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Abstract There are numerous scientific articles of studies on
the prevalence of disorders with non-standardised examina-
tion and diagnostic protocols. Because their quality is
heterogeneous, a new instrument has been developed for the
assessment of such studies. The new instrument is based
mainly on statistical criteria. The points assigned for each of
the main criteria according to the information gained from
each paper are summed up to form a Total Quality Score
(TQS). The interrater reliability of the instrument was tested
by employing Kappa and Interrater Correlation Coefficient
(ICC) statistics. The latter was assessed on the results of three
independent investigators. The new quality instrument
appeared to be easy to use, and the instructions were
comprehensible. The ICC, y for the TQS ranged between
0.94 and 1.00 indicating almost perfect agreement between
the investigators. The reliability of the new instrument
enables its use for scientific review purposes. In this way,
its validity will also be tested. The instrument could be
adopted for assessment of scientific articles of studies on the
prevalence of disorders in many, similar, scientific areas.
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Introduction

In recent years, much effort has been expended in attempts
to base scientific studies in medicine on better evidence
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and, thereby, to increase their quality and relevance.
Organisations and individuals have set out to design
principles and quality standards specifically for randomized
controlled trials and systematic reviews. In the field of
studies that investigate the prevalence of different disorders
and diseases which do not yet have a single standardised
method for them to be diagnosed or assessed with (e.g.
temporomandibular disorders or TMDs [1], low back pain
[2, 3], and shoulder pain [4, 5]), there are usually different
methods and sample populations used. There is good reason
to question the reliability of the results of these studies. The
potential conclusions from the results are limited by
methodological shortcomings. The great heterogeneity of
such studies is the reason that the statistical combination of
data derived from them seems impossible and should not be
a prominent component of systematic reviews of observa-
tional studies [6]. Thus, great scientific effort remains
useless, as no statistical combination or comparison can be
conducted, and hence, no conclusions about the general
picture can be drawn. Closer examination reveals that for
disorders like TMDs, despite the huge volume of studies on
their prevalence, it is not even possible to account for the
prevalence of diagnostic subgroups or signs and symptoms
in different populations across the globe, because the results
from the studies cannot be reliably compared. The main
reasons are lack of agreement about diagnostic criteria and
examination procedures [1, 5], flaws in methodological
information given in the papers, and lack of standardised
qualitative assessment. An objective evaluation of the
quality of prevalence studies could perhaps not directly
enable the statistical combination of their data, but could, in
any case, allow derivation of the impact of such a study for
the clinicians, patients, and policy makers.

In order to raise the quality of observational studies, the
“strengthening the reporting of observational studies in
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epidemiology” (STROBE) statement was developed [7].
The STROBE statement guidelines constitute a checklist
which helps to improve the quality of reporting for
observational studies. The STROBE checklist focuses on
the reporting quality of studies on prevalence and is not an
instrument to evaluate the quality of observational research
[7]. Moreover, in a recent systematic review [8], 96 scales
and checklists dealing with the assessment of the quality of
observational studies were evaluated regarding their appli-
cability. Only nine tools that had been created for studies of
prevalence and incidence were found. A general remark
was that the available tools did not discriminate poor
reporting from the general quality of the studies and did not
give separate conclusions about external and internal
validity [8].

The purpose of this study was to develop a reliable
instrument for qualitative assessment of the methodology of
studies on the prevalence of disorders, based on strict
epidemiological criteria. The latter could enable compar-
isons of the studies with equal quality properties described
in articles with many precautions of course, leading to
analyses that could help to clarify the epidemiological field
of disorders with heterogeneous examination and diagnostic
protocols.

Materials and methods

Scientific literature and statistical manuals were searched
for properties that characterize high-quality prevalence
studies in order to realize the objective of creating a
disorder-oriented quality-assessment tool with a solid
statistical basis. The main points considered can be
assigned to three main criteria: sampling, measurement,
and analysis [9].

Assessing the “sampling” literally means measuring the
representative nature of the sample. Representativeness is a
quality associated with the use of statistical sampling
methods and careful evaluation of respondent character-
istics. This criterion comprises three aspects: a clear
definition of the target population, the sampling method
used, and the match of respondents to the target group.

When evaluating the definition of a target group or
sample for a prevalence study, the information considered
most important was: age; sex; working conditions or
hobbies; social, educational, or financial class; ethnicity;
region of residence (urban, sub-urban, or rural), and
relevant data from the health questionnaire of the sampled
persons. Well-defined inclusion and exclusion criteria also
ensure adequate description of the target population with
regard to participants and non-participants in the study.

