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Background: Previous literature has demonstrated that an increased number of preoperative anterior shoulder instability epi-
sodes is associated with recurrent anterior shoulder instability after arthroscopic Bankart repair (ABR). However, a threshold
for the number of preoperative instability episodes that increases the risk of recurrent anterior shoulder instability is not well
established.

Purpose: To establish a threshold value for the number of preoperative instability episodes that predicts recurrent anterior shoul-
der instability after ABR and to compare glenoid bone loss, the Hill-Sachs interval, and the distance to dislocation between pa-
tients who have surpassed the threshold and those who have not.

Study Design: Retrospective cohort study; Level of evidence, 3.

Methods: This retrospective review included consecutive patients with ‘‘on-track’’ Hill-Sachs lesions who underwent primary
ABR for anterior shoulder instability at a single institution between 2007 and 2019. Patients with an unknown number of preop-
erative instability episodes, .20% glenoid bone loss, \2 years’ follow-up, or age .40 or \14 years were excluded. Logistic
regression assessed associations between preoperative anterior shoulder instability episodes and recurrent anterior shoulder
instability after ABR, defined as a recurrent subluxation or dislocation. Receiver operating characteristic analysis determined
the optimal threshold of preoperative anterior shoulder instability episodes to predict recurrent anterior shoulder instability. Sig-
nificance was set as P \ .050.

Results: A total of 151 patients (mean age, 20 6 5 years; mean follow-up, 6.0 6 3.1 years) were included, of whom 28 (19%)
experienced recurrent anterior shoulder instability. Multiple thresholds showed increased odds of recurrent anterior shoulder
instability: �2 preoperative anterior shoulder instability events (odds ratio [OR], 9.70 [95% CI, 2.63-35.70]; P = .001), �3 events
(OR, 3.47 [95% CI, 1.37-8.80]; P = .009), and �4 events (OR, 3.08 [95% CI, 1.17-8.08]; P = .023). Receiver operating characteristic
analysis revealed that �2 preoperative anterior shoulder instability events was the strongest predictor of recurrent anterior shoul-
der instability (area under the curve = 0.72).

Conclusion: A threshold of �2 preoperative anterior shoulder instability episodes best predicted recurrent anterior shoulder
instability after ABR. Stratification beyond 1 versus �2 preoperative anterior shoulder instability episodes did not increase pre-
dictive ability. This finding may help surgeons to counsel patients and consider earlier surgical stabilization in those who have
sustained anterior shoulder instability episodes.

Keywords: anterior shoulder instability; arthroscopic Bankart repair; recurrent instability; preoperative instability episodes; gle-
noid bone loss

Arthroscopic Bankart repair (ABR) is a commonly utilized
procedure for anterior shoulder instability, particularly in
patients with minimal glenoid bone loss (GBL) and ‘‘on-
track’’ Hill-Sachs lesions (HSLs).6,19 However, recurrent
anterior shoulder instability remains a common

complication after ABR, with reported rates exceeding
30% in young athletic cohorts.19,22,23,29

Previous literature has identified multiple preoperative
anterior shoulder instability episodes as a risk factor for
recurrent anterior shoulder instability after ABR.4,8,11,24

The number of preoperative instability episodes has been
associated with progressive GBL and damage to soft tissue
of the labrum and anterior shoulder capsule, which may
contribute to the increased risk of recurrent anterior shoul-
der instability.3 Fox et al10 found that patients with .1
preoperative dislocation had higher rates of recurrent
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shoulder instability after ABR compared with those who
experienced a single preoperative dislocation. However,
the optimal threshold of multiple preoperative instability
episodes that predicts recurrent anterior shoulder instabil-
ity in ‘‘on-track’’ HSLs is unclear. Establishing a threshold
for the number of preoperative instability episodes that
best predicts recurrent anterior shoulder instability after
ABR may improve risk stratification, enhance preoperative
patient counseling, and inform the timing of surgical inter-
ventions to optimize outcomes after ABR.

