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Abstract: Within the health care environment, there has been a recent and appropriate trend towards emphasizing the
value of care provision. Reduced cost and higher quality improve the value of care. Quality is a challenging, heterogeneous, variably deﬁned concept. At the core of quality is the patient’s outcome, quantiﬁed by a vast assortment of
subjective and objective outcome measures. There has been a recent evolution towards evidence-based medicine in health
care, clearly elucidating the role of high-quality evidence across groups of patients and studies. Synthetic studies, such as
systematic reviews and meta-analyses, are at the top of the evidence-based medicine hierarchy. Thus, these investigations
may be the best potential source of guiding diagnostic, therapeutic, prognostic, and economic medical decision making.
Systematic reviews critically appraise and synthesize the best available evidence to provide a conclusion statement (a
“take-home point”) in response to a speciﬁc answerable clinical question. A meta-analysis uses statistical methods to
quantitatively combine data from single studies. Meta-analyses should be performed with high methodological quality
homogenous studies (Level I or II) or evidence randomized studies, to minimize confounding variable bias. When it is
known that the literature is inadequate or a recent systematic review has already been performed with a demonstration of
insufﬁcient data, then a new systematic review does not add anything meaningful to the literature. PROSPERO registration and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines assist authors in
the design and conduct of systematic reviews and should always be used. Complete transparency of the conduct of the
review permits reproducibility and improves ﬁdelity of the conclusions. Pooling of data from overly dissimilar
investigations should be avoided. This particularly applies to Level IV evidence, that is, noncomparative investigations.
With proper technique, systematic reviews and meta-analyses have the potential to be powerful investigations that
efﬁciently assist clinicians in decision making.
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T

he delivery of health care is a highly intricate
process involving patients, providers, payers, and
policy makers. Within the health care environment,
there has been a recent and appropriate trend towards
emphasizing the value of care provision. Simply
deﬁned, value is the quality of care per unit of cost.1
While cost can be easily deﬁned and quantiﬁed, the
quality of care is a challenging, heterogeneous, variably
deﬁned concept. At the core of quality is the patient’s
outcome, which may be quantiﬁed by a vast assortment
of subjective and objective outcome measures. These
measures generate scores that can be used to compare a
patient’s pre- and postintervention health status.
Properly developed, valid, reliable, and responsive
outcome measurement tools are necessary to quantify
this status. These tools are vital components within
evidence-based medicine. Within traditional science,
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the focus has been inherently at the individual patient
level and at the individual study level. However, the
recent evolution towards evidence-based medicine has
clearly elucidated the role of high-quality evidence
across groups of patients and synthesis of studies.
Synthetic studies, such as systematic reviews and metaanalyses, are at the top of the evidence-based medicine
hierarchy (Fig 1). Thus, if performed rigorously, these
investigations may be the best potential source for
guiding diagnostic, therapeutic, prognostic, and economic medical decision making.

Evidence-Based Medicine Hierarchy
The Problem With the Randomized TrialdIs It Really
the Gold Standard?
In the evaluation and management of patients,
evidence-based medicine should be used to guide
treatment options, discussions, and decisions. A well
designed, conducted, and reported randomized
controlled trial has long been revered as the gold standard of evidence for evaluating the effect of an intervention. This type of study is designed to produce valid
results by limiting bias and confounding through the use
of techniques including randomization and blinding.
However, no study is without ﬂaws or limitations.
Recent investigations have demonstrated that a single
randomized controlled trial may not produce reliable
results. There are several reasons why a single randomized clinical trial may reach a different conclusion
than other similar studies. Flexible statistical approaches,
selective reporting, industry funding, trials that are
stopped early on account of observing large positive effects (overestimation of the effect), ﬁnancial and nonﬁnancial conﬂicts of interest, and differences in patient
populations from one to study to another are but a few
reasons that drive inconsistency and inﬂate treatment