The term “sampling method” refers to the investigation
of the way the sample was recruited, that is, whether or not
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probability methods were used. Probability sampling relies
on the principle of randomisation to ensure that each
eligible respondent has a known, most often equal, chance
of selection. Thus, randomisation obviates the possibility of
bias in the study. Successful randomisation enables valid
statistical interpretation of “raw” results, that is, results
unadjusted for other characteristics of the patients [10].
Probability sampling occurs in a variety of forms ranging
from simple to complex (e.g. permuted block or cluster,
stratified, multistage, multiphase, dynamic or adaptive
randomisation) [9, 10].

To ensure that the characteristics of the respondents
match those of the target population, two facts should be
considered: response rate and description of the dropouts.
Non-response is the failure to enlist sampled individuals;
this can lead to selection bias and hence estimates that
deviate systematically from population values. When
information about non-respondents is available, methods
to evaluate selection bias should be applied [9].

The approach to the second main criterion, “measure-
ment”, is by use of questions intended to clarify whether
the survey yields reliable and valid measurements of the
disorder. The instrument used for collecting data should be
reliable and valid. Reliability establishes the extent to
which an instrument can discriminate between individuals,
and validity establishes the extent to which an instrument
enables meaningful and useful discrimination between
individuals. These are qualities that arise from the use of
standardised data-collection methods and are confirmed
empirically by measurement-evaluation studies [9]. Unfor-
tunately, no commentary could be found on minimum
validity standards for instruments used in prevalence
studies. To guarantee validity, however, the instruments
should satisfy basic standards of objectivity, specificity, and
evidence. In the field of TMDs as an example, there are
many examination procedures with different diagnostic
criteria based on individual measurements, for example
Krogh—Poulsen criteria [11], Helkimo Indexes [12], TMJ
Scale [13—15], Craniomandibular Index [16, 17], Criteria of
the American Academy of Orofacial Pain [18, 19], and
Research Diagnostic Criteria of Temporomandibular Dis-
orders (RDC/TMD) [20]. The examination and diagnostic
procedure with the best statistical properties is currently the
RDC/TMD, which has undergone many epidemiological
examinations [21-24]. The reliability of the RDC/TMD can
be increased if the examination is performed by examiners
previously calibrated for the procedure [25, 26]. The same
situation could apply to other disorders or pathologic
entities with as yet no standardised or globally accepted
examination and diagnostic protocol.

For the third criterion, “analysis”, the scope is to
examine the statistical procedure and outcomes. The reason
for this is that special statistical methods are required to
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obtain unbiased and precise estimates, especially when
complex sampling procedures are used. Estimates in
prevalence studies must, moreover, be accompanied by
confidence intervals or the information needed to calculate
them. Confidence intervals quantify the closeness of the
unobserved value in the target population to the observed
value in the sample, by telling us the chance that the value
for an unobserved target population will fall within a
certain range of the value for the observed sample [9].

To supplement the quality characteristics of a prevalence
study, three additional criteria were added to those
discussed above. Two of these, the “recruitment procedure”
and the “statistical power of the sample”, are statistical; the
third is ethical. The recruitment procedure must be
community (general population) based to lead to a
representative sample, especially if the number of partic-
ipants needed is large. This applies to surveys on disorders
whose prevalence is not very high in the general popula-
tion. The statistical power of the sample depends on its size,
and to increase the precision of the data and to enable
monitoring of disease trends over time, a large sample is
needed, e.g. for disorders with a low prevalence in the
general population, no fewer than 600 participants. The
third quality criterion added is approval of the study by an
ethics commission. It may be argued that this is a soft
criterion and places older studies at a disadvantage. This is,
however, an argument for future studies on humans to try to
guarantee the protection of the individual.

To form our quality tool, all the aspects discussed above
were considered in the form presented in Fig. 1 on the
example of TMDs. A first part designed to collect general
information about the reader, the article, and the journal, for
statistical and archiving reasons, can also be added, but is
not of relevance for the instrument. The part that is shown
in Fig. 1 is structured according to the above-mentioned
epidemiological criteria. The points assigned to each of the
main criteria, according to the information gained from
each paper, are summed up to form a Total Quality Score
(TQS). Detailed guidelines about how to complete and
assess each item of the tool accompany the form. This
quality tool assesses prevalence studies according to their
quality characteristics on a TQS scale of 0 to 19 points
(very bad to outstanding, respectively).

