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Abstract

Background: Randomized controlled trials (RCTs) play a significant
role in guiding treatment decisions and addressing concerns surrounding
ASI management. The importance of data derived from RCTs is often
evaluated by the use of a P value. The purpose of this study was to analyze
the statistical stability of RCTs evaluating the surgical management of
anterior shoulder instability using arthroscopic Bankart repair (ABR)
vs. open Bankart repair (OBR) and calculate the fragility index (FI) and
fragility quotient (FQ).

Methods: Using PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines, PubMed, Embase,and MEDLINE
were queried for RCTs examining ASI literature reporting dichotomous
outcomes from 2000 to 2023. The FI is defined as the number of outcome
reversals required to alter statistical significance for any outcome. The FQ
was determined by dividing the FI by the sample size of each study. The
interquartile range (IQR) was calculated for each outcome.

Results: Out of 103 total studies, an overall FI, incorporating all 99
outcomes across 18 RCTs was 4 (IQR 2-7) and the overall FQ was 0.073
(IQR 0.060-0.100). Of the 18 RCTs, 12 RCTs (66.7%) reported an LTF
greater than or equal to the overall FI of 4.

Conclusions: The statistical findings in ASI management are fragile and
should be interpreted with caution. We recommend standardized reporting
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and individuals with significant glenohumeral bone loss and
other related abnormalities [4,5]. Although conservative
management can be used for ASI treatment, especially first-
time shoulder dislocation, there is a lack of consensus among
the best choice of action between operative and nonoperative
management. However, surgical management has emerged
as the optimal treatment with modalities like Arthroscopic
Bankart Repair (ABR), open Bankart Repair (OBR), or the
Latarjet procedure [6]. In recent years, with the development
of arthroscopic instruments and surgical techniques, ABR
has become the main method of treatment for most shoulder
dislocations, achieving an equivalent or better reconstruction,
and significantly fewer complications than OBR [3,7,8].
Despite these management options, the selection of these
techniques for optimal management is guided by evidence-
based medicine.

Randomized controlled trials (RCTs) play a significant
role in guiding treatment decisions and addressing concerns
surrounding ASI management. The importance of data
derived from RCTs is often evaluated by the use of a P value.
The P value is selected with an arbitrary alpha threshold,
usually 0.05, with little consideration of a variety of factors,
such as sample size, effect size, data spread, loss to follow-
up (LTF), and lack of concern for the clinical significance
of a statistically significant difference [9]. To address these
limitations, Feinstein et al. implemented the fragility index
(FI) as a tool to evaluate the statistical robustness of RCTs
which is calculated as the number of outcome event reversals
necessary to convert an outcome event from significant to
nonsignificant or vice-versa [10]. In 2014, Walsh et al. utilized
the FI to evaluate RCTs and were the first to report this tool
[11]. The inclusion of the FI can enhance the information
portrayed by P values but exists independent of sample size
and is similarly limited. Ahmed et al. [12] introduced the
fragility quotient (FQ) to address the sample size independence
that the FI has; the FQ is calculated by dividing the fragility
index by the sample size and represents the percentage of
reversals required to alter statistical significance [10,12]. By
incorporating the FI and FQ alongside the P value, a more
comprehensive interpretation of the study can be achieved,
improving the understanding and insight into the study’s
robustness.

The purpose of this study was to analyze the statistical
stability of RCTs evaluating the surgical management of
ASI with ABR or OBR and calculate the FI and FQ. This
study also explores a subgroup analysis and calculates the
proportion of outcome events where the FI was less than the
number of patients lost to follow-up. The primary hypothesis
suggests that the findings of these studies will be vulnerable
to a small number of outcome event reversals. The secondary
hypothesis is that statistically significant findings will
exemplify significant statistical fragility.
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Methods
Search Strategy

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Figure 1). The goal of the search was to identify
articles examining ASI comparing ABR to OBR. Relevant
literature searches were performed via PubMed, Embase, and
MEDLINE databases from 2000 to 2023 using the following
search terms: ((anterior shoulder instability OR glenohumeral
instability) AND (Bankart repair)). No filters were applied to
maximize our search strategy.

