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Current Concepts

Update on the Methodological Quality
of Research Published in The American
Journal of Sports Medicine

Comparing 2011-2013 to 10 and 20 Years Prior

Robert H. Brophy,*" MD, Dylan Kluck, and Robert G. Marx,* MD
Investigation performed at Washington University, St Louis, Missouri, USA

Background: In recent years, the number of articles in The American Journal of Sports Medicine (AJSM) has risen dramatically,
with an increasing emphasis on evidence-based medicine in orthopaedics and sports medicine.

Hypothesis: Despite the increase in the number of articles published in AUSM over the past decade, the methodological quality of
articles in 2011-2013 has improved relative to those in 2001-2003 and 1991-1993.

Study Design: Meta-analysis.

Methods: All articles published in AJSM during 2011-2013 were reviewed and classified by study design. For each article, the use
of pertinent methodologies, such as prospective data collection, randomization, control groups, and blinding, was recorded. The
frequency of each article type and the use of evidence-based techniques were compared relative to 1991-1993 and 2001-2003 by
use of Pearson x? testing.

Results: The number of research articles published in AUSM more than doubled from 402 in 1991-1993 and 423 in 2001-2003 to
953 in 2011-2013. Case reports decreased from 15.2% to 10.6% to 2.1% of articles published over the study period (P < .001).
Cadaveric/human studies and meta-analysis/literature review studies increased from 5.7% to 7.1% to 12.4% (P < .001) and from
0.2% to 0.9% to 2.3% (P = .01), respectively. Randomized, prospective clinical trials increased from 2.7% t0 5.9% to0 7.4% (P =
.007). Fewer studies used retrospective compared with prospective data collection (P < .001). More studies tested an explicit
hypothesis (P < .001) and used controls (P < .001), randomization (P < .001), and blinding of those assessing outcomes (P <
.001). Multi-investigator trials increased (P < .001), as did the proportion of articles citing a funding source (P < .001).

Conclusion: Despite a dramatic increase in the number of published articles, the research published in AUSM shifted toward
more prospective, randomized, controlled, and blinded designs during 2011-2013 compared with 2001-2003 and 1991-1993,
demonstrating a continued improvement in methodological quality.

Keywords: evidence-based medicine; evidence-based surgery; sports medicine; research methodology; collaborative research;
multicenter studies

Over the past decade, since the initial report on the meth- emphasis on evidence-based medicine in orthopaedics jour-
odological quality of research in The American Journal of nals.??53! One of the most telling signs of the growing
Sports Medicine* (AJSM), evidence-based medicine has emphasis of evidence-based medicine in orthopaedics has
become the standard in medical research. This effect has been the increase in the amount of orthopaedics research
been felt in orthopaedics as well, with an increasing over the past 10 years. Hui et al'® reported that between

2000 and 2011, the number of orthopaedics journals
increased from 39 to 61 and the number of orthopaedics
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Orthopaedic Surgery, Washington University, Suite 11300, West Pavilion, articles increased from 5161 to 10,087. Even within
St |—Jr0UiS- MO 63110, USA (email: brophyr@wudosis.wustl.edu). AJSM, there has been significant growth over the past
%@;h‘p?ﬁ?” g”""?rf'g' St LO‘;\'IS' M\'(SS‘I’(U""\] USé. . USA decade. Since the last paper on the methodological quality
piia’ forspecta Surgery, New York, mew rork, : of research in AJSM (Brophy et al*), there has been an
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board of The American Journal of Sports Medicine. With an increase in the number of issues and articles,
. N there is a risk for dilution of methodological quality.
The American Journal of Sports Medicine, Vol. XX, No. X Indeed, underneath the umbrella of evidence-based medi-
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several papers have brought to light concerns over the meth-
odological quality of orthopaedics research.23510:13,2223
Therefore, along with the increase in the quantity of
evidence-based orthopaedics research, there has been a shift
toward efforts to increase quality as well.531426:3033 At the
time of the last report in AJSM, there was an overall increase
in methodological quality from 1991-1993 to 2001-2003, as
represented in part by randomized, prospective controlled tri-
als increasing from 2.7% to 5.9% of all analyzed studies over
the 10-year period.* Over the subsequent 10 years, there has
been significant growth in AJSM. The purpose of the current
study was to evaluate whether this increase in publication
quantity has affected the methodological quality of research
published in the journal, as measured by parameters of study
design commonly associated with high-quality research,
including but not limited to randomization, blinding, and pro-
spective data collection.'® The study was designed to test the
hypothesis that the methodological quality of articles pub-
lished in 2011-2013 has improved relative to that in 2001-
2003 and 1991-1993.

