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Background: Recurrent shoulder instability is an orthopedic problem with potentially long-term
functional ramifications. Although arthroscopic stabilization has become increasingly utilized over
open stabilization, optimal surgical intervention to minimize recurrent instability remains controversial.
Methods: The PearlDiver Mariner database was queried for all cases of open and arthroscopic shoulder
stabilization from 2010 to 2019. Utilization trends were aggregated after identifying cohorts of 107,210
and 13,217 patients who respectively underwent arthroscopic or open stabilization using Current Pro-
cedural Terminology codes. Subsets from those cohorts with laterality-specific International Classifica-
tion of Diseases, Tenth Revision codes for shoulder instability were used to evaluate 2-year rates of
recurrent instability (presence of shoulder dislocation or revision open or arthroscopic stabilization).
Linear regression and chi-squared analysis were used to analyze utilization trends and to compare
recurrent instability.
Results: Arthroscopic stabilization comprised 90% of all stabilization procedures with annual utilization
continuing to increase into 2019. Latarjet utilization increased from 15% to 42% of all open stabilization
procedures while open Bankart repair utilization decreased from 56% to 35%. The rate of recurrent
instability was 10.2% after arthroscopic stabilization and 12.3% after open stabilization (P ¼ .01). Rates of
redislocation (4.0% vs. 2.6%, P < .01), conversion to shoulder arthroplasty (1.2% vs. 0.4%, P < .01), and
revision open stabilization (6.8% vs. 2.3%, P < .01) after index open stabilization were significantly higher
than after index arthroscopic stabilization. There was no difference in revision stabilization or dislocation
rates between open procedures.
Conclusion: Despite increasing utilization of coracoid transfer, arthroscopic stabilization is still the
dominant modality used for surgical treatment of shoulder instability and in our analysis, showed lower
2-year rates of dislocation, revision open stabilization, and conversion to shoulder arthroplasty.

© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Shoulder instability is a common and challenging orthopedic
problem with an estimated incidence of 23.9 per 100,000 per-
sons.13,16,27,29 Symptomatic shoulder instability is increasingly
managed with arthroscopic surgery, although the optimal surgical
intervention remains controversial as there is concern of recurrent
instability with arthroscopic-only procedures.1,17,18 For first-time
dislocations nonsurgical treatment can be recommended; howev-
er, recurrent instability rates range from 70% to 100% in patients
younger than 30 years old and present a challenging issue of which
glenohumeral arthrosis is a potential debilitating long-term
sequela.19 Commonly used techniques for surgical shoulder
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stabilization include arthroscopic procedures such as a capsulola-
bral (Bankart) repair as well as open procedures including Bankart
repairs, Latarjet procedure, open capsular shift, and alternative
bone block transfers.13,17 Arthroscopic stabilization is the predom-
inant method for surgical stabilization with 84%-87% relative uti-
lization compared to open stabilization procedures, an incidence
that increased 8% between 2007 and 2015 in a recent analysis of
nearly 6000 stabilization procedures.5,17

Despite these trends, optimal surgical intervention remains
controversial.5,16,18 A matched prospective analysis of 186 patients
who underwent arthroscopic Bankart repair compared to open
Latarjet found a 2-fold increase in recurrent instability (10% vs. 22%)
in patients who underwent arthroscopic Bankart repair though
reoperation rates were similar.12 Although meaningful, few studies
are able to compare the range of open procedures used to treat
shoulder instability, a particular challenge given the relative
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infrequency with which these procedures are performed. Kowalski
et al was the first study using a large database to look at post-
operative complications from all open shoulder stabilization pro-
cedures.1 In their analysis from 2007 to 2010 they found that the
overall complication rate from open stabilization surgery was 12.3%
with posterior glenoid bone grafting having the highest compli-
cation rate (20.7%) though they did not do a comparative analysis
with arthroscopic procedures.1

The goal of this study is to utilize a large nationwide adminis-
trative database to directly compare trends, complications, and
need for revision stabilization surgery in arthroscopic stabilization
as well as 4 separate open stabilization procedures to understand
the relative differences in outcomes from these various procedures.
We hypothesize that there will be significantly more arthroscopic
procedures performed than open surgery and that this trend is
continuing to increase. Additionally, we expect that the utilization
of Latarjet will increase and we anticipate that soft tissue arthro-
scopic procedures will have higher rates of recurrent dislocation.

