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Bias in Hand surgical randomized controlled trials — systematic review and meta-

epidemiological study

Abstract

Backround: Inadequately reported or conducted studies do not contribute to valid scientific
knowledge and they may decrease the quality of care due to under- or overestimation of the benefits
or harms of interventions. Our aim was to evaluate how often hand surgical RCTs use and report
adequate methods to ensure internal validity, and if inadequate reporting or methods associate with
the magnitude of treatment effect estimates (difference between the groups).

Methods: Data Sources were Cochrane Central Register of Controlled Trials, MEDLINE and
Embase databases until November 2020. We included published RCTs investigating the effect of
any surgical intervention in hand and wrist region. We assessed internal validity using the Cochrane
RoB tool for six domains: selection, performance, detection, attrition, selective reporting and
‘other’ bias. We extracted the primary outcome and calculated effect size for each study. We used
mixed-effect meta-regression to assess if RoB modified magnitude of the effects.

Results:

For 207 assessed trials, risk for bias was unclear or high for 72% in selection, 93% in performance,
88% in detection, 25% in attrition, 22% in selective reporting and 34% in ‘other’ bias domain.
Trials with high of unclear risk of selection bias yielded 0.28 SMD (95% CI 0.02 to 0.55) larger
effect sizes compared to studies with low risk. RoB for other domains did not modify the
intervention effects. The risk for selection bias declined over time, the OR per additional year for
high or unclear risk of bias was 0.90 (95%CI 0.85 to 0.95).

Conclusions and clinical relevance:

The internal validity and credibility of hand surgical RCTs can be improved by using established

methods to achieve 1) true randomization, 2) blinding of the participants and study personnel, 3)
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publishing the trial protocol and avoiding selective reporting the outcomes, and 4) reporting the trial

as recommended in the CONSORT statement.

Registration number: ID: CRD42019122710

Introduction

RCTs are the gold standard for evaluating causal effects of therapy. However, RCTs can yield
untrustworthy results due to limitations in their internal and/or external validity . In 2009,
Chalmers and colleagues estimated clinical research “waste” to be a staggering 85% of global
research investment 2, and one of the reasons for this wastage was methodological flaws in RCTSs.
Poorly conducted or reported studies are not only a waste of research resources but may cause harm
when ineffective or less effective treatment is administered due to lack of precise estimates of the

benefits and harms of the procedures.

The utility of an RCT depends on its internal and external validity. External validity relates to the
generalizability of the study depending on inclusion criteria and interventions being evaluated.
Internal validity relates to how close the results are to the “truth” and can be compromised by flaws
in the design, conduct and analysis of the study 2. Inadequate reporting does not directly cause bias

in the study but it leaves uncertainty if the estimates should be trusted.

A systematic error, or bias, causes the treatment estimate to consistently deviate from the true value
in a particular direction. This must be distinguished from random error, which is defined as
imprecision related to variations in sampling and measurement. Random error causes the point
estimate to deviate in either direction around the “true” outcome and can be decreased by increasing

the sample size. But it is impossible to “account for” biases once they have been introduced into a
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study. Increasing the sample size or conducting meta-analyses of biased studies can decrease
uncertainty around flawed point estimate aggravating the problem if the direction of bias is
consistent 4. Numerous meta-epidemiological studies suggest that trials with Risk of Bias (RoB)

yield different results than unbiased trials, particularly for studies with subjective outcomes 3.

Much of the evidence in hand surgery is based on biomechanical research, case series and
observational studies. High-quality RCTs that should form the basis to the treatment decisions

remain infrequent within the specialty®. The internal validity of these trials is unknown.

The primary objective of this systematic review and meta-epidemiological study was to assess the
extent of risk bias in hand surgical RCTs. We also tested the hypothesis, that studies with
inadequate methods or reporting (high or unclear RoB) yield on average larger effect sizes
compared with adequately reported and conducted studies (low RoB). We also explored if the risk

of bias decreased over time.

Methods
Our study protocol has been published at PROSPERO database (ID: CRD42019122710). We
adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines.

We included all published RCTs with human participants investigating efficacy of surgical
intervention in the hand and wrist region without language restrictions. We defined “surgery” as a
procedure requiring general, regional or local anaesthesia and a skin incision. We did not consider

injections as surgery even though the injection was given with local anaesthetic and/or performed
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by a surgeon. All trials investigating surgery were included irrespective of the control arm/s or

outcomes being measured.

We excluded studies that included surgical treatment but assessed effects other than the surgery

itself, such as pre- or postoperative protocols, anaesthesia, or ex-vivo trials.

