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Review

Trends in Level of Evidence of Systematic
Reviews in Sports Medicine, 2010-2020

A Systematic Review and Meta-analysis

Tyler Paras,* MD, Soheil Sabzevari,† MD, David Solomon,† MD, Clair Smith,† MS,
Christine McDonough,† PT, PhD, and Albert Lin,†‡ MD

Investigation performed at University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA

Background: Popularization of systematic reviews has been met with controversy because of concerns that the primary literature
for certain topics may not be suited for systematic review and meta-analysis.

Purpose: To assess the rate of publication of systematic reviews based on their level of evidence (LOE) in influential orthopaedic
sports medicine journals and commonly studied topics in sports medicine.

Study Design: Systematic review.

Methods: An electronic search was performed using the PubMed database of studies published from January 2010 to December
2020. The advanced search function was used to identify systematic reviews from the Journal of Shoulder and Elbow Surgery
(JSES), American Journal of Sports Medicine (AJSM), Arthroscopy, British Journal of Sports Medicine (BJSM), Journal of Bone and
Joint Surgery–American Volume (JBJS), and Sports Medicine (SM Auckland), as well as reviews of the most common areas of
sports medicine research, including rotator cuff repair (RCR), shoulder instability (SI), anterior cruciate ligament reconstruction
(ACLR), and meniscal repair. The LOE was assigned to each included study according to the Oxford Centre for Evidence-Based
Medicine. Studies were grouped as LOE 1-2, LOE 3-5, and nonclinical systematic reviews. A negative binomial regression was
used to determine the changes in publication rate over time.

Results: A total of 2162 systematic reviews were included in this study. From 2010 to 2020, the rate of publication of LOE 3-5
systematic reviews increased significantly among most of the surveyed journals (AJSM, P < .0001; Arthroscopy, P ¼ .01; BJSM,
P < .0001; JSES, P < .0001; SM Auckland, P < .0001), with the exception of JBJS (P ¼ .57). The rate of publication of LOE 1-2
systematic reviews increased in AJSM (P < .0001), Arthroscopy (P ¼ .02), BJSM (P < .0001), and SM Auckland (P < .0001);
however, no significant changes were seen in JBJS (P¼ .08) or JSES (P¼ .15). The publication rate of LOE 3-5 systematic reviews
increased for all sports medicine topics surveyed (meniscal repair, P < .0001; RCR, P < .0001; SI, P < .0001; ACLR, P < .0001).
However, the publication rate of LOE 1-2 studies only increased for RCR (P ¼ .0003) and ACLR (P < .0001).

Conclusion: The rate of publication of LOE 3-5 systematic reviews exponentially increased in orthopaedic sports medicine
journals over the past decade, outpacing the publication rate of LOE 1-2 systematic reviews.

Keywords: systematic review; level of evidence; sports medicine; journal

Systematic reviews and meta-analyses have become
increasingly important in evidence-based clinical decision
making. Systematic reviews summarize the current litera-
ture using a detailed search of the literature based on a
predetermined research question. Additional meta-
analyses can achieve higher power and detect more
nuanced differences in patient outcomes. The aggregated
data can be used by clinicians to quickly see synthesized
results that are more generalizable than the findings of
individual studies.

However, the procedure for conducting a systematic
review with or without meta-analysis is complicated and
time-consuming. Thoughtful consideration is necessary
regarding study question, data selection, and quantitative
analysis. Methodologic reporting scores have been devel-
oped and have revealed a high error rate in the systematic
review literature.4,6,7 Dijkman et al4 reported that
although there had been an exponential increase in ortho-
paedic surgery systematic reviews from 1999 to 2008, there
had not been an increase in study quality, and in 2008, 68%
of systematic reviews had a methodologic flaw.

Furthermore, the quality of systematic reviews is depen-
dent on the quality of the included studies. The populariza-
tion of systematic reviews has been met with controversy
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because of concerns that the primary literature for certain
topics may not be suited for systematic review and meta-
analysis.5 Conducting a meta-analysis does not overcome
the methodologic shortcomings of the studies it includes.8

Authors must be careful not to include flawed studies
because they will taint the study conclusions when the data
are synthesized. Similarly, heterogeneous data may make
pooled analysis invalid. As a result, the primary literature
on a topic must have several high-quality studies in order to
produce a high-quality meta-analysis.