Materials and methods

This analysis was performed using the PearlDiver Mariner
All-Payer Claims Database (Colorado Springs, CO, USA), a retro-
spective nationwide insurance billing database that provides dei-
dentified and patient-specific claims including 144million patients.
The PearlDiver database that includes claims from patients of all
age groups across the Unites States enrolled multiple private payer
commercial insurances or Medicare advantage plans from 2010
through 2019 including populations across all payer types.
Although deidentified and HIPAA compliant, this dataset is also
capable of longitudinal research based on unique patient identifier
codes. This database allows for searching of patients with any or-
thopedic International Classification of Diseases, Ninth Revision
(ICD-9) or Current Procedural Terminology (CPT) code.28,29 It has
been used in prior population-scale analyses both in shoulder
instability analysis and other orthopedic surgery
procedures.12,18,20,29

Inclusion criteria

All reported cases of open and arthroscopic shoulder stabiliza-
tion procedures performed between 2010 and 2019 were queried
from the database using CPT codes (Table I). The CPT code 29806
(arthroscopy, shoulder, surgical; capsulorrhaphy) was used to
search the database for arthroscopic stabilizations. The CPT codes
23455 (capsulorrhaphy, anterior; with labral repair [i.e., Bankart
procedure]), 23460 (capsulorrhaphy, anterior, any type; with bone
block), 23462 (capsulorrhaphy, anterior, any type; with coracoid
process transfer [i.e., Latarjet procedure], and 23466 (Capsulor-
rhaphy, glenohumeral joint, any type multidirectional instability
[i.e., Capsular shift]) were used to search the database for open
shoulder stabilizations. Demographics variables queried for trend
analysis and to describe our cohort included year of surgery, sex,
Charlson Comorbidity Index, obesity, patient-reported tobacco use,
diabetes, and patient age at the time of surgery.

Revision analysis

For the 2-year revision surgery analysis, only patients with ICD-
10 coding were analyzed. This subset of patients then were tracked
for incidence of shoulder dislocation, conversion to shoulder
arthroplasty, revision open stabilization, and revision arthroscopic
stabilization using CPT codes listed in Table I for 24 months. ICD-10
coding allows for laterality-specific tracking to ensure that revision
procedures were performed on the ipsilateral side as the index
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procedure. Overall recurrent instability was measured as presence
of CPT code for revision procedure or dislocation treatment listed in
Table I excluding arthroplasty procedural codes 23470 and 23472.
As a proxy for ensuring patients were not lost to follow-up, “Active”
tracking of these subsets was used to confirm that patients main-
tained insurance enrollment during our postoperative window of
analysis.

Statistical analysis

All graphing and statistical analyses were performed using R
statistical software (R Project for Statistical Computing, Vienna,
Austria) integrated with PearlDiver and Microsoft Excel Version
16.46 (Microsoft Excel XLSTAT, New York, NY, USA) with signifi-
cance defined as P < .05. Linear regression was used to analyze
percent change in annual stabilization procedures performed open
or arthroscopic. Chi-squared analysis was used to compare inci-
dence of dislocation or revision procedures after index open and
arthroscopic stabilization and among open stabilization procedures
only.

Results

Between 2010 and 2019, we identified 120,427 patients who
underwent shoulder stabilization, of which 89% (107,210) were
arthroscopic and 11% (13,217) were open. Demographic variables to
describe our cohorts are included in Table II. Patients who under-
went shoulder stabilization were younger with 50% being between
10 and 30 years old. Approximately two-thirds of patients were
male which was similar between open and arthroscopic stabiliza-
tion as well as among open stabilization procedures with exception
of open capsular shift whose population was divided evenly be-
tween genders.