Inclusion and Exclusion Criteria

Three independent authors (JMH, THR, CBB) screened
each search result to determine if it met the inclusion and
exclusion criteria. Each article was then examined, and
studies were included if they met the following criteria: (1)
RCT; (2) published in the English language; (3) surgical
intervention comparing patients utilizing ABR or OBR in
1:1 treatment allocation; (4) dichotomous outcomes; and
(5) published in a peer-reviewed journal. The studies were
excluded if the following criteria were met: (1) studies
utilized no OBR and ABR comparison; (2) more than two
treatment groups; (3) did not utilize a surgical intervention;
(4) cadaveric, in vitro, animal studies; (5) used population
databases, national registries or cross-sectional data; and (6)
reported non-dichotomous outcomes.

Risk of Bias Assessment

Two authors (KAT, BCH) independently evaluated each
study, and the Bias assessment was performed utilizing the
revised Cochrane Risk of Bias tool for evaluating bias in
randomized trials.”® Five domains were utilized to assess
bias risk: risk of bias arising from the randomization process
(domain 1), risk of bias due to deviations from the intended
interventions (domain 2), risk of bias due to missing outcome
data (domain 3), risk of bias in the measurement of the
outcome (domain 4), risk of bias in the selection of reported
result (domain 5), and overall risk bias. A series of Cochrane
signaling questions were applied to each article and a score
was provided via the Cochrane algorithm, with each category
scored as having a risk of bias that was low, high, or unclear.
Any conflicts or issues were resolved by a review of the
article and another author (AV) made the final decision. The
Risk of Bias assessment can be seen in Table 1.

Data Analysis

Multiple data points were recorded for each dichotomous
outcome in a study: first author, PMID, journal title, year of
publication, RCT, primary or secondary outcome measure,
intervention, loss to follow-up, and P value. Outcomes were
considered primary if they were explicitly stated as such or

Citation: Michael NM, Justin MH, Travis HR, Chase BB, Keaton AT, Bailey CH, Anthony V, Robert LP. The Statistical Fragility of Anterior Shoulder
Instability using Arthroscopic vs. Open Bankart Repair: A Systematic Review of Randomized Controlled Trials. Journal of Orthopedics

and Sports Medicine. 5 (2023): 450-458.


https://paperpile.com/c/U0QBU0/HjMTs

forlum Megafu MN, et al., J Ortho Sports Med 2023

ournzls DOI:10.26502/josm.511500134

Volume 5 « Issue 4 | 452

| Identification of studies via databases and registers
b
s
= REsaTa o n At i Records rcr_um—-cd before screening:
o Duplicate records removed
= Databases (n = 3) — (n = 49)
E Records identified (n = 103)
‘|—J
Records screened: Records excluded
(n=54) (n=20)
o
E
=
8
[E]
w
Reports assessed for eligibility:
(n = 34) ——— | Reponts excluded (n= 15
Cadaveric data (n = 2)
No dichotomous variables (n = 4)
Not a randomized controlled trial (n = 1)
Mot a surgical intervention (n = 3)
Protocol only (n = 2)
Non-English (n = 3)
° s R T e e
% Studies included in review: (n= 18)
=]
E Outcomes of included studies: (n = 99)
e

Figure 1: Study identification diagram.

if they were reported within the abstract unless otherwise
specified; all other outcomes were considered secondary.
The reported P value was verified for accuracy using the
2-tailed Fisher exact test. Fragility analysis was performed by
manipulating the reported outcome until a significant reversal
was achieved. A P value of less than 0.05 was considered
statistically significant. For outcomes with a P value of
less than 0.05 number of events required to raise the above
significance was determined and for studies where outcomes
with a P value above 0.05 number of events required to lower

the P value below 0.05 was calculated. The number of events
needed to reverse the outcome was considered as the fragility
index (FI) for the outcome (Table 2).

