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Abstract

Aims—To evaluate the quality of methods used in randomized controlled trials (RCTs) of 

treatments for management of pain and dysfunction associated with temporomandibular muscle 

and joint disorders (TMJD) and to discuss the implications for future RCTs.

Methods—A systematic review was made of RCTs that were implemented from 1966 through 

March 2006, to evaluate six types of treatments for TMJD: orthopedic appliances, occlusal 

therapy, physical medicine modalities, pharmacologic therapy, cognitive-behavioral and 

psychological therapy, and temporomandibular joint surgery. A quality assessment of 210 

published RCTs assessing the internal and external validity of these RCTs was conducted using 

the Consolidated Standards of Reporting Trials (CONSORT) criteria adapted to the methods of the 

studies.

Results—Independent assessments by raters demonstrated consistency with a mean intraclass 

correlation coefficient of 0.63 (95% confidence interval). The mean percent of criteria met was 

58%, with only 10% of the RCTs meeting the four most important criteria.

Conclusions—Much of the evidence base for TMJD treatments may be susceptible to 

systematic bias and most past studies should be interpreted with caution. However, a scatter plot 
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of RCT quality versus year of publication shows improvement in RCT quality over time, 

suggesting that future studies may continue to improve methods that minimize bias.
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Many diverse treatments have been evaluated for their efficacy in the management of pain 

and dysfunction associated with temporomandibular muscle and joint disorders (TMJD). 

Most TMJD treatments have been tested by means of randomized controlled trials (RCTs). 

However, these trials have demonstrated a wide range of results that may be due to varying 

methods and study designs.1–5 With diverse results, it is difficult for health-care providers to 

infer reliable and precise evidence-based clinical treatment guidelines from reviews of these 

RCTs. When systematic reviews and meta-analyses have been performed using low-quality 

studies, they have generally shown a greater magnitude of treatment benefit than those using 

higher-quality studies, thereby overestimating the efficacy of the intervention.6–9 There is 

also evidence that significant variation exists within the academic community over the use 

of appropriate standards for analyzing and reporting the results of sponsored clinical 

research, especially clinical trials sponsored by industry.10 In order to improve the 

consistency of reporting on RCTs, a collaboration of clinical epidemiologists, 

biostatisticians, and journal editors published a statement called CONSORT (Consolidation 

of the Standards of Reporting Trials).9,11–13 The CONSORT statement includes criteria for 

use by authors, journal editors and peer reviewers to assess the quality of a report on a RCT.

Assessment of Quality

The design of a credible RCT for TMJD is feasible.7,8,14 Appropriate reporting of these 

studies is also a reasonable expectation and the goal of the CONSORT criteria.9,11 Many 

RCTs for TMJD continue to be weak, in part, because the investigators may be unaware or 

find it difficult to implement fundamental design criteria that are essential for all RCTs. 

RCTs should be designed to minimize bias, with bias being defined as any potential 

distortion of a study result such that it differs systematically from the true effect estimate of 

efficacy.14 It is possible that essential design methods were implemented in some of the 

reviewed studies, but these procedures were not reported.14 Other less obvious design 

problems relate to criteria that are important particularly for TMJD studies in which pain is 

the most important outcome to measure. For example, given the subjective nature of pain, 

assessment by examiners blinded to the intervention is essential.1,4 Reliable, valid, and 

standardized measures should also be employed that take into account the multidimensional 

nature of pain.15–17 Attention must be given to floor and ceiling effects associated with pain 

measures.18 Little or no reported pain at baseline creates a ceiling effect where no clinically 

significant improvement with treatment will be detected.19

Quality Assessment Criteria

A number of criteria have been proposed in the past to define and critically assess the 

quality of RCTs and determine the degree of bias that may influence RCT results.11,19–25 
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Jadad20 has suggested that the following five critical aspects be considered in assessing the 

quality of a clinical trial:

• The clinical relevance of the research question.

• The internal validity of the trial, that is, the degree to which biased results have 

been addressed by the study design, study sample, and methods, including the 

outcome measures.

• The external validity, that is, the precision and extent to which it is possible to 

generalize results to other populations and settings.

• The appropriateness of data analysis and presentation.

• The ethical implications of the intervention being evaluated.

The Oxford Centre for Evidence-based Medicine (www.cebm.net)26 has also developed a 

set of criteria for RCTs. This collaboration by a group of international scientists has also 

promoted evidence-based reviews for use in making clinical decisions. They suggested the 

following questions for critical appraisal of an RCT quality:

• Did the trial address a clearly focused issue?

• Is a trial an appropriate method to answer this issue?

• Did the study have enough participants to minimize the play of chance? Was a 

sample size calculation done?

• Was the assignment of patients to groups randomized, and was the randomization 

concealed?

• Were reliable and valid outcome measures of known or probable clinical 

importance measured for at least 80% of participants who entered the trial?

• Were all of the patients who entered the trial accounted for in the end?

• Were the patients analyzed in the groups to which they were assigned, ie, an 

intention-to-treat analysis?

• Were the patients and rater/observer “blinded” to which treatment was being 

received when possible?

• Aside from the experimental treatment, were the groups treated equally?

• Were the groups similar at the start of the trial?

