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ABSTRACT

Statement of problem. Occlusal devices, particularly the stabilization appliances, have been commonly used as treatment for painful
temporomandibular disorders (TMDs). However, the mechanisms of action of these devices are still unclear, including the role of the
placebo effect in the pain management.

Purpose. The purpose of this network meta-analysis was to identify to what extent the degree of efficacy of stabilization appliances in the
management of painful TMDs arises from the placebo effect only or whether it arises chiefly from an actual effect.

Material and methods. An electronic search was undertaken to identify randomized clinical trials (RCTs) published up to April 2020,
comparing the efficacy of the stabilization appliances in patients with painful temporomandibular disorders, with nonoccluding
appliances (active placebo), and untreated controls (passive placebo). Outcome variables were pain intensity at follow-ups, the proportion
of participants reporting pain improvement, and the number needed to treat. The quality of evidence was rated as per the Cochrane tool
for assessing risk of bias. Mean difference was used to analyze via frequentist network meta-analysis by using the STATA software program.

Results. Treatment with stabilization appliances showed a significant reduction in pain intensity when compared with the other groups; but,
the lower pain intensity at follow-ups in favor of stabilization appliances when compared with nonoccluding appliances was not statistically
significant. However, a significantly higher number of participants reported pain improvement after treatment with stabilization appliances
when compared with those treated with nonoccluding appliances or untreated participants.

Conclusions. This network meta-analysis showed no significant difference in reported pain intensity at follow-ups between the treatment of
painful TMDs with stabilization appliances or nonoccluding appliances (active placebo). However, a significant difference in participants
reporting treatment satisfaction with reduced pain, and a significantly lower number needed to treat in favor of stabilization appliances
were found. Patient-reported treatment satisfaction probably included more domains than just pain intensity, such as improvements in
physical functioning and psychosocial factors, and deserves further investigation. The authors concluded that stabilization appliances
treatment efficacy is beyond the placebo effect. (J Prosthet Dent 2020;m:m-m)

Different treatments are available for patients  pharmacologic treatment,® behavioral medicine,”® physical
with painful temporomandibular disorders (TMDs),! in-  treatments, including acupuncture,”'” transcutaneous elec-
cluding counseling,” physiotherapy,* jaw exercises,”®>  trical nerve stimulation (TENS)'" heat and cold
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Clinical Implications

Stabilization appliances seem to have a treatment
efficacy beyond the placebo effect and can be
suggested as one of the initial treatment
approaches for patients with painful
temporomandibular disorders. However, the
evaluation of the effect of the treatment must
include more domains than just change the pain
intensity. Based on the outcome of this systematic
review as well as that of other studies, pain intensity
is not an appropriate treatment outcome measure
by itself but should be used in combination with
other domains such as physical functioning.

application,'*'® and occlusal appliances.'*'> However, no
panacea has been identified for painful TMD.

For many years, occlusal appliances have been the
most common treatment for painful TMDs, with the
stabilization appliances (SA) being one of the most used.”
The most common type of SA, the Michigan splint, has
been reported to reduce TMD pain of muscular origin'®
' and is also effective in the treatment of retrodiscitis of
the temporomandibular joint (TM]),'” as well as in
decreasing parafunctional activity.”*** The SA should
have a flat, smooth surface in polymethyl methacrylate
against the opposing teeth and can be designed with or
without palatal coverage.”

Although the use of occlusal appliances in the man-
agement of painful TMDs is evidence based, the mech-
anisms of action are still unclear and have been
questioned.'**>** Possible mechanisms include a
change in the reflective pattern of the masticatory
muscles, a decrease of loading of masticatory muscles
and of the TM]Js, increased awareness of parafunctional
activity, and also the placebo effect.'”>*>” Nonoccluding
appliances can be used to assess the placebo effect.
However, these have a possible treatment effect because
they can affect sensory, as well as cognitive aware-
ness,”*?? and have been reported to have a pain-
reducing effect.??

The placebo effect can be described as a mind-body
phenomenon where psychological processes affect dis-
ease symptoms.”* While a placebo can amplify the effect
of a given treatment, its opposing component, the
nocebo, can depress this same effect.>® Furthermore,
there are indications that the placebo effect and the
patient-doctor or patient-researcher relationship seem to
have the same mechanisms of action regarding
biochemical, cellular, and physiological changes.>* Thus,
although supporting evidence seems to exist for different
management strategies, one has also to consider how
large the extent of the efficacy is from the actual
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treatment or the placebo and nocebo phenomena, as well
as the effect of the patient-doctor or patient-researcher
relationship.

Therefore, the purpose of this network meta-analysis
(NMA) was to identify to what extent the degree of
efficacy of SA in the management of painful TMDs
arises from the placebo effect only or whether it arises
chiefly from an actual effect. The hypothesis was that
the actual beneficial effects of SA in the management
of patients with painful TMDs would be beyond the
placebo effect.

MATERIAL AND METHODS

This NMA followed the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols PRIS-
MA-P, (Supplementary Table 1)*°, in combination with
the NMA of healthcare interventions.?” Furthermore, this
NMA was registered in PROSPERO with No.
CRD42020178231.%%

The 3 focused questions were as follows: Is the
therapeutic effect of occlusal stabilization appliances
more than just a placebo effect? Is there any difference in
therapeutic effect regarding pain intensity using SA,
nonoccluding appliance (active placebo), or control/no
treatment (passive placebo)? and Does the existing sci-
entific evidence support the treatment of painful TMDs
with SA?

Relevant randomized controlled trials (RCTs),
regardless of language and publication date, were
retrieved by a systematic search of Medline, Embase,
CINAHL, the Cochrane Central Registry of Controlled
Trials (CENTRAL), and Scopus. The time frame for the
search strategy was from the inception of each database
to April 22, 2020 (Supplementary Table 2).

