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Abstract: Labral tears resulting in 270� near-circumferential pathology predispose patients to recurrent instability and are
technically challenging to repair. Furthermore, when such lesions are associated with Hill-Sachs lesions, recurrent
instability risk is significantly increased and can result in substantially lower clinical outcomes. When determining a
surgical treatment algorithm for shoulder stabilization, it is important to consider both humeral- and glenoid-sided
pathology because subtle defects can have significant influence on recurrence and patient reported outcomes. In this
Technical Note and accompanying video, we discuss our surgical technique for knotless arthroscopic stabilization for a
270� labral tear with concurrent remplissage in the setting of recurrent shoulder instability.
he shoulder depends on soft-tissue structures for
Tinherent stability, given the lack of bony stability
the glenohumeral joint provides. These stabilizers can
be dynamic, such as the rotator cuff or static, as in the
case of the capsule, labrum, and the glenohumeral
ligaments.1,2 The labrum is a fibrocartilaginous struc-
ture anchoring the joint capsule and shoulder ligaments
that encircles the glenoid and adds volumetrically to the
concavity of the shoulder. Despite its supporting dy-
namic and static stabilizers, the glenoid labrum is often
injured during shoulder instability events.3,4

Young males aged 16 to 20 years have the highest risk
for acute traumatic anterior dislocation,5 with this
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incidence increasing with contact sport participation.6,7

Risk factors for recurrent instability include the age,
severity of index trauma, hyperlaxity, associated
greater tuberosity fracture, large and engaging Hill-
Sachs defects, and associated glenoid fracture or bone
loss.8-10 The classic mechanism of anterior shoulder
dislocation involves a trauma with the arm at 90�of
abduction, extension, and maximum external
rotation.2,3 This position results in maximal tension
on the anterior band of the inferior glenohumeral lig-
ament, and dislocations in this position often result in a
Bankart lesion with associated anteroinferior detach-
ment of the capsulolabral complex.11,12 Large labral
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tears can predispose patients to instability in the ante-
rior and posteroinferior directions of the glenohumeral
joint and can be technically demanding to repair.13-15

Hill-Sachs lesions (HSL) are associated with recurrent
instability and can compromise isolated soft tissue
Bankart repairs even in cases where the HSL is small
but there is � 4 mm of glenoid bone loss.16,17

Recurrent dislocation has a high potential to result in
cumulative bone loss, both on the glenoid and also in
the form of a HSL.8,9 When an HSL engages at the
anterior glenoid rim, it is defined as an “off-track”
lesion and has been postulated to lead to higher risk of
recurrence as compared to on-track lesions.18 In pa-
tients involved in contact sports participation,
Fig 1. Setup for a lateral decubitus arthroscopic stabilization proc
the right decubitus position with an inflated beanbag in place and
roll is placed under the right axilla to prevent compression of th
downfacing fibular head and between the legs to prevent pressure
top view of a patient in the lateral decubitus position. (C) View
showing the left arm in suspension with application of a pneuma
holder in the left axilla attached on the nonoperative side of the be
arm jack to assist with lateral distraction and maximize circumfer
arthroscopic Bankart repair has demonstrated 7 times
lower dislocation recurrence rates and a higher rate of
return to play compared to conservative, nonoperative
management.19 Additionally, studies have supported
that for patients with an engaging HSL and 20% to
25% glenoid bone loss, Bankart repair performed in
conjunction with remplissage results in lower recurrent
instability and improved functional outcome scores, as
compared to isolated Bankart repair.20,21 Furthermore,
performing arthroscopic Bankart repair with remplis-
sage for “off-track” HSL with subcritical glenoid bone
loss has the potential benefit of a lower complication
rate and greater overall safety profile compared to open
Latarjet procedures.22,23 In this technical note and
edure of the left shoulder. (A) Posterior view of the patient in
with additional taping to ensure adequate security. An axillary
e right shoulder axillary nerve. Padding is placed under the
on bony prominences and the peroneal nerve. (B) Over-the-
from the posterior aspect of the patient after sterile draping
tic limb positioner on the surgical side of the bed and an arm
d. (D) A series of rolled sterile towels are then placed under the
ential visualization.
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accompanying video, we discuss our surgical technique
for knotless arthroscopic stabilization for a 270� glenoid
labrum tear with concurrent knotless Hill-Sachs
remplissage in the setting of recurrent anterior shoul-
der instability (Video 1).
Technique

