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Background: Traumatic anterior shoulder instability (ASI) is common among young, active patients, with a progression to gleno-
humeral osteoarthritis (OA) in up to 55% of patients. Surgical stabilization procedures are routinely offered to patients; however,
the long-term risk of the development and severity of OA after these interventions remains unclear because of the overlap with
injury mechanics.

Purpose: To evaluate the incidence and severity of radiographic OA after surgical treatment for traumatic ASI.
Study Design: Systematic review; Level of evidence, 4.

Methods: This PROSPERO-registered systematic review and meta-analysis was conducted following PRISMA (Preferred Report-
ing ltems for Systematic Reviews and Meta-Analyses) guidelines. A literature search was performed on February 12, 2025, in
MEDLINE via PubMed, CINAHL, Embase, CENTRAL and SPORTDiscus, covering publications from 2004 to 2025. Data extracted
included the rate of progression to OA (graded in accordance with the Samilson-Prieto or Buscayret classification), incidence of
recurrent dislocations, and Rowe score at final follow-up. Cohort characteristics were summarized with weighted means, and
data were presented as pooled proportion estimates with 95% confidence intervals (Cls), calculated via meta-analysis of binomial
(OA progression, recurrent dislocation) and continuous (Rowe score) variables.

Results: A total of 34 studies with a minimum 5-year follow-up comprising 2375 patients and 2403 shoulders were included, and
1962 of these shoulders had follow-up radiographs at a mean follow-up time of 139.0 months. The overall pooled rate of progression
to radiographically diagnosed OA was 40.7% (95% Cl, 32.6%-49.2%); rates of progression to grade >Il and grade Ill OA were esti-
mated to be 10.5% (95% Cl, 6.9%-15.6%) and 2.3% (95% CI, 1.1%-4.7%), respectively. The pooled rate of OA at final follow-up
based on a surgical intervention was 47.2% (95% ClI, 32.0%-63.0%) for arthroscopic Bankart repair, 46.8% (95% ClI, 36.6%-57.2%)
for open Bankart repair, and 30.3% (95% ClI, 20.0%-43.0%) for the Latarjet procedure. The overall pooled rate of recurrent instability
was 10.4% (95% Cl, 7.7%-13.9%), and the overall pooled Rowe score at final follow-up was 88.2 (95% ClI, 86.1-90.3).

Conclusion: The progression to radiographic OA occurred in a significant number of patients after surgical treatment for trau-
matic ASI at long-term follow-up. Although radiographic OA was common, severe degeneration was relatively rare, and functional
outcomes remained favorable. These findings provide clinicians with pooled long-term data that can support evidence-based
patient counseling, inform surgical planning, and guide future interventional trials.
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Traumatic anterior shoulder instability (ASI) is common in
) o a young, athletic population, with an increasing prevalence
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a resolution of pain and symptoms, recurrent ASI has been
linked to structural damage and an increased risk of devel-
oping glenohumeral osteoarthritis (OA).1%®? Studies have
demonstrated that ASI with multiple dislocations at an
early age, or insufficient and delayed surgical stabilization,
can often progress to glenohumeral OA.%2421 Additionally,
it has been established that earlier age at the time of the
primary dislocation, extensive bone loss, and multiple inci-
dents of recurrent instability contribute to the develop-
ment of OA in nonoperatively managed ASI.??547

Although surgical stabilization of the glenohumeral joint
can improve joint functionality and return to pre-ASI activ-
ities, its impact on the progression to OA remains insuffi-
ciently characterized because of the heterogeneous results
found in the literature.>®232438 The reported rates of pro-
gressive OA after surgical treatment in the literature vary
widely, ranging from as low as 5% to upward of 80%.>°7 It
is important to note that older procedures, such as the
Putti-Platt procedure, are associated with higher OA rates
because of the restrictive techniques used, whereas the
rates of OA in procedures focused on anatomic alignment
are less characterized in the literature.?® Similarly, the
rates of OA for nonoperative treatment have ranged signif-
icantly, with studies reporting ranges from 11% to 55% after
the initial instability event.®?**® Multiple factors have been
evaluated to determine their impact on OA progression,
including procedure performed, recurrence of instability,
and follow-up duration. Therefore, this study aimed to sum-
marize the rate of OA after the surgical management of ASI
and to explore the occurrence of glenohumeral OA based on
surgical technique.

METHODS

This PROSPERO-registered systematic review (CRD
420250656096) and meta-analysis was performed in accor-
dance with PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) and Cochrane
guidelines. 1343

Literature Search

MEDLINE via PubMed, CINAHL, Embase, CENTRAL,
and SPORTDiscus were queried for relevant articles on
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February 12, 2025 using terms related to shoulder instabil-
ity and OA. The detailed search algorithm for each data-
base can be found in the Appendix.

Eligibility Criteria

Inclusion criteria were studies that were peer reviewed,
involved human participants, and included clinical out-
comes of patients who underwent Bankart (arthroscopic
or open) repair or the Latarjet procedure for primary trau-
matic ASI. These 3 types of procedures were chosen to limit
heterogeneity that would be introduced by the inclusion of
a small subset of studies that have reported on outdated
and alternative techniques. Exclusion criteria were (1)
studies that did not report rates of progression to OA, (2)
studies on atraumatic ASI, (3) studies with a mean
follow-up <5 years, (4) studies that used OA classification
systems other than the Samilson-Prieto or Buscayret clas-
sification to categorize the progression to OA, and (5) stud-
ies that included other procedures for ASI. Reviews, case
reports, animal studies, cadaveric studies, conference
abstracts, editorial commentaries, and study protocols
were excluded.

Article Screening and Selection

References were imported into Covidence (Veritas Health
Innovation), where duplicates were removed. There were
2 independent reviewers (C.B.C. and B.J.L.) who per-
formed title/abstract screening and a full-text review. If
there were disagreements between the 2 reviewers, a third
reviewer (J.M.C.) was consulted to assess for final inclu-
sion in the study.

Data Collection

The following data were extracted from each article by 2
independent reviewers (C.B.C. and B.J.L.): treatment
type, follow-up period, cohort characteristics, time between
dislocation and surgery, and grade of preoperative and
postoperative OA according to the Samilson-Prieto or Bus-
cayret classification. The grade of OA was classified as
either 0, I, II, or ITI1.3%8 Secondary outcomes included the
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number of recurrent instability events and postoperative
Rowe score.

Quality Assessment

The Methodological Index for Non-Randomized Studies
(MINORS) was used to assess the quality of nonrandom-
ized studies.’® The adjusted Oxford Centre for Evidence-
Based Medicine criteria were used to quantify the level of
evidence of each study.”

