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Abstract
Purpose  Age at primary dislocation, recurrence, and glenoid bone loss are associated with development of osteoarthritis 
(OA). However, an overview of OA following traumatic anterior shoulder instability is lacking and it is unclear to what 
degree type of surgery is associated with development of OA in comparison to non-operative treatment. The aim of this 
study was to determine the degree of OA at long-term follow-up after non-operative and operative treatments for patients 
with anterior shoulder instability. Surgery is indicated when patients experience recurrence and this is associated with OA; 
therefore, it was hypothesized that shoulders show a higher proportion or degree of OA following operative treatment com-
pared to non-operative treatment.
Methods  A literature search was performed in the PubMed/Medline, EMBASE, and Cochrane databases. Articles reporting 
the degree of OA that was assessed with the Samilson–Prieto or Buscayret OA classification method after non-operative and 
operative treatment for anterior shoulder instability with a minimum of 5 years follow-up were included.
Results  Thirty-six articles met the eligibility criteria of which 1 reported the degree of OA for non-operative treatment and 
35 reported the degree of OA for 9 different operative procedures. A total of 1832 patients (1854 shoulders) were included. 
OA proportions of non-operative and operative treatments are similar at any point of follow-up. The Latarjet procedure 
showed a lower degree of OA compared to non-operative treatment and the other operative procedures, except for the Bristow 
procedure and Rockwood capsular shift. The meta-analyses showed comparable development of OA over time among the 
treatment options. An increase in OA proportion was observed when comparing the injured to the contralateral shoulder. 
However, a difference between the operative subgroups was observed in neither analysis.
Conclusion  Non-operative and operative treatments show similar OA proportions at any point of follow-up. The hypothesis 
that shoulders showed a higher proportion or degree of OA following operative treatment compared to non-operative treat-
ment is not supported by the data. Operative treatment according to the Latarjet procedure results in a lower degree of OA 
compared to other treatments, including non-operative treatment.
Level of evidence  IV.
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Abbreviations
OA	� Osteoarthritis
PRISMA	� Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses
MINORS	� Methodological index for non-randomized 

studies

Introduction

General risk factors for development of osteoarthritis (OA) 
include genetic predisposition, female gender, old age, and 
trauma [5, 32, 49, 50, 60]. OA of the shoulder can be painful, 
and lead to a decrease in range of motion, limiting shoul-
der function, which may lead to shoulder arthroplasty as 
an intervention to treat the pain and reduce the limitations 
[3, 52]. Studies have shown a higher degree of OA follow-
ing anterior shoulder dislocation and stabilization surgery 
compared to the contralateral healthy shoulder [9, 30, 54]. 
A shoulder dislocation is a commonly established diagno-
sis at the emergency department, with a reported incidence 
of 23.9 per 100,000 person-years [30, 67]. The incidence 
of an anterior shoulder dislocation decreases with age, is 
higher in males than in females, and is higher when par-
ticipating in contact and overhead sports in comparison to 
other types of sports [16]. When the patient experiences 
(recurrent) instability that affects activities of daily living, 
work, or sports participation, an operative stabilization pro-
cedure is indicated. Several stabilization procedures have 
been proposed, ranging from soft-tissue procedures to bony 
augmentation procedures [6]. A soft-tissue procedure, such 
as the Bankart repair, is usually indicated when little glenoid 
bone loss is present [15]. A bony augmentation procedure, 
for example a Latarjet procedure or an Iliac crest bone graft 
procedure, is usually indicated in case of extensive damage 
to the glenohumeral joint or excessive glenoid bone loss 
[51]. Both soft-tissue and bone augmentation procedures can 
be performed arthroscopically or with an open procedure. 
Plath et al. showed that an arthroscopic Bankart procedure 
resulted in similar long-term OA rates compared to an open 
procedure and non-operative treatment [48]. Age at primary 
dislocation, recurrence, and glenoid bone loss are associated 
with development of OA. However, it is unclear to what 
degree type of surgery is associated with development of 
OA in comparison to non-operative treatment [23, 25, 26, 
28]. In addition, a patient will gain relatively more stability 
following a bone augmentation procedure in comparison to a 
soft-tissue procedure. To what degree this is associated with 
development of OA is unclear as well [7, 36].

