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Abstract In the last decades of the twentieth century it
became obvious that modern medical care is replete with
data and information, but in need of reliable evidence. This
has led to an increased effort to systematically synthesise
medical research and make it more useful for practitioners.
Systematic reviews use an approach to research synthesis
that minimises the risk of misinterpreting a body of evidence
due to incomprehensive search or subjective opinion. Car-
rying out a systematic review is a rigorous procedure which
corresponds to standard methodological steps in primary
research studies. It involves posing a well-defined question,
developing a robust search strategy, screening for relevant
primary studies, critical appraisal of included studies, data
extraction and processing, analysis and interpretation of
results. In some, but not all systematic reviews it is appro-
priate to conduct a meta-analysis, which is a statistical
procedure that integrates the results of several independent
studies. Results of meta-analysis are graphically presented
in forest plots, with pooled point estimate and its confidence
interval represented as a rhombus, usually called a “dia-
mond”. Methodological quality of systematic reviews
should not be judged by the quality of primary studies
included, but by a distinct set of criteria specified in
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assessment tools such as AMSTAR. Systematic reviews
and meta-analyses should be reported according to the
PRISMA checklist. A major contribution to the develop-
ment of methodological standards has been given by The
Cochrane Collaboration, whose Handbook of Systematic
Reviews of Interventions is the primary reference for all
authors and referees of systematic reviews in health care.

Introduction

Orthopaedic surgery shares a common feature with all other
medical specialties: it is full of questions. A patient’s simple
complaint of a painful knee presents the physician with a
series of question marks. Which investigation will lead to a
correct diagnosis? What therapy should be recommended—
drugs, physiotherapy, surgery or a combination? What is the
proper dosage and duration of therapy? Which surgical
approach should be taken? What are the adverse effects
and what is the risk of therapeutic failure? Which therapy
is most cost-effective?

Called to come up with correct answers, the physician
stands before the patient as the ancient king Oedipus stood
before the Sphinx. A life may be at stake. What is there to
help the physician in resolving the riddle?

In the age of evidence-based medicine [1], medical re-
search is propagated as an invaluable aid in making health
care decisions. However, busy clinicians find it difficult to
keep up with the burgeoning medical literature. For exam-
ple, the Thomson Reuters Journal Citation Reports (http:/
scientific.thomson.com/products/jcr) lists 61 journals in the
“Orthopaedics” subject category alone. The sheer quantity
of published material is not the sole problem—the quality of
research and its relevance for practice is variable and it
requires critical appraisal skills to sift the “wheat” from the
“chaff”.
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In the last decades of the twentieth century it became
obvious that modern medical care is replete with data and
information, but in need of reliable evidence. This has led to
an increased effort to systematically synthesise medical
research and make it more useful for practitioners. Actually,
research has always been synthesised—either formally or
informally—and weighted by experts, local practice, mar-
keting, journal impact factor or number of citations. Such
synthesis, however, was prone to overlook important sour-
ces of data and come to biased conclusions [2]. Evidence-
based medicine proponents therefore advocated a systematic
approach to research synthesis, which would minimise the
risk of misinterpreting a body of evidence due to incompre-
hensive search or subjective opinion.

In recent years, the popularity of systematic reviews has
risen and they are now commonly published in medical
journals [3]. International Orthopaedics is no exception: a
Web of Knowledge search using the keywords “systematic
review” or “meta-analysis” in the title yielded 33 items in
this journal (as of 22 August 2011), five of which were not
true systematic reviews or meta-analyses. The first article of
this type was published in 1996 and their number has
increased particularly in recent years (Fig. 1).

A properly conducted systematic review can serve one or
more of the following purposes: (1) reduce the influence of
any flaws or errors in a single study; (2) resolve the confu-
sion when several studies report conflicting findings; (3)
yield new insights by combining findings from different
studies; (4) highlight when there is not enough evidence
and further research is needed to resolve a clinical question;
and (5) show when enough evidence has been produced and
no further research is needed or justifiable [4].

Clinicians can better appreciate the value of systematic
reviews if they understand that producing such a piece of

Fig. 1 Number of systematic 12
reviews published in

International Orthopaedics
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research requires a rigorous procedure corresponding to
standard steps used in primary research studies.