Classification of OA and Rowe Score

The Samilson-Prieto classification stratifies OA into 4 cat-
egories based on proper anteroposterior radiographic imag-
ing: grade 0, no OA; grade I, inferior humeral or glenoid
exostosis measuring <3 mm; grade II, inferior humeral
or glenoid exostosis measuring between 3 and 7 mm with
subtle glenohumeral irregularity; and grade III, inferior
humeral or glenoid exostosis measuring >7 mm with nar-
rowing of the glenohumeral joint and sclerosis.*® The Bus-
cayret classification of OA is a modified version of the
Samilson-Prieto classification, further separating grade
IIT into 2 categories. In the Buscayret classification, grade
IIT includes inferior humeral or glenoid exostosis measur-
ing >7 mm with narrowing and sclerosis of the glenohum-
eral joint, and grade IV is complete obliteration of the
glenohumeral joint.® Similar to other studies reporting on
glenohumeral OA, grades III and IV were merged to stan-
dardize outcomes across the studies.®®* The Rowe score is
a tool used for the postoperative assessment of Bankart
repair, which takes into account stability (50 points),
mobility (20 points), and functionality (30 points) for a max-
imum score of 100. Rowe scores are considered excellent
(90-100), good (75-89), fair (51-74), or poor (<50).3*

Statistical Analysis

Descriptive statistics were reported as frequencies, ranges,
and percentages. Meta-analyses were performed in R (Ver-
sion 4.4.1; R Foundation for Statistical Computing) utiliz-
ing the “meta” and “metafor” packages. A proportional
meta-analysis of pooled data was performed for the overall
cohort to assess the rate of progression to OA, grade >II
OA, and grade III OA as well as the rate of postoperative
dislocations. A pooled meta-analysis was performed using
mean Rowe scores. Alternative measures of central ten-
dency and variance were translated to means and standard
deviations using the method of Hozo et al.?® Subgroup
analyses for the rate of progression to OA, recurrent dislo-
cation rate, and Rowe score were performed by treatment
modality. The results were presented as proportion esti-
mates with 95% confidence intervals (CIs) on forest plots.
Heterogeneity was measured with the I? statistic.
Random-effects models were used for all meta-analyses.
Publication bias was evaluated with funnel plots (Appen-
dix Figure Al).
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RESULTS

Study Selection and Quality Assessment

A total of 4484 studies were found in the initial search, and
238 full texts were screened. A final 34 studies met inclu-
sion criteria for the study (Appendix Figure A2).* There
were 12 level 3 cohort or comparative studies,” and 22
were level 4 case series or noncomparative studies.!t The
mean MINORS score for noncomparative studies was
10.64 *= 1.12 (66.5% maximum score across the average
of all the studies; 9-12), and for comparative studies, the
mean MINORS score was 18.33 = 1.21 (76.4%; 17-24)
(Appendix Table Al).

Study Characteristics

The 34 included studies comprised 2375 patients and 2403
shoulders (Table 1). The mean age at the time of surgery
was 28.1 years, and male patients accounted for 67.7% of
the cohort. A total of 1962 shoulders had follow-up radio-
graphs, with 784 shoulders displaying OA. The weighted
mean follow-up time for the overall cohort was 150.9 months
(range, 60-348 months). The Latarjet procedure was per-
formed in 15 studies (44.1%)** and demonstrated the pres-
ence of OA in 245 of the 748 shoulders (32.8%) with
radiographs at a weighted mean follow-up of 145.1 months.
Arthroscopic Bankart repair was performed in 15 studies
(44.1%)% and demonstrated the presence of OA in 341 of
the 713 shoulders (47.8%) with radiographs at a weighted
mean follow-up of 128.9 months. Open Bankart repair was
performed in 9 studies (26.5%)*?8:21:22:37:38:4456 411 showed
the presence of OA in 198 of the 501 shoulders (39.5%) with
radiographs at a weighted mean follow-up of 183.2 months.
Preoperative OA was graded and reported in 4
studies, 18:35:38.39

Overall Cohort

A proportional meta-analysis of pooled data for the overall
cohort revealed that the rate of progression to OA after the
surgical treatment of ASI was 40.7% (95% CI, 32.6%-
49.2%; I? = 87.1%) (Figure 1). The rate of progression to
grade >II OA for the overall cohort was 10.5% (95% CI,
6.9%-15.6%; I2 = 80.0%), with the rate of progression to
grade III OA being 2.3% (95% CI, 1.1%-4.7%; I? = 51.9%)
(Figures 2 and 3). The pooled Rowe score at final follow-
up was 88.2 (95% CI, 86.1-90.3; IZ = 95.9%), and the pooled
rate of recurrent instability was 10.4% (95% CI, 7.7%-
13.9%; I? = 80.0%) (Figures 4 and 5). Figure 6 depicts bub-
ble plots for the progression to OA.

*References 3-6, 8, 10-12, 17-22, 27, 28, 30, 32, 35-39, 41, 44-47, 49, 50,
53, 55-57.

**References 4, 5, 8, 12, 20, 22, 38, 46, 47, 50, 55, 56.

ttReferences 3, 6, 10, 11, 17-19, 21, 27, 28, 30, 32, 35-37, 39, 41, 44, 45,
49, 53, 57.