METHODS

To ensure comparability to the previous paper on methodo-
logical quality, the current study followed an identical
design. All articles published in AJSM from 2011-2013
were analyzed and compared with all articles published in
the same journal from 2001-2003 and 1991-1993. The type
of study, the use of multi-investigator site collaboration,
and the identification of a funding source were recorded
for each article during the 3 study periods. Each study
was classified according to one of the following types: case
report; case series; epidemiological/population description;
case control; prospective cohort; prospective (concurrent)
cohort; meta-analysis/systematic review; randomized, pro-
spective clinical trial; prospective clinical trial (not random-
ized); review/instructional; in vivo animal; in vitro animal,
cadaveric (human); biomechanical; electromyography
(EMG); human cellular/genetic; and other studies. Most of
the articles categorized as “Current Concepts Reviews” by
AJSM were included under the review/instructional cate-
gory in this study because most of the articles simply dis-
cussed the consensus opinion on a certain topic. Some of
the Current Concepts Reviews were true systematic
reviews, which were categorized under the meta-analysis/
systematic review category. Each article was also classified
according to whether a specific hypothesis was tested, as
well as according to the use of prospective or retrospective
data collection, the use of randomization or a control group,
and the blinding of patients, care providers, and/or those
assessing outcomes.

In a design similar to the previous study, the anatomic
area studied, the type of sport involved, and whether the
study focused on a particular patient sex were recorded.
Each study was assigned to one of the following anatomic
areas: spine, shoulder, elbow, hand, hip, knee, foot and
ankle, head, other, or not applicable. The classification of
study by type of sport was as follows: American football,
baseball, basketball, golf, ice hockey, lacrosse, soccer,
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swimming, tennis, track and field, throwing sports, varied/
other, or not applicable.

The initial data set was compiled and analyzed by a sin-
gle evaluator and then reviewed by a second author for
accuracy. A consensus opinion of the authors was used to
determine the final classification of each article. Statistical
significance of any change between the 3 study periods was
determined by the authors using Pearson x> testing with
a significance level of P = .05 in Microsoft Excel (v
14.4.6). The null hypothesis was that there would be no sig-
nificant difference in the proportion of studies using a cer-
tain methodological parameter for the 3 study periods.

RESULTS

The number of articles published in AJSM increased dra-
matically from 402 in 1991-1993 and 423 in 2001-2003 to
953 articles in 2011-2013.

The distribution of articles by type suggested that the
increased number of articles did not decrease the quality
of research published in AJSM (Table 1). While the fre-
quency of case series increased from 15.3% of articles in
2001-2003 to 30.2% of articles in 2011-2013 (P < .001),
case reports continued to decrease, from 15.2% of articles
in 1991-1993 to 10.6% of articles in 2001-2003 and 2.1%
of articles in 2011-2013 (P < .001). Randomized, prospec-
tive clinical trials continued to increase, from 2.7% of
articles in 1991-1993 to 5.9% of articles in 2001-2003 and
7.4% of articles in 2011-2013 (P = .007). Meta-analysis/
literature review studies increased from 0.2% in 1991-
1993 and 0.9% in 2001-2003 to 2.3% of articles in 2011-
2013 (P = .01). Human/cellular genetic studies increased
from 0.2% in 1991-1993 and 1.4% in 2001-2003 to 2.2% of
articles in 2011-2013 (P = .029).