Based on the PICOTS (population, intervention,
comparator, outcomes, time, and setting/study design)
concepts,®” the following inclusion criteria were adopted.
Patients (P): the studies eligible for inclusion in this NMA
were those comprising only adult participant with
myogenous, arthrogenous, or mixed TMD pain (both
myogenous and arthrogenous). The TMD classification
had to be based on either the Research Diagnostic
Criteria for TMD (RDC/TMD)*° or the Diagnostic Criteria
for TMD (DC/TMD).*! Intervention (I): RCTs investi-
gating complete-coverage flat hard or resilient SA in the
mandible or in the maxilla. Comparator (C): the placebo
groups included either an active placebo group using a
nonoccluding appliance (including passive nonoccluding
appliances) or a passive placebo group using no treat-
ment (including participants who did not receive any
treatment or those on a waiting list for treatment).
Outcomes (O): the primary outcome was pain intensity
scores using a visual analog scale (VAS). Time (T): all
reported follow-up times. The follow-up times varied
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Figure 1. lllustration of PRISMA flow diagram regarding database search strategy. PRISMA, Preferred Reporting Items for Systematic Review and

Meta-Analysis.

from 1 month up to 12 months. Study design (S): RCTs
that reported changes in pain intensity scores.

The following exclusion criteria were used: studies in
which cointerventions did not include any group of the
aforementioned interventions or controls, studies that
did not adequately report the required data from the
follow-ups to perform a meta-analysis such as the
treatment-outcome means and standard deviations,
nonrandomized clinical studies, case series, cohort
studies and review articles, and publications using
duplicated data.

Two of the authors (E.A., A.A.) investigated the risk of
bias of RCTs independently by using the modified
version of the Cochrane tool for assessing the risk of
bias.***? To identify the certainty of effect estimates from
the meta-analysis for the outcomes of interest, the
Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach of meta-anal-
ysis*® was used. In the GRADE system, RCTs begin as
high-quality evidence but may be down rated because of
limitations in the study design (risk of bias). The limita-
tions could be inconsistency, imprecision, indirectness, or
publication bias.** Summary of confidence for the pre-
sent evidence was estimated using the GRADEpro
Guideline Development Tool (GDT) online software
(https://gdt.gradepro.org/app/).*®

Data were extracted separately by 2 researchers (E.A.,
A.A)) by using a specific form to summarize the following
details: authors, study design, subgroup diagnosis,
criteria used for TMD diagnosis, age of participants,
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male-to-female ratio, number of treatment groups,
duration and/or frequency of treatment, outcomes
investigated, and follow-up time. Any disagreements
were resolved by discussion.

The network geometry was presented with a network
plot, used to assess whether the different treatments
were connected.*® For continuous data, the treatment
outcome value (VAS; pain intensity scores) was used to
compute the mean difference (MD). For dichotomous
data, the risk ratio (RR) was analyzed by using the
number of participants reporting the treatment outcome
of interest (that is VAS; pain intensity scores) at a follow-
up time.

NMAs were conducted by using a frequentist
framework via a random-effects model in a statistical
software program (Stata Release 13, 2013; StataCorp
LLCO)*” and the mvmeta command.*® In addition, pair-
wise meta-analyses of all possible direct comparisons
were performed using the Comprehensive Meta-Analysis
Software program, version 2.*”

The loop-specific approach using the ifplot command
in the Stata program and “design-by-treatment” model
using the mvmeta command was performed to evaluate
the assumption of consistency at local and global
levels.*®°Y In addition, the authors assumed a common
heterogeneity estimate within each loop.*® The ranking
probabilities for all treatments at each possible rank for
each group were analyzed by using the surface under the
cumulative ranking (SUCRA) curve.®" SUCRA can also
be presented as a percentage of treatment that can be
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Figure 2. Network geometry. A, Outcome of post-treatment pain intensity. B, Outcome of pain improvement. ss, stabilization appliance.

ranked first without uncertainty. A rank-heat plot to
visualize and present the treatment hierarchy across the
outcomes of interest was produced.®">*

RESULTS

Based on the literature search, 1529 articles were iden-
tified. The search in all databases revealed a total of 2549
articles. Of these, 24 RCTs met the inclusion criteria and
were included in this NMA."”*"72 Figure 1 is a flow chart
of the process of article evaluation for inclusion in the
present meta-analysis.

Regarding the continuous data, 11 RCTs evaluated
pain intensity at follow-ups in a total of 508 participants.
All these 11 RCTs included participants who received
complete SA, in total 261 participants. Five of these 11
RCTs included 126 participants who received non-
occluding appliances, and 6 of these 11 RCTs included a
total of 121 participants who were untreated controls. Of
these 11 RCTs, 8 were on myogenous TMD pain, 1 on
arthrogenous TMD pain, and 2 on mixed TMD pain, as
shown in Figure 2A.

Concerning the dichotomous data, 16 RCTs investi-
gated the improvement in pain in a total of 679 partici-
pants. These participants received either complete-
coverage SA (16 RCTs, in total 361 participants), non-
occluding appliances (9 RCTs, in total 156 participants),
were untreated controls (7 RCTs, in total 162 partici-
pants). Of these 16 RCTs, 9 were on myogenous TMD
pain, 5 on arthrogenous TMD pain, and 2 on mixed TMD
pain, as shown in Figure 2B.

Seven of the included RCTs had a low risk of bias, 12
an unclear risk of bias, and 5 a high risk of bias, as pre-
sented in Supplementary Table 3. The quality of evidence
of the studies included in this NMA varied from mod-
erate to very low quality. Factors downgrading the con-
fidence of evidence were within the study limitations,
imprecision, or incoherence. More details about the
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Network Meta-Analysis for Post-Treati t Pain | ity (C Data)
Treatment Effect Mean Difference with 95%Cl
Control vs SA —_—— 1.93(0.89, 2.96)

Placebo vs SA — —— 0.81(-0.01, 1.62)
Placebo vs Control ~ +————1+ -1.12 (-2.44, 0.20)
T T T T
-24 -1 0 1.6 3

Figure 3. Forest plot of network meta-analysis regarding posttreatment
pain intensity of nonoccluding appliances versus stabilization appliances
(SA), untreated participants versus SA, and placebo versus control.

quality of evidence for all outcomes of the GRADE sys-
tem are summarized in Supplementary Table 4.

A full description of the included studies, including
the age and sex distribution of the participating in-
dividuals, treatment groups (SA/nonoccluding appliance/
untreated controls) can be found in Supplementary
Table 5. The results from each included individual RCT
are reported in Supplementary Table 6. As for continuous
data, the means, standard deviations, and sample sizes
for the outcome regarding pain intensity are reported. As
for dichotomous data, the number of participants
reporting improvement in pain intensity is reported.