Posing the right question

As with any other research, a systematic review begins with
formulation of one or more answerable questions. The re-
view questions should be born out of real-life clinical dilem-
mas, so that the review findings have a potential to influence
medical practice or policy. Ideally, consumers should be
involved in this endeavour, for example by pointing out
the relevant questions or outcomes that need to be addressed
[5, 6].

The review questions are preferably written in the form of
PICO, which is an acronym for “patients/population”, “in-
tervention”, “comparison intervention” and “outcome” [7].
The PICO format was first developed for intervention
reviews, but it can be adapted to other types of reviews
and questions, such as for diagnostic accuracy or prognosis
studies. PICO is basically a statement on the inclusion and
exclusion criteria. Too broad a question may result in an
unmanageable number of studies to be included and ana-
lysed, and too narrow a question may yield no studies at all.
In both cases the review findings may not be useful in
practice. Therefore a preliminary search of the literature is
recommendable to inform decisions on the inclusion and
exclusion criteria.

Besides the four key elements in the PICO format, there
is another important criterion that needs to be defined when
planning a review question: design of studies to be included.
Some reviews are limited to randomised controlled trials
(RCT) and others include non-randomised study designs
also. For most questions on the effectiveness of clinical
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intervention it makes sense to include only RCTs, as this
design provides the highest level of evidence in primary
research studies [8, 9]. Non-randomised study designs are
appropriate for other types of questions, such as long-term
safety and cost-effectiveness, and for some types of inter-
vention, especially the more complex variety. The decision
about inclusion of non-randomised trials has implications
for the analysis phase of the review, as simply combining
RCTs and non-randomised studies in a meta-analysis is not
recommendable [10].

An example of well-defined inclusion and exclusion cri-
teria can be found in the systematic review of closed suction
surgical wound drainage after hip fracture surgery [11].
From the first paragraph of the methods section it is clear
that the review looked at patients who underwent hip frac-
ture surgery, the intervention of interest was closed suction
drainage, the comparison was no drainage and outcomes
were wound infection, wound haematoma, complications
directly relating to drains and transfusion rate. The review
included randomised and quasi-randomised controlled trials,
irrespective of the quality of allocation concealment [11].

Developing a search strategy

One of the crucial differences between a systematic review
and a traditional, narrative, non-systematic review is in the
comprehensiveness of the literature search. An objective
answer to the review question can only be given if all
primary studies that explored this question are found and
considered.

The search begins with electronic databases and PubMed
is usually the first database to be explored. However, it is
not sufficient to limit the search only to PubMed, as other
databases may contain relevant studies not covered by
PubMed [12]. Some of the important electronic databases
for clinical studies are the Cochrane Central Register of
Controlled Trials, EMBASE and SCOPUS. If at all possible,
the search should include non-English databases such as
LILACs and SciELO for studies in Spanish and Portuguese,
and the Chinese biomedical database Cnki.net.

The search string typically includes terms related to the
health condition or problem, interventions and study design,
joined by Boolean operators (AND, OR). Truncation and wild-
cards are used to capture synonyms, related terms and variant
spellings [13]. Assistance from an experienced librarian may
be very helpful at this stage of review production [14].

Relevant studies may also be found by going through the
reference lists of included studies (“backward citation
search”) or by checking the articles that have cited the
included studies (“forward citation search’) [15].

Depending on the review question, authors may decide to
search for reports that are not published in scientific journals

and indexed in electronic databases. This kind of material is
known as grey literature and includes technical reports,
working papers and white papers produced by government
agencies or research groups. Systematic reviews in orthopae-
dics mostly address clinical questions that are best answered
by properly conducted clinical trials, so grey literature may
not be a sufficiently reliable source of data. However, even
clinical trials sometimes remain unpublished and review
authors need to deal with this fact. An important recent devel-
opment that allows searching for unpublished studies is the
establishment of publicly available registers of clinical trials
and the move to make the trial registration obligatory [16].
Some unpublished studies may be detected by contacting
authors of published studies and industry representatives.
Failing to identify unpublished trials may lead reviewers to
biased conclusions, as published trials are more likely to
report significant effects than unpublished ones [17].

