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Aims
Systematic reviews of randomized controlled trials (RCTs) are the highest level of evidence
used to inform patient care. However, it has been suggested that the quality of randomiza-
tion in RCTs in orthopaedic surgery may be low. This study aims to describe the quality of
randomization in trials included in systematic reviews in orthopaedic surgery.

Methods
Systematic reviews of RCTs testing orthopaedic procedures published in 2022 were extracted
from PubMed, Embase, and the Cochrane Library. A random sample of 100 systematic
reviews was selected, and all included RCTs were retrieved. To be eligible for inclusion,
systematic reviews must have tested an orthopaedic procedure as the primary intervention,
included at least one study identified as a RCT, been published in 2022 in English, and
included human clinical trials. The Cochrane Risk of Bias-2 Tool was used to assess random
sequence generation as ‘adequate’, ‘inadequate’, or ‘no information’; we then calculated the
proportion of trials in each category. We also collected data to test the association between
these categories and characteristics of the RCTs and systematic reviews.

Results
We included 917 unique RCTs. We found that 374 RCTs (40.8%) reported adequate sequence
generation, 61 (6.7%) were inadequate, 410 (44.7%) lacked information, and 72 (7.9%) were
observational studies incorrectly included as RCTs within the systematic review. Publica-
tion year, an author with statistical or epidemiological qualifications, and journal impact
factor were each associated with adequate randomization. We found that 45 systematic
reviews (45%) included at least one inadequately randomized RCT or an observational study
incorrectly treated as a RCT.

Conclusion
There is evidence of a lack of random allocation in RCTs included in systematic reviews
in orthopaedic surgery. The conduct of RCTs and systematic reviews should be improved
to minimize the risk of bias from inadequate randomization in RCTs and mislabelling of
non-randomized studies as RCTs.

Take home message
• The common, unrecognized inclusion of

non-randomized studies in systematic
reviews of randomized controlled trials
means that the conclusions of orthopae-
dic systematic reviews may be biased and
the findings unreliable.

Introduction
Systematic reviews of randomized
controlled trials (RCTs) are the highest
level of scientific evidence.1 The corner-
stone of RCTs is randomization, which
ensures that the only difference between
treatment groups is the allocated inter-
vention,2-5 permitting the examination of
causal relationships between interventions
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and clinical outcomes.6,7 The unrecognized inclusion of
non-randomized studies in systematic reviews of RCTs may
undermine the quality of the evidence, bias the conclusions,
and negatively affect patient care.5,8,9

While there has been a consistent rise in the num-
ber of RCTs conducted in the orthopaedic literature,10 there
is evidence of methodological flaws in orthopaedic RCTs,
including use of inadequate randomization and failure to
report method of randomization.8,11,12 While previous studies
have assessed the quality of randomization in RCTs, there
has been little consideration of the RCTs included in system-
atic reviews. There is also no prior assessment of the propor-
tion of systematic reviews that include trials with inadequate
randomization.

The primary aim of this study was to measure the
proportion of RCTs included in systematic reviews of ortho-
paedic surgery that use an adequate method of randomiza-
tion. The secondary aims were to determine if there is any
association between trial characteristics and the use of an
adequate randomization method; measure the proportion
of systematic reviews that include trials with inadequate
randomization; and determine if there is any association
between systematic review characteristics and the inclusion
of inadequately randomized trials.

Methods
Study design
We performed a meta-epidemiological study of all RCTs
included in 100 systematic reviews in orthopaedic surgery.
Ethics approval was not required for this study as all data are
freely available in the public domain. This study was registered
on PROSPERO (record ID CRD42023480758).13

Eligibility
We included systematic reviews that tested an orthopaedic
operative procedure as the primary intervention (defined
as any procedure conducted in an operating theatre by
an orthopaedic team which involved penetration of the
skin); included at least one RCT; were published in 2022;
and were available in English. We excluded systematic
reviews of non-orthopaedic aspects of orthopaedic proce-
dures, e.g. anaesthesia, perioperative medication, rehabilita-
tion, or injections.

