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Background: The purpose of this study was to perform a systematic review and meta-analysis of the current evidence in the literature to
determine how arthroscopic Bankart repair (ABR) and remplissage compare with ABR alone and the open Latarjet procedure for anterior shoulder instability in patients with concomitant Hill-Sachs lesions.
Methods: A literature search was performed based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) guidelines. Studies comparing ABR and remplissage vs. ABR alone or the Latarjet procedure for anterior shoulder instability in
patients with Hill-Sachs lesions were included. Clinical outcomes were compared, with all statistical analysis performed using Review
Manager (version 5.3). P < .05 was considered statistically significant.
Results: Twelve clinical trials were included. There was a significant difference between ABR plus remplissage and ABR alone in total
recurrence rate (3.2% vs. 16.8%, P < .05) but not the rate of revision due to recurrence (1.7% vs. 8.5%, P ¼ .06). There was no significant difference between the Latarjet procedure and ABR plus remplissage in total recurrence rate (7.0% vs. 9.8%, P ¼ .39), total
revision rate (3.7% vs. 5.7%, P ¼ .41), and rate of revision due to recurrence (1.6% vs. 2.1%, P ¼ .79). There was a significantly
lower rate of complications with ABR and remplissage compared with the Latarjet procedure (0.5% vs. 8.6%, P ¼ .003).
Conclusion: In patients with Hill-Sachs lesions and subcritical glenoid bone loss, ABR with remplissage resulted in lower rates of
recurrent instability compared with ABR alone while resulting in similar recurrence rates, as well as similar patient-reported outcomes,
with lower morbidity and fewer complications, compared with the Latarjet procedure.
Level of evidence: Level III; Systematic Review
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Anterior shoulder instability is a common clinical pathology, with an incidence in the United States of 23.9 per
100,000 person-years, and recurrent shoulder instability
subsequently develops in 14%-100% of first-time dislocators.6,41 A high percentage of first-time dislocators have
evidence of both detachment of the anteroinferior labrum
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(Bankart lesion) and a concomitant impression fracture of
the posterosuperior humeral head (Hill-Sachs lesion). In the
United States, arthroscopic Bankart repair (ABR) is
currently the most widely used shoulder stabilization procedure.37 However, in the setting of an off-track Hill-Sachs
lesion, ABR has been shown to have a high failure rate.12,34
Thus, the Latarjet procedure is often indicated as the procedure of choice for patients with recurrent shoulder
instability, engaging Hill-Sachs defects, and glenoid bone
loss.7 The Latarjet procedure is considered to provide stability that translates into a lower recurrence rate; however,
there are concerns over the complication rate and morbidity
of this procedure.18,22
In search of the optimal surgical management in this specific setting, Purchase et al36 originally described the
remplissage procedure, which involves a capsulo-tenodesis in
which the infraspinatus tendon and posterior capsule fill the
Hill-Sachs lesion to prevent it from engaging with the glenoid.
The remplissage procedure is performed alongside an ABR
and has drawn increasing interest over the years owing to its
focused treatment of Hill-Sachs lesions.2,28,30 In comparison
to ABR alone, this procedure has the potential to reduce
recurrent instability rates. The main concern with the procedure has been possible impairment of postoperative range of
motion due to the tenodesis effect of the remplissage.
Currently, there is no meta-analysis in the literature
comparing the outcomes of ABR and remplissage with those of
other widely used surgical techniques for anterior glenohumeral
instability without significant glenoid bone loss in the presence
of a concomitant Hill-Sachs lesion.2,8,28,30 The purpose of this
study was to perform a systematic review and meta-analysis of
the current evidence in the literature to determine how ABR and
remplissage compare with ABR alone and the open Latarjet
procedure for anterior shoulder instability in patients with
concomitant Hill-Sachs lesions. We hypothesized that ABR
and remplissage would result in lower recurrence rates than
ABR alone while resulting in less morbidity and fewer complications than the Latarjet procedure.