This was applied to each outcome event identified in the
search and a median FI was calculated. The fragility quotient
(FQ) of each outcome was calculated by dividing FI by
the total sample size of each study and the median FQ was
calculated. Interquartile ranges (IQR) ranges for both FI and
FQ were calculated. The IQR was the difference between the
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75" and the 25" percentiles. Fragility analysis was performed
on the following subgroups: (1) primary versus secondary
outcomes, (2) complications, radiographic findings, and
reoperations/revisions, (3) significant vs non-significant
outcomes (4) outcomes for which the FI was less than the
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number of patients lost to follow-up versus outcomes which
the FI was greater than the number of patients lost to follow-
up and (5) studies published from 2000-2008, 2009- 2013,
2014-2018, and 2019-2023 (Table 3).

Table 1: Bias assessment using the Revised Cochrane risk-of-bias tool for randomized trials.

Domain 2: Risk
of bias due to
deviations from

Domain 1: Risk of
Bias Arising from
Randomization

Process the intended
interventions
MacDonald et al. [1] Low Risk Low Risk
Minkus et al. [34] Low Risk Low Risk
Pougeés et al. [35] Low Risk Low Risk
Bottoni et al. [36] Low Risk Low Risk
Moroder et al. [37] Low Risk Low Risk
Mohtadi et al. [38] Low Risk Low Risk
Archetti Netto et al. [39] Low Risk Low Risk
Bottoni et al. [40] Low Risk Low Risk
Monteiro et al. [41] Low Risk Unclear
Yapp et al. [42] Low Risk Low Risk
Robinson et al. [43] Low Risk Low Risk
Jakobsen et al. [44] Low Risk Low Risk
Hiemstra et al. [45] Low Risk Low Risk
Tan et al. [46] Low Risk Low Risk
Kirkley et al. [47] Low Risk Low Risk
Rhee et al. [48] Low Risk Low Risk
Sperber et al. [49] Unclear Low Risk
Bottoni et al. [50] Unclear Low Risk

Table 2: Demonstration of Reversal Significance with a Fragility of 1.

Outcome A
Scenario 1
Treatment A
Treatment B 15
Scenario 2
Treatment A
Treatment B 15

Results

The initial search resulted in a total of 103 studies
screened and produced 49 duplicated studies. The remaining
54 studies were screened using the exclusion criteria. Our
inclusion criteria were then applied to the remaining 34
studies for eligibility. Overall, 18 RCTs met the inclusion
criteria and were included in the analysis (Figure 1). The
overall FI, incorporating all 99 outcomes across 18 RCTs

Domain 3: Domain 4: Domain 5: Overall
Risk of Bias Risk of bias in Risk of bias in Risk of
Due to Missing | measurement of | selection of the Bias
Outcome Data the outcome reported result
Low Risk Low Risk Low Risk Low Risk
Low Risk Unclear Unclear Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Unclear Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Unclear Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Unclear Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Low Risk Low Risk Low Risk Low Risk
Outcome B P Value
33
40 0.041
32
40 0.078

was 4 (IQR 2-7) and the overall FQ was 0.073 (IQR 0.060-
0.100), indicating a reversal of 6 outcomes can change the
significance of an RCT. Of the 18 RCTs, 12 RCTs (66.7%)
reported an LTF greater than or equal to the overall FI of 4.
There were a total of 99 outcome events with 48 significant
(p < 0.05) outcomes and 51 with nonsignificant (p > 0.05)
outcomes. For the 48 outcomes that were reported as
significant, the median number of events required to change
significance was 2 (IQR 1-4) (Table 3). The FQ for significant
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outcomes was 0.071 (IQR 0.060-0.103). For the 51 outcomes
that were reported as nonsignificant, the number of events
required to change significance was 5 (IQR 4-7). The FQ
for nonsignificant outcomes was 0.076 (IQR 0.060-0.099).
Of the 99 total outcomes, 64 (64.6%) were primary and 35
(35.4%) were secondary. The FI for primary and secondary
outcomes were 3 (IQR 2-5) and 5 (IQR 3-6), respectively.
The associated FQ for primary and secondary outcomes had
values of 0.058 (IQR 0.041-0.079) and 0.041 (IQR 0.033-
0.096), respectively. For the 68 outcomes where FI < LTF,
the median FI was found to be 5 (IQR 4-8). For the 31
outcomes where FI > LTF, the median FI was found to be 7
(IQR 5-9). The associated median FQs for outcomes that had
an FI <LTF and FI > LTF were 0.046 (IQR 0.032-0.059) and
0.071 (IQR 0.060-0.099), respectively. Fragility subanalysis
per year of publication identified a FI of 4 (IQR 2-6) from
2000 to 2008, a FI of 8 (IQR 5-9.5) from 2009 to 2013, a
FI of 6 (IQR 4-8) from 2014 to 2018 and a FI of 5 (IQR
4-6), demonstrating decreasing statistical stability over the 22
years (Table 3).

