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Background: Randomized controlled trials (RCTs) stand atop the evidence-based hierarchy of study designs for their ability to
arrive at results with the lowest risk of bias. Even for RCTs, however, critical appraisal is essential before applying results to clinical
practice.

Purpose: To analyze the quality of reporting of RCTs published in The American Journal of Sports Medicine (AJSM) from 1990 to
2020 and to identify trends over time and areas of improvement for future trials.

Study Design: Systematic review; Level of evidence, 1.

Methods: We queried the AJSM database for RCTs published between January 1990 and December 2020. Data pertaining to
study characteristics were recorded. Quality assessments were conducted using the Detsky quality-of-reporting index and the
modified Cochrane risk-of-bias (mROB) tool. Univariate and multivariable models were generated to establish factors with
associations to study quality. The Fragility Index was calculated for eligible studies.

Results: A total of 277 RCTs were identified with a median sample size of 70 patients. A total of 19 RCTs were published
between 1990 and 2000 (t1); 82 RCTs between 2001 and 2010 (t2); and 176 RCTs between 2011 and 2020 (t3). From t1 to t3,
significant increases were observed in the overall mean-transformed Detsky score (from 68.2% ± 9.8% to 87.4% ± 10.2%,
respectively; P < .001) and mROB score (from 4.7 ± 1.6 to 6.9 ± 1.6, respectively; P < .001). Multivariable regression analysis
revealed that trials with follow-up periods of <5 years clearly stated primary outcomes, and a focus on the elbow, shoulder,
or knee were associated with higher mean-transformed Detsky and mROB scores. The median Fragility Index was 2
(interquartile range, 0-5) for trials with statistically significant. Studies with small sample sizes (<100 patients) were more
likely to have low Fragility Index scores and less likely to have a statistically significant finding in any outcome.

Conclusion: The quantity and quality of published RCTs published in AJSM increased over the past 3 decades. However, single-
center trials with small sample sizes were prone to fragile results.
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When making treatment decisions, orthopaedic surgeons
must consider patient preferences and values, along with
their own clinical experience and expertise, all integrated
with the best available evidence. Atop the hierarchy of
study designs sits the randomized controlled trial (RCT),
as it is thought to minimize bias by controlling for it as well
as for confounding factors.28 Over time, there has been a
shift in the orthopaedic sports community away from anec-
dote and opinion toward evidence-based medicine, with
increasing demand that treatments are based on best evi-
dence, ideally derived from RCTs.27

Previous studies have demonstrated a higher level of
evidence within sports medicine literature compared with

other orthopaedic and surgical subspecialties,33 with a
greater proportion of randomized and prospective study
designs.4,5,9,10 However, quantity does not necessarily
equal quality, and the strength of conclusions drawn from
this literature may be compromised by conflicting evidence
from small, underpowered trials or those of poor methodo-
logical quality.14,26,34 Accordingly, critical appraisal of the
literature is an essential step before making inferences
from study results and applying that to clinical practice.

The purpose of the present study was to identify and
examine the quality of all RCTs published in The American
Journal of Sports Medicine (AJSM) from 1990 to 2020 and
to identify trends in study quality over time and areas of
improvement for future clinical trials. The Fragility
Index—a measurement of the robustness of statistically
significant findings—and its associated variables were
another important outcome.30 It was hypothesized that the
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quality of RCTs in AJSM would have increased over the
past 3 decades and that the Fragility Index value would
be superior to that of other published RCTs in orthopaedic
sports medicine.

METHODS

Study Selection and Data Extraction

A search was conducted on the AJSM website
(http://www.ajsm.org) for RCTs published between
January 1990 and December 2020. All other study types
(cohort studies, case-control studies, case series, case
reports, meta-analyses, and reviews) were excluded.
Two investigators (A.S., L.L.) independently reviewed
eligible trial abstracts to identify trials with patients
randomly allocated to interventions. The abstract
screening was then followed by a full-text review. Dis-
crepancies between reviewers were resolved by consen-
sus discussion, involving independent review by the
senior authors (D.B.W., G.H.) when an agreement could
not be reached.

The following variables were extracted from each
included RCT: first author’s profession; study type; cited
statistical support or support by an epidemiology depart-
ment; location of the trial; whether it was multicentered;
financial support; body region; category of intervention;
prior trial registration (protocols cross-referenced with
ClinicalTrials.gov for outcomes); allocation concealment;
and blinding of outcome assessors and statistically signifi-
cant (P < .05) findings.

