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Reverse Shoulder Arthroplasty:

Indications and Techniques(®@

Gilles Walch and Xinning Li

A Purpose and Background
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Glenohumeral arthritis includes osteoar-
thritis, rheumatoid arthritis, and post-trau-
matic arthritis has been treated successfully
with total shoulder arthroplasty for many
years.!? In 1974, Dr. Neer? reported the first
series of patients who were successfully treat-
ed with anatomically designed total shoulder
prosthesis. Despite the initial success, a small
subset of patients did not have satisfactory
outcomes with this prosthesis and had unac-
ceptable failure rates.> These patients typi-
cally presented with a chronic and massive
rotator cuff tear in addition to advance stage
arthritis. This condition is called_cuff tear ar-
thropathy (CTA) which was (Dbcribed by
Neer et al®in 1983. The inciting event of CTA
1s a massive rotator cuff tear that alters the
biomechanics of the shoulder leading to the
development of degenerative arthritis. In ad-
dition, both nutritional and mechanical fac-
tors cause atrophy of the glenohumeral ar-
ticular cartilage and osteoporosis of the
subchondral bone of the humeral head in pa-
tients with CTA. Massive and chronic tear of
the rotator cuff with retraction may result in
severe atrophy and fatty infiltration of the
cuff musculature preventing surgical repair.’-
Without the compressive action of the rota-
tor cuff, when the patient abducts the arm,
there is unopposed contraction of the deltoid
muscle creating a force vector that causes the

humeral head to displace superiorly. The ra-
diographic hallmark of CTA is proximal hu-
meral head migration, joint space narrowing,
glenoid erosion and articulation of the hu-
meral head with the undersurface of the ac-
romion which will eventually lead to acetabu-
lization of the acromion.” ¢ Although these
patients made up a small percentage of those
with glenohumeral arthritis, they present
with reconstructive difficulties and compro-
mised outcome when treated with a conven-
tional unconstraint total shoulder arthro-
plasty.

Recognizing that without proper rotator
cuff function, active arm elevation would be
severely limited in patients with CTA. Several
investigators both in Europe and the United
States experimented with constrained and
semiconstrained total shoulder designs. The
goal was to provide a fixed-fulcrum prosthe-
sis that would allow the deltoid muscle to
raise the arm while the prosthesis remained
stabilized. These early designs met with lim-
ited success, with most complications associ-
ated with poor glenoid fixation and early
loosening which ultimately led to failure.!%-14
Most early designs featured a glenoid compo-
nent that lateralized the glenohumeral center
of rotation resulting in a significant moment
arm and shear forces being placed on the gle-
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noid component as the deltoid muscle pulls
superiorly on the humerus. In addition, the
high degree of constraint imposed by these
prostheses also contributed to loosening. In
response to the high failure rates, constrained
and semiconstrained shoulder prostheses
were largely abandoned, and many surgeons
moved to hemiarthroplasty for patients with
CTA with limited-goals rehabilitation.'>!7

The original reverse shoulder arthroplasty
was introduced in the 1970s which had mini-
mal clinical success due to the constraint de-
sign and lateralized center of rotation that
led to excessive shear forces and catastrophic
failure of the glenoid component.’® In 1987,
Grammont et al" revolutionized the design

of the reverse shoulder prosthesis by increas-
ing the radius of curvature of the glenosphere
and moving the center of rotation medially
and distally. Recent literature has reported
excellent outcomes in patients after the re-
verse shoulder arthroplasty for CTA."® In ad-
dition to the treatment of CTA, the success
of reverse total shoulder arthroplasty has led
to expanding indications to include failed to-
tal shoulder arthroplasty, proximal humerus
fracture (3 or 4-part) in the elderly, and tu-
mor reconstruction. Despite the popularity
of the reverse shoulder, the surgeon must be
cognizant of the complication rates, survivor-
ship of the prosthesis and the limited long-
term functional outcome data available in the
literature.'®