Volume 5 ¢ Issue 4 454

Discussion

In the current assessment of RCTs examining ASI
utilizing ABR versus OBR, the overall median FI was 4 and
the associated median FQ was 0.073. An FI of 4 indicates that
reversing just 4 patient outcome events would be enough to
alter the significance of the results. Considering the sample
size, an FQ of 0.073 means that, on average, approximately
7 out of 100 patients would need to experience a different
outcome to change the significance across the 99 total
outcomes. Out of the 99 total outcomes in this study, 66.7%
(12) presented a loss to follow-up value greater than or
equal to the overall FI, suggesting that maintaining complete
follow-up could have potentially reversed the significance.
When examining statistically significant findings, an FI of 4
was found, indicating fragility in the ASI literature evaluating
OBR vs ABR. This low median FI and FQ demonstrate
that the ASI literature may be more fragile than previously
recognized. Therefore, this study contributes to the increasing
body of evidence supporting the inclusion of FI and FQ in
RCTs that inform clinical decision-making.

Table 3: Overall Fragility Data and Subgroups Analysis®

Characteristic Outcome Events
All trials 99

Outcome type

Primary 64
Secondary 35
Complications 50
Radiographic Findings 25
Revisions/Reoperations 20

Outcome significance?
P <0.05 48
P >0.05 51
Comparing outcome Fl to LTF¢
FI<LTF 68
FI>LTF 31

Year of publication

2000 - 2008 14
2009 - 2013 20
2014 - 2018 23
2019 - 2023 42

aFl, fragility index; IQR, interquartile range; LTF, lost to follow-up.

Fragility Index (IQR) Fragility Quotient (IQR)

4 (2-7) 0.073 (0.060-0.100)
3 (2-5) 0.058 (0.041-0.079)
5 (3-6) 0.041 (0.033-0.096)

3 (2.5-5) 0.067 (0.045-0.073)
5 (4-6) 0.047 (0.030-0.060)
5 (3-8) 0.048 (0.037-0.071)
2 (1-4) 0.071 (0.060-0.103)
5 (4-7) 0.076 (0.060-0.099)
5 (4-8) 0.046 (0.032-0.059)
7 (5-9) 0.071 (0.060-0.099)
4 (2-6) 0.070 (0.058-0.097)

8 (5-9.5) 0.051 (0.035-0.064)
6 (4-8) 0.059 (0.041-0.077)
5 (4-6) 0.045 (0.030-0.091)

5P < 0.05 represents the significant outcome subgroup and P > 0.05 represents the insignificant outcome subgroup
°FI < LTF represents the outcome subgroup where the Fl was less than the number of patients LTF. FI > LTTF represents the outcome

subgroup where the Fl was greater than the number of patients LTF.
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Our study focused on evaluating AST management with
OBR vs. ABR and revealed that the FI of significant and
nonsignificant outcomes was only 2 and 5 respectively. This
demonstrates that statistically significant results in the ASI
literature are more fragile than nonsignificant findings [13].
These findings align with previous studies in the orthopedic
literature that have examined significance and fragility [14-
32]. When considering the broader orthopedic subspecialties
and various pathologies, the median FI for significant
outcomes ranged from 2.5 to 4, with an overall median FI
of 4. These pathologies included shoulder arthroplasty [30],
hip arthroplasty [31], hip arthroscopy [28], orbital fractures
[16,31], patellofemoral instability [21], femur fractures
[17,21], Achilles tendon rupture [22,23], radius fractures [ 18],
rotator cuff repairs [22], biceps tendon repairs [14] and fibula
fractures [15,18]. The subspecialties covered spine surgery
[32], shoulder and sports medicine [20,26], and trauma [29].
This poses a risk in interpreting statistically significant results
as they guide clinical decision-making. Hence, the fragility
index across the orthopedic literature consistently reflects the
findings of this study, indicating potential fragility in RCTs
guiding clinical decisions related to ASI.