Quality Assessment

The quality assessments for each study were conducted
independently by 2 research associates (A.S., L.L.), with
discrepancies resolved by consensus agreement after dis-
cussion or independent review by the senior authors. Trials
were reviewed using the Detsky quality-of-reporting index
and the modified Cochrane risk-of-bias (mROB) tool, which
were considered the 2 primary outcome measures.17 The
Detsky score evaluates the quality of reporting based on
14 questions covering 5 categories, each worth 4 points for
a total possible score of 20 (Supplemental Table S1, avail-
able separately).11 The score was then converted into a per-
centage (mean-transformed Detsky score). Studies scoring
>75% on the transformed score were considered high
quality.

The mROB assessment evaluates the methodological
quality of the study based on the following 10 categories:
(1) randomization; (2) allocation concealment; (3) orthopae-
dic surgeon or treatment provider blinding; (4) assessor
blinding; (5) patient blinding; (6) patient follow-up; (7) selec-
tive outcome reporting; (8) objectivity of outcomes; (9) ade-
quate sample size; (10) and orthopaedic surgeon experience
with treatment. The maximum score on this scale is
10 points, indicating a low risk of bias. Trials scoring �8
of 10 points on the mROB assessment were considered high
quality.

Fragility Index

Studies with a statistically significant finding in any
reported dichotomous outcome were selected for the Fragil-
ity Index calculation. The Fragility Index for each outcome
was calculated according to the method described by Walsh
et al30 using 2 � 2 contingency tables. The P value for each
outcome was first recalculated using a 2-sided Fisher exact
test. We then added events to the group with a smaller
number of events while subtracting nonevents from the
same group to keep the total number of participants con-
stant. Events were added iteratively until the calculated
P value became > .05. The smallest number of additional
events required to obtain P> .05 was the Fragility Index for
that outcome.

Statistical Analysis

The kappa statistic (k) was used to calculate the level of
agreement between reviewers for the inclusion of studies.
An a priori k criterion of >0.65 was selected to indicate
adequate agreement.8 The intraclass correlation coefficient
(ICC) with a 95% CI was used to calculate interrater agree-
ment for the mROB assessment and the Detsky score.
Descriptive statistics were calculated, with categorical
variables presented as proportions and continuous data
presented as means with standard error of the mean
(SEM).

All statistical tests were 2-tailed, and significance was
set at P < .05. The primary analysis examined the effect
of independent variables on the dependent variables
(mean-transformed Detsky score and mROB). Analysis of
variance (ANOVA) with a Bonferroni correction was used to
account for multiple comparisons, and independent Stu-
dent t tests were used to compare the differences in the
mean-transformed Detsky scores and mROB scores. Vari-
ables significantly associated with study quality in the uni-
variate analyses for either quality assessment tool were
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included in a multivariable linear regression model, with
results reported as beta coefficients with 95% CIs.

Studies were grouped into 3 time periods, each spanning 1
decade: t1 (1990-2000); t2 (2001-2010); and t3 (2011-2020).
The chi-square test and ANOVA were used to determine
whether there were significant differences between the
trials within each decade for the previously stated categori-
cal and continuous independent variables, respectively. Lin-
ear regression was used to assess for significant changes in
the transformed Detsky scores and mROB scores over time.
Similarly, the association between the Fragility Index with
sample size, funding, trial registration, number of centers,
and Detsky and mROB scores was evaluated with the Mann-
Whitney U test or the Kruskal Wallis test for categorical
variables and the Pearson correlation coefficient (r) for

continuous variables. The correlations were grouped as fol-
lows: r < 0.20 ¼ no correlation; 0.20 < r < 0.40 ¼ weak
correlation; 0.40 < r < 0.60 ¼ moderate correlation; and r
> 0.60 ¼ strong correlation. All analyses were performed
using SAS Version 9.4 (SAS Institute Inc).

RESULTS

Study Identification and Characteristics

A total of 7143 citations were published in AJSM between
January 1990 and December 2020. After the exclusion of
6866 nonrandomized trials, 277 RCTs (3.9%) were included
in our analysis (Table 1 and Supplemental Table S2). The

TABLE 1
Characteristics of the Included RCTs (N ¼ 277)a

Variable No. of Studies Variable No. of Studies

First author profession Follow-up time
Surgeon 192 (69.3) <4 wk 18 (6.5)
Professor/researcher 23 (8.3) 1 to <12 mo 69 (24.9)
PT/kinesiologist 30 (10.8) 12 to <24 mo 65 (23.4)
MD (eg, sports, PMR) 21 (7.6) 24 to <36 mo 70 (25.2)
Trainee/other 11 (4) 36 to <60 mo 13 (4.7)