Trend analysis

Arthroscopic stabilization accounted for 88% of all 12,598
shoulder stabilization procedures recorded in 2010 while only 12%
of procedures were open stabilization. Over the course of the study
period there was a slight but steady increase in the percent of
procedures performed arthroscopically. In 2019, 90% of all 11,196
shoulder stabilization procedures were performed arthroscopically
while only 10% were performed with open. With regard to utili-
zation trends of open stabilization procedures (Fig. 1), we found
that open coracoid transfer (Latarjet) utilization significantly
(P < .01) increased from 15% to 42% of all open stabilization pro-
cedures performed while open capsulolabral repair (Bankart) and
open capsular shift utilization respectively decreased from 56% to
35% (P < 1) and 23% to 13% (P < .01). Open anterior glenoid bone
graft utilization showed a modest but statistically significant in-
crease in percent utilization from 4.9% to 8.6% (P ¼ .02).

Revision stabilization analysis

We identified a subset of 1733 open stabilization patients and
9558 arthroscopic stabilization patients as seen in Table III with
same-day ICD-10 codes for shoulder instability linked to the CPT
code for shoulder stabilization for our revision analysis. Of the 1733
open stabilization procedures in this subset, 777 were open cora-
coid transfer, 578 were open capsulolabral repairs, 250 were open
capsular shift, and 128 were open anterior glenoid bone graft as
seen in Table IV. From these cohorts, 2-year revision stabilization
rates were analyzed. Within a 24-month postoperative period, the
overall rate of recurrent instability was statistically lower after
arthroscopic stabilization compared to open stabilization (10.2% vs.



Table II
Patient demographics for open and arthroscopic shoulder stabilization.

Demographics Open
stabilization
(n ¼ 13,217)

Arthroscopic
stabilization
(n ¼ 107,210)

Open coracoid
transfer
(n ¼ 4202)

Open capsulolabral
repair (n ¼ 5742)

Open capsular
shift (n ¼ 2398)

Open anterior glenoid bone
graft (n ¼ 875)

Age group
10-19 18% 25% 15% 21% 24% 12%
20-29 32% 24% 40% 26% 25% 33%
30-39 20% 17% 24% 18% 19% 21%
40-49 12% 15% 11% 13% 9% 11%
50-59 9% 11% 6% 11% 8% 10%
60þ 9% 8% 4% 11% 15% 13%

Female 33% 35% 25% 32% 49% 32%
CCI (SD) 0.84 (1.46) 0.63 (1.17) 0.77 (1.35) 0.81 (1.43) 0.96 (1.65) 0.95 (1.51)
Obesity 22% 19% 19% 25% 23% 20%
Diabetes 13% 9% 12% 14% 13% 16%
Tobacco use 26% 17% 28% 23% 28% 35%

CCI, Charlson Comorbidity Index; SD, standard deviation.

Table I
CPT codes of stabilization surgeries, reoperations, and complications.

Open stabilization 23455: Capsulorrhaphy, anterior; with labral repair (i.e., Bankart procedure)
23460: Capsulorrhaphy, anterior, any type; with bone block
23462: Capsulorrhaphy, anterior, any type; with coracoid process transfer (i.e., Latarjet procedure)
23466: Capsulorrhaphy, glenohumeral joint, any type multidirectional instability (i.e., Capsular shift)

Arthroscopic stabilization 29806: Arthroscopy, shoulder, surgical; Capsulorrhaphy
Dislocation: closed treatment 23650: Closed treatment of shoulder dislocation, with manipulation; without anesthesia

23655: Closed treatment of shoulder dislocation, with manipulation; requiring anesthesia
Revision: open stabilization* 23107: Arthrotomy, glenohumeral joint exploration with or without removal of loose or foreign body

