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Remplissage —when and how to fill in the defect
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Abstract: Hill-Sachs lesions can be seen in 65-80% of initial glenohumeral dislocations, and up to 100%
of recurrent instability episodes. Engaging Hills-Sachs lesions have been described as those that occur when
the long axis of the humeral head defect is parallel to the anterior glenoid rim, allowing the humeral head
defect to fall off of the glenoid fossa in essence becoming levered anteroinferiorly to the glenoid fossa. More
recently, an arthroscopic technique, which involves soft tissue interposition into the humeral defect, known
as remplissage (French: to fill in) procedure, has been developed to prevent Hill-Sachs lesion engagement

on the glenoid rim. The purpose of this paper is to review the current literature surrounding the technique,

indications, outcomes, and complications of this procedure.
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Introduction/background

The complex interaction of dynamic and static stabilizers of
the glenohumeral joint promote superior range of motion
yet given the anatomic bony structures, the shoulder is
susceptible to instability. Traumatic unidirectional instability
events most commonly lead to anteroinferior labral and
glenoid injury, with capsulolabral avulsions known as
soft-tissue Bankart lesions. However, with unidirectional
instability, bony lesions, including bony Bankart defects and
Hill-Sachs lesions on the humerus can arise, contributing to
more complex shoulder pathology (1-3).

The first descriptions of humeral head defects in the
literature appeared in the 19" century by Flower, Broca,
and Hartmann; a humeral head defect sustained after
glenohumeral dislocation (4,5). In 1941 Hills and Sachs
further characterized the posterior-superior fractures of the
humerus ensuing from impaction of the posterior-superior
aspect of the humeral head against the dense anteroinferior
glenoid cortical rim (6) (Figure I). Subsequently, these
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lesions were further explored, with demonstration of
engaging Hills-Sachs lesions that occur when the long axis
of the humeral head defect is parallel to the anterior glenoid
rim, now better characterized as Off-track lesions, allowing
the humeral head defect to fall off of the glenoid fossa (7-9)
in essence becoming levered anteroinferiorly to the glenoid
fossa (Figures 1,2). This research provides an understanding
for the mechanism through which recurrent anterior
dislocations can occur.

Hill-Sachs lesions can be seen in 65-80% of initial
glenohumeral dislocations, and up to 100% of recurrent
instability episodes (10,11). Given the complex three-
dimensional nature of such lesions, failure rates as high as
67% have been reported with arthroscopic Bankart repair
alone (8). Therefore, several procedures have been proposed
to address these humeral head defects including humeral
head osteotomy, osteochondral allograft, humeroplasty,
anterior capsular plication, and limited resurfacing
arthroplasty (12,13). While many of these procedures
do result in acceptable clinical outcomes (14), they are
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Figure 1 Arthroscopic view of Hill-Sachs lesion on the left

adjacent to anterior glenoid rim on the right.

Figure 2 Arthroscopic image of Hill-Sachs lesion engaging with

anterior glenoid rim.

Figure 3 Arthroscopic image of anchor being placed in humeral
defect.

performed in an open surgical approach and are associated
with complications such as implant, malfunction, nonunion,

and glenohumeral osteoarthritis (15). More recently,
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an arthroscopic technique which involves soft tissue
interposition into the humeral defect, known as remplissage
(French: to fill in) procedure, has been developed to prevent
Hill-Sachs lesion engaging on the glenoid rim (16). This
review will discuss the current literature surrounding the
arthroscopic remplissage procedure and address the gaps in
knowledge concerning this relatively new procedure.

Outline of technique

While the term remplissage was coined by Purchase er al.
when describing their arthroscopic technique in 2008,
the open procedure was originally described by Connolly
in 1972 (17). Connolly proposed open tenodesis of the
posterior joint capsule and infraspinatus tendon into the
humeral defect, which converts the lesion from an intra-
articular to an extra-articular defect, thus preventing
engagement of the Hill-Sachs lesion on the glenoid rim.
Moreover, limited anterior translation is accomplished,
overall conferring enhanced glenohumeral joint stability
despite the incurred bony defect(s).

