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Abstract

We assessed the quantity, quality and trends of randomized controlled trials comparing hand surgical inter-
ventions. Study characteristics were collected for 125 randomized controlled trials comparing hand surgical
interventions. The Jadad scale (0-5), which assesses methodological quality of trials, was calculated. Logistic
regressions were conducted to determine associations with the Jadad score. The studies were published
between 1981 and 2015, with an increase over time, most often in Journal of Hand Surgery (European). Mean
study size was 68 patients. Mean Jadad score was 2.1, without improvement over time. Thirty percent con-
ducted a power analysis and 8% an intention-to-treat analysis. Studies conducted in the United Kingdom and
with smaller sample sizes, power analysis and intention-to-treat analysis were associated with a higher
Jadad score. The quantity of trials has increased over time while methodological quality has remained low,

indicating a need to improve quality of trials in hand surgery literature.
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Introduction

As the now well-established paradigm of evidence-
based medicine (EBM] took hold in recent decades
(Evidence-Based Medicine Working Group, 1992),
randomized controlled trials (RCTs) rose to become
the gold standard of evidence in clinical research and
medical knowledge (Bothwell et al., 2016). Although
many specialties have adopted the principles of EBM,
its application in surgery, or evidence-based surgery
(EBS), has been limited by the relative paucity of
RCTs examining surgical, as compared to medical,
interventions (McCulloch et al., 2002; Slim, 2005).
This, in turn, has been attributed to the unique chal-
lenges of conducting well-designed surgical RCTs,
such as the inevitable variability in surgeons’ tech-
niques, the surgical learning curve, impracticalities
associated with blinding and difficulties in recruiting
patient cohorts large enough to sufficiently power
the studies (Cook, 2009; Farrokhyar et al., 2010;
McCulloch et al., 2002]). While these challenges con-
tribute to the low quantity of surgical RCTs, they may
also compromise their quality. Since poor study
design and execution undermine the superiority of
evidence that RCTs promise (Farrokhyar et al.,

2010), both the level of evidence of a study’s research
design and its methodological rigour must be taken
into account in making an assessment of the validity
of the conclusions drawn.

Although recent studies have looked at the quantity
and quality of surgical RCTs in all surgery (Agha et al.,
2007; Jacquier et al., 2006; Yu et al., 2017), general
surgery (Ahmed Ali et al., 2013; Balasubramanian
et al., 2006), plastic surgery (Veiga Filho et al., 2005;
Voineskos et al., 2016; Voineskos et al., 2016), ortho-
paedic surgery (Chess and Gagnier, 2013; Karanicolas
et al., 2008) and elbow surgery (Somford et al., 2015),
there are limited data in the specialized field of hand
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surgery. While several studies have examined RCTs in
hand surgery, they either included RCTs comparing
elbow and/or shoulder interventions, or examined
only RCTs published in a predetermined set of jour-
nals (Gummesson et al., 2004; Sugrue et al., 2016).
For example, Kim et al. (2017) queried six journals,
while Post et al. (2014) searched only two journals
for RCTs for inclusion.

We conducted a systematic review of surgical
RCTs published about hand surgery. Our primary
goal was to assess the quantity and methodological
quality of hand-surgery-related RCTs over time.
Specifically, we aimed to ascertain the risk of bias,
as measured by the appropriateness of randomiza-
tion methods, whether the patient and/or study per-
sonnel were blinded, and adequate accounting of
all recruited patients. Our secondary goal was to
characterize the RCTs published in the hand surgery
literature.

Methods
Search strategy and study selection

We conducted a systematic review in accordance with
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [(PRISMA] guidelines
(Moher et al., 2009). In collaboration with a medical
librarian, we constructed electronic search strate-
gies to identify RCTs in PubMed, Cochrane, Scopus,
Google Scholar and Clinicaltrials.gov comparing two
or more hand surgical interventions. Our search
included variations of the following terms: hand; sur-
gery; and randomized controlled trial. The search
strategy used for PubMed was as follows:

