Technical Note

Arthroscopic-Assisted Lower Trapezius Tendon ®

Transfer for Massive Irreparable Posterosuperior
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Rotator Cuff Tears Using an Achilles
Tendon-Bone Allograft
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Abstract: The lower trapezius tendon (LTT) transfer has been described for the management of irreparable poster-
osuperior rotator cuff tears. Here we describe our technique of an arthroscopic-assisted LTT transfer using an Achilles
tendon-bone allograft. This technique allows for augmentation of the tendon transfer using an Achilles tendon allograft
while also keeping the calcaneal bone insertion, which allows for added bony fixation into the humerus and also mini-
mizing the risk of the "killer turn" phenomenon at the aperture of fixation.

he management of massive irreparable tears of the

rotator cuff is a challenging problem, especially in
the young and active individual. Tendon transfers
around the shoulder to treat irreparable poster-
osuperior rotator cuff tears was first described by
Gerber in 1988, who showed that transfer of the la-
tissimus dorsi tendon (LDT) can successfully improve
shoulder function and range of motion in such pa-
tients." However, the literature has shown that success
of this procedure depends on careful patient selection,
which includes an intact or repairable subscapularis
tendon, absent or minimal glenohumeral arthropathy,
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nonpseudoparalytic shoulder, and absent or minimal
superior humeral head migration.”

Although several authors have shown reliable
improvement in overall shoulder function and
decrease in pain levels following the LDT transfer,
some studies have reported variable functional out-
comes.”* Costouros et al.” showed that the status of
the teres minor plays an important role because
patients with teres minor fatty infiltration demon-
strated poorer results following LDT transfer.
Furthermore, some authors suggest that LDT transfer
does mnot always satisfactorily restore external
rotation with the arm at the side, especially in the
setting of teres minor pathology.”® This may be
explained by a biomechanical study conducted by
Herzberg et al.” who showed the transferred LDT
had less strength than the teres minor and infra-
spinatus muscles and a differing vector across the
glenohumeral joint.

In 2016, Elhassan et al.®’ described the lower
trapezius tendon (LTT) transfer as an alternative to
LDT transfer for management of irreparable poster-
osuperior rotator cuff tears. Although the LTT was
shown biomechanically to provide less strength than
the infraspinatus, it provided both greater excursion
and a vector more similar to infraspinatus and teres
minor compared to the LDT transfer.”'? As such, this
results in an improved anteroposterior balancing force
across the glenohumeral joint. Although the long-term
outcomes of LTT transfer are still lacking, when
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Fig 1. P atient positioning (left shoulder). (A) Patient is placed
in a beach chair position with the operated arm in a pneu-
matic articulating arm holder. (B) Exposure of the whole
posterior scapula beyond the medial border, is important for
lower trapezius tendon harvest.

compared with the LDT transfer, early to mid-term
results are indeed promising.®""

Because of the relatively short tendon of the lower
trapezius, this invariably requires an intercalary
tendon graft as an augment between the LTT and the
greater tuberosity. Both autologous and allograft
hamstring tendon and Achilles tendon allograft have
been described in the literature for this purpose.''
Furthermore, various open and arthroscopic-assisted
techniques have been reported to fix the LTT graft to
the greater tuberosity, including onlay techniques with
suture anchor fixation or tubularization of the tendon
into a bone tunnel."' Results of these transfer tech-
niques for the LTT have not yet been well established;
however, they have been extensively used for LDT
transfer, and recent reports suggest that the rupture
rate is up 40% to 50%.'” Therefore, reliable fixation of
the tendon transfer is paramount.

A concern with an inlay technique, where the
tendon is tubularized and inserts at a right angle into
the bone, is the so called "killer turn" in the graft
around the bony edge, which has been shown to

E. T. EK ET AL.

increase tensile forces on the graft, leading to elonga-
tion and eventual failure, or tunnel widening.'” As
such, onlay techniques have become increasingly
popular to avoid this potential complication. Such has
been the case with posterior cruciate ligament surgery
in the knee. However, in the knee, calcaneal bone
blocks attached to Achilles tendon allografts have been
increasingly used for posterior cruciate ligament
reconstruction as the bone block allows for bony fix-
ation and gives versatility in addressing possible bone
voids from prior surgery, whereas avoiding the "killer
turn" at the aperture of fixation. All these factors are
relevant when considering its similar use in the
shoulder. Hence, here we describe our technique using
an Achilles tendon-bone allograft for arthroscopic-
assisted lower trapezius tendon transfer.

