
Original Paper

Internet-Based Multimodal Pain Program With Telephone Support
for Adults With Chronic Temporomandibular Disorder Pain:
Randomized Controlled Pilot Trial

Julia Lam1,2,3, DDS; Peter Svensson1,4,5, DDS, PhD; Per Alstergren1,3,6, DDS, PhD
1Department of Orofacial Pain and Jaw Function, Faculty of Odontology, Malmö, Sweden
2Folktandvården Skåne AB, Hässleholm and Lund, Sweden
3Scandinavian Center for Orofacial Neurosciences (SCON), Malmö, Sweden
4Scandinavian Center for Orofacial Neurosciences (SCON), Aarhus, Denmark
5Department of Orofacial Pain and Jaw Function, Faculty of Health, Aarhus University, Aarhus, Denmark
6Specialized Pain Rehabilitation, Skåne University Hospital, Lund, Sweden

Corresponding Author:
Julia Lam, DDS
Department of Orofacial Pain and Jaw Function
Faculty of Odontology
Malmö universitet
Malmö, 205 06
Sweden
Phone: 46 767690002
Email: Julia.lam@mau.se

Abstract

Background: Chronic pain from temporomandibular disorders remains an undertreated condition with debate regarding the
most effective treatment modalities.

Objective: The aim of the study was to investigate the treatment effect of an internet-based multimodal pain program on chronic
temporomandibular disorder pain and evaluate the feasibility of a larger randomized controlled trial.

Methods: An unblinded randomized controlled pilot trial was conducted with 43 participants (34 females, 9 males; median age
27, IQR 23-37 years) with chronic temporomandibular pain. Participants were recruited within the Public Dental Health Service
and randomized to intervention (n=20) or active control (n=23). The intervention comprised a dentist-assisted internet-based
multimodal pain program with 7 modules based on cognitive behavior therapy and self-management principles. The control group
received conventional occlusal splint therapy. Primary outcomes included characteristic pain intensity, pain-related disability,
and jaw functional limitation. Secondary outcomes were depression, anxiety, catastrophizing, and stress. Outcomes were
self-assessed through questionnaires sent by mail at 3 and 6 months after treatment start. Feasibility evaluation included testing
the study protocol and estimation of recruitment and attrition rates in the current research setting.

Results: Only 49% of participants (21/43) provided data at the 6-month follow-up (internet-based multimodal pain program:
n=7; control: n=14). Of the 20 participants randomized to the internet-based multimodal pain program, 14 started treatment and
8 completed all 7 modules of the program. Between-group analysis showed no significant difference for any outcome measure
at 3- or 6-month follow-up—characteristic pain intensity (3 months: P=.58; 6 months: P=.41), pain-related disability (3 months:
P=.51; 6 months: P=.12), jaw functional limitation (3 months: P=.45; 6 months: P=.90), degree of depression (3 months: P=.64;
6 months: P=.65), anxiety (3 months: P=.93; 6 months: P=.31), stress (3 months: P=.66; 6 months: P=.74), or catastrophizing (3
months: P=.86; 6 months: P=.85). Within-group analysis in the internet-based multimodal pain program group showed a significant
reduction in jaw functional limitation score at the 6-month follow-up compared to baseline (Friedman: χ2=10.2, P=.04; Wilcoxon:
z=–2.3, P=.02). In the occlusal splint group, jaw function limitation was also reduced at the 6-month follow-up (Friedman:
χ2=20.0, P=.045; Wilcoxon: z=–2.3, P=.02), and there was a reduction in characteristic pain intensity at the 3- and 6-month
follow-up (Friedman: χ2=25.1, P=.01; Wilcoxon 3 months: z=–3.0, P=.003; Wilcoxon 6 months: z=-3.3, P=.001).

Conclusions: This study was not able to demonstrate a difference in treatment outcome between an internet-based multimodal
pain program and occlusal splint therapy in patients with chronic temporomandibular pain. However, the findings suggested that
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the internet-based multimodal pain program improves jaw function. The results also confirmed the treatment effect of occlusal
splint therapy for chronic temporomandibular pain. Furthermore, because of the high attrition rate, this pilot study showed that
a randomized controlled trial with this design is not feasible.

Trial Registration: ClinicalTrials.gov NCT04363762; https://clinicaltrials.gov/show/NCT04363762

(J Med Internet Res 2020;22(10):e22326) doi: 10.2196/22326
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Introduction

Temporomandibular disorders (TMD) are underdiagnosed and
undertreated conditions in the general population [1]. TMD
involves conditions affecting the temporomandibular joint and
the masticatory muscles and has a prevalence of 10%-15% in
the adult population [2]. Typical TMD complaints consist of
pain, fatigue, and stiffness in the jaw muscles; limitations in
jaw movements; and clicking or grating noises from the jaw
joints [3]. Chronic TMD pain negatively affects quality of life,
and in Sweden, even though the estimated treatment need is
5%-15%, only 0.5%-1.5% receive treatment in general dentistry
[4,5]. The Swedish national guidelines [1] recommend a
multimodal treatment approach, and common treatment options
include occlusal appliances, physiotherapy, pharmacologic
treatment, and behavior treatment. There are still debates
regarding the most efficient and cost-effective treatment option
that can easily be distributed and applied.

Internet-based intervention is an appealing modality for
multimodal TMD treatment as it may not only assist dentists in
providing treatment at reduced costs but may also potentially
reduce traveling time, treatment costs, and waiting lists for
patients. Generally, in the field of pain, there are several apps
for various chronic pain conditions (eg, headache, fibromyalgia,
and back pain) [6-9]. Internet-based treatment reduces pain
intensity and pain interference [9,10] and internet-based
cognitive behavior therapy seems to be at least as effective as
a face-to-face intervention for chronic pain [11]. However,
findings regarding depression and anxiety are inconsistent [12],
and there are no internet-based cognitive behavior therapy
studies on chronic TMD pain.

This study set out to collect data on the effectiveness of a guided
internet-based multimodal pain program for adults with chronic
TMD pain compared to that of conventional occlusal splint
therapy. As the study progressed, it also became a measure to
evaluate the feasibility of a larger randomized controlled trial.

Methods

Study Design
An unblinded, parallel-arm, pilot randomized controlled trial
with equal allocation was conducted. The participants were
randomized to the internet-based multimodal pain program or
to an active control. The study was approved by the Ethics
Review Board in Lund, Sweden (No. 2016/6). The examination
and treatments were free of charge for the participants, and no

other financial compensation was given. See Multimedia
Appendix 1 for the informed consent documentation in Swedish.
This study was retrospectively registered at ClinicalTrials.gov
(NCT04363762).

Furthermore, this study was part of a large research project with
a primary objective of studying changes in the brain in patients
with chronic TMD pain after treatment. Therefore, all
participants underwent magnetic resonance imaging (MRI) of
the brain. The neuroimaging data will be presented elsewhere;
however, the feasibility aspect of this additional examination
will be addressed here.

Participants
Participant inclusion criteria were (1) age between 18 and 75
years; (2) at least one TMD pain diagnosis such myalgia,
myofascial pain with referral, headache attributed to TMD, or
arthralgia according to the Diagnostic Criteria for
Temporomandibular Disorders (DC/TMD) [13]; (3) chronic
(≥3 months) TMD pain, experienced once a week or more often,
with an intensity of ≥3 (on a scale from 0 to 10); (4) access to
a computer with an internet connection and a mobile phone; (5)
sufficient computer literacy; and (6) Swedish language fluency.
Exclusion criteria were (1) chronic inflammatory systemic
diseases; (2) all psychiatric disorders except depression and
anxiety due to high comorbidity; (3) occlusal splint therapy in
the past 12 months; (4) ongoing extensive dental treatment; and
(5) conditions precluding MRI examination.

