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Arthroscopic Bankart and Remplissage for
Anteroinferior Instability With Subcritical Bone Loss

Has a Low Recurrence Rate

Shirish Pathak, M.S. ORTHO DNB ORTHO, Murtaza J. Haidermota, M.S. ORTHO,

Vimal Kumar K. H., Diploma Orthopaedics, DNB Orthopaedics, FNB Sports Medicine, and
Parag Sancheti, M.S. ORTHO DNB ORTHO MCH ORTHO
Objective: To demonstrate whether arthroscopic remplissage can achieve good outcomes without significantly impairing
shoulder function. Methods: Consecutive patients with recurrent anterior glenohumeral dislocation, glenoid bone loss
<20%, and engaging HilleSachs lesion who were operated with arthroscopic Bankart repair and remplissage between
2013 and 2016 were identified. Patients were evaluated clinically for shoulder instability, range of motion, and scored as
per Oxford Shoulder Instability Score and University of California at Los Angeles score. The data were analyzed with the
paired t test and the Wilcoxon signed rank test, as applicable. For all analyses, statistical significance was set at P < .05.
Results: Twenty-four patients were included in the study. The average age of the patients was 30 years (range, 18-47
years), with 91.67% (n ¼ 22) male patients and 8.33% (n ¼ 2) female patients. The range of motion at follow-up was
comparable with the normal side, with loss of external rotation of 3.33� (n ¼ 24). Significant improvement was observed
in the Oxford Shoulder Instability Score (21.95 vs 41.29, P < 0.001) and University of California at Los Angeles score
(18.33 vs 30.29, P < .001). A failure rate of 4.17% (1 patient with a positive apprehension test) was seen.
Conclusions: Arthroscopic Bankart repair with the remplissage procedure helps to re-establish stability and achieve good
shoulder outcomes for patients with recurrent anterior glenohumeral dislocation and an engaging HilleSachs lesion and
without significant glenoid bone loss. Level of Evidence: Level IV, therapeutic.
he symptomatic abnormal motion of the humeral
Thead relative to the glenoid during active shoulder
motion is defined as shoulder instability.1 Recurrent
instability can be caused by traumatic anterior gleno-
humeral dislocations or subluxations, especially in
young contact athlete patients, more so if there is
associated bone loss.2,3 Traumatic unidirectional ante-
rior shoulder instability is widely treated by arthro-
scopic Bankart repair. However, when bony defects are
not identified or addressed during surgery, several
studies have shown an increased failure rate after
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arthroscopic stabilization.4-7 For marked glenoid bone
defects with anterior instability, Latarjet or other bone-
grafting procedures are widely accepted.4,6,8,9

Humeral bone defects or HilleSachs lesions, since
being described in 1940,10 have been reported in sub-
sequent studies to have a prevalence of up to 70% of
initial dislocations11,12 and up to 90% in recurrent
dislocations.11,13,14 Hill and Sachs, after reviewing
existing literature at that time, came to the conclusions
that these defects represented a compression fracture of
the posterolateral aspect of the humeral head, also
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known as HilleSachs lesion, that they were commonly
found in such cases of anterior glenohumeral disloca-
tion, and that they often occurred at the time of the
initial dislocation itself. 15 If the HilleSachs lesion stays
on the glenoid track, it is known as on-track lesion, and
there is no risk of engagement. If the HilleSachs lesion
is out of the glenoid track, it is known as off-track
lesion, and there is a risk of engagement and disloca-
tion.16 Burkhart and De Beer defined the concept of
engaging HilleSachs,6,17 whereby “engagement” of the
HilleSachs lesion on the anterior rim of the glenoid
occurred with the shoulder in 90 of abduction and
more than 30 of external rotation.17 These defects can
be treated by various proposed techniques.18-20 Among
these techniques, the remplissage procedure has been
accepted as a dependable method to treat humeral bone
loss and the risks of recurrent glenohumeral instability
associated with it, especially in the presence of mod-
erate (<20%) glenoid bone loss.17,21-24 French for “to
fill in,” the remplissage procedure, described by Wolf
and Pollack,25 involves advancement of the infra-
spinatus tendon and the posterior capsule into the
HilleSachs defect, with the help of suture anchors. A
modification of this technique to tie the sutures over
the infraspinatus tendon rather than over the muscle,
was described by Koo et al.26 The aims of the remplis-
sage technique are to prevent anterior translation of the
humeral head by making the infraspinatus tenodesis
acting as a checkrein and to convert the intra-articular
pathology into an extra-articular one.22 The outcome
studies of remplissage have demonstrated fine results
with high outcome scores and low recurrence
rates.11,17,21-24 The main cited drawback of remplissage
is the decrease in external rotation due to the infra-
spinatus tendon being tethered in a nonanatomic
location.11,22,27-29 Pain, mainly in the posterosuperior
region of the shoulder, is also a potential drawback of
the remplissage procedure.24,30-32 The purpose of our
study is to demonstrate whether arthroscopic remplis-
sage can achieve good outcomes without significantly
impairing shoulder function.
Our hypothesis is that arthroscopic remplissage pro-