B Patient Evaluation and Surgical Indications
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@ Patient Presentation

Culff tear arthropathy tends to affect the el-
derly with women more likely to present with
this condition than men.?’- 2! Most patients
will complaint of insidious onset of chronic
shoulder pain with progressive loss in range
of motion and strength. The pain is typically
increased with activities and can be either
sharp or dull in nature depending on the in-
citing etiology (cuff tear or arthritis). Night
pain is very common and patients may have
difficulties sleeping; either falling asleep or
waking up throughout the night. Depending
of the severity of the disease, patients maybe
unable to perform overhead activities (unable
to lift arm) or use the hand away from the
body. In addition, activities of daily living
(brushing hair, feeding, driving, etc.) maybe
compromised. It is essential to obtain the pa-
tient’s medical and surgical history including
any history of inflammatory arthritis, infec-
tion, gout, previous history of rotator cuff
tear, trauma, dislocation or fracture. Further-

more, these patients frequently will have cer-
vical arthritis and complaint of both neck
and shoulder pain. It is essential to rule out
symptoms relating to cervical disease which
can often mimic CTA and primary glenohu-
meral disorder.

@ Examination

Physical examination should include evalu-
ation of the bony prominences, shoulder con-
tours, deformity, and muscle atrophy. Neck
examination assessing the range of motion
and Spurling test is essential to exclude any
cervical pathology that may present as shoul-
der pain. Both passive and active shoulder
range of motion in forward flexion, abduc-
tion, internal and external rotation should be
assessed and documented. It is also essential
to compare the range of motion of the af-
fected shoulder with the contralateral shoul-
der. Patients with CTA will have classic signs
of rotator cuff tear in addition to atrophy of
the supraspinatus and infraspinatus muscle.
This is best visualized from the back with the
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Examination of p t with rotator cuff tear
arthroplasty in bilateral shoulder and severe atrophy
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in both the supraspinatus and infraspinatus.

shirt off, thus it is essential to have the patient
expose the shoulder during physical examina-
tion (Figure 1). Excessive fluid build up un-
der the subdeltoid space or intra-articular
joint space may lead to an inflated or swelling
appearance of the shoulder. Range of mo-
tion (ROM) examination may reveal a loss of
active. ROM with preservation of passive
ROM leading to pseudoparalysis of shoulder
elevation. Both passive and active external
rotation (ER) should be evaluated at 0° and
90° abduction. Patients presenting with ac-
tive ER less than neutral and passive ER of
greater than 45 degrees with a lag sign may
benefit from a muscle transfer in addition to
the reverse shoulder arthroplasty. Another
important finding is anterosuperior instabili-
ty or escape of the humeral head with arm
elevation which signifies a subscapularis rup-
ture. An internal rotation drop sign maybe
also be present when the patient attempts to
bring the hand up to the mouth (horn blow-
er’s sign). The presence of this sign usually
indicates involvement of the infraspinatus or
teres minor muscle. When the arthritis is in
the advanced stage, the patient may present

with severe loss of range of motion in all
planes. Neurologic sensory and motor func-
tion should also be evaluated along with
muscle strength.

@ Nonsurgical Treatment

Patients with mild to moderate symptoms
initially should be managed with conserva-
tive treatment methods. This includes activity
modification, anti-inflammatory medications,
physical therapy, pool therapy, and moist
heat. Physical therapy maybe use to help im-
prove range of motion and strength. Howev-
er, patients should not do any exercise that
will exacerbate their pain and increase their
symptoms. Exercises should focus on main-
taining motion and strengthening the remain-
ing structures; teres minor, subscapularis,
and deltoid muscles. Oral anti-inflammatory
medications (NSAIDs) should be the first
line of systemic medical treatment. Both con-
ventional NSAIDs and cyclooxygenase-2 se-
lective inhibitors are effective in decreasing
shoulder pain by inhibiting inflammation.
Long-term risks include irritation of the
stomach lining, ulcers, and kidney failure. Pa-
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tients should be informed of the possible
short or long-term side effects before taking
the medications. Cortisone injections will
also help to minimize inflammation, decrease
fluid production, and facilitate pain control.
It can be use up to three times within a one
year period in patients who are interested in
delaying surgery. However surgical treatment
should be indicated in patients requiring
more than three cortisone injections.