First author gender �5 y 42 (15.2)
Male 226 (82.6) Number of sites
Female 46 (16.6) Single 239 (86.3)
Unknown 5 (1.8) Multiple/cluster 38 (13.7)

Type of intervention Financial supportc

Drug 79 (28.5) None 105 (37.9)
Surgical 120 (43.3) Conflict of interest 62 (22.4)
Nonsurgicalb 78 (28.2) Grant 91 (32.9)

Placebo controlled Industry funded 71 (25.6)
Yes 98 (35.4) Statistical support 88 (31.8)
No 179 (64.6) Trial registered 185 (66.8)

PRP-related study Protocol published 21 (7.6)
Yes 34 (12.3) Primary outcome clearly stated 166 (59.9)
No 242 (87.4) Follow-up of previously published trial 41 (14.8)

Area of body Significant findings
Shoulder 48 (17.3) Of primary outcome 72 (26.0)
Elbow 9 (3.2) Of secondary outcome 137 (49.5)
Hip/thigh 10 (3.6) Of any outcome 166 (59.9)
Knee/leg 144 (52.0)
Foot/ankle 40 (14.4)
Multiple/injury prevention 26 (9.4)

Trial location
North America 80 (28.9)
South America 6 (2.2)
Africa 1 (0.4)
Europe 124 (44.8)
Asia 33 (11.9)
Australia/Oceania 26 (9.4)
Multiple 7 (2.5)

aData are presented as n (%). Conflict of interest indicates �1 author reporting a financial conflict of interest in the author disclosures.
Statistical support indicates the support of an epidemiologist or a statistician in the acknowledgment or among the listed authors.
MD, medical doctor; PMR, physical medicine and rehabilitation; PRP, platelet-rich plasma; PT, physical therapist; RCT, randomized con-
trolled trial.

bNonsurgical treatments included rehabilitation studies, injury prevention, and laboratory- or imaging-based studies.
cCategories are not mutually exclusive.
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agreement between the reviewers regarding the eligibility
of the studies was almost perfect (k ¼ 0.99).

The 277 RCTs published in AJSM between 1990 and
2020 demonstrated an increasing trend in the number of
trials published over time (Figure 1). The annual number of

studies published and the year of publication were
strongly correlated (r ¼ 0.89). A total of 19 RCTs were pub-
lished between 1990 and 2000 (t1), 82 RCTs between 2001
and 2010 (t2), and 176 RCTs between 2011 and 2020 (t3)
(Table 2).

Figure 1. Number of randomized controlled trials published in AJSM and the mean Detsky score from 1990 to 2020. Error bars
represent SEM. The Pearson correlation for the number of studies versus the year of publication, r ¼ 0.89; and for the mean-
transformed Detsky score versus year of publication, r ¼ 0.83. AJSM, The American Journal of Sports Medicine; ICC, Pearson
correlation coefficient.

TABLE 2
Characteristics of Trials Across Decades of Publicationa

t1 (1990-2000) t2 (2001-2010) t3 (2011-2020) Pb

Publications 19 (6.9) 82 (29.6) 176 (63.5)
Sample size 259.7 ± 449.7 134.4 ± 216.3 129.3 ± 309.6 .195
Sample size, median [IQR] 83 [30-156] 71 [50-100] 70 [40-110] .101
Significant findings 8 (42.1) 33 (40.2) 69 (39.2) .960
Multicenter trials 2 (10.5) 16 (19.5) 27 (15.3) .542
Received no funding 9 (47.4) 37 (45.1) 59 (33.5) .141
Statistical support 8 (42.1) 25 (30.5) 55 (31.3) .601

Study type .224
Surgical 5 (26.3) 38 (46.3) 77 (43.8)
Nonsurgical 8 (42.1) 29 (35.4) 42 (23.9)
Drug 6 (31.6) 15 (18.3) 57 (32.4)

Detsky score 68.2 ± 9.8 82.7 ± 11.6 87.4 ± 10.2 � t1 vs t2: MD ¼ 14.6; P < .001
� t1 vs t3: MD ¼ 19.3; P < .001
� t2 vs t3: MD ¼ 4.7; P < .001

mROB 4.7 ± 1.6 6.4 ± 1.7 6.9 ± 1.6 � t1 vs t2: MD ¼ 1.67; P < .001
� t1 vs t3: MD ¼ 2.13; P < .001
� t2 vs t3: MD ¼ 0.47; P < .001

aData are presented as n (%) or mean ± SEM unless otherwise indicated. Bold P values indicate statistically significant differences between
decades (P < .05). MD, mean difference; mROB, modified Cochrane risk-of-bias.