(“hand/surgery” [mesh] OR “hand transplantation”
[mesh] OR ([(surger* [ti] OR surgic* [ti]) AND (hand
[ti] OR wrist* [ti] OR finger* [ti] OR hands [ti] OR
thumb* [ti] OR metacarpus [ti]]] OR “hand injuries/
surgery” [mesh] OR “hand joints/surgery” [mesh] OR
((“Median Neuropathy” [mesh] OR “median nerve”
[ti] OR “brachial plexus” [mesh]) AND (“surgery”
[sh] OR surger* [ti] OR surgical* [ti]]] OR “hand
deformities/surgery” [mesh] OR (hand [mesh] AND
“surgery” [sh])) AND (random*[tw] OR rcts [tw] OR
rct [tw] OR placebo*[tw] OR control* [ti] OR “double
blind”[tw] OR blinded[tw] OR “single blind”[tw] OR
((singl*[tw] OR doubl*[tw] OR trebl*[tw] OR tripl*[tw])
AND (mask*[tw] OR blind*[tw]]] OR “latin squar-
e”[tw] OR “randomized controlled trial”’[pt] OR “con-
trolled clinical trial”[pt] OR “Random Allocation”
[mesh] OR “Randomized Controlled Trials as Topic”
[mesh]) NOT (animals[mh] NOT humans[mh]] AND
English [lang]

The search strategies for the remaining databases
can be provided upon request. The last search was
performed on 19 May 2016.

Inclusion criteria included surgical RCTs comparing
two or more surgical interventions to address the
same hand condition, where surgical was defined
as ‘a procedure involving cutting, suturing, or phys-
ically changing body tissues’ (Voineskos et al., 2016},
RCT was defined per the Cochrane handbook
(Higgins and Green, 2011) and hand was defined as
any anatomical structure including or distal to
the carpal bones. RCTs comparing a surgical inter-
vention to no surgery were not included. Exclusion
criteria were as follows: RCTs studying: (1) injections
(e.g. steroid injections, botulinum toxin injections); (2)
postoperative mobilization plans; (3) anaesthesia/
pain management (e.g. nerve blocks); (4) laser ther-
apy; and (5) pharmaceuticals, even if used in surgery.
Animal studies and studies not written in English
were also excluded. To capture as many hand
surgery RCTs as possible, we had no exclusion
criteria regarding date of publication.

Two independent reviewers (CL and HED)
assessed manuscripts for inclusion. All studies first
underwent title and abstract screening, and
those that were included then underwent full text
screening. Conflicts between the two reviewers
were discussed until a consensus decision was
reached. Covidence software (Melbourne, VIC,
Australia), the standard production platform for
Cochrane Reviews, was used to conduct this
screening.

Data collection and data items

We collected study characteristics including year
published, publishing journal, first author’s country
affiliation, funding status, hand condition studied,
single vs. multi-centre collaboration, study size,
randomization technique, patient and researcher
blinding, appropriate accounting of recruited
patients, primary outcome measure(s), power
analysis, mention of adverse events, follow-up and
intention-to-treat analysis. For RCTs that resulted
in more than one publication, all publications were
used for data extraction. When a given variable was
reported in more than one manuscript (e.g. year of
publication), data from the earliest manuscript were
collected.

Risk of bias assessment

We calculated the Jadad scale, a 0-5 scale with a
higher score representing higher quality. The Jadad
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scale is a validated instrument for assessing RCTs’
reported methodological quality that incorporates:
(1) appropriateness of randomization methods; (2)
double blinding; and (3) an adequate account of all
patients (Jadad et al., 1996). A point is given if the
study reports employing each of the above three
methodological safeguards against bias. For random-
ization and double blinding, an additional point is given
if reported methods are appropriate, and a point is
deducted for inappropriate methods. The Cochrane
Handbook was used as the guideline for determining
appropriateness (Higgins and Green, 2011).

Statistical analysis

Descriptive statistics were calculated for all collected
data. Summary statistics are expressed as mean
(standard deviation [SD]). The Kendall rank correlation
was used to assess trends of RCTs over time. Because
the Jadad score was normally distributed, as assessed
by a box and whisker plot, a stem and leaf plot and a
Q-Q plot, it was treated as a continuous variable and
linear regression models were used to determine
which study characteristics were associated with
Jadad score. The principal summary measure that
quantifies the association was slope (regression coef-
ficient), which represents the mean change in Jadad
score for a unit change in the study characteristic vari-
able. Significance was set at p<0.05.

Results
Study selection

Of 2253 identified studies, 135 manuscripts met full
inclusion criteria (Figure 1, Supplementary Appendix).
These 135 manuscripts represented 125 unique RCTs
eligible for data extraction.