To assess the severity of OA following a shoulder dislo-
cation, multiple classification methods have been proposed. 
Using plain radiography, these methods generally consist 
of four or five grades of OA severity ranging from “no OA” 

to “severe OA” [11, 55, 56]. Severity is determined by joint 
space narrowing and the presence of osteophytes [11, 55, 
56]. Long-term degrees of OA for other orthopedic patholo-
gies, such as knee osteoarthritis following an anterior cruci-
ate ligament defect, have been well described [38]. However, 
it remains unclear if the treatment type for anterior shoulder 
instability influences degree of OA [46]. If the degree of 
OA is influenced by treatment type in any way, it can assist 
both clinicians and patients in the decision-making process.

The aim of this study was to determine the degree of OA 
at long-term follow-up after non-operative and operative 
treatment for patients with anterior shoulder instability. Sur-
gery is indicated when patients experience recurrence and 
this is associated with OA; therefore, it was hypothesized 
that shoulders show a higher proportion or degree of OA 
following operative treatment compared to non-operative 
treatment.

Materials and methods

This systematic review focused on glenohumeral OA after 
non-operative and operative treatment for anterior shoul-
der instability. The guideline and algorithm of the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) were used [40]. The review was registered in 
PROSPERO (https​://www.crd.york.ac.uk/prosp​ero/; regis-
tration number CRD42020141008).

Literature search and study selection

A literature search was performed in the PubMed/Medline, 
EMBASE, and Cochrane databases on the 22nd of July 2019. 
The search was performed with the assistance of a clinical 
librarian and was not limited to year of publication. The 
search terms are listed in the appendix. Articles written 
in the English, Dutch, German, or French language were 
included. Titles and abstracts were screened by two authors 
(LV and EP). Studies that met the inclusion criteria under-
went full-text screening by the same authors. Any disagree-
ment was resolved by discussion and consensus.

Inclusion and exclusion criteria

Articles that reported degree of OA after non-operative or 
operative treatments for anterior shoulder instability with a 
minimum of 5 years follow-up were included. Controlled 
trials and prospective or retrospective cohort studies were 
included. Studies that used classification systems other than 
Samilson–Prieto or its modified version by Buscayret were 
excluded. Furthermore, studies that did not use plain radio-
graph to assess OA with these classifications were excluded. 
Studies that did not report original data, animal studies, and 

https://www.crd.york.ac.uk/prospero/
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cadaveric studies were excluded. When the same patient 
group was used, the article with the longest follow-up was 
included for analysis.

Methodological quality assessment

The quality of the studies was assessed by the methodo-
logical index for non-randomized studies (MINORS) [59]. 
By scoring 0 (not reported), 1 (reported but inadequate), or 
2 (reported and adequate) at each item, studies could get 
a total score of 16 for non-comparative studies and 24 for 
comparative studies. Any disagreement was resolved by dis-
cussion and consensus.

Data extraction

The extracted primary outcome measure was degree of OA 
according to both the Samilson-Prieto and Buscayret OA 
classification after non-operative or operative treatment for 
anterior shoulder instability. If the authors had assessed clas-
sification of OA on multiple radiographic views, a weighted 
average score of the different views was calculated. Further-
more, secondary outcome measures were extracted including 
type of surgery, gender, functional outcome (Rowe score), 
recurrent dislocation, age at surgery, and length of follow-
up. The data were extracted by the lead author (LV). A ran-
dom sample of ten articles was independently assessed by 
the second author (EP) and checked for accuracy.

OA classification

The Samilson–Prieto classification is a radiographical clas-
sification system which categorizes OA in 4 categories 
comprising (0) no OA, (I) osteophytes measuring < 3 mm 
in greatest distance diameter, (II) osteophytes measuring 
between 3 and 7 mm in greatest distance diameter and slight 
glenohumeral joint irregularity, and (III) osteophytes meas-
uring > 7 mm in greatest distance diameter, narrowing of the 
glenohumeral joint and sclerosis (Fig. 1). For the modified 
version, Buscayret added one extra category by splitting the 
category III of the original version into the categories (III) 
osteophytes measuring > 7 mm in greatest distance diameter, 
narrowing of the glenohumeral joint and sclerosis, and (IV) 
complete obliteration of the glenohumeral joint with or with-
out osteophytes. For the purpose of pooling, these two cat-
egories were merged again [11, 56]. Furthermore, if authors 
reported that some of their patients received arthroplasty 
treatment of the shoulder or that the shoulder showed com-
plete glenoid erosion, they were considered to be grade III.

