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and potentiate recurrence. Engaging Hill-Sachs lesions clearly increase risk of recurrent
instability when not addressed surgically. Arthroscopic remplissage, in conjunction with
Bankart repair, has proven to be a safe and effective means to treat anterior gelnohumeral
instability. Remplissage, when executed properly, favorably alters the “glenoid track” and
thus lessens the risk of glenohumeral engagement in abduction external rotation. Remplis-
sage is a biologic tissue transfer that confers much less morbidity than glenoid bone graft-
ing procedures (Latarjet), while demonstrating comparable efficacy.
Oper Tech Sports Med 27:35-41 © 2019 Elsevier Inc. All rights reserved.
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Introduction

The association of humeral head defects with anterior gle-
nohumeral instability has been described for many

years. In 1940, Drs Hill and Sachs described the infamous
Hill-Sachs lesion—a “line of condensation” in the posterolat-
eral aspect of the humeral head frequently recognized in
patients who had sustained a previous anterior dislocation
event.1 This lesion was posited to be essentially a compres-
sion fracture resulting from impaction of the largely cancel-
lous bony humeral head against the more cortically dense
anterior glenoid during an anterior dislocation event.
Much has been elucidated regarding the association of gle-

noid bone loss as both a sequela and predictor of anterior
glenohumeral instability.2 However, the contributing role of
humeral head defects is equally important.3 The notion of an
“engaging” Hill-Sachs was first popularized by Palmer and
Widen in 1948, where the authors detailed the inherent fail-
ure of isolated capsulolabral repair to sufficiently stabilize
shoulders presenting with sizable humeral head defects.4

Burkhart and De Beer in 2000 further defined an engaging
Hill-Sachs lesion as a “defect parallel to the anterior glenoid
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with the shoulder in a functional position of abduction and
external rotation” and emphasized the appreciably increased
recurrence risk this lesion posed.2 More contemporary stud-
ies have revealed that Hill-Sachs defects are found in 65%-
71% of first-time dislocators, and up to 100% of recurrent
anterior glenohumeral instability patients.5
Tissue Filling and Remplissage
Surgical management of glenohumeral instability uniformly
addresses gleno-labral pathology, specifically both capsulola-
bral repair and repair or augmentation of deficient glenoid
bone.6 However, in the setting of engaging humeral head
defects (Fig. 1), other options must be considered. The gle-
noid track concept, introduced by Yamamoto,7 delineates
the critical and synergistic interplay between glenoid and
humeral bone loss. “Engaging” Hill-Sachs lesions will articu-
late with the anterior glenoid rim in a position of 90°
humeral abduction and 90° external rotation—the position
in which most anterior instability events occur. “Engaging”
Hill-Sachs lesions will fall medial to the glenoid track, the
area on the humeral head where the glenoid consistently
remains in contact (Fig. 2). To prevent engagement, one may
restrict external rotation so that the 90-90 position of engage-
ment is not reached. However, profound external rotation
restriction may potentiate the early onset of osteoarthritis by
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Figure 1 Large engaging Hill-Sachs lesion.

Figure 2 Smaller but more medial Hill-Sachs lesion will have high
risk of engagement.
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Figure 3 Synthetic bone grafting for small Hill-Sachs lesion.
increasing glenohumeral joint reactive forces, promoting
posterior subluxation, and depriving appreciable areas of the
humeral articular surface contact with the glenoid.8,9

Other means of addressing anterior instability include gle-
noid bone augmentation, humeral head dis-impaction,
humeral head resurfacing, synthetic bone plug10 (Fig. 3),
humeral allograft, and tissue filling.6 The effectiveness of
each of these options has been well described in the literature
but deserve some mention.
Glenoid bone augmentation (Bristow, Latarjet) will widen

the glenoid track and thus lessen engagement.11 These pro-
cedures have gained much favor and clearly have merit in
the presence of appreciable glenoid bone loss and will be
covered in detail in other chapters. However, when used in
the absence of substantial glenoid bone loss (less than 15%),
bone resorption may manifest in the coracoid graft.12 This is
a consequence of Wolf’s law, which states that bone sub-
jected to minimal mechanical stress would be expected to
atrophy.13

Disimpaction of a humeral head defect will clearly lessen
“engagement” but usually requires an open delto-pectoral
approach and is most effective in the acute setting.14
Humeral resurfacing in the form of metallic implants, while a
reasonable option for elderly patients, lacks long-term fol-
low-up, is not physiologic, and is unsuitable for larger
lesions. In addition, the presence of a metallic surface
(humerus) articulating on hyaline cartilage (glenoid) may
potentiate early joint wear.15