Transparent reporting of search strategy and results in
systematic reviews is achieved by appending the search string
to the published review and presenting a study flow chart with
the number of unique records: (1) identified by the searches,
(2) excluded after preliminary screening of titles and abstracts,
(3) retrieved in full text, (4) excluded after reviewing the full
text, with reasons for exclusion, and (5) number of studies
finally included in the review (Fig. 2). A good example is the
review of surgical vs non-surgical treatment of chronic low
back pain [18], where five different electronic databases were
searched, using a set of search terms describing the health
problem (low back pain), interventions (physical therapy,
physiotherapy, rehabilitation, cognitive therapy, surgery, spi-
nal fusion, spinal stabilisation) and study design (RCT, ran-
dom allocation, randomisation, clinical trial). A study flow
chart was provided, although the full search string was not
appended to the review [18].

Importance of review protocol

Authors of systematic reviews are well aware of problems
and potential biases that arise when protocols of clinical
trials are not registered in a timely manner or are not avail-
able for public scrutiny. It is only logical to apply the same
standards for the systematic reviews, whose detailed proto-
cols should be published prior to the beginning of the search
and screening. Indeed, protocols of systematic reviews are
regularly published in The Cochrane Library and, as of
February 2011, the new PROSPERO database (http://
www.crd.york.ac.uk/prospero) is available to everyone
who wishes to prospectively register their systematic
reviews in health and social care.

The benefits of the prospective registration of systematic
reviews are twofold: it enables comparison of reported review
findings with what was planned in the protocol and prevents
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the duplication of review effort by two or more groups of
authors who may simultaneously work on the same review
question, without knowledge of each other. Additionally, if
protocols are subjected to peer refereeing, as in the case of
systematic reviews produced within The Cochrane Collabo-
ration, some important amendments can be introduced before
the review work has actually begun [19].

The protocols should contain a detailed description of
review objectives, criteria for inclusion and exclusion of
studies, comparisons and outcomes of interest, search strat-
egy, and data collection and analysis, including planned
methods for the quality assessment of the included studies.
Any deviation from the protocol can introduce bias [20, 21],
and must be addressed and justified in the final review.

Screening and data extraction

The search results need to be sorted out and duplicate records
removed, either manually or by use of reference management
software. The search may yield several hundreds or even
thousands of titles and/or abstracts that need to be screened.
Screening is a tedious job and the first instance in the review
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process where at least two authors need to perform the work
independently. The reason is that a single person can overlook
a relevant item, thus making a double check necessary [22]. It
may be practical to use a checklist for assessing the eligibility
of records [23]. If the relevance of a report is unclear, the full
text should be obtained and studied. As the screening involves
a degree of arbitrariness, one can expect some disagreements
which should be resolved by discussion and consensus among
review authors.

Once the final set of included studies is decided upon,
data extraction can begin. This step should also be done by
two authors independently to avoid inadvertent errors [24].
Ideally, the data extraction form should be predesigned in a
word processing or spreadsheet software, accompanied by a
written guide, and piloted before use to ensure clarity of
items and consistency of data entry. Data extraction sheets
can take different forms and authors should look for differ-
ent examples to find the form that suits them best. It is wise
to extract the data as comprehensively as possible. Every
detail reported in the methods and results section of a study
article should be systematically recorded, as it may be useful
in the analysis phase of the review. Introduction and dis-
cussion sections of included articles usually do not contain


http://www.prisma-statement.org
http://www.prisma-statement.org

International Orthopaedics (SICOT) (2012) 36:477-484

481

information relevant for the analysis, but they provide a
context for the overall consideration of the study.

Data extraction is not always a simple and straightforward
task. The quality of reports may vary considerably and many
important details may be missing, especially in older studies
published before reporting guidelines were introduced and
widely accepted [25]. There are different conversion rules that
use available data to calculate the statistics required for meta-
analyses. For example, standard deviations can be calculated
based on the reported range, standard error of mean or 95%
confidence interval [26].