To estimate the reliability of this new instrument, we
assessed the interrater agreement, i.e. the consistency
among different investigators at one point in time. The
reliability was assessed in two phases. At a first pilot phase,
the results obtained by two dentists who had independently
evaluated the same ten articles on prevalence studies on
TMDs with the quality tool were compared. None of them
had known or ever worked with this procedure before. No
calibration was performed beforehand. The raters received
no instructions or help other than the guidelines attached to

the worksheet and had no contact with each other regarding
the procedure of the assessment. The choice of the articles
was random from a pool of about 400 articles on prevalence
of TMDs. The procedure was completed within 2 months
after which the raters gave their feedback about the
instrument and its applicability. The majority of the data
derived from the questions of the quality instrument are
nominal. Thus, in order to assess the agreement between
the two investigators regarding each item of the instrument,
Cohen's kappa coefficient was assessed [27]. For assessing
the k& value of the TQS, we divided the scale into four
quality subgroups: 0—4 (poor), 5-9 (moderate), 10-14
(good), and 15-19 (outstanding). In a second phase,
another three dentists employed the new instrument
(slightly modified according to the feedback provided
during the first phase) for the same ten articles under
exactly the same conditions. The TQS represents continu-
ous data (0-19), so in order to assess the interrater
agreement, the ICC was assessed [28]. The selection of
the raters was random, so the ICC was assessed according
to an unadjusted two-way random model for single
measures (ICC 2,1) tested for absolute agreement [28].
The articles employed for the assessment in both phases are
reported in the references [29-38]. Statistical tests were
performed by use of the Statistical Package for the Social
Sciences 16.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

The time required for evaluating each of the journal articles
depended on the length of the article; the average time was
approximately 8 min per article. No significant difficulties
in understanding the guidelines were mentioned during the
assessment time, except for one of the explanations that
was modified for the second phase. After testing the
interrater agreement for each of the items, in the first
phase, the mean of Cohen's & was calculated for the final
TQS and for each question separately. For the TQS, the
mean of the £ value was 0.62+0.15 indicating substantial
agreement between the investigators [39]. The k values for
the individual questions ranged between 0.26 (fair agree-
ment) and 1.00 (almost perfect agreement) with a mean &
value of 0.78+0.27 which indicates a substantial agreement
[39]. In the second phase, the ICC, ;) for the TQS ranged
between 0.94 and 1.00 indicating almost perfect agreement
between the three raters.

Discussion

The reliability of this new research instrument, as deter-
mined by interrater testing, was high at least in the second
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DATA EXTRACTION SHEET
1) Study characteristics (type of study): Questionnaire: l;l Clin.Exam: l;l
2) Ethic commission approval: @ No@ Yes

3) Verification of eligibility:

4a) Inter-rater agreement (k/ICC-value): 4b) Enough? : [1] k<0.60/ 1CC<0.70 |_1_| k>0.60/ ICC=0.70
5a) Confidence intervals: 5b) Enough? : @ CI=90%

6) Population characteristics
6a) Target (source) population:

6b) Inclusion criteria:

6¢) Exclusion criteria:

6d) Proportion of target population? :

6e) Recruitment procedure: ll‘ IZ‘
6f) Total population size: Sample: I;l

6g) Response rate: 6h1) Enough? :[_I_I RR>70%(80%)

6h2) (if 0 or 1) Is the rate taken into account? :@ No Yes

7) Participant's Characteristics 9) Prevalence
7a)Age |7b)Sex |7c)Job/Hob. |7d)Class |7e)Ethnicity |7f)Region |7g)Anamn | 8) Number [9a) 9b)

8a) Total

o6 Pover (N0
10) Quality assessment
10A. Sampling (Representativity)

1) Target pop. clearly defined? : @ <5 59 >9
2) Probability sampling used? : @ No simple sophisticated

3) Do the respondents match the target? : I;I B.6h1) +B.6h2)

10B. Measurement (Reliability)
1) Standardised data-collection methods? : @ not identical identical
2) Reliable survey instruments? : @ noth. referred. B.4b) =1/RDC RDC+calibrated
3) Valid survey instruments? : @ questionnaire Helkimo etc. RDC/TMD

10C. Analysis
1) Were special features accounted for? : @ No/Not clear Yes
2) Satisfactory confidence intervals? : ;I question B.5b)

10D. QUALITY SCORE: [ =10 +10B. +10C.

