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Over the past few decades, systematic 
reviews have become widely accepted as one 
of the key elements in evidence-based health 
and social care1. A growing evidence base 
has also appeared to help people conducting 
and using reviews to identify good and 
bad methods for doing them. Systematic 
reviews seek to bring together the relevant 
evidence to answer a specific question, 
assess the eligibility of and appraise the 
quality of the identified studies and 
compare, contrast and, if appropriate, com-
bine their findings to provide a summary 
of the evidence base. This can then be used 
by patients, practitioners, policy makers and 
the public to make well-informed decisions 
and choices. In regard to questions relating 
to the effects of interventions, actions and 
strategies, systematic reviews provide the 
means to identify which are beneficial 
(and for whom and by how much), which 
interventions are ineffective or harmful 
and which remain unproven. They are seen 

as a key source of knowledge for clinical 
medicine in high-income countries and 
are increasingly promoted as such in more 
challenging areas, such as the humanitarian 
sector and low-resource settings2-4. This 
article discusses the general principles of 
systematic reviews and how these can be 
applied, which is increasingly important in 
sports medicine, where a growing number 
of systematic reviews are appearing5-7.

Without systematic reviews, deci-
sion-makers are faced with an often 
overwhelming number of individual studies 
and, in recent years, similar concerns have 
even been raised in relation to the increasing 
number of systematic reviews appearing 
in the literature. Recent estimates suggest 
that health and social care reviews are 
being published at the rate of at least 8000 
per year8 and more than 10,000 ongoing 
reviews are included in the prospective 
register, PROSPERO (www.crd.york.ac.uk/
PROSPERO).

Systematic reviews can be used to tackle 
any topic that can be subject to research 
in a single study, since their ultimate 
aim is to bring together all studies of the 
same topic. For instance, among many 
others, there are systematic reviews of 
the effects of prevention9, treatment10 and 
rehabilitation11 of sports injuries which 
rely on randomised trials for comparing 
different interventions; reviews of test 
accuracy research to identify the value 
of tuning forks to diagnose fractures12; 
and reviews of observational research to 
examine factors predictive of progression to 
surgery after non-operative management 
of anterior cruciate ligament ruptures13 or 
the prevalence and risk factors for lower 
limb tendon pathology and tendinopathy 
in children and adolescents14.
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faced by decision-makers and people 
making choices about their own or someone 
else’s care. They might also be subject to 
selective reporting, which can restrict the 
availability of any information about the 
study through publication bias (which 
suppresses all the findings of the study)15 

or outcome reporting bias (which restricts 
the availability of the findings to a sub-set 
determined by those findings)16. Regardless 
of how large a single study is, chance may 
lead to an overestimate or underestimate 
of the true effect but, in small studies, this 
is more likely to produce effects that are 
large enough to be mistakenly deemed to 
be clinically meaningful17 and bias from 
selective reporting provides decision-
makers with a distorted view of the evidence 
base16. Even worse, a combination of chance 
and bias can lead to findings that appear 
convincing but are fundamentally false18,19.

Systematic reviews are not immune to 
the effects of chance and bias but they can 
reduce both in comparison to individual 
studies. The averaging of the results 
of the studies in a review, using meta-
analyses, will minimise chance. The use of 
comprehensive searching, clear application 
of eligibility criteria, consistency in how 
studies are appraised and analysed and a 

neutral interpretation of the subsequent 
data all help to minimise bias.

Systematic reviews are needed before 
new research is done, to provide the 
scientific, ethical and environmental 
justification for that research20; and after the 
study has finished, to place its findings in 
proper context21. As noted above, systematic 
reviews are increasingly common, which is 
in some part due to the work of the Cochrane 
Collaboration over the last few decades. 
The Collaboration was established in 1993 
as a global effort to prepare, maintain and 
promote the accessibility of systematic 
reviews of the effects of interventions22,23 
and the full text of more than 6000 full 
Cochrane people and protocols for a further 
2000 that are at earlier stages of preparation 
are now available online, in the Cochrane 
Library (www.cochranelibrary.com). For 
much of the past decade, approximately 400 
to 500 Cochrane Reviews have appeared in 
full for the first time each year and a similar 
number of existing Cochrane Reviews 
have been updated annually. However, 
the number of non-Cochrane systematic 
reviews now far outstrips this: more than 
7000 non-Cochrane reviews were published 
in 2014, a substantial increase over the past 
decade8.