In some cases, inadequate reporting makes it impossible
to calculate the necessary data or statistics from the pub-
lished results, so the review authors may be forced to ex-
clude such reports from the analyses [27]. A possible
solution is to contact the primary study authors and ask
them to provide the raw data, but this approach may not
always be successful.

Critical appraisal and assessing risk of bias

Individual studies need to be critically appraised before any
valid conclusions can be drawn about a body of evidence.
Critical appraisal can never be fully objective, so it is
usually done by at least two reviewers to achieve an agree-
ment on the quality of included studies. There are many
different scales and checklists that have been used to assess
the quality of studies [28] and authors of systematic reviews
should be able to justify their choice of assessment tool.
There is a difference between the quality of research and
quality of reporting, whereby the former relates to the risk of
bias in the actual design and conduct of a study, and the
latter refers to the adequacy and completeness of reporting
[29]. Some scales and checklists confuse these separate
issues [28], and this should be taken into account when
choosing the assessment tool for a systematic review.

An increasing number of systematic reviews, especially
those including only RCTs, use the Cochrane Risk of Bias
Tool to assess the quality of included studies [29]. This tool
differs from most existing scales and checklists in that it
does not attempt to provide a summary score, but aims to
qualitatively assess and transparently describe the key study
domains which can be related to different types of biases.
Specifically, risk of selection bias is assessed by the quality
of sequence generation and concealment, performance bias
by blinding of participants and personnel, detection bias by
blinding of outcome assessors, attrition bias by complete-
ness of outcome data and reporting bias by completeness of
reporting. All other potential sources of bias are assessed
under the final domain of the tool. It is advisable to use the
latest and complete version of the Cochrane Risk of Bias

Tool, though some review authors have decided to modify
the tool for their purposes [30].

It is hardly disputable that low-quality studies included in
a systematic review cannot have the same weight as high-
quality studies. Consequently, studies should not only be
critically appraised, but the results of this appraisal should
be integrated into the analysis and interpretation of review
findings. A possible way to do that is to conduct a sensitiv-
ity analysis, for example by including only high-quality (or
low risk of bias) studies in the primary meta-analysis and
then exploring how inclusion of low-quality (or high risk of
bias) studies would affect the summary estimates.

Meta-analysis

Results of primary studies included in a systematic review
can be analysed in two ways: narratively, by providing a
summary and discussion of findings, and quantitatively, by
using a statistical procedure called meta-analysis. In the
early days of evidence-based medicine, the terms ‘system-
atic review’ and ‘meta-analysis’ were commonly used inter-
changeably, which caused some confusion in the
understanding of these concepts. An illustrative example is
that the first reporting guidelines for systematic reviews in
medicine were called the Quality of Reporting of Meta-
analyses (QUOROM), which addressed aspects such as
search strategy or validity assessment that were clearly not
related to statistical procedure of meta-analysis, but to the
systematic review as a study design [31]. This was corrected
in the revised version of the reporting guidelines, now called
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [32, 33].

Meta-analysis is much better than narrative analysis in
providing answers to the three most important questions in a
systematic review: (1) what is the direction of effect, (2)
what is the size of the effect and (3) is the effect consistent
across studies. As meta-analysis uses weighted results of
more than one independent study, it can provide more pre-
cise estimates of the effects than those derived from indi-
vidual studies. It is possible to conduct meta-analysis for
some comparisons and outcomes in a systematic review, and
not for others.

Meta-analysis may not be appropriate if studies or out-
comes are too diverse or if included studies are at high risk
of bias. In such cases, a thorough narrative summary with a
thoughtful discussion of primary studies’ findings is a more
meaningful approach.

Results of meta-analyses are graphically presented in forest
plots [34]. For example, in the systematic review comparing
gamma nail and dynamic hip screw in treating peritrochanteric
fractures, there are five forest plots presenting comparisons of
the studied interventions for five different outcomes: wound
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infection rate, mortality, postoperative femoral shaft fracture
rate, reoperation rate and patients walking independently [35].
Mortality was assessed in six of seven studies included in the
review and their results are shown as squares centred on the
mortality point estimate for each study (Fig. 3). Horizontal
lines that run through the squares indicate 95% confidence
intervals of the estimates. The overall estimate—which is the
result of meta-analysis—is at the bottom, represented as a
diamond. The centre of the diamond is the pooled point
estimate, and its horizontal tips indicate the confidence inter-
val. As the vertical line of no effect in the forest plot cuts
through the diamond, it is obvious that there is no statistically
significant difference in mortality between the two compared
interventions [35].