The results of the outcome variable pain intensity at
follow-ups after treatment (continuous data) were as
follows. Eleven RCTs evaluated the pain intensity at
follow-ups in 508 participants with TMD who received
SA, nonoccluding appliances, or were untreated con-
trols. The follow-up time ranged from 1 to 12 months.
The analysis was based on 8 RCTs on myogenous
TMD pain, 1 on arthrogenous TMD pain, and 1 on
mixed TMD pain.

In the direct metaB.-analysis, 6 RCTs assessed pain
intensity in participants with painful TMDs and
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Network Meta-Analysis Forest Plot for Pain Imp! (Dich: Data)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Treatment Effect Risk Ratio with 95%Cl
Non-occluding appliance
Control vs SA —_— 0.55 (0.35, 0.86) 544
Pain reduction
Placebo vs SA —_— 0.70(0.52, 0.95)
413
Placebo vs Control —_— 1.29(0.75,2.21) Pain improvement
T T T T
3 5 113 22
Figure 4. Forest plot of network meta-analysis regarding pain
improvement of nonoccluding appliances (control) versus stabilization
appliances (SA), untreated participants (placebo) versus SA, and placebo
versus control. 99.1 9.5
Stabilization 923 02  Untreated
appliance patients

compared SA (n=123 participants) and nonoccluding
appliances (n=138 participants). Although there was a
lower pain intensity at follow-ups in favor of SA when
compared with nonoccluding appliances, this difference
was not statistically significant (very-low-quality evi-
dence; MD=-0.502, confidence interval [CI]: -1.322 to
0.318; P=.230), as shown in Supplementary Table 7B.

Five RCTs assessed pain intensity in participants
with painful TMDs and compared SA A.(n=138 par-
ticipants) and untreated controls (n=121). Treatment
with SA showed a significant reduction in pain in-
tensity when compared with the untreated controls
(low-quality evidence; MD=-2.03, CL: - 2.7 to -1.2;
P<.001), as shown in Supplementary Table 7A.

The NMA included 11 RCTs, 508 participants, and 3
comparisons, namely SA, nonoccluding appliances and
untreated controls. The NMA showed that pain at
follow-ups was significantly higher in the untreated
control group when compared with SA (low-quality ev-
idence; MD=2.04, CI: 1.26 to 2.8). Pain at follow-ups was
reduced but not significantly, by treatment with SA when
compared with nonoccluding appliances (low-quality
evidence; SM=0.50, CI: -0.26 to 1.26), and significantly
reduced after treatment with nonoccluding appliances
when compared with untreated controls (low-quality
evidence; DM=-1.54, CL:-2.6 to -4.6), as shown in
Figure 3.

The results of the outcome variable pain improvement
(dichotomous data), that is number of participants
reporting pain improvement (risk ratio), were as follows.
Sixteen RCTs evaluated changes in pain reduction in 679
participants with painful TMDs who received SA, non-
occluding appliances, or were untreated controls. The
follow-ups time ranged from 1 to 12 months. The anal-
ysis is based on 9 RCTs on myogenous TMD pain, 5 on
arthrogenous TMD pain, and 2 on mixed TMD pain.

The direct metaC.-analysis showed a significantly
higher number of participants reporting pain improve-
ment after treatment with SA (n=361) when compared
with treatment with nonoccluding appliances (n= 156)
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Figure 5. lllustration of rank-heat plot that identifies hierarchy of
treatments for pain reduction (post-treatment pain intensity) and pain
improvement.

(moderate-quality evidence; RR=1.37, CI: 1.15 to 1.64;
P=.001) (Supplementary Table 7D), as well as when
compared with untreated controls (n=162) (low-quality
evidence; RR=1.51; CI: 1.16 to 1.98; P=.002), as shown in
Supplementary Table 7C.

The NMA showed a significantly higher number of
participants reporting pain improvement after treatment
with SA when compared with nonoccluding appliances
(moderate-quality evidence; RR=0.70; CI: 0.52 to 0.92)
and when compared with untreated controls (low-quality
evidence; RR=0.55; CI: 0.35 to 0.86). However, there was
no statistical difference in number of participants
reporting pain improvement between after treatment
with nonoccluding appliances and with untreated con-
trols (very low-quality evidence; RR=1.29; CI: 0.75 to 2.2),
as shown in Figure 4.

Regarding treatment ranking from the continuous
data, which was pain intensity at follow-ups, the most
effective treatment to reduce pain intensity at follow-ups
ranging from 1 to 12 months was SA (95.3%; low-quality
evidence), followed by nonoccluding appliances (54.4%;
low-quality evidence), and finally untreated controls
(0.2%; very low-quality evidence), as shown in Figure 5
and Supplementary Figure 1.

When it comes to the treatment ranking from the
dichotomous data, the RR was based on number of
participants reporting pain improvement. The most
effective treatment to reduce pain in participants with
painful TMDs at follow-ups ranging from 1 to 12 months
was SA (99.1%; moderate-quality evidence), followed by
nonoccluding appliances (41.3%; low-quality evidence),
and finally untreated controls (9.5%; very low-quality
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evidence), as shown in Figure 5 and Supplementary
Figure 1.

The additional analyses for continuous data revealed
that the weighted mean of pain intensity at follow-ups
were 2.49 (CI: 1.83 to 3.14) for SA, 2.94 (CI: 1.67 to 4.20)
for nonoccluding appliances, and 4.70 (CI: 3.50 to 5.90)
for untreated controls (Supplementary Tables 8A-C). For
dichotomous data, however, the proportions of pain
improvement at follow-ups were 63% (CL: 57% to 68%) for
SA, 48% (CI: 40% to 55%) for nonoccluding appliances,
and 31% (CI: 18% to 49%) for untreated controls
(Supplementary Table 8D-F).

Regarding the number needed to treat (NNT), values
of 3.4 for the SA group, 6.7 for the nonoccluding appli-
ance group, and 7.1 for the untreated control group were
found. This means that 3.4 patients with painful TMDs
need to be treated with SA to get 1 responder, while it
takes 6.7 patients treated with a non-occluding appliance
to get 1 responder and finally 7.1 of the untreated con-
trols to get 1 responder.

