)
3 (4.7%)

Mean age ± SD (y) 16.5 ± 1.86 16.3 ± 1.91 16.4 ± 1.87

Duration of TMD pain (mo)
 Temple
 Face

23.8 ± 19.2
20.0 ± 16.5

24.5 ± 25.9
25.9 ± 19.3

24.7 ± 20.0
23.1 ± 18.1

Dropout 3 (9.7%) 4 (12.1%) 7 (10.9%)

RDC/TMD
 Myofascial pain
 Disc displacement
 Arthralgia

31 (100% )
8 (25.8%)

17 (54.8%)

33 (100%)
10 (30.3%)

9 (27.3%) 

64 (100%)
18 (28.1%)
44 (68.7%)

Episodic tension-type headache (ETTH) 17 (54.8%) 19 (57.6%) 36 (56.2%)

Chronic tension-type headache (CTTH) 13 (41.9%) 12 (36.4%) 25 (39.1%)
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Six-Month Follow-up
Six months after their last treatment phase, 68.5% of 
all adolescents had achieved a subjective improve-
ment level of “Completely well/Very much improved” 
or “Much improved.” A somewhat higher proportion 
of phase 1 responders (79.2%) than phase 1 non-
responders (60%) achieved these levels of improve-
ment, but the difference was not significant. There 
was no difference between the various lines of pa-
tient allocation across time in any of the evaluated 
pain parameters. 

Associations Between Global Improvement, 
Changes in Pain Index, and Diary Recordings
There were significant associations after phase 1 
between the subjective improvement ratings on the 
PGIC and both a 50% reduction in pain index (χ2  
[1] = 13.30, P < .001) and prospective pain record-
ings (χ2 [1] = 9.04, P < .01), as well as between pain 
index and prospective pain recordings (χ2 [1] = 10.90, 
P < .01). However, the agreement was low to modest, 
as reflected by Kappa coefficients of 0.12, 0.09, and 
0.44, respectively. At the 6-month follow-up, simi-
lar associations were found between improvement 
ratings and pre–follow-up changes in pain index 
and diary recordings (χ2 [1] = 8.15, P < .01 and χ2  
[1] = 9.65, P < .01, respectively), and between pain 

index and diary recordings (χ2 [1] = 7.89, P < .01), 
with Kappas of 0.16, 0.16, and 0.39, respectively.

Treatment Credibility, Compliance, and Patient 
Satisfaction Versus Outcome
Pretreatment credibility ratings including motivation 
were consistently higher among adolescents who 
were responders (“Completely improved” or “Much 
improved”) and higher among subjects showing im-
provement in the pain index and in the diary after 
phase 1 than among subjects with lower credibil-
ity ratings. However, these differences were all not 
significant. 

Treatment compliance in the OA group was ac-
ceptable, with 41.4% reporting use of their occlusal 
appliance every night and 48.3% reporting use sev-
eral nights a week during phase 1, while just one ado-
lescent reported only occasional use. At the 6-month 
follow-up, about two-thirds reported using their splint 
several times a week or more. However, training com-
pliance in the RT group was low. Only 12% trained 
daily when instructed to do so, while 68% report-
ed training at least once a week. By contrast, about 
three-quarters (78%) reported using the method at 
least several times a week when experiencing TMD 
pain. In the OA group, a significantly higher propor-
tion of adolescents who used the method “daily or 

Table 2   Pain Variables, School Absences, Analgesic Consumption, and Mandibular Movement 
Capacity by Treatment Group from Pretreatment to Follow-up

Variable

Phase 1 Phase 2

Pre Post1 Follow-upa Post2 Follow-upb

OA (33) RT (31) OA (29) RT (28) OA (17) RT (5) OA (23) RT (8) OA (22) RT(8)

Average pain 
intensity  
(NRS 0–10); 
mean ± SD

5.5 ± 2.0 5.4 ± 1.9 3.7 ± 2.0 4.4 ± 1.8 2.8 ± 1.6 2.8 ± 1.9 3.6 ± 1.8 4.6 ± 2.3 3.6 ± 2.2 4.0 ± 2.6

Pain frequency  
(0 to 5)  
median, IQR

4.0 (1.0) 4.0 (1.0) 4.0 (1.0) 4.0 (1.0) 3.0 (1.0) 2.0 (1.0) 4.0 (1.0) 4.0 (1.8) 3.0 (2.0) 3.5 (1.8) 

Pain index 
(intensity × 
frequency); 
mean ± SD

23.4 ± 10.7 23.7 ± 10.6 14.7 ± 9.4 18.4 ± 9.5 8.4 ± 6.3 6.0 ± 3.7 13.4 ± 8.5 18.5 ± 0.7 12.1 ± 9.1 14.8 ± 11.0