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE and
Embase databases from their inception until 7 November 2020. The search strategies are listed in
the eTable 1. Duplicates were removed before screening. Two review authors screened the titles
and abstracts for potentially eligible studies. We acquired full texts for eligible trials, and two
authors independently read the full texts and identified eligible publications. Any discrepancy

between the two assessors was settled by negotiation or by a third arbiter.

Data extraction

Two authors independently extracted data from included studies, and discrepancies were settled
through discussion. Extracted data included: Publication year, protocol registration and publication,
type of comparison, condition, primary outcome, and effect size for the primary outcome. The
hierarchy for the extraction of the primary outcome when authors had not defined is found in the

protocol; https://www.crd.york.ac.uk/prospero/display _record.php?RecordID=122710

Risk of bias assessment

Two authors independently assessed the RoB in each RCT according to the Cochrane Risk of Bias
(RoB) tool (v 1.0). Discrepancies were settled with discussion. This tool divides possible sources of
bias into six domains; risk for selection, performance, detection, attrition, selective reporting and

‘other’ bias ®. We categorised the RoB in each of the domains as low, unclear, or high RoB
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according to the tool, and for the meta-regression we dichotomized the judgement as either ‘low

risk” or ‘high risk’ (high or unclear risk)® 7.

For detection and performance bias, blinding was deemed impractical when it could not have been
achieved with reasonable measures or the act of blinding would obliterate potential benefits of the

treatment being evaluated (e.g., external fixation versus cast or percutaneous treatment versus

surgery).

Data handling and analyses

All effect sizes were converted to standardized mean differences (SMD). We used standard error of
mean (SEM), 95% confidence intervals (95% CI) or p-values to calculate standard deviation (SD)
when this was not reported. In studies reporting medians and interquartile ranges (IQR), we
calculated SMD by using median value as the approximation of the mean and estimated SD as
either IQR/1.35 or range/4. For binary outcomes, we calculated odds ratios (OR) and then converted
them to SMD using logit method (SMD= In OR/1.81) & °. We excluded the study from the meta-

regression if the authors did not report any parameter to calculate or estimate variance.

We performed two meta-regression analyses to assess if the ROB affected the effect size. First, we
explored if outcomes were superior in the experimental arm in those studies that expressed a some
statement or hypothesis that one treatment (the experimental arm) would have superior outcomes to
the control arm/s. We converted the SMD so that a positive SMD signified better outcome in the
experimental arm. We then entered the data in a mixed-model (random effect within subgroups and
fixed effect between subgroups) meta-regression. Second, we explored if the absolute difference
between the groups (regardless of the direction) was larger in studies with high ROB. For this meta-

regression, we used data from all studies where we could calculate the effect size with standard
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error (SE), and used a mixed-model meta-regression as described. R meta 4.12 package was used
for the meta-regression analyses. We used binary logistic regression to assess if the ROB in each of
the six domains had changed over time using proportion of studies with low risk as dependent

variable and year of publication as a covariate in the model.

Results
We identified 207 trials (Figure 1) with 14539 participants in the analyses. For Lian et al. 2016, we
could only extract data from the English abstract 1°. Included study refences are presented in eTable

2.

The trials were published between years 1982 and 2020 (Figure 2).

Of these, 179 (86%) trials were conducted in a single center and 28 (14%) in two or more centers.
Only 38 (18%) of the trials were registered in publicly available trial registries, and a protocol was

published for six trials (3%). The conditions evaluated in these trials are summarized in Table 1.

In 171 (83%) studies, two different surgical procedures were compared. Surgery was compared
with a non-operative modality in 32 studies (15%) and surgery versus injection or needle
fasciotomy in 4 studies (2%). We identified no studies comparing surgery with non-treatment or

sham surgery. 142 (69%) trials evaluated treatment of traumatic conditions

Figure 3 illustrates the overview of how studies fared in each bias domain. Main issues were leck of
blinding as well as inadequate reporting of random sequence generation or allocation concealment.
Only one RCT had low risk of bias in all domains . The assessments of RoB for each included

study are presented in the eTable 3.
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There was no attempt at blinding in any of the 27 trials that compared surgery with non-operative
treatment. Blinding was not deemed feasible in 160 (77%) studies. Only 16 of the 47 (34%) studies
where blinding would have been feasible were deemed to use successful blinding of outcome

assessment.

The risk for selection bias declined over time, the OR per additional year for high risk of bias (high
or unclear risk) was 0.89 (95%CI 0.84 to 0.94). Regarding detection bias (blinding of outcome
assessment), we did not find evidence of decline of the ROB over time OR 0.0 (95% C1 0.92 to

1.07).

