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Abstract

Background
Randomized controlled trials (RCTs) are the gold standard scienti c testing for medical interventions.
However, low-quality RCTs may provide misleading evidence. This research elucidated the
methodological reporting quality of randomized controlled trials (RCTs) in three sports medicine journals
over 10 years following the CONSORT statement.

Methods and Findings
In this study, we evaluated the methodological reporting quality of RCTs in three major sports medicine
journals, including Journal of Science and Medicine in Sport, British Journal of Sports Medicine and
Clinical Journal of Sports Medicine from 2008 to 2017. The methodological reporting quality, including
the allocation sequence generation, allocation concealment, blinding, type of analysis, handling of
dropouts were revealed. Number of patients, funding source, type of intervention and country were
retrieved. The methodological reporting quality was descriptively reported. A total of 475 trials were
involved and 166 (34.9%) trials reported adequate allocation generation, 124 (26.1%) trials reported
adequate allocation concealment, 262(55.2%) trials reported adequate blinding, 122 (25.7%) trials
reported type of analysis and 100 (21.1%) trials reported handling of dropouts.

Conclusions
This study shows that the methodological reporting quality of RCTs in the three major sports medicine
journals were unsatisfactory and it can be further improved.

Introduction
Randomized controlled trials (RCTs) in which people are allocated randomly (only by chance) to receive
certain clinical interventions are the gold standard of scienti c testing for new medical interventions. The
evidence quality of clinical studies was strati ed based on one report by the US Preventive Services Task
Force[1], which said the level I evidence should be obtained from at least one properly designed RCT. The
properly designed RCTs are the basis of high level evidence in the evidence based medicine (EBM).
Thus, low-quality RCTs are very misleading. Studies have demonstrated that odds ratios were
exaggerated by 41% for inadequately concealed trials and by 30% for unclearly concealed trials and trials
that were not double-blinded also yielded larger estimates of effects with odds ratios being exaggerated
by 17%[2]. An increased estimate of bene t was associated with those without adequate methods[3]. If
studies of low methodological quality are incorporated into the meta-analyses, the bene t of intervention
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is signi cantly altered[3]. Therefore, the best research evidence should be clinically relevant and it is
extremely important to improve the quality of the RCTs.
CONSORT, which stands for Consolidated Standards of Reporting Trials, offers a standard way for
authors to prepare reports of trial ndings, facilitating their complete and transparent reporting and aiding
their critical appraisal and interpretation. At present the CONSORT Statement is endorsed by prominent
general medical journals, many specialty medical journals and leading editorial organizations[4].
Sports medicine, also known as sports and exercise medicine, is a branch of medicine that deals with
physical tness and the treatment and prevention of injuries related to sports and exercise. Recent years
has witnessed a rapid development of sports medicine and many RCTs have been carried out to
elaborate on some controversial issues in this area. Although assessment of the reported methodology of
RCTs in various research elds including surgery[1], gastroenterology[5], endocrinology[6], urology[7] and
spine surgery[8] has been studied previously, evaluation of the methodological reporting quality of RCTs in
sports medicine has not been reported before. The quality of RCTs in sports medicine remains to be
established. The quality of reporting of randomized trials in the Journal of Bone and Joint Surgery was
reported by Bhandari, M. et al, whose conclusion was the reporting of RCT was variable, and generally
low qualitative[9], and the methodological quality of research published in the American Journal of Sports
Medicine[10]. However, the methodological reporting quality of RCTs in sports medicine has not been
reported before, and the quality of RCTs in sports medicine remains to be established. According to Yoon
et al[11], the CONSORT criteria might further increase the quality of reporting of sports injury conference
abstracts in the future. To address this issue, we systematically assessed the methodological reporting
quality of RCTs published in three major sport medicine journals, namely American Journal of Sports

Medicine, British Journal of Sports Medicine, Journal of Science and Medicine in Sport over 10 years from
2008 to 2017.