Fig 1. Evidence-based medicine study hierarchy. Synthetic
reviews include systematic reviews and meta-analyses and are
at the top of the pyramid.
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effects.2 The challenge of irreproducibility is what makes
synthesis of multiple publications very useful.
Replication of study results is a fundamental activity
in quantitative research.2 Studies reporting positive
ﬁndings often contradict one another (e.g., [1] eggs are
good for you, then they’re not; [2] red wine is
unhealthy, then it’s not; [3] vitamin C cures the common cold, then it doesn’t).3 In orthopaedic surgery,
clavicle fractures should be treated nonsurgically,4 then
they should be treated surgically5; humerus fractures
should be treated nonsurgically,6 then they should be
treated surgically.7 These results highlight the need for
similarly designed and executed studies to conﬁrm or
refute novel ﬁndings.
The above reasons provide support for well-executed
systematic reviews and meta-analyses. The power of
the systematic review lies in its ability to statistically
combine patient outcomes from distinct, yet similar,
research studies. This process allows the consistency, or
lack thereof, of randomized trials to be examined and
quantiﬁed. When executed correctly, the “true” effect
of an intervention can be estimated with more precision
than with a single trial. Equally importantly, reasons for
inconsistencies (selective reporting, poor study design)
and differences in the treatment effect among subgroups can be explored. Thus, the potential exists to
provide more information than single high-quality
studies and therefore make more powerful evidencebased conclusions. However, the quality and strength
of the recommendations from a systematic review are
only as strong as the quality of the individual studies
included in the analysis. Just as with randomized
controlled trials, great care must be exercised by journal
reviewers and editors in the peer review process and
readers of the publication in interpretation of the bias
and extrapolation of the review’s ﬁndings to translation
to clinical practice. Given the recent rapid proliferation
of both written and electronic publication outlets, welldone systematic reviews and meta-analyses are highly
useful in their analysis and presentation of large bodies
of evidence to busy clinicians unable to peruse the
entire body of literature because they can answer a
clinical question in a short amount of time (Fig 2).8 In
fact, systematic reviews are used by the American
Academy of Orthopaedic Surgeons as the evidence to
support creation of clinical practice guidelines and
appropriate use criteria for common clinical conditions
in orthopaedic surgery.9
Beneﬁts of Systematic Reviews
Systematic reviews critically appraise and synthesize
the best available evidence to provide a conclusion
statement (a “take-home point”) in response to a speciﬁc
answerable clinical question. The execution of a
systematic review must be transparent, so that any person (not just an author, scientist, researcher, clinician,
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Fig 2. The number of systematic reviews (A) over the past
20 years has signiﬁcantly
increased, as has the number
of meta-analyses (B).

etc.) can replicate the steps and arrive at the same
conclusion. Explicit eligibility criteria, with similar study
selection, inclusion, exclusion, evaluation, and reporting
criteria, allow any author to identify the same studies
from a search strategy as any other author. PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines were originally published in
2009 in order to provide a minimum set (n ¼ 27) of
evidence-based medicine items focusing on the design,
conduct, and reporting of systematic reviews.10 One of
the items in the PRISMA checklist ensures a full transparent search strategy, in at least one database, by more
than one author, duplicating the same studies and with
disagreements resolved by consensus agreement with at
least one more team member.11