cedure along with Bankart repair for the treatment of
anterior glenohumeral instability with engaging large
HilleSachs lesion without significant glenoid bone loss
is associated with good functional outcomes with no
significant notable loss of shoulder range of motion and
low rates of recurrent glenohumeral instability, and
postoperative complications.

Methods
We performed a retrospective follow-up of patients

who underwent the remplissage procedure along with
Bankart repair, from 2013 to 2016. The inclusion
criteria were age older than 18 years, patients with
diagnosed recurrent traumatic anterior instability,
presence of glenoid bone loss <20%, such that a
Bankart repair was indicated as opposed to a bone graft
procedure, presence of humeral bone loss between
20% and 40% of humeral head circumference as
determined by preoperative magnetic resonance imag-
ing (MRI) and computed tomography (CT), presence of
an engaging HilleSachs lesion on intraoperative dy-
namic evaluation, and postoperative follow-up of
minimum of 2 years.
Exclusion criteria used were the presence of anterior

glenoid rim fracture or glenoid bone defect >20% of
the inferior glenoid diameter such that a bone grafting
procedure is indicated, epilepsy, revision surgery after
failure of initial surgery.

Preoperative Evaluation
A detailed history was elicited from all the patients

regarding etiology of shoulder instability, mode of
injury, the hand dominance of the patient, involvement
in any sporting activities, the number of previous dis-
locations, and ease with which reduction of the
shoulder joint was carried out. Clinical examination of
the patient with respect to shoulder range of movement
and special tests for anterior glenohumeral instability.
An apprehension test, Jobe’s relocation test, and ante-
rior drawer test were carried out. Oxford Shoulder
Instability Score, University of California at Los Angeles
(UCLA) score, and Beighton’s scoring system for
hyperlaxity were calculated. Radiographs of the
involved shoulder in anteroposterior and axillary lateral
views (Fig 1) were done. Imaging in the form of MRI
(Fig 2) and CT scans (Fig 3) were done. The preoper-
ative 3-dimensional CT scans were used to determine
HilleSachs defect width and depth (Fig 3A) and the
percentage of the glenoid bone loss (Fig 3B) by using
the method described by Sugaya et al.33 on the en face
view. All patients were assessed by author (S.P.) and
coauthor (H.M.).