This technique was first modified for arthroscopic
surgery by Purchase er al., to treat “traumatic shoulder
instability in patients with glenoid bone loss and a large Hill-
Sachs lesion.” (16,18). Briefly, their technique consisted of
positioning the patient in the lateral decubitus position
before establishing a posterior portal at the lateral convexity
of the humeral head. This portal serves as an arthroscopic
viewing portal as well as a working portal, allowing adequate
access to the lesion. Following creation of anteroinferior
and anterosuperior portals, the camera is placed in the
anterosuperior portal. Utilizing the posterior portal, the
lesion is eburnated with a bur, removing only a minimal
amount of bone. In preparation for a Bankart repair, the
anterior labrum and glenoid neck were prepared before
proceeding with remplissage. Subsequently, a cannula is
placed in the posterior portal through the deltoid with
care to avoid penetration of the infraspinatus and capsule.
Through this portal, an anchor can be placed in the inferior
aspect of the humeral defect (Figure 3). Next, a penetrating
grasper is passed through the tendon and posterior capsule,
about 1 cm inferior to the initial portal entry site, to
retrieve one suture limb (Figure 4). Then, a second anchor
is placed in the superior aspect of the defect and a suture
limb passed in an identical fashion. The inferior sutures are
tied first, followed by the superior sutures, ensuring that all
knots remained extra-articular (Figure 5). In this manner,
the infraspinatus and capsule are sunk drawn into the lesion
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Figure 5 Arthroscopic image of suture tied down from

subacromial space.

Figure 6 Arthroscopic image of “filled” humeral head defect.

via mattress sutures. After completion of the remplissage,
Bankart lesions are then repaired (Figure 6).

In 2009, Koo er al. described the first large modification
to the arthroscopic technique with the goal of creating a
larger footprint of fixation (19). Their technique, known
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as the double-pulley remplissage technique, begins in
comparable fashion to that described by Purchase and
Wolf. The patient is placed in the lateral decubitus position
and similar portals are created. Afterwards a subacromial
bursectomy is performed in order to prevent interference
of bursal tissue during knot-tying. In contrast to the
original procedure, a Bankart labral lesion is approached
with placement suture anchors. These sutures are retrieved
through the anteroinferior portal and left untied. The Hill-
Sachs lesion is freshened with a bur placed in the posterior
portal and afterwards, a posterior cannula is placed through
the deltoid without penetration of the infraspinatus tendon
or capsule. Following placement of two transtendon suture
anchors in the Hill-Sachs lesion, the Bankart repair sutures
are tied. Only thereafter are the remplissage sutures tied
above the infraspinatus tendon from within the subacromial
space, through use of the transtendon double-pulley
technique. This technique ties one strand from each suture
anchor over a switching stick. The two remaining free ends
are pulled, effectively using the anchor eyelets as pulleys
to slide the knot onto the infraspinatus in double-mattress
fashion.

While the two procedures detailed above are the main
iterations of the remplissage technique, there have since
been many variations published. Camp ez 4/. described
a variation of the original remplissage technique,
incorporating only the capsule into the repair as a method
of minimizing undue stress on the rotator cuff (20). Another
version utilizes a partial articular supraspinatus tendon
avulsion (PASTA) repair kit to avoid the need to retrieve
sutures in the subacromial space, eluding formation of
larger rotator cuff defects, all the while providing direct
visualization of the fixation of the capsule and cuff onto the
Hill-Sachs lesion—all advantages worth considering (21).
One last modified version of the original procedure was
described by Bhatia, who not only placed the patient in a
beach-chair position, but also utilized a double suture knot,
called the double barrel knot, to produce a more predictable
amount of repair tensioning (22).