Methods
The current study included all RCTs published as full-text articles in the three most high-cited journal, the
American journal of sports medicine (IF=7.074 in 2017), British journal of sports medicine (IF=7.867 in
2017), Journal of Science and Medicine in Sport (IF=3.929 in 2017) in recent 10 years from 2008 to 2017.
We selected these three journals because they are the leading sports medicine journals focusing on
sports medicine and their methodological reporting quality of RCTs has never been systematically
studied.
The methods we used were similar to those described previously[8]. In short, trials were considered to be
RCTs if the words ‘‘random’’, ‘‘randomly’’, ‘‘randomization’’, ‘‘randomized’’ were used in the text to describe
the allocation method. Nevertheless, trials published as abstracts, quasi-randomized trials, trials with
animals, trials with cadavers, subgroups analysis of RCTs, trials being part of some large RCTs,
observational studies nested within RCTs and trials without the outcomes of randomized patients were
excluded from the study.
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The relevant trials were searched and identi ed by the two co- rst authors, who hand-searched all the
issues of the three journals published from 2008 to 2017. For PubMed search the strategy recommended
by Robinson and Dickersin was adopted[12] to include all potentially eligible trials. Geographical,
publishing, clinical and epidemiological characteristics of RCTs were extracted. Methodological reporting
quality was critically appraised by the following items selected from the CONSORT 2010 checklist[13]:
1. Primary outcome: adequate if the primary outcome stated explicitly.
2. Sample size calculation: adequate if presented.
3. Presence of baseline: adequate if basic information of patients in each study was described (at least
2 characteristics).
4. Generation of allocation sequence: adequate if the method was de ned and was considered random
beyond any doubt (e.g., computer-generated sequence, random table, coin toss or shu e cards).
‘‘Yes’’ (e.g., random number table, computer random number generator), ‘‘unclear’’ (insu cient
information to permit judgment of ‘‘yes’’ or ‘‘no’’), or ‘‘no’’ (the description involves some systematic,
nonrandom approach).
5. Allocation concealment: adequate if an proper method to avoid knowing or expecting the allocation
sequence in advance was con rmed to have been used (e.g., central/pharmacy randomization,
envelopes or independent person). ‘‘Adequate’’ (e.g., central allocation or sequentially numbered,
opaque, sealed envelopes), ‘‘unclear’’ (insu cient information to permit judgment of ‘‘yes’’ or ‘‘no’’), or
‘‘no’’ (e.g., open table of random numbers, alternation or rotation, date of birth).
6. Blinding: adequate if stating the use of any type of blinding of participants, outcome reviewers,
researchers, or caregivers. ‘‘Yes’’ (e.g., no blinding, but the review authors judge that the outcome and
the outcome measurement are not likely to be in uenced by lack of blinding; blinding of participants
and key study personnel ensured and unlikelihood that the blinding could have been broken; either
participants or some key study personnel were not blinded, but the outcome assessment was
blinded, and the non-blinding of others is unlikely to introduce bias), ‘‘unclear’’ (insu cient
information to permit judgment of ‘‘yes’’ or ‘‘no’’), ‘‘no’’ (e.g., no blinding or incomplete blinding, and the
outcome or outcome measurement is likely to be in uenced by the lack of blinding; blinding of key
study participants and personnel attempted, but likelihood that the blinding could have been broken;
either participants or some key study personnel were not blinded, and the non-blinding of others is
likely to introduce bias).
7. Double-blinding: adequate if stating that the study was double-blinded.
8. Type of analysis: Intention-to-treat (ITT) if randomized patients with available data were accounted
clearly as having been analyzed in their assignment group. Per-protocol analysis if only data of
patients who have nished the routine were reported.
9. Handling of dropouts: adequate if less than 20% of trial participants were lost to follow-up, and
reasons for all losses to follow-up were stated.