Patient Positioning and Anesthesia
The patient is positioned in standard lateral position

for shoulder arthroscopy, ensuring placement of an
axillary roll and padding of the downward facing fibular
head in order to protect the peroneal nerve (Fig 1 A and
B). General or laryngeal mask airway anesthesia is used
in addition to an interscalene block performed before
surgery. An examination with the patient under anes-
thesia is performed.
The shoulder is then prepared and draped in standard

fashion for arthroscopy in the lateral decubitus position.
A pneumatic limb positioner (Spider2; Smith &
Nephew, Andover, MA) is used to hold and provide
primary suspension to the operative arm throughout
the procedure. Secondary humeral head distraction is
achieved with a lateral jack (Lateral Jack; Smith &
Nephew) placed in the axilla, as well as a “bump”
consisting of stacked sterile towels placed underneath
the jack (Fig 1 C and D). Standard portals are marked
out for shoulder arthroscopy including 5 and 7 o’clock
portals (Fig 2 A and B).
Fig 2. Anterior and posterior views of the left shoulder with
acromion, coracoid, and acromioclavicular joint are drawn after
shoulder with the anterior superior portal, mid-glenoid, and 5 o’cl
a standard posterior portal, as well as an accessory and 7 o’clock
Surgical Approach

Portal Placement and Diagnostic Arthroscopy
A high lateral posterior portal is made, and the joint is

entered. Diagnostic arthroscopy is performed to
confirm a 270� labral tear (Fig 3 A-C). A mid-glenoid
portal is then made. A spinal needle is used to estab-
lish a trajectory just superior to the subscapularis that
allows for anchor placement into the glenoid and su-
ture passing through the labrum (Fig 4 A and B). A skin
incision is made, and mid-glenoid access is obtained
with a switching stick, sequential dilation, and place-
ment of an 8.25 mm cannula (Twist-In Cannula;
Arthrex, Naples, FL). An anterosuperior portal is then
established just posterior to the biceps tendon (Fig 4C).
This is localized with a spinal needle, and a small skin
incision is used given that this portal is used for camera
visualization without a cannula. The camera is switched
to the anterosuperior portal, and the labrum is debrided
with a 3.8 mm shaver.

Knotless Hill-Sachs Remplissage
The posteriorly based engaging Hill-Sachs lesion is

then visualized (Fig 5A). Our preference is to proceed
with remplissage preparation before labral fixation and
then tighten our remplissage at the end of the case. An
accessory posterior portal is localized with a spinal
needle to provide perpendicular access to the Hill-Sachs
lesion. An arthroscopic elevator is then used percuta-
neously to prepare the bony bed. Subsequently, a 5 mm
cannula is placed through the accessory posterior
portal placement marked. Standard outlines of the clavicle,
first palpating the landmarks. (A) Anterior view of the left

ock position portal. (B) Posterior view of the left shoulder with
portal.



Fig 3. Anterior superior viewing
portal of a left shoulder during
diagnostic evaluation of the gle-
nohumeral joint. (A) Poster-
osuperior, (B) inferior, and (C)
anterior aspects of the labrum
showing evidence of tearing and
fraying of the labrum. No evi-
dence of arthritic changes at the
glenoid or humeral head is noted.
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portal. The cannula tip is swept back and forth to create
a pocket in the subdeltoid space for subsequent suture
passing. A drill guide is introduced and penetrates the
capsule and rotator cuff at the inferior position in the
HSL, and the first 1.8 mm knotless all-suture anchor
(Knotless FiberTak Soft Anchors; Arthrex) is placed into
the defect (Fig 5 B and C). The tip of the cannula is kept
within the subdeltoid space. A second penetration with
the insertion guide is made in the capsule and rotator
cuff in a more superior position at the top of the defect,
and a second anchor is placed. The repair suture from
each anchor is then passed through the looped shuttle
suture of the other anchor, creating 2 tensionable loops
through the rotator cuff and capsule. This essentially
creates a suture staple that can be used to tension the
capsule and rotator cuff into the Hill-Sachs defect. The
loops are gently shortened but not tightened so as not
to close down the working space until the end of the
case.