**References 3, 5, 8, 12, 17-20, 32, 35, 36, 39, 45, 49, 55.
SSReferences 6, 8, 10, 11, 27, 28, 30, 41, 46, 47, 50, 53, 55-57.
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TABLE 1
Study Characteristics®
No. of No. of No. of
No. of Time to Shoulders Shoulders That Recurrent
No. of Male Surgery,” Follow-up,” With Developed OA Rowe Instability
First Author (Year) LOE Shoulders Shoulders  Age’y mo mo Treatment Radiographs (Grade I/IV/III) Score® Events
Bauer® (2024) 4 20 17 22.9 21 79.2 Open Latarjet 20 1 (1/0/0) 90 + 8.8 1
Berendes* (2007) 3 31 26 28 NR 132 Open Bankart 31 10 (9/0/1) 90 + 8 16
Bonnevialle® (2023) (A) 3 32 32 21.2 25.2 82.8 Open Bankart 22 15 (10/5/0) 90.7 + 14.1 6
Bonnevialle® (2023) (B) 3 31 30 21.7 42 76.8 Open Latarjet 21 8 (8/0/0) 89.7 + 9.3 1
Brejuin6 (2022) 4 51 41 26 NR 87 Arthroscopic Bankart 35 6 (5/1/0) 88 = 12 8
Buscayret® (2004) (A) 3 253 186 28.7 46.8 75.6 Open Latarjet 253 52 (37/9/6) NR 15
Buscayret® (2004) (B) 3 200 131 27.9 51.6 92.4 Open Bankart 200 46 (34/7/5) NR 10
Buscayret® (2004) (C) 3 69 46 28.5 48 78 Arthroscopic Bankart 69 9 (6/3/0) NR 9
Castagna'® (2010) 4 31 26 26.3 45.6 130.8 Arthroscopic Bankart 31 12 (9/3/0) 80.1 + 17.5 7
Chapus™ (2015) 4 18 15 20.5 NR 116.4 Arthroscopic Bankart 18 3 (3/0/0) 86 + 22 5
Chillemi'? (2021) 3 40 33 26.5 26.4 307.2 Open Latarjet 40 21 (11/6/4) 84.5 + 13.8 2
de I'Escalopier® (2018) 3 20 20 26.5 NR 195.6 Open Latarjet 20 3 (2/1/0) 91.8 £ 9.9 0
Domos'® (2019) 4 99 60 46 156 156 Open Latarjet 99 76 (35/28/13) 87+ 17 6
Domos” (2020) 4 45 26 15.7 NR 79.2 Open Latarjet 45 4 (4/0/0) 95 + 18.8 2
Emami'® (2011) 4 30 NR 30.56 NR 60 Open Bristow 30 9 (9/0/0) 77.6 0
Fabre?! (2010) 4 50 46 25 48 336 Open Bankart 44 29 (18/5/6) 82 + 18 8
Gamulin® (2014) 3 35 25 27.2 60 154.8 Open Bankart 33 15 (12/3/0) 875+ 15 5
Izquierdo-Fernandez®’ (2022) 4 26 20 28.05 71.16 211.8 Arthroscopic Bankart 26 26 (12/3/11) 81.4 = 12,5 2
Kavaja®® (2012) 4 83 60 29 60 156 Arthroscopic Bankart 74 50 (40/9/1) NR 28
Komnos™ (2019) 4 48 NR 24.8 NR 105.4 Arthroscopic Bankart 48 11 (9/2/0) 94.4 + 15 6
Lalanne® (2023) 4 44 35 28 NR 264 Open Latarjet 44 22 (7/9/6) NR 4
Marjanovic®® (2022) 4 140 123 29.5 NR 110 Open Latarjet 17 12 (5/6/1) NR 9
Mizuno®® (2014) 4 68 49 29.4 NR 240 Open Latarjet 60 12 (6/2/4) 89.6 4
Moroder®” (2015) 4 40 30 26.7 52.8 264 Open Bankart 26 13 (6/3/4) 88.7 = 12 7
Neviaser™ (2017) 3 127 102 31 NR 205.2 Open Bankart 91 43 (34/9/0) 914 =175 2
Neyton® (2012) 4 37 34 23.4 40 144 Open Latarjet 37 11 (11/0/0) 93 + 10 0
Ono*! (2019) 4 51 44 27 63.6 121.2 Arthroscopic Bankart 38 14 (0/12/2) 76 = 23 16
Pelet** (2006) 4 30 24 26.6 49 348 Open Bankart 21 12 (0/5/7) 80 + 16.3 3
Pelletier’® (2025) 4 40 33 26.6 56 71 Arthroscopic Latarjet 32 6 (3/2/1) 87 = 20 3
Plancher®® (2024) (A) 3 38 33 26.8 1.2 75.6 Arthroscopic Bankart 34 17 (15/2/0) 96.9 * 6.8 2
Plancher*® (2024) (B) 3 26 19 37.7 1.7 93.6 Arthroscopic Bankart 20 11 (9/2/0) 99.5 * 1.6 3
Plath*” (2015) 3 100 NR 27.7 23.3 156.2 Arthroscopic Bankart 100 69 (41/16/12) NR 21
Schroder® (2006) 4 57 54 20.5 NR 216 Open Bristow 11 5 (1/0/4) 81.8 + 23.8 8
Shim™ (2019) 3 133 111 25 29.75 64 Arthroscopic Bankart 73 33 (27/6/0) 90.7 = 15.7 8
Van Gastel®® (2019) 4 73 51 30 NR 157.2 Arthroscopic Bankart 55 33 (27/4/2) NR 30
Waltenspiil®® (2022) (A) 3 35 19 16.4 18 165.6 Arthroscopic Bankart 15 4 (4/0/0) NR 13
Waltenspiil®® (2022) (B) 3 31 25 16.7 22.8 135.6 Open Latarjet 19 3 (3/0/0) NR 1
Zaffagnini®® (2012) (A) 3 49 NR 35 NR 164.4 Arthroscopic Bankart 49 18 (12/4/2) 85 + 22.6 6
Zaffagnini®® (2012) (B) 3 33 NR 38 NR 188.4 Open Bankart 33 15 (9/4/2) 83 =244 3
Zink® (2022) 4 39 NR 28.4 NR 122.9 Arthroscopic Bankart 28 25 (12/10/3) 84.6 = 24.2 7

“LOE, level of evidence; NR, not reported; OA, osteoarthritis.

*Data are shown as mean or mean * SD.

Subgroup Analyses

For studies reporting on arthroscopic Bankart repair (15
studies; 713 shoulders with radiographs), the pooled rate
of progression to OA was 47.2% (95% CI, 32.0%-63.0%; I2
= 85.8%), with the rate of progression to grade >II OA
being 11.2% (95% CI, 6.2%-19.2%; I? = 79.7%) and the
rate of progression to grade III OA being 1.2% (95% CI,
0.3%-5.3%; I? = 50.7%) (Figures 1-3). The pooled mean esti-
mate of the Rowe score at final follow-up in 510 shoulders
was 88.0 (95% CI, 83.5-92.5; I? = 96.0%), with that of recur-
rent instability being 17.9% (95% CI, 13.0%-24.2%; I? =
76.5%) in 870 shoulders (Figures 4 and 5).""