172 studies (83%) reported sufficient data to calculate SMD to assess if the risk of bias modified the
size of the treatment effect. Of these, we estimated SD based on IQR or range for 22 studies and
converted OR to SMD for 41 studies. We could differentiate between the experimental and control
arms in 97 (47%) studies, and these studies contributed to the meta-regression assessing if the risk

of bias modified the treatment effect size and direction (i.e. benefit or harm)

Trials with a high risk of selection bias yielded, on average, 0.28 SMD larger benefits for
experimental arm compared to with studies with low risk (Table 2). The risk of bias in the other
domains did not significantly modify the effect sizes but the confidence intervals were wide

regarding detection and performance bias due to low number of studies with adequate blinding.

Discussion
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Poor reporting or inadequate methods can bias the results, and even when they don’t, they cause
uncertainty if the evidence reflects the true efficacy of interventions. Our systematic review
assessing the methods and reporting in hand surgical RCTs reveal that important methodological
processes to safeguard against biases are frequently ignored or not reported. We observed small
improvement in reporting or methods along with the time. Simple measures such as true
randomization, blinding of the participants and personnel as well as transparent reporting would

improve the reliability results and may improve clinical practice.

The RCT is the gold standard to determine causal effects of interventions. The key principle of an
RCT is clinical equipoise, i.e. the experimental and control groups have, on average, similar
expected future outcome distribution. If the equipoise is maintained throughout the study, the
observed difference in the outcome (beyond random error) is caused by the assigned treatment. 1t
12 Flaws in the study design that introduce inherent systematic errors — or bias — at any point of the
study will cause the treatment effect to deviate from the true value, often in unknown ways.
Although it is unclear how these flaws affect the results of one study, they affect the degree of trust

we can place on the results 3

Although there was improved reporting with regard to selection bias over time, only 65% of studies
had a low risk of selection bias between 2015 and 2020, several years after the CONSORT
statement was published (year 1996), and the journals integrated them into their guidelines.
Adequate randomization is the fundamental first step for rigorous RCT, and it is based on the
premises that there is true random sequence generation with adequate allocation concealment. Prior
knowledge of the manner of allocation may cause conscious or unconscious selection of

participants based on their baseline characteristics. For example, investigators may exclude a
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potential participant with a more comminute distal radius fracture if they were aware of the coming

allocation to the experimental implants.

In this study, risk of selection bias overestimated benefits in the experimental arm by 0.28 SMD.
This corresponds to a small- to medium effect size. Our findings corroborate the findings of
previous meta-epidemiological studies. A sample of studies from the Cochrane pregnancy and
childbirth database found that studies with inadequate allocation concealment resulted in 40%
higher OR compared to studies with adequately concealed allocation 4. Another large meta-
epidemiological study found that studies with inadequate random sequence generation and

allocation concealment exaggerated effect estimates by 10% °.

Blinding of participants and investigators is essential throughout the trial after the randomization.
The nature of the interventions in surgery makes blinding unfeasible in many instances, such as
comparing external fixation versus cast immobilization of distal radius fractures. Knowledge of the
received treatment may cause both the study subjects and investigators to systematically deviate
from the study protocol (performance bias). Examples of this include differential utilization of post-
operative therapy and medications guided by pre-conceived perceptions. Awareness of the received
intervention may also affect the reporting or recording of outcomes, referred as detection bias. For
instance, a surgeon who prefers plates over K-wires for phalangeal fractures may be more likely to

report complete union on radiographs when plates were used.

We found that blinding was adequately achieved and reported in less than 11% of all the studies,
and even when we deemed it was feasible, only 34% of trialists had an attempt at doing so. We
were unable to detect any effect of blinding on the effect size. However, the limited number of

studies with adequate blinding diminished the power to detect small- to medium effects. There is a
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paucity of meta-epidemiological studies evaluating blinding specifically in surgery, but several
recent systematic reviews that have investigated this issue have demonstrated that blinding may

affect the outcomes, effect sizes varying from no effect to 36% exaggeration of effect 1624,

Unlike trials involving medications, blinding in surgical trials can be extremely challenging.
Placebo (or sham) surgery may be the only method to reliably achieve blinding in trials comparing
surgery versus a non-operative treatment, but ethical and practical issues inevitably arise. The
investigators may consider blinded evaluation of outcome or an outcome that is not prone to bias.
The problem with objective outcomes is that patients may not consider differences meaningful in

their daily lives.