23331: Removal of foreign body, shoulder; deep (i.e., Neer hemiarthroplasty removal)
23465: Capsulorrhaphy, glenohumeral joint, posterior, with or without bone block
23660:- Open treatment of acute shoulder dislocation with fracture
23670:- Open treatment of shoulder dislocation, with fracture of greater humeral tuberosity
23470:- Arthroplasty, glenohumeral joint; hemiarthroplasty
23472: Arthroplasty, glenohumeral joint; total shoulder (glenoid and proximal humeral replacement)
23030: Incision and drainage, shoulder area; deep abscess or hematoma

Revision: arthroscopic stabilization* 29805: Arthroscopy, shoulder, diagnostic, with or without synovial biopsy (separate procedure)
29807: Arthroscopy, shoulder, surgical; repair of SLAP lesion
29819: Arthroscopy, shoulder, surgical; with removal of loose body or foreign body
29820: Arthroscopy, shoulder, surgical; synovectomy, partial
29821: Arthroscopy, shoulder, surgical; synovectomy, complete
29822: Arthroscopy, shoulder, surgical; debridement, limited
29823: Arthroscopy, shoulder, surgical; debridement, extensive
29824: Arthroscopy, shoulder, surgical; distal claviculectomy including distal articular surface (Mumford procedure)
29825: Arthroscopy, shoulder, surgical; with lysis and resection of adhesions, with or without manipulation
29826: Arthroscopy, shoulder, surgical; decompression of subacromial space, acromioplasty
29827: Arthroscopy, shoulder, surgical; with rotator cuff repair

CPT, Current Procedural Terminology.
*Revision of open and arthroscopic stabilization groups also include the respective index stabilization CPT codes.
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12.3%, P ¼ .01). About 11.5% of patients who underwent index open
stabilization had revision open or arthroscopic stabilization
compared to 9.2% of patients who underwent index arthroscopic
stabilization (P < .01) (Fig. 2). Rates of redislocation (4.0% vs. 2.0%,
P < .01), conversion to shoulder arthroplasty (1.2% vs. 0.4%, P < .01),
and revision open stabilization (6.8% vs. 2.3%, P < .01) after index
open stabilization were statistically higher compared to rates after
index arthroscopic stabilization; however, rates of revision
arthroscopic stabilizationwere not significantly different (Table III).

There were no significant differences in revision stabilization
between the 4 different index open stabilization procedures (Fig. 2;
open coracoid transfer 11.7%, open capsulolabral repair 10.9%, open
capsular shift 11.6%, and open anterior glenoid bone graft 12.5%).
There was also a nonsignificant trend (P ¼ .08) toward higher
dislocation rates after certain open stabilization procedures with
open capsular shift (6.4%) having the largest 2-year dislocation rate
followed by open coracoid transfer (4.4%), open anterior glenoid
bone graft (3.1%), and open capsulolabral repair (2.7%) (Table IV).
There was no difference in rates of revision open or arthroscopic
732
stabilization between different index open stabilization procedures
(Table IV).

Discussion

In this study, we utilized a population-size database to analyze
recurrent shoulder instability after arthroscopic or open treatment
with tracking of laterality-specific ICD-10 diagnostic codes previ-
ously unavailable before widespread implementation in 2015. We
found that despite increasing utilization of open coracoid transfer
compared to other open procedures, arthroscopic stabilization is
still the dominant modality used with statistically lower rates of 2-
year redislocation, revision open stabilization, and conversion to
shoulder arthroplasty.

Open vs. arthroscopic stabilization

Although the rate of increasing use of arthroscopy has some-
what plateaued compared to analyses in prior decades, arthroscopy



Figure 1 Percent of annual open stabilization procedures performed per procedure.

Table III
Complication and revisions performed per index operation.

Complication Open stabilization (n ¼ 1733) Arthroscopic stabilization (n ¼ 9558) P value

Dislocation: closed treatment 4.0% 2.6% <.01*

Conversion to shoulder arthroplasty 1.2% 0.4% <.01*

Revision: open stabilization 6.8% 2.3% <.01*

Revision: arthroscopic stabilization 6.8% 7.7% .19

*P < .05.