Humeral allograft, while a reasonable alternative, is expen-
sive, invasive, creates an opportunity for disease transmission,
and has also been associated with long-term resorption.16

The concept of soft tissue filling of humeral head defects
was first popularized in 1972 by Connolly who described an
open transfer of the infraspinatus as well as part of the greater
tuberosity into the posterior humeral head defect.17 By teno-
desing the infraspinatus into the Hill-Sachs void, once engag-
ing intra-articular lesions become extra-articular, obviating
any possible articulation of the humeral head defect with the
glenoid.17 A modification of this index procedure evolved
with the advent of arthroscopy. The remplissage procedure
(derived from the French word remplir to fill) was first
described by Wolf et al in 200718 and further modified by
Koo et al in 200919 as a method of arthroscopically securing
the infraspinatus tendon into humeral head defects. This de
facto arthroscopic infraspinatus tenodesis of the humeral
head defect provided both a biologic fill of the lesion as well
as a static restraint to anterior translation of the humeral
head. Consequently, remplissage has shown to be an effec-
tive method to treat glenohumeral instability, even in the
presence of rather significantly sized Hill-Sachs lesions.20
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Indications
The evaluation of patients with glenohumeral instability
must always commence with a thorough history and thor-
ough physical examination. Of note, a positive apprehension
test in lesser degrees of abduction (45°) suggests appreciable
glenohumeral bone loss which cannot be ignored surgi-
cally.21 Supplemental imaging should include radiographs as
well as magnetic resonance imaging, so that both osseous
and soft-tissue pathology are optimally visualized. In the set-
ting of recurrent instability with large glenoid defects (>25%
of the glenoid surface), studies have consistently proven that
glenoid augmentation options, such as a Latarjet reconstruc-
tion with coracoid autograft, are likely most suitable.22 How-
ever, in the setting of recurrent instability with glenoid bone
loss less than 25% of the glenoid width and concomitant
large (>20% humeral head) Hill-Sachs defects, addressing
the humeral head lesions in conjunction with a standard
anterior capsulolabral repair (Bankart) may prove sufficient
in preventing recurrence.20 In addition, Sugaya et al have
shown that repair of even small bony Bankart lesions may
result in glenoid bone hypertrophy and reattainment of
native (preinstability) bone dimensions.23 The fact that many
bony Bankart lesions are unrecognized is another reason to
consider arthroscopic treatment before resorting to more
invasive options. It is in the situation of large Hill-Sachs
lesion with uncertain glenoid bone loss that arthroscopic
remplissage may prove most useful. Since Sekiya24 has
shown that humeral head lesions as small as 12.5% have
potential implications in affecting stability, it is the senior
author’s routine practice (JDK) to treat all humeral head
lesions greater than 1 cm in width with remplissage.
Figure 4 Portals for remplissage.
Technique
After the patient is placed on the surgical table and anesthesia
is administered, a thorough shoulder examination is per-
formed. The patient’s shoulder is taken through full range of
motion supine and passive range of motion is compared to
the contralateral shoulder. Increased external rotation in
adduction suggests anterior interval laxity, while excessive
external rotation in mid abduction denotes laxity of the mid-
dle glenohumeral ligament.25 Next, a modified “load shift”
exam is performed in the lateral position in order to discern
which portions of the anterior glenohumeral ligament com-
plex are incompetent. The patient is then carefully positioned
in the lateral decubitus position on a beanbag with a slight
posterior tilt so that the glenoid of the operated shoulder is
positioned close to parallel to the floor. The affected extrem-
ity is held in 30°-45° of abduction, and approximately 15° of
forward flexion. Initially, 5 pounds of traction are applied,
though this can be safely adjusted upward of 15 pounds if
required.26

Three arthroscopic portals are typically required to com-
plete this procedure (Fig. 4). The posterior portal is made
approximately 2 cm inferior and 2 cm medial to the postero-
lateral edge of the acromion in the glenohumeral “soft spot”
and is used as the primary viewing portal as well as the work-
ing portal during anchor passage. The anterosuperolateral
portal is localized just off the lateral edge of the anterolateral
acromion, and it utilized chiefly as a viewing portal during
the remplissage procedure. The anterior portal is made
approximately 1 cm lateral to the coracoid and is utilized as
a working portal during the initial diagnostic arthroscopy as
well as during the capsulolabral repair.

After the initial posterior viewing portal is established, a
diagnostic glenohumeral arthroscopy is performed. From
this portal, the labrum is examined circumferentially to look
for the expected Bankart lesion but also for the presence of
associated posterior inferior labral separation (Kim lesion) or
occult superior labral tears requiring repair. The Hill-Sachs
lesion is noted from the standard posterior portal and is char-
acterized as engaging (large and medial) or nonengaging
(small and lateral). At this point, it may be helpful to remove
the arm from traction and place the humerus in the 90-90
position of abduction and external rotation to confirm
engagement.