270� Knotless Arthroscopic Labral Repair
Attention is turned back to the labral repair. An

arthroscopic elevator is then used to elevate the torn
labrum. Next, the bony glenoid rim is gently prepared
with a bone cutter. A 7 o’clock portal is established
using a spinal needle to ensure appropriate trajectory
for drilling and suture passing. A 1.8 mm knotless all-
suture anchor is first placed at the 6:30 position
(Knotless FiberTak Soft Anchors; Arthrex). A 45�

curved suture passer (Spectrum II Suture Passer;
ConMed, Utica, NY) is then used through the 7 o’clock
portal to pass a no. 1 PDS suture through the labrum.
This is retrieved anteriorly together with the repair
suture. The shuttling and repair sutures are then
retrieved posteriorly, and the repair suture is shuttled
through the anchor and tightened (Fig 6A). Of note, the
suture is not cut so that the repair can be further
tensioned later in the case. This process is repeated from
the 7 o’clock portal to the posterior superior extent of
the labral tear, placing additional 1.8 mm knotless all-
suture anchors as necessary (Fig 6B).
To address the anteroinferior aspect (5:30 location) of

the tear, we prefer to use a 5 o’clock portal, localized
with a spinal needle. We would like to highlight the
utility of a 5 o’clock portal in this setting, namely
demonstrating that the trajectory of drilling from the



Fig 4. Arthroscopic view of
establishing anterosuperior and
mid glenoid portals of the left
shoulder while viewing from the
posterior portal. (A, B) A spinal
needle is used to establish a tra-
jectory just superior to the sub-
scapularis, with an angle that will
allow for perpendicular drilling
into the glenoid and suture
passing through the labrum. This
will serve as the mid glenoid
portal. (C) An anterosuperior
portal is established using spinal
needle localization, just posterior
to the biceps tendon that is used
for visualization throughout the
case.
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mid-glenoid portal is sub-optimal and not perpendic-
ular to the glenoid rim in comparison to the 5 o’clock
portal (Fig 7 A and B).
The portal position is first created with a spinal nee-

dle. A drill guide is then placed percutaneously through
the 5 o’clock portal. A 1.8 mm knotless all-suture an-
chor is placed at the 5:30 position. To appropriately
tension the inferior glenohumeral ligament complex
and provide an anterior and superior capsular shift,
suture passage through the labrum is performed from
the 7 o’clock portal, passing through the capsule-
labrum complex at the 6 o’clock location (Fig 8 A-C).
The suture is then retrieved anteriorly and tightened
(Fig 8 D-E). It can be helpful to use a grasper via the
anterior portal to reduce the labrum anatomically,
thereby ensuring anatomic tensioning of the capsule
during final suture seating. The sutures for subsequent
more superior knotless anchors are drilled and passed
from the 5 o’clock portal as the steps are repeated.
Once all anchors have been successfully placed, the

sutures are final tensioned (Fig 6 C and D), and atten-
tion is returned to the Hill-Sachs lesion. The previously
loosely placed 2 knotless suture loops are tightened and
cut, completing the remplissage. Wounds are closed in
standard fashion with nonabsorbable 3-0 Prolene portal
sutures. A sterile dressing is applied, and an abduction
sling is placed.

Rehabilitation
Patients are placed in an abduction sling for the first

4 weeks after surgery. Passive range of motion (ROM)
can begin at 10 to 14 days after surgery with supine
forward elevation in the scapular plane to 90� and
external rotation with the arm at the side to 30�.
Codman exercises are not allowed during the first
4 weeks. At 4 to 8 weeks after surgery, the sling is
discontinued, and there is advancement from active
assist ROM to active ROM (forward flexion maximum
to 140� and external rotation at side maximum to 40�).
Isometric exercises are continued, and introduction of
scapular stabilizer strengthening is initialed. At 8 to
12 weeks, advancement to full painless ROM is the
goal, and abduction is introduced at 10 to 12 weeks
after surgery. All strengthening exercises at 8 to
12 weeks after surgery should be done below the hor-
izontal plane. At 3 to 12 months after surgery, focus is



Fig 5. Knotless remplissage pro-
cedure of the left shoulder for a
Hill-Sachs deformity while
viewing from the anterior supe-
rior portal. (A) Hill-Sachs defor-
mity of the left shoulder during
diagnostic arthroscopy. (B, C)
Placement of 2 all-suture knotless
anchors in the defect site of the
Hill-Sachs deformity that are
placed through the posterior ro-
tator cuff and capsule and passed
through a cannula in the sub-
deltoid space.
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on aggressive scapular stabilization and an eccentric
strengthening program. Progressive resistive exercises
are continued below the horizontal plane for non-
throwers.