Table IV
Complication and revisions performed per open index operation.

Complication Open coracoid transfer (n ¼ 777) Open capsulolabral repair (n ¼ 578) Open capsular
shift (n ¼ 250)

Open anterior glenoid
bone graft (n ¼ 128)

P value

Dislocation: closed treatment 4.4% 2.7% 6.4% 3.1% .08
Revision: open stabilization 7.7% 5.9% 8.0% 3.9% .26
Revision: arthroscopic stabilization 6.2% 6.7% 7.6% 8.6% .70
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is still the main procedure used to manage shoulder
instability.6,8,14,18,29 Bonazza et al,6 utilizing The MarketScan Data-
base, similarly to our analysis found that 90% of shoulder stabili-
zation procedures performed between 2008 and 2012 were
performed arthroscopically. Reasons for these shifts are definitively
multifactorial. Patient-level factors and the prevalence of these
factors may play a role. In 2000, Burkhart and De Beer7 first re-
ported a significantly higher recurrent instability rate in patients
with significant glenoid bone deficiency treated with arthroscopic
stabilization. They defined significant glenoid bone loss as >25%
loss of the inferior glenoid diameter.26 Since then, multiple studies
have demonstrated the need to identify the loss of and restore
glenoid bone stock in treating shoulder instability which is done
through an open approach.3,15,21,24 However, clinically significant
glenoid bone loss after dislocation is relatively low with a retro-
spective analysis of the CT scans from 218 patients with single or
recurrent shoulder dislocation showing only 6% had between 20-
25% glenoid bone loss and 6% had >25% bone loss.9 Lower
733
prevalence of injuries requiring open stabilization may contribute
to lower utilization of open techniques.

Other risk factors for recurrent instability after arthroscopic
stabilization include low age, competitive sport practice, and
hyperlaxity.4 Specifically, competitive contact athletes have signif-
icantly higher risk of recurrent instability and postsurgical recur-
rent instability has been shown to be significantly associated with
preoperative episodes of subluxation.23 Our analysis did demon-
strate a greater risk of recurrent dislocation after open stabilization
compared to arthroscopic stabilization though we suspect differ-
ences in preoperative severity of instability play a large role in that
difference.

Patient-related factors may contribute to lower rates of open
stabilization; however, whether arthroscopic or open stabilization
leads to lower rates of recurrent instability is continuously debated.
In this analysis, the overall rate of recurrent instability was lower
(10.2%) after arthroscopic stabilization compared to open stabili-
zation (12.3%). However, these differences may be due to the



Figure 2 Two-year rates of revision stabilization after open or arthroscopic stabilization.
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different indications for performing open vs. arthroscopic stabili-
zation. As glenoid bone loss and higher number of dislocations may
be indications for open stabilization, the open treatment cohort
may inherently be at higher risk for recurrent instability. Harris
et al10 in their systematic analysis of open vs. arthroscopic Bankart
repair found that the rate of recurrent instability with arthroscopic
repair was 11% which was similar to our current study. They
documented a nonsignificantly different rate of recurrent insta-
bility for open Bankart of 8% which is lower than our reported value
of 12.3%. However, it is important to note that our analysis included
Latarjet and alternative bone block stabilization which have been
reported in other analyses to have higher rates of recurrent insta-
bility.10,12 In addition, a recent randomized controlled trial
comparing open and arthroscopic Bankart repair did not show any
clinically relevant differences in patient-reported outcome scores
between the 2 techniques.2 Bessi�ere et al5 likewise demonstrated
similar rates of recurrent instability between arthroscopic Bankart
and open Latarjet, 6% and 7% respectively.