The increasing focus on evidence-based medicine (EBM)
has led to a larger role of quality assessment in clinical
studies. A cornerstone of EBM is the level of evidence
(LOE), which provides a hierarchical system for classifying
the evidence of different research designs.1 The LOE of a
study can range from 1 (strong, high-quality evidence) to
5 (effectiveness of evidence not established). Several jour-
nals assign an LOE to their published articles, and authors
are often asked the LOE of their studies when they submit
abstracts to conferences.1,10 Attention to LOE has had a
positive effect on the orthopaedic literature, with increases
in the number and proportion of LOE 1-2 papers in ortho-
paedic subspecialty journals.3

Previous studies have investigated changes in LOE in
the orthopaedic surgery literature.9,11 DiSilvestro et al5

conducted a systematic review assessing the quality of sys-
tematic reviews published in prominent sports medicine
journals. Over a 5-year period, they concluded that 53% of
systematic reviews were LOE 4-5 and 32% were LOE 1-2.
However, there has not been a study investigating the
changes in LOE of systematic reviews in sports medicine
over time. Additionally, trends in the LOE of systematic
reviews of important topics in sports medicine have not
been previously investigated.

The purpose of this study was to assess the rate of pub-
lication of systematic reviews according to LOE within
influential orthopaedic sports medicine journals and com-
monly researched topics in sports medicine. We hypothe-
sized that the rate of systematic review publication
has increased over the past decade, particularly LOE
3-5 studies.

METHODS

An electronic search was performed using the PubMed
database of studies published from January 2010 to Decem-
ber 2020, based on the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines. We
identified major sports medicine journals with high impact
factors (IFs): American Journal of Sports Medicine (AJSM;
IF, 6.202), Arthroscopy (IF, 4.77), British Journal of Sports

Medicine (BJSM; IF, 13.8), Journal of Bone and Joint Sur-
gery–American Volume (JBJS; IF, 4.57), Journal of Shoul-
der and Elbow Surgery (JSES; IF, 3.019), and Sports
Medicine (SM Auckland; IF, 11.13).7 These publications
were chosen as a representative selection of widely read
orthopaedic sports medicine journals. The only journal
included with a lower IF was JSES, which was selected
because of its focus on upper extremity literature. Using
the advanced search tool, the records of systematic reviews
published from 2010 to 2020 were extracted with the search
(“Journal Name”[Journal]) AND (systematic review).

We also extracted the records of systematic reviews pub-
lished on commonly researched sports medicine topics:
anterior cruciate ligament reconstruction (ACLR), rotator
cuff repair (RCR), meniscal repair, and shoulder instability.
These topics were chosen because of their consistent pres-
ence in orthopaedic sports medicine research topics rank-
ing within the top 4 subjects of the 100 most cited papers in
Clinical Orthopedic Sports Medicine.8 An example of the
search performed was “rotator cuff repair AND systematic
review.”

Systematic reviews that were either published in one of
the journals of interest or studying one of the topics of
interest were included. Several studies were excluded dur-
ing the screening process because they were not systematic
reviews, or they were neither published in the journals of
interest nor studying one of the topics of interest.

The LOE was assigned to each included study by a single
reviewer (T.P.). The LOE was assessed either by the listing
of the LOE in the publication or by assessing the LOE of the
studies according to the Oxford Centre for Evidence-Based
Medicine. Studies were grouped as LOE 1-2, LOE 3-5, and
nonclinical systematic reviews. Nonclinical systematic
reviews were categorized as those that did not fit into the
categories of LOE assessment, such as cadaveric studies,
biomechanical studies, or studies on radiographic techni-
ques. A second reviewer (C.M.) performed an independent
assessment of 100 studies to assess for typographic errors.
The reviewers agreed in 98% of cases.

We assessed changes in the frequency of publication of
the systematic reviews, stratified by LOE grouping, by
journal and by topic. We used SAS (Version 9.4; SAS Insti-
tute) and applied test of beta coefficient ¼ 0 from a model of
count ¼ year and ran a negative binomial regression to
determine the changes in publication rate between 2010
and 2020. Significance was set at P < .05.