Information sources and search strategy
PubMed, Embase, and the Cochrane Library were searched on
30 April 2023. The search strategy is available in Supplemen-
tary Material 1.

Selection process
Search results were imported into bibliographic software
where duplicates were removed. The resulting list of poten-
tially eligible systematic reviews was sorted by first author
surname and exported to Excel (Microsoft, USA), where we
used the Power Query list.random() function, with seed set
to 115, to generate a random number between 0 to 1 for
each review. Reviews were then sorted in ascending order
of the random number. Starting at the top of the list, two
authors (MT, KKL) independently screened all studies by title
and abstract, followed by a full-text review where applicable.
The first 100 reviews to meet eligibility criteria were selected

to form the sample. Disagreements were resolved through
discussion between the two authors at all stages and no
consultation of a third author was required. A list of all
studies retrieved and included is available in the supplement
(Supplementary Material table). References were managed
using Endnote X9 (Clarivate, USA).

Study outcomes
The primary outcome of the study was the proportion of
RCTs included in systematic reviews of orthopaedic sur-
gery that used adequate randomization to assign partici-
pants. The secondary outcomes were to determine if there
was any association between trial characteristics (publica-
tion year, journal impact factor, inclusion of an author
with statistical or epidemiological qualifications, sample size,
country of research, intervention type, body region), and
adequate randomization. We also determined the propor-
tion of systematic reviews that included at least one trial
with inadequate randomization. During data extraction,
we encountered observational studies treated as RCTs, so
we added this category to our study outcomes. We deter-
mined if there was any association between systematic
review characteristics (use of a Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) check-
list,14 registration in PROSPERO, inclusion of an author with
statistical or epidemiological qualifications, systematic review
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Fig. 1
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram. RCTs, randomized controlled trials.
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Table I. Characteristics of randomized controlled trials included in systematic reviews of surgical procedures.

Variable
Adequately randomized (n
= 374)

Not adequately randomized
(n = 471)*

Observational studies (n =
72) Total (n = 917)

Year, n (%)

Pre-2000 12 (3.2) 60 (12.7) 4 (5.6) 76 (8.3)

2000 to 2009 50 (13.4) 89 (18.9) 11 (15.3) 150 (16.4)

2010 to 2019 251 (67.1) 282 (59.9) 52 (72.2) 585 (63.8)

2020 to 2023 61 (16.3) 40 (8.5) 5 (6.9) 106 (11.6)

Author with statistical or
epidemiological qualifica‐
tions, n (%) 30 (8.0) 49 (10.4) 2 (2.8) 81 (8.8)

Impact factor

Range 0.2 to 158.5 0.2 to 10.5 0.4 to 4.8 0.2 to 158.5

Median (IQR) 2.7 (1.9 to 3.8) 2.2 (1.5 to 3.0) 1.9 (1.2 to 2.8) 2.4 (1.6 to 3.2)

Sample size

Range 8 to 2,948 20 to 1,000 10 to 5,390 8 to 5,390

Median (IQR) 80 (54 to 123.5) 80 (50 to 121.2) 60 (40.3 to 99.5) 80 (51 to 120)

Country of research, n (%)†

China 51 (13.6) 54 (11.5) 13 (18.1) 118 (12.9)

USA 37 (9.9) 58 (12.3) 9 (12.5) 104 (11.3)

England 26 (7.0) 28 (5.9) 2 (2.8) 56 (6.1)

Sweden 13 (3.5) 38 (8.1) 1 (1.4) 52 (5.7)

South Korea 27 (7.2) 16 (3.4) 3 (4.2) 46 (5.0)

Germany 16 (4.3) 26 (5.5) 1 (1.4) 43 (4.7)

India 23 (6.2) 31 (6.6) 3 (4.2) 57 (6.2)

Canada 18 (4.8) 12 (2.6) 1 (1.4) 31 (3.4)

Japan 3 (0.8) 19 (4.0) 8 (11.1) 30 (3.3)