A meta-analysis, by deﬁnition, uses statistical
methods to quantitatively combine data from single
studies. Absolute inclusion of all relevant articles is not
a mandatory requirement of a meta-analysis (as in a
systematic review), only mathematical assimilation of 2
or more studies. In other words, some meta-analyses
are systematic reviews, but not all. Similarly, not all
systematic reviews are meta-analyses unless they
identify, include, and analyze all relevant studies
quantitatively. Greater emphasis on individual study
similarity will potentially reduce the number of eligible
studies and subjects analyzed. This speciﬁcity improves
internal validity of the review. Permission to conduct
more dissimilar heterogeneous studies will likely increase the number of studies and subjects analyzed with
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improved external validity and generalizability. The
latter concepts are analogous to efﬁcacy (homogenous
participants, interventions, comparators, and outcome
measures [PICO principle] in an ideal clinical situation
[analogous to a systematic review with homogenous
studies]) and effectiveness (heterogeneous, more
practical, “real world” studies in normal clinical conditions likely encountered in practice) clinical trials. A
thorough description of all the techniques in systematic
review performance and publication is beyond the
scope of this manuscript.8 The purpose of the current
manuscript is to illustrate the pearls and pitfalls of
systematic reviews and meta-analyses (Table 1).
The goal of the meta-analysis is to pool data across
multiple studies with similar designs. Most authors,
editors, and journals agree that meta-analysis should be
performed with Level I evidence studies only. In Level I
investigations, subjects are randomized to receive one
of 2 therapies (treatment A vs treatment B). Randomization permits the inclusion and comparison of subjects
with different background characteristics. In metaanalyses of randomized studies, even if the subjects in
one investigation (mean age, 35 years) had different
baseline characteristics than subjects in a separate
investigation (mean age, 55 years), randomization
within the individual studies permits the comparison of
these 2 seemingly dissimilar trials since the effect of
treatment A versus treatment B may be the same in
younger and older patients. In these studies, tests for
heterogeneity are focused on whether the differences
between treatment A and treatment B are consistent in
each study. When randomization does not occur, the
validity of the investigation’s conclusion is signiﬁcantly
compromised. If subjects within a single randomized
trial are dissimilar across groups (treatment group A,
mean age of 35 years; vs treatment group B, mean age
of 55 years), then detection of a signiﬁcant difference
in the outcome of interest may be based on the
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intervention itself or the difference in age between
groups. In a single investigation, statistical methods can
account and adjust for these differences. In metaanalyses, since the data used are from the publication
itself, rather than the study’s raw data, it is more
challenging to use the adjusted data, as the unadjusted
data are frequently all that is presented.
Risks of Systematic Reviews
As the evidence base of arthroscopic surgery and
related research rapidly grows and evolves, the burden
of knowledge acquisition and use in clinical practice is
overwhelming with information overload.12 Despite
the signiﬁcant increase in the quantity of literature,
frequently observed conclusions of systematic reviews
are “more evidence is needed,” “insufﬁcient evidence to
address the study purpose,” or “future evidence should
address these limitations.” Thus, despite authors’ attempts to answer the question posed at study inception,
no answer was obtained. In fact, a recent systematic
review has even been published with 0 (n ¼ 0) studies
included for analysis.13 Collins, Ward, and Youm
attempted to answer the question, “Is prophylactic
surgery for femoroacetabular impingement indicated?”13 They found no trials that met criteria for inclusion in the review and concluded that there was a
lack of evidence to support surgical intervention and
that future research is needed to better clarify surgical
indications. Unfortunately, this is a common study
conclusion with systematic reviews. These inconclusive
reviews do not improve clinical decision making. Not
only an insufﬁcient quantity of evidence, but also an
inadequate quality of evidence or poor review methodology can jeopardize the impact of the review.
Systematic reviews are only as good as the studies they
analyze. The “garbage in, garbage out” phrase has
meaning here. A systematic review of 15 Level I
evidence randomized controlled studies and one Level

Table 1. Pearls and Pitfalls of Systematic Reviews and Meta-analyses
Pearls
Register review on PROSPERO
Follow PRISMA guidelines, checklist
Identify an answerable question
Improve upon existing reviews
Follow PICOS strategy
Use 2 or more databases
Use 2 or more reviewers
Use data extraction checklist (CEBM, Cochrane)
Generate a recommendation, its strength (SORT),
and grade the evidence (GRADE)
 Generate a take-home point conclusion statement

















Pitfalls
Having a nonspeciﬁc, too broad, unanswerable question
Writing a manuscript that lacks sufﬁcient conduct and design detail (transparency)
Underestimating the amount of time necessary to start and ﬁnish the review
Lacking an a priori study purpose, without explicit inclusion and exclusion criteria
Failing to recognize and report study heterogeneity, limitations, biases
Making claims that extend beyond the scope of the actual results

CEBM, Centre for Evidence Based Medicine; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; PICOS,
Participants, Interventions, Comparators, Outcomes, Study Design; PRISMA, Preferred Reporting Items for Systematic reviews and
Meta-Analyses; SORT, Strength of Recommendation Taxonomy.
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IV evidence retrospective case series is still a Level IV
evidence review. Some experts contend that metaanalyses should only analyze homogeneous Level I
evidence data, as the robust statistics necessary to
combine studies is inaccurate in lower levels of evidence and/or more heterogenous study populations.14
This has prompted authors to better control their
eligibility inclusion criteria of the review.
In addition to information overload from primary
original research investigations, some authors feel that
systematic reviews may be overly prevalent.14 When it
is known that the literature is inadequate or a recent
systematic review has already been performed with
demonstration of insufﬁcient data, then a new
systematic review does not add anything meaningful to
the literature. Recently, 3 orthopaedic journals (the
Journal of Bone and Joint Surgery, American volume;
Clinical Orthopaedics and Related Research; and Journal of
Pediatric Orthopaedics) have published systematic review
expectations to (1) identify any similar previous
reviews, (2) justify why a new investigation is unique,
and (3) justify why the new investigation’s ﬁndings are
different from previous reviews. Additionally, PRISMA
guidelines recommend open registration to PROSPERO
of any new systematic review prior to study
commencement, to avoid duplication of resources
devoted to a speciﬁc clinical topic.15