Study characteristics

The 125 RCTs were published between 1981 and
2015, with a significant increase over time
(p <0.0001) (Figure 2). They were published in 41 dif-
ferent journals, most often in Journal of Hand
Surgery [European] (n=34, 27%), Journal of Hand
Surgery (American] (n=21, 17%) or Journal of Bone
and Joint Surgery (n=14, 11%) (Table S1). The RCTs
were affiliated with 29 countries, most often with the
United Kingdom (n=30, 24%), the United States
(n=20, 16%) or Sweden (n=8, 6%) (Table S2). They
were most often single-centre studies (n=112, 90%].
Of 13 studies that were multi-centre, two recruited
patients internationally, with the remaining recruiting
from only one country. The majority of manuscripts

(n=79, 63%) did not mention funding source, 16%
(n=20) were funded and 21% (n=26) were unfunded.
Of those that were funded, 13 received not-for-profit
or academic funding, while seven received industry
funding. Almost half of all RCTs were studying inter-
ventions to treat carpal tunnel syndrome (n=58,
46%); the next most commonly studied hand condi-
tions were osteoarthritis (n=20, 16%) and rheuma-
toid arthritis (n=10, 8%) (Table S3). Mean study size
was 68 (SD 50.6) patients.

Reported methodology

Randomization methods were not specified in
approximately one-quarter of studies (n=34, 27%).
When specified, the two most commonly used appro-
priate methods were computer random number gen-
erator (n=24, 26%) and sealed envelopes (n=23,
25%), while those of inappropriate methods were
sequence generated by medical record identifier
(n=6, 6.6%) or by day of admission (n=3, 3.3%)
(Supplementary Fig S1).

Less than one-tenth (n=12, 9.7%) of studies
reported double blinding of both patients and asses-
sors. In the vast majority of studies (n=103, 82%), it
was unknown whether assessors and/or patients
were blinded. The remaining nine studies reported
blinding, but methodology was insufficient: six studies
did not blind patients; one study did not blind the out-
come assessor; and two studies blinded neither.

In the majority of studies, the fate of some patients
in the trial was unknown (n=76, 61%). In the remain-
ing studies, the fate of all patients in the trial was
known and reasons given if data were missing
(n=49, 39%).

One-fifth of studies defined primary outcome meas-
ures (n=25, 20%) and 16.8% (n=21) defined secondary
outcome measures. Of those with outcome measures,
15 studies defined these before initiation of the trial
and the remaining (n=10) did not specify whether out-
come measures were defined pre-RCT or post-hoc.
Less than one-third (n=38, 30%) conducted a power
analysis, and of those that did, 26 conducted a priori
analyses, six conducted post-hoc analyses and six did
not specify the type. The large majority did not use
intention-to-treat analysis (n=115, 92%).

Follow-up

Follow-up was as follows: 27% (n=34) had follow-up
on all patients, 42% (n=53) had patients lost to
follow-up, 28% (n=35) had incomplete reporting so
that follow-up status could not be determined and
2.4% [n=3) had a study design without or not requir-
ing follow-up. Of the 53 (42%) studies with loss to
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Databases queried:

- Pubmed

- Cochrane

- Scopus

- Clinicaltrials.gov
- Google Scholar

N=2,253

v

!

References included for
Title/Abstract Screening

N =2,093 -

v
'

References included for
Full Text Screening

N =180

Manuscripts eligible for
Data Extraction

N=135

Y

;

Unique RCTs eligible for
Data Extraction

N=125

| Duplicates removed

Excluded because:
Not only involving the hand
- Nonsurgical interventions (pain management,
‘ nerve conduction studies)
Not a RCT
Animal/cadaver study
- Editorial, letter, comment, response

Excluded because:

- Not a RCT (20)

- Not only involving the hand (7)

- Manuscript cannot be found (6)

- Editorial, letter, comment, response (6)
- Examined >1 hand condition (3)

- Animal/cadaver study (2)

- Use of quasi-randomization (1)

Multiple manuscripts for one RCT; all manuscripts
used to assess RCTs

N =160

N=1,913

N=45

Figure 1. PRISMA flow chart of selection of randomized controlled trials in the hand surgery literature.

follow-up, almost two-thirds (n=33, 62%) did not
provide an explanation for each patient.

Jadad score

Mean Jadad score was low at 2.1 (SD 1.2), with the
distribution as seen in Figure 3. There was no signifi-
cant increase in Jadad score over time (p>0.05)
(Figure 4).

Study characteristics associated with
Jadad score

Linear regression results suggested that studies with
power analysis (slope =0.85, p=0.0002), with a smaller
sample size (slope=-0.005, p=0.02), conducted in the
UK (slope=0.95, p=0.005) and that used intention-to-
treat analysis (slope =1.07, p=0.006) were more likely
to have a higher Jadad score (Table S4). Year
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Figure 3. Histogram of Jadad Scores for randomized
controlled trials in hand surgery.

published, publishing journal, single- vs. multi-centre
study design, funding status and type of funding (indus-
try vs. not-for-profit] were not associated with Jadad
score (p>0.05), and whether a primary outcome was
defined trended towards significance (p=0.06).