For studies reporting on open Bankart repair (9 studies;
501 shoulders with radiographs), the pooled rate of

lReferences 6, 8, 10, 11, 27, 28, 30, 41, 46, 47, 50, 53, 55-57.

progression to OA was 46.8% (95% CI, 36.6%-57.2%; I? =
83.2%), with the rate of progression to grade >II OA being
15.7% (95% CI, 8.8%-26.4%; I? = 82.3%) and the rate of pro-
gression to grade III OA being 3.8% (95% CI, 1.1%-11.8%;
I? = 67.2%) (Figures 1-3). The pooled mean estimate of
the Rowe score at final follow-up in 378 shoulders was
87.3 (95% CI, 84.4-90.3; I? = 76.6%), with that of recurrent
instability being 11.8% (95% CI, 7.7%-13.9%; I? = 84.7%) in
578 shoulders (Figures 4 and 5).%%8321:22,37,38:44,56

For studies reporting on the Latarjet procedure (15
studies; 748 shoulders with radiographs), the pooled rate
of progression to OA was 30.3% (95% CI, 20.0%-43.0%; I?
= 89.2%), with the rate of progression to grade >II OA
being 5.8% (95% CI, 1.8%-16.9%; I?> = 80.1%) and the rate
of progression to grade IIT OA being 3.1% (95% CI, 1.2%-
8.1%; I? = 42.5%) (Figures 1-3). The pooled mean estimate
of the Rowe score at final follow-up in 389 shoulders was
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Study Events Total Proportion 95%-Cl
Intervention = Latarjet :

Marjanovic 2022 12 17 e 0.706 [0.440; 0.897]
Domos 2019 76 99 : — 0.768 [0.672; 0.847]
Neyton 2012 1 37 —B—— 0.297 [0.159; 0.470]
Waltenspiil 2022 B 3 19 ——- 0.158 [0.034; 0.396]
Bonnevialle 2023 B 8 21 — 0.381 [0.181; 0.616]
Domos 2020 4 45 —— i 0.089 [0.025; 0.212]
Chillemi 2021 21 40 —— 0.525 [0.361; 0.685]
Lalanne 2023 22 44 i 0.500 [0.346; 0.654]
de I'Escalopier 2018 3 20 —+—! 0.150 [0.032; 0.379]
Mizuno 2014 12 60 — 0.200 [0.108; 0.323]
Pelletier 2024 6 32 —— 0.188 [0.072; 0.364]
Emami 2011 9 30 _— 0.300 [0.147; 0.494]
Bauer 2024 1 20 — 0.050 [0.001; 0.249]
Schroder 2006 5 M s e 0.455 [0.167; 0.766]
Buscayret 2004 A 52 253 - 0.206 [0.157; 0.261]
Random effects model 748 = 0.303 [0.200; 0.430]

Heterogeneity: /2= 89.2%, 1% = 0.9886, p < 0.0001

Intervention = Arthroscopic Bankart :
Castagna 2010 12 31 —a 0.387 [0.218; 0.578]

Plancher 2024 A 17 34 — 0.500 [0.324; 0.676]
Plancher 2024 B 11 20 _— 0.550 [0.315; 0.769]
Kavaja 2012 50 74 —— 0.676 [0.557; 0.780]
Shim 2019 33 73 —— 0.452 [0.335; 0.573]
Izquierdo—Fernandez 2022 26 26 — 1.000 [0.868; 1.000]
Zaffagnini 2012 A 18 49 — 0.367 [0.234; 0.517]
Brejuin 2023 6 35 —— ! 0.171 [0.066; 0.336]
Plath 2015 69 100 — 0.690 [0.590; 0.779]
Komnos 2019 11 48 — 0.229 [0.120; 0.373]
van Gastel 2019 33 55 P 0.600 [0.459; 0.730]
Chapus 2015 3 18 ——— 0.167 [0.036; 0.414]
Zink 2022 25 28 — 0.893 [0.718; 0.977]
Waltensptl 2022 A 4 15 ——7F 0.267 [0.078; 0.551]
Buscayret 2004 C 9 69 —+— 0.130 [0.061; 0.233]
Ono 2019 14 38 — 0.368 [0.218; 0.540]
Random effects model 713 S 0.472 [0.320; 0.630]

Heterogeneity: /2= 85.8%, 1= 15430, p < 0.0001

Intervention = Open Bankart :
Pelet 2006 12 21 — 0.571 [0.340; 0.782]

Zaffagnini 2012 B 15 33 —_—t 0.455 [0.281; 0.636]
Fabre 2010 29 44 — 0.659 [0.501; 0.795]
Neviaser 2017 43 91 B 0.473 [0.367; 0.580]
Moroder 2015 13 26 — 0.500 [0.299; 0.701]
Berendes 2007 10 31 —— 0.323 [0.167; 0.514]
Bonnevialle 2023 A 15 22 i —R— 0.682 [0.451; 0.861]
Gamulin 2014 15 33 —'— 0.455 [0.281; 0.636]
Buscayret 2004 B 46 200 = 0.230 [0.174; 0.295]
Random effects model 501 = 0.468 [0.366; 0.572]
Heterogeneity: /%= 83.2%, 12 = 0.2910, p < 0.0001 ;

Random effects model 1962 o 0.407 [0.326; 0.492]
Heterogeneity: 12 = 87.1%, 12 = 1.0856, p < 0.0001 I T T T 1

Test for subgroup differences: X% =450, df =2 (p =0.1053) 02 04 06 0.8 1

Overall progression to osteoarthritis (proportion)

Figure 1. Progression to osteoarthritis following each surgical procedure.

89.0 (95% CI, 86.6-91.5; I = 72.2%), with that of recurrent DISCUSSION
instability being 5.9% (95% CI, 4.5%-7.5%; I? = 0.0%) in
955 shoulders (Figures 4 and 5).71 This study synthesized data from over 2400 shoulders

across 34 studies with long-term follow-up to provide
robust evidence on the radiographic progression of gleno-
YIReferences 3, 5, 8, 12, 17-20, 32, 35, 36, 39, 45, 49, 55. humeral OA after surgical treatment for traumatic ASIL.
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Study Events Total Proportion 95%-Cl
Intervention = Latarjet

Marjanovic 2022 7 17 P — 0.412 [0.184; 0.671]
Domos 2019 41 99 — 0.414 [0.316; 0.518]
Neyton 2012 0 37— 0.000 [0.000; 0.095]
Waltensptl 2022 B 0 19—F— 0.000 [0.000; 0.176]
Bonnevialle 2023 B 0 21— 0.000 [0.000; 0.161]
Domos 2020 0 45+—: 0.000 [0.000; 0.079]
Chillemi 2021 10 40 e 0.250 [0.127; 0.412]
Lalanne 2023 15 44 P —— 0.341 [0.205; 0.499]
de I'Escalopier 2018 1 20 +—F—— 0.050 [0.001; 0.249]
Mizuno 2014 6 60 — 0.100 [0.038; 0.205]
Pelletier 2024 3 32 —/— 0.094 [0.020; 0.250]
Emami 2011 0 30— 0.000 [0.000; 0.116]
Bauer 2024 0 20— 0.000 [0.000; 0.168]
Schroder 2006 4 1 0.364 [0.109; 0.692]
Buscayret 2004 A 15 253 = 0.059 [0.034; 0.096]
Random effects model 748 <= 0.058 [0.018; 0.169]
Heterogeneity: /2= 80.1%, T2 = 35375, p < 0.0001