Thus, the primary purpose of this study was to investi-
gate the relationship between the number of preoperative
anterior shoulder instability episodes and recurrent ante-
rior shoulder instability after ABR and to establish
a threshold value for the number of preoperative anterior
shoulder instability episodes that best predicts recurrent
anterior shoulder instability after ABR. We hypothesized
that a threshold of �2 preoperative anterior shoulder
instability episodes would have the greatest predictive
capability for recurrent anterior shoulder instability after
ABR. A secondary aim of this study was to compare ana-
tomic characteristics including GBL, Hill-Sachs interval
(HSI), and distance to dislocation (DTD) between patients
above and below the threshold of �2 preoperative anterior
shoulder instability episodes. We hypothesized that
patients above the threshold of �2 preoperative anterior
shoulder instability episodes would have greater GBL,
a larger HSI, and a smaller DTD compared to patients
below the threshold.

METHODS

Study Population

Institutional review board approval was obtained from the
University of Pittsburgh (No. STUDY20030061). A retro-
spective review was conducted of consecutive patients
who underwent ABR for shoulder instability at a single
institution by 5 sports fellowship–trained orthopaedic sur-
geons between 2007 and 2019. First, nonanterior stabiliza-
tion procedures were excluded. Before database creation,
initial exclusion criteria included revision procedures,
prior ipsilateral shoulder surgery, open surgical stabiliza-
tion, multidirectional or concomitant posterior instability,
connective tissue diseases, uncontrolled seizure disorder
or seizures within 2 years of surgery, concomitant greater

tuberosity or proximal humerus fractures, inadequate pre-
operative imaging including no available magnetic reso-
nance imaging (MRI) scans, MRI performed .6 months
before surgery, poor MRI quality or inadequate sagittal
sequences precluding accurate humeral bone loss and/or
GBL measurements, and ABR performed with \2 anchors.
Furthermore, any patients who had a concomitant proce-
dure performed, such as remplissage augmentation to
ABR, were excluded. After database creation, patients
were excluded if they had an unknown number of preoper-
ative anterior shoulder instability episodes, had .20%
GBL, underwent revision ABR, had \2 years of follow-
up, or were aged .40 or \14 years.

Data Collection

A chart review of the electronic medical record was used to
extract demographic variables including patient age, sex,
sport type (stratified into collision, contact, and/or overhead
sport), laterality of injury, number of anchors placed intra-
operatively, presence of glenohumeral capsuloligamentous
hyperlaxity, and number of preoperative anterior shoulder
instability episodes. Competitive athletes were defined as
patients actively participating in organized sports at a com-
petitive level, including high school, club, collegiate, or pro-
fessional play. A preoperative anterior shoulder instability
episode was defined as sustaining either a glenohumeral
subluxation or dislocation event. A subluxation was defined
as a self-reported sensation of anterior shoulder instability
not requiring manual reduction, while a dislocation was
defined as anterior shoulder instability requiring manual
reduction. Preoperative glenohumeral hyperlaxity was
determined during an examination under anesthesia and
was defined as external rotation .85� with the arm at the
side and/or grade 2 to 3 humeral head translation relative
to the glenoid on all anterior, posterior, or inferior load-
and-shift tests at 90� of abduction.3 Grade 2 humeral head
translation was defined as humeral head translation over
the glenoid rim with spontaneous reduction, and grade 3
humeral head translation was defined as humeral head
translation without spontaneous reduction.1

The primary outcome of this study was recurrent ante-
rior shoulder instability, defined as sustaining at least 1
postoperative glenohumeral subluxation or dislocation
event. This outcome was collected via a review of the elec-
tronic medical record. All patients who met inclusion
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criteria but did not have at least 2 years of follow-up in the
electronic medical record were contacted by telephone.
After informed consent was obtained, patients were asked
if they had sustained a glenohumeral subluxation or dislo-
cation event in the time after index ABR as well as any
revision procedures or subsequent ipsilateral shoulder sur-
gery since their index ABR.