Pearls
In addition to those mentioned previously, there are
several tips to improve the quality of a systematic review and increase its odds of publication. First and
foremost, the authors must ensure that their purpose is
actually achievable with a discrete answer. The authors
should pose an “answerable question” that has an
answer of “yes”, “no”, or “unable to be determined”
(pearl no. 1). The answer may also be a discrete numerical or categorical value(s). Thus, when the review
is complete, and the reader has read the manuscript, a
take-home point conclusion can be reported, read,
understood, and remembered. Examples of answerable
questions include “Does vitamin C cure the common
cold?” “Does running cause arthritis of the knee?”
“Does smoking cause lung cancer?” These all have an
answer of “yes”, “no”, or “unable to be determined”.
Someone could read the conclusion in the abstract and
know the entire study in less than 10 seconds. Examples of poor questions to pose for a systematic review
include “What are the outcomes of total knee replacement?” “What is the best suture anchor?” “What are
the best treatments for osteoporosis?” Vague, nondescript, nonspeciﬁc questions make it challenging to
produce a good take-home point for the reader to grasp
the study’s conclusions (pitfall no. 1).
Once an answerable question has been posed, the
authors must check to see whether the review has been

done before to ensure they are not “reinventing the
wheel” and duplicating others’ recent work (pearl no.
2). PROSPERO registration can help prevent this (pearl
no. 3). Next, the authors should create a PRISMA
checklist for their study and start checking items off the
27-item list as they progress (pearl no. 4). This will
ensure the integrity of the design and conduct of the
review. Following PICOS (Participants, Intervention(s),
Comparator(s), Outcome(s), and Study Design) can
assist the authors with the salient ingredients to be
sought during the search (pearl no. 5). Meticulous selection of PICOS criteria is what distinguishes a systematic review from a simple narrative review. Clear
inclusion and exclusion criteria will help ensure that
the ﬁnal studies identiﬁed for inclusion and analysis are
the ones appropriate to answer the study purpose. A
minimum of 2 databases should always be used with
any review16-18 (pearl no. 6). There are several dozen
nonmutually exclusive electronic publicly available free
databases to be used by researchers across the world in
English and non-English languages. Pay-per-use databases are also available and are variable in price per
individual and/or institution. The combination of
MEDLINE, Embase, and the Cochrane Central Register
of Controlled Trials generates a recall rate of at least
97% in identiﬁcation of all relevant studies in orthopaedic surgery meta-analyses.19 Using 2 or more
reviewers to perform the search citation strategy can
minimize the risk of eligible study omission (pearl no.
7). Use of a data recording checklist can be done on a
custom, study-by-study individual list or ﬁle. However,
the Cochrane Collaboration and CEBM (Centre for
Evidence-Based Medicine) have their own generic lists
that can be used freely to assist with data collection and
analysis (pearl no. 8).
After the data have been collected, the decision as to
whether it is appropriate to combine the data of the
included studies needs to be made. This decision should
be made prior to conducting the review and be largely
based on how similar the studies are. Combining the
results of studies that are obviously clinically diverse or
at a high and differential risk of bias may result in
misleading ﬁndings. If studies are too diverse to be
combined, efforts should be made to describe what
factors, be it clinical (very different study populations)
or methodological (selective reporting, lack of blinding
in some studies, etc.), are contributing to heterogeneous group of studies. This approach helps the review
author provide meaningful information regarding the
current research on the topic and avoid the less than
informative conclusion of “more evidence needed.”
If the studies are deemed appropriate to combine and
statistical analysis is performed, the researcher must
answer the answerable question, conﬁrm or reject their
study hypothesis(es), and come up with the study’s
take-home point (pearl no. 9). Often, busy clinicians
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Table 2. List of Quantitative Study Methodological Quality
Scores
 CLEAR-NPT
 Cochrane Bone, Joint, and Muscle Trauma Group’s Methodological
Quality Score
 Coleman (and modiﬁed) Methodology Score
 CONSORT
 Delphi List
 Detsky Quality Assessment Scale
 Jadad score
 Newcastle-Ottawa Quality Assessment Scale
 Quality Appraisal Tool
 STROBE Statement
 QUADAS
 STARD
CLEAR-NPT, CheckList to Evaluate a Report of a
Non-Pharmacologic Trial; MINORS, Methodological Index for
Non-Randomized Studies; QUADAS, Quality Assessment of
Diagnostic Accuracy Studies; STARD, Standards for Reporting Studies
of Diagnostic Accuracy); STROBE, Strengthening the Reporting of
Observational Studies in Epidemiology; for study reporting, not design
or conduct.