Statistical analysis

To perform meta-analyses, data of the primary outcome 
were pooled. For calculation of pooled proportions and 
Relative Risks (RR) of OA, the Samilson–Prieto classifica-
tion was dichotomized by merging all categories describing 
signs of OA (categories I, II, and III) as OA. Category 0 was 
considered as no OA. Patient characteristics and follow-up 
were pooled by calculation of weighted means and pooled 
standard deviations (SD). If the standard deviation was not 
reported, it was estimated with the range and the sample 
size according to Walter et al. [64]. Furthermore, if the 
mean was not reported, it was estimated using the median, 
range, and sample size according to Hozo et al. [31]. Com-
parisons of the degree of OA were performed by the use of 
Mann–Whitney U tests; proportions were compared by the 
use of Chi squared tests. Review Manager version 5.3 (the 
Nordic Cochrane Center, Copenhagen, Denmark) was used 
to calculate RR with 95% CI. Heterogeneity between stud-
ies was assessed by the use of X2 and I2 statistic. I2 > 50% 
was considered as substantial heterogeneity [24]. IBM SPSS 
Statistics 25 (IBM Corp., Armonk, NY) was used to perform 
other statistical analyses.

Results

Screening and study characteristics

The literature search resulted in 3529 articles for title and 
abstract screening after deduplication (Fig. 2). The full-
text analysis was performed on 200 articles after title and 
abstract screening, resulting in 36 articles for inclusion in 
the analysis. Reasons for exclusion are listed in Fig. 2. In 
the included studies, a total of 1832 patients (1854 shoul-
ders) were included. The sample size ranged from 9 to 161 

Fig. 1   Osteoarthritis (OA) following a Bankart repair with > 10 years 
follow-up. This figure demonstrates an example of OA in the shoul-
der. The shoulder has been classified as Samilson–Prieto grade II
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shoulders. The follow-up ranged from 5 to 57 years. The 
included studies were published between 1994 and 2019. 
The included studies reported degree of OA for 1 type of 
non-operative treatment, which included 161 shoulders for 
conservative treatment (Tables 1, 2) [28]. Furthermore, 
the included studies reported degree of OA for 9 types of 
operative treatment, which included a total sample of 663 
shoulders for the Bankart repair [4, 12, 13, 19, 20, 30, 
34, 41, 44, 47, 48, 63, 69], 515 shoulders for the Latar-
jet procedure [8, 14, 22, 29, 30, 37, 39, 45, 58, 65], 220 
shoulders for the Eden–Hybinette procedure [9, 35, 53, 54, 
66], 112 shoulders for the Putti-Platt procedure [35, 62, 
68], 75 shoulders for the Iliac crest bone graft procedure 
[42, 61], 11 shoulders for the Bristow procedure [57], 45 
shoulders for the Du Toit procedure [70], 25 shoulders 
for Weber’s rotational osteotomy [18], and 27 shoulders 
for the Rockwood capsular shift (Tables 1, 2) [43]. The 
MINORS quality assessment ranged from 4 to 11 (median 
8; IQR 8–9) of the 16 points for non-comparative studies 
(Table 1). The comparative studies scored 16 of the 24 

points. The mean Rowe score ranged from 80.0 to 95.0 and 
the percentage of recurrent dislocation ranged from 0 to 
41% (Table 1). Because of the small differences in quality 
scores between the studies, no weighing of the outcomes 
was applied in the analyses.  

Comparison of OA among non‑operative 
and operative treatment options

OA proportion was calculated by merging all categories 
describing signs of OA (categories I, II, and III) as OA. 
Non-operative and operative treatments show similar OA 
proportions at any point of follow-up (Fig. 3). The Latarjet 
procedure seems to show a slightly lower proportion of OA 
compared to other treatment options.

Comparison of the degree of OA according to the Samil-
son–Prieto scale among treatment modalities revealed that 
the Latarjet procedure shows a significantly lower degree 
of OA compared to the Bankart repair (P < 0.001), the 
Eden–Hybinette procedure (P < 0.001), the Putti–Platt pro-
cedure (P < 0.001), the Iliac crest procedure (P < 0.001), the 

Fig. 2   Flow diagram
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Du Toit procedure (P = 0.001), the Weber’s rotational oste-
otomy (P < 0.001), and conservative treatment (P < 0.001; 
Table 2). There was no statistically significant difference 
between the Latarjet procedure and the Bristow (n.s.) and 
the Latarjet procedure and the Rockwood capsular shift pro-
cedure (n.s.; Table 2). Degree of OA following arthroscopic 
surgery was only reported for the Bankart repair. Seven stud-
ies reported degree of OA following arthroscopic surgery, 
six studies following open surgery, and one study compared 
both surgery techniques. A significant difference in degree 
of OA between an open or arthroscopic Bankart repair was 
not observed (n.s., Table 1).