Upon completion of the initial diagnostic arthroscopy and
confirmation of the Hill-Sachs lesion, the anterosuperolateral
portal, located just lateral to the anterior lateral corner of the
acromion, is created. The arthroscope in this portal affords a
“room with a view” of both the humeral head as well as the
labrum. It also provides an excellent viewing site for dynamic
visualization of Hill-Sachs engagement with the anteroinfe-
rior glenoid if the arm is to be taken into abduction and
external rotation. This portal is also used to evaluate the ade-
quacy of the posterior portal for anchor insertion into the
humeral head defect. A more superior or rarely more inferior
portal may be necessary for proper anchor insertion. If
remplissage is undertaken, the senior author feels strongly
that the Bankart lesion should be prepared initially, then
repaired after completion of remplissage. Since the posterior
infraspinatus tenodesis reduces the humeral head posteriorly,
it is easier to tension the anterior capsule after the remplissage.
In addition, since the remplissage reliably effects a posterior
translational shift of the humerus, access to the anterior capsu-
lolabral region is facilitated subsequent to the humeral head



Figure 5 Marking entry site with ink-coated awl tip.

Figure 6 Sutures of first anchor outside of cannula in preparation for
second anchor insertion.

Figure 7 Proximal and distal anchors inserted via posterior portal.
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tenodesis. Thus, the labrum is liberated and the glenoid is
rasped before the humeral head lesion is addressed and
repaired subsequent to remplissage completion.
To begin remplissage, while viewing from the anterosupe-

rior lateral portal, the shaver is inserted posteriorly. In prepa-
ration for the remplissage, the Hill-Sachs defect is gently
debrided down to its bleeding base. A microfracture awl may
be introduced at this time to effect a more robust bleeding
bony bed.
After preparation of the Hill-Sachs lesion, a decision is

made as to how many anchors are necessary. If 2 anchors are
required, the distal most one is inserted first. A small metallic
cannula is placed through the posterior portal (Fig. 5). Using
this cannula, a single loaded anchor is inserted into the Hill-
Sachs defect, making sure that the trajectory remains perpen-
dicular to the bone. If the initial portal is deemed too medial,
an additional, more distal and lateral portal is created. After
initial anchor placement, a switching stick is placed through
the metallic cannula and the sheath withdrawn and replaced
over the switching stick only rendering the first 2 sutures
outside the sheath (Fig. 6). The second anchor is then placed
Figure 8 “Safe zone” region outlined lateral to acromion.
more proximally as close to the proximal articular margin of
the lesion as possible (Fig. 7). Rarely a more proximal portal
is required to ensure adequate perpendicular access to the
bony bed. Once the second anchor is placed, the sheath is
withdrawn, and each pair of suture limbs is clamped with a
hemostat.

Next, a retrieving portal is established lateral to the
acromion so that tendon, not muscle, is secured to
the anchors. The “safe zone” as described by Garcia27 is
the region whereby a penetrating instrument will pierce
the infraspinatus tendon reliably rather than muscle
(Fig. 8). A lateral tendinous suture purchase is important
for 2 reasons: first a more lateral-based tenodesis will be
far more secure and resistant to pull out than muscular
purchase. Secondly, the more laterally the tendon is
secured to the humeral head defect, the less likely motion
restriction will ensue.28

A spinal needle located in the safe zone is first placed to
ensure adequate portal placement, which usually falls
approximately 1 cm lateral to the posterolateral corner of the



Figure 9 Spinal needle in “safe zone” to determine retrieving cannula
placement.

Figure 10 Retrieving sutures from “safe zone.”
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Figure 11 Sutures separated in cannula after retrieval.
acromion, or in reasonable proximity to this area (Fig. 9).
Once location is confirmed, a stab incision is made and a
6 mm cannula is inserted in this plane with a blunt obturator
into the subacromial space. The obturator should be swept
freely in the subacromial space, preventing bursal tissue
from being interposed between knots and the infraspinatus
tendon.
Once this retrieving portal is established, the first (distal)

set of sutures is retrieved approximately 1 cm medial to the
tendinous insertion. Careful bites are taken to ensure an ade-
quate tissue bridge results for each knot (Fig. 10). After the
distal suture limbs are retrieved, the sutures from the distal
anchor are tensioned and placed on the distal edge of the
cannula (Fig. 11). The cannula is then positioned to retrieve
the proximal sutures, again medial to the tendinous inser-
tion, and with adequate tissue purchase. Rarely, a second
more superior portal is necessary to effectively complete
this step. Once all 4 suture limbs are passed through ten-
Figure 12 Completed remplissage.
dinous tissue, tying should commence with the sutures of
the distal anchor first. Suture limbs are tied with a gentle
posterior force applied to the humeral head during knot
throw progression. Once distal sutures are secured, the
proximal most sutures are tied to complete the remplis-
sage (Fig. 12).