CONSORT Criteria

It is not possible to assess either the internal or the external validity of a study if the quality 

of reporting is inadequate. In order to improve the consistency of reporting on RCTs, the 

CONSORT statement was developed for two-group parallel RCT designs.9,11,12 This 

statement includes a checklist and a flow diagram for use by authors, journal editors, and 

peer reviewers to assess the quality of a report on a randomized trial. The CONSORT 

statement has been endorsed by a number of major journals such as the British Medical 

Journal, The Lancet, the Journal of the American Medical Association, Journal of Dental 
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Research, and the Canadian Medical Association Journal. In addition to the CONSORT 

statement, the American Association of Medical Colleges, in collaboration with the Centers 

for Education and Research in Therapeutics and the Blue Cross Blue Shield Association, has 

developed a set of principles, recommendations, and guidelines, rooted in sound science and 

sound ethics, to guide researchers in conducting and publishing clinical research.27

Composite Scales

Some authors of systematic reviews have proposed composite scales to assess the relative 

quality of the reviewed studies. This investigator-based mathematical assessment is designed 

to assign differential quality weighting to study results that may, based on a quality cutoff, 

exclude some studies from consideration. There has been a wide range of such assessment 

instruments reported in the literature to evaluate the quality of RCTs for medical 

interventions, including a number of multi-item composite scales.19,23–25 Composite 

assessment scales can be problematic, however, resulting in discordant findings.14,23 The 

discriminating power of composite scales may also be reduced by the inclusion of criteria 

that are not necessarily the most appropriate. Even for the most commonly accepted design 

criteria, there are differences of opinion as to their relative value, as demonstrated by the 

different weights accorded to them in the composite scales. Since the composite quality 

score may mask a study’s quality with respect to certain essential criteria, there is a need to 

consider these individual criteria separately as well as consider the percent of criteria met to 

derive a relative quality score.

Based on an initiative by the American Academy of Orofacial Pain (AAOP), a systematic 

review was conducted to assess the evidence base for TMJD treatments. Two hundred and 

ten RCTs for TMJD were identified as having been implemented from 1966 up through 

February, 2006. This review provided an opportunity to use the CONSORT criteria and 

conduct a methodological quality assessment of the reviewed RCTs to help determine 

reasons for the diversity of results that have been attributed to similar treatments, and the 

potential for Type I (false positive) and Type II (false negative) errors.

Thus, the aims of this study were: (1) to review the quality of the published methods for the 

RCTs of TMJD treatments, (2) to report the overall quality of the clinical trials by using the 

CONSORT criteria, (3) discuss the effects of inadequate application of quality methods in 

diverse results of past clinical trials, and (4) discuss the mathematical methods employed for 

the future series of articles synthesizing the meta-analyses.

Materials and Methods

Given the need to standardize critical review methodology to the greatest extent possible, 

and the wide acceptance accorded to the CONSORT statement, the authors selected the 

CONSORT criteria that address study design issues as the basis for reviewing the quality of 

these RCTs. Table 1 shows the parallels between study design requirements and reporting 

guidelines, and presents the rationale for using the CONSORT criteria to assess TMJD 

RCTs.
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Interventions for TMJD and Outcome Variables

The RCTs for TMJD were divided into six general treatment types: (1) orthopedic 

appliances, (2) occlusal therapy, (3) physical medicine procedures, (4) pharmacologic 

therapy, (5) cognitive-behavioral and psychological therapy, and (6) temporomandibular 

joint (TMJ) surgery. Within these categories, 46 different treatment protocols for TMJD 

were identified.

Pain was the most common outcome measured in these RCTs, and this was the outcome 

selected for the mathematical syntheses in this review series. It is acknowledged, however, 

that other measures are also important such as functional status, disability, morbidity, quality 

of life, and cost of treatment, as well as other clinical parameters such as jaw function, 

palpation tenderness, and range of motion.

Searching and Information Retrieval

A MEDLINE search strategy was developed to include RCT published during the years 

1966 through March 2006 (Table 2), and implemented on the PubMed interface for 

MEDLINE at the US National Library of Medicine. The search strategy was based on the 

recommendations of the US Agency for Health Care Policy, the Cochrane Collaboration, 

and the Centre for Reviews & Dissemination, University of York, United Kingdom. It also 

included a manual hand search of references in each article and in systematic reviews and a 

review for duplicates.

The QUOROM (Quality of Reporting of Meta-analysis) statement includes guidelines 

produced to improve the quality and reporting of systematic reviews. Figure 1 presents the 

QUOROM diagram on how trials were excluded from the meta-analysis. This quality review 

began with 396 studies with 186 excluded as not being RCTs or were duplicates resulting in 

210 trials being retained for the quality assessment process including 17 published abstracts. 

For the meta-analysis, studies were excluded because they were abstracts with insufficient 

methods described (17), had incompatible comparison groups (124), had incomplete data 

(8), had incompatible follow-up duration (6), and had incompatible outcome measures (5). 