only have time to read an abstract or even just the
abstract’s conclusions. This limited text is the authors’
opportunity (sometimes one and only) to convey the
key ﬁndings of the manuscript. As with all study conclusions, this is not the time for speculation or discussion. The conclusions should be based wholly on the
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data, the results, the numbers. In addition, each study’s
methodological quality can be numerically quantiﬁed
by a number of different questionnaires, speciﬁc to the
study type (therapeutic, diagnostic, prognostic,
economic, randomized, observational; Table 2), to
grade the strength of the study’s take-home point.
These quality evaluation tools describe the potential
sources of bias (selection, performance, detection,
transfer, publication, study design) in each study. Based
on the quantity, quality, and consistency of evidence, a
recommendation may be made to the reader using
GRADE (Grading of Recommendations Assessment,
Development, and Evaluation)20 and SORT (Strength
of Recommendation Taxonomy21; pearl no. 10). Heterogeneity, that is, inconsistency in the treatment effect
or estimate across primary studies, should be assessed to
compare each study’s results with the pooled estimate.
Typically heterogeneity among trials is tested with the
Cochrane’s Q (chi-square test) and results in an I2 statistic that scores between 0 and 100% with less than
25% considered low, 25% to 50% moderate, and
greater than 75% high heterogeneity.22
For a meta-analysis, the data for each variable are
presented in a forest plot listing each investigation
frequently in chronological order from the earliest at
the top to most recent at the bottom (Figs 3 and 4).23
The weighted mean is displayed as an odds ratio with

Fig 3. Anatomy of a forest plot. CI, conﬁdence interval; OR, odds ratio. Reproduced with permission from Cote et al.23
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Fig 4. In both forest plots in panels A and B, the diamond (summary estimate) touches the line, indicating no statistically
signiﬁcant difference. In panel A, the boxes (studies) are consistent in their ﬁndings because they each hover close to the line. In
panel B, the boxes are much more variable. The 2 most heavily weighted studies have opposite results. The remaining studies are
also opposite in their ﬁndings. Whereas both panels A and B have the same summary estimates, panel B indicates a much more
variable group of studies. Reproduced with permission from Cote et al.23

a 95% conﬁdence interval depicting whether the mean
favors the treatment or control group. The bottom row
is the combined data for the variable, for all investigations. The area of each square is proportional to
the investigation’s weight in the meta-analysis. The
vertical line in the center demarcates no effect of
treatment. The right-hand column includes the odds
ratio with the 95% conﬁdence intervals. This
diagrammatic illustration allows the reader to quickly
assess the data for each investigation and for all
investigations combined.
Funnel plots can be included as part of a metaanalysis and are a means to evaluate publication bias,
that is, the likelihood of small investigations with a
positive result to be published and investigations
without a difference between the treatment and control
group to not be published (Fig 5).23 Sample size or

standard error, on the y axis, is plotted against estimates
either favoring treatment or control of the investigations, on the x axis. Funnel plots are scatterplots
that demonstrate bias or systematic heterogeneity. A
symmetric funnel plot ideally looks like an upsidedown funnel with symmetric data distribution,
making publication bias unlikely.