b3�2 chi-square tests were used for categorical variables and 1-way analysis of variance was used for continuous variables, followed by
unpaired t test pairwise comparisons for variables with P < .05.
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The mean sample size of included trials was 139.7 ± 18
patients (range, 10-3611 patients). The median sample size
was 70 patients; 201 studies (72.6%) had <100 patients.
Regression analysis showed a trend to decreased sample
sizes from 1990 to 2020 (b ¼ –3.8 [95% CI, 1.4 to –9.0];
P ¼ .15). Increasing sample size was associated with a
greater likelihood of a statistically significant result in any
outcome (mean difference, 92.5 patients; P ¼ .011).

An a priori sample size calculation was completed in
203 (73.3%) of the included trials. Of trials that showed
an a priori sample size calculation, 137 (67.5%) enrolled a
sufficient number of patients to achieve statistical power
and 75 (36.9%) reported maintaining the required sample
size at the follow-up. Of the 172 trials that had authors
who reported financial support or conflicts of interest,
71 (41.3%) received funding or grants from industry.

Statistically significant results in any study outcome
were reported in 166 trials (59.9%). Of these 166 trials,
there was a significant finding in the primary outcome of
72 trials (43.4%). The correlation between Detsky and
mROB scores was moderate (r¼ 0.67). The Science Citation
Index weakly correlated with the Detsky score (r ¼ –0.14)
and the mROB score (r ¼ –0.14). All other individual study
variables are reported in Supplemental Table S3.

Assessment of the Detsky Index Quality Score

The ICC for interrater agreement on the Detsky score was
0.82 (95% CI, 0.64-1), indicating very high agreement
(Supplemental Table S4). The mean-transformed Detsky
score was 84.7% ± 0.7% (Figure 1). One trial (0.4%) scored
<50%, 65 trials (23.5%) scored between 50% and 75%, and
211 trials (76.2%) scored >75%.

Univariate analyses demonstrated significant associa-
tions between the Detsky score and the type of interven-
tion, a clearly stated primary outcome, a priori trial
registration, the area of body studied, length of follow-up,
type of financial support, and use of platelet-rich plasma
(PRP) (Table 3). Multivariable linear regression analysis
subsequently demonstrated significant independent asso-
ciations between improved Detsky scores and follow-up
durations of <5 years; trials on the shoulder, elbow, knee,
or foot/ankle (reference: multiple/injury prevention); a
priori trial registration; and a clearly stated primary out-
come (Table 4).

Detsky scores significantly increased over time between
1990 and 2020 (b ¼ 3.5 [95% CI, 2.5-4.5]; P < .001). The
overall mean-transformed Detsky score increased signifi-
cantly from t1 (68.2% ± 9.8%) to t2 (82.7% ± 11.6), and again
from t2 to t3 (87.4% ± 10.2%) (P< .001 for both) (see Table 2).
The Detsky score was strongly correlated with the year of
publication (r ¼ 0.83). The mean sample size, proportion of
multicenter collaborations, number of industry-funded
studies, and significant findings did not change over time
(see Table 2).

Risk-of-Bias Assessment

The overall interrater agreement for the mROB score was
0.88 (95% CI, 0.72-1), corresponding to a very high

agreement (Supplemental Table S4). The mean mROB
assessment score was 6.6 ± 0.1 points (Figure 2). The
domains of “treatment-administrator blinding” (30/277)
and “loss to follow-up >5%” (86/277) had the lowest scores,
indicating a prevalent risk of study bias in these categories
(Supplemental Table S5).

Univariate analysis showed a significant association
with mROB scores and the type of trial, placebo-
controlled comparison group, clearly stated primary out-
come, a priori trial registration, number of study centers,
area of body studied, length of follow-up, type of financial
support, use of PRP, and those reporting results of a previ-
ous trial (P < .05) (see Table 3). Multivariate regression
analysis showed that trials investigating the shoulder,
elbow, or knee (reference: multiple/injury prevention), with
follow-ups of <4 weeks, 1 to 12 months, 12 to 24 months,
and 24 to 36 months (reference: >5 years), or a clearly
stated primary outcome were associated with higher mROB
scores (see Table 4).

The mROB scores significantly increased over time
between 1990 and 2020 (b ¼ 0.07 [95% CI, 0.04-0.10];
P < .001). The mean mROB score significantly increased
from t1 (4.7 ± 1.6) to t2 (6.4 ± 1.7), and again from t2 to t3

(6.9 ±1.6) (P < .001 for both) (Table 2). The mROB score
was moderately correlated with the year of publication
(r ¼ 0.76).

