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Summary

Systematic reviews are essential in summarising evidence and providing an indication of its strength and direction. This
is why they often inform clinical decision making. Although the quantity of reviews published is increasing, concerns
about their quality may sometimes be questioned. This paper highlights the aspects of systematic review methodology
that influence a review’s overall quality. The authors explain the recently developed tool “Assessment of Multiple
Systematic Reviews” (AMSTAR) to demonstrate how this can be used efficiently, allowing a busy clinician to evaluate
quality and decide whether or not a particular review should be used to inform their clinical practice. Systematic reviews
may allow clinicians to incorporate the best available evidence into clinical practice. The ability to evaluate the quality
and reliability of systematic reviews is imperative in this process. The authors have used items detailed in AMSTAR to

demonstrate the aspects of systematic review methodology that influence the overall quality of a review.
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Introduction

Annually, 2,500 systematic reviews are added
to the National Library of Medicine’s PubMed
MEDLINE (in English) database [1]. Systematic
reviews can be invaluable for evaluating available
evidence in a methodical manner and providing a
critical summary of strength and direction of evi-
dence [2]. Systematic reviews primarily evaluate
the effects of an intervention for the prevention,
treatment and rehabilitation of a condition.
However, they can also be used to assess the accu-
racy of diagnostic tests, prognosis of a condition
and aetiology [1].

The hierarchy of evidence varies depending on
the nature of the question to be investigated (Figure
1). For interventional studies systematic reviews of
randomised controlled trials are at the top of the
hierarchy of evidence [2]. They are therefore
regarded as the best source of evidence. However,
this position is based on the presumption that they
have been designed and conducted to the highest
standards. Unfortunately, as with any form of evi-
dence, systematic reviews vary in their quality and

subsequently in their value (for guiding decision
making). When considering systematic reviews, the
Cochrane Collaboration systematic reviews [3] are
considered to be of the highest quality (often
termed “the gold standard™) because they are con-
ducted using set guidelines [4,5] and are independ-
ently peer-reviewed and published at both the pro-
tocol and completion phase. This process helps to
ensure adherence to the criteria [5].

The reality is that the majority of published
systematic reviews are non-Cochrane reviews and
so it is important for a busy clinician to acknowl-
edge that some of these reviews may fall short in
their methodological standards. Because of this,
such reviews may present a distorted view of the
evidence underpinning a subject and hence draw
inappropriate conclusions [6]. In fact, the term
“Garbage in Garbage Out” (GIGO) has been used
to illustrate the problem associated with poorly
designed systematic reviews. In 2007, this concept
was reported in a paper that highlighted concerns
about systematic reviews in the field of endodon-
tics; the author identified examples of “biased sam-
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Figure 1. The hierarchy of evidence.

pling, lack of scientific insight, and poor under-
standing of topic content” [7]. These flaws and oth-
ers are associated with many reviews. In general,
only a reader familiar with the literature in question
and the methodology for conducting high quality
reviews will be able to identify unscientific reviews
and their inappropriate conclusions.

Systematic reviews provide the reader with a
critical source of information, and as clinicians
whose time is a commodity, dentists may under-
standably turn to systematic reviews to guide prac-
tice. However, for the reasons mentioned earlier in
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this paper, a dentist’s ability to evaluate the
methodological quality of a systematic review
should form the basis of a decision relating to the
selection of a review to guide practice. Numerous
tools have been developed since the first Quality of
Reporting of Meta-analyses (QUOROM) confer-
ence was held in 1996. The major outcome of the
conference was the development of QUOROM, the
first reporting guideline. It was created to address
the increasing quantity and varying quality of sys-
tematic reviews and meta-analyses [8]. It provided
a check-list and a flow diagram for use in assessing
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the quality of reporting on meta-analysis. In 2004,
a review demonstrated that a total of 26 tools to
evaluate systematic reviews had been developed
since QUOROM. However, there are multiple
shortcomings with the majority of them [9]. These
shortcomings led to the development of an evalua-
tion tool for the “Assessment of Multiple
Systematic Reviews” (AMSTAR) (published in
2007) [10]. AMSTAR has only been tested for sys-
tematic reviews of interventions.

This paper describes the items within
AMSTAR, a recently developed comprehensive

evaluation tool that enables clinicians to assess
effectively and efficiently results from systematic
reviews as reliable, questionable or unreliable. It
aims to highlight the aspects of systematic review
methodology that influence its overall quality.

The AMSTAR tool
As mentioned previously, AMSTAR has been
developed to evaluate the methodological quality
of systematic reviews [10]. It comprises 11 concise
criterion items (Figure 2); each item is given a
score of 1 if the specific criterion is met, or a score

|. Was an '"apriori' design provided?