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The agreement of the two authors was rated by calculation of kappa value. Any disagreement was
resolved by discussion between the two reviewers or seeking for senior reviewer’s help if necessary. The
primary aim of this study was to describe the current quality of the methodology. As previously
reported[14], “Low risk of bias” trials were de ned as being conformed to 4 criteria[8]: adequate generation
of allocation, adequate concealment of allocation, ITT analysis and adequate handling of dropouts.
Descriptive statistics (mean, standard deviation, median) were used. A one way ANOVA followed by SNK
test was used for strata comparisons. All statistical analyses were performed with Statistical Program for
Social Sciences (SPSS) version 11.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
Kappa values for the interobserver agreement between the two reviewers were 0.92 for the allocation
concealment, 0.90 for the double blinding, and 0.90 for the sample size calculation. All these values
indicated almost perfect or substantial agreement.
Main characteristics of the included trials are summarized in Table 1. A total of 580 studies were retrieved
from the three journals. Of these 580 studies, 105 were excluded because they had a nonrandomized
design, letters or reviews, subgroup analyses, a pooled analysis of RCTs or cost-effective studies
alongside RCTs (Fig. 1). Finally, 475 trials were suitable for the analysis including 200 from the American
Journal of Sports Medicine (n = 200), 148 from the British Journal of Sports Medicine (n = 148) and 127
from Journal of Science and Medicine in Sport (n = 127). As for results of the 475 trials, 332 (69.9%)
reported statistically signi cant results and 143(30.1%) showed no difference between study group and
control group. Geographically, Europe contributed 44.0%, North America (USA and Canada) contributed
15.2%, Asia and Oceania contributed 35.8% and Africa and South America contributed 5.1% (Table 1). For
funding, 326 (68.6%) trials reported funding resource and 149 did not report. An ascending trend was
found with regard to the number of published RCTs from 2008 to 2017 (Fig. 2).
Among the 475 trials, only 13 trials adequately reported all items. Baseline data were adequately
presented in 333 (70.1%) trials. The generation of the allocation sequence was adequate in 166 (34.9%)
trials including 114 with computer, 19 with random table and 33 with other methods and unclear in the
remaining 309 trials. The allocation concealment was adequate in 124 (26.1%) trials and unclear in 351
trials. Adequate blinding was reported in 262 (55.2%) including 138 (29.1%) single blinding and 124
(26.1%) double blinding trials and no blinding in 213 trials. For type of analysis report, 122 (25.6%) used
intention to treat analysis and 27 (5.7%) used per protocol analysis and 347 (73.1%) did not report type of
analysis. Only 100 (21.1%) reported handling of dropouts (Table 2).
We intentionally selected 2010 as a time point because the CONSORT statement was signi cantly revised
in this year. According to different strata, it is found generally that methodological reporting quality has
not been signi cantly improved between 2008–2010 and 2011–2017. The reporting methodological
quality between three journals are different. The American Journal of Sports Medicine shows better
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reporting methodological quality, statistically signi cant results(p < 0.001), allocation sequence
generation (p < 0.001), baseline(p = 0.024), allocation concealment (p < 0.001), type of analysis(p <
0.001)and handling of dropout(p = 0.005) compared with the other two journals. Generally, the quality of
multi-center trials is superior to single-center trials. But there is no statistical difference for the items. For
funding, trials with industrial funding showed better adequate allocation sequence generation (p = 0.028),
adequate allocation concealment (p < 0.001), adequate type of analysis (p = 0.011) and adequate
handling of dropout(p = 0.002). For different interventions, signi cant difference was detected. For
numbers of patients, trials with more than 100 patients showed better results in adequate baseline,
adequate blinding, adequate type of analysis and adequate handling of dropout. The quality of the
reported methodology is summarized in Table 3.