Fragility Index

The median Fragility Index was 2 (interquartile range, 0-5)
for the 44 included studies, with significant findings in
dichotomous outcomes (Supplemental Figure S1 and
Table 5). Using the 2-sided Fisher exact test, 13 studies
became nonsignificant when the P value was calculated,
and therefore had a Fragility Index of 0. Increasing the
Fragility Index value (indicating less fragility) was associ-
ated with a sample size of �100 patients (P ¼ .002), a
clearly stated primary outcome (P ¼ .010), and a statisti-
cally significant finding in the primary outcome (P ¼ .020)
(see Table 4). The number of patients lost to follow-up was
greater than the Fragility Index score in 75% (33/44) of
studies. The Fragility Index was moderately correlated
with the sample size (r ¼ 0.68). The Fragility Index was not
correlated with the transformed Detsky score (r ¼ 0.23) or
the mROB score (r ¼ 0.16).

DISCUSSION

In examining all RCTs published in AJSM over 30 years, it
was demonstrated that the mean methodological quality of
RCTs in AJSM is relatively high and has increased over
time. Multivariable analysis revealed that trials with
follow-up periods of <5 years, a clearly stated primary out-
come, and a focus on either elbow, shoulder, or knee were
associated with higher mean-transformed Detsky and
mROB scores. The median Fragility Index of studies with
statistically significant findings was 2, and the number of
patients lost to follow-up was greater than the Fragility
Index in 75% of studies.
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The present findings reflect similar results from a recent
review of all surgical RCTs published in a high-impact gen-
eral orthopaedic journal29 from 1988 to 2013, which also
noted a decrease in sample sizes over time despite increas-
ing numbers of RCTs and improved study quality. The
trend has also been observed in other surgical subspecial-
ties.1,7,35 A previous appraisal of the quality of all studies
published in AJSM was conducted in 2016 by Brophy et al.5

They identified an increase in the number of RCTs

published and the level of evidence from the 1991-1993 and
2001-2003 periods to the 2011-2013 period. This study was
limited by only sampling 3-year periods and generalizing
several qualitative parameters as a proxy for methodologi-
cal quality. At that time, the authors called for a more com-
prehensive study to assess parameters of quality across a
wider breadth of published studies utilizing standardized
and validated methodological quality instruments,5 as per-
formed in the present study.

TABLE 3
Univariate Analysis of Characteristics Associated With Quality Scoresa

Variable
Detsky

Score, % Pb
mROB
Score Pb Variable

Detsky
Score, % Pb

mROB
Score Pb

Area of body .046 .010 Financial support .391 .331
Shoulder 88 ± 1.5 7.2 ± 0.2 Yes 84 ± 1.1 6.5 ± 0.2
Elbow 90.6 ± 3.6 7.8 ± 0.3 No 85.2 ± 0.9 6.7 ± 0.1
Hip/thigh 88.5 ± 3.6 7.2 ± 0.6 Industry funded .355 .153
Knee/leg 83.3 ± 1 6.4 ± 0.1 Yes 85.8 ± 1.3 6.8 ± 0.2
Foot/ankle 85.1 ± 1.6 6.4 ± 0.3 No 84.3 ± 0.8 6.5 ± 0.1
Multiple/injury prevention 82.5 ± 2.6 6 ± 0.4 First author profession .185 .174

Type of intervention .037 < .001 Surgeon 83.7 ± 0.9 6.5 ± 0.1
Drug 86.5 ± 1.3 7.5 ± 0.2 Professor/researcher 87.4 ± 2.2 6.8 ± 0.4
Nonsurgical 86.1 ± 1.3 6.5 ± 0.2 PT/kinesiologist 87.8 ± 1.8 6.5 ± 0.2
Surgical 82.7 ± 1.1 6.1 ± 0.2 MD (eg, sports, PMR) 87.6 ± 1.9 7.4 ± 0.4

Follow-up time < .001 < .001 Trainee/other 83.6 ± 4.0 6.2 ± 0.8
<4 wk 82.5 ± 3.1 7.4 ± 0.5 First author gender .532 .625
1 to <12 mo 87.5 ± 1.3 7 ± 0.2 Male 84.6 ± 0.8 6.5 ± 0.1
12 to <24 mo 86.8 ± 1.2 7 ± 0.2 Female 85.9 ± 1.6 6.8 ± 0.3
24 to <36 mo 84.8 ± 1.4 6.4 ± 0.2 Unknown 80 ± 4.7 6.8 ± 0.4
36 to <60 mo 85 ± 3.1 6.3 ± 0.4 Location of trial .209 .519
>5 y 78.3 ± 2 5.5 ± 0.2 North America 83.4 ± 1.5 6.6 ± 0.2