Discussion
In general, there is a consensus among shoulder

surgeons that glenoid bone loss greater than 20% of the
anteroinferior glenoid diameter should be treated with
a bony procedure such as the Latarjet.18,24 However,
guidelines to address patients with lesser degrees of
bipolar bone loss of the glenoid and proximal humerus
defects are unclear. When determining a surgical
treatment algorithm for effective shoulder stabilization,
it is important to take into consideration the geometric
interplay of these bipolar lesions because subtle defects
can have significant influence on shoulder stability.18

In an attempt to further understand bipolar lesions,
Yamamoto et al.25 introduced the concept of the gle-
noid track. The glenoid track describes the zone of
contact between the glenoid and the humeral head
when the arm is raised (in abduction-external rotation),
which is observed to shift from the inferomedial to the
superolateral portion of the posterior articular
surface.25 Studies have demonstrated that an intact
glenoid track without significant bony defect is critical
for stability. This makes identification of the location of
a Hill-Sachs lesion in bipolar defects important; where
an “off-track” Hill-Sachs lesion engages with the ante-
rior glenoid rim, and an “on-track” Hill-Sachs lesion
does not engage.18,25,26 Yamamoto et al.25 demon-
strated that engaging Hill-Sachs lesions increase the risk
of shoulder dislocation. Consequently, both the degree
of glenoid bone loss and the distinction between an
“on-track/off-track” Hill-Sachs lesion is relevant when
considering treatment recommendations for shoulder
instability. Specifically, Di Giacomo et al.18 developed a
treatment algorithm for anterior shoulder instability in
which bipolar lesions with less than 20% glenoid bone
loss and an off-track Hill-Sachs lesion can be success-
fully treated with a Bankart repair with remplissage to
restore stability and prevent engagement of the Hill-
Sachs. In our experience, we identify the amount of
glenoid bone loss while also taking into consideration
the patient factors such as age, activity level, and
number of dislocations. Our threshold for bony recon-
struction can be anywhere from 10% to 25% depend-
ing on the individual. If we deem that the glenoid bone



Fig 6. Knotless 270� labral repair
of the left shoulder while viewing
from the anterior superior portal
position. (A, B) Placement of two
posteroinferior knotless tension-
able anchors in the left shoulder.
(C) View of the anterior and
inferior portions of the labrum
after all knotless anchors have
been placed prior to final tight-
ening and cutting of the sutures.
(D) Final construct of the anterior
and inferior labral repair.

KNOTLESS ARTHROSCOPIC GLENOID LABRAL STABILIZATION e1837
loss is “subcritical” then we evaluate the Hill-Sachs
lesion. If the Hill-Sachs lesion is engaging, a remplis-
sage is added to the arthroscopic procedure.
Because the main complication of anterior shoulder
stabilization surgery is recurrent instability, the authors
have attempted to identify patients who are at risk of
Fig 7. Illustration of the left
shoulder arthroscopic trajectory
of mid glenoid and 5 o’clock
portals for reaching 5:30 position
while viewing from the anterior
superior portal position. (A)
External anterior view of the
shoulder with a switching stick in
the cannula of the mid glenoid
portal and a spinal needle placed
at the 5 o’clock position. (B)
Arthroscopic view of the same
switching stick coming into the
joint from the mid glenoid portal
and a spinal needle coming into
the joint through the 5 o’clock
portal. This photo highlights how
the mid-glenoid portal is subop-
timal and not perpendicular to
the glenoid rim as compared to a
5 o’clock portal for placement of
a 5:30 position anchor.



Fig 8. Left shoulder placement of
the 5:30 position knotless suture
anchor while viewing from the
anterior superior portal position.
(A) To appropriately tension the
inferior glenohumeral ligamen-
tous complex, a spinal needle is
first inserted from the 7 o’clock
portal to ensure correct trajec-
tory, and the repair stitch is then
shuttled by a spectrum suture
passer. (B, C) Suture is passed
with a spectrum suture passer
from the 7 o’clock portal and (D)
then retrieved anteriorly with a
grasper. (E) The knotless anchor
is tensioned to reduce the labrum
back to the glenoid.
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recurrent instability and who may benefit from an open
stabilization procedure rather than arthroscopic inter-
vention. The Instability Severity Index Score (ISIS),
developed by Balg and Boileau,27 has traditionally been
used to identify patients at increased risk of recurrent
instability using the following risk factors: (1) patient
age <20 years old at time of surgery, (2) involvement in
contact sports or sports involving rigorous overhead
activity, (3) shoulder hyperlaxity, and (4) radiographi-
cally identifiable bone defects. This score explicitly
highlighted the notion that humeral and glenoid bone
loss may comprise a relative contraindication to
arthroscopic stabilization techniques.27 However, a
more modern glenoid track instability management
score (GTIMS) has gained popularity in recent years,
incorporating the glenoid track concept into the ISIS.28

