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Predictors of Clinically Significant Outcome for  
Adolescents with Temporomandibular Disorders

Aims: To evaluate and identify baseline characteristics of the adolescent patients 
included in two previous randomized controlled trials (RCTs) that may predict a 
clinically significant outcome after treatment of temporomandibular disorders 
(TMD) with an occlusal appliance (OA) or relaxation training (RT) in a clinical 
sample of adolescents. Methods: This study combined two patient samples from 
the earlier RCTs for a total of 167 adolescents with frequent TMD pain (once a week 
or more often), diagnosed according to the Research Diagnostic Criteria for TMD. 
They were treated with OA, RT, or received information only (control). Outcome 
(response to treatment vs nonresponse) was assessed using four measures: the 
Patient Global Impression of Change (PGIC), pain intensity rated on a numeric 
rating scale (NRS), pain frequency levels, and pain severity levels prospectively 
recorded in a pain diary. Predictors of outcome were evaluated posttreatment for 
the whole sample and at 6 months follow-up for participants from the first trial. 
Associations and differences between groups obtained in the bivariate analyses 
were further examined in subsequent multivariate logistic regression analyses. 
Results: At posttreatment, treatment condition (OA being more effective than 
RT/control), gender (boys being more responsive than girls), arthralgia (predicting 
lower response), lower levels of somatic complaints (predicting better response), 
and shorter TMD pain history (predicting better response) emerged as significant 
predictors of a clinical response. At 6-month follow-up, lower consumption of 
analgesics and shorter TMD pain history emerged as significant predictors of 
treatment outcome, while treatment condition approached significance after 
multivariate analysis. Conclusion: This study revealed that treatment condition 
and gender were the most consistent predictors of a clinically significant outcome 
across outcome measures in a clinical sample of adolescents with TMD. Treatment 
with OA reduced TMD pain in the adolescents. J Oral Facial Pain Headache 2017; 
31:217–224. doi: 10.11607/ofph.1774

Keywords:  adolescence, occlusal appliance, predictors, relaxation training, 
temporomandibular disorders 

Temporomandibular disorders (TMD) are a common group of pain 
disorders among adolescents in the general population, with 
overall prevalence estimates for frequent pain (once a week or 

more often) varying from 4.2% to 7%.1,2 In a Swedish survey,2 the rates 
increased between the ages of 12 and 19 years from 2% to 8%, and 
from early puberty onward, TMD pain was more prevalent among girls 
than boys.1–3 

TMD pain is often associated with other recurrent pain conditions 
such as tension-type headache and neck and back pain.4–7 The experi-
ence of stress and emotional problems, in particular anxious-depressed 
symptoms and other somatic complaints, is also more common among 
adolescents with TMD pain and may have a significant impact on ev-
eryday life.7–9 Among dental factors, self-reported bruxism and oral 
parafunctional habits,10–12 as well as restricted range of mandibular 
movement,1 have been found to be associated with TMD pain com-
plaints in this age group. 

Clinical studies of predictors of outcome in children and adoles-
cents with TMD pain are sparse. In a study by Kitai et al,13 none of sev-
eral occlusal variables measured at baseline predicted TMD pain onset 
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in adolescent girls over a 5-year period. By contrast, 
in a prospective large-scale cohort study of 11-year-
old children assessed every 3 months for 3 years, 
LeResche et al14 noted that female gender, somati-
zation, number of other pain conditions, and life dis-
satisfaction were identified as baseline predictors of 
facial pain and TMD pain in early adolescence. In a 
20-year follow-up study of children and adolescents, 
temporomandibular joint (TMJ) clicking, bruxism, oral 
parafunction, and deep bite predicted TMD signs 
and symptoms later on.15

In general population-based surveys, 47% to 66% 
of young people with frequent TMD pain reported a 
perceived need for professional help.1–3 In general 
dental clinics, occlusal appliance (OA) therapy and 
counseling have been found to be the most common-
ly used treatment modalities for TMD among adoles-
cents.2 While clinical research findings have shown 
that the majority of these teenagers respond well to 
conservative treatment,16 to date, only a few system-
atic evaluations of the effects of treatment methods 
for adolescents with TMD have been conducted. 