Methods
Search strategy
A systematic review of the literature was performed using the
MEDLINE, Embase, and Cochrane Library databases in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) guidelines and predefined
eligibility criteria.29 The search term ‘‘remplissage’’ was queried
as of July 1, 2019. Abstracts published in the English language
were reviewed in detail by the first and second authors; any disagreements were arbitrated by the senior author for the final decision. Articles included were clinical studies comparing
remplissage with ABR and/or the open Latarjet procedure. The
exclusion criteria for our meta-analysis were as follows: abstract
only, case series, review studies, biomechanical studies, and
cadaveric studies.
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Study design, level of evidence, methodologic quality of evidence (MQOE), and follow-up time were documented for each
included study. MQOE was assessed using the Newcastle-Ottawa
scale, which grade studies as unsatisfactory (0-3), satisfactory (4),
good (5-6), or very good (7-9).11 The outcome measures focused on
were modeled on a previous model for a meta-analysis evaluating
the treatment of anterior shoulder instability23: (1) Rowe score; (2)
shoulder stability, comprising total recurrent instability (including
all incidences of recurrent dislocation or subluxation), recurrent
dislocation (ie, complete dislocation rather than subluxation), and
revision due to recurrence; (3) return to play; (4) complications
(total revisions and total complications); and (5) range of motion
(forward flexion, external rotation, and internal rotation). Authors
were contacted for clarification when clarity was required pertaining to information included or not included in the text.

Statistical analysis
Statistical analyses were performed using Review Manager (RevMan for Macintosh, version 5.3 [2014]; Nordic Cochrane Centre–The Cochrane Collaboration, Copenhagen, Denmark). The
I2 statistic was used to quantify heterogeneity between studies.19
Random-effects models were used when the I2 value was > 50%;
otherwise, fixed-effects models were used. The methods outlined by
Hozo et al20 were used to calculate the standard deviation when the
range was provided instead. Results were presented as risk ratio
(RR) for dichotomous outcomes and mean difference (MD) for
continuous outcomes. A confidence interval (CI) of 95% was used,
and statistical significance was represented by P < .05.

Results
Literature search
The initial literature search resulted in 592 total studies
(Fig. 1). After duplicate removal, a total of 311 full texts
were evaluated and assessed for eligibility. Twelve studies
containing 740 patients were included in the final review.

Study characteristics and patient demographic
characteristics
In 8 of the 12 studies, including 361 patients, ABR with
remplissage was compared with ABR alone (Table
I).1,3,5,9,10,15,16,21,27,33,35,40 The remaining 4 studies,
including 379 patients, compared ABR with remplissage
vs. the open Latarjet procedure. Baseline age, sex, and reported instability measures of patients were similar between the cohorts in all studies.

ABR vs. ABR with remplissage
Rowe score
The Rowe score was reported in 4 studies, comprising 123
ABR procedures alone and 114 procedures that included
remplissage. The average Rowe score was 84.2 after the
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Figure 1
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PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) study selection flow diagram.

ABR procedure compared with 91.3 after remplissage. A
statistically significant difference was found in favor of the
additive remplissage procedure (MD, –7.13; 95% CI, –8.84
to –5.41; I2 ¼ 0%; P < .01).
Total recurrence rate
Total
recurrent
instability
(including
recurrent
dislocation or subluxation) was reported in 7 studies,
comprising 172 ABR procedures alone and 157 procedures
that included remplissage. Recurrent instability occurred in

16.8% of patients who underwent the ABR procedure
compared with 3.2% of those who underwent remplissage.
A statistically significant difference was found in favor of
the additive remplissage procedure (RR, 3.74; 95% CI,
1.67-8.38; I2 ¼ 0%; P ¼ .001).
Recurrent dislocation
Recurrent dislocation was reported in 8 studies, comprising
188 ABR procedures alone and 172 procedures that
included remplissage. Recurrent dislocation occurred in
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Study characteristics

Author
ABR vs. ABR with remplissage
Bastard et al,5 2019
Cho et al,9 2016
Franceschi et al,15 2012
Garcia et al,16 2015
Hughes et al,21 2018
Ko et al,27 2016
Miyamoto et al,33 2017
Nourissat et al,35 2011
OL vs. ABR with remplissage
Abouelsoud and Abdelrahman,1 2015
Bah et al,3 2018
Cho et al,10 2016
Yang et al,40 2018

LOE

Design

MQOE

Patients, n

Age, yr

ABR

ABR with remplissage

M/F, n

Follow-up, mo

OL

III
III
III
III
III
III
III
II

RCS
CCS
RCS
RCS
RCS
RCS
RCS
PCS

9
9
9
8
9
8
8
9

39
35
25
14
20
24
18
17

28
37
25
10
21
24
18
15

29.6
25.4
26.9
25.3
17.9
29.3
28.4
24.0

37/30
67/5
36/14
18/6
33/8
37/11
34/2
20/12

128
24
25
37
40
66
12
28

III
III
III
III

RCS
RCS
CCS
RCS

8
8
9
8

16
43
37
98

16
43
35
91

28.2
24.0
26.3
29.1

29/3
15/71
66/6
180/9

31
47
27
38

LOE, level of evidence; MQOE, methodologic quality of evidence; ABR, arthroscopic Bankart repair; OL, open Latarjet procedure; M, male; F, female; RCS,
retrospective cohort study; CCS, case-control study; PCS, prospective cohort study.