MRI Measurements

All MRI measurements were performed by 2 sports
fellowship–trained orthopaedic surgeons. Anatomic meas-
urements obtained from preoperative MRI included GBL,
HSI, and DTD. GBL was measured as a percentage of ante-
rior GBL relative to the total glenoid width utilizing the
perfect-circle method on T2-weighted sagittal MRI sequen-
ces.15 The HSI was measured on T2-weighted axial MRI
sequences as the distance from the most medial aspect of
the HSL to the infraspinatus insertion site laterally. The
glenoid track (GT) was calculated using the formula GT
= 0.83 * D – d, where ‘‘D’’ is the diameter of the glenoid
best-fit circle and ‘‘d’’ is the width of anterior GBL.30 The
DTD could then be calculated with the HSI and GT using
the formula DTD = GT – HSI.16 The HSL was then catego-
rized as ‘‘on-track’’ if the DTD was .10 mm or ‘‘near-track’’
if the DTD was between 0 and 10 mm.16

Surgical Technique and Postoperative Care

All ABR procedures were performed in either the lateral
decubitus or beach-chair position, according to surgeon
preference. ABR was performed using a standard suture
anchor technique with a minimum of 3 anchors. All
patients then underwent a standard postoperative protocol
consisting of restricted motion in a sling for 4 weeks, fol-
lowed by supervised physical therapy focused on increas-
ing range of motion and isometric rotator cuff exercises
beginning at 4 weeks, and finally dynamic strength train-
ing beginning at 12 weeks. Athletes were cleared to return
to sport at around 24 weeks based on shared decision-
making and criteria-based return-to-sport testing
described by Drummond et al.9

Statistical Analysis

An independent-samples t test was used to compare contin-
uous variables, and the chi-square test was used to com-
pare categorical variables, between patients with and
without recurrent anterior shoulder instability. Continu-
ous variables were summarized using means and standard
deviations, while categorical variables were reported as
frequencies and percentages. Logistic regression analysis
was performed to assess the association between the num-
ber of preoperative anterior shoulder instability episodes
and the occurrence of recurrent anterior shoulder instabil-
ity after ABR. The number of preoperative anterior shoul-
der instability episodes was analyzed as both a continuous
variable (1 vs 2 vs 3 . . . etc) and a categorical variable (\2

or �2, \3 or �3 . . . up to \5 or �5). Multivariable logistic
regression models were adjusted for potential confounders,
including age and DTD, based on prior literature. The opti-
mal cutoff threshold for preoperative anterior shoulder
instability episodes was determined using the Youden
index (J = sensitivity 1 specificity – 1).25 Receiver operat-
ing characteristic analysis was conducted to evaluate the
discriminatory ability of this optimal cutoff threshold for
preoperative anterior shoulder instability episodes in pre-
dicting recurrent anterior shoulder instability. The area
under the curve (AUC) was calculated to quantify model
performance. All statistical analyses were performed using
Stata (Version 18.0; StataCorp). Statistical significance
was defined as a 2-tailed P value \.050.

A post hoc sensitivity analysis was conducted among
patients with �2 preoperative anterior shoulder instability
episodes, comparing the proportion of patients with recur-
rent anterior shoulder instability (n = 28) with the propor-
tion of patients without recurrent anterior shoulder
instability (n = 123). With an alpha of 0.05 and 80% power,
the study was sufficiently powered to detect a minimum
effect size (Cohen h = 0.58), corresponding to a medium dif-
ference in proportions between groups. All DTD measure-
ments were performed by the same trained rater using
previously validated MRI measurement techniques
detailed above. Intrarater and interrater reliability for
DTD have been previously reported as good (intraclass cor-
relation coefficient = 0.71) and excellent (intraclass corre-
lation coefficient = 0.82), respectively, based on the same
dataset and measurement protocol.3

RESULTS

There were 181 patients who were identified for an initial
evaluation; 21 were excluded for missing data on the num-
ber of preoperative anterior shoulder instability episodes, 1
for \2 years of follow-up, 4 for .20% GBL, and 4 for age
.40 or \14 years (Figure 1). A total of 151 patients were
included for final analysis, with a mean age of 20 6 5 years
and a mean follow-up time of 6.0 6 3.1 years.