In two previous randomized controlled trials 
(RCTs), the effects of an OA or relaxation training 
(RT), both combined with information (ie, standard-
ized information about TMD-related anatomy, TMD 
pain epidemiology, parafunction, and stress),17,18 and 
a control group that received information alone17 were 
evaluated after a 3-month treatment period and at 
a 6-month follow-up. The overall results from these 
two RCTs showed that adolescents with TMD pain 
treated with OA reported significantly better pain 
relief on self-evaluation compared to those treated 
with RT. Lower treatment motivation and compliance 
with RT were associated with poorer treatment out-
comes. Treatment responders showed a greater mo-
tivation and compliance to treatment compared to 
nonresponders.17,18 

In adult TMD patients, a number of baseline char-
acteristics have been proposed to predict outcome 
of cognitive behavioral therapy such as multiple pain 
sites, levels of depressive symptoms, somatization, 
catastrophizing, and stress.19 Nonresponders to 
TMD treatment were found to report more psychiatric 
symptoms, poorer coping, and higher levels of cata-
strophizing at baseline.20

To improve treatment outcomes and the prog-
nosis of TMD pain, it is important to understand the 
factors that contribute to treatment outcome. Given 
the paucity of studies evaluating the role of treatment 
predictors for adolescents with TMD, the purpose of 
the present study was to evaluate and identify base-
line characteristics of the adolescent patients includ-
ed in the two previous RCTs17,18 that may predict a 
clinically significant outcome for treatment of TMD 
with an OA or RT.

Materials and Methods

Subjects, Treatment, and Procedures
The sample in the present study consisted of partici-
pants from the two previous RCTs.17,18 The first sample 
(RCT 1), recruited between 1996 and 2000, includ-
ed 122 subjects (93 girls and 29 boys)17; the second 
sample (RCT 2) included 64 subjects (61 girls and 
3 boys) who participated in a trial with a crossover 
design between 2003 and 2011.18 Altogether, 19 
patients (10.3%), 12 from RCT 1 and 7 from RCT 2 
before the crossover (second phase), dropped out. 
Thus, the present combined sample included a total 
of 167 adolescents with TMD pain (Table 1).

Due to different response rates on the various 
assessment measures, between 130 and 167 ad-
olescents were included in the analyses for predic-
tion of posttreatment outcome, but only participants 
from RCT 1—between 49 and 122 adolescents—
were included in the analyses at 6 months follow-up. 
All participants were recruited from a consecutive 
series of patients referred to the Department of 
Stomatognathic Physiology in the cities of Linköping 
and Norrköping, Sweden. The patients and their 
parents were informed about the study and signed 
a written consent form to participate. Both studies 
were approved by the local ethics committee.

The following inclusion criteria were used: aged 
12–19 years; experiencing pain at least once a week in 
the face, jaws, TMJs, or temples for at least 3 months; 
diagnosed according to the Research Diagnostic 
Criteria for TMD (RDC/TMD)21; and wanting treat-
ment. Excluded were subjects with migraine, patients 
with ongoing orthodontic treatment that interfered 
with OA, and those with juvenile idiopathic arthritis.

Assessment
In both the previous RCTs, the assessment was 
carried out before treatment (baseline), at treatment 
completion, and at a 6-month follow-up.17,18 In a 
questionnaire, the patients reported the intensity, fre-
quency, duration, and location of TMD-related pain, 
jaw function, tooth clenching and grinding, analge-
sics consumption, school absence due to TMD pain, 
and behavioral and emotional problems (see details 
below). A clinical examination in accordance with 
RDC/TMD examination guidelines was performed 
at the pain site, and mandibular movement capacity 
(mm) and associated pain, presence of joint sounds, 
and palpatory pain of the temporomandibular mus-
cles and joints were assessed. This procedure al-
lowed establishing the following multiple diagnoses: 
myofascial pain, disc displacement, and/or arthralgia/
arthrosis. Acceptable reliability for the questionnaire, 
clinical examination, and diagnosis have been previ-
ously reported.22 
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Besides age and gender, the following measures 
were used to assess long-term treatment outcome 
(detailed information on the various measures can be 
seen in Table 1):

• TMD pain history: Patients indicated how long  
(in months) they had experienced pain in the 
face, jaws, TMJs, or temples.