C. TOTAL QUALITY SCORE: | [B.2) +B.6e) +B.8b) +B.10D)] =

Fig. 1 The new quality tool adopted for assessment of scientific articles of studies on the prevalence of disorders with heterogeneous examination
and diagnostic protocols on the example of TMDs
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round, indicating that the operational definitions were
sufficiently precise. The only exception (k=0.26) during
the first phase had to do with insufficient explanations
given about probability sampling, which was accordingly
corrected from the author after the first reliability test. After
this modification, the instrument was again tested, and the
high ICC(,,, indicated the increase in the instrument's
reliability. The use of different statistical methods in the
two rounds may be discussed controversially, but one
should consider the properties of the statistical procedures.
Cohen's & is more appropriate for nominal data sets and
agreement between two raters [40], whereas ICC is more
appropriate for continuous data assessed by multiple raters
[28]. Thus for the pilot phase, where the focus was set on
the agreement on each item, the use of Cohen's & enabled
the identification of the disagreement. In the second phase,
the high ICC; ;) indicated almost perfect agreement on the
TQS which was interpreted as confirmatory for the positive
impact of the modification.

Despite the fact that guidelines for assessment of the quality
of prevalence studies have been published in medical journals
[9], there seems to be no other tool for the assessment of the
quality of papers reporting studies on the prevalence of
disorders with heterogeneous examination and diagnostic
protocols in a standardised and objective way. One of the first
checklists developed for the evaluation of many different
research articles appeared in 1994 [41]. This checklist was
very detailed and not easy to apply, as it was constructed to
be applicable for four different study types (from cross-
sectional to case-control studies). Moreover, nothing is
mentioned about its statistical properties. The checklist
developed by Downs and Black [42] has been mainly
decided for non-randomised studies of health interventions
and not for population-based epidemiological studies. It also
mixes reporting and methodological quality items and does
not assess the statistical properties of the assessed studies in
depth. In a systematic review that used this instrument for the
quality assessment of population-based epidemiological
studies [43], the authors added two new criteria in order to
make it more complete. A further development of the
checklist from Downs and Black was the epidemiological
appraisal instrument (EAI) [44]. It consists of 43 items and
was again constructed as a general purpose instrument for
many different study designs. The answers to the items of the
EAI were in a “yes—partial-no—not applicable” manner, and
the statistical properties of this checklist have been reported to
be very good. Nevertheless, it is not likely that this checklist
is applicable for prevalence studies [8].

There has been much controversy on the use of quality
scores in the area of clinical trials [45-48] and diagnostic
accuracy studies [49]. The issue is yet not clear, and there are
yet no data regarding the use of quality scores specifically
for prevalence studies. The use of a numerical score for our

new instrument may prove to have some drawbacks when
employed for systematic reviews, but it nevertheless enables
a clear, objective classification of the studies assessed, based
on strict epidemiological criteria. On the other hand, the use
of “yes—no—partial” answers would create a relatively big
“grey zone” of “partially” good or bad studies, which does
not help to clarify the general picture.

Another checklist constructed for evaluation of the
quality of reporting of observational longitudinal research
[50], alike to STROBE, focuses on the reporting quality of
studies on prevalence and is not an instrument to evaluate
the methodological quality of observational research.
Focusing exclusively on reporting quality may not be
enough for the qualitative assessment of a study, as
reporting quality can differ from study quality [51].
Moreover, it is recommended to discriminate reporting vs.
methodological quality of studies [8]. The latter issues are
not yet completely clear regarding prevalence or cohort
studies. The new instrument attempts to evaluate the
methodological quality of articles on prevalence studies.
The quality score of the article may not reflect the quality
of the study, but the latter can usually not be tested.
Nevertheless, the study results reach the scientific commu-
nity mainly through scientific articles, and this underlines
the need for good reporting practice. The newly developed
instrument contains very few reporting items (such as
“ethics commission approval”) that are not subjective and
should be considered as major quality markers also when
methodological quality is being assessed.

The list developed from Nguyen et al. [52] aimed to
assess the methodological quality of selected studies, but
was not recommended for further use by its authors. For
each of the 18 items of this list, a numerical score is given
according to accompanying guidelines. Unfortunately,
some of the items of the list are to be subjectively assessed
or are not directly related to the quality of the study. Similar
to the latter is a tool developed by Ariéns et al. [53], which
intended to assess the methodological quality of observa-
tional studies, but the authors do not suggest its use for
further studies despite the good agreement (84%) reported.
Another remarkable tool for critically appraising studies of
prevalence or incidence was developed by Loney et al.
[54]. Tt is very short (eight items) and gives a quick
overview of the studies. However, the questions do not go
into much detail regarding the statistical properties of the
assessed article. Very similar to the latter tool (actually a
replication of it with one additional item) was the one
reported by Woodbury et al. [55]. Both the last tools are
indeed very much similar to ours, but none of them was
constructed for broader use, and there is no information
regarding their statistical properties.