Overall, 28 patients (19%) experienced recurrent anterior
shoulder instability after ABR. Patients who experienced
recurrent anterior shoulder instability after ABR were youn-
ger (18 vs 21 years, respectively; P = .010), had greater GBL
(7.6% vs 2.3%, respectively; P \ .001), had a larger HSI (8.8
vs 5.6 mm, respectively; P = .002), had a smaller DTD (12.8
vs 16.7 mm, respectively; P = .001), and had a higher propor-
tion of ‘‘near-track’’ versus ‘‘on-track’’ HSLs (39% vs 13%,
respectively; P = .001) compared to patients who did not expe-
rience recurrent anterior shoulder instability after ABR
(Table 1). The mean number of preoperative anterior shoul-
der instability episodes was similar between patients with
and without recurrent anterior shoulder instability (3.7 vs
3.0, respectively; P = .447). When analyzed in a continuous
manner, the number of preoperative anterior shoulder insta-
bility episodes was not a significant predictor of recurrent
anterior shoulder instability (odds ratio [OR], 1.03 [95% CI,
0.92-1.14]; P = .636). Younger age and shorter DTD were
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significantly associated with failure after ABR, with the odds
of failure decreasing by 18% for each additional year of age
(OR, 0.82 [95% CI, 0.70-0.95]; P = .010) and by 13% for
each additional millimeter of DTD (OR, 0.87 [95% CI, 0.80-
0.95]; P = .001) (Table 2).

When the number of preoperative anterior shoulder
instability episodes was analyzed in a categorical manner
and the model was adjusted for confounders, patients
who had �2 preoperative anterior shoulder instability epi-
sodes had 9.70 times the odds of experiencing recurrent
anterior shoulder instability after ABR compared to
patients who sustained only 1 preoperative anterior shoul-
der instability episode (P = .001). Threshold values of �3
preoperative anterior shoulder instability episodes (OR,
3.47 [95% CI, 1.37-8.80]; P = .009) and �4 preoperative

anterior shoulder instability episodes (OR, 3.08 [95% CI,
1.17-8.08]; P = .023) were also shown to be significantly
associated with recurrent anterior shoulder instability
after ABR. A threshold of �5 preoperative anterior shoul-
der instability episodes was not a significant predictor of
recurrent anterior shoulder instability (OR, 1.76 [95% CI,
0.59-5.25]; P = .314) (Table 3).

Using the Youden index, the optimal cutoff value for
preoperative anterior shoulder instability episodes to pre-
dict recurrent anterior shoulder instability was �2 preop-
erative anterior shoulder instability episodes (Youden
index = 0.44), corresponding to a sensitivity of 89%, speci-
ficity of 55%, and AUC of 0.72, indicating good discrimina-
tive ability (Figure 2). Increasing the threshold to �3, �4,
or �5 preoperative anterior shoulder instability episodes
reduced the sensitivity for detecting patients at risk for
recurrent anterior shoulder instability, with corresponding
AUCs of 0.65, 0.62, and 0.56, respectively.

Anatomic characteristics were then compared between
patients above and below the threshold of �2 preoperative
anterior shoulder instability episodes. Patients with �2
preoperative anterior shoulder instability episodes had
greater GBL (4.4% vs 2.0%, respectively; P = .007), a larger
HSI (7.5 vs 4.6 mm, respectively; P \ .001), a smaller DTD
(14.5 vs 17.7 mm, respectively; P \ .001), and a higher pro-
portion of ‘‘near-track’’ versus ‘‘on-track’’ HSLs (25% vs
10%, respectively; P = .019) compared to patients with
only 1 preoperative anterior shoulder instability episode
(Table 4). The rate of recurrent anterior shoulder instabil-
ity was significantly higher in patients with �2 preopera-
tive anterior shoulder instability episodes compared to
patients with 1 preoperative anterior shoulder instability
episode (31% vs 4%, respectively; P \ .001) (Figure 3).

DISCUSSION

The present study identified that a threshold of �2 preop-
erative anterior shoulder instability episodes best pre-
dicted patients who would experience recurrent anterior
shoulder instability after ABR. Increasing the threshold
beyond �2 preoperative anterior shoulder instability epi-
sodes reduced sensitivity for predicting recurrent anterior
shoulder instability, indicating that fewer patients who
ultimately experienced recurrent anterior shoulder insta-
bility were correctly identified as being at risk when using
thresholds higher than �2 preoperative anterior shoulder
instability episodes. Patients with �2 preoperative ante-
rior shoulder instability episodes had greater GBL and
a larger HSI than those with only 1 preoperative anterior
shoulder instability episode, suggesting that repeated
anterior shoulder instability episodes after an initial epi-
sode lead to progressive structural damage and further
predispose patients to recurrent anterior shoulder instabil-
ity after ABR. Recognizing this threshold can help to con-
sider earlier surgical stabilization and avoid unnecessary
stratification beyond this critical cutoff.