• Arthralgia and disc displacement: Almost all 
patients (162 out of 167; 96.7%) were diagnosed 
with myofascial pain according to the RDC/
TMD.21

• Headache diagnosis: Episodic tension-type 
headache was diagnosed according to the 
International Headache Society diagnostic 
criteria, first edition.23

• Stress: The experiences of 10 common everyday 
life stressors among adolescents were rated on a 
4-point scale: 1 = never, 2 = seldom, 3 = often, 
and 4 = always, with a sum score ranging from 
10 to 40.24

• Anxious-depressed and somatic complaints: 
These subscales included in the widely used 
and standardized Youth Self-Report (YSR) were 
used to assess anxious-depressed symptoms (16 
items) and somatic complaints (9 items) among 
adolescents.25,26 The items were rated on a 
3-point scale, where 0 = not true, 1 = somewhat 
or sometimes true, and 2 = very true or often true 
during the last 6 months. 

• School absence: The number of days of school 
absence during the last month due to TMD pain 
was estimated.

• Analgesics consumption: Analgesic drug use 
was rated on a 5-point scale: 1 = never or almost 
never, 2 = once or twice a month, 3 = once or 
twice a week, 4 = three to four times a week, 
and 5 = daily.

• Maximum unassisted pain-free jaw opening: 
Distance was measured in mm with a ruler 
between the maxillary and mandibular central 
incisors, adding vertical overbite.22

• Bruxism: Patients were asked if they had been 
told or they themselves had noticed that they 
grind or clench their teeth, and their responses 
were recorded as no or yes. 

• Treatment credibility and motivation: Participants 
were asked to rate the following four items on 
an 11-point scale: (1) How motivated are you to 
initiate this treatment? (0 = not at all; 10 = very 
much); (2) How much time and work are you 
willing to put into this treatment? (0 = none; 
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; 10 = very 
good); and (4) Would you recommend this 

treatment method to a friend with the same type 
of pain as you have? (no or yes). The four item 
values were summed in a treatment credibility 
sum score (0–40).

Treatment
The treatment methods used in the two previous tri-
als17,18 were as follows:

In RCT 1, patients were randomly assigned to one 
of the following three treatment groups: (1) OA plus 
information on TMD; (2) four therapist-guided ses-
sions of RT plus information on TMD; and (3) infor-
mation only, given on one occasion (control). RCT 2 
consisted of two phases: In the first phase, patients 
were randomized to either RT administered in eight 
therapist-assisted sessions or an OA. Both these 
groups received information before randomization. 
The second phase included a sequential crossover 
design in which nonresponders (see criteria below 
for Patient Global Impression of Change [PGIC]) to 
treatment after phase 1 were offered the other treat-
ment type. 

Table 1  Distribution of Participants by Gender, 
Age, Diagnoses, Treatment Type and 
Credibility, Pain Characteristics, and 
Physical and Psychosocial Factors at 
Baseline (N = 167)

Variable n (%)
Mean (SD)/ 

median (IQR)
Gender
Girls 136 (81.4)
Boys 31 (18.6)

Age (12–19 y) 15.5 (2.1)
RDC/TMD
Disc displacement 31 (18.8)
Arthralgia 43 (26.1)

Episodic tension-type headache 80 (48.5)
Treatment
Occlusal appliance 66 (39.5)
Relaxation training/control 101 (60.5)

Treatment credibility/motivation 
(0–40)

31.0 (6.0)

TMD pain history (mo) 24.0 (19.5)
Maximum unassisted pain-free 
jaw opening (mm)

47.8 (9.0)

Analgesic consumption (1–5)a  
(n = 165)

2.0 (1.0)

