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Arthroscopic Subscapularis Augmentation Using the
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Shoulder Instability
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Abstract: The limitations of transferring the coracoid process along with the conjoined tendon are coracoacromial arch
damage, technical difficulty, and nerve injury. The long head of the biceps tendon (LHBT) proximal transposition tech-
nique has a weaker sling effect and a risk of nerve injury. The arthroscopic subscapularis augmentation technique may
have risks of shoulder external rotation restriction and subscapularis transection. Herein, we introduce an arthroscopic
technique for the transfer of the LHBT for subscapularis augmentation to address these risks. Indications of this technique
were patients younger than 45 years of age who engage in competitive sports, require forceful external rotation and
abduction, have a related capsule-ligament insufficiency, and have a glenoid bone loss <25%. The steps include detaching
the LHBT at the upper edge of the pectoralis major, transecting and braiding the LHBT, establishing a scapular tunnel,
placing a guide suture through the upper third of the subscapular and scapular tunnel, passing the LHBT through the
established tunnels, and fixating the LHBT. This technique achieves stability of the anterior shoulder by transecting and
transferring the distal end of the LHBT to press on the upper third of the subscapularis muscle.
hen treating anterior shoulder instability with
Wglenoid bone loss, the simple Bankart repair that
reattaches the torn labrum to the rim of the glenoid has
a high rate of recurrent dislocations.1,2 There are
various surgical techniques that improve the stability of
the anterior shoulder with glenoid bone loss by
enhancing the subscapularis muscle. For instance, the
Latarjet procedure, or transfer of the coracoid process
along with the conjoined tendon, is an effective
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treatment for anterior shoulder instability with bone
loss.3 Modified techniques of Latarjet, such as the
Bristow and Latarjet procedure, wherein transfer of the
conjoined tendonecoracoid tip complex and others,
have been reported with overall satisfactory results.4-6

However, these techniques are limited by technical
difficulty, with a long learning curve and risks of
short-term postoperative complications, such as axil-
lary nerve injury and coracoacromial arch damage.7,8

Although the sling effect of the long head of the bi-
ceps tendon (LHBT) proximal transposition technique is
weaker than the conjoined tendon, biomechanically
LHBT transfer achieves superior peak resistance force to
anterior displacement than conjoined tendon transfer.9

Regrettably, the risk of vascular and nerve injury is also
unavoidable in LHBT transfer.5 The arthroscopic sub-
scapularis augmentation (ASA) technique, which is
characterized by partial tenodesis of the upper third of
the subscapularis tendon in combination with Bankart
repair, has been effective for treating anterior shoulder
stability with less than 25% glenoid bone loss.10

Nonetheless, its use has been reduced by the potential
risks of limiting shoulder external rotation and trans-
ecting the subscapularis.
Herein, we introduce an arthroscopic technique of

transfer of the LHBT (ASA-LHBT) for subscapularis
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Table 1. Indications and Contraindications for the
Arthroscopic Subscapularis Augmentation Using the Long
Head of the Biceps Tendon (ASA-LHBT) Technique

Indications for ASA-LHBT
� Patients younger than 45 years of age
� Participating in competitive sports
� Requiring forceful external rotation and abduction of the shoulder
� Having capsule-ligament insufficiency, such as general laxity or

capsule defect
� Glenoid bone loss less than 25%

Contraindications for ASA-LHBT
� More than 50% rupture of the LHBT
� Patients not requiring anterior shoulder augmentation
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augmentation to improve anterior shoulder stability
and to minimize the risks of shoulder external rotation
limitation and subscapularis damage associated with the
ASA technique.11 This technique enhances the stability
of the anterior shoulder joint by pressing the upper
third of the subscapularis with the LHBT while per-
forming a conventional Bankart repair. The indications
of ASA-LHBT include patients younger than 45 years of
age who participate in competitive sports, require
external rotation and abduction, have a related capsule-
ligament dysfunction, and have a glenoid bone loss
<25%. Anterior shoulder instability patients with su-
perior labrum from anterior to posterior tear performed
with LHBT insertion repair also are eligible for ASA-
LHBT. The contraindications for ASA-LHBT include
more than 50% of LHBT tears and those who do not
require anterior shoulder augmentation (Table 1).
Table 2. Step-by-Step Surgical Procedure

1. Identify the LHBT in the superior edge of the pectoralis major, fix
the LHBT, and transect the proximal end of the fixed suture