For the all outcomes variables (post-treatment pain
intensity and pain improvement), loop specific tests did
not detect any triangular or quadratic loops due to
inconsistency between direct and indirect evidence
(local inconsistency). Similarly, based on the design-by-
treatment interaction model to test a global inconsis-
tency in the networks, no significant inconsistency was
identified within the evidence networks as a whole
(P>.05).

DISCUSSION

The main finding of the present study was that the ef-
ficacy of the SA is real and beyond the placebo effect,
with a significant pain-reducing effect at follow-ups and
a smaller NNT (3.4) among the 3 groups studied in this
NMA. The SA showed significantly greater pain reduc-
tion than untreated controls, a finding consistent with
previous studies.>*°¥°>67¢73 Although there was no
significant difference in pain intensity levels at follow-ups
between the SA and nonoccluding appliances, which was
consistent with previous studies,***">>%? the proportion
of participants reporting pain improvement at follow-ups
was significantly higher for SA, both when compared
with the nonoccluding appliance and with untreated
controls, which also was consistent with previous
studies.?*?1>7* Furthermore, the NNT was significantly
lower for SA than for nonoccluding appliances and un-
treated controls and at the same level as treatments with
topical and systemic analgesics”>”” (naproxen, ibuprofen,
and aspirin) and granisetron”® and better than treatment
with botulinum toxin A.” Finally, SA was ranked first as
the most effective treatment for both pain intensity at
follow-ups and the proportion of participants reporting
pain improvement.
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In this NMA, the nonoccluding appliance served as
an active placebo group, while the untreated controls as a
passive placebo group. Significant differences were not
found between SA and nonoccluding appliances
regarding pain intensity at follow-ups, but an actual
placebo effect cannot be excluded because the non-
occluding appliances showed a significant pain-
reducing effect when compared with untreated controls,
which also was a conclusion of a systematic review from
our group.”® However, the pain-reducing effect of the
nonoccluding appliances might not be an actual pla-
cebo effect, as they still have a certain actual treatment
effect. They affect not only the cognitive awareness of
the participant regarding parafunction but also the
sensory awareness because of a change in the tongue
position.>* 3> Moreover, the new intraoral condition,
from the foreign object and the patient-doctor rela-
tionship, probably plays a role. It seems that, regard-
less of the design of the occlusal appliance, the initial
response of most patients is positive where pain
response is concerned.

A significant difference was found in participants
reporting pain improvement and/or treatment satisfac-
tion with SA and nonoccluding appliances but not in
reported actual pain intensity at follow-ups. The most
probable explanation is that reported treatment satis-
faction and objective treatment evaluation is not only
based on pain intensity. Pain intensity itself is not a
reliable tool for assessing treatment efficacy because
other factors seem to play a more important role in a
patient’s awareness of general improvement. Several
studies have shown that treatment success reported by
participants with painful TMDs is poorly correlated with
changes in pain intensity®>®! but is correlated with var-
iables including physical functioning such as jaw move-
ments and fatigue, individual patient characteristics such
as psychosocial and behavioral aspects, and the presence
of comorbidities such as depression, anxiety, and soma-
tization.®>®* Furthermore, by recognizing pain as a
multidimensional experience,®® future studies should not
only include pain intensity as a single outcome variable
but also supplement this with both cognitive (that is
attentional modulation of pain)®®” and affective per-
spectives (that is emotional modulation of pain).***° The
lack of evaluation of physical and psychological treatment
outcomes further strengthens the theory that changes in
pain intensity might not completely answer for the
treatment efficacy of SA. Instead, the number or per-
centage of responders to treatment is probably a more
reliable outcome measure.

Although a single-dimension scale such as the VAS
has been the most used scale for pain measurement, it is
not capable of identifying all the changes, a limitation of
most studies. Because data on how these different ap-
pliances affect physical and psychological factors such as
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mouth opening, fatigue, and psychological distress are
lacking, the reported treatment satisfaction with SA
cannot be excluded from an actual difference in treat-
ment efficacy on these variables. In addition, these fac-
tors seem to play a greater role in the evaluation of TMD
treatment than just pain intensity.*>*' Based on this, one
can conclude that treatment with SA is better than
treatment with nonoccluding appliances and untreated
controls. The improvement observed in untreated con-
trols, although not as significant as in the other groups,
was also expected. As in many situations, including mild
to moderate TMD symptoms, the regression to the mean
and the time effect usually have a beneficial outcome on
pain outcomes.

The placebo effect may be present in all these groups
studied. Evaluation of the efficacy of a treatment outcome
should always contain an evaluation of a probable placebo
effect. The placebo effect has been shown to occur in at
least half of the participants” and to be even greater in
studies investigating analgesic mechanisms where placebo
control groups were used.”* Furthermore, the placebo ef-
fect has also been shown to be stronger in patients than in
healthy controls and also in clinical trials compared with
experimental studies.””* One plausible explanation could
be that the placebo effect mimics, at least partially, the
selective serotonin reuptake inhibitor mediation.”" This
would, in turn, result in a positive placebo (treatment)
effect on pain catastrophizing, pain disability, depressive
symptoms, and trait anxiety, which are all factors associ-
ated with the multidimensional perception of pain.
Consequently, this would result in decreased pain in-
tensity at follow-ups and can explain why no significant
differences were found between SA (active treatment) and
nonoccluding appliances (active placebo),even though
significantly more participants reported treatment satis-
faction in favor of SA.”> Taken together, this indicates that
the treatment effect of SA is beyond the effect of placebo.

Limitations of this NMA include that because the
interventions were occlusal stabilization appliances,
blinding either only the participants or both participants
and researchers was not possible. Therefore, the blinding
component of participants and researchers was elimi-
nated from the assessment tool for the risk of bias.
Second, the performance bias, the reliability of the
participant to follow instructions, could not be ensured,
which could affect the outcome of the included RCTs
because the primary outcome of the present study was
pain, which depends on the participant’s perception.
Third, the follow-ups times were diverse, and fourth,
owing to the small number of RCTs that could be
included, it was not possible to differentiate between
myogenous or arthrogenous TMD pain. However, these
limitations might not have affected the outcome of the
present NMA, as it investigated to which extent the
treatment effect could be explained by the placebo effect
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and not which treatment approach is more beneficial. For
instance, it was not the treatment effect of SAs on
myogenous or arthrogenous TMD pain that was the
main focus, but instead to what extent the placebo effect
affected the treatment outcome with SAs.