Surgical Procedure and Intraoperative Evaluation
All the surgeries were done under the cover of a

combination of hypotensive general anesthesia and
interscalene block. All the patients were positioned in
the lateral decubitus position with longitudinal and
vertical 2-pulley traction system (Fig 4). Evaluation
under anesthesia was done and the anterior shoulder
instability was confirmed. The glenohumeral joint was
entered through a primary posterior portal, such that it
was directly over the HilleSachs defect for the purpose
of viewing and anchor placement. The anterosuperior
portal (Fig 5), primarily used for visualization of the
Bankart tear and HilleSachs defect (Fig 5) while
working from the posterior portal, was placed slightly
posterior than normal, through the cuff. The presence
of an engaging off-track HilleSachs defect (Fig 5) was
dynamically evaluated. An anteroinferior portal also



Fig 1. Preoperative radio-
graph of the right shoulder
showing true ante-
roposterior (AP) and axil-
lary lateral views.
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was established, primarily as a working portal for the
Bankart repair. The glenoid was prepared, and
the anteroinferior glenoid labrum was mobilized to the
glenoid margin. Then, 3-4 single-loaded 2.3-mm suture
anchors (PEEK, BIORAPTOR; Smith & Nephew, And-
over, MA) were used to oppose the anteroinferior
labrum to the glenoid and sutures were passed but
knotting was not done at this point. Debridement of the
HilleSachs defect and preparation of a bed for place-
ment of an anchor was done. Through the posterior
portal, a 5.5mm triple loaded cuff anchor (Peek cork-
screw FT, Triple Play; Arthrex, Naples, FL) was inserted
in the center of the HilleSachs defect (Fig 6) (central
point of the defect in the mediolateral direction slightly
more toward articular surface of humerus as well as
superoinferior direction). The cannula (8-mm plastic
transparent cannula DRI-LOK disposable cannula, 8
mm*75 mm, threaded, red; Stryker, San Jose, CA) was
withdrawn external to the infraspinatus (Fig 7A) and a
penetrating bird-beak suture passer (Tissue Penetrator;
Arthrex) (Fig 7B) was used to pass 3 mattress sutures
through the infraspinatus tendon and the posterior
capsule (Fig 7C). Again, the knotting of these sutures
Fig 2. Preoperative T1-weighted magnetic resonance (axial) im
HilleSachs lesion.
was not done at this point. Using the anteroinferior
portal, the sutures of the Bankart repair were knotted
using a knot-pusher (DePuy Mitek, Raynham, MA),
such that the avulsed part of the anteroinferior glenoid
labrum was well opposed and firmly attached to the
glenoid margin (Fig 8A). Using the posterior portal, the
remplissage sutures were knotted. The stability of the
Bankart repair and remplissage procedure was checked
with dynamic movements of the shoulder after the
remplissage procedure (Fig 8B) was completed.

Postoperative Rehabilitation
The operated shoulder was immobilized for 3 weeks

postoperatively in an arm pouch. During the initial 3
weeks, hand grip, elbow, and neutral rotation exercises
were allowed, followed by pendulum exercise and
isometric cuff strengthening during the third to sixth
week. After 6 weeks, range of motion exercises were
started and at 12 weeks strengthening and proprio-
ception exercises were begun. Sports-specific training
and contact-sports were started once the patient had
gained full range of motion and stability, usually at
about 8 to 9 months after surgery.
age of the right shoulder showing the Bankart tear and



Fig 3. Preoperative
computed tomography scan
of the right shoulder. (A)
Axial image showing the
HilleSachs lesion. (B)
Sagittal image showing gle-
noid bone loss.
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Follow-up Postoperatively
The operated patients were called for follow-up after

3 weeks, 12 weeks, 6 months, 1 year, and yearly
thereafter. At each follow-up, the stability, mobility and
strength of the shoulder joint was assessed clinically by
the apprehension test, Jobe’s relocation test, and the
anterior drawer test. Functional scoring was done using
the Oxford Shoulder Instability Score and the UCLA
score, by the same independent surgeon (S.P.) who
evaluated the patients preoperatively. External and
internal rotation was assessed with the arm (90�

abduction) and with the elbow flexed at 90�. Failure of
the treatment was defined as any redislocation, sub-
luxation, or positive apprehension test at follow-up.