@ Surgical Treatment

The main surgical indication for patients
with CTA is pain and functional limitation
that persists after conservative management.
Reverse shoulder arthroplasty is the standard
surgical treatment in patients with CTA. Oth-
er options including hemiarthroplasty are
available for patients with compromised gle-
noid bone stock; however, the pain relief
along with postoperative outcomes and range
of motion is unpredictable and inferior to the
reverse arthroplasty.?> Multiple studies on the
modern day design reverse shoulder arthro-
plasty have reported excellent range of mo-
tion, pain relief and functional outcomes for
patients with CTA.?>2° The most predictable
and optimal outcomes after the reverse shoul-
der arthroplasty is seen in patients who pres-
ent with pseudoparalysis and pain.?’

Other indications include:

1) Osteoarthritis with massive rotator cuff
tear

2) Massive rotator cuff tear in the elderly
without arthritis

3) Failed rotator cuff repair

4) Failed hemiarthroplasty or total shoul-
der arthroplasty

5) Proximal humerus fracture (3 or 4-part)
in the elderly patient

6) Osteoarthritis with Walch B2 or C gle-
noid

7) Shoulder instability with glenoid wear or

erosion in older patients
8) Rheumatoid arthritis
9) Posttraumatic arthritis and fracture se-
quelae
10) Chronic and recurrent shoulder insta-
bility
11) Proximal humerus resection (tumor)
and reconstruction

Contraindications to reverse shoulder ar-
throplasty include active infection, young age
and high activity level, compromised glenoid
vault preventing implantation of the gleno-
spheree component, and non-compliant pa-
tient. Absence of deltoid functioning is an ab-

solute contraindication. In the United States,
the FDA approved the reverse shoulder ar-
throplasty in 2004 to be utilized in patients
over the age of 70 with cuff tear arthropathy.
However, with the recent expanding indica-
tions and advances in implant design, pa-
tients younger than 70 maybe good candi-
dates for a reverse arthroplasty based on the
presenting etiology. Complications reported
in the literature is variable and up to 50% de-
pending on the study. Wall et al®® reported an
overall postoperative complication rate of
12.6% in 363 primary reverse shoulder ar-
throplasties. The most frequent complication
1s instability (3.3%), humeral fracture or loos-
ening (2.8%), glenoid loosening (2.5%), and
infection (2.2%). In addition, a common ra-
diographic complication after the reverse ar-
throplasty is scapular notching. However, it is
controversial as to whether the notching has
a detrimental effect on clinical outcomes.?-*
Few studies have evaluated the long-term sur-
vivorship of the reverese shoulder. Favard et
al¥ retrospectively reviewed 527 reverse
shoulders with a mean of 7.5 years of follow-
up. The overall survivorship free of revision
was 89% at 10 years. Radiographic notching
progressed over time in size and the Con-
stant-Murley score deteriorated over time.
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Anteroposteri Q oulder radiograph
demonstrating proximal humerus migration,
osteophyte formation on the inferior humeral
head, joint space narrowing, actabularization
of the acromion, and eccentric bone wear of
the proximal superior glenoid.

Similar results were also reported by both

C

Setting

[Figure 3 L1 1) @ ©09e

CT scan in axial vie owing biconcaved glenoid with severe
posterior glenoid bone loss.

Guery et al* and Sirveaux et al.?’