Intervention = Arthroscopic Bankart

Castagna 2010 3 31— 0.097 [0.020; 0.258]
Plancher 2024 A 2 34 = 0.059 [0.007; 0.197]
Plancher 2024 B 2 20 —+—— 0.100 [0.012; 0.317]
Kavaja 2012 10 74 —=—— 0.135 [0.067; 0.235]
Shim 2019 6 73 —— 0.082 [0.031; 0.170]
Izquierdo—Fernandez 2022 14 26 —_— 0.538 [0.334; 0.734]
Zaffagnini 2012 A 6 49 — 0.122 [0.046; 0.248]
Brejuin 2023 1 355%—— 0.029 [0.001; 0.149]
Plath 2015 28 100 P 0.280 [0.195; 0.379]
Komnos 2019 2 48 =+ 0.042 [0.005; 0.143]
van Gastel 2019 6 55 —— 0.109 [0.041; 0.222]
Chapus 2015 0 18+——F— 0.000 [0.000; 0.185]
Zink 2022 13 28 — 0.464 [0.275; 0.661]
Waltensptl 2022 A 0 15+—F— 0.000 [0.000; 0.218]
Buscayret 2004 C 3 69 =+ 0.043 [0.009; 0.122]
Ono 2019 14 38 —a— 0.368 [0.218; 0.540]
Random effects model 713 <= 0.112 [0.062; 0.192]
Heterogeneity: /2= 79.7%, 1> = 12435, p < 0.0001

Intervention = Open Bankart

Pelet 2006 12 21 —a— 0.571 [0.340; 0.782]
Zaffagnini 2012 B 6 33 ———r 0.182 [0.070; 0.355]
Fabre 2010 11 44 — 0.250 [0.132; 0.403]
Neviaser 2017 9 91 —— 0.099 [0.046; 0.179]
Moroder 2015 7 26 — 0.269 [0.116; 0.478]
Berendes 2007 1 31 +—— 0.032 [0.001; 0.167]
Bonnevialle 2023 A 5 22 “G——- 0.227 [0.078; 0.454]
Gamulin 2014 3 33 +—— 0.091 [0.019; 0.243]
Buscayret 2004 B 12 200 =+ 0.060 [0.031; 0.102]
Random effects model 501 <= 0.157 [0.088; 0.264]
Heterogeneity: /%= 82.3%, 12 = 0.7891, p < 0.0001 :

Random effects model 1962 <> 0.105 [0.069; 0.156]
Heterogeneity: 12 = 80.0%, 12= 15761, p < 0.0001 I T T 1

Test for subgroup differences: X% =263,df=2(p=02684) O 02 04 06
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Figure 2. Progression to grade >l osteoarthritis broken down by procedure.

The principal finding of this study was that radiographic
OA developed in 40.7% of patients at long-term follow-up
(mean, 11.6 years). However, 10.5% progressed to moder-
ate OA (grade >II), and only 2.3% developed severe OA
(grade III) within the follow-up period. Furthermore, the
development of OA did not appear to compromise

functional outcomes in most patients after the surgical
treatment of ASI. The pooled mean Rowe score of 88.2
across all surgical techniques reflects good to excellent
functional outcomes and patient satisfaction. Similarly,
the low pooled rate of recurrent instability events of
10.4% indicates the effective long-term durability of
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Study Events Total Proportion 95%-Cl
Intervention = Latarjet :

Marjanovic 2022 1 17 = 0.059 [0.001; 0.287]
Domos 2019 13 99 | —— 0.131 [0.072; 0.214]
Neyton 2012 0 37— 0.000 [0.000; 0.095]
Waltenspiil 2022 B 0 19— 0.000 [0.000; 0.176]
Bonnevialle 2023 B 0 21l——mo 0.000 [0.000; 0.161]
Domos 2020 0 45+=— 0.000 [0.000; 0.079]
Chillemi 2021 4 40 ——— 0.100 [0.028; 0.237]
Lalanne 2023 6 44 | —H—— 0.136 [0.052; 0.274]
de I'Escalopier 2018 0 20— 0.000 [0.000; 0.168]
Mizuno 2014 4 60 i 0.067 [0.018; 0.162]
Pelletier 2024 1 32 +— 0.031 [0.001; 0.162]
Emami 2011 0 30— 0.000 [0.000; 0.116]
Bauer 2024 0 20— 0.000 [0.000; 0.168]
Schroder 2006 4 11 0.364 [0.109; 0.692]
Buscayret 2004 A 6 253 = 0.024 [0.009; 0.051]
Random effects model 0.031 [0.012; 0.081]
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Heterogeneity: /%= 42.5%, 1> = 1.7396, p = 0.0414

Intervention = Arthroscopic Bankart
Castagna 2010
Plancher 2024 A
Plancher 2024 B
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Figure 3. Progression to grade lll osteoarthritis broken down by procedure.

surgical stabilization. While these findings suggest that
structural changes after traumatic ASI are common, clini-
cally significant joint degeneration remains relatively
infrequent. Radiographic OA has long been recognized as
a potential complication after surgical stabilization for
ASI, but prior studies have reported a wide range of

prevalence largely because of heterogeneous follow-up
durations and surgical techniques. The findings of this
meta-analysis provide a standardized estimate of this
risk and help to contextualize radiographic OA as a rela-
tively frequent but often subclinical finding in the long-
term postoperative period.
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Study Total Mean SD Mean MRAW 95%-ClI
Intervention = Latarjet :

Domos 2019 99 87.00 7.0000 — 87.000 [85.621; 88.379]
Neyton 2012 37 93.00 10.0000 P —— 93.000 [89.778; 96.222]
Bonnevialle 2023 B 31 89.70 9.3000 —— 89.700 [86.426; 92.974]
Domos 2020 45 95.00 18.7500 i —=+—— 95.000 [89.522; 100.478]
Chillemi 2021 40 84.50 13.7500 — 84.500 [80.239; 88.761]
de I'Escalopier 2018 20 91.80 9.9000 — 91.800 [87.461; 96.139]
Pelletier 2024 40 87.00 20.0000 —u— 87.000 [80.802; 93.198]
Bauer 2024 20 90.00 8.7500 —— 90.000 [86.165; 93.835]
Schroder 2006 57 81.80 23.7500 —— 81.800 [75.634; 87.966]
Random effects model 389 S 89.017 [86.570; 91.464]
Heterogeneity: 12 = 72.2%, 12 = 9.4404, p = 0.0003