This process resulted in 50 RCTs that were finally included in the meta-analyses. Although 

nonrandomized controlled trials, observational cohort studies, and abstracts are also 

important sources of clinical information, nonrandomized studies were not included in this 

search strategy because of their potential for introducing biased estimates of results. Egger et 

al concluded that an in-depth critical review of the methodology and quality of available 

articles may be better than including “gray” literature such as abstracts which is usually of 

lower quality.28

It was necessary to include a variety of temporomandibular search terms broad enough to 

include both joint and muscle disorders since most past studies have not differentiated 

between these different conditions. Not only was there a lack of diagnostic differentiation, 

but occasionally there was also ambiguity as to the diagnostic terms employed. For example, 

Ekberg et al29 selected myofascial pain subjects for a clinical trial based on the Research 

Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) criteria.30 Accordingly, 

they excluded subjects with TMJ pain that could be verified by interview or examination. 
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But, in a review of stabilization splint therapy,4 the criteria listed for a diagnosis of 

myofascial pain included not only muscle pain but also TMJ pain on palpation. The issue is 

that muscle versus joint conditions in TMJD can have different outcomes associated with a 

given intervention.1 Thus, the study populations need not only to be accurately characterized 

as to the diagnoses present, but they must also be described using terms that have the same 

meaning for most readers. In addition, a diagnosis of tension-type headache (TTHA) was 

also included in this review for the following reasons:

1. The International Headache Society diagnostic criteria for TTHA with pericranial 

muscle tenderness and the AAOP diagnostic criteria for temporalis myofascial pain 

are overlapping sufficiently to suggest that they are the same condition.1,15,31,32

2. TTHA is a common symptom of the masticatory myofascial pain component of 

TMJD.30,33,34

3. Some treatments used for TTHA are also used for TMJD myofascial pain involving 

the temporalis muscle.33

Point of Departure for Using CONSORT Criteria Guidelines

The quality of a study design is not synonymous with the quality of reporting as defined by 

the CONSORT statement.9,11 However, most of the reporting criteria addressed in the 

CONSORT statement correspond directly to items that define the quality of the study design 

(Table 1). The only exceptions to this would be Items 1, 2, 5, 19, 20, 21, and 22. Since this 

study focused on quality of methods, these reporting criteria are important for understanding 

the rationale for a study but its generalizability was not assessed. Item 1 relates to the title 

and abstract; item 2 describes the background and rationale for the study; item 5 reports the 

objectives of study; item 19 reports adverse events; item 20 includes the discussion of 

results in light of the study hypotheses and potential systematic and random error; item 21 

discusses generalizability of results; and item 22, the discussion of results in light of the 

current evidence. For simplicity of reviewing and presenting the criteria, items 8, 9, and 10 

were combined as part of the randomization process and items 12, 17, and 18 were 

combined as part of the statistical analysis process. Discussing generalizability of the study 

is an important quality criteria that is dependent on the population and study design 

characteristics. Since it is difficult to score independently, it was not scored as part of the 

quality score.

Evaluation of Critical Study Design Criteria to Minimize Systematic Bias

There are four internal validity design criteria as defined by the CONSORT criteria that 

have been shown to provide a unique differentiation between well-designed and poorly-

designed studies and are considered Level I criteria. They include randomization process (8–

10), blinding of outcome methods (11), comparable groups (15), and handling of 

withdrawals or dropouts in the data analysis (16). These same criteria are also the most 

commonly recommended in quality assessment scales and are the same as Jadad et al35 and 

Moher et al.23 These authors suggested that these criteria could conveniently serve as a 

generic quality assessment scale for all RCTs, and thus were included in each review. This 
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recommendation is also consistent with the content of Sections 6.2 to 6.6 in the Cochrane 

Handbook for Systematic Reviews of Interventions 4.2.5.36,37

Interpretation of CONSORT Criteria for This Critical Appraisal of RCTs for TMJD

Applying the CONSORT criteria to evaluation of quality of RCTs is a process that is 

different for different disorders or interventions being studied. For RCTs of TMJD, specific 

criteria for outcomes, subjects, subject flow, and statistical analysis are unique and need to 

be defined a priori. For this reason, a description of how the criteria were used to score 

whether a study met or did not meet the criteria is included. Table 1 presents the rules for 

interpreting the CONSORT criteria for TMJD RCTs.

Methods for Assessment of Rater Reliability

Internal Reliability—Two raters of study quality, one an expert in TMJD and orofacial 

pain and the other a PhD candidate in Health Services Research, first discussed and arrived 

at a common understanding on the definition and the threshold for meeting each of the 

quality criteria above. A series of 15 articles were then selected from a broad range of 

treatment modalities. The scoring system was simple: 0 = criterion not met, and 1 = criterion 

met. The overall composite score (0 – 1) was the proportion of criteria met (# criteria met/

15). The two raters each scored the same articles while blind to the other’s scores, and their 

scores were compared using the intraclass correlation coefficient (ICC) as the measure of 

agreement.

External Agreement Appraisal

In order to compare the scoring of these raters to scores previously published, the selection 

of articles for reliability testing included 14 of the articles that were reviewed by Forssell 

and Kalso.1 The two sets of scores were compared using the ICC as the measure of 

agreement.