The research question and inclusion criteria should be established before the conduct of the review.

2. Was there duplicate study selection and data extraction?
There should be at least two independent data extractors and a consensus procedure for disagreements should be in place.

3. Was a comprehensive literature search performed?

At least two electronic sources should be searched. The report must include years and databases used (e.g. Central, EMBASE,
and MEDLINE). Key words and/or MESH terms must be stated and where feasible the search strategy should be provided. All
searces should be supplemented by consulting current contents, reviews, textbooks, specialized registers, or experts in the
particular field of study, and by reviewing the references in the studies found.

4. Was the status of publication (i.e. grey literature) used as an inclusion criterion?
The authors should state that they searched for reports regardless of their publication type. The authors should state whether
or not they excluded any reports (from the systematic review), based on their publication status, language etc.

5. Was a list of studies (included and excluded) provided?

Alist of included and excluded studies should be provided.

6. Were the characteristics of the included studies provided?

In an aggregated form such as a table, data from the original studies should be provided on the participants, interventions and
outcomes. The ranges of characteristics in all the studies analyzed e.g. age, race, sex, relevant socioeconomic data, disease
status, duration, severity, or other diseases should be reported.

7. Was the scientific quality of the included studies assessed and documented?
‘A priori' methods of assessment should be provided (e .g., for effectiveness studies in the author(s) chose to include only
randomized, double-blind, placeba controlled studies, or allocation concealment as inclusion criteria); for other types of studies

alternative items will be relevant.

8. Was the scientific quality of the included studies used appropriately in formulating conclusions?
The results of the methodological rigor and scientific quality should be considered in the analysis and the conclusions of the

review, and explicity stated in formulating recommendations.

9. Were the methods used to combine the findings of studies appropriate?

For the pooled results, a test should be done to ensure the studies were combinable, to assess their homogeneity (i.e. Chi-
squared test for homogeneity, 12). If heterogeneity exists a random effects model should be used and/or the clinical
appropriateness of combining should be taken into consideration (i.e. is it sensible to combine?).

10. Was the likelihood of publication bias assessed?

An assessment of publication bias should include a combination of graphical aids (e.g., funnel plot, other available tests) and/or

statistical tests (e.g., Egger regression test).

11. Was the conflict of interest stated?

Potential sources of support should be clearly acknowledged in both the systematic review and the included studies.

Figure 2. AMSTAR-a measurement tool created to assess the methodological quality of
systematic reviews. Shea BJ et al. (2007) [10] Open Access License BMC.
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of 0 if the criterion is not met, is unclear, or is not
applicable. An overall score relating to review
quality is then calculated (the sum of the individual
item scores). AMSTAR characterises quality at
three levels: 8 to 11 is high quality, 4 to 7 is medi-
um quality, and 0 to 3 is low quality. Although
scoring systems are controversial [11], the princi-
ples of the AMSTAR tool can be used to demon-
strate aspects of systematic review methodology
that influence the overall quality of a review. Each
item of the AMSTAR tool will now be discussed in
detail.

Item 1: Was a priori design provided?

A priori is Latin for “from the former” or “from
before”. In this context, it implies that the complete
methodology to be employed for conducting a
review has been predetermined. For Cochrane sys-
tematic reviews, the protocol is published as a
standalone article in the Cochrane Library. The
(International) Prospective Register of Systematic
Reviews (PROSPERO) hosted by the Centre of
Reviews and Dissemination is a relatively new
international prospective register of systematic
reviews, and provides a database of a priori sys-
tematic review designs, which are registered by the
organisation (available at www.crd.york.ac.uk/
prospero). The completed systematic review should
be conducted according the a priori design and any
divergence from the published protocol must be
justified in the final review write up.

Item 2: Was there duplicate study selection and
a data extraction?

Search results should be screened by at least two
independent reviewers. This helps to prevent inap-
propriate inclusion or exclusion of articles and
hence reduces bias in the selection of studies [12].
It has been suggested that the number of relevant
articles found is increased by up to a third by using
two reviewers instead of one [13]. In addition, data
extraction from the included studies should be per-
formed independently by the two reviewers. Any
disagreements between them in relation to study
selection or data extraction should be resolved by
consensus. If the matter remains unresolved, a third
party should be contacted to help reach a consen-
sus. The procedure to be employed in such cases is
generally reported in the protocol and detailed in
the final review.

12

Item 3: Was a comprehensive literature search
performed?