Preoperative Preparation and Surgical
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@ Radiographs

Preoperative planning must include shoul-
der radiographic series consisting of antero-
posterior view in the plane of the scapula
(Grashey view), AP view in internal and ex-
ternal rotation, scapular Y and axillary view.
In addition, patients with significant proxi-
mal humeral deformity or destruction, full-
length AP comparison views of both the af-
fected and contralateral humerus can be
helpful for preoperative template to help re-
store normal humeral length and deltoid ten-
sion. Hallmark of CTA is joint space narrow-
ing, proximal humeral head migration with
osteophyte formation, decreased humeral
head to acromion distance, and glenoid wear
(Figure 2). Routine CT scans should also be
obtained in all patients before reverse shoul-
der arthroplasty to evaluate for glenoid bone
stock, version, and humeral head subluxation

(Figure 3). Deformation in the morphology
of the glenoid associated with arthrits has
been classified by Walch et al’” (Type Al, A2,
B1, B2, and C) and shown to have an effect
on the surgical outcome after TSA (Figure
4). It is essential to know the glenoid version
and depth of the glenoid vault before surgery
to properly plan for the insertion of the gle-
nosphere component. Furthermore, in osteo-
arthritis patients with Walch B2 or C glenoid,
a reverse shoulder arthroplasty should be
considered.®® In patients that does not have
advanced osseous changes, it is essential to
obtain either a CT scan or MRI to evaluate
the status of the rotator cuff and more im-
portantly, the muscle quality and fatty infil-
tration in order to evaluate for reparability. In
pseudoparalytic patients who present with
external rotation lag sign and active external
rotation of less than neutral with fatty chang-
es in the teres minor muscle, a latissmus dorsi/

o
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Walch classification of Gl

morphology in patients with glenohumeral arthritis. Walch A is a centered humeral head on the glenoid.

The amount of central bone wear separates Al from A2. Walch B is a humeral head with posterior subluxation and B2 glenoid have

biconcave wear.

teres major muscle transfer should be con-
sider in addition to the reverse arthroplasty

D Surgical Technique

to restore the external rotation for activates
of daily living.*
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@ Preoperative Antibiotics)
(0 Anesthesia

Reverse shoulder arthroplasty should be
performed either under general anesthesia or
regional block and sedation. All patients
should receive one dose of weight-based anti-
biotics prior to the skin incision. Typically, 1
to 2 grams of intravenous cefazolin is ade-
quate, however in patients with allergies to
penicillin, clindamycin or vancomycin can be
used as alternatives. D)

@ Positioning:

The patient is placed on the operating table

on a beach chair in the supine position. After
the induction of anesthesia, the patient is
brought up into an upright position (45-60
degrees). The operative shoulder should be
just lateral to the edge of the table to facili-
tate exposure. The shoulder and arm is
prepped in the usual sterile fashion with ei-
ther Betadine solution or Chlorhexadine so-
lution. In a recent Cochrane review, Dumville
et al* found some evidence that preoperative
skin preparation with 0.5% chlohexidine so-
lution let to a reduced risk of surgical site in-
fection compared to the alcohol based povi-
done iodine solution. After the sterile prep,
the arm is either placed in either an arm hold-

—b—
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Dr. Li prefers to give the patient both cefazolin and vancomycin for all reverse shoulder arthroplasty procedure before the incision.
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Two popular surgical a

e

hes used

for the reverse shoulder arthroplasty,
the superolateral (green line) and the
deltopectoral approach (blue line).
The red circle represents the coracoid.

er (Spider limb positioner, Smith and Neph-
ew, USA) or laid on an arm support attached
to the beach chair. It is essential that the arm
can be adducted, extended, and externally ro-
tated after the final set up so that the surgeon
can access the humeral canal for broaching
and placement of the prosthesis.