There have also been several variations of the remplissage
procedure Koo er al. described. Alexander et 4/. modified
Koo’s technique through the use of a single percutaneous
skin and deltoid incision, which is exploited for placement
of both anchors (23). Other modifications, with beach-chair
positioning of the patient have been described (24). Lastly,
a combined arthroscopic Hill-Sachs remplissage with open
Latarjet procedure performed in patients with combined
bony defects that are “off-track” (9,25) has been described.
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In this setting, suture anchors are arthroscopically placed in
the humeral defect, the open coracoid transfer is completed,
and then the tendinocapsular fixation into the Hill-
Sachs defect is performed. While these techniques have
different technical advantages, none have been shown to be
superior in terms of outcomes, and choice of technique is
mostly dictated by surgeon preference for positioning and
efficiency.

Indications

Studies that have looked at the efficacy of this procedure
have varying indications. The first study to outline this
procedure by Purchase and Wolf was in a series of patients
with traumatic anterior shoulder instability who had bony
lesions of the posterior humeral head (Hill-Sachs) and
<25% anterior glenoid deficiency (Bigliani grade IIIA), in
which the Hill-Sachs lesion engaged the glenoid at the time
of surgery (16,18). Purchase suggested that remplissage is an
effective arthroscopic augment to Latarjet or similar bone
grafting procedures done for substantial glenoid bone loss.
Subsequently, several studies have been described, which
investigate the outcomes of the remplissage procedure,
using the same indications (26-32).

A systematic review of this procedure was described by
Buza et al. (33). All of the studies included in the review
agreed that the authors preferred to see evidence of the
Hill-Sachs lesion on preoperative imaging to consider
remplissage but the final decision to perform the procedure
was based on the engagement of the humeral head defect
on the anterior glenoid rim during dynamic arthroscopic
assessment. Furthermore, all the included studies in this
review agreed that patients needed to be without substantial
glenoid bone loss: most cited less than 25% osseous
deficiency of the glenoid for the remplissage procedure to
be considered.

More recently, the concept of the glenoid track has
been described by Itoi e 4l. and may serve as an indication
for remplissage (9). Through use of 3-D CT, Itoi er al.
demonstrated that as the arm was raised the glenoid contact
area shifted to the superolateral portion of the articular
surface of the humeral head and defined this contact area
as the glenoid track. They further demonstrated those
Hill-Sachs lesions that are within the medial margin of the
glenoid track allow for bony stability and non-engagement
defined an “on-track” lesion, while those Hill-Sachs lesions
that are medial to the medial margin of the glenoid track
cause loss of bony support and engage the glenoid defined
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as an “off-track” lesion. Utilizing the glenoid track concept,
Hartzler er al. conducted a study on frozen cadaveric
shoulders to determine if remplissage could be utilized for
“off-track” Hill-Sachs lesions (34). They found that with a
15% glenoid defect, adding remplissage to Bankart repair
prevented engagement throughout rotation for all eight
shoulders with engaging lesions, especially at end-rotation
where Bankart repair alone prevented engagement in none
of the shoulders. This study demonstrates that assessment
of the glenoid track may also serve as an indication for
remplissage repair.

A recent survey distributed to members of the American
Shoulder and Elbow Society further demonstrates the
increasing consensus that in the setting of engaging Hill-Sachs
lesions, remplissage procedure should be considered (35).
In this survey, 60% of surgeons recommended a remplissage
procedure when provided with a case scenario detailing a
“weekend warrior” with a large engaging Hill-Sachs lesion.

While most studies suggest decision of whether or not
to perform the remplissage procedure should be based
on the aforementioned criteria, there are some studies
that include the Instability Severity Index Score (ISIS), a
preoperative evaluation tool (36) that determines the risk
of failure following isolated arthroscopic Bankart repair.
Included in the ISIS system is an assessment of Hill-Sachs
lesion, where 2 points (of total 10 points) are allotted for
its presence on AP radiograph, which may be used to
determine indication for remplissage (36). Nourissat et al.
conducted a prospective study that investigated Latarjet
alone vs Latarjet and remplissage for patients with anterior
shoulder instability and utilized ISIS to determine which
patients should receive remplissage procedure in addition to
the coracoid transfer (37).