Bruxism 87 (52.4)
Stress 0–40 (n = 123) 21.8 (5.8)
Youth Self-Report subscale  
(n = 123)
Anxious-depressed 7.3 (6.1)
Somatic complaints 5.5 (3.1)

School absence (d/mo) (n = 162) 0.4 (1.4)
aScale end points: 1 = never; 5 = daily. IQR = interquartile range;  
SD = standard deviation.
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Trained and experienced therapists performed the treatment. 
Information consisted of standardized information about TMD-
related anatomy, TMD pain epidemiology, parafunction, and stress. 
The OA was a stabilization splint placed in the maxilla, designed to 
produce maximum intercuspation with canine guidance. Patients 
were requested to use the splint every night up to the first evaluation 
(at 3 months) and thereafter if they felt the need to use it until the 
6-month follow-up. RT included clinic-based training and a manual 
for home training with audio instructions. The goal was to provide 
adolescents with an active coping method to be applied in everyday 
situations at the onset of TMD pain. The importance of regular home 
practice, at least once a day for 15–20 minutes, was emphasized. 
The RT program has previously been evaluated in several school-
based trials in adolescents with recurrent headache.27 

Only minor differences between RT and control condition were 
obtained in the first trial,17 and the data were therefore combined 
into one RT/control (RT/Co) group in the present outcome analyses.

Treatment Outcome
The participants in the two trials were asked to assess their over-
all improvement after treatment and at the 6-month follow-up. They 
also rated their current pain experience before and after treatment 
and at the 6-month follow-up. The following four outcome measures 
were considered for evaluation of clinically significant treatment out-
come: (1) PGIC; (2) ratings of pain intensity on a numeric rating scale 
(NRS); (3) pain frequency levels; and (4) pain severity levels record-
ed in a pain diary (Table 2). An initial analysis was first carried out to 
estimate the agreement between these four measures using dichot-
omous levels to reflect a clinically significant change with Kappa sta-
tistics. Because the results showed that Kappa coefficients varied 
from 0.30 to 0.34, indicating a low agreement level between the four 
measures, all of them were included in the outcome analyses. 
PGIC
The adolescents rated their subjective experience of change on 
the following standardized scale: 1 = much improved or completely 
cured, 2 = slightly improved, 3 = no change, 4 = slightly worsened, 

and 5 = much worse. Participants 
who reported to be much improved or 
completely cured were regarded as 
having achieved a clinically significant 
improvement; ie, they were defined as 
treatment responders.
NRS
On this 0–10 scale, the adolescents 
rated their current pain intensity due 
to TMD. In a recent validation study in 
adults with TMD, Emshoff et al28 noted 
that a pre–post reduction in pain intensi-
ty of 38% corresponded to a subjective 
experience of being much improved or 
completely cured on the PGIC. Given 
that reduction rates have varied between 
30% and 36% in previous clinical vali-
dation studies of pain, this analysis used 
a reduction of 35% for pain intensity 
(NRS35%) to indicate a clinically signifi-
cant improvement. 
Pain Frequency
Participants scored this dimension on 
the following 5-point scale: 1 = never, 
2 = once or twice a month, 3 = once 
a week, 4 = several times a week, 
and 5 = daily. Using the inclusion crite-
rion of having TMD pain at least once a 
week as a cutoff, having achieved a pain 
frequency of less than once a week at 
both posttreatment and follow-up was 
regarded as a clinical reduction of pain. 
Pain Diary
Patients recorded TMD pain intensity in 
a pain diary four times daily: at break-
fast, lunch, dinner (after school), and 
bedtime. In each phase, participants 
rated their daily pain experience over 
the course of 1 week. They rated pain 
on a 6-point behavioral rating scale with 
the following endpoints: 0 = no pain 
and 5 = very intense pain, totally handi-
capped, can’t do anything. Sum scores 
for this measure, here defined as weekly 
pain sum, ranged from 0 to 140. A pre–
post and pre–follow-up reduction in 
pain intensity of ≥ 50% was used to de-
fine responders to treatment. This cutoff 
is commonly used to reflect a clinically 
significant change in adolescents suf-
fering from recurrent headaches.27 