Intervention = Arthroscopic Bankart

Castagna 2010 31 80.10 17.5000 —8— 80.100 [73.940; 86.260]
Plancher 2024 A 38 96.90 6.8000 —— 96.900 [94.738; 99.062]
Plancher 2024 B 26 99.50 1.6000 99.500 [98.885; 100.115]
Shim 2019 133 90.69 15.6700 Hil- 90.690 [88.027; 93.353]
Izquierdo—-Fernandez 2022 26 81.35 12.5000 — 81.350 [76.545; 86.155]
Zaffagnini 2012 A 49 85.00 22.6000 — 85.000 [78.672; 91.328]
Brejuin 2023 51 88.00 12.0000 —— 88.000 [84.707; 91.293]
Komnos 2019 48 94.41 15.0000 i —F—  94.410 [90.167; 98.653]
Chapus 2015 18 86.00 22.0000 : 86.000 [75.837; 96.163]
Zink 2022 39 84.60 24.2000 —— 84.600 [77.005; 92.195]
Ono 2019 51 76.00 23.0000 ———+— 76.000 [69.688; 82.312]
Random effects model 510 _ 87.969 [83.474; 92.465]
Heterogeneity: /> = 96%, T = 50.5845, p < 0.0001

Intervention = Open Bankart

Pelet 2006 30 80.00 16.2500 —8— 80.000 [74.185; 85.815]
Zaffagnini 2012 B 33 83.00 24.4000 _— 83.000 [74.675; 91.325]
Fabre 2010 50 82.00 18.0000 —E— 82.000 [77.011; 86.989]
Neviaser 2017 127 91.40 7.5000 P 91.400 [90.096; 92.704]
Moroder 2015 40 88.70 12.0000 — 88.700 [84.981; 92.419]
Berendes 2007 31 90.00 8.0000 . 90.000 [87.184; 92.816]
Bonnevialle 2023 A 32 90.70 14.1000 — 90.700 [85.815; 95.585]
Gamulin 2014 35 87.50 15.0000 —_— 87.500 [82.531; 92.469]
Random effects model 378 = 87.340 [84.402; 90.277]
Heterogeneity: /° = 76.6%, T = 12.5611, p < 0.0001 :

Random effects model 1277 88.181 [86.103; 90.260]

Heterogeneity: /> = 95.9%, T = 25.6041, p < 0.0001 I
Test for subgroup differences: X% =0.76, df = 2 (p = 0.6837)

T

<>
1 T T 1

70 75 80 85 90 95 100

Pooled Rowe score estimate [95% Cl]

Figure 4. Measurement of shoulder function calcuated with Rowe score.

Subgroup analyses revealed variability in the rate and
severity of progression to radiographic OA across surgical
techniques. Prior studies have reported a wide range of
OA prevalence after the Latarjet procedure, with some
cohorts demonstrating rates >50%.%183235 Thege varia-
tions are likely attributable to multiple factors, including
younger age at the time of the primary dislocation, longer
delay between the initial dislocation and surgical stabiliza-
tion, higher number of recurrent instability events, and
longer follow-up duration.'®3235 Additionally, surgical
techniques, including lateral overhang of the coracoid
graft, are thought to alter joint biomechanics, including
limitations in external rotation, which may influence

contact forces at the glenohumeral joint, increasing the
risk of glenohumeral OA over time 218323951

Similar to the Latarjet procedure, the reported rates of
OA after both arthroscopic and open Bankart repair vary
widely in the literature.*®522 Shared patient-related fac-
tors, such as high-risk activity level, male sex, and number
of instability events, may predispose these patients to long-
term degenerative changes. Furthermore, extensive tight-
ening of the glenohumeral joint and surrounding struc-
tures after Bankart repair has been implicated in altered
joint mechanics, which may contribute to OA development
over time."®?237 These findings reinforce the multifacto-
rial nature of glenohumeral OA after surgical stabilization,
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Study Events Total

Intervention = Latarjet

Marjanovic 2022 140 ——+
Domos 2019 99 ——+—
Neyton 2012 37—

Waltenspul 2022 B
Bonnevialle 2023 B
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0.061 [0.023; 0.127]
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0.044 [0.005; 0.151]
0.050 [0.006; 0.169]
0.091 [0.025; 0.217]
0.000 [0.000; 0.168]
0.059 [0.016; 0.144]
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0.050 [0.001; 0.249]
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0.059 [0.034; 0.096]
0.059 [0.045; 0.075]
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0.077 [0.009; 0.251]
0.122 [0.046; 0.248]
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Plath 2015 . ,
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Zink 2022 39 0.179 [0.075; 0.335]
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Ono 2019
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Heterogeneity: 1> = 76 5%, T° = 0.4252, p <0.0001

Intervention = Open Bankart

Pelet 2006 3

Zaffagnini 2012 B 3 3B &—
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Moroder 2015 7 40 ——
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Figure 5. Rate of recurrent instability.

with variability influenced by both patient characteristics
and surgical aspects. The results presented here offer
a descriptive summary of the current evidence but do not
support the direct comparison or superiority of any single
surgical approach.

It is important to note that OA rates observed after sur-
gical stabilization in this analysis should be interpreted in
the context of the natural history of traumatic ASI. Long-
term prospective studies of nonoperatively managed ASI
have demonstrated radiographic OA rates ranging from
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Rate of Progression to Osteoarthritis (Overall) among Included Study Cohorts
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Figure 6. Bubble plots of (A) progression to osteoarthritis,
(B) progression to grade >Il osteoarthritis, and (C) progres-
sion to grade Il osteoarthritis.
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11% to 55%.%2* This range of OA demonstrates that
arthropathy can develop in the absence of a surgical inter-
vention, suggesting that the initial traumatic insult and
subsequent instability episodes play a role in the degener-
ative cascade. Historically, surgical stabilization has often
been reserved for patients experiencing recurrent instabil-
ity, while certain patients with a first-time dislocation,
particularly those with lower demand activity profiles,
may never experience recurrence and therefore avoid oper-
ative interventions altogether. This may predispose surgi-
cal cohorts to a greater cumulative “traumatic burden”
before stabilization, thereby inflating the apparent associ-
ation between surgery and the subsequent development of
OA. Consequently, the progression to radiographic OA can-
not be attributed solely to surgical technique; rather, it
likely reflects a multifactorial process involving the index
injury, recurrent instability events, timing of the interven-
tion, and patient-specific risk factors.