The following sections outline key steps 
in the systematic review process to help 
with both their conduct and use.

QUESTION FORMULATION AND ELIGIBILITY 
CRITERIA

Systematic reviews should begin with 
the formulation of a clear question that 
can be used to underpin the eligibility 
criteria and the searching for and selection 
of eligible studies. The question should 
also reveal the aim of the researchers 
doing the review. For example, they might 
be seeking to:
•	 Derive an estimate of the relative effects 

of two treatments,
•	 Assemble or catalogue all the relevant 

research on a particular topic in order 
to describe what has already been done, 

•	 Learn from past studies when designing 
a new one or 

•	 Identify the key gaps or uncertainties in 
the research base that need to be filled 
by new studies24. 

The question might adopt a structure 
such as PICO (or PECO): Participants, 
Intervention (Exposure), Comparator and 
Outcomes but, in general, it should provide 
the information to identify the population 
to be studied, what happened to them and 
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what their outcomes were. It should be 
concise, with extra detail provided in the 
eligibility criteria as necessary.

The eligibility criteria for a systematic 
review set out the rules for the research that 
will be included, if such studies have been 
done and can be identified. They usually 
describe:
•	 The types of study design that would be 

eligible. 
•	 The patients (or other participants) who 

were studied. 
•	 The interventions, exposures, actions or 

strategies that they were subject to.
•	 The outcomes that were measured for 

them. 

STUDY IDENTIFICATION 
When the question has been established 

and the eligibility criteria are decided, 
a systematic process for searching for 

relevant studies begins. If all studies are 
identified and included, irrespective of their 
results, this would eliminate any biases due 
to selective reporting. Finding and using 
the results of all relevant studies would also 
minimise chance effects by maximising the 
amount of analysed data and increasing 
the precision of any quantitative results 
in the review. However, reviewers might 
struggle to achieve this ultimate aim of 
including all relevant studies and, instead, 
they need to get as close as they can to this 
by using comprehensive search strategies, 
avoiding language restrictions25 and trying 
to avoid gathering a sample of studies that 
is inherently biased because of selective 
reporting16. Ideally, their searching might 
include:
•	 Several bibliographic databases such as 

PubMed, EMBASE and CINAHL. 
•	 Repositories of studies in specific areas 

such as PEDRO for physiotherapy26 or 
of specific types such as CENTRAL for 
controlled trials27. 

•	 Prospective registries of trials such as 
ClinicalTrials.gov and the World Health 
Organisation’s portal for trial registries28. 

•	 The hand searching of journals or 
conference proceedings that have not 
been included in indexed databases29. 

•	 The checking of references in included 
studies30.

APPRAISING STUDIES FOR INCLUSION IN A 
SYSTEMATIC REVIEW

The phrase ‘garbage in, garbage out’ is 
apt for describing the rationale for the next 
step in conducting a systematic review: 
assessing the quality of the potentially 
eligible studies to determine whether 
they will help or hinder the reviewers in 
their effort to provide a reliable and robust 
answer to their research question. A variety 
of numeric scales have been developed 
for assessing the quality of specific types 
of study, particularly randomised trials, 
but caution is needed in using these since 
different quality assessment tools can give 
widely different findings31. An alternative 
approach is for reviewers to decide on 
the key areas of study quality for their 
review and then to appraise each study in 
each of these areas, which might include 
a consideration of both quality and risk 
of bias. How each study performs in each 
area can then be described in the review. 
Reviewers also need to consider how they 
will use their assessments of study quality 
in their review32. This might link back to 
their underlying aim, since systematic 
reviews seeking a reliable estimate on the 
effects of an intervention might wish to 
exclude poor quality studies or those at high 
risk of bias from their meta-analyses. On 
the other hand, reviewers seeking to collate 
all research on a specific topic, learn from 
successes and failures in past studies or 
identify key gaps and areas of uncertainty 
might wish to retain such studies to explore 
these issues in depth.

COLLECTION OF DATA
When the eligible studies have been 

identified, reviewers need to gather 
information to summarise these studies in 
their review, including any data that they 
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will use to compare, contrast and/or combine 
the studies' findings. This extraction and 
clear presentation of information on each 
study should make it easier for users of the 
review and may require the reviewer to 
gather material that is not readily available 
in the report of a study. This might be details 
that are available in a study protocol or 
entry in a trial registry28 or might extend 
to their collection of individual participant 
data from the included studies33.