The search strategy used should be detailed in the
protocol and the subsequent review. This should
include details of the search terms used, and data-
bases searched (including the years, for example
MEDLINE 1966-April 2011). A minimum of two
databases should be searched to ensure retrieval of
studies irrespective of language and country of
publication [12]. Language bias has been shown to
influence publication patterns with positive out-
comes more likely to be accepted into international
English journals and negative outcomes in local
journals [14]. Databases have geographical varia-
tions of their coverage, for example the Elsevier
Medical Database (EMBASE) supplies good cov-
erage to Western Europe (51%), whereas MED-
LINE has a stronger position within North America
(44%) [15]. The requirement for multiple databas-
es has been highlighted and is encouraged to ensure
that skewing of results is prevented through inad-
vertent exemption of valid studies [16].

All searches should be supplemented by con-
sulting current content experts, reviews, textbooks,
specialised registers, and by reviewing the refer-
ences in the studies retrieved. An attempt at search-
ing the “grey literature” and conference proceed-
ings should also be made. In addition, if relevant
journals are not indexed in the relevant databases
they should be hand-searched.

Item 4: Was the status of publication (i.e., grey
literature) used as an inclusion criterion?
Reports should be sought regardless of their publi-
cation type. Examples of grey literature include:
conference abstracts, research reports, book chap-
ters, unpublished data, dissertations, policy docu-
ments and personal correspondence [17]. Papers
may not be published for a number of reasons; they
may be written to support grant applications,
inform funding parties of research results, address
scientific concerns quickly, and the material may
be distributed before or without being formally
published [18]. The importance of grey literature is
highlighted in a study of the antidepressant reboxe-
tine, in which a pharmaceutical company withheld
unpublished data, causing inconclusive outcomes
over its safety, which was later found after the pub-
lication of the grey literature [19].

The authors should also state whether or not
they excluded any reports, based on their publica-
tion status, language etc.
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Item 5: Was a list of studies (included and
excluded) provided?

A list of included and excluded studies should be
provided; the reasons for excluding any studies
should also be provided. This shows transparency
about the decision process employed by the
authors, and it allows readers to decide for them-
selves whether they agree with the author’s judge-
ment on exclusion/inclusion or not. Without the
exclusions being specified, publication bias is
introduced because the reason for their exemption
in unknown.

Item 6: Were the characteristics of the included
studies provided?

Data from studies included in a review should be
provided, ideally in an aggregated form such as a
table. The data should comprise: author details, the
country the study was conducted in, the year of
publication, the number of participants involved,
the interventions, any comparisons and the out-
comes. The range of characteristics in all the stud-
ies analysed (e.g., age, race, sex, relevant socio-
economic data, disease status, duration, severity, or
other diseases) should be reported. The presenta-
tion of characteristics in a table format facilitates
direct comparison of the included studies and there-
fore it is convenient and reader friendly. This pro-
vides transparency, which helps the reader judge
the relevance and generalisability of results to their
own patients.

Item 7: Was the scientific quality of the includ-
ed studies assessed and documented?

The quality of a study can be reflected in the extent
to which that study reduces or eliminates bias and
ensures reproducibility in its methodology. Bias is
a systematic error that may lead in varying magni-
tudes to an under- or overestimation of effect [5].
There are numerous tools available for assessing
the methodological quality of studies [20]; one tool
the authors are familiar with is the domain-based
evaluation used in Cochrane reviews. Authors of a
systematic review appraise six domains (random
sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data,
selective reporting and other sources of bias) as
being “low”, “high” or “unclear”. The assessment
for each study is then presented in a “risk of bias”
table in the review and can also be show in a graph-
ic form (see Figures 3a and 3b for examples).
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Item 8: Was the scientific quality of the includ-
ed studies used appropriately in formulating
conclusions?

The results of the quality assessment and risk of
bias should be considered in the analysis and the
conclusions of the review, and be explicitly stated
in formulating recommendations. This helps to pre-
vent changing practice based on poor-quality stud-
ies and conversely helps support practice change
when good-quality studies provide such evidence
(given that results are generalisable).

Item 9: Were the methods used to combine the
findings of studies appropriate?

In some studies, the results from several studies
may be pooled (a meta-analysis). In doing this,
there is a more powerful indication of the effect and
there is an increase in the precision of the results
due to a larger data set [5]. For the pooling of
results to be accurate and for the correct method to
be used, studies need to be combinable and so their
homogeneity needs to be assessed (for example
using a statistical test such as the chi-square test for
homogeneity or the [?> test for heterogeneity).
Although studies may be statistically homogenous,
clinical diversities may mean they are un-combin-
able. For example, studies may vary in their partic-
ipant characteristics (e.g., patient age), interven-
tions (e.g., drug doses/ routes of administration)
and outcomes (e.g., method or time of outcome
measurement). These factors can lead to inaccurate
conclusions being drawn if they are not accounted
for by methods such as subgroup analysis.

Item 10: Was the likelihood of publication bias
assessed?