Surgical Technique

Patient Positioning and Diagnostic Arthroscopy

The patient is placed in a beach chair position, with
the operated arm placed into a hydraulic arm holder
(Spider2, Smith & Nephew, UK) (Fig 1A). Preopera-
tively, range of motion of both shoulders is examined.
Anatomic landmarks are marked, the operative site is
draped after sterile preparation, and the arm is fixed in
the arm holder. It is important that the whole posterior
scapular is exposed up to the medial border to allow for
LTT harvest (Fig 1B).

A diagnostic glenohumeral arthroscopy is performed
using a 30° arthroscope viewing from a standard

Fig 2. Arthroscopic view of the left shoulder from the
posterolateral portal showing a massive irreparable tear of the
supraspinatus (SS) and infraspinatus (IS) tendons. The sub-
scapularis tendon is noted to be intact (SSc). (HH, humeral
head.)
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Fig 3. (A) The bony landmarks of the posterior scapular of
the left shoulder. The lower trapezius tendon (red) inserts to
the medial one-third of the scapula spine. The oblique inci-
sion is approximately 10 to 15 cm long and centered just
medial to the lower trapezius tendon insertion (dashed line).
(B) The lower trapezius tendon can be identified as it inserts
into the scapula spine. (C) The lower trapezius tendon
muscle is then released superficially and deep mobilized to
obtain maximal excursion.
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posterior portal. Absence of significant glenohumeral
arthritis is confirmed. Inspection of the subscapularis
tendon is imperative to ensure its integrity. If torn, an
arthroscopic subscapularis tendon repair is performed.
However, if irreparable, this precluded the continuation
of an LTT transfer and the planned surgery is aban-
doned (Video 1).

Soft-Tissue Releases and Greater Tuberosity
Preparation

An extensive release and clearance of the rotator in-
terval is undertaken, and the anterior capsular release
also release inferiorly to allow for the humeral head to
recenter in the event of development of superior hu-
meral head migration. The subacromial bursa is
removed from the subdeltoid space and the rotator cuff
is assessed. The retracted posterosuperior rotator cuff is
grasped to confirm that the tendon is in fact irreparable
(Fig 2). The remaining tendon remnants on the greater
tuberosity are cleared and the site for the graft insertion
is determined. We aim to insert the Achilles tendon-
bone block at the upper aspect of the infraspinatus
tendon insertion. The interval between the deltoid and
the infraspinatus and teres minor is identified and
developed to allow for later passage of the tendon
allograft.

Lower Trapezius Tendon Harvest

The medial border of the scapula, the scapula spine,
and the tendon insertion of the LTT are marked on the
skin before the procedure (Fig 3A). The lower trapezius
inserts into the medial third of the scapula spine. A 10-
to 15-cm oblique incision is made over the lower
trapezius tendon insertion and the subcutaneous tissue
is dissected and removed until the tendon is identified.
The LTT is identified as an oblique tendon, which can
be elevated off from the underlying infraspinatus
muscle and can be seen with its horizontal oriented
fibers (Fig 3B). The tendon is then detached from the
scapula spine and extensive mobilization is performed
superiorly and medially along the upper border of the
tendon to separate it from the middle trapezius
(Fig 3C). Care is taken to avoid injury to spinal acces-
sory nerve that runs inferior to the muscle, approxi-
mately 3 to 4 cm medial to the scapula.