Procedure
Participants were recruited from a general dental care clinic
(Fäladstorget, Lund) within the National Dental Care in Skåne,
Sweden. To identify potential participants, all consecutive adult
patients visiting for a regular dental check-up were screened
with the 2Q/TMD screening tool [14,15]. If a patient was
deemed eligible for the inclusion examination, oral and written
information about the study were given, and a new appointment
was booked for an inclusion examination. The patient was asked
to provide written informed consent, if they were deemed
eligible after the inclusion examination. Permuted block
randomization with a fixed block size of 10 was used. At the
moment of assignment, the local research coordinator blindly
picked a piece of paper from an envelope with allocated
treatment. Before the study start, 6 sets of opaque envelopes
with 10 allocation notes each, 5 with “internet-based multimodal
pain program” and 5 with “occlusal splint,” were prepared. All
10 notes in one envelope had to be used before the next envelope
was opened. If allocated to internet-based multimodal pain
program, working material was sent to the participant by mail,
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and the treatment was started, with assistance provided by
phone. If allocated to treatment with occlusal splint, a new
appointment was booked for delivering the splint. Follow-up
was performed 3 and 6 months after treatment start with
questionnaires that were mailed to the participants. Participants
also underwent an MRI of the brain at baseline, after
randomization but before treatment start, and 6 months after
treatment start at Skåne University Hospital, Malmö, Sweden.

Participant recruitment started in April 2016 and ended in
December 2018. Screening was paused during annual summer
holiday periods (June-August 2016, 2017, 2018) and during
February-April 2017 due to technical issues with the MRI
scanner.

Inclusion Examination
All participants underwent a standardized examination according
to DC/TMD to control for eligibility and collect baseline data.
The DC/TMD includes a clinical examination and questionnaires
described below [13]. Demographic data and pretreatment
expectancies on allocated treatment were also assessed.

Clinical Examination
The clinical DC/TMD examination comprises a standardized
assessment of pain and headache locations, jaw opening
capacity, pain on mandibular movement, pain on palpation, and
temporomandibular joint noises [13]. The clinical examinations
were carried out by one of 2 trained dentists [16].

The DC/TMD Symptom Questionnaire was used to assess pain
symptoms involving the jaw, jaw noise and locking, and
headache. Data from this questionnaire were combined with
findings from the clinical examination for diagnosis according
to DC/TMD [13].

Questionnaires

Pain
The Graded Chronic Pain Scale [17] was used to assess the
subdomains of characteristic pain intensity (pain intensity for
reported worst, current, and average pain) and pain-related
disability (how much facial pain changed the patient's ability
to participate in daily activities, social activities, and work).
The questionnaire included the assessment of pain intensity and
pain-related disability scored on a 0-10 numeric rating scale,
modified from [17].

A full-body pain drawing was used to assess pain locations and
distribution [18]. Pain distribution was categorized as local pain
in the face area; regional pain in the neck area in addition to
local pain; or widespread pain at any other site of the body in
addition to local or regional pain. 

Physical Functioning
The Jaw Functional Limitation Scale-8 was used to assess jaw
function in the masticatory system [19]. The Oral Behaviors

Checklist was used to assess the self-reported frequency of oral
parafunctional behaviors during awake time [20].

Emotional Functioning
The Patient Health Questionnaire-9 was used to assess
depression, and the Patient Health Questionnaire-15 was used
to assess nonspecific physical symptoms [21,22]. Anxiety was
assessed with the Generalized Anxiety Disorders-7 [23], stress
was assessed with the Perceived Stress Scale-10, and
catastrophizing was assessed with the Pain Catastrophizing
Scale [24,25].

Patient Outcome Expectancy
A Swedish translation of the Stanford Expectations of Treatment
Scale was used to assess positive and negative pretreatment
expectancies of treatments [26].

Treatment Modalities

Intervention
The internet-based multimodal pain program is based on
cognitive behavior therapy and self-management principles that
help patients to cope with chronic TMD pain. It was developed
for use in general dentistry by orofacial pain specialists at the
Department of Orofacial Pain and Jaw Function at Malmö
University, Sweden, in collaboration with Psykologpartners AB
(a Swedish provider of internet-based psychological treatment).

The internet-based multimodal pain program adapts face-to-face
therapy to a software platform program. Access required a
2-factor authentication system. A demo of the program is
available (Multimedia Appendix 2). The internet-based
multimodal pain program consisted of 7 treatment modules
(Table 1, Figure 1) and offline activities included homework
assignments in a paperback workbook. The intended treatment
duration was 7 weeks: 1 module/week; 40 minutes/module
online plus time for homework assignments.

The internet-based multimodal pain program was designed to
be used without guidance. However, to support study adherence,
telephone, email, and asynchronous chat support was provided
by a dentist (JL) who had received 2-day training on
internet-based cognitive behavior therapy arranged by
Psykologpartners AB. At the start-up phone call, participants
were guided through the functions in the program and were
informed about time requirements for the treatment. Follow-up
phone calls after each finished module involved individualized
support and feedback. If participants were unreachable at
scheduled follow-up calls, a message through the chat function
in the program was sent with a prompt to get in touch. If still
not heard from in the subsequent 2 weeks, the dentist tried to
contact the participant by phone. If still not reached, access to
the internet-based multimodal pain program was removed, and
the participant was withdrawn from the study. A letter was sent
to the participant with information about the withdrawal and a
prompt to seek treatment from a dentist.
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Table 1. An overview of the internet-based multimodal pain program for chronic temporomandibular disorders pain.

Cognitive behavior therapy componentContentThemeModule

Values and goalsInformation: introduction to the treatment program and
cognitive behavior therapy, goal setting

Assignment: a reflection on previous strategies of handling
temporomandibular disorder pain, assessment of core values

Introduction1

Psychoeducation and assessmentInformation: etiology and epidemiology of temporomandibu-
lar disorder pain, anatomy of the masticatory system

Assignment: pain drawing, identify jaw functions limited
by pain

What is face and jaw pain?2

Psychoeducation and assessmentInformation: modulating and maintaining factors of tem-
poromandibular disorder pain, pain physiology, acute and
chronic pain, the link between quality of life and temporo-
mandibular disorder pain

Assignment: 7-day pain diary

What affects my pain in the face
and jaw?

3

Applied relaxation and skills trainingInformation: treatment alternatives including analgesics,
relaxation, jaw exercises, different occlusal splints,
acupuncture, and massage

Assignment: identify pain modulators from pain diary,
practice relaxation, and jaw exercises

How can I relieve my pain?4

Functional analysis, problem-solving,
relaxation, skills training

Information: stress responses, the link between stress and
pain

Assignment: a questionnaire to assess the degree of stress,
situational analyses, list desired ways to enhance recupera-
tion, continue relaxation and jaw exercises

The relation between stress and
pain

5

Committed action, relaxation, skills
training

Information: stress and pain management; breathing exer-
cises, diet, sleep, training, time management, setting
boundaries and acceptance, continued relaxation and jaw
exercises

Assignment: mapping sleep, training and dietary habits in
a weekly schedule and do an activity planning aiming to
make desired changes regarding these, continued relaxation
and jaw exercises

How can I reduce my stress and
pain levels?

6

Summary and maintenance planInformation: Setbacks and maintenance planning, a sum-
mary of the program

Assignment: Develop a maintenance plan

Summary and a plan for future ac-
tion

7
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Figure 1. Screenshots from the guided internet-based multimodal pain program (top left: start page; top right: a page with a jaw exercises instructional
video; lower left: a page with the recurrent rating of pain frequency, stress level, and life satisfaction to keep track of progression; lower right: an
overview of treatment progression).