14.8% of patients who underwent the ABR procedure
compared with 1.7% of those who underwent remplissage.
A statistically significant difference was found in favor of
the additive remplissage procedure (MD, 4.35; 95% CI,
1.79-10.58; I2 ¼ 0%; P ¼ .001).
Revisions due to recurrence
Revisions due to recurrent instability were reported in 7
studies, comprising 172 ABR procedures alone and 157
procedures that included remplissage. Revision due to
recurrent instability was required in 8.5% of patients who
underwent the ABR procedure compared with 1.7% of
those who underwent remplissage. There was no statistically significant difference between the procedures (RR,
2.54; 95% CI, 0.97-6.66; I2 ¼ 0%; P ¼ .06).
Return to play
Return to play was reported in 3 studies, comprising 66
ABR procedures alone and 62 procedures that included
remplissage. The rate of patients returning to play was
78.8% for the ABR procedure compared with 83.9% for the
remplissage procedure. There was no statistically significant difference between the procedures (RR, 1.00; 95% CI,
0.86-1.15; I2 ¼ 6%; P ¼ .55).
Range of motion
Forward flexion
Forward flexion was reported in 3 studies, comprising 78
ABR procedures alone and 80 procedures that included
remplissage. The ABR procedure resulted in average forward flexion of 165.2" , whereas the remplissage procedure
resulted in average forward flexion of 162.1" . There was no
statistically significant difference between the procedures
(MD, 3.11" ; 95% CI, –1.30" to 7.52" ; I2 ¼ 39%; P ¼ .17).

External rotation with arm at side
External rotation with the arm at the side was reported in 3
studies, comprising 78 ABR procedures alone and 80 procedures that included remplissage. Average external rotation with the arm at the side was 62.7" after the ABR
procedure compared with 55.6" after the remplissage procedure. There was no statistically significant difference
between the procedures (MD, 7.20" ; 95% CI, –6.85" to
21.24" ; I2 ¼ 91%; P ¼ .32).