Statistical Analyses
Descriptive statistics were used to re-
port percentages, means, and stan-
dard deviations (SDs) for continuous 

Table 2  Pain Intensity, Pain Diary, and Pain Frequency 
Scores at Baseline, Posttreatment, and 6-month 
Follow-up by Treatment Group

Baseline  
(n = 167)

Posttreatment  
(n = 130 to 167)

Follow-upa  

(n = 84 to 110)
Occlusal appliance
Pain intensity (NRS, 
0–10), mean (SD)

5.6 (1.8) 3.5 (2.1) 2.7 (2.0)

Pain diary (0–140),  
mean (SD)

34.9 (23.6) 24.2 (24.2) 17.2 (18.9)

Pain frequency (1–5),  
median (IQR)

3.9 (0.8) 3.0 (2.0) 2.5 (1.0)

Relaxation training/control
Pain intensity (NRS, 
0–10), mean (SD)

5.3 (1.9) 4.3 (2.1) 4.0 (2.2)

Pain diary (0–140),  
mean (SD)

27.5 (19.9) 21.6 (19.3) 17.0 (20.3)

Pain frequency (1–5),  
median (IQR)

3.6 (0.8) 3.0 (2.0) 2.9 (1.1)

aData from RCT 1.17
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variables, and the medians and interquartile ranges 
(IQR) for ordinal variables. In analyses of bivariate 
correlations between categorical and continuous 
variables, chi-square test and Pearson product-mo-
ment correlations were used. Differences in means 
between independent groups in continuous variables 
were examined with Student t test.

Predictors of posttreatment and follow-up 
change for the four dichotomous outcome variables 
(responders vs nonresponders) were then analyzed 
with logistic regression. Here, explaining factors 
reaching a P value of ≤ .10 in bivariate correlations 
were included in subsequent multivariate analyses. B 
coefficients, standard error (SE), P values, and odds 
ratios (ORs) with 95% confidence intervals (95% CI) 
were estimated. The Hosmer and Lemeshow test 
was used to test model fit. An alpha level of P < .05 
indicated statistical significance.

Results

Posttreatment Outcome Predictors
PGIC
The results of bivariate analyses showed that the 
following explaining factors were significantly asso-
ciated with a clinically significant response accord-
ing to subjective evaluation on the PGIC: treatment 
condition (OA 74% vs RT/Co 26%, χ2 [1] = 18.05, 
P < .001); treatment credibility sum score (mean 
33.0 for responders vs 30.7 for nonresponders, 
t [160] = –2.01, P < .05); bruxism (25.6% among 
those with bruxism responded vs 11.8% of those 
without bruxism, χ2 [1] = 4.92, P < .05); disc dis-
placement (31.2% responders with disc displace-
ment vs 16% without, χ2 [1] = 3.87, P < .05); and 
maximum unassisted pain-free jaw opening (mean 
distance of 43.7 mm for responders vs 48.9 mm for 
nonresponders, t [161] = 2.95, P < .05).

The results of subsequent logistic regression 
analysis (n = 161) showed that only treatment con-
dition (OA > RT/Co) predicted a positive treatment 
response (B = –1.59, SE = 0.47, OR = 4.9 [95% CI 
1.92–12.5], P < .001). The Hosmer and Lemeshow 
test was nonsignificant.
NRS35%
Treatment condition and gender emerged as signif-
icant predictors in bivariate analyses. About half of 
the adolescents (50.7%) who responded to treatment 
were treated with OA, as compared to 22.8% treated 
with RT/Co (χ2 [1] = 14.34, P < .001). Similarly, 50% 
of the boys responded to treatment, while only 30.7% 
of girls responded (χ2 [1] = 4.30, P < .05). Although 
a higher response rate was found among those with 
disc displacement (46.9%) compared to those without 
(30.4%), the association was nonsignificant (P = .08).