Control Condition
Participants in the active control group received a hard
Michigan-type stabilization splint placed in the upper jaw [27].
The occlusal splint was chosen as the control treatment because
it is a conventional and reversible treatment for TMD pain, and
it has known moderate efficacy [5]. The splints were made of
acrylic, covered all the maxillary teeth, and had a smooth, flat
surface. It was fitted to allow all supporting teeth to contact
simultaneously on jaw closure, and canine guidance and
disocclusion of the posterior teeth were provided in the lateral
and protrusive excursion. Participants were instructed to wear
it only at night. A clinical check-up of the participants in the
occlusal splint group was performed within 2-6 weeks after
treatment start. Scheduled time at the dentist was in total 60
minutes for this therapy.

Follow-up
Follow-up was conducted with questionnaires comprising a
short version of the DC/TMD instruments. The questionnaires
were sent to participants by mail at 3 and 6 months after
treatment start. If the questionnaire was not returned within a
month, a reminder was sent by email or by phone.

Outcome Measures

Preliminary Evaluation of Participant Responses to
Intervention
Measures specific to TMD included in the DC/TMD were used
as outcome measures, guided by the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) recommendations on core domains [28,29].
Primary outcomes included characteristic pain intensity,
pain-related disability, and physical functioning (jaw functional
limitation score). Secondary outcomes were depression and
anxiety as measures of emotional functioning. The IMMPACT
core domains also include ratings of global improvement and
satisfaction with treatment, but this was not assessed in this
study. In addition to the IMMPACT core domains,
catastrophizing and stress were evaluated as secondary
outcomes. 

Feasibility
Feasibility evaluation of the study included testing the study
protocol and estimating recruitment and attrition rates in the
current research setting. With preliminary results, post hoc
power and sample size calculation were performed. Recruitment
and attrition rates along with a new estimated sample size
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allowed a decision on the feasibility of conducting a future
larger randomized controlled trial to be made. Usage metrics
of internet-based multimodal pain program were not assessed.

Adverse Effects
Adverse events for the internet-based multimodal pain program
treatment were collected through the follow-up phone calls.
Also, all participants randomized to internet-based multimodal
pain program were given written information at the 3-month
follow-up about the opportunity to withdraw from the study
and receive rescue treatment if symptoms worsened or if they
were not satisfied with the treatment outcome. In a similar
manner, participants randomized to occlusal splint therapy were
free to withdraw from the study at any time, without penalty or
loss of benefits, to seek additional treatment.

Statistical Analysis
Nonparametric statistics were used due to the characteristics of
the pain-related variables. For descriptive statistics, median,
25th percentile, and 75th percentile, as well as the number of
observations or proportions, are reported. To explore the
potential effects of the internet-based multimodal pain program
in this early-stage trial, per protocol between-group comparisons
of change in characteristic pain intensity level, pain-related
disability, jaw functional limitation score, degree of depression,
anxiety, catastrophizing, and stress at the 3- and 6-month
follow-up were performed with the Wilcoxon rank-sum test.
Friedman analysis of variance was used for within-group
comparisons. Significant results from the Friedman analysis
were followed by posthoc Wilcoxon matched-pair signed-rank
testing. In addition, Spearman rank-order was used to test
possible association between positive and negative treatment
expectancy and changes in outcome measures at the 6-month
follow-up within respective treatment groups. Dropout analysis

was performed to test the difference between completers and
dropouts within allocated treatment groups. Furthermore, a
comparison of baseline characteristics of participants between
study groups was made. Chi-square test was used for categorical
variables and the Wilcoxon rank-sum test was used for ordinal
variables.

Estimation of required sample size was based on a previous
neuroimaging study to detect statistically significant results in
functional MRI [30]. According to this, 20 participants in each
group should be recruited; however, the goal was to recruit 30
participants in each group to compensate for dropouts. It was
also considered to be sufficient to provide useful information
about the feasibility of a future larger randomized controlled
trial. A posthoc power analysis with characteristic pain intensity
as the outcome measure was performed. The sample size
required for a parametric test on the between-group comparison
was computed, and 15% was added, as nonparametric testing
could be used in a future randomized controlled trial [31].

All data management and statistical analyses were performed
unblinded using StataSE (version 15.1; StataCorp LLC). A
probability level of P<.05 was considered significant.

Results

Participants
Participant flow through each stage of the trial is presented in
Figure 2. The baseline characteristics of the sample are described
in Table 2. Comparisons of baseline demographic, clinical, and
psychosocial characteristics showed no statistical difference
between treatment groups except that the occlusal splint group
had a significantly greater number of jaw muscles with pain on
palpation (P=.049; Table 2).
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Figure 2. Flow diagram of the unblinded, parallel-arm, pilot randomized trial. iMPP: internet-based multimodal pain program; MRI: magnetic resonance
imaging.
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Table 2. Demographic, clinical, and psychosocial characteristics at baseline for patients with chronic temporomandibular disorder pain randomized to
treatment with a guided internet-based multimodal pain program (iMPP, n=20) or occlusal splint (control, n=23).

P valueControlsiMPPaVariable

Demographics

.7127 (23-38)27 (23-37)Age (years), median (IQR)

.54Sex, n (%)

4 (17)5 (25)Male

19 (83)15 (75)Female

.76Birth country, n (%)

20 (87)18 (90)Sweden or other Nordic country

3 (13)2 (10)Other

.09Civil status, n (%)

4 (17)8 (40)Single

14 (61)6 (30)Married or de facto

0 (0)2 (10)Divorced

5 (22)4 (20)Other

.43Education level, n (%)

12 (52)9 (45)University

3 (13)1 (5)Professional training

7 (30)10 (50)High school

1 (4)0 (0)Elementary school

.29Employment status, n (%)

19 (83)17 (85)Employed

4 (17)1 (5)Unemployed

0 (0)0 (0)Retired

0 (0)1 (5)Registered disabled

0 (0)1 (5)Missing data

Clinical characteristics

.614 (3.7-5.7)4.7 (3.7-5.3)Characteristic pain intensity (0-10), median (IQR)

.36102 (12-300)30 (12-120)Duration of temporomandibular disorder pain (months), median (IQR)

.4636 (27-51)41 (33-51)Pain free mouth opening (mm), median (IQR)

.2949 (41-59)52 (48-57)Maximum Unassisted mouth opening (mm), median (IQR)

.0494 (4-4)4 (2-4)Number of muscles with pain on palpation (0-4), median (IQR)

.74Pain distribution, n (%)

11 (48)11 (55)Face

12 (52)9 (45)Face and neck

11 (48)11 (55)Other parts of the body

.40Self-reported comorbidities, n (%)

1 (4)5 (25)Gastrointestinal disorders

0 (0)1 (5)Neurological disorder

3 (13)6 (30)Psychiatric disorder

7 (30)6 (30)Tinnitus

7 (30)6 (30)Other pain states

Psychosocial characteristics, median (IQR)
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P valueControlsiMPPaVariable

.980.3 (0.0-2.3)0.8 (0.0-2.0)Pain- related disability (GCPS DSb, 0-10)

.7124 (19-30)26 (21-31)Awake parafunctional behaviors (OBCc, 0-76)

.550.8 (0.1-1.8)0.5 (0-1.4)Jaw function limitation (JFLd, 0-10)

.525 (2-10)7 (3-11)Depression (PHQ-9e, 0-27)

.525 (2-9)5 (2-8)Anxiety (GAD-7f, 0-21)

.868 (5-10)8 (6-12)Unspecific physical symptoms (PHQ-15g, 0-30)

.6812 (9-20)13 (10-21)Stress (PSS-10h, 0-40)

.2012 (5-18)16 (7-25)Catastrophizing (PCSi, 0-52)

Treatment expectation (SETSj , 1-7), n (%)

.565.0 (4.3-5.7)5.3 (4.7-5.7)Positive expectancy

.812.3 (2.0-3.0)2.0 (2.0-3.3)Negative expectancy

aiMPP: Internet-based multimodal pain program.
bGCPS DS: Graded Chronic Pain Scale Disability Score.
cOBC: Oral Behaviors Checklist.
dJFL: Jaw Functional Limitation Scale-8.
ePHQ-9: Patient Health Questionnaire-9.
fGAD-7: Generalized Anxiety Disorders Assessment -7.
gPHQ-15: Patient Health Questionnaire-15.
hPSS-10: Perceived Stress Scale-10.
iPCS: Pain Catastrophizing Scale.
jSETS: Stanford Expectations of Treatment Scale.