RESULTS

Of an initial 3115 records retrieved, 2162 systematic
reviews for which the LOE could be determined were
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included (Figure 1). There was substantial variation in the
number of systematic reviews published by the journals
from 2010 to 2020. Arthroscopy and BJSM published more
than 400 systematic reviews throughout the decade, while
JBJS published the fewest, with only 84 (Table 1).
All journals published more LOE 3-5 systematic reviews
than LOE 1-2, with Arthroscopy publishing the highest

proportion of LOE 3-5 studies (83.1%) and SM Auckland
published the lowest proportion (53.7%). SM Auckland
published the highest proportion of LOE 1-2 studies
(44.4%), while JSES had the lowest (10.3%). Nonclinical
systematic reviews were relatively uncommon, with JSES
publishing the highest proportion (7.1%) and JBJS
publishing the fewest (0%).

In terms of topics and sports medicine, ACLR was the
most common topic of systematic reviews (n ¼ 430) and
meniscal repair was the least popular (n ¼ 63). Shoulder
instability had the highest proportion of LOE 3-5 studies
(93.8%), and ACLR had the lowest proportion (68.4%).
ACLR had the highest proportion of LOE 1-2 studies
(27.2%) while shoulder instability had the lowest propor-
tion (3.1%). ACLR also had the highest proportion of non-
clinical systematic reviews (4.4%), and meniscus had the
lowest proportion (1.6%) (Table 1).

During the study period, the rate of publication of
LOE 1-2 systematic reviews increased significantly
in AJSM (P < .0001), Arthroscopy (P ¼ .02), BJSM
(P < .0001), and SM Auckland (P < .0001); however, no
significant change was seen in JBJS (P ¼ .08) or JSES
(P ¼ .15) (Table 2). The publication of LOE 3-5 systematic
reviews consistently increased significantly in many of
the surveyed journals (AJSM, P < .0001; Arthroscopy,
P ¼ .01; BJSM, P < .0001; JSES, P < .0001; SM Auckland,
P < .0001), with the exception of JBJS (P ¼ .57). The
frequency of publication of nonclinical systematic reviews
increased in BJSM (P ¼ .01) and SM Auckland (P ¼ .03),
but not in AJSM (P ¼ .07), JSES (P ¼ .32), or Arthroscopy
(P ¼ .23).

The publication rate of LOE 3-5 systematic reviews
increased for all 4 topics surveyed (P < .0001 for all). How-
ever, the rate of publication of LOE 1-2 studies only
increased for RCR (P ¼ .0003) and ACLR (P < .0001). Pub-
lications of nonclinical systematic reviews did not increase
on any topic (Table 2). The trends in publication of system-
atic review studies are demonstrated in Figure 2.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram of study inclusion.
LOE, level of evidence.

TABLE 1
Distribution of Systematic Reviews According to Journal and Topic, Stratified by LOEa

Total Studies, n LOE 1-2 LOE 3-5 Nonclinical

Journal
AJSM 236 23.7 (56) 70.3 (166) 5.9 (14)
Arthroscopy 421 13.1 (55) 83.1 (350) 3.8 (16)
BJSM 403 37.7 (152) 60 (242) 2.2 (9)
JBJS 84 41.7 (35) 58.3 (49) 0
JSES 156 10.3 (16) 82.7 (129) 7.1 (11)
SM Auckland 354 44.4 (157) 53.7 (190) 2 (7)

Topic
Meniscus 63 6.3 (4) 92.1 (58) 1.6 (1)
RCR 194 25.3 (49) 70.6 (137) 4.1 (8)
SI 161 3.1 (5) 93.8 (151) 3.1 (5)
ACLR 430 27.2 (117) 68.4 (294) 4.4 (19)

aData are presented as % (No. of studies) unless otherwise indicated. ACLR, anterior cruciate ligament reconstruction; AJSM, American
Journal of Sports Medicine; BJSM, British Journal of Sports Medicine; JBJS, Journal of Bone and Joint Surgery; JSES, Journal of Shoulder
and Elbow Surgery; LOE, level of evidence; RCR, rotator cuff repair; SI, shoulder instability; SM Auckland, Sports Medicine.
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DISCUSSION