RCT Quality Appraisal Methods

The quality assessment criteria were applied to each RCT in a two-step process. First to be 

reviewed were the Level I criteria for minimizing systematic bias, and a notation was made 

as to whether these four criteria had been met. Second, each study was evaluated as to 

whether it met 11 remaining criteria. Finally, a quality assessment score was calculated to 

reflect the percentage of all 15 criteria that was met for each study, thus, permitting an 

overall estimate of the quality of the evidence base for the treatment of TMJD.

Distribution of Quality Scores

In order to assess improvement in trial methodology over time, a scatter plot analysis was 

performed for the quality scores of the 210 TMJ studies that qualified as published RCTs.

Results

Figure 1 presents the flow of studies that were included in the meta-analysis. Three hundred 

and ninety-six (396) studies were reviewed by the reviewers. Following the exclusion of 
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studies that did not meet the definition of a randomized trial, 210 studies remained that were 

used for quality assessment.

Interrater Reliability and Concurrent Validity Estimates

The mean ICC for interrater reliability was 0.63 (95% confidence interval), with a range 

from 0.59 to 0.67 for each type of TMJD treatment. This level of reliability was seen as 

adequate evidence that this proposed set of criteria could be consistently interpreted and 

applied for systematic reviews. Comparing the scoring by this study’s raters to Forssell and 

Kalso’s results1 for the same studies, the results showed significant agreement with an ICC 

of 0.59 and P < .009. The confidence intervals ranged from 12.5% to 84.5%.

Percent of Criteria Met by Studies for Each Treatment Group

Table 3 presents the means and ranges for the percent of criteria met by the RCTs grouped 

according to their treatment type. The mean percent of criteria met was comparable between 

the treatment types, ranging from 67% for pharmacological treatments to 45% for occlusal 

therapies. Over the six treatment types, the percent of criteria met by individual studies 

ranged from 20% to 100%. Taking into account all studies, the mean percent of criteria met 

was 58% with only 10% of the RCTs meeting the four most important criteria.

Percent Totals for Studies Meeting Each of the Fifteen Criteria

Table 4 presents the individual review criteria with the percent of studies that met them. 

Only 10% of RCTs for TMJD met all of the Level I criteria. The most common problems 

and the percent of the studies involved were as follows: only 15% described an adequate 

concealed randomization process; 13% presented sample sizes calculation required for 

predefined outcome measures; 16% monitored adherence; 46% took into account 

withdrawals and crossovers in an intent to treat analysis; and 54% adequately described their 

data analysis. The most common criteria met included the use of baseline measures (93%), 

interventions being equalized between groups with baseline variables compared (93%), 

relevant and reliable multidimensional measures employed (78%), treatment well-defined 

and standardized (90%), and clear recruitment procedures with inclusion/exclusion criteria 

(79%).

Change in RCT Quality Scores Over Time

Figure 2 represents a scatter plot of quality scores according to the year in which the RCT 

was published. The overall mean quality score for all the RCTs was 0.58 (SD 0.16). A 

regression line was fitted to these data and had a slope of 0.010. This indicates that for each 

unit (year) increase on the X-axis, the average quality score increased by 0.01, or one point 

on a 1 to 100 scale. Over any period of one decade, quality scores are estimated to have 

improved by 10 points on the average, and this trend in quality improvement is highly 

statistically significant (F1,192 = 40.09, P < .0001).

Discussion

The purpose of this study was to compare the quality of the methods of TMJD RCTs against 

known standards for RCTs as described by the CONSORT criteria. As Antczak and 
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colleagues22 have stated, “evaluating quality of RCTs is the first step in efforts to combine 

data from a number of similar trials in meta-analysis.” This was implemented by focusing on 

the study quality as objectively as possible, rather than on the study results and 

recommendations where there could be differences of opinion. The 11 study design criteria 

for this quality assessment, scored as present (1) or absent (0), were determined to be the 

most common sources of differential (systematic) and nondifferential (random) error in the 

study designs for TMJD RCTs. Additional “reporting only issues” as identified in the 

CONSORT statement were not scored since the intention was to evaluate study methods and 

not reporting, but their importance cannot be overstated. Since each study was evaluated 

only on the published report, it is possible that the specific criteria may have been scored as 

having not been met but not reported. Furthermore, the problem of publication bias has not 

been addressed in this study. Publication bias arises from the tendency for researchers and 

editors to publish experimental results that are positive while results that are negative or 

inconclusive are left out or unpublished. This contributes to the overwhelming percent of 

published articles that demonstrate positive outcomes and thus, systematic reviews may not 

allow a true indication of the efficacy of a specific treatment. Regardless, quality reviews 

can still be useful to help investigators design and publish RCTs with biasing factors 

considered.

RCT Quality Criteria Inadequately Applied in TMJD RCTs

The results of this study suggest that many of the universally accepted criteria for clinical 

trials are often not applied in RCTs of TMJD. Since 1979, the quality of RCTs in TMJD, or 

the reporting of such, has improved significantly, thus lending more validity to more recent 

studies (Fig 2). This suggests that there may be an increasing awareness of what is required 

to conduct and properly report RCTs in TMJD. However, only 10% of the reviewed study 

sample met all four criteria to minimize systematic bias. The mean percent of criteria met 

was 58%, based on the 15 criteria used in this review. Such inadequacies would predictably 

have contributed to bias in the study designs, thereby resulting in the heterogeneity in the 

observed results.