Preliminary Evaluation of Participant Responses to
Intervention
The between-group analysis of change in outcome measures
(Table 3) showed no significant difference between the treatment
groups at any follow-up regarding characteristic pain intensity
(3 months: P=.58; 6 months: P=.41), pain-related disability (3
months: P=.51; 6 months: P=.12), jaw functional limitation (3
months: P=.45; 6 months: P=.90), degree of depression (3
months: P=.64; 6 months: P=.65), anxiety (3 months: P=.93;
6 months: P=.31), stress (3 months: P=.66; 6 months: P=.74),
or catastrophizing (3 months: P=.86; 6 months: P=.85).

Within-group analysis (Table 3) showed a significant reduction
in jaw function limitation at the 6-month follow-up in the
internet-based multimodal pain program group (Friedman:

χ2
2=10.2, P=.04; Wilcoxon: z=–2.3, P=.02). In the occlusal

splint group, characteristic pain intensity was significantly

reduced at both 3- and 6-month follow-up (Friedman: χ2
2=25.1,

P=.01; Wilcoxon 3 month: z=–3.0, P=.003; Wilcoxon 6 month:
z=-3.3, P=.001) and jaw function limitation was reduced at the

6-month follow-up (Friedman: χ2
2=20.0, P=.045; Wilcoxon:

z=–2.33, P=.02).
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Table 3. Difference in outcome measure scores at 3- and 6-month follow-up, as well as results from within- and between-group comparisons.

Within-group differencesBetween-group differencesOutcomesa

Wilcoxon signed-rankFriedmanWilcoxon rank-sum

6 months3 months6 months3 months6 monthsc3 monthsb

P

value
z
score

P

value
z
score

P

valueχ2
P

value
z
score

P

value
z
score

Primary outcomes

.410.82.580.56ΔGCPS CPId

N/AN/AN/AN/Af.314.8–1.6 (–4.0, –0.3)–1.3 (–2.0, –0.3)iMPPe

.001-3.27.003–3.01.0125.1–2.5 (–3.3, –1.3)–2.0 (–3.3, –1.0)Occlusal splint

.121.55.510.67ΔGCPS DSg

N/AN/AN/AN/A.245.50.0 (–0.3, 0.3)0.0 (–1.0, 0.0)iMPP

N/AN/AN/AN/A.0620.2–0.7 (–2.0, 0.0)–0.3 (–1.3, 0.0)Occlusal splint

.900.12.45–0.75ΔJFLh

.02–2.29.06–1.91.0410.2–0.5 (–0.9, –0.1)–0.5 (–0.8, –0.3)iMPP

.02–2.33.09–1.69.04520.0–0.8 (–1.1, 0.0)0.0 (–0.9, 0.0)Occlusal splint

Secondary outcomes

.65–0.45.640.47ΔPHQ-9i

.49–0.69.590.54.049.90.0 (–6.0, 2.0)1.0 (–1.0, 2.0)iMPP

.61–0.51.55–0.60.0223.5–1.0 (–2.0, 2.0)0.0 (–3.0, 1.0)Occlusal splint

.31–1.02.930.09ΔGAD-7j

.34–0.95.88–0.16.049.90.0 (–6.0, 1.0)0.0 (0.0, 0.0)iMPP

.87–0.16.910.11.00727.50.0 (–2.0, 1.0)–1.0 (–2.0, 3.0)Occlusal splint

.74–0.34.660.44ΔPSS-10k

.44–0.77.690.41.0310.90.0 (–8.0, 2.0)4.0 (–2.0, 6.0)iMPP

.80–0.25.800.26.00627.9–0.5 (–5.0, 3.0)0.0 (–4.0, 5.0)Occlusal splint

.850.19.860.18ΔPCSl

.31–1.02.59–0.54.0499.5–4.0 (–6.0, 1.0)–1.0 (–6.0, 0.0)iMPP

N/AN/AN/AN/A.05220.8–3.0 (–11.0, 0.0)–2.0 (–7.0, 0.0)Occlusal splint

aDifference in outcome measure between follow-ups and baseline.
bAt 3-month follow-up—internet-based multimodal pain program group: n=5 and occlusal splint group: n=15.
cAt 6-month-follow up—internet-based multimodal pain program group: n=7 and occlusal splint group: n=14.
dGCPS CPI: Graded Chronic Pain Scale Characteristic Pain Intensity.
eiMPP: internet-based multimodal pain program.
fN/A: not applicable.
gGCPS DS: Graded Chronic Pain Scale Disability Score.
hJFL: Jaw Functional Limitation Scale-8.
iPHQ-9: Patient Health Questionnaire-9 (for depression).
jGAD-7: Generalized Anxiety Disorders-7.
kPSS-10: Perceived Stress Scale-10.
lPCS: Pain Catastrophizing Scale.

Pretreatment Expectations
Comparison of pretreatment expectations on allocated treatment
did not show any significant difference in positive (P=.56) or

negative expectancy (P=.81) between groups (Table 2). In the
internet-based multimodal pain program group there was a
significant correlation between positive expectancy at baseline
and change in pain-related disability (ρ=0.78, P=.04).
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There was also a significant negative correlation between
positive expectancy and change in the degree of depression
(ρ=–0.78, P=.04). In the occlusal splint group, positive
expectancy was positively correlated to change in

catastrophizing (ρ=0.66, P=.01). No significant correlation was
found between negative expectancy and change in treatment
outcomes (Table 4).

Table 4. Spearman correlations for positive and negative treatment expectancy between baseline and difference in outcome measurements 6 months
after treatment start.

Occlusal splint (n=14)Internet-based multimodal pain program (n=7)Variable

Negative expectancyPositive expectancyNegative expectancyPositive expectancy

P valueρP valueρP valueρP valueρ

.400.24.390.25.690.19.570.26Characteristic pain intensity

.48–0.21.080.49.110.65.040.78Pain-related disability (GCPS DSa, 0-10)

.650.14.560.18.81–0.11.43–0.36Jaw function limitation (JFLb, 0-10)

.69–0.12.61–0.15.21–0.54.04–0.78Depression (PHQ-9c, 0-27)

.58–0.16.08–0.48.68–0.19.34–0.42Anxiety (GAD-7d, 0-21)

.410.24.550.17.930.04.61–0.24Stress (PSS-10e, 0-40)

.390.25.010.66.490.32.38–0.40Catastrophizing (PCSf, 0-52)

.770.07N/AN/A.410.20N/AN/AhPositive expectancy (SETSg, 1-7)

N/AN/A.770.07N/AN/A.410.20Negative expectancy (SETS, 1-7)

aGCPS DS: Graded Chronic Pain Scale Disability Score.
bJFL: Jaw Functional Limitation Scale-8.
cPHQ-9: Patient Health Questionnaire-9.
dGAD-7: Generalized Anxiety Disorders -7.
ePSS-10: Perceived Stress Scale-10.
fPCS: Pain Catastrophizing Scale.
gSETS: Stanford Expectations of Treatment Scale.
hN/A: not applicable.