Publication bias is the tendency for articles to be
published due to their strength of findings [22]. It
also refers to any influence that results in a reduc-
tion of quality literature being published [23]. It is
widely recognised that when compared to studies
with negative findings, those studies with results
that are statistically significant and indicate a suc-
cessful intervention are more likely to be published
in high impact factor journals, and cited by others
[24]. Statistical tests such as the funnel plot (which
identifies a link between study size and effect of the
intervention) and Egger regression are used to
analyse a variety of factors that can cause publica-
tion bias. The outcome of these tests is a score that
relates to the probability of publication bias occur-
ring. An assessment of publication bias should
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ens confidence in the results.

Risk of bias Interpretation Within a study Across studies

Low risk of bias. Plausible bias unlikely to seriously Lowrisk of bias for all key domains. Most information is from studies at
alter the results. low risk of bias.

Undlear risk of bias.  Plausible bias that raises some Unclear risk of bias for one or more Most informartion is from studies at
doubt about the results. key domains. low or unclear risk of bias.

High risk of bias. Plausible bias that seriously weak- High risk of bias for one or more The proportion of information

key domains.

from studies at high risk of bias is

sufficient to affect the interpreta-
tion of results.

Figure 3a. Example of a "risk of bias" table for a single study (fictional). Bessell et al. (2011) [21].

Adequate sequence generation?
Allocation concealment?

Blinding?

Incomplete outcome data addressed?
Free of selective reporting?

Free of other bias?

0%

25% 50% 75% 100%

|:| Unclear

. Yes (low risk of bias)

. No (high risk of bias)

Figure 3b. Example of a "risk of bias" graph taken from Bessell et al. (2011) [21].

include a combination of graphical aids (e.g., fun-
nel plot, other available tests) and/or statistical tests
(e.g., Egger regression test). However, caution
must be exercised when using these tests/aids as
they are not without their own problems. For exam-
ple, a funnel plot can appear asymmetric if the
measure of effect is incorrect, or if there are differ-
ences due to effect size between large and small
studies. This can lead to the incorrect conclusion
that publication bias is prevalent. When carrying
out any of these statistical tests, it is also important
that there are sufficient numbers of studies to sup-
port the data produced.

Item 11: Was any conflict of interest stated?

Sources of support should be clearly acknowledged
for both the systematic review and the included
studies. There is evidence to support an association
between some industry-supported systematic

reviews and favourable outcomes of their products,
resulting in product bias [25-28].

Discussion

Dentistry has historically been an empirical science
in which experiment and expertise took precedence
over research in influencing clinical decision mak-
ing [29]. However, in modern day dentistry there is
an ever-increasing and rapidly growing body of
evidence. Clinicians can find themselves over-
whelmed with the advent of new materials and
techniques. These factors, combined with pressures
from patients, manufacturers and the increasing
importance of medico-legal issues, mean that evi-
dence-based practice is now becoming the main-
stream source of the decision-making process [19].
Evaluating this evidence is therefore imperative to
daily practice and the development of clinical den-
tistry.
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In light of this, the items of AMSTAR in eval-
uating the quality of systematic reviews have been
described. AMSTAR provides clearly defined cri-
teria that are quick and easy to follow. One study
demonstrated that although 29% of general dental
practitioners (GDPs) could not understand and use
terms associated with evidence-based practice,
87% of them reported that they changed their prac-
tice after reading articles [30]. The influence of
evidence-based practice on practice is apparent.
However, not all systematic reviews are relevant to
practice or have design methods that would lead to
clinical change, AMSTAR and similar tools help
to reveal methodologically sound systematic
reviews.

AMSTAR has been proven to be a reliable
through kappa analysis (inter-rater reliability was
high at k=0.70) and a valid tool when compared
with two other validated systematic review evalua-
tion tools (QQAQ and Sacks’ instrument) [31].
AMSTAR is an efficient tool, as on average the
time taken to use it is 10-15 minutes, which is man-
ageable in a time-pressured setting [20]. It provides
a summary score, which is helpful for clinicians
making decisions. Nevertheless, this can lead to
masking of the specific strengths and weaknesses
of an individual systematic review.

Reporting guidelines have been updated in the
form of Preferred Reporting Items of Systematic
reviews and Meta-Analyses (PRISMA) [32], and
other methodological evaluation tools such as the
Critical Appraisal Skills Programme (CASP) of
Systematic Reviews [33], and Oxman and Guyatt
(1991) [34]. However, in the opinion of the authors
of this paper, the use of these tools is more time
consuming.

All in all, AMSTAR provides a basic and
effective method of evaluating systematic reviews
for busy clinicians to ascertain the methodological
quality of systematic reviews. The use of simple
tools like AMSTAR helps to remove barriers such
as the need for in-depth knowledge of research
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