PRP-related study < .001 < .001 South America 94.2 ± 2.4 6.8 ± 0.2
Yes 90.1 ± 1.4 7.6 ± 0.2 Africa 90 ± 0 7 ± 0
No 84 ± 0.8 6.4 ± 0.1 Europe 83.9 ± 1.1 6.4 ± 0.2

Trial registered < .001 < .001 Asia 87.6 ± 1.6 6.9 ± 0.3
Yes 89.8 ± 0.7 7.2 ± 0.1 Australia/Oceania 86.0 ± 1.9 6.6 ± 0.3
No 82.2 ± 1.3 6.3 ± 0.2 Multiple 87.9 ± 3.4 7.7 ± 0.4

Primary outcome clearly stated < .001 < .001 Statistical support .205 .452
Yes 87.9 ± 0.8 7 ± 0.1 Yes 85.6 ± 1.4 6.7 ± 0.2
No 80 ± 1.2 6 ± 0.2 No 84.3 ± 0.8 6.5 ± 0.1

Follow-up of previously published trial < .001 < .001 Protocol published .067 .059
Yes 77.8 ± 2.1 5.7 ± 0.2 Yes 88.8 ± 2.4 7.1 ± 0.3
No 85.9 ± 0.7 6.7 ± 0.1 No 82.7 ± 0.7 6.4 ± 0.1

Authors disclosed COI .022 .012 Significant findings
Yes 87.7 ± 1.2 7.1 ± 0.2 Of primary outcome .110 .244
No 83.9 ± 0.8 6.4 ± 1.8 Yes 89.2 ± 1.2 7.2 ± 0.2

Grant funding .002 .292 No 86.9 ± 1 6.8 ± 0.2
Yes 87.8 ± 1 6.7 ± 0.2 Of secondary outcome .701 .909
No 83.2 ± 0.9 6.5 ± 0.1 Yes 85 ± 1.1 6.6 ± 0.2

Placebo controlled .782 .039 No 84.4 ± 1 6.6 ± 0.1
Yes 85.5 ± 1.2 6.9 ± 0.2 Of any outcome .058 .389
No 84.3 ± 0.9 6.4 ± 0.1 Yes 85 ± 1 6.6 ± 0.1

Number of sites .826 .093 No 80.1 ± 1.1 6.9 ± 0.2
Single 86.2 ± 0.7 6 ± 0.4
Multiple/cluster 84.5 ± 1.9 6.6 ± 0.1

aScores are reported as mean ± SEM. Bold P values indicate variables with statistically significant differences within subgroups (P < .05);
these variables were included in the multivariable analysis (Table 4). COI, conflict of interest; MD, medical doctor; mROB, modified Cochrane
risk-of-bias; PMR, physical medicine and rehabilitation; PRP, platelet-rich plasma; PT, physical therapist.

bUnpaired t tests for categories with 2 variables and 1-way analysis of variance for categories with >2 variables.
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Both the Detsky and mROB quality metrics showed rel-
atively high study quality of published RCTs from 1990 to
2020. Identification of prevalent strengths and weaknesses
within trial quality can help guide clinicians, researchers,
and reviewers in performing and publishing high-quality
research within sports medicine going forward. For exam-
ple, we found that clearly stating a primary outcome was
associated with higher quality on all metrics. This alludes
to the authors’ understanding of the research process and a
structured, scientific approach to writing and reporting the
trial. Based on this result, those aiming to answer ortho-
paedic sports medicine questions through a randomized
trial should ensure that a primary outcome is identified

before the initiation of the research and that it is commu-
nicated in their paper.

During the data analysis, it was noted that the Detsky
and mROB tools have several potential shortcomings in the
context of assessing surgical trials. For example, the mROB
tool places significant emphasis on blinding. However, a
trial with a surgical versus nonsurgical intervention, in
which neither the orthopaedic surgeon nor the patient can
be blinded, is penalized by 3 points (30% of the total score).
Additionally, no quality score incorporates a length of
follow-up as a measure of strength despite the importance
of long-term comparisons for surgical interventions.
There is penalty for loss to follow-up of >5%, which

TABLE 4
Multivariable Analysis of Characteristics Associated With Quality Scoresa