2. Pull the LHBT out of the joint via the anterosuperior portal
3. Braid the LHB with 2 high-strength sutures
4. Create a glenoid tunnel
5. Pass a guide suture through the glenoid tunnel from posterior to

anterior and then through the subscapularis to the anterior side
6. Pull out the polydioxanone II suture across the subscapularis
7. Pass 2 braided sutures through the two middle holes of the

miniplate
8. Tie all braided sutures to the miniplate

LHBT, long head of the biceps tendon.
Surgical Technique (With Video Illustration)

Patient Position, Portal Creation, and Arthroscopic
Examination
Place the patient in the lateral decubitus position

under general anesthesia and brachial plexus block,
with the affected arm kept in 30� abduction with trac-
tion of 10 lb. Create standard anterior, posterior, and
anterosuperior portals. In addition, perform a routine
arthroscopic examination to detect all pathologies
(Table 2).

Detaching, Extracting, and Braiding the LHBT
Release the rotator cuff space through the posterior

portal during arthroscopic observation, then establish
the anterolateral portal that is located at the level of the
coracoid process and approximately 2 cm lateral to the
anterior midline of the arm. Identify the LHBT between
the distal bicipital groove and superior edge of the
pectoralis major with an exchange rod, and then create
the anterodistal portal in the superior edge of the pec-
toralis major. Through the anterodistal portal, fix the
distal end of the LHBT in the superior edge of the
pectoralis major using a 4.5-mm rivet (Smith &
Nephew, Andover, MA) and transect the LHBT at the
proximal end of the fixed suture.
Insert the arthroscope into the joint via the posterior

portal, and then retrieve the LHBT out of the rotator
cuff space through the anterosuperior portal. Braid the
biceps tendon with two no. 2 high-strength sutures
(ULTRABRAID; Smith & Nephew) outside the incision
in a whipstitch style. Ensure that the braided length of
the tendon segment is approximately 3 cm and the
braided width measures 4 mm to 5 mm (Fig 1).

Creating the Glenoid Tunnel
Place the arthroscope into the joint via the ante-

rosuperior portal. Under arthroscopic observation,
insert a tibial guider (Arthrex, Naples, FL) into the joint
through the posterior portal for anterior cruciate liga-
ment reconstruction. Set the locator to the minimal
angle and place the tip located at the 9 o’clock position
(left shoulder) with the guide rod passing through the
bare spot of the glenoid. Drill a 2-mm K-wire into the
glenoid that is typically 7 mm below the surface from
posterior to anterior. The posterior entry point of the K-
wire is located at the 3-o’clock position (left shoulder).
Create a glenoid tunnel that approximately measures
30 to 35 mm in length by overdrilling the K-wire with a
4.5- or 5-mm cannulated drill (Figs 2 and 3).

Passing the Braiding Suture and LHBT Through the
Glenoid Tunnel
Arthroscopic observation is performed through the

anterolateral portal. Pull the braiding suture through a
cannula that is guided by a 3-mm rivet to the sub-
scapularis from posterior to anterior via the upper third
of the subscapularis and the myotendinous junction.
Then, maintain the cannula and remove the inner core.
Expose the anterior side of the subscapularis, pass the
suture lasso through the upper third of subscapular
muscle at tendon muscle abdominal junction, and then
place a lead wire. Fold the polydioxanone II suture into
the hollow cannula and pass through the glenoid tun-
nel from posterior to anterior using a suture retriever
that pulls out the suture across the subscapularis. Find
the guide suture anterior to the subscapularis muscle



Fig 1. External view of the left shoulder showing the braided
long head of the biceps tendon (LHBT). After the LHBT is
transected at the upper edge of the pectoralis major, it is
pulled out from the anterosuperior portal and braided with
two no. 2 high-strength sutures outside the incision in a
whipstitch style. Ensure that the braided length of the tendon
segment is approximately 3 cm and the braided width
measures 4 to 5 mm. Arrows point out the LHBT and
anterosuperior portal, respectively.
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and then introduce the LHBT braidings. Pull the distal
end of the transferred LHBT through the subscapularis
into the glenoid tunnel (Fig 4).