Norway 12 (3.2) 18 (3.8) 0 (0) 30 (3.3)

Other 148 (39.6) 171 (36.3) 31 (43.1) 350 (38.2)

Interventions, n (%)‡

Arthroplasty 159 (42.3) 180 (38.2) 45 (62.5) 384 (41.9)

Fixation 110 (29.4) 173 (36.7) 12 (16.7) 295 (32.1)

Arthrodesis 14 (3.7) 32 (6.8) 4 (5.6) 50 (5.5)

Arthroscopy 30 (8.0) 23 (4.9) 2 (2.8) 55 (6.0)

Decompression 14 (3.7) 19 (4.0) 6 (8.3) 39 (4.3)

Other 47 (12.6) 44 (9.3) 3 (4.2) 94 (10.3)

Body region, n (%)§

Hip 140 (37.4) 221 (46.9) 13 (18.1) 374 (40.8)

Knee 86 (23.0) 68 (14.4) 32 (44.4) 186 (20.3)

Shoulder 63 (16.8) 53 (11.3) 2 (2.8) 118 (12.9)

Spine 36 (9.6) 63 (13.4) 12 (16.7) 111 (12.1)

Other 49 (13.1) 66 (14.0) 13 (18.1) 128 (14.0)

*“No information” and “inadequate randomization”.
†Only top ten countries presented for brevity.
‡Only top five interventions presented for brevity.
§Only top four body regions presented for brevity.
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journal impact factor, number of included studies, and country
of research), and the inclusion of inadequately randomized
trials or observational studies treated as RCTs.

Data extraction
One author (MT) extracted study characteristics from
systematic reviews and RCTs (and observational studies
treated as RCTs). Another author (AML) independently audited
a 10% sample of extracted data.

Assessment of randomization
Random sequence generation was assessed using the
Cochrane Risk of Bias tool for randomized trials (RoB-2).15

Based on RoB-2, we considered a study to have ade-
quate randomization if a random component was used in

the sequence generation process, e.g. “computer-generated
random numbers; reference to a random number table;
coin tossing; shuffling cards or envelopes; throwing dice; or
drawing lots”.15 We used this definition because it requires
the least subjective assessment, thus improving replicabil-
ity. We classified studies as inadequately randomized if no
random element was used or the sequence was predicta-
ble e.g. “alternation; methods based on dates (of birth or
admission); patient record numbers; allocation decisions made
by clinicians or participants; allocation based on the availabil-
ity of the intervention; or any other systematic or haphazard
method”.15 Studies where the only information was a state-
ment that the study was randomized or where the approach
to sequence generation is described incompletely, without
confirming there was a random component, were classified

Table II. Association between adequate random sequence generation and trial characteristics.

Characteristic Unadjusted OR (95% CI) p-value* Adjusted OR (95% CI)
p-
value*

Publication year 1.06 (1.04 to 1.09) < 0.001 1.04 (1.00 to 1.08) 0.033

Author with epidemiology or statistics qualification 2.22 (1.38 to 3.60) 0.001 1.78 (1.02 to 3.11) 0.043