Lastly, the preoperative physical exam under anesthesia
can be helpful in this decision-making process. If the lesion
locks during the anterior load-and-shift test performed
with the arm abducted in the scapular plane, an engaging
Hill-Sach has been demonstrated (20). This can also be
confirmed intraoperatively with the arthroscope in the
glenohumeral joint, while taking that patient through range
of motion testing.

Outcomes

The advantages of the remplissage technique over other
techniques to repair posterior humeral defects are the
minimally invasive nature of using an arthroscopic
approach, shorter recovery time, and avoidance of the
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complications associated with bone grafting, as well as
excellent clinical outcomes. Many studies have investigated
these outcomes in depth utilizing validated shoulder scores
and range of motion measurements. The findings of Wolf
et al. (18) on the remplissage technique demonstrated a
mean postoperative Rowe score of 92, Constant score
of 92, and a Western Ontario Shoulder Stability Index
Score of 224. Only 4.4% of the cohort had recurrence of
shoulder instability resulting from traumatic events while
participating in sports, and no limitation to external rotation
was observed in the cohort.

Since this initial study, multiple other studies have
confirmed that the remplissage procedure provides
significant anterior shoulder stability and improved
functionality, with minimal limitation in range of motion.
Zhu et al. found an average loss of 1.9 degrees of external
rotation, and significant improvement in the ASES
(84.7 vs. 96.0), Constant (93.3 vs. 97.8) and Rowe (36.8
vs. 89.8) scores (26). Brilakis er /. had similar findings,
demonstrating ASES scores that increased by a mean of
20 points and Rowe scores that increased by more than 50
points (29).

Many systematic reviews have also compiled the
outcomes of remplissage procedures. One by Buza et al.
demonstrated a substantial increase in mean Rowe scores
postoperatively (mean of 36.1 preoperatively to 87.6
postoperatively), 89% of patients had a good to excellent
postoperative Walch-Duplay score, and 80% of patients had
a successful return to sport (33). More importantly, while
forward elevation increased from 165.7° preoperatively to
170.3° postoperatively, the mean external rotation, initially
thought to yield significant impairment due to tethering
of the infraspinatus tendon, only decreased from 57.6° to
54.6°. The reported recurrence rate of these six studies was
minimal (5.4%). Leroux ez al. conducted another systematic
review that not only demonstrated a low rate of recurrent
instability (3.4%), but also high patient satisfaction after
remplissage (98.4%) (38). Lastly, Rashid ez /. showed a
mean recurrence rate of 4.2% with a mean decrease in
external rotation of 11° and a mean decrease in internal
rotation of 0.9° (39).

Remplissage has also been compared to other procedures
that treat anterior shoulder instability. Nourissat er a/.
investigated the effect of remplissage on shoulder range of
motion as compared to arthroscopic Bankart alone (37).
They found that the average difference between the
patients range of motion in the operative arm was greater
in the remplissage group, and this was not statistically
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significant. They also found no difference in recurrence
rates of shoulder dislocation. Franceschi et 4/. compared
arthroscopic remplissage with Bankart verses Bankart
alone. In their cohort, no instability recurrence was seen in
the remplissage group while the Bankart alone group had
five recurrent episodes of instability, a rate of 20% (28).
Garcia et al. found an even higher rate of failure in
patients undergoing Bankart alone for large engaging
Hill-Sachs lesions, with 57% of patients failing after the
Bankart procedure verses 20% in patients who underwent
remplissage with Bankart repair (31).