Attrition bias was low in most (75%) studies. Our study likely underestimates the true rate of
attrition as many of the studies did not specifically report details or the reasons for participant
attrition. Missing follow-up data does not automatically bias the results if the “missingness” is
random. However, it is likely that systematic reasons for loss of follow-up, such as a good outcome
or the occurrence of adverse events, result in differential attrition. Thus, it is important to report the
reasons for missing data along with the numbers. The existing evidence regarding the effect of

attrition bias is generally inconsistent and estimates are imprecise, especially in surgical trials 3 1°.

Trials with high risk of selective reporting did not impact between-group differences in this study.
However, we were unable to asses properly this RoB for most of the trials, since only three trial
protocols were published and only 13% of the trials were registered. Trials with selective reporting
are more likely to show a significant treatment effect 227, It is also important that the statistical
methods used for comparisons are reported a priori as the methods may affect the conclusions 2.

Thus, to achieve better transparency, we recommend that hand surgical trials are preregistered.
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Finally, “other” biases relate to any important concerns not addressed in the other domains of the
Cochrane RoB tool. These include problems with inclusion and exclusion criteria, usage of co-
interventions, unplanned deviations from the protocol, differential diagnostic activity, potential
conflict of interest and selective reporting of subgroups ©. Decrease in high risk of other bias over

years may reflect a general progress in the conduct and reporting of surgical trials.

There are several limitations in this study. First, the quality of the data in any meta-analysis is only
as good as what is reported. Many studies lacked methodological details, and this limited our ability
to assess true RoB. Second, very few studies were blinded, and this decreased the power to detect
any effects of performance and detection bias. Third, it is possible that we may have missed some
hand surgery RCTs despite performing a search. Fourth, we estimated the bias in an indirect way as
we cannot know the “true” underlying effect to which effect sizes should be compared. Also, the
confidence intervals were wide and suggested that the effect of inadequate randomization may be
also close to zero. Imprecision of the estimates from meta-regression is related to the small sample
sizes of included trials and could not be controlled in any way. Finally, the assessment of bias itself

may introduce a degree of subjectivity.

In conclusion, we observed limitations in the internal validity of hand surgical RCTs arising mainly
from poor conduct and/or reporting of randomisation process and inadequate blinding. The flaws in
randomization or failure to report it adequately seemed to associate with larger treatment effects.
Complying with the established guidelines in planning and conducting the trials (SPIRIT and
CONSORT) would greatly improve credibility of the results, ultimately resulting in better clinical
practices. Investigators, peer reviewers and journal editors are in key position to address these

problems. 2°
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Figure legends

Figure 1. PRISMA flow diagram.

Figure 2. Included hand surgical trials, trial number for year.

Figure 3. Bias domains: Selection bias (sequence generation and allocation concealment),
Performance bias (blinding of participants and personnel), Detection bias (blinding of outcome

assessors), Attrition bias (incomplete outcome data), Selective reporting and “Other” bias.
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Table 1

Condition N %
Radius fractures 101 49.0
Carpal tunnel syndrome 20 9.7
Trapeziometacarpal osteoarthrosis 18 8.7
Non-traumatic tendon conditions e.g. 10 4.8
tendinopathy

Tendon injuries 9 4.4

Carpal bone fractures 7 3.4
Metacarpal fractures 7 3.4
Rheumatoid arthritis 6 2.9
Miscellanous 6 2.9
Nerve injuries 4 1.9
Other fracture 4 1.9
Other osteoarthrosis 3 1.4
Amputation 3 1.4
Burns 3 14
Dupuytren’s contracture 3 14
Phalanx fractures 3 1.4

Total 207 100.0
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Table 2. Standardized Mean Differences (SMD) from the meta-regression model

All studies with sufficient data to calculate SMD, n=172 studies

Domain Low risk of bias  Unclear or high 95% ClI p-value
risk

Selection bias Ref. 0.12 -0.07t0 0.31 0.23
Performance bias Ref. 0.35 -0.22 t0 0.92 0.23
Detection bias Ref. 0.08 -0.30 t0 0.45 0.68
Attrition bias Ref. -0.11 -0.32t0 0.09 0.29
Selective reporting Ref. 0.11 -0.12t0 0.34 0.35
Other bias Ref. 0.04 -0.17 t0 0.25 0.71

Studies with distinguishable experimental and control arms, n=97 studies

Selection bias Ref. 0.28 0.02 to 0.55 0.03
Performance bias Ref 0.48 -0.07t0 1.0 0.09
Detection bias Ref 0.23 -0.16 to 0.62 0.25
Attrition bias Ref -0.23 -0.54 t0 0.08 0.16
Selective reporting Ref -0.18 -0.481t00.13 0.25

Other bias Ref -0.0 -0.29t0 0.29 0.99