Impact factor 1.35 (1.20 to 1.53) < 0.001 1.18 (1.04 to 1.39) 0.029

Sample size 1.00 (1.00 to 1.00) 0.140 1.00 (1.00 to 1.00) 0.841

Country of research

China Reference

USA 0.68 (0.34 to 1.18) 0.172 0.48 (0.23 to 1.01) 0.053

Canada 1.59 (0.70 to 3.70) 0.272 0.92 (0.35 to 2.46) 0.869

England 0.98 (0.51 to 1.90) 0.960 0.67 (0.28 to 1.56) 0.352

Germany 0.65 (0.31 to 1.34) 0.251 0.49 (0.21 to 1.13) 0.096

India 0.79 (0.40 to 1.52) 0.474 0.99 (0.33 to 3.03) 0.990

Japan 0.17 (0.04 to 0.53) 0.006 0.11 (0.02 to 0.39) 0.002

Norway 0.71 (0.30 to 1.60) 0.408 0.62 (0.20 to 1.86) 0.384

Other 0.92 (0.59 to 1.43) 0.698 0.69 (0.39 to 1.23) 0.213

South Korea 1.79 (0.87, 3.76) 0.118 1.42 (0.61, 3.40) 0.415

Sweden 0.36 (0.17 to 0.74) 0.007 0.24 (0.08 to 0.63) 0.005

Intervention

Arthroplasty 1.19 (0.90 to 1.57) 0.212 1.12 (0.64 to 1.93) 0.692

Fixation 0.63 (0.48 to 0.84) 0.002 0.83 (0.47 to 1.46) 0.523

Arthrodesis 0.61 (0.33 to 1.08) 0.098 0.97 (0.34 to 2.73) 0.950

Arthroscopy 1.96 (1.16 to 3.35) 0.012 1.09 (0.46 to 2.63) 0.844

Decompression 1.06 (0.53 to 2.10) 0.860 2.32 (0.72 to 7.64) 0.158

Body region

Hip Reference

Knee 2.00 (1.36 to 2.93) < 0.001 1.82 (1.12 to 2.96) 0.016

Other 1.17 (0.76 to 1.79) 0.465 1.19 (0.60 to 2.35) 0.620

Shoulder 1.88 (1.23 to 2.87) 0.003 1.47 (0.75 to 2.90) 0.258

Spine 0.90 (0.57 to 1.42) 0.661 0.57 (0.21 to 1.52) 0.264

*Two-tailed Wald test.
OR, odds ratio.

Describing randomization in trials included in systematic reviews
M. Tang, K. K. Lun, A. M. Lewin, I. A. Harris

1075



as “no information” and treated as neither adequately nor
inadequately randomized. For studies identified and treated
as RCTs by the systematic review authors but which were
observational studies, we classified those as “Not RCT”.

Other study variables
Author qualification was determined from the full-text article
and drawn from their included position, title, or associated
organization. Sample size was the total number of randomized
participants. Journal impact factor was determined from the
Journal Citation Report in the year of publication. Country
of research was the country from which the participants
were recruited, or the review was conducted. Intervention
type(s) and body region(s) were assigned from pre-deter-
mined categories. For systematic reviews we also assessed the
number of included studies, inclusion of a PRISMA check-
list from the full-text article, and supplemental data. PROS-
PERO registration was determined if there was inclusion of a
PROSPERO registration number.

Statistical analysis
We analyzed RCTs and systematic reviews separately. We
described study characteristics using frequency and propor-
tions for categorical variables and median and IQR for
continuous variables. We calculated the proportion of RCTs
in each randomization category. After excluding observatio-
nal studies treated as RCTs, we used logistic regression to
assess the association between study characteristics and
adequate randomization. For categorical variables, the most
frequent category was set as the reference level for analysis.

All variables were retained in a multivariable regression
model. Results were reported as odds ratios (ORs) with
95% CIs. We calculated the proportion of systematic reviews
which included at least one inadequately randomized RCT
or observational study treated as a RCT. We used logistic
regression to assess the association between review character-
istics and the inclusion of at least one inadequately random-
ized RCT or observational study treated as a RCT. Results were
reported as ORs with 95% CIs. P-values for logistic regression
coefficients were computed using two-tailed tests, comparing
the z-ratio to the standard normal distribution as implemented
in the R’s glm() function. Statistical analysis was performed
using R statistical software v. 4.2.2 (R Foundation for Statistical
Computing, Austria).

Results
Study selection
A total of 1,262 systematic reviews were retrieved in the
search; after removal of duplicates there were 1,229 eligible
systematic reviews. A total of 596 systematic reviews were
screened in order to find 100 systematic reviews that met the
inclusion criteria. Reasons for exclusion are shown in Figure
1. Of 1,082 RCTs included in the 100 systematic reviews, 165
were excluded (125 duplicates; 33 studies were not available; 1
study was terminated and showed no results; and six were not
surgical), leaving 917 unique RCTs (Figure 1).