Strengths of the present study included the GRADE
system that was used to estimate the certainty of confi-
dence for all outcomes to avoid overestimation and un-
derestimation of evidence. Second, this study included
not just active treatment (SA) and placebo treatment
(active placebo) but also untreated controls (passive
placebo). Third, only RCTs with Research Diagnostic
Criteria for TMD and Diagnostic Criteria for TMD di-
agnoses of TMD were included; thus, there were no
confounding factors regarding diagnosis. Fourth, a recent
novel approach using NMA of RCTs was conducted.

CONCLUSIONS

Based on the findings of this NMA of randomized clinical
trials, the following conclusions were drawn:

1. No significant difference was found in reported pain
intensity at follow-ups between treating patients
with painful TMDs with SA or nonoccluding ap-
pliances (active placebo).

2. A significant difference was found in participants
reporting treatment satisfaction with reduced pain
and a significantly lower NNT in favor of SA.

3. Patient-reported treatment satisfaction probably
included more domains than just pain intensity,
such as improvements in physical functioning as
well as psychosocial factors, and deserves further
investigation.

4. Based on these findings, the authors concluded that
SA treatment efficacy is beyond the placebo effect.

REFERENCES

1. Kuttila M, Niemi PM, Kuttila S, Alanen P, Le Bell Y. TMD treatment need in
relation to age, gender, stress, and diagnostic subgroup. J Orofac Pain
1998;12:67-74.

2. Michelotti A, de Wijer A, Steenks M, Farella M. Home-exercise regimes for
the management of non-specific temporomandibular disorders. ] Oral
Rehabil 2005;32:779-85.

3. Geneen L], Moore RA, Clarke C, Martin D, Colvin LA, Smith BH. Physical
activity and exercise for chronic pain in adults: an overview of Cochrane
reviews. Cochrane Database Syst Rev 2017;4:CD011279.

4. Naugle KM, Fillingim RB, Riley JL 3rd. A meta-analytic review of the
hypoalgesic effects of exercise. ] Pain 2012;13:1139-50.

5. Medlicott MS, Harris SR. A systematic review of the effectiveness of ex-
ercise, manual therapy, electrotherapy, relaxation training, and biofeedback
in the management of temporomandibular disorder. Phys Ther 2006;86:
955-73.

6. McMahon FG, Arndt WF Jr, Newton J], Montgomery PA, Perhach JL. Clinical
experience with flupirtine in the U.S. Postgrad Med ] 1987;63 Suppl 3:81-5.

7. Meichenbaum D. The evolution of cognitive behavior therapy: a personal and
professional journey with Don Meichenbaum. New York: Taylor & Francis;
2017. p. 132-54.

8. Main CJ, Keefe FJ, Vlaeyen JWS, Vowles KE. Fordyce’s behavioral methods
for chronic pain and illness. Philadelphia: Wolters Kluwer Health; 2015. p.
207-66.

9. Espi-Lopez GV, Arnal-Gémez A, Cuerda Del Pino A, Benavent-Corai J,
Serra-Ané P, Inglés M. Effect of manual therapy and splint therapy in people

THE JOURNAL OF PROSTHETIC DENTISTRY


http://refhub.elsevier.com/S0022-3913(20)30464-9/sref1
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref1
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref1
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref2
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref2
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref2
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref3
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref3
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref3
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref4
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref4
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref5
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref5
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref5
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref5
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref6
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref6
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref7
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref7
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref7
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref8
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref8
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref8
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref9
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref9

Volume m Issue m

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

with temporomandibular disorders: a preliminary study. J Clin Med 2020;9:
E2411.

Al-Moraissi EA, Alradom J, Aladashi O, Goddard G, Christidis N. Needling
therapies in the management of myofascial pain of the masticatory muscles: a
network meta-analysis of randomised clinical trials. ] Oral Rehabil 2020;47:
910-22.

Long DM, Hagfors N. Electrical stimulation in the nervous system: the cur-
rent status of electrical stimulation of the nervous system for relief of pain.
Pain 1975;1:109-23.

Okeson JP. Management of temporomandibular disorders and occlusion. 8th
ed. St. Louis: Elsevier Health Sciences; 2019. p. 260-372.

Travell J. Ethyl chloride spray for painful muscle spasm. Arch Phys Med
Rehabil 1952;33:291-8.

List T, Axelsson S. Management of TMD: evidence from systematic reviews
and meta-analyses. ] Oral Rehabil 2010;37:430-51.

Kurita H, Kurashina K, Kotani A. Clinical effect of full coverage occlusal splint
therapy for specific temporomandibular disorder conditions and symptoms.
J Prosthet Dent 1997;78:506-10.

Ekberg E, Nilner M. Treatment outcome of appliance therapy in temporo-
mandibular disorder patients with myofascial pain after 6 and 12 months.
Acta Odontol Scand 2004;62:343-9.

Ekberg EC, Vallon D, Nilner M. Occlusal appliance therapy in patients with
temporomandibular disorders. A double-blind controlled study in a short-
term perspective. Acta Odontol Scand 1998;56:122-8.

Wahlund K, List T, Larsson B. Treatment of temporomandibular

disorders among adolescents: a comparison between occlusal appliance,
relaxation training, and brief information. Acta Odontol Scand 2003;61:
203-11.

dos Santos JD Jr, de Rijk WG. Vectorial analysis of the equilibrium of forces
transmitted to TMJ and occlusal biteplane splints. ] Oral Rehabil 1995;22:
301-10.

Solberg WK, Clark GT, Rugh JD. Nocturnal electromyographic evaluation of
bruxism patients undergoing short term splint therapy. ] Oral Rehabil 1975;2:
215-23.

Clark GT, Rugh JD, Handelman SL. Nocturnal masseter muscle activity and
urinary catecholamine levels in bruxers. ] Dent Res 1980;59:1571-6.

Clark GT, Beemsterboer PL, Solberg WK, Rugh JD. Nocturnal electromyo-
graphic evaluation of myofascial pain dysfunction in patients undergoing
occlusal splint therapy. ] Am Dent Assoc 1979;99:607-11.

Okeson JP. The effects of hard and soft occlusal splints on nocturnal bruxism.
J Am Dent Assoc 1987;114:788-91.