Assuring quality in systematic reviews

Not all systematic reviews are equally well conducted [36,
37]. However, it is a mistake to judge the quality of a system-
atic review by the quality of studies included. A properly
conducted systematic review explores how the quality of
primary studies affects our confidence in the estimates of
effectiveness, for example by sensitivity analysis. If most of
the included studies are low quality, meta-analysis may be
judged inappropriate, with a valid conclusion that there is no
reliable evidence regarding the studied question.

Systematic review is a distinct research enterprise and it
ought to be appraised by a particular set of criteria. There are
several dozen appraisal tools for systematic reviews available
in the literature [38], but most of them are not widely used. As
with the primary research reports, one should make a distinc-
tion between the quality of review design and conduct, and the
quality of reporting. AMSTAR is a convenient and validated
11-item tool for assessing the methodological quality of sys-
tematic reviews [39, 40]. The PRISMA statement lists a
minimum set of items that should be reported in systematic
reviews and meta-analyses [32, 33], so it can be used as a tool

Gamena nail DHS

Simon 1991 1 49 2 51 97%
KS Leung 1992 1 a3 3 93 14.9%
Philip 1993 1 100 4 100 199%
Butt 1995 2 47 2 48 9.8%
O'Brien 1995 0 52 1 48 7.7%
Madsen D 1998 5 50 2 85 7.4%
Christopher 2001 9 203 6 193 306%
Total (95% CI) 594 619 100.0%
Total events 19 20

Heterogeneity: Chi*= 6.86, df =6 (P=0.33), I"=13%
Test for overall effect: Z=0.08 P = 0.94)

for assessing the quality of reporting. For a more comprehen-
sive report on standards for the conduct and reporting of
systematic reviews, readers are advised to consult Finding
What Works in Health Care: Standards for Systematic
Reviews, a recent publication of the US Institute of Medicine
of the National Academies [41].

A major contribution to the development of methodologi-
cal standards for systematic reviews has been given by The
Cochrane Collaboration (www.cochrane.org). This interna-
tional network of more than 28,000 dedicated people from
over 100 countries was established in 1993, with a mission to
help health care providers, policymakers, patients, their advo-
cates and carers make well-informed decisions about health
care, based on the best available research evidence, by pre-
paring, updating and promoting the accessibility of systematic
reviews. Several thousand Cochrane reviews, covering all
areas of medicine and health care, have been published in
the Cochrane Database of Systematic Reviews and even more
studies relevant to the methods of systematic reviews of health
care and social interventions have been collected in the
Cochrane Methodology Register [42]. There are 15 Cochrane
Methods Groups that gather experts interested in different
methodological aspects of systematic reviews. The Cochrane
Handbook of Systematic Reviews of Interventions is the flag-
ship methodological publication of The Cochrane Collabora-
tion and the primary reference book for all authors and
referees of systematic reviews in health care [43].

In conclusion, systematic reviews are research studies
that use rigorous, evidence-based, transparent and reproduc-
ible methods, which make them very different from tradi-
tional narrative reviews [44]. The importance of team work
in the undertaking of systematic reviews cannot be over-
estimated and author teams should ideally include content
experts (clinicians), a methodologist and/or statistician and a
librarian. This article should help readers to better understand
and appreciate the work behind systematic reviews and inform
the assessors of future systematic reviews submitted to
International Orthopaedics.

Risk Ratio

0.52 [0.05, 5.56) 1991
0.33(0.04, 3.15 1992
0.25(0.03, 2.20) 1993
1.02(0.15,6.85 1995
0.31(0.01, 7.54) 1995
4.25(0.86,21.10) 1998
1.43(0.52, 3.93 2001

[
—_

1I .

1.02 [0.56, 1.86) T
0.01 0.1 1 10 100
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Fig. 3 An example of a forest plot as a graphical presentation of meta-analysis (from [35], with permission)
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