Pain diary  
(0 to 140) 
mean ± SD

44.0 ± 23.6 42.9 ± 16.8 31.8 ± 24.5 35.6 ± 19.6 18.6 ± 19.4 13.7 ± 9.4 26.0 ± 18.2 31.0 ± 24.1 26.3 ± 21.1 24.7 ± 21.1

School  
absence  
(0 to 31 days); 
mean ± SD

0.3 ± 0.8 1.2 ± 2.1 0.2 ± 0.8 0.5 ± 1.0 0.2 ± 0.5 0.0 ± 0.0 0.2 ± 0.7 0.0 ± 0.0 0.5 ± 1.2 0.0 ± 0.0

Analgesic 
consumption  
(0 to 5);  
median, IQR

2.0 ± 2.0 2.0 ± 1.0 2.0 ± 2.0 2.0 ± 1.0 1.0 ± 1.0 2.0 ± 0.5 2.0 ± 1.0 1.0 ± 1.0 1.0 ± 1.0 1.5 ± 1.8

Unassisted 
pain-free jaw 
opening (mm); 
mean ± SD

40.2 ± 8.6 44.9 ± 10.9 43.1 ± 8.0 45.3 ± 9.2 46.4 ± 8.4 52.4 ± 7.8 49.0 ± 10.0 46.1 ± 7.2 46.1 ± 9.0 48.7 ± 6.9

RT = relaxation training; OA = occlusal appliance; NRS = numeric rating scale; IQR = interquartile range (q1–q3); aSix-month follow-up for responders 
after phase 1; bSix-month follow-up for nonresponders after phase 2.
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almost daily” (70.4%) were responders to treatment 
than those who used it less frequently (29.6%); 
Fisher exact test, P < .05. Because only five adoles-
cents were responders to RT, no such analysis was 
performed. In the OA group, treatment compliance 
correlated with improvement in pain index scores. 
While daily OA users improved more than less-fre-
quent OA users, this difference was not significant 
(t[28] = 1.96, P = .06). A similar but not significant 
difference also occurred for treatment compliance in 
diary recordings, and there were no significant rela-
tionships between RT treatment compliance and out-
come measures.

After phase 1, a significantly greater proportion 
of adolescents reported OA treatment to be “Very 
good” (55.2%) than RT (28.6%), while 24.1% and 
60.7% in the respective groups reported treatment 
to be “Rather good” (χ2 [2] = 7.82, P < .05). At the 
6-month follow-up, 87% of all adolescents report-
ed their overall treatment to be either “Very good” or 
“Rather good.” 

Discussion

This study used a two-phase, sequential, crossover 
design to compare the effects of OA and RT on TMD 
pain in adolescents. Given the positive findings of a 
previous RCT23 and the paucity of evidence on the 
effectiveness of treatments for TMD pain among ad-
olescents, the study aimed to replicate the previous 
study and to explore how to improve treatment out-
comes. Overall, the attrition rates for this study were 
low (about 9% to 12% for phase 1 and an additional 
10% during phase 2), somewhat lower than the pre-
vious study, in which 12% to 17% of adolescents 
with TMD pain in the same age range dropped out.23 
As in the previous RCT, the main causes of attrition 
were lost interest or insufficient time to continue par-
ticipation in the study.

For PGIC, the primary outcome measure, a sig-
nificant majority of adolescents treated with OA 
(62.1%) reported that they were completely re-
covered or much improved in phase 1 and did not 
want further treatment, while only 17.9% of those 
treated with RT procedures reported the same lev-
el of improvement. Although posttreatment pain in-
dex scores were lower in the OA than the RT group, 
the difference was not significant; the same was true 
for changes in the other pain-related measures. The 
findings for adolescents with TMD pain of both the 
previous RCT and the present trial showed statistical 
improvement only in subjective TMD pain measures 
and not in pure dental measures.23 However, the find-
ing of subjective improvement in the PGIC is even 
more important, given that it was the only measure 

used in the present study that reflects a personalized 
view of pain improvement and its meaningfulness, not 
only a normative or a statistical perspective on clini-
cal change.34 

Although treatment motivation was somewhat 
higher in the OA group than in the RT group and the 
OA group had significantly more “time available for 
treatment,” the previous RCT showed similar results 
without these differences between the treatment 
groups in motivation and time available. 