Of the four essential Level I criteria, the most common problem was criterion 8 through 10: 

lack of a defined and concealed randomization process to minimize selection bias. Based on 

the study reports, this was met by only 15% of the studies. Concealment implies that both 

the investigator and the subject are blind to and unable to influence the treatment assignment 

and, thus, the treatment results as well. Since a defined and concealed randomization process 

is a well-known requirement, some studies may have met this criterion but did not report it.

Another essential criterion to minimize measurement bias by blinded measurement of 

outcome was met by just 60% of the studies. It has been shown that treatment effect 

estimates from studies with inadequate concealment of treatment assignment may be 

exaggerated by 40%.13 A double-blind study is preferred in which both the rater and the 

subject are blinded. However, for many TMJD treatments such as surgery, the blinding of 

the patient/subject to their treatment group is not possible or ethical. In these studies, it is 

best to control all variables possible and consider that some subject bias towards better 

efficacy may be present.
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Performance bias, or unequal comparison group bias, must be minimized by the subject’s 

active participation in the control group being equal to that of the active treatment group. 

These groups should be comparable with regard to clinician contact, medication use, and 

time of follow-up. It is difficult for the reader to know these details unless they are 

specifically reported. Ninety-three percent of studies attempted to minimize comparison 

group bias by controlling for baseline differences in prognostic factors. As noted earlier, 

randomization cannot guarantee the absence of chance-related baseline imbalances between 

treatment groups that influence results, especially with sample sizes of 40 or less. It is 

important to measure at baseline whether groups are comparable with regard to known 

prognostic factors, such as gender, duration of pain, and depression, and to take between-

group differences into account for the analysis.

Only 46% of the studies considered the effect of attrition bias by performing an intent-to-

treat analysis that included drop-outs or crossovers to a different treatment than what had 

been randomly allocated particularly with treatments for chronic pain that often used 

multiple modalities. Such protocol deviations or subjects that are lost to follow-up may 

produce a distortion of the estimated treatment effects. An intent-to-treat analysis needs to 

include all subjects randomized independent of any protocol violation so that the inherent 

statistical assumptions based on the randomized treatment allocation are valid.

Many of the other quality criteria were also not met by most studies. For example, only 13% 

of studies met criteria number 7 by conducting sample size calculations using pilot data. 

This may be a contributing factor to Type II error (false negative) in studies that would have 

shown an effect if an adequate sample size had been used. The impression may be that this 

error did not have a biasing effect and cannot be considered a problem in those studies, but 

this assumption is untrue. Studies with a small sample size are much more likely to have low 

power suffering from inflated Type II error, finding no difference when one does exist but 

the opposite can also be true. However, without taking into account the typical variation in 

the study factor, it is difficult to know whether a small sample size can accurately represent 

the target population.

Patient compliance with treatment, particularly when the patient plays a role in the active 

effects of the treatment such as using a splint or performing an exercise, also contributes to 

significant variability of results. Unfortunately, only 16% of studies provided some evidence 

of patient flow and adherence to the treatment protocol. In reviewing criteria 6, few studies 

considered the ceiling or floor effect in selecting subjects whose baseline symptoms were 

sufficiently severe enough to detect an active effect of treatment. Parallel to this matter of 

symptom severity are the temporal characteristics such as frequency and duration of the 

signs or symptoms and the need for clinically relevant outcome measures. These temporal 

clinical characteristics may change sooner and become more clinically relevant than pain 

intensity with some interventions for TMJD. Without these measurements, important 

changes in symptoms may remain undetected, resulting again in Type II error.

Use of Quality Scores in Systematic Reviews

Quality scores can be used in systematic reviews in a variety of ways including weighing 

higher-quality studies, applying scores as a threshold for inclusion of a study in a review, as 
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well as with an analysis and comparison of results with other reviews. For example, 

although weighted composite scores were not used in this review, a good example of the 

composite scoring approach is presented by Antczak and colleagues.22 They published a 

method for assigning a greater weight to more important individual criteria, and then 

computing a composite score for the quality assessment of periodontal treatment RCTs. 

Their proposed quality score included three separate sections: (1) basic identification of the 

paper for classification purposes, (2) quality of the study protocol, and (3) data analysis and 

presentation of the paper. These criteria were also used, with minor modifications, in a 

review by Forssell and Kalso1 of TMJD RCT evidence for the efficacy of occlusal 

treatments. Splints and occlusal adjustments were the two types of occlusal treatments that 

they examined. These authors determined that the overall quality of these RCT studies was 

fairly low and the results were equivocal. Although Antczak and colleagues held that meta-

analysis was justifiable as the next step after their narrative synthesis of the periodontal 

treatment evidence, Forssell and Kalso did not, due to the heterogeneity of the TMJD studies 

that they reviewed.