Detsky Score mROB Score

Variable b (95% CI) P b (95% CI) P

Area of body
Shoulder 10.9 (5 to 16.9) < .001 1.4 (0.5 to 2.3) .002
Elbow 10.3 (1.7 to 19) .018 1.5 (0.2 to 2.9) .02
Hip/thigh 7.4 (–1.2 to 16) .09 0.7 (–0.6 to 2.1) .28
Knee/leg 8.2 (2.8 to 13.6) .003 1 (0.2 to 1.8) .02
Foot and ankle 6.6 (0.9 to 12.2) .022 0.6 (–0.3 to 1.4) .20
Multi/injury prevention Reference Reference

Type of intervention
Drug –3 (–7.6 to 1.4) .18 0.6 (–0.1 to 1.3) .08
Nonsurgical 2.4 (–1.5 to 6.4) .23 0.3 (–0.3 to 1.0) .32
Surgical Reference Reference

Follow-up time
<4 wk 3.3 (–3.6 to 10.3) .34 1.8 (0.8 to 2.7) < .001
1 to <12 mo 9.2 (4.7 to 13.7) < .001 1.5 (0.8 to 2.1) < .001
12 to <24 mo 8.4 (4 to 12.8) < .001 1.5 (0.9 to 2.1) < .001
24 to <36 mo 6.4 (1.7 to 11.2) < .001 1 (0.3 to 1.6) < .001
36 to <60 mo 6.6 (–1.3 to 14.6) .089 0.8 (–0.2 to 1.8) .109
�5 y Reference Reference

PRP
Yes 2.9 (–2.5 to 8.2) .29 –0.04 (–0.8 to 0.8) .91
No Reference Reference

Trial registered
Yes 4.2 (1.2 to 7.2) .007 0.4 (–0.1 to 0.8) .12
No Reference Reference

Primary outcome clearly stated
Yes 5.9 (2.9 to 8.8) < .001 0.8 (0.3 to 1.2) < .001
No Reference Reference

Follow-up of previously published trial
Yes –0.9 (–4.6 to 2.8) .62 0.08 (–0.5 to 0.6) .78
No Reference Reference

Authors disclosed COI
Yes 2.5 (–0.9 to 5.8) .15 0.2 (–0.2 to 0.7) .34
No Reference Reference

Grant funding
Yes 2.4 (–0.5 to 5.3) .11 —
No Reference —

Placebo controlled
Yes — 0.1 (–0.6 to 0.3) .55
No — Reference

aDashes indicate variables not included in the analysis. Bold P values indicate statistical significance (P < .05). COI, conflict of interest;
mROB, modified Cochrane risk-of-bias; multi, multiple; PRP, platelet-rich plasma.
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disproportionately affects trials with a longer follow-up due
to their increased propensity to lose more patients. This is
seen in our finding that trials with follow-ups of <3 years

had higher-quality scores. A lack of correlation between
Detsky and mROB scores with other proxies for study qual-
ity, such as the Fragility Index, Citation Index, and sample

TABLE 5
Fragility Index Values and Study Characteristicsa

Studies With Significant Findings in a Categorical Variable Fragility Index Pb

All trials (N ¼ 44) 2 [0-5]
Outcomec .020

Primary (n ¼ 6) 7.5 [4-21.5]
Secondary (n ¼ 9) 0 [0-3.5]
Other (n ¼ 29) 2 [0-4]

Sample size .002
<100 (n ¼ 20) 0.5 [0-2]
�100 (n ¼ 24) 4 [2-10.5]

A priori power calculation and sufficient patient recruitment .24
Yes (n ¼ 31) 2 [1-5]
No (n ¼ 13) 0 [0-5.5]

Industry funding .423
Yes (n ¼ 11) 2 [2-4]
No/unclear (n ¼ 33) 2 [0-5.5]

Number of centers .076
Single (n ¼ 40) 1 [0-4]
Multiple/cluster (n ¼ 14) 4 [2-7.5]

Trial registered in database .103
Yes (n ¼ 16) 2 [1.25-11.5]
No (n ¼ 28) 1.5 [0-4.75]

Primary outcome clearly stated .010
Yes (n ¼ 27) 2.5 [2-9.75]
No (n ¼ 17) 0 [0-1.75]

aData are presented as median [interquartile range]. Bold P values indicate statistically significant differences within subgroups (P< .05).
bKruskal Wallis tests for variables of >2 categories and Mann-Whitney U tests for variables of 2 categories.
cTrials with significant findings in any outcome were included in the Fragility Index calculation for that outcome.