Open Latarjet procedure vs. ABR and remplissage
Rowe score
The Rowe score was reported in 3 studies, comprising 94
open Latarjet procedures and 96 procedures that included
remplissage. The average Rowe score was 88.4 after the
open Latarjet procedure compared with 89.4 after
remplissage. There was no statistically significant difference between the procedures (MD, –0.96; 95% CI, –3.43 to
1.50; I2 ¼ 48%; P ¼ .44).
Total recurrence rate
Total recurrent instability (including recurrent
dislocation or subluxation) was reported in 4 studies,
comprising 185 open Latarjet procedures and 194
procedures that included remplissage. The open Latarjet procedure resulted in 7.0% of patients having
recurrent
instability,
whereas
the
remplissage
procedure resulted in 9.8% of patients having recurrent
instability. There was no statistically significant difference between the procedures (RR, 0.74; 95% CI,
0.37-1.48; I2 ¼ 0%; P ¼ .39).
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Recurrent dislocation
Recurrent dislocation was reported in 2 studies, comprising
107 open Latarjet procedures and 114 procedures that
included remplissage. The open Latarjet procedure resulted
in 3.7% of patients having recurrent dislocation, whereas
the remplissage procedure resulted in 4.4% of patients
having recurrent dislocation. There was no statistically
significant difference between the procedures (RR, 0.84;
95% CI, 0.23-3.00; I2 ¼ 0%; P ¼ .38).
Revisions due to recurrence
Revisions due to recurrent instability were reported in 4
studies, comprising 185 open Latarjet procedures and 194
procedures that included remplissage. The open Latarjet
procedure resulted in 1.6% of patients undergoing revision
due to recurrent instability, whereas the remplissage
procedure resulted in 2.1% of patients undergoing revision
due to recurrent instability. There was no statistically significant difference between the procedures (RR, 0.79; 95%
CI, 0.18-3.49; I2 ¼ 0%; P ¼ .76).
Total revisions
Total revisions were reported in 4 studies, comprising 185
Latarjet procedures and 194 procedures that included
remplissage. Revision was required in 3.7% of patients who
underwent the open Latarjet procedure compared with
5.7% of patients who underwent the remplissage procedure.
Revisions following the Latarjet procedure were performed
because of recurrence, screw removal, irrigation of hematoma, and bone block fracture. Revisions following the
remplissage procedure were performed because of recurrence, subacromial decompression, and glenohumeral
d!ebridement. There was no statistically significant difference between the procedures (RR, 0.68; 95% CI, 0.27-1.69;
I2 ¼ 0%; P ¼ .41).
Total complications
Total complication rates were reported in 4 studies,
comprising 185 Latarjet procedures and 194 procedures
that included remplissage. The open Latarjet procedure
resulted in complications in 8.6% of patients, whereas the
remplissage procedure resulted in complications in 0.5% of
patients. The complications in those who underwent the
open Latarjet procedure included 4 deep wound infections,
4 cases of painful and/or loose hardware, 3 malunions, 2
graft fractures, 1 nonunion, 1 transient suprascapular nerve
palsy, and 1 case of postoperative stiffness. There was 1
deep infection in a patient who underwent remplissage. A
statistically significant difference was found in favor of the
additive remplissage procedure (RR, 11.77; 95% CI, 2.2561.49; I2 ¼ 0%; P ¼ .003).
Return to play
Return to play was reported in 1 study, comprising 52 open
Latarjet procedures and 52 procedures that included
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remplissage. Both procedures resulted in an average returnto-play rate of 90.6%. There was no statistically significant
difference between the procedures (MD, 1.00; 95% CI,
0.85-1.17; I2 ¼ 0%; P > .999).
Range of motion
Forward flexion
Forward flexion was reported in 3 studies, comprising 169
open Latarjet procedures and 176 procedures that included
remplissage. The open Latarjet procedure resulted in
average forward flexion of 159.6" , whereas the remplissage
procedure resulted in average forward flexion of 162.4" .
There was no statistically significant difference between the
procedures (MD, –2.72" ; 95% CI, –7.85" to 2.42" ; I2 ¼
46%; P ¼ .30).
External rotation with arm at side
External rotation with the arm at the side was reported in 2
studies, comprising 134 open Latarjet procedures and 141
procedures that included remplissage. The open Latarjet
procedure resulted in average external rotation with the arm
at the side of 51.7" , whereas the remplissage procedure
resulted in average external rotation with the arm at the side
of 47.4" . There was no statistically significant difference
between the procedures (MD, 4.32" ; 95% CI, –11.35" to
19.99" ; I2 ¼ 90%; P ¼ .59).
External rotation of arm in abduction
External rotation of the arm in abduction was reported in 2
studies, comprising 134 open Latarjet procedures and 141
procedures that included remplissage. The open Latarjet
procedure resulted in average external rotation of the arm in
abduction of 65.1" , whereas the remplissage procedure
resulted in average external rotation of the arm in abduction
of 66.3" . There was no statistically significant difference
between the procedures (MD, –1.26" ; 95% CI, –16.74" to
14.23" ; I2 ¼ 78%; P ¼ .87).
Internal rotation of arm
Internal rotation of the arm was reported in 2 studies,
comprising 134 open Latarjet procedures and 141 procedures that included remplissage. The open Latarjet procedure resulted in average internal rotation of the arm of 57.6" ,
whereas the remplissage procedure resulted in average internal rotation of the arm of 53.4" . There was no statistically significant difference between the procedures (MD,
4.26" ; 95% CI, –10.43" to 18.95" ; I2 ¼ 81%; P ¼ .57).
Forest plots of all the aforementioned analyses can be
found in Supplementary Appendix S1.