Sheikholeslam A, Holmgren K, Riise C. A clinical and electromyographic
study of the long-term effects of an occlusal splint on the temporal and
masseter muscles in patients with functional disorders and nocturnal
bruxism. ] Oral Rehabil 1986;13:137-45.

Christidis N, Doepel M, Ekberg E, Erberg M, Le Bell Y, Nilner M. Effec-
tiveness of a prefabricated occlusal appliance in patients with temporoman-
dibular joint pain: a randomized controlled multicenter study. J Oral Facial
Pain Headache 2014;28:128-37.

Fricton J, Look JO, Wright E, Alencar FG Jr, Chen H, Lang M, et al. Sys-
tematic review and meta-analysis of randomized controlled trials evaluating
intraoral orthopedic appliances for temporomandibular disorders. ] Orofac
Pain 2010;24:237-54.

Winocur E, Steinkeller-Dekel M, Reiter S, Eli I. A retrospective analysis of
temporomandibular findings among Israeli-born patients based on the RDC/
TMD. ] Oral Rehabil 2009;36:11-7.

Kreiner M, Betancor E, Clark GT. Occlusal stabilization appliances. Evidence
of their efficacy. ] Am Dent Assoc 2001;132:770-7.

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;83:549-60.

Dao TTT, Lavigne GJ, Charbonneau A, Feine JS, Lund JP. The efficacy of oral
splints in the treatment of myofascial pain of the jaw muscles: a controlled
clinical trial. Pain 1994;56:85-94.

Wassell RW, Adams N, Kelly PJ. Treatment of temporomandibular disorders
by stabilising splints in general dental practice: results after initial treatment.
Br Dent ] 2004;197:35-41.

Truelove E, Huggins KH, Mancl L, Dworkin SF. The efficacy of
traditional, low-cost and nonsplint therapies for temporomandibular
disorder: a randomized controlled trial. ] Am Dent Assoc 2006;137:
1099-107.

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;49:1042-56.

Benedetti F. Placebo and the new physiology of the doctor-patient rela-
tionship. Physiol Rev 2013;93:1207-46.

Kaptchuk TJ, Miller FG. Placebo effects in medicine. N Engl ] Med 2015;373:
8-9.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev 2015;4:1.

THE JOURNAL OF PROSTHETIC DENTISTRY

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.
. Borenstein M, Hedges L, Higgins J, Rothstein H. Comprehensive meta-
50.
51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Doyle F, Freedland K, Carney R, de Jonge P, Dickens C, Pedersen S, et al.
Network meta-analysis of randomised trials of pharmacological, psycho-
therapeutic, exercise and collaborative care interventions for depressive
symptoms in patients with coronary artery disease: hybrid systematic review
of systematic reviews protocol. Syst Rev 2019;8:71.

Al-Moraissi EA, Christidis N. Are the beneficial effects of occlusal splint
therapy beyond the placebo effect in managing temporomandibular disor-
ders? PROSPERO. 2020. CRD42020178231. Available at: https://www.crd.
york.ac.uk/prospero/display_record.php?ID=CRD42020178231. Accessed
August 29, 2020.

Riva JJ, Malik KM, Burnie SJ, Endicott AR, Busse JW. What is your research
question? An introduction to the PICOT format for clinicians. ] Can Chiropr
Assoc 2012;56:167-71.

Dworkin SF, LeResche L. Research diagnostic criteria for temporomandibular
disorders: review, criteria, examinations and specifications, critique.

] Craniomandib Disord 1992;6:301-55.

Schiffman E, Ohrbach R, Truelove E, Look ], Anderson G, Goulet JP, et al.
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;28:6-27.

Higgins JPT, Thomas ], Chandler ], Cumpston M, Li T, Page MJet al., editors.
Cochrane handbook for systematic reviews of interventions version 6.0. 2nd
ed. Chichester: John Wiley & Sons; 2019. p. 205-28.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
et al. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ 2008;336:924-6.

Schiinemann HBJ, Guyatt G, Oxman A. GRADE handbook for grading
quality of evidence and strength of recommendations. 2013. Available at: gdt.
guidelinedevelopment.org/app/handbook/handbook.html. Accessed August
29, 2020.

GRADEpro GDT: GRADEpro guideline development tool [software],
McMaster University, (developed by Evidence Prime, Inc). 2020. Available at:
http://gradepro.org. Accessed August 29, 2020.

Salanti G, Kavvoura FK, Toannidis JPA. Exploring the geometry of treatment
networks. Ann Intern Med 2008;148:544-53.

StataCorp. Stata statistical software: release 13. College Station, TX: Stata-
Corp; 2013.

White IR. Network meta-analysis. Stata J 2015;15:951-85.

analysis version 3. 2nd ed. Englewood, NJ: Biostat; 2013.

Higgins JP, Jackson D, Barrett JK, Lu G, Ades AE, White IR. Consistency and
inconsistency in network meta-analysis: concepts and models for multi-arm
studies. Res Synth Methods 2012;3:98-110.

Veroniki AA, Straus SE, Fyraridis A, Tricco AC. The rank-heat plot is a novel
way to present the results from a network meta-analysis including multiple
outcomes. J Clin Epidemiol 2016;76:193-9.

Salanti G, Ades AE, Ioannidis JP. Graphical methods and numerical sum-
maries for presenting results from multiple-treatment meta-analysis: an
overview and tutorial. ] Clin Epidemiol 2011;64:163-71.

Cane L, Schieroni MP, Ribero G, Ferrero M, Carossa S. Effectiveness of the
Michigan splint in reducing functional cervical disturbances: a preliminary
study. Cranio 1997;15:132-5.

Conti PC, dos Santos CN, Kogawa EM, de Castro Ferreira Conti AC, de
Araujo Cdos R. The treatment of painful temporomandibular joint clicking
with oral splints: a randomized clinical trial. ] Am Dent Assoc 2006;137:
1108-14.

Daif ET. Correlation of splint therapy outcome with the electromyography of
masticatory muscles in temporomandibular disorder with myofascial pain.
Acta Odontol Scand 2012;70:72-7.