Discussion
In the current study, we described the current methodological reporting quality in three major sports
medicine journals. It is noted that 29.9% of all RCTs did not present adequate baseline data, 65.1% did
not report adequate generation of the allocation sequence,73.9% did not report adequate allocation
concealment, 44.8% did not report adequate blinding way, 73.1% did not perform adequate analysis and
78.9% did not report adequate handling of dropouts. These ndings suggest that more efforts should be
taken to improve the methodological reporting quality of RCTs in major sports medicine journals. And this
is in accord with the conclusion by Brophy et al[10].
Although the history of clinical trials dates back to 600 B.C. [15], the clinical study of pulmonary
tuberculosis by Austin Bradford Hill is recognized as the beginning of modern randomized controlled
trials which ushered in a new era[16]. Currently the Cochrane Library has already collected over 150, 000
RCTs which have become the solid basis of the evidenced based medicine (EBM). Therefore, the quality
of evidence is extremely important[17].
The quality of RCTs is largely dependent on the study design and methodology conducted. Although the
quality of design and methodology is not necessarily correlated with methodological reporting quality[18],
under most circumstances, we can only depend on the information contained in the written paper. There
is a possibility that a trial with a biased design, if well reported, could be considered of high quality,
whereas a well-designed trial with poor reporting quality could be neglected. Nevertheless, some studies
proposed that the reporting quality of RCTs could be used as a means to evaluate the methodological
quality[19]. Therefore, it’s clearly a poorly reported RCT could be very misleading. Thus, to improve the
reporting quality has gradually become a common consensus worldwide. To improve the standards of
written reports of RCTs, in 1996, the “CONSORT” (Consolidated Standards of Reporting Trials) was
published[20] and revised in 2001[21] and 2010[13].The CONSORT statement of 2010 comprises a 25-item
checklist and a ow diagram. The checklist describes how the trial is designed, analyzed and interpreted.
Based on the 2010 version, we carried out this study. We selectively chose “sample size calculation,
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allocation concealment, blinding, type of analysis, handling of dropouts” to evaluate the reporting
methodological quality, for these are the most important factors in uencing the RCTs quality.
Studies have demonstrated that endorsement of the CONSORT statement is associated with improved
RCTs reporting methodological quality[22–24]. In recent years, the number of studies reporting
methodological quality of RCTs based on the CONSORT statement has been increasing dramatically[25].
As we searched and reviewed, trials in many elds[5, 8, 14, 26, 27] showed inconsistence and non-adherence
to the CONSORT statement, including anesthesiology[26], spine surgery[8], gastroenterology[5], surgery[14]
and four high-impact medical journals[27]. Therefore, it is safe to conclude that the CONSORT statement
has not been widely recognized although it has been introduced for almost twenty years. The CONSORT
statement was signi cantly revised in 2010. According to different strata, it is found generally that
methodological reporting quality has not been signi cantly improved between 2008–2010 and 201–
2017. However in this study only allocation sequence generation and handling of dropout is improved
after 2010 and the difference is statistically signi cant (p < 0.01), which indicated that the improvement
of the reporting quality of RCTs in sports medicine still needs more attention.
The methodological reporting quality of RCTs in sports medicine has not been previously published. We
hypothesized that the CONSORT statement was not well endorsed in this area. Randomization is the key
of RCTs procedure which assigns all participants to each study group by equal chance. An appropriate
sequence generation method directly determines the randomization. In this study, we employed similar
criteria previously reported[8]. A study considered with adequate sequence generation should clearly and
properly address the sequence generation methods, such as random number table or a computer random
number software. Sequence generation based on systematic methods such as the date of admission or
with only simple statement like “we randomly assigned” was regarded as inadequate. In this study, we
found that less than half (34.9%) reported adequate generation of allocation sequence.
Adequate sequence generation alone is not su cient to prevent bias. If the sequence is open to
investigators, health care providers and participants who will be aware of the upcoming assignment,
selection bias is likely to generate[28]. Thus, allocation concealment is considered to be an important part
of randomization[29] and authors who report randomized trials should provide enough details on how
allocation concealment was implemented so that the reader is able to determine the likelihood of
success. In this study, we found that only 26.1% trials reported adequate allocation concealment and
envelope was the major means.
Blinding is an important means to reduce bias. However, in the treatment of sports-related diseases, it is
di cult or impossible to compare surgical or rehabilitation interventions with a double-blinded method.
Nevertheless, the 2011 Cochrane Handbook de nes adequate blinding. First, the outcome and the
outcome measurement are not likely to be in uenced by lack of blinding. Second, either the participants
or some key study personnel are not blinded, but the outcome assessment is blinded. Although it is not
easy to conduct a double-blind surgical trial, it is basically possible to nd a blinded outcome assessor. In
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this study, 262 (55.2%) trials reported adequate blinding including 138 with single blinding and 124 with
double blinding.
An intention-to-treat (ITT) analysis of the results is based on the initial treatment assignment and not on
the treatment eventually received. In contrast, a per-protocol analysis only focuses on patients who
complete the entire clinical trial following the protocol. It could overestimate the practical value of an
intervention. In this study, only 122 (25.7%) trials reported employing ITT analysis and 27 (5.7%) reported
per-protocol analysis, which was far away from the standard of the CONSORT statement.
Missing data caused by patients dropping out of the study before completion is a major problem in the
analysis of clinical trials. It can result in reduced sample size, biased treatment comparison and in uence
the overall statistical power of the study[30]. A review of 71 randomized controlled trials in four top
medical journals showed dropout rates of 20% or more in 18% of trials[31]. Therefore, it is important to
report an adequate handling of dropouts since it could notify readers’ unsatisfactory reasons for
dropouts including adverse events, lack of e cacy, lost to follow-up, death and so on. In this study, only
100 (21.1%) reported handling of dropouts.
Except for the above items which could affect the process to draw a right conclusion, funding source is
another item. The result of the item “funding source” indicated that trials with industrial funding showed
better quality in adequate allocation concealment (p < 0.001), adequate type of analysis (p = 0.011) and
adequate handling of dropout(p = 0.002). It suggested that we should focus on which kind institutions
funded a trial, rather than whether there was a funding institution when we evaluate quality of a RCT.
The current study had several limitations. First, the methodological reporting quality could differ from the
actual methodological quality. As we focused on the methodological methods of the trials, information
not nd in the published manuscript was deemed as deletion, which resulted that there is a possibility
that a well-designed and well-conducted trial is considered with high risk of bias if the methodological
methods were not reported adequately. Second, we only extracted major item instead of all items from
the CONSORT 2010 statements. Third, although the three sports medicine journals with the highest
impact factors were included, many sports medicine related RCTs are published in other journals. To
some extent, this study re ects the methodological reporting quality of RCTs in sports medicine studies.

Abbreviations
RCT: randomized controlled trial, CONSORT = Consolidated Standards of Reporting Trials, EBM =
evidence-based medicine.
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Figures

Figure 1
Flow diagram of RCTs included
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Figure 2
The trend of the number of articles during the past ten years
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