The findings of this study align with prior literature,
which has identified that sustaining .1 preoperative

Figure 1. Patient selection flowchart. Initial exclusion criteria
included revision procedures, prior ipsilateral shoulder sur-
gery, open surgical stabilization, multidirectional or concom-
itant posterior instability, connective tissue diseases,
uncontrolled seizure disorder or seizures within 2 years of
surgery, concomitant greater tuberosity or proximal humerus
fractures, inadequate preoperative imaging including no
available magnetic resonance imaging (MRI) scans, MRI per-
formed .6 months before surgery, poor MRI quality or inad-
equate sagittal sequences precluding accurate humeral and/
or glenoid bone loss measurements, and arthroscopic Bank-
art repair performed with \2 anchors.
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anterior shoulder instability episode is a risk factor for
experiencing recurrent anterior shoulder instability after
ABR.8,10,11,24 Kay et al13 analyzed 488 adolescent patients
and found that those with multiple preoperative disloca-
tions faced a markedly higher risk of recurrent anterior
shoulder instability requiring revision stabilization sur-
gery compared to those with a single episode. Specifically,
only 3.2% of patients with a single preoperative dislocation
required revision stabilization surgery versus 24.2% with 2
dislocations and 33.5% with �3 dislocations, underscoring
the potential value of earlier surgical interventions before
repeated dislocations lead to increased GBL and progres-
sive soft tissue damage to the anterior labrum and anterior
shoulder capsule.13 Warner et al28 also conducted a system-
atic review across 11 studies involving 767 patients,
observing that patients with .1 preoperative dislocation
were consistently shown to have an elevated risk of

recurrent anterior shoulder instability after ABR. Finally,
Charles et al4 evaluated 170 patients undergoing either
ABR or ABR with remplissage augmentation and found
that patients who experienced .1 preoperative anterior
shoulder instability event had a .3-fold increased risk of
recurrent anterior shoulder instability compared with
those who presented after a single episode. The findings
of this study add to the present literature, identifying
that a threshold of �2 preoperative anterior shoulder
instability episodes best predicted recurrent anterior
shoulder instability after ABR and indicating that further
delineation of the number of preoperative anterior shoul-
der instability episodes beyond this threshold might not
impact clinical outcomes after ABR.

A secondary finding of this study was that patients with
�2 preoperative anterior shoulder instability episodes had
a significantly larger HSI and greater GBL compared to
patients with only 1 preoperative anterior shoulder

TABLE 1
Baseline Characteristics of Patientsa

Total (n = 151) Recurrent Instability (n = 28) No Recurrent Instability (n = 123) P Value

Age, y 20 6 5 18 6 2 21 6 6 .010
Male sex 110 (73) 22 (79) 88 (72) .451
Competitive athlete 123 (81) 24 (86) 99 (81) .521
Type of sport

Contact 118 (78) 22 (79) 96 (78) .952
Collision 70 (46) 14 (50) 56 (46) .551
Overhead 56 (37) 9 (32) 47 (38) .550

Right laterality 79 (52) 15 (54) 64 (52) .883
No. of anchors 4.3 6 1.6 4.4 6 1.5 4.3 6 1.6 .750
Glenohumeral hyperlaxity 22 (15) 6 (21) 16 (13) .254
GBL, % 3.2 6 5.3 7.6 6 6.9 2.3 6 4.4 \.001
HSI, mm 6.2 6 5.0 8.8 6 4.6 5.6 6 4.8 .002
DTD, mm 16.0 6 5.7 12.8 6 5.7 16.7 6 5.4 .001
Near-track HSL 27 (18) 11 (39) 16 (13) .001
No. of preoperative instability episodes 3.1 6 4.1 3.7 6 2.5 3.0 6 4.3 .447

.1 episode 81 (54) 25 (89) 56 (46) \.001

.2 episodes 49 (33) 16 (57) 33 (27) .002

.3 episodes 36 (24) 12 (43) 24 (20) .009

.4 episodes 24 (16) 7 (25) 17 (14) .144

aData are presented as mean 6 SD or n (%). Bolded P values indicate statistical significance. DTD, distance to dislocation; GBL, glenoid
bone loss; HSI, Hill-Sachs interval; HSL, Hill-Sachs lesion.