The methodology used in published articles indicated
that the quality of research appeared to be improving
over the study period (Table 2). The use of retrospective
data collection decreased from 51.2% in 1991-1993 to
35.5% in 2001-2003 and to 25.4% in 2011-2013 (P <
.001). Prospective data collection increased from 14.9% in
1991-1993 to 25.4% in 2001-2003 and 39.1% in 2011-2013
(P < .001). Articles testing an explicit hypothesis rose
from 41% in 1991-1993 and 59.3% in 2001-2003 to 66.4%
in 2011-2013 (P < .001). Articles with controls increased
from 14.9% in 1991-1993 and 20% in 2001-2003 to 35.5%
in 2011-2013 (P < .001). Finally, randomization increased
as well, from 3.5% in 1991-1993 to 7.3% in 2001-2003 and
15.8% in 2011-2013 (P < .001). Over the 22-year time
period, the frequency of multi-investigator site collabora-
tion increased from 0.25% in 1991-1993 and 0.47% in
2001-2003 to 3.5% of articles in 2011-2013 (P < .001).
The frequency of articles identifying a funding source
increased as well, from 19.7% in 1991-1993 and 28.2% in
2001-2003 to 48.5% in 2011-2013 (P < .001).

Analysis of the anatomic focus of articles again showed
a fairly stable distribution over the 22-year time period
(Figure 1). The knee was again the most commonly studied
area of investigation, with 47.3% of articles in 1991-1993
and 2001-2003 and 44.8% of articles in 2011-2013
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TABLE 1
Distribution of the Type of Article Published by The American Journal of Sports Medicine®
1991-1993 2001-2003 2011-2013 P Value
Case series 27.4 15.3 30.2 <.001
Case report 15.2 10.6 2.1 <.001
Descriptive study 11.9 5.6 13.0 <.001
Biomechanical 9.5 16.7 6.2 <.001
Case control 8.5 6.4 4.2 .007
Cadaveric/human 5.7 7.1 12.4 <.001
Prospective cohort 4.7 14.1 7.9 <.001
Animal in vivo 4.0 4.5 3.7 179
Electromyography (EMG) 3.7 1.6 1.3 .009
Randomized, prospective clinical trial 2.7 5.9 7.4 .007
Review/instructional 2.2 5.2 2.4 .013
Other 1.7 0.7 1.0 .351
Prospective (concurrent) cohort 1.2 1.4 2.5 195
Prospective clinical trial 0.5 1.9 0.3 .006
Animal in vitro 0.5 0.7 1.2 449
Meta-analysis/systematic review 0.2 0.9 2.3 .010
Human cellular/genetic 0.2 14 2.2 .029

“Results are reported as percentage of articles published in The American Journal of Sports Medicine during the 3 study periods.

TABLE 2
Distribution of Research Methodology Used in Articles Published by The American Journal of Sports Medicine®
1991-1993 2001-2003 2011-2013 P Value
Hypothesis tested 41.0 59.3 66.4 <.001
Retrospective data collection 51.2 35.5 25.4 <.001
Prospective data collection 14.9 25.4 39.1 <.001
Controlled 14.9 20.0 35.5 <.001
Randomized 3.5 7.3 15.8 <.001
Blinding of patients 1.2 4.5 2.0 .005
Blinding of care providers 1.0 1.9 0.8 .228
Blinding of those assessing outcomes 1.0 6.6 17.6 <.001
Funding source identified 19.7 28.2 48.5 <.001
Multi-investigator trial 0.25 0.47 3.5 <.001

“Results are reported as percentage of articles published in The American Journal of Sports Medicine during the 3 study periods.

(P = .6). The number of articles studying the shoulder con-
tinued to increase over this time period, from 10.4% in
1991-1993 and 17.6% in 2001-2003 to 20.4% in 2011-2013
(P < .001). Articles focused on the hip increased from
2.0% in 1991-1993 and 0.7% in 2001-2003 to 9.5% in
2011-2013 (P < .001). Articles studying the head also
increased, from 0.5% in 1991-1993 and 1.2% in 2001-2003
to 2.7% in 2011-2013 (P = .01).

There has been less focus of research by sport over time
(Table 3), with an increasing percentage of articles (72.6%
in 2011-2013) not addressing any particular sport (P <
.001). There was a decrease in the percentage of articles
focused on American football, track and field, throwing
athletes, and tennis. There was not a significant increase
for any single sport.