Achilles Tendon-Bone Allograft Preparation

We prefer the use of a nonirradiated Achilles tendon
allograft with the calcaneal bone block still attached.
We are fortunate that the institution that provides our
allograft preprepares the graft, leaving a bone block
attached measuring approximately 1 cm x 25 cm in
dimensions (Fig 4A). The graft is prepared on the back
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Achilles Tendon

bone block

table. The bone block is tubularized using a cylinder
clamp to shape the graft to fit an 8-mm bone tunnel
(Fig 4B). The bone is also shorted to approximately
20 mm in length. A 2.0-mm drill hole is made through
the bone block and a No. 2 FiberWire suture (Arthrex,
Naples, FL) is passed through the bone and the tendon
is then whip stitched up and down for approximately
5 c¢m to obtained a stable grasp on the tendon. The
suture again passes through the drill hole in the
opposite direction as the previous suture. This suture
acts as the leading suture that will aid in docking the
bone block into the humeral tunnel (Fig 4C). The
Arthrex BTB (bone-tendon-bone) TightRope Graft fix-
ation system (Arthrex) is then applied to the Achilles
bone block according to the technique guide (Fig 4D,
Video 1).

Arthroscopic Insertion of the Achilles Tendon-Bone
Allograft into the Humerus

The arthroscope is reentered into the shoulder joint
through the posterior portal and the bicipital groove
is identified because this is the hardest bone on the
anterior aspect of the humeral head. A drill sleeve in
then applied and a guide wire is passed from anterior
to posterior, with the goal being that the pin exits at
the upper part of native infraspinatus tendon inser-
tion point (Fig 5A). The guidewire is exchanged for
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Fig 4. Achilles tendon-bone allo-
graft. (A) Calcaneal bone block
precut and left attached to the
tendon allograft. (B) The bone
block is compressed in a cylinder
down to approximately 8 mm in
diameter. (C) A high-strength
suture is passed through the
bone block and the tendon is
whip stitched. This provides good
grasping fixation to the graft and
bone as it is pulled into the
shoulder joint. (D) The Arthrex
TightRope device with the
attached EndoButton is applied to
the bone block.

ightRope suture
with button

an 8.5-mm flip cutter drill that is passed through the
anterior drill sleeve through the humerus from
anterior to posterior (Fig 5B). The flip cutter is then
flipped and a retrograde 8.5 mm x 20 mm tunnel is
made (Fig 5C). A suture shuttle is passed from
anterior to posterior and is retrieved out of the pos-
terior portal.

At the posterior incision site, a plane to pass the
graft is created by incising the infraspinatus fascia
through the posterior incision. One can expect a gush
of fluid as this communicates with the shoulder joint.
A long grasper is then inserted along the length of the
infraspinatus muscle and the shuttling suture is
pulled out of the posterior wound. The sutures
attached to the allograft are loaded through suture
loop and then pulled into the shoulder and out
anteriorly through the humerus. With tension on the
No. 2 FiberWire suture, the bone block with its
trailing tendon is pulled into the shoulder joint. As
the bone enters the humeral tunnel, a grasper is
inserted arthroscopically and used to guide the bone
into the tunnel (Fig 6A). Once completely docked,
the TightRope sutures are then tensioned, which
securely pulls the button to the humerus providing
very stable fixation of the graft (Fig 6B). When ten-
sion is placed on the tendon graft, one should see the
humeral head externally rotate.
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Flip cutter

drill

Bone tunnel

Fig 5. (A) A guide wire is advanced from the bicipital groove
anteriorly and exits at the upper portion of the infraspinatus
insertion on the greater tuberosity. (B) A flip cutting drill is then
advanced along that path and the flip cutter is flipped. (C) A
retrograde 8.5 mm x 20 mm tunnel is made. (Left shoulder,
posterolateral viewing portal).
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)
Fig 6. (A) The bone block is advanced into the tunnel with
counterpressure from pulling on the sutures coming out of
the anterior cortex. Docking of the graft is assisted by a
grasper. (B) The Achilles tendon-bone allograft is securely
docked into the humeral head at the desired insertion
point. (Left shoulder, posterolateral viewing portal).

Graft Attachment to the Lower Trapezius and
Tensioning

To inset the Achilles tendon to the lower trapezius
tendon, the shoulder is placed in 45° of abduction and
30° of external rotation. The tendon allograft is split
into 3 tails (Fig 7A) that are then weaved, in a Pul-
vertaft fashion, through the lower trapezius tendon
under maximal tension (Fig 7B). Once complete, the
shoulder is rotated and the LTT transfer should move
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Fig 7. (A) The Achilles tendon allograft is split into 3
tails that are weaved through the lower trapezius tendon
and muscle (*) in a Pulvertaft fashion. (B) After
completion of the weave, the anastomoses (**) between
the Achilles allograft and the lower trapezius tendon can
be seen. (Left shoulder).

as one with the shoulder. The arthroscopy portals are
closed in a standard fashion and the posterior incision
is closed with 2-0 Vicryl subdermal sutures and 3-0
Monocryl to the skin. Standard dressings are applied.
The patient is placed in an abduction/external rotation
brace which is set at 45° abduction and 30° external
rotation to relieve tension on the reconstruction
(Fig 8).