The results of logistic regression analysis 
(n = 165) showed that treatment condition predicted 
a clinically significant outcome with the following pa-
rameters: B = 1.42, SE = 0.36, OR = 4.12 (95% CI 
2.05–8.29), P < .001. For gender, the corresponding 
values were: B = 0.78, SE = 0.44, OR = 2.18 (95% 
CI 0.92–5.20), P = .08. The Hosmer and Lemeshow 
test was nonsignificant.
Pain Frequency
The results of the bivariate analyses showed that 
gender was associated with having reached a pain 
frequency level of less than once a week (or no pain) 
at the posttreatment assessment (boys 43.8% and 
girls 28.6%, χ2 [1] = 2.79, P = .10). Lower responses 
were also found for those with arthralgia (14%) vs no 
arthralgia (37%) (χ2 [1] = 7.96, P < .01) and bruxism 
(25%) vs absence of bruxism (37.3%) (χ2 [1] = 3.05, 
P = .08). Lower levels of somatic complaints (mean 
value of 4.4 for responders vs 5.9 for nonresponders, 
t [112] = –2.31, P < .05) and a shorter TMD pain his-
tory (mean of 15.6 for responders vs 23.5 for nonre-
sponders, t [170] = –3.13, P < .01) predicted a better 
response. Although the response was better for ado-
lescents treated with OA (35.2%) compared to the RT/
Co group (28.7%), this difference was nonsignificant. 

The results of the subsequent logistic regression 
analysis (n = 113) showed that gender, arthralgia, 
somatic complaints, and TMD pain history predict-
ed a favorable outcome, with the following param-
eters: B = –1.62, SE = 0.64, OR = 5.05 (95% 
CI 1.46–17.54), P < .01; and B = 1.94, SE = 0.62, OR 
= 6.93 (95% CI 2.04–23.53), P < .001, B = 0.21, SE 
= 0.10, OR = 1.23 (95% CI 1.02–1.48), P < .05; and 
B = 0.05, SE = 0.02, OR = 1.05 (95% CI 1.01–1.08), 
P < .01, respectively. The Hosmer and Lemeshow 
test was nonsignificant.
Pain Diary
The results of the bivariate analyses showed that 
treatment condition approached a significant asso-
ciation with response vs nonresponse (χ2 [1] = 3.80, 
P = .05) in that 44.1% of adolescents in the OA 
group responded to treatment compared to 27% 
among those in the RT/Co group. Again, gender 
emerged as a significant predictor in that boys re-
sponded to treatment more often compared to girls 
(55% vs 29.3%, respectively, χ2 [1] = 4.93, P < .05). 
While treatment credibility sum scores were higher 
among responders compared to nonresponders, this 
difference was nonsignificant (P = .09).

The results of a subsequent logistic regression 
analysis (n = 118) showed that treatment condition 
and gender emerged as significant predictors, with the 
following estimates: B = 0.94, SE = 0.44, OR = 2.56 
(95% CI 1.08–6.05), P < .05; and B = 1.48, SE = 0.56, 
OR = 4.41 (95% CI 1.47–13.21), P < .01, respectively. 
The Hosmer and Lemeshow test was nonsignificant.
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Predictors of Follow-up Outcome
Due to the crossover design of the second trial, anal-
yses of predictions of outcome at the 6-month fol-
low-up were restricted to adolescents included in the 
first trial. 

The results of the bivariate analyses showed an 
association for gender in that a higher proportion of 
boys (15%) compared to girls (5%) were responders 
on the PGIC; however, this association was nonsig-
nificant (P = .09). While lower levels of anxious-de-
pressed and total stress scores significantly (P < .05) 
predicted a response at follow-up in diary recordings, 
none of these explaining factors emerged as signifi-
cant predictors in a subsequent logistic regression 
analysis. In further pre–follow-up evaluations on the 
NRS35%, treatment condition (OA 64% vs RTCo 
34%, χ2 [1] = 9.71, P < .01) and gender (boys 62% 
vs girls 40%), χ2 [1] = 4.45, P < .05) emerged as sig-
nificant bivariate predictors of outcome. Levels on the 
anxious-depressed subscale (t [55] = 2.22, P < .05) 
and TMD pain history (t [113] = 1.99, P < .05) were 
also significantly lower among responders compared 
to nonresponders (mean values were 5.3 vs 8.9 and 
17.3 vs 24.1, respectively). Again, none of these ex-
plaining factors emerged as significant contributors 
to outcome in the subsequent logistic regression 
analysis (n = 49). 