Feasibility
An average of 101 patients were screened per month, and 5
patients per month went through the inclusion examination.
From this, 2 participants per month were enrolled, and 43
participants were recruited during the a priori determined
recruitment period—fewer than had initially been planned. An
attempt was made to extend the recruitment period, but it was
considered futile under the current circumstances. The attrition
rate showed an unbalanced dropout between groups (Figure 3).
The proportion of dropout at the 6-month follow-up was 65%
(13/20) for the internet-based multimodal pain program group
and 39% (9/23) for the occlusal splint group. In total, 51%

(22/43) of the enrolled patients did not complete the 6-month
follow-up. Figure 3 also shows how many participants
completed each module in the internet-based multimodal pain
program treatment. Of the 20 participants in the internet-based
multimodal pain program, 14 started treatment, and 8 completed
all 7 modules of the program. Of those who completed the
program, the time spent between the start-up phone calls and
the last follow-up phone call was a median of 14 (IQR 8-15)
weeks. No adverse events were reported by participants
randomized to internet-based multimodal pain program, and
none choose to receive additional treatment at the 3-month
follow-up.
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Figure 3. Attrition (left: the proportion of patients remaining in each treatment arm by event; right: an enlarged view of the proportion of internet-based
multimodal pain program patients remaining by treatment module). iMPP: internet-based multimodal pain program; MRI: magnetic resonance imaging
of the brain.

Dropout Analysis
The dropout analysis showed no difference between completers
and dropouts in the internet-based multimodal pain program
group regarding demographic factors, clinical or psychosocial
characteristics (Multimedia Appendix 3). In the occlusal splint
group, the dropouts were significantly younger (P=.02), had a
lower proportion of married or de facto (P=.01), a lower
proportion of participants with full time employment (P<.01),
and a higher number of unspecific physical symptoms compared
to completers (P=.03; Multimedia Appendix 3).

Posthoc Power
Posthoc power calculations showed a power of 11% and a
sample size of 292 required for detecting a significant difference
in characteristic pain intensity between 2 groups with α=.05
and β=.80 (characteristic pain intensity at the 6-month
follow-up—internet-based multimodal pain program: mean
2.85; occlusal splint: mean 2.17; entire sample SD 1.92)

Discussion

General
This study set out to assess the effectiveness of an internet-based
multimodal pain program for adults with chronic TMD pain in
comparison to occlusal splint therapy in general dentistry. No
differences in clinical outcomes were found between the 2
treatment modalities. However, within the internet-based
multimodal pain program group, jaw functional limitation was
reduced and within the occlusal splint group, characteristic pain
intensity and jaw functional limitation was reduced. As the
study proceeded, a substantially higher dropout rate than
expected was observed. Consequently, this pilot study showed
that a randomized controlled trial with this design is not feasible.

No Difference in Treatment Effect
This study did not find any difference in any of the
recommended IMMPACT core outcome measures between the
internet-based multimodal pain program and occlusal splint
therapy. One possible explanation for this is the small sample
size due to fewer participants recruited than planned and the
substantial dropout rate. The lack of sufficient power due to the
small sample size is a major limitation of this study regarding
interpretation of treatment effect. Another possible explanation
is our choice to include an active control condition. In this study,
the effectiveness of internet-based multimodal pain program
was compared to occlusal splint therapy—a treatment with
moderate efficacy on TMD pain [5]. Our choice of this control
condition in an early phase trial can be debated. However,
according to the Helsinki declaration, “The benefits, risks,
burdens, and effectiveness of a new intervention must be tested
against those of the best proven intervention(s), except in the
following circumstances: where no proven intervention exists,
the use of placebo, or no intervention, is acceptable [32].”

The Internet-Based Multimodal Pain Program
Improves Jaw Function
Physical function is an important factor to assess in chronic
pain studies [28]. In this study, we used the Jaw Function
Limitation scale to assess jaw function. Within-group analysis
indicated that the internet-based multimodal pain program
increases jaw function for those with chronic TMD pain. This
can be expected because the internet-based multimodal pain
program comprises jaw exercises as well as psychoeducation
and situational analyses that aim to reduce fear of movement
[33]. The multimodal internet-based pain program therapy,
therefore, seems to improve physical function. However, the
findings cannot be generalized due to the small sample size.
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Potential treatment effects on the other outcome measures were
not possible to determine in this study. The lack of change
regarding pain intensity and pain-related disability was
somewhat unexpected, as others have shown that multimodal
treatment and cognitive behavior therapy are effective for
patients with chronic orofacial pain [34-36], and internet
interventions have been shown to improve pain interference
and pain intensity [9,37].

The IMMPACT core outcome domain of participant ratings of
global improvement was not assessed in this study since it is
not a part of the DC/TMD instrument that was used in this study.
Future studies should consider assessing global change because
it could provide an estimate of overall change in symptoms in
addition to those of the primary outcomes. This may be
especially important when investigating a multicomponent
treatment package where the relative contribution of each active
component is unknown.

Occlusal Splint Treatment Reduces Pain and Improves
Jaw Function
Within the occlusal splint group, characteristic pain intensity
and jaw functional limitation were significantly reduced at the
6-month follow-up compared to baseline. The treatment effect
of occlusal splint treatment on pain intensity was expected and
is consistent with the literature [38]. A reduction in jaw
functional limitation after occlusal splint therapy has also been
reported [39]. It can, therefore, be assumed that the delivered
control condition worked as expected.

Pretreatment Expectation
IMMPACT recommends that expectations be considered as a
phenotypic measure in clinical trials, and in this study, it was
assessed with the multidimensional Stanford Expectations of
Treatment Scale [40]. Research suggests that expectations
influence the treatment outcome, and patients with positive
expectations seem to benefit from medical treatment to a greater
extent for a variety of conditions, including chronic pain [41].
The negative relation between positive expectancy and degree
of depression in the internet-based multimodal pain program
group is in line with this. Interestingly, this study also found a
positive relation between positive expectancy and pain-related
disability in the internet-based multimodal pain program group
and that positive expectancy was positively associated with
catastrophizing in the occlusal splint group. These relationships
are interesting because it might suggest that positive
expectations that are too high could have a negative impact on
treatment outcome and also highlights the complex relationship
of expectations on treatment and treatment outcome. Further
studies are recommended to better understand the relationship
between pretreatment expectations and outcomes of orofacial
pain management protocols.

Randomized Control Trial Not Feasible
Individuals with chronic TMD pain were effectively recruited
with this study protocol. All eligible patients except one chose
to participate in the study, suggesting that participation was
appealing. Retaining participants, on the other hand, turned out
to be more of a challenge.

The high proportion of loss to follow-up confirms the difficulty
of collecting data in longitudinal studies. However, the total
proportion of dropouts in this trial (22/43, 51%) was relatively
high compared to those for other clinical chronic pain trials, for
which attrition ranged from 5% to 46% [42]. It was also
surprising that some participants dropped out before the
treatment start. A possible explanation for this might be the
mandatory MRI examinations before and after the treatment
period, particularly given that the MRI examinations were
performed in a different city than that in which the patients were
recruited. In addition, technical issues with the MRI scanner
during a 6-month period in 2017 caused further inconvenience
for the participants.