STATISTICAL ANALYSIS
Having extracted or collected the data 

for each study, reviewers have a variety of 
options and methods for combining these 
results in a meta-analysis34-36. Typically, each 
study is analysed separately to generate 
its summary statistic and these are then 
combined in the meta-analysis. The results 
of the meta-analysis might be shown as 
a forest plot37, which reveals the relative 
contribution of each study and allows an 
exploration of differences across the results 
of the individual studies including tests 
for statistical heterogeneity38, helping the 
reviewer and the review user to determine 
whether the average result that comes 
from the meta-analysis is a good guide for 
making decisions in their setting.

Systematic reviews might include 
sensitivity analyses to determine how 
sensitive the results of the systematic 
review are to the methods used for the 
review. They might be used to investigate 
the consistency of the findings from using 
different statistical techniques for the meta-
analysis or the impact of including studies 
that were published in particular languages, 
assessed to be at high risk of bias or of 
uncertain eligibility. However, a key point 
to note is that these sensitivity analyses 
can only be performed if the reviewers have 
done the necessary work and then remove 
it. For example, the impact of including 
studies published in languages other than 
English can only be assessed if such studies 
were searched for and found.

REPORTING SYSTEMATIC REVIEWS
Reporting guidelines now exist for 

many different types of research study and 
these have been collated by the EQUATOR 
network. Use of these guidelines should 
help systematic reviewers by improving the 

quality of the reporting of the studies that 
they will include and help users of systematic 
reviews by improving the quality of the 
reports of the reviews. PRISMA guidelines 
now exist for the protocols39 for systematic 
reviews and for the full reviews40, as well as 
versions for specific types of review, such as 
those based on individual participant data41.

UPDATING SYSTEMATIC REVIEWS
Systematic reviews are, by their nature, 

retrospective. They look back in time and 
can be thought of as historical research, 
looking back on the evidence that existed 
at the time of the review. However, given 
that the intention for most reviews is that 
they will provide the knowledge needed 
by decision-makers today and by policy 
makers for the future, they need to be kept 
up-to-date to consider emerging evidence. 
Ideally, all relevant research is included in 
a review at the time that it is being used 
to inform a decision, but this is impractical 
without continual updating of the review to 
incorporate new evidence42. Instead, reviews 
need to be updated periodically through 
new searching, appraisal and analyses. 
Updating the review can also help to 
maintain its relevance to the contemporary 
setting, reflecting, for example, changes in 
how care is organised, costs and values and 
preferences about outcomes.

APPRAISING AND USING SYSTEMATIC 
REVIEWS

The factors that are important when 
conducting a systematic review can also 
form the basis for appraising the quality 
of systematic reviews. Users need to 
consider the risk of bias or imprecision 
in the review from a failure to include all 
relevant research, the possibility of selective 
reporting of the findings of the review and 
how the authors have interpreted their 
findings and drawn their conclusions. The 
AMSTAR (www.amstar.ca) tool has been 
validated for the assessment of reviews and 
provides a framework for doing this7,43,44. 
Users of reviews also need to decide how 
to use the findings from the accumulated 
research that was done at other times and 
in other places. They should ask themselves 
whether the populations and interventions 
in the studies in the reviews are so different 
from their own setting that they are not 

applicable. And, whether the outcomes 
that were measured and reported provide 
sufficient information on the potential 
benefits and harms that matter to them, 
which might be helped through increased 
adoption of core outcome sets45,46.

CONCLUSIONS
Decisions and choices in sports medicine, 

as in all health and social care should be 
based on the best available evidence. The 
evidence should be reliable and robust. It 
should have minimised the effects of bias 
and chance. Systematic reviews provide 
busy users, who might otherwise be 
overwhelmed by a vast number of individual 
studies, with a summary of the evidence for 
a particular research question. However, 
these reviews need to be of high quality and 
need to have been able to draw on research 
that is itself good enough to be informative. 
Therefore, whether or not someone is able 
to use a systematic review as one part of the 
knowledge they need to make a decision 
depends on the prioritisation of the conduct 
of the underlying research and review and 
the quality of both. 
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