Subanalysis of only open stabilization procedures

Our study also demonstrated a continuation of the trend toward
decreased open Bankart utilization seen in prior analyses6,18 and as
of 2015, open coracoid transfer has become the dominant modality
for open stabilization comprising nearly half of all open stabiliza-
tion procedures in 2019. Riff et al18 similarly demonstrated this
inflection point in 2015 with the 2 techniques being used in nearly
the same number of cases in 2015 despite open Bankart repair
being performed 6 times more frequently than Latarjet at the
beginning of the study period in 2007. Reasons for this rise in use of
Latarjet are most likely multifactorial and prior analyses have
attributed it in part to increased international collaboration of Eu-
ropean shoulder techniques and increased literature on the
importance of patient selection and identifying glenoid bone loss.18

An international survey of European, American, and South African
arthroscopy societies conducted in 2010 demonstrated that Latarjet
was the preferred surgical technique for management of anterior
glenohumeral instability by 72% of French surgeons compared to 9%
for surgeons not from France.22

Despite the increase in utilization of Latarjet, clinical outcome
studies between Latarjet and other open procedures have been
mixed. A 2016 meta-analysis on Latarjet vs Bankart repair found
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increased risk of recurrent instability with open Bankart repair of
21.1% compared to 11.6%, although they did not find a difference in
risk of revision surgery or dislocations.1 This is compared to
Kowalski et al12 who demonstrated that open posterior glenoid
bone graft stabilization had the highest 1-year complication rate
(20.7%) followed by anterior glenoid bone graft stabilization (20.1),
coracoid process transfer (16.8), and open Bankart repair (10.8%). In
our study, we found no difference in rates of revision stabilization
between open procedures with overall lower rates of revision sta-
bilization after open anterior glenoid bone grafting (12.5%) and
open coracoid transfer (11.7%) and a near identical rate after open
Bankart repair (10.9%) compared to Kowalski et al.12 Jacobson et al11

in a meta-analysis of studies evaluating open capsular shift found a
rate of recurrent instability of 11.7% comparable to our rate of
revision stabilization after open capsular shift of 11.6%. As discussed
previously presence of glenoid bone defects is increasingly recog-
nized to contribute to anterior glenohumeral instability and as such
patients with greater amounts of glenoid damage and risk of
recurrent instability are more likely to undergo bone transfer pro-
cedures. However, specifically Latarjet procedure may have lower
rates of revision stabilization among open procedures that involve
bony defects due to the triple effect of anterior glenoid augmen-
tation, capsular repair, and the sling effect of the conjoint tendon.26

According to a biomechanical study on 8 fresh-frozen cadavers, the
sling effect contributes to 51%-76% of the stability of the gleno-
humeral joint after Latarjet fixation.25 This along with extension of
the articular arc and patient selection may account for possible
differences between open stabilization procedures.

Limitations

Although an advantage of this study is the nationwide patient
population analyzed, there are limitations associated with analysis
of an administrative database. There is limited granularity within a
publicly available database and as such we were unable to evaluate
patient-level factors for recurrent dislocation such as number of
prior dislocations or glenoid bone loss which may point toward
different indications for performing certain stabilization proced-
ures. Along those lines, differences in indications of using open vs.
arthroscopic stabilization for which we were not able to assess in
this database may contribute to differences in revision rates.
Additionally, use of an administrative database does not allow us to
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assess for lost to follow-up which may bias results; however, by
using “Active” tracking of patients to ensure they maintained in-
surance enrollment for the duration of the analysis we sought to
limit this effect. Additionally, our tracking of procedure codes was
only for the first occurrence of a procedural code after an index
procedure. It is possible that this index procedurewas not their first
operation and as such we may be counting a certain amount of
revision procedures as index procedures which may bias toward
worse outcomes for open stabilization procedures often done after
failed arthroscopic surgery.

Conclusion

Despite increasing utilization of coracoid transfer, arthroscopic
stabilization is still the dominant modality used for surgical treat-
ment of shoulder instability and in our analysis, showed compa-
rable yet lower 2-year rates of dislocation, revision open
stabilization, and conversion to shoulder arthroplasty.
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