In addition to high attrition, unbalanced dropout for the 2
treatment modalities at the 6-month follow-up was observed.
This imbalance could be explained neither by a difference
between the treatment groups regarding baseline characteristics,
treatment expectations, adverse effects, or the need of rescue
treatment nor by differences in baseline characteristics between
dropouts and completers. The dropout rate in the occlusal splint
group was 39% (9/23). A systematic review of randomized
controlled trials on occlusal treatments in TMD reported a
dropout rate of less than 10% [43]. We believe that the MRI
examinations were a major factor in the unexpectedly high
dropout rate in this group. In the internet-based multimodal pain
program group, the dropout rate of 65% is comparable to those
of other internet-based trials; attrition has been recognized as
one of the methodological challenges in the evaluation of
eHealth apps [44], and future studies should consider an
allocation process that compensates for this risk. It is, however,
clear that that a randomized controlled trial with the current
design is not feasible from economic and ethical perspectives
due to the high attrition rate, even if the study may be considered
practically feasible.

Future Studies
Further work is required to explore the potential of
internet-based treatment for chronic orofacial pain. However,
since the feasibility of this study design was suboptimal,
different approaches have to be considered. For a future trial,
adjustments in study design should be considered to reduce
nonusage and dropout attrition. Inspired by a prior study [45]
on an eHealth app for pain with low nonusage attrition, changes
to the internet-based multimodal pain program could include
optimization of scheme and triggers for reminders and offer
different levels of clinical support according to the patient's
preferences. Furthermore, the internet-based treatment used by
that study had fewer modules that were less time consuming
compared to those in this study's internet-based multimodal
pain program [45]. Fewer and more focused modules should,
therefore, be considered. Other possible changes to the
internet-based multimodal pain program to make it more
user-friendly include converting the offline workbook to a digital
format and developing an app for mobile devices. In addition
to improving the internet-based multimodal pain program itself,
changes in the study protocol and design should be considered.
We believe that the additional pre and posttreatment MRI
examination was the primary reason for the high dropout rate
in this study. Accordingly, a study of the treatment effect of
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internet-based multimodal pain program should not include
MRI examinations. Also, conversion to a hybrid trial model
with follow-up data collection online could make it more
convenient to participate in the study and increase retention.
Finally, novel study designs such as n-of-1 or noninferiority
trials should be considered to optimize the quality and quantity
of data acquired [46,47].

Conclusion
This study was not able to demonstrate a difference in treatment
outcome between an internet-based multimodal pain program

and occlusal splint therapy in patients with chronic TMD pain.
However, within the internet-based multimodal pain program
group, the results suggested that internet-based multimodal pain
program improves jaw function. The results also confirmed the
treatment effect of occlusal splint therapy in chronic TMD pain.
Furthermore, the outcome of this pilot study showed that a
randomized controlled trial with this design is not feasible due
to a too high attrition rate.

Acknowledgments
This study was supported by funds from the Oral Health-Related Research by Region Skåne, Sweden; the Swedish Dental Society,
Sweden; and National Dental Care Skåne AB, Sweden. The funders had no role in the study design, data collection and analysis,
preparation of the manuscript, or decision to publish. The authors would like to warmly thank Professor Ewa Carin Ekberg and
Psykologpartners AB for the valuable collaboration in developing the internet-based multimodal pain program; Dr David Brohede
MSc in psychology, for valuable support and comments on Table 2; and National Dental Care Skåne AB for the collaboration in
this study. Special thanks to the personnel at the Fäladstorget clinic who helped us recruit, examine, and treat the participants of
this study. We would also like to thank Professor Per Erik Isberg for valuable input on the statistical methods.

Authors' Contributions
PA conceived the original idea, designed and planned the research project, helped with the analysis and interpretation of data,
and helped with the editing of the manuscript. PS helped with the interpretation of data, editing of the manuscript, and revised it
critically for important intellectual content. JL coordinated the data collection; managed, analyzed, and interpreted data; and
drafted and edited the manuscript with input from all the authors. All authors have given their approval of the final manuscript.

Conflicts of Interest
The Faculty of Odontology, Malmö University, Sweden may have a financial interest in the internet-based multimodal pain
program, as the internet-based multimodal pain program may be licensed from us to other Swedish Dental Service organizations
and specialist clinics.

Multimedia Appendix 1
Informed consent documentation.
[PDF File (Adobe PDF File), 176 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Demo information.
[PDF File (Adobe PDF File), 48 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Table of baseline characteristics of dropouts and completers of the sample (patients with chronic temporomandibular pain, n=43)
within the allocated treatment groups.
[PDF File (Adobe PDF File), 146 KB-Multimedia Appendix 3]

References

1. Metoder för behandling av långvarig smärta : en systematisk litteraturöversikt.V. 2. Stockholm: Statens beredning för
medicinsk utvärdering [Swedish Agency For Health Technology Assessment And Assessment Of Social Services]; 2006.

2. LeResche L. Epidemiology of temporomandibular disorders: implications for the investigation of etiologic factors. Crit
Rev Oral Biol Med 1997;8(3):291-305. [doi: 10.1177/10454411970080030401] [Medline: 9260045]

3. Sessle B. Orofacial pain : from basic science to clinical management : the transfer of knowledge in pain research to education.
Chicago: Quintessence Pub; 2008.

4. Dahlström L, Carlsson GE. Temporomandibular disorders and oral health-related quality of life. A systematic review. Acta
Odontol Scand 2010 Mar;68(2):80-85. [doi: 10.3109/00016350903431118] [Medline: 20141363]

5. National Board of Health and Welfare. Nationella riktlinjer för vuxentandvård 2011 : stöd för styrning och ledning.
Stockholm: Socialstyrelsen; 2011.

J Med Internet Res 2020 | vol. 22 | iss. 10 | e22326 | p. 14http://www.jmir.org/2020/10/e22326/
(page number not for citation purposes)

Lam et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v22i10e22326_app1.pdf&filename=e849b2264bf050310ec82544d3d980c7.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e22326_app1.pdf&filename=e849b2264bf050310ec82544d3d980c7.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e22326_app2.pdf&filename=4df7b0eb6e6a6039cbfe39c58692d43f.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e22326_app2.pdf&filename=4df7b0eb6e6a6039cbfe39c58692d43f.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e22326_app3.pdf&filename=541a2c50dad1af6e82a9b7b32abf0ca5.pdf
https://jmir.org/api/download?alt_name=jmir_v22i10e22326_app3.pdf&filename=541a2c50dad1af6e82a9b7b32abf0ca5.pdf
http://dx.doi.org/10.1177/10454411970080030401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9260045&dopt=Abstract
http://dx.doi.org/10.3109/00016350903431118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20141363&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Ström L, Pettersson R, Andersson G. A controlled trial of self-help treatment of recurrent headache conducted via the
Internet. J Consult Clin Psychol 2000 Aug;68(4):722-727. [Medline: 10965647]

7. Williams DA, Kuper D, Segar M, Mohan N, Sheth M, Clauw DJ. Internet-enhanced management of fibromyalgia: a
randomized controlled trial. Pain 2010 Dec;151(3):694-702 [FREE Full text] [doi: 10.1016/j.pain.2010.08.034] [Medline:
20855168]

8. Buhrman M, Fältenhag S, Ström L, Andersson G. Controlled trial of Internet-based treatment with telephone support for
chronic back pain. Pain 2004 Oct;111(3):368-377. [doi: 10.1016/j.pain.2004.07.021] [Medline: 15363881]

9. Slattery BW, Haugh S, O'Connor L, Francis K, Dwyer CP, O'Higgins S, et al. An Evaluation of the Effectiveness of the
Modalities Used to Deliver Electronic Health Interventions for Chronic Pain: Systematic Review With Network
Meta-Analysis. J Med Internet Res 2019 Jul 17;21(7):e11086 [FREE Full text] [doi: 10.2196/11086] [Medline: 31317869]