Statistical Analysis
Associations between patient characteristics (age, sex,

handedness, side of surgery) and patient outcome
measures pre- and postoperatively (range of motion,
apprehension test, Jobe’s relocation test, anterior
drawer test, Oxford Shoulder Instability Score, UCLA
Fig 4. Patient in the left
lateral position with opera-
tive right shoulder in 20�

forward flexion and 60�

abduction showing traction
and countertraction system
used for Bankart and
remplissage repair.
score, number of postoperative dislocations) were
examined. Statistical analysis was performed using the
paired t test and the Wilcoxon signed rank test, as
applicable. For all analyses, statistical significance was
deemed present if P < .05.

Results

Demographic Characteristics
Out of the 30 patients who met our inclusion criteria

and were included initially in our study, 6 patients
(20%) were lost to follow-up, leaving 24 patients (and
24 shoulders) available at follow-up. All patients un-
derwent primary surgery (100%), and there were no
revision surgeries in our study. The average duration of
follow-up in our study was 33 months (range, 24-41
months). The average age of the patients at surgery was
30 years (range, 18-47 years). There were 22 (91.67%)
male patients in our study and 2 (8.33%) female pa-
tients. The left shoulder was operated upon in 11
(45.83%) patients and the right in 13 (54.17%)



Fig 6. Patient in the left lateral position with right shoulder in
20� forward flexion and 60� abduction. Arthroscopic viewing
through the anterosuperior portal showing anchor being
inserted in HilleSachs lesion.

Fig 5. Patient in the left lateral position with right shoulder in 20� forward flexion and 60� abduction. Arthroscopic viewing of
Bankart tear and HilleSachs defect through anterosuperior portal.
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patients. In total, 75% (n ¼ 18) of the patients under-
went surgery on the dominant extremity, whereas in
25% (n ¼ 6) the opposite, non-dominant shoulder was
operated upon.

Preoperative Examination and Scoring
For comparing preoperative and postoperative range

of movement of affected shoulder, preoperative range
of movements of unaffected shoulder was taken as
patients had pain and apprehension in the affected
shoulder. The average active forward flexion and
extension of the unaffected normal shoulder were
178.33� (�4.81�) and 66.25� (�5.76�), respectively.
Average abduction was 177.08� (�5.50�). The average
internal and external rotations in 90� abduction of the
normal shoulder were 77.5� (�4.23�) and 74.58�

(�7.21�). Positive apprehension, Jobe’s relocation, and
anterior drawer tests were present in all 24 patients
(100%) preoperatively. Average glenoid bone loss was
7.55% (�3.34%). Average HilleSachs lesion was
23.79% (�5.54%) by head circumference method.
Average width of HilleSachs lesion was 20.29 mm
(�3.61 mm) and average depth of HilleSachs lesion
was 7.41 mm (�1.5 mm). The average Oxford shoulder
instability score for the involved shoulder preopera-
tively was 21.95 (�3.09) with range 17 to 30. The
average UCLA score was 18.33 (�3.60), ranging from
14 to 24 (Table 1). The Beighton scoring system was
negative for hyperlaxity i.e., �3 in all 24 patients
(100%).

Intraoperative Findings
All 24 patients (100%) had a Bankart tear (ante-

roinferior glenoid labrum tear) with associated glenoid
bone loss covering <20% of the width of the glenoid. A
HilleSachs lesion causing humeral head bone loss
between 20% and 40% was present in all the 24 pa-
tients (100%). All cases (n ¼ 24) had an engaging large
HilleSachs lesion which was determined on dynamic
evaluation intraoperatively. No rotator cuff tears were
present in any of the patients, but 1 patient (4.17%)
had an associated SLAP tear, which was repaired at the
same time.