Remplissage has also been compared to osteochondral
substitute grafting. Garcia er 4/. demonstrated the
remplissage group reported significantly better WOSI
scores (74.7) when compared to patients who underwent
grafting (50.4), when controlling for sex, age, lesion size,
and follow-up differences (40). Remplissage has also been
compared to Latarjet procedures. However this has only
been reported in cadaveric studies, which have not shown a
difference in instability (41,42).

Excellent outcomes in patients who participate in
sports have also contributed to the widespread adoption
of the remplissage procedure. Boileau ez 4/. demonstrated
an average loss in external rotation of 8° with the arm in
adduction and 9° with the arm in abduction, and found a
return to sports rate of 90%, with 70% of these patients
returning at the same preoperative level (43). They reported
only 1 patient out of 47 who experienced recurrence of
shoulder instability. Garcia et 4l. also investigated return
to sports post remplissage procedure in throwing athletes.
Ninety-five percent of patients were able to return to sports,
with 81% returning to prior level. Overall, 65% reported
an impact on their ability to throw, with 34.5% reporting
decreased velocity, 17.2% reporting pain with throwing, and
58.6% reporting stiffness (44). Therefore, caution is advised
when considering remplissage for the throwing athlete.

In terms of the intended anatomical aim of the
technique—to fill the humeral head defect with tendon—
multiple studies have demonstrated this technique’s success.
Park et al. took postoperative 3-T protocol MRI’s with
the shoulder in the abduction-external rotation (ABER)
and neutral positions at the time of the latest clinical
examination. The humeral head defect was measured
as an ellipsoid mathematical formula using the largest
measurements at coronal, sagittal, and axial images as
vertical, major, and minor axis values. The percentage
fill by the tendon was measured based on previously
outlined ellipsoid volume calculations and categorized as a
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Table 1 FISOR scoring system

Points allotted

Filling on MRI (points)
Complete filling 4
Partial filling with minor defect 3
Partial filling with major defect 2
Minimal filling with significant free fluid level 1
Filling failure with dehiscence 0

FISOR, Filling Index Score of Remplissage; MRI, magnetic
resonance imaging.

percentage of the defect size: 0-25%, 25-50%, 50-75%, and
75-100%. They found that the technique filled anywhere
from 75-100% of the defects repaired with remplissage (45).
A similar study utilized MRI images to create a filling index
score, Filling Index Score of Remplissage (FISOR), that was
used to assess the structural outcomes of the remplissage
procedure. The study enrolled 23 patients who underwent
arthroscopic Bankart repair with a remplissage procedure
for a large or engaging Hill-Sachs lesion confirmed by
arthroscopic findings. The postoperative filling index was
classified into five categories by axial and sagittal views of
T2-weighted images on magnetic resonance arthrography
(1able 1). FISOR was calculated from the sum of points in
the axial and sagittal planes. The FISOR was 8 points in
13 patients, 7 points in 2 patients, 6 points in 3 patients,
5 points in 1 patient, 4 points in 1 patient, 3 points in 1
patient, 2 points in 1 patient, and 0 point in 1 patient.
Further studies may correlate this new filling index score,
FISOR, with clinical outcomes (46).

Complications

Overall, complications following remplissage are not
very common with multiple studies citing almost no
complications (18,33,47). The most commonly reported
complication of the remplissage procedure has been loss
of range of motion, specifically external rotation with arm
at side of trunk. Most studies quote a minimal decrease in
external rotation ranging anywhere from a loss of 1.9° to
11°(26,33,39,43). In at least one case study, a patient had a
severe loss of external rotation that was still present 2 years
following this procedure which necessitated arthroscopic
release of the tenodesed infraspinatus (48). Yet, patients with
severe loss of external rotation are not widely described.
Other studies have shown no significant difference in
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external rotation postoperatively (18). Decreased external
rotation is thought to be caused by inclusion of muscle
fibers of the infraspinatus tendon or the musculotendinous
junction, making it more of a myodesis. Cadaveric studies
by Elkinson et al. and Garcia et al. have shown there is
variability in accurately placing sutures in the infraspinatus
tendon, and found decreased glenohumeral stiffness could
be avoided just by placing sutures 1 cm lateral to the
authors’ initial fixation site (49,50). Currently, there are
new techniques that use the posterolateral acromion as
an anatomic landmark to increase the accuracy of suture
passage through the infraspinatus tendon (51). Furthermore,
recent cadaveric studies have demonstrated this restriction
of motion is more pronounced for larger Hill-Sachs lesions,
as expected, which should prompt the surgeon to warn
such patients preoperatively about the likelihood of this
restriction of motion postoperatively (52).