TABLE 2
Multivariable Predictors of Failure After

Arthroscopic Bankart Repaira

OR (95% CI) P Value

Age (per year) 0.82 (0.70-0.95) .010
DTD (per mm) 0.87 (0.80-0.95) .001
No. of preoperative instability

episodes (per episode)
1.03 (0.92-1.14) .636

aAll models were adjusted for sex, participation in contact
sports, presence of glenohumeral hyperlaxity, and number of
anchors. Bolded P values indicate statistical significance. DTD,
distance to dislocation; OR, odds ratio.

TABLE 3
Multivariable Predictors of Failure After

Arthroscopic Bankart Repair Based on Number
of Preoperative Instability Episodesa

OR (95% CI) P Value

�2 preoperative instability episodes 9.70 (2.63-35.70) .001
�3 preoperative instability episodes 3.47 (1.37-8.80) .009
�4 preoperative instability episodes 3.08 (1.17-8.08) .023
�5 preoperative instability episodes 1.76 (0.59-5.25) .314

aAll models were adjusted for age and distance to dislocation.
Bolded P values indicate statistical significance. OR, odds ratio.

AJSM Vol. 54, No. 6, 2026 �2 Instability Episodes Predict Recurrence 1291



instability episode. It is well established in scientific litera-
ture that an increased number of preoperative anterior
shoulder instability episodes is the factor most strongly
associated with GBL, the presence of HSLs, and the pres-
ence of combined glenoid and humeral head bone
loss.12,17,18 Dickens et al7 found that a single preoperative
anterior shoulder instability episode resulted in an average
GBL of 6.8% but was 22.8% in patients with recurrent ante-
rior shoulder instability. In a multicenter study of over 892
patients with anterior shoulder instability, for each addi-
tional dislocation, the odds of having combined GBL and
HSLs nearly doubled, underscoring the cumulative risk of
repeated anterior shoulder instability events.12 This pro-
gressive bone loss is clinically significant, as it is a major
predictor of recurrent anterior shoulder instability after
ABR and may necessitate more complex surgical interven-
tions, such as the Latarjet procedure. This study builds
upon these previous studies by showing that sustaining
�2 preoperative anterior shoulder instability episodes was
the most sensitive threshold for predicting recurrent ante-
rior shoulder instability after ABR when compared to sus-
taining only 1 preoperative anterior shoulder instability
episode. This suggests that an earlier surgical intervention

(ie, before sustaining �2 preoperative anterior shoulder
instability episodes) may be indicated after a first-time ante-
rior shoulder instability episode, as delaying ABR until even
the occurrence of a second preoperative anterior shoulder
instability episode may allow cumulative structural damage
that predisposes patients to experience recurrent anterior
shoulder instability. The findings of the present study rein-
force the importance of considering early surgical stabiliza-
tion in high-risk patients to minimize the chance of
recurrent anterior shoulder instability and protect glenoid
and humeral bone integrity.

With regard to the recurrence rates in the present
study, the overall rate in the entire cohort was 19%, which
is consistent with previously reported outcomes after
ABR.26,27 The relatively higher failure rates observed in
certain subgroups likely reflect the evolving understand-
ing of appropriate indications for isolated ABR during
the study period rather than deficiencies in the surgical
technique, as factors such as the number of preoperative
anterior shoulder instability episodes were not yet widely
recognized as key determinants of surgical decision-mak-
ing between ABR alone versus adjunctive or alternative
procedures. With a mean follow-up of 6.0 years, these

Figure 2. Receiver operating characteristic analysis with the
Youden index was conducted to determine the optimal
threshold for predicting recurrent anterior shoulder instability
in the entire cohort. The optimal cutoff value to predict recur-
rent instability was �2 preoperative anterior shoulder insta-
bility episodes (Youden index = 0.438 [standard error =
0.074]), corresponding to a sensitivity of 89%, specificity of
55%, and area under the curve (AUC) of 0.72.