When the present results are compared to those of Forssell and Kalso,1 scoring agreement 

showed a mean ICC of 0.59 and demonstrated good agreement. Although the present study 

included more well-defined criteria, many of the weaknesses of the RCTs found by Forssell 

and Kalso were also consistent with those identified in the present study. For example, few 

studies had appropriate randomization, many did not have blinded measurement of outcome, 

few measured adherence to treatment, and some did not consider the issues of sample size 

requirements, attention to dropouts, or the use of co-interventions not defined for the study 

protocol. In contrast to the review by Forssell and Kalso, the present study found that most 

studies had defined their study population (88%), their treatments were adequately defined 

(90%), and they had an adequate follow-up period (79%). This difference between review 

results may be due to the Forssell and Kalso review being limited to occlusal treatments, 

whereas the present results were based on a review of six types of treatments and 210 RCTs. 

Another design concern found by both reviews was the lack of a run-in period relative to 

prior treatments, self-care, and medications, with few studies satisfying this quality criterion. 

Any extraneous treatment such as analgesic medications not defined as part of the 

experimental or control interventions may influence outcomes and confound the treatment 

effects. They need to be matched between groups, eliminated before the study begins during 

the run-in period, or measured and controlled for in the statistical analysis.

Limitations of this Review

There are several limitations to this quality review study. It is acknowledged that several 

scales are available to assess quality of RCT methods and this study used only the 

CONSORT criteria as explained. However, as noted above, the use of the criteria of Antczak 

et al22 to compare the present findings with those of Forssell and Kalso1 showed good 

agreement between both studies. Second, the searches used in the present study identified 

210 RCTs published in the English language but excluded studies in other languages. Thus, 

while this study attempted to capture the majority of the published literature, it missed some 

literature that would have had relevance to this review.
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Towards Improvement of the Evidence Base for TMJD Interventions

Based on this review, there are recommendations for researchers planning to develop RCTs 

for TMJD. In general, following the CONSORT criteria as discussed here will lead to results 

that minimize bias.

(1) Use of the RCT as a Gold Standard—Most of the identified studies in this present 

study’s search failed to meet even the essential criteria to minimize bias, thus bringing into 

question the credibility of their findings. Thus, their contribution relative to clinical 

treatment guidelines and recommendations is questionable.

(2) Improving Quality and Reporting of RCTs of TMJDs—Studies are needed to test 

TMJD interventions both against placebo groups and other treatments to determine their true 

relative efficacy. Unfortunately, TMJD RCTs have been often underfunded, conducted 

within a too-limited time frame, and underpowered. Funding agencies need to insist on 

standardized methodologies in the review process and ensure that funds are sufficient to 

conduct high-quality studies. Emerging information systems involving national registries 

may be appropriate for standardizing design and data collection for multicenter RCTs. More 

emphasis should be made on multicenter studies to ensure adequate sample sizes and broad 

generalizability of the results. Inclusion of the subject flow diagram will provide a 

description of the progress of participants throughout the study, from the number of 

potentially eligible individuals for inclusion in the trial, to the number of trial participants in 

each treatment group who complete the trial. Editors of journals need to require quality 

standards in their review processes. This not only encourages investigators to report their 

methods clearly, but also helps reviewers to assess bias in the study designs accurately. If 

appropriate design criteria are not met, the investigators should be prepared to justify why 

they were not applied.

(3) Use of Standardized Outcome Measures for Improved Comparability 
Between Studies—Many measures have been already developed and are being used 

across studies. More research needs to be conducted on effective tools to improve quality 

and ease of conducting RCTs. An attempt to standardize measures in chronic pain clinical 

trials has been initiated by the Initiative on Methods, Measurement, and Pain Assessment in 

Clinical Trials (IMMPACT), which is a collaboration between pain researchers and industry 

and government agencies.16,17 However, disease-specific outcome measures need to be 

developed for TMJD such as reliable and valid outcomes for assessing jaw function, oral 

habits, and jaw-related disability.

(4) Avoiding Diagnostic Misclassification—Since it is possible that the specific 

subtype of TMJD, duration of pain, and comorbid conditions such as fibromyalgia and 

migraine may be important in determining outcomes of a particular intervention, it is 

recommended that future studies of TMJD should control for the specific diagnostic 

subtypes, the duration of pain, and comorbid conditions in the study sample. Many of the 

reviewed studies failed to address these issues. Antczak and colleagues have emphasized 

this issue under Item 2.1: Selection Description.22 The subjects must be well characterized 

as to their accession diagnoses and baseline prognostic factors such as duration of pain in 
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order for the results to be interpretable and clinically meaningful. It is recommended that 

future studies of TMJD use the RDC/TMD to control for subtype diagnostic groups as well 

as a history of comorbid conditions and duration of pain, as suggested by the IMMPACT 

guidelines.15–17,30

(5) Addressing the Inherent Susceptibility to Bias of Pain Measurement in 
TMJD—Pain is the major outcome variable in most TMJD studies but is often susceptible 

to bias because it is dependent on subject self-report. Many of the therapies cannot be 

concealed from the patient, and it is well understood that the patients’ preconceived idea of 

the therapy’s benefit can influence their response with self-report instruments. It is 

recommended that standardized clinical examination protocols be performed by a blinded 

examiner that can be compared to the subject’s self-report. However, even some 

examination items may not be completely objective since a patient must endorse pain in 

response to measures such as palpation pressure. A concurrent multidimensional data 

collection is another means for supporting the validity of a self-report. These may be 

standardized measures for the same construct to establish concurrent validity, or the 

assessment of other factors that can explain the perception of pain such as emotional factors, 

subject disposition, and global improvement.