Characteristics of included RCTs
Characteristics of the 917 included RCTs are provided in Table
I.

Quality of randomization in included RCTs
Of the 917 studies, 374 (40.8%) reported adequate sequence
generation, 61 (6.7%) were inadequately randomized, and
410 (44.7%) included no information about the method of
randomization. A further 72 studies (7.9%) were observatio-
nal studies (not RCTs) treated as RCTs by systematic review
authors.

Table III. Characteristics of included systematic reviews.

Characteristic Total (n = 100)

Author with statistical or epidemiological qualifications,
n (%) 20 (20)

Journal impact factor

Range 1 to 8.4

Median (IQR) 2.5 (2.3 to 3.5)

Number of included studies

Range 1 to 115

Median (IQR) 6 (3 to 11)

Use of PRISMA checklist, n (%) 85 (85)

Registered in PROSPERO, n (%) 38 (38)

Country of research, n (%)*

China 24 (24)

England 13 (13)

USA 12 (12)

Canada 6 (6)

Italy 6 (6)

Germany 5 (5)

Ireland 4 (4)

Japan 4 (4)

Other 27 (27)

*Only top eight countries presented for brevity.

Table IV. Quality of randomization in randomized controlled
trials and proportion of systematic reviews including studies by
randomization quality.

Variable

Randomization quality
in included RCTs (n =
917)

Systematic reviews with
at least one study with
randomization quality rated
(n = 100)

Adequately
randomized, n (%) 374 (40.8) 83 (83)

Not adequately
randomized, n (%) 61 (6.7) 29 (29)

No information, n (%) 410 (44.7) 84 (84)

Not a RCT, n (%) 72 (7.9) 32 (32)

RCT, randomized controlled trial.
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Association between adequate randomization and RCT
characteristics
The adjusted and unadjusted associations between the
characteristics of the RCTs and adequate randomization are
provided in Table II.

Characteristics of included systematic reviews
Characteristics of the 100 systematic reviews are provided in
Table III.

Proportion of systematic reviews including studies with
different randomization ratings
There were 29 reviews (29%) that included at least one
trial with inadequate randomization, while 32 (32%) reviews
included at least one observational study treated as a RCT
(Table IV). The proportion of systematic reviews including at
least one inadequately randomized RCT or observational study
treated as a RCT was 45 (45%).

Association between inclusion of inadequately randomized
trials or observational studies treated as RCTs and
systematic reviews
The adjusted and unadjusted associations between systematic
review characteristics and inclusion of adequately randomized

trials or observational studies treated as RCTs are provided in
Table V.

Discussion
In this meta-epidemiological study of RCTs included in
orthopaedic surgery systematic reviews, we found only 40.8%
of included RCTs reported adequate methods of random
sequence generation. An increase in publication year, journal
impact factor, and inclusion of an author with a statistical
or epidemiological qualification were positively associated
with adequate randomization of studies. We also found that
6.7% of included RCTs were inadequately randomized, and a
further 7.9% were observational studies treated as RCTs by
the systematic review authors. Importantly, nearly half of all
systematic reviews of RCTs included at least one RCT that was
not randomized.

Interpretation of results
Our findings on randomization are consistent with previous
studies in orthopaedic surgery.8,16–18 A study in 2020 by Smith
et al8 found that 8.4% of studies published in the Journal
of Bone & Joint Surgery from 2001 to 2013 did not use
adequate sequence generation. Our study expands on this,
describing characteristics in studies from 1977 to 2023 from

Table V. Association between inclusion of inadequate randomized controlled trials (RCTs) or observational studies treated as RCT and systematic
review characteristics.