Postoperative Examination and Scoring
At follow-up, the average active forward flexion and

extension of the operated shoulder were 177.08�

(�5.50�) and 65.41o (�7.79�), respectively. Average
abduction was 175o (�8.34�). The average internal and
external rotations in 90� abduction of the operated
shoulder were 75.83� (�6.53�) and 71.25�(�9.91�), of
which 75% (n ¼ 18) did not have reduction in external



Fig 7. Patient in the left lateral position with right shoulder in 20� forward flexion and 60� abduction. Arthroscopic viewing
through Anterosuperior portal. (A) Cannula withdrawn external to infraspinatus. (B) Bite taken with direct suture passer. (C)
Sutures being passed through infraspinatus and posterior capsule.

e700 S. PATHAK ET AL.
rotation but 25% (n ¼ 6) had reduced external rotation
compared with opposite normal shoulder. This loss of
range of external rotation was from 0 to 20� and on an
average, the patients lost 3.33o (n ¼ 24) of external
rotation (Table 1). Other loss of movements were 1.25�
Fig 8. Patient in the left lateral position with right shoulder in 20�

through the posterior portal showing repaired Bankart tear. (B)
completion of remplissage procedure.
of forward flexion (P ¼ .43), 0.83� of extension (P ¼
.41), 2.08� of abduction (P ¼ .16), and 1.67� of internal
rotation (P ¼ .10). One patient (4.17%) on follow-up
had positive apprehension, Jobe’s relocation, and
anterior drawer tests, whereas it was negative in 23
forward flexion and 60� abduction. (A) Arthroscopic viewing
Arthroscopic viewing through the anterosuperior portal after



Table 1. Patient’s Preoperative and Postoperative Range of Motion and Functional Scores

Preoperative
(Contralateral Shoulder)

Postoperative
(Affected Shoulder) Difference P Value

Forward flexion 178.33 � 4.81 177.08 � 5.50 1.25 .43
Extension 66.25 � 5.76 65.41 � 7.79 0.83 .41
Abduction 177.08 � 5.50 175 � 8.34 2.08 .16
Internal rotation 77.5 � 4.23 75.83 � 6.53 1.67 .10
External rotation 74.58 � 7.21 71.25 � 9.91 3.33 .062
UCLA score 18.33 � 3.60 30.29 � 2.58 11.96 <.001
Oxford Shoulder Instability Score 21.95 � 3.09 41.29 � 2.31 19.34 <.001

UCLA, University of California at Los Angeles.

ARTHROSCOPIC BANKART AND REMPLISSAGE e701
patients (95.83%). The average Oxford Shoulder
Instability Score for the involved shoulder increased
from 21.95 � 3.09 preoperatively to 41.29 � 2.31 (P <
.001) postoperatively. The average UCLA score
increased from 18.33 � 3.60 preoperatively to 30.29 �
2.58 (P < .001) postoperatively, thereby depicting sta-
tistically significant (P < .01) improvement in both
Oxford shoulder instability and UCLA scores at follow-
up (Table 1).
Two patients (8.33%) on follow-up complained of

posterosuperior pain of the operated shoulder. No pa-
tient in our study experienced a redislocation or sub-
luxation postoperatively. However, 1 patient (4.17%)
had a positive apprehension test at follow-up and was
dissatisfied with the procedure. Therefore, the overall
failure rate of our study is 4.17% (1 of 24).

Discussion
In our study of patients who underwent surgery, the

average UCLA score increased from 18.33 � 3.60 pre-
operatively to 30.29 � 2.58 (P < .001) postoperatively,
which is similar to findings in other previous
studies.27,34,35 The average Oxford Shoulder Instability
Score for the involved shoulder increased from 21.95 �
3.09 preoperatively to 41.29 � 2.31 (P < .001) post-
operatively, which is comparable to a similar under-
taken study by Brilakis et al.36