10. Dear BF, Titov N, Perry KN, Johnston L, Wootton BM, Terides MD, et al. The Pain Course: a randomised controlled trial
of a clinician-guided Internet-delivered cognitive behaviour therapy program for managing chronic pain and emotional
well-being. Pain 2013 Jun;154(6):942-950. [doi: 10.1016/j.pain.2013.03.005] [Medline: 23688830]

11. De Boer MJ, Versteegen GJ, Vermeulen KM, Sanderman R, Struys MMRF. A randomized controlled trial of an Internet-based
cognitive-behavioural intervention for non-specific chronic pain: an effectiveness and cost-effectiveness study. Eur J Pain
2014 Nov;18(10):1440-1451. [doi: 10.1002/ejp.509] [Medline: 24777973]

12. Eccleston C, Fisher E, Craig L, Duggan GB, Rosser BA, Keogh E. Psychological therapies (Internet-delivered) for the
management of chronic pain in adults. Cochrane Database Syst Rev 2014;2:CD010152. [doi:
10.1002/14651858.CD010152.pub2] [Medline: 24574082]

13. Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet J, International RDC/TMD Consortium Network‚
International association for Dental Research, Orofacial Pain Special Interest Group‚ International Association for the Study
of Pain. Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) for Clinical and Research Applications:
recommendations of the International RDC/TMD Consortium Network* and Orofacial Pain Special Interest Group†. J Oral
Facial Pain Headache 2014;28(1):6-27 [FREE Full text] [doi: 10.11607/jop.1151] [Medline: 24482784]

14. Lövgren A, Häggman-Henrikson B, Visscher CM, Lobbezoo F, Marklund S, Wänman A. Temporomandibular pain and
jaw dysfunction at different ages covering the lifespan--A population based study. Eur J Pain 2016 Apr;20(4):532-540.
[doi: 10.1002/ejp.755] [Medline: 26311138]

15. Lövgren A, Visscher CM, Häggman-Henrikson B, Lobbezoo F, Marklund S, Wänman A. Validity of three screening
questions (3Q/TMD) in relation to the DC/TMD. J Oral Rehabil 2016 Oct;43(10):729-736. [doi: 10.1111/joor.12428]
[Medline: 27573533]

16. Vilanova LSR, Garcia RCMR, List T, Alstergren P. Diagnostic criteria for temporomandibular disorders: self-instruction
or formal training and calibration? J Headache Pain 2015;16:505 [FREE Full text] [doi: 10.1186/s10194-015-0505-9]
[Medline: 25916330]

17. Von Korff M. Assessment of Chronic Pain in Epidemiological and Health Services Research: Empirical Bases and New
Direction. In: Turk DC, Melzack R, editors. Handbook of Pain Assessment. New York: Guilford Press; 2011:455-473.

18. Pain drawing. International Network for Orofacial Pain and Related Disorders Methodology (INfORM). URL: https://ubwp.
buffalo.edu/rdc-tmdinternational/wp-content/uploads/sites/58/2017/01/DC-TMD-pain-drawing_2013_05_12.pdf [accessed
2020-09-28]

19. Ohrbach R, Larsson P, List T. The jaw functional limitation scale: development, reliability, and validity of 8-item and
20-item versions. J Orofac Pain 2008;22(3):219-230. [Medline: 18780535]

20. Markiewicz MR, Ohrbach R, McCall WD. Oral behaviors checklist: reliability of performance in targeted waking-state
behaviors. J Orofac Pain 2006;20(4):306-316. [Medline: 17190029]

21. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med 2001
Sep;16(9):606-613 [FREE Full text] [Medline: 11556941]

22. Kroenke K, Spitzer RL, Williams JBW. The PHQ-15: validity of a new measure for evaluating the severity of somatic
symptoms. Psychosom Med 2002;64(2):258-266. [doi: 10.1097/00006842-200203000-00008] [Medline: 11914441]

23. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

24. Nordin M, Nordin S. Psychometric evaluation and normative data of the Swedish version of the 10-item perceived stress
scale. Scand J Psychol 2013 Dec;54(6):502-507. [doi: 10.1111/sjop.12071] [Medline: 24118069]

25. Sullivan MJL, Bishop SR, Pivik J. The Pain Catastrophizing Scale: Development and validation. Psychological Assessment
1995;7(4):524-532. [doi: 10.1037/1040-3590.7.4.524]

26. Younger J, Gandhi V, Hubbard E, Mackey S. Development of the Stanford Expectations of Treatment Scale (SETS): a tool
for measuring patient outcome expectancy in clinical trials. Clin Trials 2012 Dec;9(6):767-776. [doi:
10.1177/1740774512465064] [Medline: 23169874]

27. Ramfjord SP, Ash MM. Reflections on the Michigan occlusal splint. J Oral Rehabil 1994 Sep;21(5):491-500. [doi:
10.1111/j.1365-2842.1994.tb01164.x] [Medline: 7996334]

28. Turk DC, Dworkin RH, Allen RR, Bellamy N, Brandenburg N, Carr DB, et al. Core outcome domains for chronic pain
clinical trials: IMMPACT recommendations. Pain 2003 Dec;106(3):337-345. [Medline: 14659516]

J Med Internet Res 2020 | vol. 22 | iss. 10 | e22326 | p. 15http://www.jmir.org/2020/10/e22326/
(page number not for citation purposes)

Lam et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10965647&dopt=Abstract
http://europepmc.org/abstract/MED/20855168
http://dx.doi.org/10.1016/j.pain.2010.08.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20855168&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2004.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15363881&dopt=Abstract
https://www.jmir.org/2019/7/e11086/
http://dx.doi.org/10.2196/11086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31317869&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2013.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23688830&dopt=Abstract
http://dx.doi.org/10.1002/ejp.509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24777973&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD010152.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24574082&dopt=Abstract
http://europepmc.org/abstract/MED/24482784
http://dx.doi.org/10.11607/jop.1151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24482784&dopt=Abstract
http://dx.doi.org/10.1002/ejp.755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26311138&dopt=Abstract
http://dx.doi.org/10.1111/joor.12428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27573533&dopt=Abstract
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-015-0505-9
http://dx.doi.org/10.1186/s10194-015-0505-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25916330&dopt=Abstract
https://ubwp.buffalo.edu/rdc-tmdinternational/wp-content/uploads/sites/58/2017/01/DC-TMD-pain-drawing_2013_05_12.pdf
https://ubwp.buffalo.edu/rdc-tmdinternational/wp-content/uploads/sites/58/2017/01/DC-TMD-pain-drawing_2013_05_12.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18780535&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17190029&dopt=Abstract
http://europepmc.org/abstract/MED/11556941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.1097/00006842-200203000-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11914441&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://dx.doi.org/10.1111/sjop.12071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24118069&dopt=Abstract
http://dx.doi.org/10.1037/1040-3590.7.4.524
http://dx.doi.org/10.1177/1740774512465064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23169874&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2842.1994.tb01164.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7996334&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14659516&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Haythornthwaite JA. IMMPACT recommendations for clinical trials: opportunities for the RDC/TMD. J Oral Rehabil 2010
Oct;37(10):799-806. [doi: 10.1111/j.1365-2842.2010.02152.x] [Medline: 20887278]

30. Gracely RH, Petzke F, Wolf JM, Clauw DJ. Functional magnetic resonance imaging evidence of augmented pain processing
in fibromyalgia. Arthritis Rheum 2002 May;46(5):1333-1343 [FREE Full text] [doi: 10.1002/art.10225] [Medline: 12115241]