Proportion of OA preoperatively and at follow‑up

Eight studies reported consistent data for degree of OA 
preoperatively and at follow-up following treatment. Over-
all, a higher proportion of OA post-operative compared to 
pre-operative was observed for the Bankart repair and the 
Latarjet groups, but not for the iliac crest group (Fig. 4). 
The likelihood of developing OA was not statistically sig-
nificantly different between the treatment groups Bankart, 
Latarjet, and Iliac crest (n.s.; Fig. 4).

Proportion of OA of the injured versus contralateral 
shoulder

Seven studies reported consistent data for degree of OA 
for both the injured and contralateral (healthy) shoulder. 
Overall, a higher proportion of OA for the injured shoul-
der compared to the contralateral shoulder was observed 
for the Bankart repair, the Latarjet, Eden–Hybinette, and 
iliac crest groups, but not for the Rockwood capsular shift 
(Fig. 5). There was no statistically significant difference in 
proportion of OA between the subgroups Eden–Hybinette, 
Bankart, Latarjet, Rockwood capsular shift, and Iliac crest 
(n.s.; Fig. 5).

Discussion

The most important finding of the present study was that 
proportion of OA seems comparable between the various 
treatments and may be unrelated to treatment type with a 
follow-up ranging from 5 to 35 years. However, the analyses 
of the data revealed a statistically significant lower degree 
of OA after the Latarjet procedure compared to other treat-
ment types at follow-up, except the Bristow procedure 
and Rockwood capsular shift. A difference in degree of 
OA between an open or arthroscopic Bankart repair was 
also not observed. In addition, the meta-analyses showed 
that the likelihood of developing OA after a Bankart and 
Latarjet was similar and an overall increase in proportion Th
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Fig. 3   Percentage of osteoarthritis after operative or non-operative 
treatments. This figure shows the percentage of osteoarthritis for each 
individual procedure (n = 39) of the included studies (n = 36). Three 
studies reported long-term follow-up of two procedures; these stud-
ies are shown twice in this figure. The color of the circle matches a 

procedure that can be found in the legend. The size of the circle is 
dependent on sample size and increases in size with a larger sample 
size. OA proportion was calculated by merging all categories describ-
ing signs of OA (categories I, II, and III) as OA. OA = Osteoarthritis

Fig. 4   Meta-analysis of preoperative vs follow-up for proportion of 
osteoarthritis (OA). This meta-analysis shows the ratio of the stud-
ies (n = 8) that reported degree of OA preoperatively and at follow-up. 
The proportion of OA was calculated to perform the meta-analysis. 

Furthermore, the difference between the subgroups is determined. OA 
proportion was calculated by merging all categories describing signs 
of OA (categories I, II, and III)
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of OA was observed for the injured shoulder compared to 
the contralateral shoulder for the Bankart repair, the Latar-
jet, Eden–Hybinette, and iliac crest groups, but not for the 
Rockwood capsular shift. However, a difference between the 
operative subgroups was not observed for both analyses.

Giving a prospect regarding development of OA after a 
shoulder dislocation might be challenging for professionals 
at the outpatient clinic. Besides from the general risk factors 
for development of OA, professionals are confronted with 
the multiple treatment options. Bony augmentation proce-
dures, such as the Latarjet or Iliac crest bone graft procedure, 
are usually indicated when more glenoid bone loss is present 
[51]. Excessive glenoid bone loss is often the result of mul-
tiple dislocations and this is associated with development of 
OA [25, 26, 28]. One of the factors that might explain the 

association between multiple dislocations and development 
of OA is changes in morphology of the glenoid as a result 
of multiple dislocations [23]. However, based on the data of 
this systematic review, these types of surgeries, which are 
used to treat excessive glenoid bone loss, do not seem to 
contribute to a higher proportion of OA. The Latarjet pro-
cedure even showed a lower proportion and degree of OA 
compared to the other treatment types. As the development 
of OA is associated with multiple dislocations, recurrent 
dislocation after operation may contribute to a higher degree 
of OA at follow-up. Both the Latarjet procedure and the Iliac 
crest bone graft procedure have low recurrence rates, show-
ing a weighted recurrence rate of 2% and 3% respectively. 
The bony augmentation procedures may offer more stability 
compared to other procedures, which could prevent micro 

Fig. 5   Meta-analysis of injured vs contralateral shoulder for propor-
tion of osteoarthritis (OA). This meta-analysis shows the ratio of 
the studies (n = 7) that reported the degree of OA for the injured and 
contralateral shoulder for a procedure. The proportion of OA was 

calculated to perform the meta-analysis. Furthermore, the difference 
between the subgroups is determined. OA proportion was calculated 
by merging all categories describing signs of OA (categories I, II, and 
III)
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instability and development of OA in the long term [7, 36]. 
However, the Bankart repair, showing a wide range of 14% 
to 86% OA, may have a wider indication range compared to 
the bony augmentation procedures.