Ekberg E, Vallon D, Nilner M. The efficacy of appliance therapy in patients
with temporomandibular disorders of mainly myogenous origin. A ran-
domized, controlled, short-term trial. J Orofac Pain 2003;17:133-9.
Johansson A, Wenneberg B, Wagersten C, Haraldson T. Acupuncture in
treatment of facial muscular pain. Acta Odontol Scand 1991;49:153-8.
Kuttila M, Le Bell Y, Savolainen-Niemi E, Kuttila S, Alanen P. Efficiency of
occlusal appliance therapy in secondary otalgia and temporomandibular
disorders. Acta Odontol Scand 2002;60:248-54.

Lundh H, Westesson PL, Kopp S, Tillstrom B. Anterior repositioning splint in
the treatment of temporomandibular joints with reciprocal clicking: com-
parison with a flat occlusal splint and an untreated control group. Oral Surg
Oral Med Oral Pathol 1985;60:131-6.

Lundh H, Westesson PL, Jisander S, Eriksson L. Disk-repositioning onlays in
the treatment of temporomandibular joint disk displacement: comparison
with a flat occlusal splint and with no treatment. Oral Surg Oral Med Oral
Pathol 1988;66:155-62.

Lundh H, Westesson PL, Eriksson L, Brooks SL. Temporomandibular joint
disk displacement without reduction. Treatment with flat occlusal splint
versus no treatment. Oral Surg Oral Med Oral Pathol 1992;73:655-8.
Nilsson H, Vallon D, Ekberg EC. Long-term efficacy of resilient appliance
therapy in TMD pain patients: a randomised, controlled trial. J Oral Rehabil
2011;38:713-21.

Alkhutari et al


http://refhub.elsevier.com/S0022-3913(20)30464-9/sref9
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref9
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref10
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref10
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref10
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref10
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref11
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref11
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref11
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref12
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref12
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref13
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref13
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref14
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref14
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref15
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref15
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref15
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref16
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref16
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref16
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref17
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref17
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref17
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref18
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref18
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref18
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref18
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref19
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref19
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref19
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref20
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref20
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref20
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref21
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref21
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref22
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref22
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref22
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref23
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref23
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref24
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref24
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref24
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref24
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref25
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref25
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref25
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref25
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref26
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref26
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref26
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref26
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref27
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref27
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref27
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref28
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref28
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref29
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref29
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref29
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref30
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref30
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref30
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref31
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref31
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref31
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref32
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref32
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref32
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref32
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref33
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref33
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref33
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref33
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref34
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref34
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref35
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref35
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref36
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref36
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref36
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref37
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref37
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref37
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref37
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref37
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020178231
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020178231
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref39
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref39
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref39
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref40
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref40
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref40
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref41
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref41
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref41
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref41
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref41
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref42
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref42
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref42
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref43
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref43
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref43
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html
http://gradepro.org
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref46
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref46
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref47
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref47
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref48
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref49
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref49
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref50
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref50
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref50
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref51
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref51
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref51
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref52
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref52
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref52
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref53
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref53
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref53
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref54
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref54
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref54
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref54
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref55
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref55
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref55
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref56
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref56
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref56
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref57
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref57
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref58
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref58
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref58
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref59
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref59
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref59
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref59
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref60
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref60
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref60
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref60
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref61
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref61
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref61
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref62
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref62
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref62

m 2020

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Raphael KG, Marbach JJ. Widespread pain and the effectiveness of oral
splints in myofascial face pain. ] Am Dent Assoc 2001;132:305-16.

Rubinoff MS, Gross A, McCall WD Jr. Conventional and nonoccluding splint
therapy compared for patients with myofascial pain dysfunction syndrome.
Gen Dent 1987;35:502-6.

Zhang FY, Wang XG, Dong J, Zhang JF, Lu YL. Effect of occlusal splints for
the management of patients with myofascial pain: a randomized, controlled,
double-blind study. Chin Med ] 2013;126:2270-5.

Korkmaz YT, Altintas NY, Korkmaz FM, Candirli C, Coskun U, Durmuslar MC.
Is hyaluronic acid injection effective for the treatment of temporomandibular
joint disc displacement with reduction? ] Oral Maxillofac Surg 2016;74:1728-40.
List T, Helkimo M, Andersson S, Carlsson GE. Acupuncture and occlusal
splint therapy in the treatment of craniomandibular disorders. Part I. A
comparative study. Swed Dent J 1992;16:125-41.

Nitecka-Buchta A, Marek B, Baron S. CGRP plasma level changes in patients
with temporomandibular disorders treated with occlusal splints - a rando-
mised clinical trial. Endokrynol Pol 2014;65:217-23.

Turk DC, Zaki HS, Rudy TE. Effects of intraoral appliance and biofeedback/
stress management alone and in combination in treating pain and
depression in patients with temporomandibular disorders. ] Prosthet Dent
1993;70:158-64.

Wright E, Anderson G, Schulte J. A randomized clinical trial of intraoral soft
splints and palliative treatment for masticatory muscle pain. ] Orofac Pain
1995;9:192-9.

Al Quran FA, Kamal MS. Anterior midline point stop device (AMPS) in the
treatment of myogenous TMDs: comparison with the stabilization splint and
control group. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2006;101:
741-7.

Ekberg E, Nilner M. A 6- and 12-month follow-up of appliance therapy in
TMD patients: a follow-up of a controlled trial. Int J Prosthodont 2002;15:
564-70.

Kuzmanovic Pficer ], Dodic S, Lazic V, Trajkovic G, Milic N, Milicic B.
Occlusal stabilization splint for patients with temporomandibular disorders:
meta-analysis of short and long term effects. PLoS One 2017;12:e0171296.
Al-Ani Z, Gray RJ, Davies SJ, Sloan P, Glenny AM. Stabilization splint
therapy for the treatment of temporomandibular myofascial pain: a system-
atic review. ] Dent Educ 2005;69:1242-50.

Derry S, Wiffen PJ, Moore RA. Relative efficacy of oral analgesics after third
molar extraction-a 2011 update. Br Dent ] 2011;211:419-20.