@ Approach

Two surgical approaches include superolat-
eral and deltopectoral are utilized for implan-
tation of the reverse shoulder prosthesis (Fig-
ure 5). A superolateral approach is made
with an incision at the anterior edge of the
acromion and directed posterolaterally in an
oblique fashion. Dissection is done to raise
two flaps medially and laterally. The interval
between the anterior and the middle deltoid
is identified and split. The anterior third of
the deltoid is detached from the acromion
along with the coracoacromial ligament in-
sertion (later repaired with transosseous su-
tures). Limit the distal dissection to 4cm from
the edge of the acromion to avoid injury to
the Axillary nerve. The proposed advantage
to this approach is glenoid exposure to facili-
tate implantation. However, there are con-

cerns for denervation and injury to the del-
toid musculature with this approach.
Furthermore, significantly more inferior
scapular notching was observed in patients
after the superolateral approach compared to
the deltopectoral approach on long-term ra-
diographic follow-up.*! The advantage of the
superolateral approach maybe a decrease in
the rate of instability that is attributed to the
preservation of the subscapularis muscle.

The preferred approach of the senior au-
thor is the deltopectoral approach. An inci-
sion is made starting at the coracoid process
and extended down distally and laterally for
10 to 15 cm towards the mid aspect of the
humerus. Sharp dissection is then employed
through the subcutaneous tissues down to
the fascia overlying the deltoid. The interval
is best identified on the superior portion of
the incision. There will be a small triangle of
tissue devoid of muscle tissue between the
pectoralis major and deltoid just below the
clavicle. The subcutaneous flaps are then mo-
bilized with sharp dissection of the deltopec-
toral interval and subsequent release of the
subdeltoid plane is performed with the arm

—p—
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The biceps tendon is ige
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ied underneath the pectoralis major

muscle. Both the lesser and greater tuberosity are visualized.

in abduction with curved Metzenbaum or
Mayo scissors. A Browne retractor is placed
under in the subdeltoid space to expose the
shoulder along with the subscaplaris tendon
and lesser tuberosity. Identifying the biceps
tendon underneath the pectoralis major ten-
don is the key step in finding the interval be-
tween the greater and lesser tuberosity (Fig-
ure 6). The biceps tendon is elevated out of
the bicipital groove, dissected proximally and
tenotomized at its origin. It is then brought
out distally and tenodesed into the upper
border of the pectoralis major muscle using
interrupted #2 Ethibond sutures. The extra
length of the tendon is removed with scissors
or #15 scalpel.

Anterior Circumflex
Humeral Vessels /
Axillary Nerve

With the arm in adduction and external ro-
tation, the anterior circumflex humeral ves-
sels are located at the inferior aspect of the
subscapularis muscle. The vessels are either
ligated with two sutures or cauterized with a
bovie to prevent bleeding. Next the axillary
nerve is identified with the arm in adduction
and flexion to open the space between the
coracoid and subscapularis muscle. The axil-

lary nerve is located on the anterior surface
of the subscapularis muscle medially and un-
derneath the conjoint tendon. In a revision
case, it is important to identify the axillary
nerve to prevent injury.

5 Subscapularis
Dissection

Keeping the arm in adduction and slight
external rotation, the superior border of the
subscapularis is found just behind the tip of
the coracoid process. Once all four borders of
the subscapularis have been identified, two
stay sutures are placed, and the tendon is di-
vided approximately 1 cm medial to insertion
on the lesser tuberosity, following the ana-
tomic neck of the humerus. The upper por-
tion of the tendon is cut using a regular scal-
pel blade. To avoid bleeding, electrocautery
should be used to section the muscular por-
tion of the subscapularis and release the infe-
rior capsule at the humeral attachment. A
humeral head retractor is introduced into the
joint to subluxate the head posteriorly. The
subscapularis is then released by performing
a juxtaglenoid capsulotomy, which is begun
by identifying the superior portion of the
subscapularis tendon. Dissecting scissors can
be slid along the superior tendon edge to re-
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The subscapularis is
coracoid with a curved Mayo scissor.

lease any subcoracoid adhesions (Figure 7).
The tip of the scissor should always be visual-
ize and avoid release past the medial edge of
the coracoid to prevent injury to the brachial
plexus. The deep surface of the muscle is then
bluntly dissected free from the underlying
capsule and middle glenohumeral ligament.
The capsule and middle glenohumeral liga-
ment are then sectioned, and the surgeon
works back inferiorly and medially to the gle-
noid rim.