Further, the compliance rate in the present study 
varied greatly between the two treatments. More than 
three times as many subjects in the OA group report-
ed using their treatment daily than in the RT group 
during phase 1. There was a positive relationship 
between splint usage and improvement in pain mea-
sures, while there was no such relationship for RT. 
The previous trial found similar results.23 

Adolescents who used OA “daily or almost daily” 
during the first phase also responded to treatment 
significantly more often than those who used it less 
often. The lower training compliance in the RT group 
might be due to the fact that this treatment approach 
requires a greater active commitment from the ad-
olescent during the training phase and systematic 
application in everyday life when TMD pain occurs. 
The unexpected poor outcomes of RT are likely due 
to adolescents spending less time in training, also 
reflected by a lower treatment satisfaction in their 
evaluations. However, the poor outcome of RT may 
also suggest that it is not an effective treatment for 
adolescents with TMD pain. This would be somewhat 
surprising, given that RT usually administered in eight 
to nine sessions has been found to be highly effective 
in treating recurrent and chronic headaches in ado-
lescents.19–22 For some young people, a more extend-
ed therapeutic support provided in a greater number 
of sessions may be helpful to improve their TMD pain. 

 Although the mechanisms of splint therapy are 
still unclear, its pain-relieving efficacy has often ap-
peared to be similar to other treatments, such as 
acupuncture, biofeedback/stress management, visu-
al feedback, and jaw exercises, as well as RT.10–13,18 
However, both the previous and present studies of 
adolescents with TMD pain found differential treat-
ment effects, favoring OA treatment, and in both only 
small effects for RT. 

While the present study used various types of 
pain-related measures to evaluate treatment out-
comes, the primary outcome measure was a sub-
jective assessment of improvement after treatment. 
The study also used a composite TMD pain index 
measure, which combined pain frequency and inten-
sity and prospective entries in a standardized pain 
diary as secondary measures. Prospective diaries 
show the course of daily TMD pain in everyday life. 
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The global pain scale adds further depth to the other 
outcome measures; in addition to pain relief, it also 
captures other dimensions such as improved func-
tion, side effects, and treatment expectations. A mea-
sure of unpleasantness due to pain was also used 
to examine the affective component of the pain ex-
perience. Although the outcome measures were all 
strongly associated with each other, their agreement 
was low, suggesting that they reflect various dimen-
sions of the TMD pain experience in adolescents. All 
in all, these measures were chosen to capture vari-
ous aspects of TMD pain in adolescents in order to 
provide a more comprehensive picture of its change 
over time.

More than half of all patients experienced sub-
stantial subjective recovery after subsequent cross-
over treatment in phase 2, especially those treated 
with OA in phase 2. Improvement was well main-
tained for both in phase 1 and phase 2 responders 
at the 6-month follow-up. The overall findings sug-
gest that combined treatment with OA and RT, given 
sequentially, may be of benefit to improve treatment 
outcomes for nonresponders with TMD pain. This 
conclusion is supported by the finding of small differ-
ences between the treatment lines, ie, for respond-
ers vs nonresponders, and added treatment at the 
6-month follow-up.

The present study was somewhat limited by its 
sample size, which was smaller than the power anal-
ysis indicated as being sufficient to obtain significant 
outcomes. This might lead to a type II error and pre-
vent the detection of real treatment effects. However, 
the significant differences in the PGIC indicate that 
OA was evaluated by the adolescents as a more ef-
fective treatment for TMD pain than RT. Additionally, 
because this study had no untreated control group, it 
is difficult to evaluate whether the influence of non-
treatment factors or the mere passage of time over 
the extended 9-month evaluation period might have 
contributed to the observed improvement of TMD 
pain. Nevertheless, the previous RCT, which com-
pared OA and RT of roughly the same duration as 
this study, observed only a minor improvement in a 
control group exposed to pedagogic information 
during one session, which was also provided to both 
groups in the present study. Thus, despite its limita-
tions, the findings of the present study contribute to 
the empirical knowledge of the effects of RT and OA 
treatments and may help to guide future research to 
develop further more effective treatments of TMD 
pain in adolescents.

Conclusions

Overall, the findings of this study, as reflected by 
subjective and individual assessments, indicate that 
the use of standardized clinical treatment with OA for 
adolescents suffering from TMD pain was more ef-
fective than eight standardized sessions of RT. For 
nonresponders, subsequent treatment with the alter-
nate treatment may be useful to improve subjective 
TMD pain. Importantly, OA appears to be a cost-ef-
fective clinical treatment in terms of therapist time. 
The results of the previous and present studies need 
to be replicated in other clinical settings and in larger 
samples. To further improve outcomes, other treat-
ments should also be evaluated and compared to the 
standardized use of OA, preferably in both short- and 
long-term trials.
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