Of the articles that mentioned patient sex (Figure 2),
there was an increase in the number of articles with both
male and female subjects from 49.5% in 1991-1993 to
63.9% of articles in 2011-2013 (P < .001). Of the articles

that studied patients from a single sex, the subjects were
still more often male, but over the 22-year time period
these studies decreased in frequency from 24.1% in 1991-
1993 to 14.8% of articles in 2011-2013 (P < .001). Articles
studying only female subjects decreased as well, from
7.7% in 1991-1993 to 2.5% in 2011-2013 (P < .001).

DISCUSSION

Over the past 10 years since the initial study on methodo-
logical quality, AJSM has expanded significantly, with
more published articles in 2011-2013 compared with
1991-1993 and 2001-2003 combined. While this shift in
the volume of publication makes it challenging to interpret
trends in quality, certain trends emerge. The frequency of
case reports dropped dramatically. Importantly, the pro-
portion of randomized, prospective clinical trials has also
continued to increase, now accounting for 7.1% of
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Figure 1. Focus by anatomy of articles published in The American Journal of Sports Medicine. NA, not applicable. *Statistically

significant change.

TABLE 3
Focus by Sport of Articles Published in The American Journal of Sports Medicine®
1991-1993 2001-2003 2011-2013 P Value
NA 55.0 61.4 72.6 <.001
Varied/other 24.9 20.9 16.4 <.001
Track and field 5.0 0.7 0.6 <.001
American football 4.7 2.8 2.2 .042
Baseball 2.0 4.5 3.0 .120
Basketball 1.7 1.2 0.5 .095
Soccer 1.7 3.3 2.8 .360
Tennis 1.5 1.2 0.1 .006
Throwing athletes 1.5 14 0.3 .032
Swimming 1.0 0.2 0.3 174
Golf 0.7 0.9 0.0 .016
Ice hockey 0.2 14 0.7 .161
Lacrosse 0.0 0.0 0.3 271

“Results are reported as percentage of articles published in The American Journal of Sports Medicine during the 3 study periods. NA, not

applicable.

published articles in AJSM. This value is similar to
a recent study estimating that randomized controlled
trials currently account for 6% of current sports medicine
literature.!” Regardless, randomized, prospective clinical
trials still represent a small proportion of the total
published research, with case series and descriptive stud-
ies representing 30.2% and 13% of articles, respectively.
Meta-analysis/systematic review articles have more than
doubled over the past 10 years, although the quality of
orthopaedics meta-analyses in general continues to be
called into question.®!?

On a positive note, the past 10 years also demonstrate
a continued increase in the transparency of orthopaedics

research funding, with now close to half of articles pub-
lished in AJSM reporting a source of funding. Given the
potential for bias associated with industry funding, espe-
cially in light of a recent study by Khan et al?° finding a sig-
nificant positive association between clinical trial outcome
and source of funding, it is imperative that research
authors report funding.

At the time of the last paper on methodological quality,
there was a shift toward more prospective and randomized
research designs published in AJSM from 1991-1993 to
2001-2003.* This trend has continued to be borne out
over the past 10 years, with the articles published in
2011-2013 representing a dramatic increase in the use of
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Figure 2. Focus by sex of articles published in The American
Journal of Sports Medicine. Statistically significant changes
occurred in each category. NA, not applicable.

prospective data collection, hypothesis testing, controls,
randomization, and blinding. There has also been a contin-
ued increase in the overall proportion of randomized, pro-
spective clinical trials and multi-investigator site trials,
both of which embody an important step toward higher
methodological quality. The findings of the current study,
when examined in conjunction with 2 recent studies dem-
onstrating a chronological increase in the overall level of
evidence in AJSM,*? show that sports medicine research
appears to be moving in the right direction.

Nevertheless, there remains significant room for
improvement'® as even articles with study designs associ-
ated with high methodological quality are not without
bias.” Furthermore, the numbers of randomized, prospec-
tive clinical trials and multi-investigator sites continue to
represent a small proportion of the total published
research.'® This is particularly important as it has been
shown that orthopaedic surgery and sports medicine lag
behind other medical disciplines in the percentage of col-
laborative, multicenter trials.® Up to 40% of the research
published in leading general medical journals and 13% to
20% of research in other surgical subspecialty journals
was the result of multicenter collaborations® compared
with the much-improved but still paltry 3.5% over 2011-
2013 for AJSM. Collaborative studies have been shown
to be cited more often than other types of research.!!
Thus, despite important steps toward improving the over-
all methodological quality of orthopaedic sports medicine
research, efforts should continue in this area.