This study demonstrates that, in general, publications for
LOE 3-5 systematic reviews have been increasing over the

past decade, with the percentage of LOE 3-5 systematic
reviews outpacing LOE 1-2 systematic reviews for all
high-impact sports journals assessed. All the journals
included in this study had exponential increases in the

TABLE 2
Rate of Increased Publication of Systematic Reviews Between 2010 and 2020 According to Journal and Topic, Stratified by

LOEa

LOE 1-2 LOE 3-5 Nonclinical

Rate (95% CI) P Rate (95% CI) P Rate (95% CI) P

Journal
AJSM 1.30 (1.17-1.44) < .0001 1.28 (1.21-1.36) < .0001 1.18 (0.99-1.41) .07
Arthroscopy 1.13 (1.02-1.25) .02 1.11 (1.02-1.20) .01 1.14 (0.92-1.39) .23
BJSM 1.26 (1.16-1.37) < .0001 1.20 (1.10-1.32) < .0001 1.88 (1.19-2.97) .01
JBJS 0.91 (0.82-1.01) .08 1.03 (0.93-1.14) .57 —b —b

JSES 1.13 (0.96-1.34) .15 1.29 (1.17-1.41) < .0001 1.12 (0.89-1.41) .32
SM Auckland 1.21 (1.15-1.28) < .0001 1.26 (1.16-1.38) < .0001 1.42 (1.03-1.95) .03

Topic
Meniscus 1.21 (0.85-1.71) .29 1.29 (1.17-1.42) < .0001 1.99 (0.49-8.10) .33
RCR 1.20 (1.09-1.32) .0003 1.20 (1.12-1.28) < .0001 1.31 (1.00-1.71) .05
SI 1.00 (0.76-1.32) >.99 1.25 (1.18-1.32) < .0001 1.16 (0.86-1.55) .33
ACLR 1.13 (1.07-1.20) < .0001 1.20 (1.15-1.25) < .0001 1.15 (0.99-1.34) .06

aBoldface P values indicate a statistically significant increase between 2010 and 2020. ACLR, anterior cruciate ligament reconstruction;
AJSM, American Journal of Sports Medicine; BJSM, British Journal of Sports Medicine; JBJS, Journal of Bone and Joint Surgery; JSES,
Journal of Shoulder and Elbow Surgery; LOE, level of evidence; RCR, rotator cuff repair; SI, shoulder instability; SM Auckland, Sports
Medicine.

bModel did not converge because all values were zero.

Figure 2. Trends over time (2010-2020) in the publication of systematic review studies based on level of evidence, by (A) journal
and (B) topic. ACLR, anterior cruciate ligament reconstruction; AJSM, American Journal of Sports Medicine; BJSM, British Journal
of Sports Medicine; JBJS, Journal of Bone and Joint Surgery; JSES, Journal of Shoulder and Elbow Surgery.
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publication of LOE 3-5 systematic reviews (AJSM,
P < .0001; Arthroscopy, P ¼ .01; BJSM, P < .0001; JSES,
P < .0001; SM Auckland, P < .0001), except for JBJS
(P ¼ .57). Similarly, the publication of LOE 1-2 systematic
reviews exponentially increased (AJSM, P < .0001;
Arthroscopy, P ¼ .02; BJSM, P < .0001; SM Auckland,
P < .0001) except for JBJS (P ¼ .08) and JSES (P ¼ .15),
but still comprised a lower percentage compared with LOE
3-5 reviews. The sports medicine topics included in this
study saw exponential increases in LOE 3-5 systematic
reviews (meniscal repair, P < .0001; RCR, P < .0001; shoul-
der instability, P < .0001; ACLR, P < .0001). However, only
RCR (P ¼ .0003) and ACLR (P < .0001) had increases in
LOE 1-2 systematic reviews. The publication of nonclinical
systematic reviews increased in BJSM (P ¼ .01) and SM
Auckland (P ¼ .03), and the only topic that had an increase
in nonclinical systematic reviews was RCR (P ¼ .05). Over-
all, our study demonstrates the overall exponential
increase in systematic reviews published in leading sports
medicine journals and in common sports medicine topics.