The capsulolabral repair can then be performed and a
switching stick is used to re-establish the original posterior
portal which will be used for suture shuttling during the
Bankart repair.
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Results
Overall, arthroscopic remplissage has proven to be a safe in
the treatment of recurrent anterior glenohumeral instability.
Compared to other methods of addressing humeral head
defects, remplissage provides several distinct advantages.
The procedure can be performed entirely arthroscopically,
thus avoiding the morbidity and the prolonged recovery
often encountered with open procedures. Likewise, it is a
procedure that can be performed in conjunction with other
arthroscopic procedures, such as Bankart repair, without
adding substantial operative time. The infraspinatus does
appear to integrate well into the defect as Park29 has shown
at least 75% fill of the lesion on post-op magnetic resonance
imaging. The presence of fibrous-like signal on post-op mag-
netic resonance imaging scans in this study suggests the pos-
sibility that the tenodesed infraspinatus tissue may transform
into fibrocartilaginous tissue in time.29

Several biomechanical studies have been performed to
evaluate the effectiveness of remplissage. In 2012, Giles et al
evaluated cadaveric specimens with Hill-Sachs lesions on a
shoulder simulator and found that remplissage was effective
in preventing engagement and dislocation of humeral heads
with Hill-Sachs defect sizes of both 30% and 45%.30 A sepa-
rate cadaveric analysis by Elkinson et al in 2012 helped fur-
ther developed this protective effect of remplissage against
engagement.31 In their investigations, the authors evaluated
Hill-Sachs lesions sized at 15% and 30% and treated with a
combination of Bankart repair with remplissage. They found
that when treated with Bankart alone, none of the 15% Hill-
Sachs lesions engaged and dislocated, whereas all of the 30%
lesions did. However, the dislocation rate of the 30% Hill-
Sachs lesions was significantly reduced if remplissage was
added in conjunction to Bankart repair—thus helping to cor-
roborate the notion that remplissage is most effective in the
setting on minimal glenoid bone loss and sizable engaging
Hill-Sachs defects.31
Figure 13 5.5 months status post remplissage demonstratin
sequence of remplissage.
Clinically, several studies have been performed highlight-
ing the effectiveness of remplissage with both good clinical
and functional outcome scores.32,33 In 2001, Park et al exam-
ined a series of 20 patients who underwent the procedure
and concluded that remplissage was an effective procedure
for restoring function, alleviating pain, and improving
patient satisfaction.33 Complications, such as posterosupe-
rior shoulder pain as well as loss of shoulder motion, particu-
larly external rotation, have been described.34,35 Despite this,
several investigations have revealed that arthroscopic
remplissage is well tolerated without postoperative shoulder
pain or loss of motion.5,32,33,36 Garcia37 reported a 95%
return to sport following remplissage, while Buza,20 in a sys-
tematic review, concluded that the results of remplissage
compared favorably to those of Bankart repair performed in
the absence of appreciable bone loss.

Most impressively, Cho38 recently compared remplissage
to Latarjet and found similar recurrence rates but an appreci-
ably higher complication rate with coracoid transfer.
Conclusion
Several treatment options exist for the management of recur-
rent anterior shoulder instability. Defining the pathogenesis
of this instability is an important first step in helping to guide
these options. It is generally accepted that management of
large glenoid defects (greater than 25% width) generally
demand bony augmentation techniques, such as coracoid
transfer. However, management of engaging Hill-Sachs
lesion is likely best served with a biologic and focal solution.
The premise of “tissue filling” was initially described in the
1970s. Since that time, the field of orthopaedic surgery has
witnessed the maturation of this method into today’s arthro-
scopic remplissage procedure. The indications for remplis-
sage have become better defined, but as the pathogenesis
g integration into bone of infraspinatus arthroscopic



Remplissage: Expanding Indications 41
and the pathomechanics of shoulder instability continue to
become more elucidated, they will surely continue to evolve.
Both safe and effective, arthroscopic remplissage continues
to gain widespread acceptance as a treatment option for
shoulder instability with a concurrent humeral head defect.
It has proven effective in minimizing recurrence, has been
shown to incorporate, and has not been shown to appreci-
ably affect motion. Remplissage will undoubtedly continue
to remain an important part of a surgeon’s armamentarium
in the treatment of shoulder instability (Fig. 13).
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