Figure 2. Number of randomized controlled trials published in AJSM and the mean mROB score, 1990 to 2020. The Pearson
correlation coefficient for the number of studies versus the year of publication, r ¼ 0.89; for the mROB score versus the year of
publication, r ¼ 0.76. AJSM, The American Journal of Sports Medicine; mROB, modified Cochrane risk-of-bias.
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size/multicenter collaboration, was observed. One weak-
ness of both tools is that they combine assessments of meth-
odological quality with the quality of reporting into a
composite score. It is important to distinguish between
them—a trial that is poorly designed with notable bias but
is well reported can receive a high-quality score, and vice
versa.25 Unfortunately, all well-known methodological
quality questionnaires for RCTs have some flaws, primarily
because of the clinical settings in which they were
developed.7,15,16

Given the shortcomings of the quality assessment scores
utilized to determine a high-quality grade for the RCTs we
analyzed, other metrics may shed light on the confidence
with which we can draw inferences from the results of these
studies. The Fragility Index assessment highlights possible
shortcomings of studies with small sample sizes and their
robustness. For example, 13 of 44 studies reporting statis-
tically significant results had a Fragility Index of 0, mean-
ing that when the analysis was performed using a more
conservative Fisher exact test, they were shown to be non-
significant. Studies with a sample size of�100 patients had
a median Fragility Index of 0.5, meaning that only 1 patient
changing to a nonevent would alter the study’s conclusions.
It is interesting to note that, despite larger sample sizes
being associated with a greater likelihood of a statistically
significant difference in study outcomes, the mean RCT
sample size in AJSM has shown a trend to decrease (b ¼
–3.8 [95% CI, 1.4 to –9.0]; P ¼ .15). The median Fragility
Index of 2 is comparable with other RCTs in orthopaedic
sports medicine and spinal surgery but lags behind ortho-
paedic trauma (Fragility Index¼ 5) and far behind internal
medicine subspecialty trials published in high-impact fac-
tor journals (eg, New England Journal of Medicine, The
Lancet, Journal of the American Medical Association, BMJ,
and Annals of Internal Medicine) (Fragility Index ¼
13).12,13,21-23

Within the time frame we examined, small sample sizes
(<50 patients; n ¼ 75 studies) and a high proportion of
single-center trials (86.3%) were observed, and there was
a nonsignificant trend toward smaller mean sample sizes
over time (see Table 2). Our analysis demonstrated
increased fragility of the results from trials with <100
patients. Additionally, most trials (63%) failed to meet their
a priori sample size calculations at the final follow-up
(Supplemental Table C), and the number of patients lost
to follow-up exceeded the Fragility Index in 75% of studies
with significant findings. Taken together, these metrics
indicate a risk of type I error in many trials that reported
significant findings. Conversely, small trials are also at risk
for type II error by failing to demonstrate a true difference
in outcomes because of lack of power. Both errors are prob-
lematic in that they may affect the distribution of health-
research resources and funding 19 and erode confidence in
the efficacy of surgical procedures.3 An opportunity exists
to encourage multicenter collaboration within the ortho-
paedic community to produce higher-quality research in
this regard. At present, orthopaedic surgery and sports
medicine have lagged behind other medical disciplines in
the percentage of collaborative, multicenter trials.5,6,31

Although conducting larger, well-conducted trials may be

time-consuming and expensive, the effort will increase the
likelihood of producing meaningful and truthful results,
with increased collaboration among institutions and appro-
priate planning.18-20,32

Limitations

Limitations of the present study include that the review did
not consider trials published in other journals, limiting the
generalizability of the results about the trends in the ortho-
paedic sports medicine literature to the global scientific
community. However, AJSM has one of the highest impact
factors among orthopaedic sports medicine journals and is
likely to represent higher-quality orthopaedic trials. The
quality of reporting of the included trials may have hin-
dered the evaluation of the true methodological quality.
Previous research has shown that few clinical trials ade-
quately report on a number of statistical features, including
the identification of primary or secondary analyses and
providing or reporting sample size calculations.24 Although
certain criteria of the quality scores addressed this, further
steps could be taken in the future to more comprehensively
assess the adequacy of statistical reporting.2

CONCLUSION

The quantity and quality of published RCTs published in
AJSM increased over the past 3 decades. Although these
improvements are encouraging, single-center trials with
small sample sizes (<100 patients) are still common
(72.6% of studies) and produce fragile results. To limit bias
and demonstrate the efficacy of orthopaedic treatments
moving forward, there is a need to continue to conduct
high-quality trials of appropriate sample size and rigorous
design. This effort will undoubtedly demand an enhanced
spirit of collaboration among the orthopaedic community.
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