A study comparing systematic reviews published in
AJSM, JBJS, Arthroscopy, Sports Health, and Knee Sur-
gery, Sports Traumatology, Arthroscopy demonstrated that
journals with a higher IF published systematic reviews
with higher PRISMA and Assessment of Multiple System-
atic Reviews (AMSTAR) scores.5 They also reported that
between 2009 and 2013, 53% of studies included LOE 4-
5 studies and 32% were LOE 1-2. Comparatively, 28.5% of
systematic reviews in our study were LOE 1-2, while 68.1%
were LOE 3-5 from 2010 to 2020. Our findings suggest that
there has continued to be an increasing divide between the
publication rate of LOE 1-2 and LOE 3-5 systematic
reviews.

Of the included journals, only JBJS did not publish more
LOE 1-2 or LOE 3-5 systematic reviews in the past decade.
As of May 31, 2021, JBJS has added additional criteria for
the consideration of this matter for publication in their
journals. These criteria include meta-analyses that only
include randomized controlled trials that are sufficiently
homogeneous in terms of inclusion and exclusion criteria,
attempting to obtain unpublished data related to their
investigation, adhering to the PRISMA guideline.13

The publication of systematic reviews on meniscal repair
and shoulder instability has demonstrated exponential
increases in LOE 3-5 studies, but no increase in LOE 1-
2 studies. This is possibly because of a lack of level 1 or 2
studies in the primary literature. Investigators and readers
of orthopaedic sports medicine literature should be encour-
aged to produce high-quality studies on these research
topics that can later be used for high-powered meta-
analysis.

A difficulty of conducting LOE 1-2 studies and systematic
reviews has been a limitation in the orthopaedic sports
medicine literature.2 Fortunately, well-designed LOE 3-5
systematic reviews can still have clinical utility.11 Identify-
ing high-quality LOE 3-5 systematic reviews necessitates
defining strict criteria for systematic reviews to make it
more transparent to readers and provide them with the
opportunity to judge if the conclusion of the study is reliable
and could be used in practice. The AMSTAR methodologic

criteria and PRISMA guidelines should be used to evaluate
methodologic and reporting quality, respectively. Publica-
tion bias presents an additional challenge of interpreting
systematic reviews. Scott et al12 demonstrated that publi-
cation bias was only assessed in 19.5% of systematic
reviews in the top 10 orthopaedic journals. Publication bias
can be assessed by reporting the heterogeneity of included
studies using forest plots, the Egger regression, and the
Duval and Tweedie trim and fill method.12 These quality
measures do not guarantee the validity of a study’s conclu-
sions, but help readers evaluate the strengths and weak-
nesses of a study when they are considering applying
recommendations to their practice.

Strengths and Limitations

There are some strengths to this study. This study sur-
veyed systematic reviews in influential sports medicine
journals and topics and assessed their LOE. One of the
most common future directions of systematic reviews is the
need for more high-quality LOE 1-2 studies. This study is to
our knowledge the first to analyze the most popular topics
in sports medicine and describe their trends of systematic
review publication. This study also has limitations. Several
systematic reviews did not state their LOE in the paper and
did not state the study design of the included papers. This
deficiency led to several systematic reviews being excluded.
Health practitioners should be aware of restrictions in sys-
tematic reviews and use them in practice, especially with
regard to LOE 3-5 systematic reviews that have a contra-
dictory conclusion compared with individual randomized
clinical trials. We believe that journals should adopt a
requirement of PRISMA guideline reporting, and research-
ers may need to consider only LOE 1-2 for systematic
review and meta-analysis, when there are sufficient data
to do so.

CONCLUSION

The publication rate of LOE 3-5 systematic reviews has
exponentially increased in orthopaedic sports medicine
journals over the past decade and has outpaced the publi-
cation rate of LOE 1-2 systematic reviews. Common topics
in sports medicine have consistently seen increases in pub-
lication rate of LOE 3-5 systematic reviews, but not LOE
1-2 studies. LOE 1-2 primary research studies are neces-
sary to produce homogeneous cohorts and outcomes neces-
sary for high-quality systematic reviews on important
sports medicine topics. Furthermore, authors should follow
methodologic criteria such as AMSTAR and PRISMA to
allow readers to assess systematic review quality and
implement evidence-based recommendations into practice.
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