Characteristic Unadjusted OR (95% CI) p-value* Adjusted OR (95% CI) p-value*

PRISMA checklist

No inclusion Reference

Inclusion 0.49 (0.15 to 1.48) 0.211 0.99 (0.20 to 4.92) 0.992

PROSPERO registration

No registration Reference

Registered 0.83 (0.36 to 1.86) 0.649 1.09 (0.38 to 3.19) 0.875

Author with statistical or epidemiological qualifications

No Reference

Yes 2.14 (0.80 to 6.01) 0.136 4.50 (1.19 to 19.6) 0.033

Systematic review impact factor 1.26 (0.94 to 1.77) 0.136 1.14 (0.66 to 1.93) 0.619

Number of included studies 1.12 (1.05 to 1.22) 0.003 1.13 (1.05 to 1.24) 0.005

Country of research

China Reference

Canada 0.14 (0.01 to 1.07) 0.097 0.05 (0.00 to 0.68) 0.046

England 0.45 (0.11 to 1.74) 0.252 0.12 (0.01 to 0.90) 0.055

Germany 2.86 (0.35 to 60.5) 0.379 0.64 (0.02 to 24.0) 0.793

Ireland 0.71 (0.07 to 6.79) 0.756 0.89 (0.08 to 9.93) 0.918

Italy 0.71 (0.11 to 4.57) 0.713 1.06 (0.14 to 8.20) 0.953

Japan 2.14 (0.23 to 46.9) 0.534 2.41 (0.22 to 57.6) 0.499

Other 0.38 (0.12 to 1.17) 0.096 0.23 (0.04 to 1.04) 0.064

USA 0.36 (0.08 to 1.46) 0.164 0.46 (0.08 to 2.39) 0.371

*Two-tailed Wald test.
OR, odds ratio; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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213 unique journals. The high proportion of RCTs that did not
include information regarding the method of randomization
is consistent with an study of 304 RCTs registered on Clinical-
trials.gov between 2011 and 2012 with the keyword “surgery”,
which found that 34% of trials failed to state the methods used
to generate the random sequence.17 The proportion of studies
reporting adequate randomization was larger than a study
of Chinese language trial databases that reported that only
7% of studies identified as RCTs were truly randomized.19 This
difference may be due to different criteria to define adequate
randomization or differences between studies published in
Chinese from those published in English. The inclusion of
observational studies as RCTs in reviews may be due to
inadequate assessment of RCT quality by the systematic
review authors.

We found the odds of adequate randomization
increased with publication year. The Consolidated Standard of
Reporting Trials (CONSORT) statement was initially published
in 1996,20 with updates in 2001 and 2010 aiming to increase
the transparency of trial reporting to allow for scrutiny by
audiences.20 It is likely that widespread adoption of the
CONSORT statement has driven improvements and greater
transparency in the reporting of RCTs.21–23 We also found
greater odds of adequate random sequence generation with
increasing impact factor. While impact factor cannot be
considered a sole representation of journal or study quality,24

this finding may be due to higher impact factor journals
having a larger pool of submitted articles and thus having an
opportunity to select the highest-quality studies for publi-
cation. It may also reflect different reviewer and editorial
practices between journals. These findings are consistent with
previous studies. A study of 163,129 RCTs in PubMed using
a machine learning (ML) algorithm found that more recent
publication years and higher journal impact factor were both
associated with decreased incidence of questionable research
practices.25 A similar ML study of 176,620 trials published
between 1966 and 2018 in PubMed found a lower risk of bias
of randomization in journals with an impact factor larger than
ten.26

Our study found a positive association between
inclusion of research-qualified authors and the use of
adequate random sequence generation, consistent with a
previous study that found an association between including
an author with an epidemiological degree and CONSORT
statement compliance.16

While 14.6% of all supposed trials were either inad-
equately randomized RCTs or observational studies treated
as RCTs, these trials were overrepresented in the systematic
reviews, with 45% of systematic reviews including at least
one inadequately randomized RCT or observational study
treated as an RCT. While previous studies have investigated
the reporting quality of RCTs and systematic reviews sepa-
rately, to our knowledge, our study is the first to assess the
quality of RCTs included in systematic reviews in orthopaedic
surgery.