Postoperative Protocol

The shoulder remains in the brace for 6 weeks but
allowed to perform passive range of motion of the
shoulder above the brace. From 6 to 12 weeks, active
range of motion is permitted, with avoidance of any
activation of the LTT transfer. After 3 months, a
computed tomography scan is performed to confirm
union of the allograft bone in the humerus and focused
activation of the LTT transfer is then begun with
physical therapy by coupling shoulder abduction and
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external rotation with scapula retraction. Patients
generally are allowed to return to sporting activities at
6 months.

Discussion

This arthroscopic-assisted technique describes the
use of an Achilles tendon-bone allograft with trans-
osseous inlay fixation for augmentation of a lower
trapezius tendon transfer (Table 1). It is a modification
of a previously described technique which aims to
provide more reliable bone-bone healing and address
the issue of guillotine-type failure that can occur at the
tendon graft-humeral interface, when a tendon is
tubularized and inserted into a transosseous tunnel
(Table 2)."°""°

Elhassan et al.” published results of 33 patients
who underwent LTT transfer using Achilles tendon
allograft through an open technique with onlay su-
ture anchor fixation of the graft to the humerus. The
results of this series were reported at an average
follow up of 47 months with patients achieving sig-
nificant improvements in pain levels and range of
motion. Valenti et al.'® showed similar results in 14
patients who underwent an LTT transfer using sem-
itendinous autograft passed through a transosseous
tunnel and fixed with a cortical button. Our tech-
nique combines the above approaches by using an
Achilles tendon allograft with a bone block passed
through a transosseous tunnel at the insertion site of
the infraspinatus. This site of reinsertion to a more
posterior location probably decreases the tension
applied to the transferred tendon and therefore
facilitates healing.'’

Onlay versus inlay transosseous fixation has not
been biomechanically or clinically compared for
LTT transfer, and our understanding of failure

Fig 8. Patient is placed in an abduction (45°) and external
rotation (30°) brace for 6 weeks. The elbow is free for active
range of motion within the brace.
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Table 1. Pearls and Pitfalls

el765

Step

Procedure

Pitfalls

Pearls

1.

Subacromial and subdeltoid preparation

Superior migration of the humeral head

Tight working space between humerus and
deltoid superior to teres minor

Degenerate atrophied infraspinatus

Clear the rotator interval and release
anterior capsule to recenter the head.

Maintain shoulder in slight abduction and
external rotation to clear space above
teres minor

Dissect and clear to level of scapular below
the level of the spine

Removal of subcutaneous fat to identify the
tendon (oblique oriented fibers)

Remain superficial when dissecting along
the superior edge of the tendon to avoid
damage to the spinal accessory nerve that
lies deep

Tubularize with a cylinder clamp and drill

2. Lower trapezius harvest Identification of the lower trapezius
Mobilization of lower trapezius from the
spine of the scapular, infraspinatus, and
middle trapezius
3. Allograft preparation Fracture of allograft bone block
4. Bone tunnel preparation Humerus fracture

5. Passing of the graft

Bone block fails to dock or remains proud

with maximum drill aperture of 2 mm to
avoid fracture

Use of a flip cutter allows retrograde drilling
of 8.5 mm hole that is kept to 20 mm only
in depth

Maintain firm pressure on the blue
FiberWire suture while using a grasper
passed through the posterior portal to
dock the graft

6. Attachment of the graft to the lower Under tensioning of the graft. Place shoulder in abduction 45° and
trapezius external rotation 30°. Attach graft via
Pulvertaft weave under maximum
tension
mechanisms and the rate arises from studies References

examining the latissimus dorsi tendon transfer.'” In
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approaching 46%.'”'®* With our technique, we
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