A retrospective study of 261 patients comparing the
GTIMS and ISIS demonstrated improved outcomes in
patients indicated for arthroscopic stabilization accord-
ing to the GTIMS and on-track/off-track computed



Table 1. Pearls and Pitfalls

Pearls
Meticulous patient positioning should be performed before the case because repositioning in the lateral decubitus position once the patient is

prepped and draped is challenging.
Placement of remplissage anchors and subsequent suture passage is most readily performed before labral repair.
Use a 5 mm cannula to sweep and create a potential space just superficial to the posterior cuff in the subdeltoid space for remplissage suture

shuttling.
The use of 7 and 5 o’clock portals allows for ideal drilling and anchor trajectory at the inferior glenoid.
Repair suture passage for the 5:30 anchor should be passed from the 7 o’clock portal, from posterior to anterior, to create an anterior and

superior shift and recreate the capsulolabral sling.
Pitfalls

Avoid tightening remplissage sutures until labral repair is complete because this will otherwise close down the working space.
Not using a cannula at the time of remplissage suture shuttling and passage may lead to soft tissue bridge formation.
Avoid use of limited portals (i.e., 3 portal repair of large labral tear) if this creates suboptimal drilling and suture shuttling trajectory.
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tomography scanning indications.28 As such, remplis-
sage has emerged as an effective strategy to prevent
recurrent instability after arthroscopic shoulder stabili-
zation procedures.29

Arthroscopic capsulolabral repair performed
concurrently with remplissage of an engaging Hill-
Sachs defect have demonstrated excellent clinical re-
sults. A recent meta-analysis by Camus et al.20 iden-
tified 3 studies comprised of 146 patients comparing
Bankart repair and remplissage versus isolated Bankart
repair in the treatment of anterior shoulder instability.
The authors concluded that a Bankart repair with
remplissage was superior to an isolated Bankart repair
when evaluating recurrent instability and functional
scores (Rowe and UCLA scores), whereas no signifi-
cant differences were observed in the rates of reoper-
ation and time to return to sport. A similar systematic
review and meta-analysis performed by Hurley et al.
included 12 clinical trials comparing Bankart repair
with remplissage versus isolated Bankart repair.30 The
findings were consistent with Camus et al.’s20 review
and demonstrated Bankart repair with remplissage
resulted in a significant reduction in recurrent insta-
bility as compared to treatment with isolated Bankart
repair.30

With regard to the remplissage technique, early
descriptions of the procedure involved the use of
tying knots to link 2 anchors together via a broad
Table 2. Advantages and Limitations

Advantages
Lateral decubitus position provides circumferential surgical access to g
Knotless anchors provide superior suture strength and mitigate knot-b
Remplissage and labral repair can be retensioned as needed througho
The 5 and 7 o’clock portals provide satisfactory access for optimal dril

Limitations
Lateral decubitus positioning requires dedicated equipment and may b
Knotless anchors may be associated with additional expense over hist
Some cases may have large (>25%) glenoid bone loss or Hill-Sachs lesi
mattress configuration.29,31 More recently, knotless
anchors have been applied to remplissage procedures,
obviating the need to do an extensive subdeltoid
dissection to tie arthroscopic knots.32 The repair ends
of the knotless mechanism are passed into the other
anchor, respectively, and a suture staple is created
with excellent fixation and compression. These
knotless anchors are familiar to many surgeons as
they are also routinely used for Bankart/labral re-
pairs. In fact, it has been shown that knotless suture
anchor configurations are biomechanically superior
to knotted constructs. For example, a study by
Funakoshi et al.33 tested 7 cadaveric matched pairs
that were randomly selected to receive remplissage
with either a knotted or knotless double mattress
construct. The results showed that the knotless
construct demonstrated a higher load to failure
(1080 N vs 591 N) and a higher loading force to create
5 mm of displacement (788 N vs 488 N) as compared
to the knotted construct.33

Table 1 lists the salient pearls and pitfalls of the pre-
sented technique, and Table 2 lists the major advan-
tages and disadvantages of the presented surgical
technique. The evaluation of patients with shoulder
instability is under constant evolution and must
consider the glenoid track, glenoid bone loss, humeral
sided bone loss, as well as patient functional limitations
as a result of instability pathology.
lenoid.
ased complications such as knot failure or impingement.
ut the case.
ling and suture passing trajectories.

e less familiar to some surgical teams.
oric fixation methods.
ons that are more appropriately indicated for an open bony procedure.
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