In addition to range of motion deficits, posterior
shoulder pain has been reported as another complication
of this procedure. In a study by Nourissat ez 4., they found
persistent posterior shoulder pain in one third of patients at
2 years of follow-up (37). The pain is thought to be related
to impingement or to partial healing of the tendon. No
other studies have reported such a significant incidence
of posterior shoulder pain. Since this study, others have
suggested that inaccurate suture placement may also play a
role in pain generation (50).

Infraspinatus weakness after this procedure has also been
reported. Merolla ez 4/. looked at the infraspinatus strength
test and infraspinatus scapular retraction test, and found the
remplissage group had an average maximum infraspinatus
strength test measurement of 0.4 kg less than their control
group, and an average maximum infraspinatus scapular
retraction test of 0.2 kg less than their control group. Both
differences were not found to be statistically significant (30).

To our knowledge, the literature on remplissage
procedure complications has shown only one instance of
postoperative biceps tenosynovitis, and one incident of
ulnar nerve palsy (29,33). A reoperation was required in the
former case, namely biceps tenodesis, which brought about
resolution, while the latter was self-limiting in nature.

Discussion and conclusions

The remplissage procedure is an arthroscopic technique
used to treat anterior shoulder instability in patients with
large Hills-Sachs lesions. Current indications for the
procedure focus on patients with recurrent instability with
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an engaging Hill-Sachs lesion and minimal anterior glenoid
deficiency, with intraoperative findings consistent with this
diagnosis. The technique involves the use of arthroscopic
tools to incorporate the tendon of infraspinatus and capsule
within the humeral lesion to prevent continued engagement
on the anterior glenoid and subsequent shoulder instability;
in essence taking an intra-articular defect and turning it
into an extra-articular defect. While the technical aspects
of the technique can be modified, the procedure always
involves the use of two anchors to fixate the tendon within
defect. Different techniques can be utilized for efficiency
or for patients with coexisting bony defects in addition
to the humeral defect. Outcomes for this procedure have
been favorable. For patients with large engaging Hill-
Sachs lesions, remplissage has been proven to be superior
to Bankart repair alone. Most patients have excellent
outcome scores with minimal recurrent anterior shoulder
instability reported. Furthermore, range of motion does
not seem to be significantly decreased in most patients. The
complications include minimal deficits in range of motion,
namely a decrease in external rotation.

Gaps in knowledge concerning this technique remain,
with some controversy regarding cut-off size of Hill-Sachs
lesion for which the remplissage technique is most effective.
Furthermore, while there is concern for postoperative
deficits in range of motion, this has not been shown to be
statistically significant, and only clearly demonstrated in
cadaveric studies. Prospective randomized cohort studies
could further elucidate the impact on patient range of
motion, pain, and shoulder outcome scores. Lastly, while
this procedure seems to have gained widespread acceptance
among the shoulder surgeon community, there have
been no studies looking at the trends of the remplissage
procedure within the United States in treating anterior
shoulder instability. Nonetheless, remplissage is a successful
arthroscopic procedure for anterior shoulder instability.
Future research should be directed to better refine the
indications, further describe potential complications,
and supplement an understanding of its utilization in the
population of patients with anterior shoulder instability.
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