31. GraphPad Prism 7 Statistics Guide - Sample size for nonparametric tests. GraphPad Software. URL: https://www.
graphpad.com/guides/prism/7/statistics/stat_sample_size_for_nonparametric_.htm [accessed 2020-09-28]

32. General Assembly of the World Medical Association. World Medical Association Declaration of Helsinki: ethical principles
for medical research involving human subjects. J Am Coll Dent 2014;81(3):14-18. [Medline: 25951678]

33. Vlaeyen JW, Linton SJ. Fear-avoidance and its consequences in chronic musculoskeletal pain: a state of the art. Pain 2000
Apr;85(3):317-332. [Medline: 10781906]

34. Aggarwal VR, Tickle M, Javidi H, Peters S. Reviewing the evidence: can cognitive behavioral therapy improve outcomes
for patients with chronic orofacial pain? J Orofac Pain 2010;24(2):163-171. [Medline: 20401354]

35. Aggarwal VR, Fu Y, Main CJ, Wu J. The effectiveness of self-management interventions in adults with chronic orofacial
pain: A systematic review, meta-analysis and meta-regression. Eur J Pain 2019 May;23(5):849-865. [doi: 10.1002/ejp.1358]
[Medline: 30620145]

36. Türp JC, Jokstad A, Motschall E, Schindler HJ, Windecker-Gétaz I, Ettlin DA. Is there a superiority of multimodal as
opposed to simple therapy in patients with temporomandibular disorders? A qualitative systematic review of the literature.
Clin Oral Implants Res 2007 Jun;18 Suppl 3:138-150. [doi: 10.1111/j.1600-0501.2007.01480.x] [Medline: 17594378]

37. Buhrman M, Gordh T, Andersson G. Internet interventions for chronic pain including headache: A systematic review.
Internet Interv 2016 May;4:17-34 [FREE Full text] [doi: 10.1016/j.invent.2015.12.001] [Medline: 30135787]

38. Al-Moraissi EA, Farea R, Qasem KA, Al-Wadeai MS, Al-Sabahi ME, Al-Iryani GM. Effectiveness of occlusal splint
therapy in the management of temporomandibular disorders: network meta-analysis of randomized controlled trials. Int J
Oral Maxillofac Surg 2020 Jan 22. [doi: 10.1016/j.ijom.2020.01.004] [Medline: 31982236]

39. Doepel M, Nilner M, Ekberg E, LE Bell Y. Long-term effectiveness of a prefabricated oral appliance for myofascial pain.
J Oral Rehabil 2012 Apr;39(4):252-260. [doi: 10.1111/j.1365-2842.2011.02261.x] [Medline: 21985440]

40. Laferton JAC, Kube T, Salzmann S, Auer CJ, Shedden-Mora MC. Patients' Expectations Regarding Medical Treatment:
A Critical Review of Concepts and Their Assessment. Front Psychol 2017;8:233 [FREE Full text] [doi:
10.3389/fpsyg.2017.00233] [Medline: 28270786]

41. Edwards RR, Dworkin RH, Turk DC, Angst MS, Dionne R, Freeman R, et al. Patient phenotyping in clinical trials of
chronic pain treatments: IMMPACT recommendations. Pain 2016 Sep;157(9):1851-1871 [FREE Full text] [doi:
10.1097/j.pain.0000000000000602] [Medline: 27152687]

42. Turk DC, Rudy TE. Neglected factors in chronic pain treatment outcome studies--referral patterns, failure to enter treatment,
and attrition. Pain 1990 Oct;43(1):7-25. [Medline: 2277718]

43. Forssell H, Kalso E, Koskela P, Vehmanen R, Puukka P, Alanen P. Occlusal treatments in temporomandibular disorders:
a qualitative systematic review of randomized controlled trials. Pain 1999 Dec;83(3):549-560. [doi:
10.1016/s0304-3959(99)00160-8] [Medline: 10568864]

44. Eysenbach G. The law of attrition. J Med Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

45. Dear BF, Gandy M, Karin E, Fogliati R, Fogliati VJ, Staples LG, et al. The Pain Course: 12- and 24-Month Outcomes
From a Randomized Controlled Trial of an Internet-Delivered Pain Management Program Provided With Different Levels
of Clinician Support. J Pain 2018 Dec;19(12):1491-1503. [doi: 10.1016/j.jpain.2018.07.005] [Medline: 30099209]

46. Porcino AJ, Shamseer L, Chan AW, Kravitz RL, Orkin A, Punja S, SPENT group. SPIRIT extension and elaboration for
n-of-1 trials: SPENT 2019 checklist. BMJ 2020 Mar 27;368:m122. [doi: 10.1136/bmj.m122] [Medline: 32107202]

47. Piaggio G, Elbourne DR, Altman DG, Pocock SJ, Evans SJW, CONSORT Group. Reporting of noninferiority and equivalence
randomized trials: an extension of the CONSORT statement. JAMA 2006 Mar 08;295(10):1152-1160. [doi:
10.1001/jama.295.10.1152] [Medline: 16522836]

Abbreviations
DC/TMD: Diagnostic Criteria for Temporomandibular Disorders
IMMPACT: Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
MRI: magnetic resonance imaging
TMD: temporomandibular disorders

J Med Internet Res 2020 | vol. 22 | iss. 10 | e22326 | p. 16http://www.jmir.org/2020/10/e22326/
(page number not for citation purposes)

Lam et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1365-2842.2010.02152.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20887278&dopt=Abstract
http://dx.doi.org/10.1002/art.10225
http://dx.doi.org/10.1002/art.10225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12115241&dopt=Abstract
https://www.graphpad.com/guides/prism/7/statistics/stat_sample_size_for_nonparametric_.htm
https://www.graphpad.com/guides/prism/7/statistics/stat_sample_size_for_nonparametric_.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25951678&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10781906&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20401354&dopt=Abstract
http://dx.doi.org/10.1002/ejp.1358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30620145&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0501.2007.01480.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17594378&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(15)00042-1
http://dx.doi.org/10.1016/j.invent.2015.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135787&dopt=Abstract
http://dx.doi.org/10.1016/j.ijom.2020.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31982236&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2842.2011.02261.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21985440&dopt=Abstract
https://doi.org/10.3389/fpsyg.2017.00233
http://dx.doi.org/10.3389/fpsyg.2017.00233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28270786&dopt=Abstract
http://europepmc.org/abstract/MED/27152687
http://dx.doi.org/10.1097/j.pain.0000000000000602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27152687&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2277718&dopt=Abstract
http://dx.doi.org/10.1016/s0304-3959(99)00160-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10568864&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2018.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30099209&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32107202&dopt=Abstract
http://dx.doi.org/10.1001/jama.295.10.1152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16522836&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 09.07.20; peer-reviewed by P Gazerani, J Egan; comments to author 30.07.20; revised version
received 10.08.20; accepted 18.08.20; published 13.10.20

Please cite as:
Lam J, Svensson P, Alstergren P
Internet-Based Multimodal Pain Program With Telephone Support for Adults With Chronic Temporomandibular Disorder Pain:
Randomized Controlled Pilot Trial
J Med Internet Res 2020;22(10):e22326
URL: http://www.jmir.org/2020/10/e22326/
doi: 10.2196/22326
PMID: 33048053

©Julia Lam, Peter Svensson, Per Alstergren. Originally published in the Journal of Medical Internet Research (http://www.jmir.org),
13.10.2020. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

J Med Internet Res 2020 | vol. 22 | iss. 10 | e22326 | p. 17http://www.jmir.org/2020/10/e22326/
(page number not for citation purposes)

Lam et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2020/10/e22326/
http://dx.doi.org/10.2196/22326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33048053&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