(6) Better Use of Evidence to Conduct Meta-analyses of RCTs—It is expected 

that future RCTs in TMJD will be improved due to a growing awareness of the essential 

study design criteria and study reporting requirements. This is also supported by the trend 

towards such improvement occurring over time, as illustrated in Fig 2. The view of the 

authors is that quantitative estimates of benefit should be performed using emerging meta-

analysis procedures and pooling the results of RCTs with similar interventions and 

comparison groups. The relative contribution of each study can be weighted by its respective 

standard error and its heterogeneity relative to the overall body of evidence. The alternative 

of attempting to assess the influence of multiple flaws in design—with an average of just 

58% of criteria met—is problematic. Thus, it is reasonable to explore existing quantitative 

evidence using current mathematical methods to obtain information that can then be 

compared to the qualitative narrative syntheses.

Conclusions

In certain areas of medicine, observational studies and nonrandomized controlled studies 

have an important application such as cohort studies comparing effectiveness, outcome 

quantification, and risk factor identification. However, the RCT is the study design 

recommended to assess the effectiveness of specific interventions and should be the design 

of choice to avoid susceptibility to systematic bias. Significant improvement in attention to 

accepted design criteria and reporting standards as defined by the CONSORT criteria are 

needed for all future TMJD studies. The present analysis found that the overall quality of the 

reviewed studies was modest, with only 58% of the quality criteria met and only 10% of the 

RCTs met the four most important criteria. But there has been a trend toward improvement 

in study quality over time. A hierarchy of steps is proposed for clinicians to evaluate 

critically the internal and external validity of studies of interest. It is hoped that by 

discussing these methods used in past RCTs, important improvements and standardization 
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will be stimulated for future RCTs. Ultimately, improvement in RCT methods will allow 

better understanding and comparison of studies. The combining of their results by meta-

analysis will also maximize the benefits obtained from clinical trial research. 

Notwithstanding the difficulty of many studies to meet essential criteria, and to minimize 

systematic bias, the available evidence needs to be fully analyzed using existing as well as 

newly emerging mathematical methods to synthesize the results. This will ultimately 

improve clinical guidelines and the care of TMJD patients.
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Fig 1. 
QUOROM diagram for inclusion and exclusion of studies in the meta-analysis of all TMJD 

interventions.37
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Fig 2. 
Scatter plot of RCT quality versus year of publication. The regression line shows a 

significant (P < .0001) improvement in RCT quality over time with an average increase of 

0.01 points per year.
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Table 1

CONSORT Criteria for Reporting RCTs Used for Measuring Quality of TMJD RCT Methodology

CONSORT criteria Item Descriptor
Interpretation of criteria
in quality assessment for TMJD RCTs

Title and abstract 1 The title and abstract acknowledge the
randomization process

Reporting criteria not applied

Background 2 Scientific background and explanation of rationale Reporting criteria not applied

Participants 3 Eligibility criteria for participants and the
settings and locations where the data were
collected

Full credit is assigned when the recruitment source of 
subjects
is clear with defined inclusion and exclusion criteria so
generalizability of study results to another population 
is possible

Interventions 4 Precise details of the interventions intended
for each group and how and when they were
actually administered

Full credit is assigned when treatments in each group
are well defined, standardized, and comparable 
between
subjects and conforming, when possible, to an 
accepted
standard of care

Objectives 5 Specific objectives and hypotheses included Reporting criteria not applied

Outcomes 6 Clearly defined primary and secondary
outcome measures and, when applicable, any
methods used to enhance the quality of
measurements (eg, multiple observations,
training of assessors)

Full credit is assigned if primary outcomes are relevant
to the condition and when appropriate 
multidimensional,
including both subjective and objective parameters of
treatment success are used at pre- and
postintervention with calibrated examiners

Sample size 7 How sample size was determined and, when
applicable, explanation of any interim analyses
and stopping rules

Full credit is assigned if the criteria for sample size
calculation are described, and if the study design has
adequate safeguards to avoid Type I error (false 
positive
conclusions) and Type II error (false negative 
conclusions)

Randomization /
sequence generation

8 Method used to generate the random
allocation sequence, including details of any
restrictions (eg, blocking, stratification)

Full credit is assigned if the process for randomization 
of
subjects into treatment groups is defined, and the 
treatment
assignment is adequately concealed and implemented 
to
minimize bias from influencing treatment assignment

Randomization /
allocation concealment

9 Method used to implement the random allocation
sequence (eg, numbered containers or central
telephone), clarifying whether the sequence was
concealed until interventions were assigned

Included in Criteria 8

Randomization /
implementation

10 Who generated the allocation sequence, who
enrolled participants, and who assigned partici-
pants to their groups

Included in Criteria 8

Blinding (masking) 11 Whether or not participants, those administering
the interventions, and those assessing the
outcomes were blinded to group assignment. If
done, how the success of blinding was evaluated

Full credit is assigned when measurement or detection 
of
outcome is performed by an observer or rater who is 
blinded
to treatment assignment

Statistical methods 12 Statistical methods used to compare groups for
primary outcome(s); Methods for additional
analyses, such as subgroup analyses and
adjusted analyses