This meta-analysis provides further understanding of
long-term glenohumeral OA development after surgical
stabilization for ASI. By reporting updated pooled rates
of OA progression from studies with medium- to long-
term follow-up, this analysis offers a benchmark against
which to assess new and modified techniques for treating
ASI. Future studies must prioritize prospective trials
with long-term radiographic follow-up that include stratifi-
cation by bone loss severity, surgical method, patient age,
and activity level. These studies will be essential to clarify
how surgical biomechanics and patient-specific factors
influence the trajectory of OA development and to optimize
long-term outcomes through evidence-based care.

This study is not without limitations. First, it is impor-
tant to note that the progression to OA after ASI repair can
be influenced by the initial dislocation event and the sub-
sequent number of instability events before the procedure.
Therefore, the data must be interpreted with the initial
injury mechanism in mind. Another limitation is that the
Rowe score does not account for pain, which is a major fac-
tor in determining satisfaction after surgical repair. The
lack of pain likely overestimates patient satisfaction after
repair. Likewise, this study also included both retrospec-
tive and prospective studies, resulting in substantial het-
erogeneity among the data. Because most of the studies
included were retrospective, there is an increased possibil-
ity of reporting bias. Funnel plots confirmed the presence
of a moderate degree of publication bias in reported out-
come measures. Given the heterogeneity present,
random-effects models were employed for all meta-analy-
ses. Because of the reported limitations, it was decided to
assess a proportion estimate of OA progression for each
surgical subgroup rather than comparing subgroups. Fur-
thermore, nuanced differences in the various studies’
reporting of OA could not be controlled. Funnel plots
revealed that the highest concern of potential publication
bias lay within the reporting of grade III OA; given the het-
erogeneity in this reporting, conclusions should be cau-
tiously attributed to the effect of differential treatment
methods. Although the random-effects model mitigates
some heterogeneity, follow-up duration, OA reporting,
and patient population remain significant limitations.
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Lastly, the difference in follow-up times among the studies
may influence the progression to more advanced stages of
OA in each of our subgroups. Despite these limitations,
this is the most extensive systematic review reporting on
the rate of OA in traumatic ASI treated with the Latarjet
procedure or Bankart repair in the literature. Our compre-
hensive inclusion of studies on treatment modalities may
be valuable in improving outcomes associated with trau-
matic ASI stabilization.

CONCLUSION

The progression to radiographic OA occurred in a signifi-
cant number of patients after surgical treatment for trau-
matic ASI at long-term follow-up. Although radiographic
OA was common, severe degeneration was relatively
rare, and functional outcomes remained favorable and clin-
ically acceptable. These findings provide clinicians with
pooled long-term data that can support evidence-based
patient counseling, inform surgical planning, and guide
future interventional trials.
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APPENDIX

SEARCH STRATEGIES BY DATABASE
MEDLINE Via PubMed

Searched: February 12, 2025

Citations retrieved: 1964

((((“Shoulder Dislocation”’[MeSH Terms] OR “Bankart
Lesions”[MeSH Terms] OR ((“Shoulder’[MeSH Terms] OR
“Shoulder Joint”[MeSH Terms]) AND “Joint Instability”[-
MeSH Terms]) OR ((“shoulder instability”[Title/Abstract]
OR “glenohumeral instability”[Title/Abstract] OR “anterior
instability”[Title/Abstract]) AND (“instab*”[Title/Abstract]
OR “dislocat*”[Title/Abstract] OR “luxat*”[Title/Abstract])))
AND (“Orthopedic Procedures”’[MeSH Terms] OR “surger-
vy’ [MeSH Subheading] OR “surg*’[Title/Abstract] OR
“repair*”[Title/Abstract]) AND (“Arthritis’[MeSH Terms]
OR “osteoarthr*”[Title/Abstract] OR “arthrosis”[Title/
Abstract] OR “Arthritis”[Title/Abstract] OR “long term”[Ti-
tle/Abstract] OR  “follow  up”’[Title/Abstract] OR
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((“osteo*”[Title/Abstract] AND “arthr*”[Title/Abstract]) OR
“arthropath*”[Title/Abstract])) AND “english”[Language])
NOT (“Editorial”’[Publication Type] OR “Comment”[Publica-
tion Type] OR “Editorial”’[Title] OR “Comment”[Title] OR
“Systematic Review”[Title])) NOT (“Animals”[MeSH Terms]
NOT “Humans’[MeSH Terms])) AND ((humans[Filter])
AND (english[Filter]))

Embase

Searched: February 12, 2025

Citations retrieved: 2198

((‘shoulder dislocation’’exp OR ‘bankart lesion’/exp OR
‘shoulder’/exp OR ‘shoulder joint’/exp) AND 4oint instabil-
ity’/exp OR ‘shoulder instability’:ti,ab OR ‘glenohumeral
instability’:ti,ab OR ‘anterior instability’:ti,ab) AND
(‘instab*:ti,ab OR ‘dislocat*’:ti,ab OR ‘luxat*’:ti,ab OR ‘lux-
ation’/exp) AND (‘orthopedic procedure’ OR ‘surgery’/exp
OR surg*:ti,ab OR repair*:ti,ab) AND (‘arthritis’’exp OR
osteoarthr*:ti,ab OR arthrosis:ti,ab OR ‘long term’:ti,ab
OR ‘“follow up’:ti,ab OR (‘osteo*:ti,ab AND ‘arthr*’:ti,ab)
OR arthropath*:ti,ab) NOT (‘editorial’/it OR ‘comment’/it
OR ‘systematic review:ti) NOT (‘animal’/exp NOT
‘human’/exp) AND [humans]/lim AND [english]/lim

CINAHL

Searched: February 12, 2025

Citations retrieved: 96

AB ((( (“Shoulder Dislocation” OR “Bankart Lesion” OR
“Shoulder Joint”) ) AND ( (“Joint Instability” OR
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(“shoulder instability” OR “glenohumeral instability” OR
“anterior instability”)) ) AND ( (“instab*” OR “dislocat*”
OR “luxat*”) ) AND ( (“Orthopedic Surgery” OR “Surgical
Procedures, Operative” OR (“surg*” OR “repair*”) ) AND
( (“Arthritis” OR (“osteoarthr*” OR “arthrosis” OR “long
term” OR “follow up”) OR (“osteo*” AND “arthr*”) OR
“arthropath*”) )))

Cochrane Library (CENTRAL)