Fixation of the LHBT
Manually enlarge the posterior portal incision to

approximately 2 cm in length and fully separate the soft
tissue around the posterior portal using hemostatic
forceps. Then, move the 2 ends of each braided suture
through the middle 2 holes of the miniplate (ENDO-
BUTTON; Smith & Nephew) separately. Push the min-
iplate into the incision along the braided suture using
Fig 2. (A) Postoperative computed tomography (CT) of the left
mately 30 to 35 mm in length and 4.5 to 5 mm in diameter. Arrow
Postoperative CT 3-dimensional reconstruction of the left should
o’clock in front of the glenoid and 7 mm below the articular su
respectively.
knot pushers. Feel the soft-tissue elasticity by repeat-
edly pushing the miniplate to ensure that the miniplate
firmly attaches to the bone surface. Keep the knot
pusher against the miniplate and feel the tension of the
LHBT by tightening the 2 sutures, relaxing the shoulder
traction device, and repeatedly rotating the shoulder
joint inward and outward. After ensuring no obvious
limitation of external rotation of the glenohumeral
joint, keep the glenohumeral joint at the neutral posi-
tion of external rotation and tie all the braided sutures
to the miniplate (Figs 5 and 6). The complete surgical
procedure is shown in Video 1 along with a list of pearls
and pitfalls that the authors have found helpful
(Table 3).
Discussion
Anterior shoulder instability is a common clinical

condition that is most frequently caused by a previous
trauma with shoulder joint dislocations or sub-
luxations.2 Although the open anterior capsulolabral
reconstruction (Bankart repair) has been deemed as the
gold standard for the treatment of recurrent anterior
shoulder instability,12 it suffers high failure rate. For
instance, a meta-analysis that pooled the results of 28
studies with 1,652 repairs found that the estimated
redislocation rate was 7.7% for open Bankart repair
and 15.1% for arthroscopic Bankart repair.13 Previous
studies have identified risk factors for Bankart repair
failure such as a younger age at operation,14 decreased
glenoid retroversion,15 glenoid bone loss �15 %,16

greater level of sports performance, as well as exercise
requiring external rotation and abduction of the
glenohumeral joint.17,18

Simple Bankart repair is not suitable for anterior
shoulder instability with significant glenoid bone loss
due to its high recurrence rate.19 A recent
shoulder showed that the glenoid tunnel measures approxi-
s point out the glenoid tunnel and miniplate, respectively. (B)
er showed that the glenoid tunnel was established at about 9
rface. Arrows point out the glenoid tunnel and rivet holes,



Fig 3. Postoperative computed tomography 3-dimensional
reconstruction of the left shoulder showing the location of
the miniplate for fixation of the long head of the biceps.
Arrows point out the glenoid and miniplate, respectively.

Fig 5. Arthroscopic view of the left shoulder from the
posterior portal showing the long head of the biceps tendon
transposition and capsular repair. (LHBT, long head of the
biceps tendon.)
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biomechanical study suggested that a glenoid bone
loss >21% may cause instability and limit the range of
motion of the shoulder after Bankart repair.20 How-
ever, there are multiple surgical techniques that may
enhance the subscapularis to improve the stability of
the anterior shoulder with glenoid bone loss.21

Moreover, bony reconstruction procedures like Bris-
tow, Latarjet, EdeneHybinette, and others are often
needed when the glenoid bone loss exceeds 20% to
25%.4,22-24 All these techniques achieve stability
augmentation of the anterior shoulder by using the
Fig 4. Arthroscopic view of the left shoulder from the ante-
rosuperior portal in the lateral decubitus position. The long
head of the biceps was pulled into the glenoid tunnel. Arrow
points out the glenoid tunnel.
conjoined tendon to press the lower third of
subscapularis. The BristoweLatarjet procedure stabi-
lizes the glenohumeral joint by creating a sling effect
using the transferred conjoined tendon, enlarging the
glenoid surface with the transferred coracoid process,
and repairing the capsule to a coracoacromial ligament
stump. However, these techniques are challenging and
come with a very long learning curve.25 Moreover,
Fig 6. Schematic illustration of the left shoulder showing that
the long head of the biceps tendon (LHBT) passes through the
upper third of the subscapularis, and the distal end of the
LHBT is fixed in the glenoid tunnel through the miniplate.



Table 3. Pearls and Pitfalls

Pearls Pitfalls

Fix the LHBT in the superior edge of the pectoralis major, and transect
the proximal end of the fixed suture.

Expose the anterior side of the subscapularis and make sure the guide
suture did not pass through the capsule.

When creating the glenoid tunnel, the tip of K-wire should be well
protected under arthroscopy.

After the LHBT is introduced into the glenoid tunnel, the internal and
external rotation of the shoulder joint should be tested.

When fixing the miniplate, the knot pusher can be used to push
repeatedly to feel the hard impact to ensure that the miniplate is
close to the bone surface and then tied the sutures.

The length of LHBT pull into the glenoid tunnel could affect the
outcome of surgery.

If the guide suture passed through the capsule, the repair of Bankart
lesion and the rotation of shoulder would be affected.