In our study 25% (n ¼ 6) had reduced external
rotation postoperatively. This loss of range of external
rotation was from 0 to 20� and, on an average, the
patients lost 3.33� (n ¼ 24) of external rotation post-
operatively compared with preoperative external rota-
tion of normal shoulder. The overall failure rate of this
study was 4.17% (0 redislocations, 0 subluxations, and
1 positive apprehension test of 24 patients).
A high failure rate after arthroscopic Bankart repair is

found in patients with prominent bone defect on either
the glenoid or the humerus.5-7,17 The extent of the
contribution of an engaging humeral HilleSachs lesion
to recurrent instability was studied by Burkhart and De
Beer6 in 2000. The involvement of a large, engaging
HilleSachs lesion in recurrent glenohumeral instability
has since been widely studied and acknowledged.20,22
Large humeral HilleSachs defects were treated by an
open transfer of the infraspinatus tendon into large
HilleSachs lesions in 1972, by Connolly. In 2004, at the
annual meeting of the Arthroscopy Association of
North America, Wolf and Pollack25 put forth their
technique, “Arthroscopic HilleSachs remplissage,”
which was an arthroscopic transfer of infraspinatus
tendon into the HilleSachs lesion. It was further pub-
lished and popularized by Purchase et al. in 2008. The
outcome studies on remplissage procedure have
demonstrated fine results with improved high outcome
scores, high patient satisfaction rates, and diminished
recurrence and complication rates.17,21,22,24

There was no significant loss of shoulder movement
at follow-up, which is comparable with similar
studies.21-24,34 Theoretical loss of external rotation after
surgery is cited as one of the main drawbacks of the
remplissage procedure.22,27-29 A statistically significant
loss of external rotation was described by Deutsch and
Kroll37 in their study. In our study postoperatively 25%
(n ¼ 6) had reduced external rotation. This loss of range
of external rotation was from 0 to 20� and, on average,
the patients lost 3.33� (n ¼ 24) of external rotation
postoperatively compared with preoperative external
rotation of normal shoulder. This loss of external rota-
tion (3.33�) that we observed in our study is well within
the range quoted by other studies of 2� to 9�, all of
which did not find a significant difference.11,17,36 Loss
of external rotation also depends on surgical technique,
and the authors feel that this is partly because we
captured only 1 to 1.5 cm of infraspinatus tendon (just
lateral to musculotendinous junction of infraspinatus)
while doing remplissage procedure. Thus, the remplis-
sage procedure does not cause any clinically significant
loss of external rotation, although some studies
continue to express contrasting reports.28,38 Pain in the
posterosuperior region of the shoulder was experienced
by 2 patients (8.33%) postoperatively, which is in
accordance with certain studies.31,32 This poster-
osuperior pain was felt more during forceful move-
ments of the shoulder or when tired.
The overall failure rate of this study was 4.17% (0

redislocations, 0 subluxations, and 1 positive



e702 S. PATHAK ET AL.
apprehension test, of 24 patients). Failure of the treat-
ment was defined as any redislocation, subluxation, or
positive apprehension test at follow-up. This failure rate
of 4.17% is comparable with other studies, where the
range of failure reported is 2% to 15%.17,21,24,39

Our hypothesis therefore holds true, as arthroscopic
remplissage procedure along with Bankart repair for
the treatment of anterior glenohumeral instability with
engaging HilleSachs lesion, is associated with good
postoperative functional shoulder outcomes, low fail-
ure, complication rate, no notable loss of shoulder
range of motion.

Limitations
Our study, however, is not without its limitations.

First, there is an inherent set of limitations associated
with the retrospective nature of the study, one being
recall bias. Also, a larger sample size and a longer
follow-up period would have given us a larger and
clearer picture about the outcome of the remplissage
procedure. There is a lack of a control group comprising
patients operated with isolated Bankart repair. Also, no
postoperative MRI was done for the patients to docu-
ment healing of the Bankart repair and the infra-
spinatus tendon within the HilleSachs lesion.

Conclusions
Arthroscopic Bankart repair with the remplissage

procedure helps to re-establish stability and achieve
good shoulder outcomes for patients with recurrent
anterior glenohumeral dislocation and an engaging
HilleSachs lesion and without significant glenoid bone
loss.
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