Discussion
The most important finding of this study was that ABR with
remplissage results in lower instability recurrence rates
compared with ABR alone while resulting in similar
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recurrence rates, with less morbidity and fewer complications, compared with the Latarjet procedure. Additionally,
we found that placing the infraspinatus tendon and posterior capsule in the bony Hill-Sachs defect does not seem to
significantly alter postoperative range of motion compared
with ABR alone in forward flexion or external rotation,
although we were unable to assess potential discrepancies
in internal range of motion. Thus, our findings are in
accordance with our hypothesis and support the use of an
additive remplissage to ABR in the setting of anterior
shoulder instability when an engaging Hill-Sachs lesion is
present.
The presence of engaging Hill-Sachs lesions has been
shown to increase recurrent instability rates.4 Of particular
interest, which may dictate surgical management, is
whether the Hill-Sachs lesion is on-track or off-track.12,39
When ‘‘off-track’’ humeral lesions are present, the
remplissage and Latarjet procedures are considered superior to Bankart repair alone because these procedures
address and mitigate the engagement of the Hill-Sachs
lesion with the anterior glenoid rim. Remplissage acts to
fill the defect using the infraspinatus and posteroinferior
capsule. As a result, engagement of the Hill-Sachs lesion is
prevented, and the lesion remains ‘‘on-track,’’ particularly
in external rotation and abduction, which is not addressed
by a Bankart repair alone. A recent biomechanical systematic review validated these findings and reported that
remplissage consistently prevented engagement of the HillSachs lesion on the anterior glenoid in the majority of
studies in the literature.28 These biomechanical data have
translated into reduced rates of recurrent instability in vivo,
as highlighted in our data set, in which the combined ABRremplissage cohort had a 5 times lower rate of recurrence
than the cohort that underwent ABR alone. In contrast, the
Latarjet procedure acts to widen the glenoid articular surface while simultaneously providing stability by way of the
sling effect provided by the transposed conjoint tendon.13,26
These 2 effects in combination reduce the chances of HillSachs lesion engagement. Although debate is ongoing as to
what is the best surgical option for patients with recurrent
shoulder instability and evidence of a significant Hill-Sachs
lesion, our meta-analysis demonstrates that significantly
lower rates of recurrent instability occur after the Latarjet
procedure and remplissage compared with ABR alone.
Many different functional outcome scores were reported
in the 12 studies included in our review; however, the most
commonly reported measure was the Rowe score. The
mean Rowe score in all studies was greater than 80, indicating good outcomes with no significant differences between procedures.25 There was no significant increase when
complication rates were compared between ABR alone and
Bankart repair with remplissage. Although our complication rates are not as high as the rate reported by Griesser
et al18 in their systematic review of the Latarjet procedure
(30%), we calculated an almost 17-fold decrease in
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complications in the remplissage cohort compared with
patients who underwent the Latarjet procedure.
With such mixed results in the current literature, many
orthopedic surgeons have raised concerns about the
remplissage procedure and whether it will lead to decreased
range of motion postoperatively.14,32,35 Our systematic review and meta-analysis demonstrated no statistically significant difference in range of motion following ABR with
remplissage vs. that after Bankart repair alone or after the
Latarjet procedure. However, although the findings were
not statistically significant, it is important for treating orthopedic surgeons to be mindful of patient characteristics
(eg, sport played and occupation) because, for some patients, a small deficit in range of motion can have a drastic
impact on their performance. Garcia et al17 highlighted a
return-to-play rate of only 50% in baseball players
following remplissage compared with 95.5% in nonbaseball players. Such findings suggest that deficits that
could be considered negligible by most patients may have
significant implications for certain athletes, in whom other
treatment modalities may be more appropriate.31
Return to play has been shown to be the most important
clinical outcome measure following shoulder stabilization.38 After remplissage, Cho et al9,10 found that 91% of
their patients were capable of returning to play. The rates
found in this review are slightly higher than the reported
rates of return to play following shoulder stabilization in
the literature.24 When reported, remplissage and the
Latarjet procedure showed equally high rates of return to
play. Unfortunately, return to play has been insufficiently
reported after the remplissage procedure. This finding
suggests the need for future research to address the question
of return to play for various sports after remplissage
compared with that after the Latarjet procedure for those
patients who have chronic anterior shoulder instability in
the setting of a significant Hill-Sachs lesion.
As each procedure has specific advantages and disadvantages, the choice of ABR with remplissage vs. the
Latarjet procedure depends on surgeon training and preference and a thorough discussion with the patient, with
careful consideration of specific patient characteristics.
Additionally, it is important to note that the amount of
glenoid bone loss in the setting of an off-track Hill-Sachs
lesion that is critical to failure is still undefined. However,
Yang et al40 found that with >10% glenoid bone loss, the
outcomes were worse in patients who received the
remplissage procedure than in those who underwent the
Latarjet procedure, although further study is required.

Limitations
This study has several limitations and potential biases,
including the limitations of the included studies themselves.
Variations in patient populations, surgical techniques, and
surgeon experience could all affect the outcomes. Factors
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such as preoperative glenoid and humeral bone loss were
insufficiently reported and thus could not be quantitatively
compared between the groups. However, in 2 of the
included studies comparing remplissage and the Latarjet
procedure, there was a higher rate of patients who underwent prior surgery in the Latarjet cohort. Additionally,
Warth et al38 found that the greatest concern among patients undergoing surgery for anterior shoulder instability
was the ability to return to sport, whereas the reported
outcomes regarding return to play in this study were
limited.

Conclusion
In patients with Hill-Sachs lesions and subcritical glenoid bone loss, ABR with remplissage resulted in lower
rates of recurrent instability compared with ABR
alone while resulting in similar recurrence rates, as well
as similar patient-reported outcomes, with lower
morbidity and fewer complications, compared with the
Latarjet procedure.
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