The K-wire may go across the subscapularis and cause the axillary
nerve injury if its tip was not protected well.

The limitation of the external rotation of the shoulder joint should be
avoided.

LHBT, long head of the biceps tendon.

SUBSCAPULARIS AUGMENTATION USING LHBT e809
coracoacromial arch damage and axillary nerve injury
are critical risks associated with these methods.23,26

Integrity of the coracoacromial arch is important as
the Latarjet method can lead to increased superior
translation and disrupted shoulder biomechanics.27 In
fact, a single-institution with extensive experience
found that the early postoperative complications of
Latarjet are common, with reoperations required in
about two-thirds of graft failures and residual symp-
toms seen in one half of the overall nerve injuries.28

Although the Bristow and Latarjet techniques are
quite effective at restoring shoulder stability, they may
be overused for anterior shoulder instability with
glenoid bone defect between 5% and 20 %.11,29,30

For anterior shoulder instability with moderate glenoid
bone loss, various surgical methods have been proposed,
such as the LHBT proximal transposition technique.
Although studies have shown that the sling effect of
LHBT was weaker than that of coracoid process along
with conjoined tendon, the latter technique requires
special surgical instruments, limiting its use in the gen-
eral population.31,32 Moreover, the risk of vascular and
nerve injury cannot be completely avoided when the
penetration site of the subscapularis is too low.
The ASA technique is an augmentation technique in

which the upper third of the subscapularis is sutured
and fixed on the anterior border of the glenoid rim by
Table 4. Advantages and Disadvantages

Advantages

This technique is easy to perform without the need for special
instruments.

The procedure is mostly performed under arthroscopy, with little
risk of nerve injury.

The LHBT passes through upper one-third of the subscapularis
muscle and is far away from the axillary nerve, which further
reduces the risk of nerve injury.

This technique hardly limits the internal and external sliding of
subscapularis muscle, and it can avoid the limitation of the
external rotation of the shoulder joint.

The LHBT reduces the risk of cutting the subscapular muscle.

LHBT, long head of the biceps tendon.
rivet suture.30 Although previous studies in anterior
shoulder stability with glenoid bone loss and HilleSachs
lesion have encouraging postoperative results with the
ASA technique,10,30 it may have the risks of sub-
scapularis transection and shoulder external rotation
limitation. These risks are evidenced by a biomechan-
ical study showing that the external rotation with the
ASA was decreased to 60� abduction.29

To effectively and conveniently improve the stability
of the glenohumeral joint and avoid shoulder range of
motion limitation and injury to the subscapularis,33-36

we introduce the ASA-LHBT technique. Compared
with the classic ASA with tenodesis of the upper third
subscapularis at the anterior border of the glenoid
rim,37 the LHBT was used to pass through and press
down on the musculotendinous junction of the upper
third of the subscapularis in ASA-LHBT. The advantage
of this technique includes inward and outward mobility
of the subscapularis along the muscle fiber direction
when the glenohumeral joint rotates. This reduces the
risks of the ASA technique due to suture fixation as
mentioned (Table 4).
In contrast, the ASA-LHBT technique does not entail

special instruments and is technically easy to perform
with minimal risk of axillary nerve injury. The tibial
guider used for the reconstruction of anterior cruciate
ligaments is sufficient without the need for special
Disadvantages

When fixing the LHBT, the tension should be well control. Too tight
may limit the internal and external rotation of the shoulder joint.

Miniplate fixation is performed with blind knotting, with a risk of
error.
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reverse drill; therefore, it is convenient to use at any
time. Furthermore, the shoulder glenoid tunnel is
drilled from posterior to anterior under arthroscopic
monitoring without the risk of damaging the axillary
nerve. Since the upper third of the subscapular tendon
muscle abdominal junction is exposed under arthros-
copy, and it is far away from the nerve and blood vessel
due to its high position, the risk of axillary nerve injury
was significantly reduced. However, performing mini-
plate fixation with blind knotting requires practice to
ensure the firm attachment of the miniplate to the bone
surface. In fact, the incision site can be enlarged to
allow insertion of the index finger of the surgeon to
confirm the attachment.
This study has several limitations. First, biomechan-

ical study is warranted to assess the stabilizing effect of
this procedure. Second, the comparison of the obtained
shoulder rotation range with other techniques needs
further study. Third, the clinical outcomes require a
long-term follow-up.
We believe that the ASA-LHBT is a safe, effective, and

arthroscopically less challenging procedure. However,
long-term clinical follow-up studies are required to
determine the efficacy and postoperative complications
of ASA-LHBT.
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