Regarding frequency of pain levels, treatment 
group was associated with a favorable outcome 
(57.1% responders in the OA group vs 42.5% in 
RTCo group, χ2 [1] = 2.30, P = .12). A better response 
was also predicted by a lower baseline consumption 
of analgesics (the mean value for responders 1.9 vs 
2.3 for nonresponders, t [112] = –2.54, P < .05) and 
shorter TMD pain history (mean for responders 16.1 
vs nonresponders 25.6, t [113] = –2.91, P < .01). 
Whereas the results of the subsequent logistic re-
gression analysis showed that treatment group ap-
proached significance as a predictor (B = –0.82, 
SE = 0.43, OR = 2.26 [95% CI 0.97–5.26], 
P = .06), both baseline analgesic consumption and 
TMD pain history emerged as significant predictors 
of outcome (B = 0.56, SE = 0.22, OR = 1.74 [95% 
CI 1.13–2.67], P < .05; and B = 0.03, SE = 0.01, 
OR = 1.03 [95% CI 1.01–1.06], P = .01, respective-
ly). Hosmer and Lemeshow test was nonsignificant.

Discussion 

In the present study of a combined clinical sample 
of 167 adolescents with frequent TMD pain (once a 
week or more often) and treated with OA or RT/Co in 
two previous RCTs, predictors of clinically significant 
outcome were evaluated posttreatment for the whole 
sample and at a 6-month follow-up for participants 

included in RCT 1. At both posttreatment and fol-
low-up, a number of factors were identified as pre-
dictors of a clinically significant response across four 
outcome measures. In the multivariate regression anal-
yses, treatment condition (OA being more effective 
than RT/Co) and gender (boys being more responsive 
than girls) emerged as the most consistent predictors 
across the pre–post outcome measures. While arthral-
gia (predicting lower response), lower levels of somat-
ic complaints (predicting better response), and shorter 
TMD pain history (predicting better response) among 
responders were also found to be baseline predictors, 
the findings were restricted to only one of the outcome 
measures: frequency of pain levels. At 6 months fol-
low-up, lower consumption of analgesics and shorter 
TMD pain history emerged as significant predictors of 
positive treatment outcome, while treatment condition 
approached significance, in the multivariate regression 
analyses; however, this outcome was restricted to the 
frequency of pain levels measure. 

In almost all previous treatment outcome studies 
of different types of recurrent pain among adoles-
cents, statistical between-group comparisons were 
carried out to establish effectiveness of various inter-
vention methods, ignoring the subjectivity of an indi-
vidual’s pain experience.29 In a meta-analysis of RCTs 
of treatment for recurrent headache in children and 
adolescents,30 outcome was found to depend on the 
type of pain characteristic used. In light of this result 
and due to low agreement between the four dichoto-
mous outcome measures (Kappa coefficients of 0.30 
to 0.34), three other pain variables, in addition to sub-
jective ratings of treatment success, were included to 
assess outcome in the present prediction analyses. 

The present study used a cutoff level of 35% pre–
posttreatment pain intensity reduction in ratings on 
the commonly used, standardized NRS (0–10 NRS). 
Such a cutoff level to define clinical improvement has 
also been used in a previous RCT including adults 
with TMD31 and was recently validated in adults hav-
ing been treated for TMD.28 

A commonly used statistical criterion in the as-
sessment of frequent headache among adolescents 
is a 50% reduction of complaints in prospective dia-
ry recordings.27 However, to the best of the authors’ 
knowledge, this criterion has not yet been validated 
against the adolescent individual’s own experience of 
pain reduction and its clinical importance.

