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Abstract BACKGROUND CONTEXT: Randomized controlled trials (RCTs) are the most trustworthy
source for evaluating treatment effects, but RCTs of spine surgery interventions often produce dis-
cordant results. The Fragility Index is a novel metric to inform about the robustness of statistically
significant results.
PURPOSE: The aim was to determine the robustness of statistically significant results from RCTs
of spine surgery interventions.
STUDY DESIGN/SETTING: This was a systematic survey.
PATIENT SAMPLE: The sample included RCTs of spine surgery interventions.
OUTCOME MEASURES: The Fragility Index is the minimum number of patients in a trial whose
status would have to change from a nonevent to an event to change a statistically significant result to
a nonsignificant result. Events refer to the occurrence of any dichotomous outcome, such as success-
ful fusion, incident fracture, adjacent segment degeneration, or achievement of a certain functional
score. A small Fragility Index indicates that the statistical significance of a result hinges on only a
few events, and a large Fragility Index increases one’s confidence in the observed treatment effects.
METHODS: We systematically reviewed a database for evidence-based orthopedics and identified
all the RCTs that reported at least one positive outcome (ie, p!.05). Two reviewers independently
assessed eligibility and extracted data. We used the Fisher exact test to compute Fragility Index val-
ues and multivariable linear regression to evaluate potential associated factors.
RESULTS: We identified 40 eligible RCTs with a median sample size of 132 patients (interquar-
tile range [IQR] 79–208) and a median total number of outcome events for the chosen outcome of
31 (IQR 13–63). The median Fragility Index was two (IQR 1–3), which means that adding two
events to one of the trial’s treatment arms eliminated its statistical significance. The Fragility Index
was less than or equal to three events in 75% of the trials, and was less than or equal to the number
of patients lost to follow-up in 65% of the trials. Fragility Index values correlated positively with
total sample size (r50.35; p!.05). When adjusted for losses to follow-up and risk of bias, increas-
ing Fragility Index values were associated only with increasingly significant reported p values
(p!.01).
CONCLUSIONS: Statistically significant results in spine surgery RCTs are frequently fragile.
The addition of only a small number of outcome events can completely eliminate significance.
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Surgeons, researchers, and other evidence users should exercise caution when interpreting the find-
ings from RCTs with low Fragility Index values and applying these results to patient care. � 2015
Elsevier Inc. All rights reserved.
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Introduction

The most trustworthy results for addressing the impact
of treatment effects and establishing causality come from
rigorously conducted and adequately powered randomized
controlled trials (RCTs), but RCTs of spine surgery inter-
ventions often provide discordant results [1]. Although
each of study quality, sample size, and conflicts of interest
have been previously explored as potential associated fac-
tors, little attention has focused on the importance of the
number of outcome events in each arm [2–6]. Trials with
small numbers of outcome events are at risk of producing
implausibly large treatment effects, particularly when their
sample sizes are also small [7,8].

The Fragility Index was recently developed as a
novel metric to describe the robustness of statistically
significant results, and it is intended to complement p
values and 95% confidence intervals (CIs) [9]. The
Fragility Index for a given study is defined as the minimum
number of patients in the trial group with fewer outcome
events whose status would have to change from a nonevent
to an event to change a statistically significant result to a
nonsignificant result. Events refer to the occurrence of
any dichotomous outcome, such as successful fusion,
incident fracture, adjacent segment degeneration, or
achievement of a certain functional score. A small Fragility
Index indicates that the statistical significance of a result
hinges on only a few events, and a large Fragility Index
increases one’s confidence in the observed treatment
effects.

For example, consider an RCT in which 100 patients
with symptomatic spinal stenosis were randomized to either
surgical treatment with a minimally invasive interspinous
spacer or conventional open decompression [10]. In this tri-
al, 13 patients in the interspinous spacer group underwent a
subsequent reoperation in comparison to three patients in
the conventional open decompression group. This differ-
ence was statistically significant (p5.04), but it would have
been completely insignificant if just two additional patients
in the conventional open decompression group had also
undergone a reoperation (p5.07). Thus, the Fragility Index
for this outcome is two events.

Investigators can apply the Fragility Index to any dichot-
omous outcome in a 1:1 parallel design RCT, and its appli-
cation does not require specialized statistical expertise. In
their review of 399 randomized trials from high-impact
medical journals, Walsh et al. [9] reported a median Fragil-
ity Index of eight events; 24% percent of the included trials

had a Fragility Index of three or less, and 53% had a Fra-
gility Index less than the number of patients lost to fol-
low-up.

Given that many trials in spine surgery are characterized
by small sample sizes and few events [5,6,11], our primary
objective was to determine the robustness of statistically
significant results in RCTs of spine surgery interventions
by systematically applying the Fragility Index. Our secon-
dary objective was to identify potential factors associated
with the Fragility Index.

Methods

Eligibility criteria

We performed a systematic survey of RCTs of spine sur-
gery interventions published from January 2009 to Septem-
ber 2014. We included all trials that reported in their
abstract at least one statistically significant dichotomous
outcome (ie, p value!.05 under a null hypothesis that no
difference existed or a 95% CI that excluded a null value),
were randomized according to a 1:1 parallel two-arm
design, and examined a preoperative, intraoperative, or
postoperative intervention in patients undergoing spine
surgery.

Identification of studies

We identified potential trials using a systematic database
for evidence-based orthopedics [12]. The database search
strategy includes search terms that identify relevant RCTs
published in orthopedic surgery journals, neurosurgery
journals, and general medical journals without any lan-
guage restrictions (Appendix 1). The database search
strategy is executed at the beginning of each month using
MEDLINE, and its contents have been kept updated from
January 1, 2009 onward. We queried the database on
September 11, 2014, and two reviewers independently
screened the titles and abstracts of all studies using piloted
electronic forms. Reviewers resolved discrepancies through
discussion of the rationale for their decisions.

Assessments of risk of bias and data extraction

Two reviewers independently assessed trial-level risk of
bias and extracted study outcome data using piloted elec-
tronic forms. Risk of bias was assessed using the Cochrane
Collaboration Risk of Bias tool [13], which includes items
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