We found that increasing number of included studies
in systematic reviews was associated with greater odds of
including inadequate RCTs or observational studies treated as
RCTs. This may reflect a higher chance of including inade-
quately randomized RCTs or observational study treated as a
RCT when more studies are included.

Strengths and limitations
A strength of this study was the use of an objective defi-
nition of adequate randomization based on the Cochrane
RoB-2 Tool.5 Only the trials explicitly rated as having adequate
randomization according to the tool, using specific free-text
descriptions in the reporting of randomization, were consid-
ered to be adequately randomized for our study. This increases
replicability, though it may underestimate the use of ade-
quate randomization. Our study uses a broad definition of
adequate randomization, including methods requiring human
input (i.e. coin tossing; shuffling cards or envelopes; throwing
dice; or drawing lots); however, it is important to acknowl-
edge that higher-quality journals may require more stringent
methods. High-quality randomization involves techniques that
are not susceptible to external manipulation, such as through
use of computer-generated random numbers. In addition,
our assessment of randomization relies on the quality and
accuracy of reporting of the original studies. It is possible that
included studies may have been misclassified in our study
due to inadequate reporting. It is also possible that study
authors reported different randomization methods to what
was used in a study. However, the aim of this study was to
provide a high-level overview of quality of randomization in
orthopaedic surgery systematic reviews. Another strength is
that our sample of RCTs, while being a selected sample that
may not reflect general RCT quality, potentially represents
higher impact studies due to their inclusion in systematic
reviews, which inform clinical practice guidelines. Finally, our
study involved two authors reviewing and extracting data.

A limitation of the study was our sample size of 100
systematic reviews, which proved underpowered to ascertain
associations between systematic review characteristics and
inclusion of inadequately randomized RCTs (or observational
studies treated as RCTs). However, the inclusion of 917 RCTs
provided adequate power to assess these associations at the
RCT level. Another limitation was our method of assessing
randomization, as we relied on the quality of reporting in the
published trials. There is possible discordance between the
methodological quality of a study and how it was reported,
leading to an underestimate of adequately or inadequately
randomized studies. However, as adherence to reporting
standards and guidelines has improved in recent years, our
results may overestimate the quality of RCTs included in
systematic reviews in orthopaedic surgery because studies
are more likely to use a lower-quality methodology than their
reporting suggests.27,28

Implications
The finding that a large proportion of systematic reviews of
RCTs of orthopaedic procedures include either inadequately
randomized RCTs or non-randomized observational studies
suggests that the level of evidence upon which many clinical
decisions rely is lower than expected. Poor critical appraisal at
the systematic review level and methodological understand-
ing at the RCT level is an example of avoidable research
waste.29 Importantly, including non-randomized trials may
result in misleading conclusions in systematic reviews,5,8,9,30

which may then impact practice, given the reliance on
systematic reviews in clinical practice guidelines.

It is important that consumers of medical literature are
aware that an appreciable number of trials in orthopaedic
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surgery lack adequate randomization; caution must be applied
to the interpretation of results and the conclusions of such
trials, and the large proportion of systematic reviews that
include these trials.30 Knowledge of the factors which are
associated with adequate randomization in trials can support
the appraisal of evidence. Additionally, practitioners must be
aware of poor research methodology and critically assess the
evidence guiding their practice.

Future research
Future studies could focus whether including inadequately
randomized trials impacts systematic review outcomes and
further clinical practice guidelines. Given the influence of
systematic reviews on clinical practice guidelines, it is
important to determine the extent to which low-quality,
methodologically flawed RCTs may undermine the quality of
evidence that informs guidelines.

In conclusion, this study has provided insight into the
quality of RCTs found in systematic reviews in orthopaedic
surgery. A large proportion of reviews include either inade-
quately randomized RCTs or observational studies that are
incorrectly treated as RCTs. These results identify a need for
better research methods in both clinical trials and reviews of
such trials.

Supplementary material
Microsoft Excel file detailing the results of all searches, and table
showing the search strategy.
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