In both the previous trials, a significantly higher 
proportion of adolescents responded to treatment with 
OA compared to RT/Co.17,18 In the present study, when 
the two samples were combined, resulting in higher 
statistical power, treatment condition emerged as the 
most consistent predictor of a positive outcome, with 
OA treatment producing a higher proportion of re-
sponders. This outcome is important: It indicates that 
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the finding is valid and reliable and that the well-es-
tablished and common clinical treatment with OA of 
adolescents suffering from frequent TMD is effective.

Gender was found to predict outcome, in that 
boys responded better to treatment compared to 
girls. Similar findings have been reported for adult 
male patients responding better to treatment com-
pared to adult female patients.32 In cross-section-
al studies, adolescent girls with frequent TMD pain 
commonly report more somatic complaints and more 
anxious-depressed symptoms, consume more anal-
gesics for TMD pain, have higher perceived need for 
TMD treatment, and also seek caregivers more often 
for other bodily pain compared to boys with the same 
pain disorder.4,8 These problems indicate that girls 
with TMD pain have a more pronounced psychoso-
cial vulnerability than boys. The use of coping strate-
gies for frequent pain also differs between boys and 
girls; for example, in a study of children and adoles-
cents with chronic pain, girls reported greater use of 
social support seeking, whereas boys made greater 
use of distractions.33 Therefore, both psychosocial 
factors and the strategies boys and girls adopt to 
cope with pain may explain the obtained differences 
in treatment response between genders.  

A longer TMD pain history was associated with 
poorer recovery after treatment, a finding also re-
ported for adult TMD patients.34 Such a relationship 
could depend on a decline in the individual’s use of 
active coping strategies when pain persists over an 
extended time, negatively affecting the patient’s view 
on their usefulness to ameliorate pain. Among adult 
TMD patients, catastrophizing thoughts when pain 
recurs have been associated with a negative treat-
ment outcome.19 It is likely that such ideation may also 
negatively impact treatment response among adoles-
cents with a longer TMD history.

A greater number of pain sites and higher levels 
of psychosocial problems have been suggested to be 
important risk factors that may produce a less favor-
able outcome in adult patients with TMD pain.19,35,36 It 
should be noted, however, that while higher levels of 
anxious-depressed symptoms, somatic complaints, 
and total stress scores were factors associated with 
poorer outcome in the present study, the overall find-
ings were inconsistent and dependent on type of out-
come measure and assessment time point.

 About a quarter of the adolescents (27.2%) re-
ceived a diagnosis of arthralgia solely or combined 
with other TMD diagnoses. A positive treatment 
outcome has been reported for adult patients with 
TMD pain of arthrogenous origin treated with an OA 
compared to a control splint.32 The present study 
found that adolescents with arthralgia may face an 
increased risk of being nonresponders to treatment. 
Of particular note in the present study is that none of 

the clinical dental factors, such as self-reported brux-
ism and maximum unassisted pain-free jaw opening, 
predicted outcome. 

Although the power in the study’s statistical 
analyses of pre–posttreatment predictors across 
measures was adequate, a limitation was the rela-
tively weak power in the follow-up evaluations. The 
strengths of the present study are the inclusion of a 
relatively large sample of adolescents with TMD re-
cruited from the same health region and the use, at 
the same time points, of a standardized assessment 
using identical measures.

Conclusions

The findings of the present study showed that the 
commonly used treatment method of OA in clinical 
practice for adolescents suffering from TMD is effec-
tive, but also that gender emerged as the most con-
sistent predictor of a clinically significant response 
across outcome measures. While a substantial 
proportion of individuals responded with a clinical-
ly significant improvement across different outcome 
measures, depending on the outcome measure used, 
about one-quarter to half of the sample were non-
responders to the most effective treatment (OA) at 
both time points (treatment completion and 6-month 
follow-up). These results therefore underline that the 
effectiveness of treatment for adolescents suffering 
from TMD needs to be further improved, in particular 
for teenage girls suffering from the disorder. The find-
ings should also be further tested in RCTs replicated 
at other sites, preferably with the inclusion of larger 
sample sizes.
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