Figure 3. Preoperative anterior shoulder instability episodes
were divided into different numbers of preoperative instability
episodes (1, 2, 3-4, or .4 episodes). The rate of recurrent
anterior shoulder instability was calculated for each group.

TABLE 4
Anatomic Characteristics Between Patients With �2 and 1 Preoperative Instability Episodesa

�2 Episodes (n = 81) 1 Episode (n = 70) Mean Difference (95% CI) P Value

GBL, % 4.4 6 6.1 2.0 6 4.0 1 2.3 (0.7 to 4.0) .007
HSI, mm 7.5 6 4.7 4.6 6 4.8 1 2.9 (1.4 to 4.4) \.001
DTD, mm 14.5 6 5.7 17.7 6 5.1 23.2 (24.9 to 21.4) \.001
Near-track HSL 20 (25) 7 (10) — .019

aData are presented as mean 6 SD or n (%) unless otherwise indicated. Bolded P values indicate statistical significance. DTD, distance to
dislocation; GBL, glenoid bone loss; HSI, Hill-Sachs interval; HSL, Hill-Sachs lesion.
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findings also align with longer term outcome data, includ-
ing reports of failure rates approaching 30% at 10 years,
supporting the interpretation that recurrent instability is
more closely related to patient selection and the natural
history of shoulder instability than to the technical failure
of isolated ABR.19 Over the study period, the recognition of
recurrence risk factors and indications for remplissage
augmentation to ABR evolved, allowing the inclusion of
patients treated with isolated ABR who would now likely
undergo concomitant remplissage. At present, we favor
remplissage augmentation for patients with on-track
HSLs in the setting of subcritical (�20%) GBL who carry
additional risk factors for recurrence, including participa-
tion in contact sports, near-track lesions, generalized
hyperlaxity, multiple preoperative instability episodes,
and age \25 years, and have an acceptable risk of recur-
rence based on the number of these risk factors.4

This study is not without limitations. First, the present
study’s retrospective design may lead to selection bias,
incomplete data, and potential misclassification of the
number of preoperative anterior shoulder instability epi-
sodes based on patient recall. Additionally, because of the
limitations in data granularity, we were unable to differen-
tiate between subluxation and frank dislocation events
when characterizing preoperative instability. However,
prior studies have demonstrated that patients with recur-
rent subluxations and those with recurrent dislocations
exhibit similar pathoanatomy and comparable outcomes
after ABR, suggesting that this limitation may have a min-
imal impact on the validity of our findings.20,21 Further-
more, because our definition of recurrent anterior
shoulder instability relied, in part, on patient-reported
symptoms, this may also introduce reporting bias into
this study. Our multivariable logistic regression models,
while accounting for key confounders, do not capture the
influence of unmeasured variables such as rehabilitation
compliance, which may have influenced postoperative out-
comes. Although the ‘‘on-track’’ classification was applied
retrospectively using available MRI scans,5 which is con-
sistent with prior studies,2,16 this approach may be subject
to inherent measurement imprecision and limited imaging
standardization. The use of the conventional MRI method
to measure the HSI may have overestimated off-track
lesions, potentially biasing the cohort toward minimal
GBL.14 Finally, it is not immediately clear why a threshold
of �5 preoperative anterior shoulder instability episodes
was not a significant predictor of recurrent anterior shoul-
der instability after ABR. While this finding is counterin-
tuitive, it may be a result of diminished statistical power,
as only 24 patients (16%) reported �5 dislocations.

CONCLUSION

A threshold of �2 preoperative anterior shoulder instabil-
ity episodes best predicted recurrent anterior shoulder
instability after ABR. Increasing the threshold beyond
�2 episodes did not increase predictive ability, indicating

that stratification beyond 1 versus �2 preoperative ante-
rior shoulder instability episodes may not be warranted.
Surgeons may utilize this finding to counsel patients and
consider earlier surgical shoulder stabilization.
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