Derry S, Matthews PR, Wiffen PJ, Moore RA. Salicylate-containing rubefa-
cients for acute and chronic musculoskeletal pain in adults. Cochrane
Database Syst Rev 2014;2014:CD007403.

Derry S, Moore RA, Gaskell H, McIntyre M, Wiffen PJ. Topical NSAIDs for
acute musculoskeletal pain in adults. Cochrane Database Syst Rev 2015;2015:
CD007402.

Christidis N, Omrani S, Fredriksson L, Gjelset M, Louca S, Hedenberg-
Magnusson B, et al. Repeated tender point injections of granisetron alleviate
chronic myofascial pain—a randomized, controlled, double-blinded trial.

] Headache Pain 2015;16:104.

Ernberg M, Hedenberg-Magnusson B, List T, Svensson P. Efficacy of
botulinum toxin type A for treatment of persistent myofascial TMD pain: a
randomized, controlled, double-blind multicenter study. Pain 2011;152:
1988-96.

Feine JS. Treating chronic pain: how do we measure success? N Y State Dent
] 2000;66:34.

Ohrbach R, Dworkin SF. Five-year outcomes in TMD: relationship of changes
in pain to changes in physical and psychological variables. Pain 1998;74:
315-26.

Alkhutari et al

82. Rudy TE, Turk DC, Kubinski JA, Zaki HS. Differential treatment responses of
TMD patients as a function of psychological characteristics. Pain 1995;61:
103-12.

83. Suvinen TI, Reade PC, Hanes KR, Kononen M, Kemppainen P. Temporo-
mandibular disorder subtypes according to self-reported physical and psy-
chosocial variables in female patients: a re-evaluation. ] Oral Rehabil 2005;32:
166-73.

84. Vlaeyen JW, Morley S. Cognitive-behavioral treatments for chronic pain:
what works for whom? Clin J Pain 2005;21:1-8.

85. Villemure C, Bushnell CM. Cognitive modulation of pain: how do attention
and emotion influence pain processing? Pain 2002;95:195-9.

86. Bushnell MC, Duncan GH, Hofbauer RK, Ha B, Chen ]I, Carrier B. Pain
perception: is there a role for primary somatosensory cortex? Proc Natl Acad
Sci U S A 1999;96:7705-9.

87. Rode S, Salkovskis PM, Jack T. An experimental study of attention, labelling
and memory in people suffering from chronic pain. Pain 2001;94:193-203.

88. Haythornthwaite JA, Benrud-Larson LM. Psychological aspects of neuro-
pathic pain. Clin J Pain 2000;16:5101-5.

89. Meagher MW, Arnau RC, Rhudy JL. Pain and emotion: effects of affective
picture modulation. Psychosom Med 2001;63:79-90.

90. Keogh E, Ellery D, Hunt C, Hannent I. Selective attentional bias for
pain-related stimuli amongst pain fearful individuals. Pain 2001;91:
91-100.

91. Diederich NJ, Goetz CG. The placebo treatments in neurosciences: New
insights from clinical and neuroimaging studies. Neurology 2008;71:677-84.

92. Vase L, Riley JL 3rd, Price DD. A comparison of placebo effects in clinical
analgesic trials versus studies of placebo analgesia. Pain 2002;99:443-52.

93. Sauro MD, Greenberg RP. Endogenous opiates and the placebo effect: a
meta-analytic review. ] Psychosom Res 2005;58:115-20.

94. Charron J, Rainville P, Marchand S. Direct comparison of placebo effects on
clinical and experimental pain. Clin J Pain 2006;22:204-11.

95. Burns JW, Bruehl S, France CR, Schuster E, Orlowska D, Chont M, et al.
Endogenous opioid function and responses to morphine: the moderating
effects of anger expressiveness. ] Pain 2017;18:923-32.

Corresponding author:

Dr Nikolaos Christidis

Division of Oral Diagnostics and Rehabilitation
Karolinska Institutet

Huddinge SE-141 04

SWEDEN

Email: nikolaos.christidis@ki.se

Author contributions

Ahmed Saleh Alkhutari collected the research data, participated in data analysis,
participated manuscript editing. Abdulmalik Alyahya collected the research data,
participated in data analysis, participated manuscript. Tarek Alghareeb collected
the research data, participated in data analysis, participated manuscript editing.
Paulo César Rodrigues Conti editing, results discussions, and drafted the manu-
script. Nikolaos Christidis (NC) participated in data collection, results discussions,
and drafted the manuscript. Essam Ahmed Al-Moraissi (EA) designed and
conceptualized the research, conducted in data analysis, writing methods and
results, and drafted the manuscript.

Copyright © 2020 by the The Authors. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1016/j.prosdent.2020.08.015

THE JOURNAL OF PROSTHETIC DENTISTRY


http://refhub.elsevier.com/S0022-3913(20)30464-9/sref63
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref63
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref64
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref64
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref64
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref65
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref65
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref65
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref66
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref66
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref66
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref66
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref66
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref66
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref67
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref67
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref67
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref68
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref68
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref68
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref69
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref69
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref69
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref69
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref70
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref70
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref70
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref71
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref71
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref71
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref71
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref72
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref72
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref72
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref73
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref73
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref73
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref74
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref74
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref74
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref75
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref75
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref76
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref76
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref76
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref77
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref77
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref77
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref78
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref78
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref78
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref78
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref79
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref79
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref79
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref79
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref80
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref80
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref81
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref81
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref81
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref82
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref82
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref82
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref83
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref83
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref83
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref83
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref84
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref84
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref85
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref85
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref86
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref86
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref86
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref87
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref87
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref88
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref88
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref89
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref89
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref90
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref90
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref90
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref91
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref91
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref92
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref92
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref93
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref93
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref94
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref94
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref95
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref95
http://refhub.elsevier.com/S0022-3913(20)30464-9/sref95
mailto:nikolaos.christidis@ki.se
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.prosdent.2020.08.015

	Is the therapeutic effect of occlusal stabilization appliances more than just placebo effect in the management of painful t ...
	Material and methods
	Results
	Discussion
	Conclusions
	References