Pitfalls
Common mistakes during design, performance, and
reporting of systematic reviews can largely be avoided
by following the pearls and tips mentioned earlier.
However, in addition, authors should strive to ensure
complete transparency and details in the initial manuscript submission prior to publication. This pitfall of
omission can be avoided during the data extraction
stage by simply “recording everything”8 (pitfall no. 2). It

Fig 5. (A) A funnel plot without any evidence of publication bias. The largest studies are located at the top of the graph and
hover close to the summary estimate, whereas smaller studies are scattered about the bottom of the graph. (B) A funnel plot with
potential publication bias. The missing area of the funnel may be studies that were small in size and found no difference and were
hence underpowered. Either by way of rejection from a journal or by simply never making into a submission queue, these
studies in theory may exist and, if published, would have been included and perhaps swayed the ﬁndings of the meta-analysis.
Reproduced with permission from Cote et al.23
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is much easier to record everything initially, report
exactly what you did in the review’s methods section,
and then reduce if needed based on journal requirements or word counts. This will ensure that any
person (not just an author, reviewer, editor, scientist,
author) can replicate the review’s methods and arrive
at the exact same conclusion. This last statement
implies that the process may take a signiﬁcant amount
of time. On account of the increasing prevalence of
systematic reviews, many authors, journals, and editors
have discounted, to variable degrees, the amount of
time and effort required to produce a high-quality
systematic review. Nearly all systematic review authors underestimate the amount of time necessary for
review completion (pitfall no. 3). Despite the fact that
systematic reviews do not require Institutional Review
Board approval, funding, patient recruitment, contact,
or follow-up, the time commitment is signiﬁcant.
A signiﬁcant pitfall commonly observed is a brief
limitations section (pitfall no. 4). Every study, systematic reviews included, has biases. This especially is
relevant for quantitatively evaluating the methodological quality of the review. These (Table 2) questionnaires assist authors in how to better properly design
future research to help improve the quality. In fact,
quantitative grading of the quality of systematic reviews
can be done using AMSTAR (Assessment of Multiple
Systematic Reviews)24 and MECIR (Methodological
Expectations of Cochrane Intervention Reviews),25
which, in turn, help systematic review authors in
design, conduct, and reporting of future reviews.
A frequent pitfall seen in the manuscripts received at
Arthroscopy is the pooling of investigations with different
methods (pitfall no. 5). If different patient-reported
outcome scores are measured for what is already a
small number of included investigations (for Arthroscopy, we recommend that more than 10 investigations
make up a systematic review or meta-analysis), the
comparisons may be limited to 2 or 3 investigations for
a single variable. This adds little value to clinical decision making. If different surgical techniques are
included in the meta-analysis, yet the authors conclude
that surgery improves measured outcomes, then again,
little additional clarity regarding speciﬁc treatment for
the individual patient is gained by the clinician.
Systematic reviews or meta-analyses that compare
treatment to a control should include both treatment
arms. Thus, at a minimum, Level III investigations or
higher (I or II) should be included for comparison trials.
Including Level IV investigations without comparable
treatment arms may introduce bias and heterogeneity.
Many Level IV studies do not measure a speciﬁc treatment effect. Thus, comparison of 2 or more studies like
this involves signiﬁcant differences in intervention
technique, rehabilitation, subject demographics, and
outcome measures, among several others. These

differences invalidate comparison of these studies.
Nevertheless, a frequently observed error, especially in
Level IV evidence reviews, is the inappropriately
“compared” heterogeneous studies that reach conclusions that extend beyond those of the actual results
reported (pitfall no. 6). The authors’ conclusions should
always be based on observed results, not discussion,
extrapolation, interpretation, possibilities, potential, or
future research.

Conclusions
Meta-analyses (at the top) and systematic reviews
(second from the top) are powerful studies at the top of
the evidence-based medicine hierarchy. They have the
ability to precisely select eligible studies, participants,
relevant interventions, outcomes of interest, and
potential comparator groups. Outcomes can be quantitatively assimilated and compared (meta-analysis),
increasing subject numbers and statistical power.
Proper inclusion and exclusion criteria can mitigate, but
not eliminate, review bias. As with all investigations, a
proper conclusion should be a take-home point that
answers an answerable question based on the actual
study results and data.
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