Full credit is assigned if a complete and appropriate
statistical analysis is conducted respecting intention to 
treat
principles. In these analyses, point estimates for the
treatment effects and their confidence intervals should 
be
estimated. In addition, known prognostic factors at 
baseline
should be compared between study groups. Finally, 
primary
and subgroup analyses should be adjusted for baseline
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CONSORT criteria Item Descriptor
Interpretation of criteria
in quality assessment for TMJD RCTs

differences if differences between groups were 
observed

Results of participant
flow

13 Flow of participants through each stage (use of
a diagram is strongly recommended). Specifically,
for each group report, the numbers of
participants randomly assigned, receiving
intended treatment, completing the study pro-
tocol, and analyzed for the primary outcome.
Describe protocol deviations from study as
planned, together with reasons

Full credit is provided if the flow of patients including 
the
numbers of participants randomly assigned, receiving
intended treatment, completing the study protocol, and
analyzed for the primary outcome is included

Recruitment and
follow-up

14 Dates defining the periods of recruitment and
follow-up

Full credit is assigned when the participant recruitment 
and
follow-up schedule is described with adequate time 
allowed
for the detection of differences in outcome measures

Baseline data 15 Baseline demographic and clinical characteristics
of each group are presented

Full credit is assigned when the baseline comparison 
group is
used to assess the appropriateness of randomization,
controlling for possible confounders

Numbers analyzed 16 Number of participants (denominator) in each
group included in each analysis and whether the
analysis was by “intention-to-treat.” State the
results in absolute numbers when feasible
(eg, 10/20, not 50%).

Full credit is assigned if the total numbers of subjects
included in the analyses are the subjects randomized,
respecting the intent to treat principles. Number of 
subjects
withdrawals, dropout and crossover need to be 
described

Outcomes and
estimation

17 For each primary and secondary outcome, a
summary of results for each group, and the
estimated effect size and its precision (eg, 95%
confidence interval)

Included in Criteria 12

Ancillary analyses 18 Address multiplicity by reporting any other
analyses performed, including subgroup
analyses and adjusted analyses, indicating
those prespecified and those exploratory

Included in Criteria 12

Adverse events 19 All important adverse events or side effects in
each intervention group

Reporting criteria not applied

Interpretation 20 Interpretation of the results, taking into account
study hypotheses, sources of potential bias or
imprecision, and the dangers associated with
multiplicity of analyses and outcomes

Reporting criteria not applied

Generalizability 21 Generalizability (external validity) of the trial 
findings

Reporting criteria not applied separately and is consid-
ered* by population and design issues

Overall evidence 22 General interpretation of the results in the context
of current evidence

Reporting criteria not applied

*
This criterion (generalizability) is not evaluated separately but is included in other criteria including item 2 Participants, item 6 Outcomes, item 4 

Interventions, and to some extent other criteria since it is dependent on these other criteria.
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Table 2

PubMed Search Strategy for Treatment of TMD*

Database: MEDLINE 1966 to March 2006

1 exp temporomandibular joint disorders/ or temporomandibular joint disorders.mp. 8,937

2 tmj.tw. 3,035

3 (myofascial adj3 pain).tw. 591

4 *craniomandibular disorders/ or craniomandibular disorders.mp. 427

5 exp myofascial pain syndromes/ or myofascial pain syndrome.mp. 4,541

6 1 or 2 or 3 or 4 or 5 10,485

7 limit 6 to (human and english language) 7,358

8 exp Temporomandibular joint/ 6,619

9 exp tension headache/ or “tension headache”.mp. 796

10 psychogenic headache.mp. 37

11 chronic daily headache.mp 151

12 (chronic adj3 headache).mp. 1,203

13 muscle headache.mp. 13

14 (muscular adj3 headache).mp. 57

15 (muscle adj3 headache).mp 320

16 or/9–15 2,080

17 exp facial pain/ or “facial pain”.mp 4,089

18 “orofacial pain”.mp. 329

19 myofacial pain.mp. 56

20 7 or 8 or 16 or 17 or 18 or 19 17,063

21 limit 20 to human and english language 15,901

22 limit 21 to randomized controlled trial 396

*
The search can be rerun at the reader’s convenience at PubMed at the Internet uniform resource locator http://www.ncbi.nlm.nih.gov/PubMed/
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Table 3

The Number, Percent, and Range of Studies Meeting CONSORT Methods Criteria for Level I and All Criteria 

by Treatment Type

Treatment
No. of
RCTs

% Level I
criteria met

Range of %
for all criteria met

Mean ± SD %
for all critera

Physical medicine/
exercise/injections

80 14% (n = 11) 20 to 93 58% ± 17

Orthopedic appliances 46 13% (n = 6) 27 to 87 53% ± 15

Pharmacologic therapy 44 9% (n = 4) 27 to 87 67% ± 14

Cognitive-behavioral/
psychological therapy

24 8% (n = 2) 33 to 80 54% ± 12

TMJ surgery 7 14% (n = 1) 33 to 100 55% ± 22

Occlusal therapy 9 11% (n = 1) 33 to 67 45% ± 11

Totals/mean 210 12% (n = 25) 33 to 100 58% ± 15
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