Discussion

While RCTs are considered level 1b evidence second
only to systematic reviews of RCTs (level 1a evidence])
(Oxford Centre for Evidence-based Medicine, 2009],
the superiority of the evidence cannot be assumed
within surgery (McCulloch et al., 2002). Instead, as

with all research findings, the weight and grade of
recommendation of the generated evidence must
depend on not only research design, but also on the
appropriateness and rigour of the study’s method-
ology and the patient cohort recruited. Despite the
challenges associated with surgical RCTs, creative
solutions can be devised to overcome them. For
example, with regard to blinding, although it is
impractical to blind the surgeon, using the same
dressing that covers the hand and/or incision site
for all arms of the study is one potential way to
blind the patient and outcome assessor.

Several studies have reported on the level of evi-
dence within hand surgery. They demonstrated that
most available studies are case series, or level 4
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evidence, with only 11% comprised of high-
quality evidence (Rosales et al., 2012; Sugrue et al,,
2016). They also demonstrated that there has been a
significant increase in the average level of evidence
of articles (Sugrue et al., 2016), which is consistent
with our findings of increased numbers of RCTs over
time. Although the level of evidence in hand surgery
was shown to be correlated with journal (Rosales
et al., 2012), we found that journal was not predictive
of Jadad score. Together, these findings suggest that
although journals are publishing studies with a
higher level of evidence, the methodological quality
of these studies has remained poor over time.

The hand surgery community has already made
strides towards addressing this issue. For example,
the CONSORT (Consolidated Standards of Reporting
Trials) Statement, an evidence-based set of recom-
mendations regarding best practices of reporting
RCTs, was first issued in 1996 (Begg et al., 1996).
By 2004, Journal of Hand Surgery (European)] for-
mally endorsed CONSORT, recommending authors
to ensure that manuscripts fulfil the CONSORT cri-
teria before submission (Sauerland and Davis, 2004).
More broadly speaking, leaders in the field have
stressed the importance of ensuring the rigour of
clinical research within hand surgery, and profes-
sional societies such as the American Society for
Surgery of the Hand (ASSH] have created task
forces to improve clinical research in hand surgery
(Chung, 2010; Chung et al., 2006). Despite these crit-
ical efforts, our findings suggest that there is much
work that remains to be done.

There are several limitations to our study. First,
because only RCTs reported in English were included,
language bias may have been introduced into our
review. Second, the Jadad score is a limited metric
for quality and risk of bias in RCTs, as it incorporates
only three aspects of a good RCT. Although using
appropriate randomization methods, double blinding
and an account of all patients are three essential com-
ponents of a well-designed RCT, there are admittedly
others. For example, failure to apply intention-to-treat
analysis, which compares patients in the groups to
which they were originally randomly assigned, may
overestimate clinical effectiveness (Hollis and
Campbell, 1999; Ruiz-Canela et al., 2000). Failure to
conduct a power analysis leaves insufficient power
undetected, which increases the likelihood of making
a type Il error (Chung et al., 1998). However, our data
showed that these two study design components were
associated with higher Jadad score, hence validating
the Jadad score as an appropriate proxy for these
other components.

To the best of our knowledge, there is not yet a
better metric for assessing the quality of surgical

RCTs. In a review of 21 scales for assessing quality
of RCTs, Olivo et al. (2008) concluded that the
Jadad scale ‘presented the best validity and reliability
evidence'. The Jadad scale was, as of 2008, also
the most frequently cited and used scale in medical
literature, which allows for easy and direct compari-
son with other similar studies (Olivo et al., 2008).
There may, however, be a need for a scale designed
specifically for measuring quality of surgical RCTs,
with consideration of challenges unique to surgical
RCTs (e.g. blinding). Although the CONSORT state-
ment has also been used, it is designed to be a
checklist of best practices for reporting for investi-
gators and ‘is not intended as an instrument to
evaluate the quality of a trial. Nor is it appropriate
to use the checklist to construct a “quality score™
(Schulz et al., 2010).

In conclusion, we found that there has been a sig-
nificant increase in the number of RCTs over time.
However, methodological quality of RCTs has
remained low. These findings indicate a need to
improve the quality of RCTs in hand surgery literature,
which can be accomplished by employing appropriate
randomization, blinding, accounting for all patients,
power analysis and intention-to-treat analysis. These
components of a well-designed study are essential to
avoiding bias, ensuring the validity of conclusions
drawn and ultimately bolstering evidence-based
hand surgery to advance patient care.
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