This study is the first to analyze fragility across the
literature on ASI management using OBR vs. ABR with
subgroup analysis by outcome type and has several strengths
that support its findings. The study strictly focused on RCTs,
which helps minimize bias and confounding factors often
present in non-RCTs. It followed the PRISMA guidelines
to ensure the inclusion of outcomes from ASI RCTs such as
radiographic findings, complications, revisions/reoperations,
and significant and nonsignificant P values. This approach
enhances the robustness and validity of the findings, making
the application of the FI and FQ more generalizable.
Additionally, a comprehensive two-directional fragility
analysis was employed, calculating the FI for the ASI
literature over the past two decades.

The primary goal of conducting evidence-based medicine
research is to enhance our knowledge base and the quality
of clinical care. Information on specific treatment regimens
and patient outcomes enables physicians to engage in shared
decision-making using objective data. For these significant
findings to guide appropriate clinical management, they must
be accessible and understandable. While statistical methods
like P value analysis have provided some interpretation, they
do not account for effect size, loss to follow-up data, or sample
size, and are influenced by study designs [26]. Consequently,
statistical findings can be fragile and lead to unintentional
type I (alpha) errors. Therefore, relying solely on P values
is inadequate; it should be supplemented by considering
effect size, study design, and methodological integrity when
interpreting evidence. The American Academy of Orthopedic
Surgeons (AAOS) considers an FI of 2 as "strong evidence"
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supporting reported findings [33]. However, analyses
throughout the orthopedic literature consistently demonstrate
fragility, with many authors reporting similar fragile FI
and FQ values as the overall median FI of 5 in this study
[14-32]. As this research area is novel, there are currently
no established thresholds for optimal FI and FQ in studies.
Introducing additional statistical tools such as the minimal
clinically important difference (MCID), substantial clinical
benefit (SCB), maximal outcome improvement (MOI),
and patient-acceptable symptomatic state (PASS) could
potentially bridge these data points and provide recommended
FI and FQ thresholds for statistically significant outcomes.
By incorporating such tools and adopting recommended
FI and FQ wvalues, the process of conducting RCTs in
other orthopedic subspecialties can be standardized, and
clinicians can gain a more comprehensive overview of the
data. However, implementing these recommendations and
standardizations will require time. Therefore, at present,
including FI and FQ in the analysis of fragility in RCTs can
serve as a solid foundation for providing clinicians with a
more accurate and comprehensive understanding of the trial
significance and reported significant outcomes.

Our fragility analysis was limited as this review was
centered on ASI management comparing OBR and ABR.
Additionally, the FI and FQ metrics are only able to be
utilized for dichotomous, categorical outcomes. While the
RCTs reported continuous outcomes such as clinical scores,
these outcomes were not able to be included in fragility
analysis if they were not dichotomous and categorical. Lastly,
there have not been any standardized FI and FQ thresholds
established to assess the stability of outcomes reported in
comparative trials. Establishing such thresholds for the FI
and FQ indices will allow for an improved assessment of the
robustness of study findings.

Conclusion

Our systematic review demonstrates that the statistical
findings reported across RCTs in the ASI literature are fragile
and should be interpreted with caution. The reversal of just
2 statistically significant events, 5 non-significant events,
or simply maintaining postoperative follow-up in 66.7%
of outcomes is sufficient to alter the statistical significance
of study findings from the RCTs included in our analysis.
Therefore, we recommend the standardized reporting of P
values with FI and FQ metrics to ensure that clinicians can
effectively evaluate the statistical stability of study findings
and ensure evidence-based surgical decision-making.
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