A greater proportion of articles in 2011-2013 included both
male and female participants in their study design relative to
2001-2003. Even with the discrepancy in injury rates
between male and female subjects, for example, in noncon-
tact anterior cruciate ligament tears,?” a disparity remains
among articles focusing on patient sex, with male-only
research outnumbering female-centric research by almost 6
times, suggesting potential for a more equitable distribution.

There has been less sport-focused research over time,
with significant declines in the percentages of articles focus-
ing on American football, track and field, throwing athletes,
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and tennis. Regarding anatomic studies, the increase in
articles focused on the hip and head is not surprising given
recent advances in hip arthroscopy! and the growing aware-
ness of and concern about traumatic brain injuries.'632

As medicine moves toward pay-for-performance, the
need for high methodological quality in sports medicine lit-
erature becomes even more important.?® To accurately
assess orthopaedic outcomes, there must first be well-
constructed trials demonstrating well-accepted measures
of surgical success. Of course, it should be the priority
of all orthopaedic surgeons to provide patients with
evidence-based care and to avoid unnecessary health care
expenditure. As these ideals become entrenched in value-
based care, it remains to be seen whether pay-for-
performance implementation will improve outcomes.
Given concerns over the cost of health care, however,
value-based care is likely here to stay and, along with it,
an opportunity for the orthopaedic sports medicine commu-
nity to push the health of our patients forward.

There are important limitations of the current study.
Sampling only three 3-year intervals over the 22-year
period, and sampling only from AJSM, introduces the inher-
ent possibility of selection bias. In light of the dramatic
increase in the number of publications over the past 20
years, however, it would have been infeasible to study every
year in every sports medicine journal. Three-year periods
seemed to provide an adequate, but manageable, sample
size to capture overall trends over the time frame. Similarly,
AJSM has the highest impact factor of orthopaedics jour-
nals, and while not being able to capture the entire body
of sports medicine research, AJSM again seemed to provide
for sufficient volume of high-quality articles to assess the
overall state of sports medicine literature. Another limita-
tion of the current study is the generalization of several
qualitative parameters as a proxy for methodological qual-
ity. Ideally, the study would include more parameters of
quality such as type of funding (public, private, government,
industry), type of outcome scores used (subjective patient-
reported vs objective clinician-measured), use of statistician,
geography of single-center and multicenter collaboration
(country, continent), and use of a methodological quality
questionnaire (Coleman, Delphi, Jadad, Cochrane, Detsky,
Quality Appraisal Tool, Consolidated Standards of Report-
ing Trials [CONSORT], Strengthening the Reporting of
Observational Studies in Epidemiology [STROBE], Newcas-
tle, CLEAR-NPT). Unfortunately, these data are not readily
available for the previously studied time periods. The same
issue prevented comparison of the levels of evidence in the
meta-analyses and systematic reviews, as well as the very
limited number of such studies 10 and 20 years ago. Not
every randomized, controlled trial is inherently high qual-
ity, and therefore future studies may benefit from the use
of a validated methodological quality questionnaire like
CONSORT or STROBE to more quantitatively assess
trends in orthopaedic sports medicine literature. Finally,
the study did not assess types of studies (therapeutic, prog-
nostic, diagnostic, economic) and levels of evidence,* which
are significant parameters of research quality.

In conclusion, the quality of research published in
AJSM has not been diluted and appears to actually have
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improved, despite a doubling in volume of articles pub-
lished. Over the next 10 years, the challenge will be to con-
tinue to push the orthopaedic sports medicine literature
toward higher methodological quality. Compliance of
orthopaedics research with CONSORT or STROBE guide-
lines has been shown to be relatively poor.?2 Given the
improvement in methodological quality among medical
journals that adopted a checklist such as CONSORT,?*
it may be helpful to consider a formal methodological
checklist as requirement for publication of clinical trials.
Adoption of such a system could further improve the meth-
odological quality in orthopaedic sports medicine research.
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