The difference in pooled proportion of OA between the 
Latarjet procedure and the Iliac crest bone graft procedure is 
remarkable with values of 34% and 61%, respectively. Since 
both procedures use a bone graft to stabilize the shoulder, 
this difference could be based on coincidence [21, 42, 61]. 
The sample sizes of the iliac crest studies are smaller, and 
two of the ten studies showed proportions of 65% and 71% 
for the Latarjet procedure, as well. Furthermore, the meta-
analyses did not show a difference between proportions OA 
of preoperative and follow-up data or proportions of OA for 
the injured compared to the contralateral shoulder for the 
Latarjet procedure compared to other procedures. However, 
at follow-up, the degree of OA seems lower following the 
Latarjet procedure. An explanation might be that the Latarjet 
studies started with lower degrees of pre-operative OA.

OA can be classified through multiple classification meth-
ods of which the Samilson–Prieto method is most commonly 
used [11, 55, 56]. These methods determine severity, which 
is generally based on the presence of osteophytes, joint space 
irregularity, and joint space narrowing. The reliability of 
the Samilson–Prieto classification, which is the most com-
monly used method, is generally good [10, 17]. As the Sam-
ilson–Prieto classification is based on the presence and size 
of osteophytes on the inferior glenoid, Ilg et al. question if 
damage to the inferior part of the glenoid, such as glenoid 
bone loss, may lead to a higher classification [33]. Both Ilg 
et al. and Hovelius et al. stated that the Samilson–Prieto clas-
sification alone might not be enough to reliably determine 
OA [27, 33]. Furthermore, it is unclear whether the type of 
surgical procedure influences the Samilson–Prieto classifica-
tion. A bone augmentation procedure adds a bone block to 
the inferior part of the glenoid, which may result in a differ-
ent classification as well. For example, the Iliac crest bone 
graft procedure had many patients classified as grade I with 
the Samilson–Prieto classification. The difference between 
grade 0 and grade I may illustrate that it can be difficult to 
assess OA with a bone graft that is attached to the inferior 
part of the glenoid [2].

There were some limitations to this systematic review. 
The included studies are primarily of low level of evidence 
with mediocre scores in the MINORS quality assessment. 
Most of these studies were performed with a retrospective 
design. The length of follow-up varies widely, posing a chal-
lenge with regard to drawing firm conclusions. However, 
a strength of this systematic review includes a systematic 
search and selection process according to the PRISMA 
guidelines. Furthermore, a large amount of data and suf-
ficient studies made a quantitative meta-analysis feasible.

Many uncertainties remain regarding degree of OA fol-
lowing an anterior shoulder dislocation. The presented data 
show that the type of operative procedure may have little 
effect on the development of OA and that a Latarjet proce-
dure may even show a lower degree of OA compared to other 
treatment options. Future studies should focus on shoulder 
stability as a factor in developing OA [36]. There appear to 
be little changes in proportion of OA between 5 and 35 years 
of follow-up. Studies with short- to mid-term follow-up of 
10 years might be valuable in identifying patients that are 
prone to developing OA in an early stage. Finally, few stud-
ies exist that consider surgical options that reduce instability 
by treating a Hill–Sachs lesion, such as a remplissage in 
addition to the Bankart repair [1]. The only study that was 
found in this systematic review that treated a Hill–Sachs 
lesion was Weber’s rotational osteotomy. These treatment 
options are underexposed and they require long-term stud-
ies to determine the proportion and degree of OA, as well.

Conclusions

Non-operative and operative treatments show similar OA 
proportions at any point of follow-up. The hypothesis that 
shoulders showed a higher proportion or degree of OA 
following operative treatment compared to non-operative 
treatment is not supported by the data. Operative treatment 
according to the Latarjet procedure results in a lower degree 
of OA compared to other treatments, including non-opera-
tive treatment.
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