There is, at last, another tool for standardising prevalence
studies which should be mentioned, as it assesses the
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usefulness of prevalence studies [56] and focuses mainly on
their content. It consists of four questions which set
conditions for proceeding to the next 15 questions and
assesses, on a 100-point scale, the usefulness of a paper on a
medical prevalence study, using hypertension as an example.
If modified, it could theoretically be used for studies on the
prevalence of other disorders too. We decided to develop a
new tool, however, because the questions of the usefulness
tool described in the paper of Silva et al. are very general and
could not easily be adapted for studies on the prevalence of
disorders with heterogeneous examination and diagnostic
protocols. In other fields of medicine, for example hyper-
tension which Silva also uses as an example, measurement
procedures are standardised with well-established and
globally accepted cut-off levels. The same cannot be claimed
for TMDs, low back pain, or other similar pathological
entities, so this new tool was created; this, in contrast with
that of Silva et al., focuses on elementary morphological and
content features of the prevalence studies. This approach
could qualify the newly developed assessment tool to be
further used for assessing papers on prevalence studies. A
summary of the instruments discussed above can be found in
Table 1. Often, in general medicine and in dentistry in any
case, there are many papers on prevalence studies which are
presenting different results. This new instrument combined
with the STROBE statement guidelines could give deeper
information on the quality of papers on prevalence studies
and thus help in the direction of controlling and perhaps
comparing such papers on a more stable basis.

A drawback of the new instrument is its “tailoring” to the
most recent studies on the prevalence of disorders with
heterogeneous examination and diagnostic protocols. Older
studies may have an a priori disadvantage compared with

newer studies, as for example almost no older studies refer to
approval by an ethics commission. Another point of debate
regarding the use of TMD prevalence studies as an example
could also be the selection of the RDC/TMD as the ultimate
examination procedure when other procedures also have
very good statistical properties [ 14, 16]. The RDC/TMD has
also been repeatedly criticized for not furnishing adequate
statistical values for a few diagnoses [57-59]. The same
problem will be faced when the instrument is used for other
disorders with heterogeneous examination and diagnostic
protocols, as no examination protocol has yet proven to
have perfect statistical properties. Consequently, the new
instrument should always be updated according to the best
available evidence. The appearance of a new diagnostic or
examination procedure (like the upcoming DC/TMD) with
better statistical properties would necessitate readjustment
of our instrument.

Conclusions

It is concluded that the newly developed tool for assessing
the quality of scientific publications reporting studies on the
prevalence of disorders with heterogeneous examination
and diagnostic protocols has very good statistical properties
with regard to interrater reliability. This enables it to be
used further to assess the quality of scientific papers on
prevalence studies. Its validity must, nevertheless, be
proved further by using it for future literature reviews.
This tool, slightly modified but based on the same
principles, is designed to be used to assess the quality of
articles about prevalence studies in different fields of
medicine.

Table 1 Summary of potential instruments for quality assessment of prevalence studies

Instrument Reliability Validity No. of items Time needed Applicability to the studies of
incidence/prevalence

DuRant, 1994 [41] N.r. N.r. 18 N.r. Yes [8]

Downs, 1998 [42] r=0.88 / 0.75 SRTG used 26 N.r. No [8]

Macfarlane, 2001 [43] k>0.7 N.r. 29 N Yes [8]

Genaidy, 2007 [44] k=0.8-1.00 Int. consist. (0.83) 43 Nur. Unlikely [8]

Tooth, 2005 [50] 75% agreement Nur. 33 N.r. Unlikely [8]

Nguyen, 1999 [52] N.r. N.r. 14 Nur. Yes [8]

Ariéns, 2000 [53] 84% agreement Nur. 18 N.r. Yes [8]

Loney, 1998 [54] N.r. N.r. 8 N.r. Unlikely [8]

Woodbury, 2004 [55] N.r. N.r. 9 N.r. Yes [8]

Silva, 2001 [56] N.r. N.r. 19 N.r. Yes

Giannakopoulos 1ICC=0.94-1.0 N.r. 11 8 min. Yes

Int. consist. internal consistency

N.r. nothing referred
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