Searched: February 12, 2025

Citations retrieved: 133

(“Shoulder Dislocation” OR “Bankart Lesions” OR
(“Shoulder” OR “Shoulder Joint”) AND “Joint Instabil-
ity”) AND (“shoulder instability” OR “glenohumeral
instability” OR “anterior instability”) AND (“osteoarthr*”
OR “arthrosis” OR “long term” OR “follow up” OR
“arthropath*”)

SPORTDiscus

Searched: February 12, 2025

Citations retrieved: 93

AB (( (“Shoulder Dislocation” OR “Bankart Lesion” OR
“Shoulder Joint”) ) AND ( (“Joint Instability” OR (“shoulder
instability” OR “glenohumeral instability” OR “anterior
instability”)) ) AND ( (“instab*” OR “dislocat*” OR “luxat*”)
) AND ( (“Orthopedic Surgery” OR “Surgical Procedures,
Operative” OR (“surg*” OR “repair*”) ) AND ( (“Arthritis”
OR (“osteoarthr*” OR “arthrosis” OR “long term” OR “follow
up”) OR (“osteo*” AND “arthr*”) OR “arthropath*”) ))
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APPENDIX TABLE A1l
MINORS Scores”®

Clearly Prospective Appropriate <5% Prospective  Adequate Baseline Adequate Percentage
Stated Consecutive Data Appropriate  Unbiased Follow-up Loss to  Calculation of Control Contemporary Equivalence Statistical Total of Maximum
First Author Aim Patients Collection  Endpoints Assessment Period Follow-up  Study Size Group Groups of Groups Analysis  Score” Score
Bauer® 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Berendes® 2 1 0 2 1 2 1 0 NA NA NA NA 9 56.3
Bonnevialle® 2 2 1 2 2 2 1 0 2 2 1 2 19 79.2
Brejuin® 2 2 0 2 1 2 1 0 NA NA NA NA 10 62.5
Buscayret® 2 2 0 2 1 2 1 0 1 2 2 2 17 70.8
Castagna'® 2 2 0 2 1 2 1 0 NA NA NA NA 10 62.5
Chapus™ 2 2 1 2 1 2 2 0 NA NA NA NA 12 75.0
Chillemi'? 2 2 0 2 1 2 1 0 NA NA NA NA 10 62.5
de I'Escalopier® 2 2 0 2 1 2 1 0 NA NA NA NA 10 62.5
Domos™® 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Domos'” 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Emami'® 2 1 0 2 1 2 1 0 NA NA NA NA 9 56.3
Fabre?! 2 1 0 2 1 2 1 0 NA NA NA NA 9 56.3
Gamulin® 2 1 0 2 1 2 1 0 NA NA NA NA 9 56.3
Izquierdo- 2 2 1 2 1 2 2 0 NA NA NA NA 12 75.0
Fernandez?’
Kavaja®® 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Komnos® 2 2 0 2 1 2 1 0 NA NA NA NA 10 62.5
Lalanne® 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Marjanovic®® 2 2 1 2 1 2 2 0 NA NA NA NA 12 75.0
Mizuno®® 2 2 1 2 1 2 2 0 NA NA NA NA 12 75.0
Moroder®” 2 2 1 2 1 2 2 0 NA NA NA NA 12 75.0
Neviaser®® 2 1 0 2 1 2 1 0 NA NA NA NA 9 56.3
Neyton®® 2 2 1 2 1 2 2 0 NA NA NA NA 12 75.0
Ono*! 2 1 0 2 1 2 2 0 NA NA NA NA 10 62.5
Pelet™ 2 1 0 2 1 2 1 0 NA NA NA NA 9 56.3
Pelletier 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Plancher*® 2 2 0 2 1 2 2 0 0 2 2 2 17 70.8
Plath*’ 2 2 1 2 1 2 2 0 NA NA NA NA 12 75.0
Schroder™® 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Shim® 2 1 0 2 1 2 2 0 2 2 2 2 18 75.0
Van Gastel®® 2 2 0 2 1 2 2 0 NA NA NA NA 11 68.8
Waltenspiil® 2 2 1 2 1 2 2 0 2 2 1 2 19 79.2
Zaffagnini®® 2 2 1 2 1 2 2 0 2 2 2 2 20 83.3
Zink® 2 2 1 1 1 2 2 0 NA NA NA NA 11 68.8

“MINORS, Methodological Index for Non-Randomized Studies; NA, not applicable.
®The total score for non-comparative studies is 16, so for example, 9/16 is 56.3%.
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Studies from databases/registers (n = 4484)
Embase (n = 2198)
PubMed (n = 1964)
CENTRAL (n=133)
CINAHL (n = 96)
SPORTDiscus (n =93)

c
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E-4
]
=
=
s
=
]
-]

References removed (n = 1354)
Duplicates identified manually (n = 12)
Duplicates identified by Covidence (n = 1342)

4

Studies screened (n = 3130) —>{ Studies excluded (n = 2892)

V

Studies sought for retrieval (n = 238)

o

£ ¥

s Studies excluded (n = 204)
o Duplicate Cohort (n = 4)
3 Studies assessed for eligibility (n = 238) > Wrong indication (n = 3)

< 5year follow-up (n = 14)

Wrong intervention (n = 28)

Wrong study design (n = 34)

No OA Classification (n = 88)

Wrong OA Classification (n = 11)
Wrong patient population (n = 18)
OA on non-plain radiography (n = 4)

Studies included in review (n = 34)

Included studies ongoing (n = 0)
Studies awaiting classification (n = 0)

Appendix Figure A1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow chart. OA,
osteoarthritis.



16 Colson et al

Standard Error Standard Error

Standard Error

10 06 0.2

14

10 06 02

14

OA Progression

T T T
-2 0 2

Progression to osteoarthritis (proportion)

Grade 3 OA Progression

Progression to grade 3 OA (proportion)

Rowe Score
e .
N b4
. . el
. .. L) N L]
e :. ] o °
L) ) : L] .
° | IS e o | .
. H
L H
° '
I I I I I I
75 80 85 90 95 100

Mean Rowe score

Standard Error

Standard Error

0.2

1.0 06

14

0.2

10 06

14

The Orthopaedic Journal of Sports Medicine

Grade 2+ OA Progression
. : L]
v .0 O
* .
. ce L4
L’ L] [ ] S
LX] L]
- o ame
T T T T T
-5 -4 -3 -2 -1
Progression to grade 2+ OA (proportion)
Recurrent Instability
L]
° L]
Y
L] e ' ~
L]
-’ o o
T T T T T
-5 -4 -3 -2 -1

Rate of recurrent instability (proportion)

Appendix Figure A2. Funnel plots for meta-analysis outcome measures. OA, osteoarthritis.