Next, the previously transected muscle fi-
bers of the inferior subscapularis are identi-
fied. Lying just posterior to these fibers, which
are seen in cross-section, is the inferior gleno-
humeral ligament. The inferior glenohumeral
ligament and capsule are dissected free and
sectioned superiorly and medially back to the
level of the glenoid. The excursion of the
muscle 1s then tested, and if found to be ade-
quate, the muscle is buried in the subscapu-
laris fossa and protected with a small sponge.
If tendon excursion is still inadequate, a blunt
instrument or finger tip can be used to manu-
ally palpate for the remaining adhesions on
the undersurface of the subscapularis which

Ily released superiorly, inferiorly, and under the

OOOQ wou
The labrum and rd al biceps

tendon stump is released
circumferentially around the glenoid
to further facilitate the exposure.

is released with care. The muscle is then bur-
ied in the subscapularis fossa, and a sharp re-
tractor can then be placed in the fossa to re-
tract the medial structures. Typically, this is
done using a Kolbel retractor, but a curved
Homan retractor or pointed ribbon retractor
can also be substituted if necessary.

@ Capsular Release

At this point, any remaining labral tissue
and subcoracoid bursa is removed. Electro-
cautery is then used to release the inferior gle-
noid capsular attachments, past the 6 o’clock
position and around to the 7 o’clock position
in the right shoulder or the 5 o’clock position
in the left shoulder. The release is done di-
rectly at the level of the bony attachment and
extends medially to the glenoid rim for 2 to 3
mm (Figure 8). The dissection must be per-
formed at the bony insertion to avoid injury
to the Axillary nerve. This step is essential in
allowing for proper posterior retraction of
the humeral head to obtain proper exposure
and preparation of the glenoid.

@ Humeral Preparation

The humeral head is dislocated with pro-

o
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An awl is used to it y the starting point for the axial
reamers. Due to altered anatomy, it is best to visualize the
most direct in-line access to the medullary canal. (Figure is
courtesy of Tornier Inc., Warsaw, Indiana)

gressive arm external rotation with the assis-
tance of blunt cobra retractors placed in the
joint for leverage. Resection of the humeral
head is done along the anatomical neck with
an oscillating saw. We prefer minimal head
cut to preserve the humeral length and also
bone stock. Alternatively, both an intra and
extra humeral medullary guide can be used to
assist in the resection of the humeral head.
The retroversion is typically set between 0 to
20 degrees depending on the native anatomy.
The starting point of the humeral canal is
identified and the entry point is marked with
a starting awl. Altered humeral head shape
and anatomy is frequently encountered in pa-
tients with CTA secondary to the proximal
humeral head migration and articulation
with the acromion. Thus the starting point
can be different between patients. It is best to
visualize the most direct in-line access to the
medullary canal for the starting point (Fig-
ure 9).

0 Humeral Head
Resection

There are two cutting guides used for either
the superolateral approach or the deltopec-

Yow 9 ®ee
Monobloc cutting guid: serted into the medullary canal
with the retroversion set between 0 to 20 degrees using the
rod. (Figure is courtesy of Tornier Inc., Warsaw, Indiana)

toral approach. The shaft of the monobloc
cutting guide is inserted into the medullary
canal and a retroversion rod is inserted to
measure the retroversion (between 0 to 20 de-
grees (Figure 10)). The 0 degrees of retrover-
sion will give patients more internal rotation
whereas 20 degrees of retroversion with pro-
vide more external rotation for patients. Once
the retroversion is set, an oscilling saw is used
to make the head cut below the ring of the
cutting guide. Subsequently, a metaphyseal
reamer is used and the size is determined pre-
operatively and confirmed intraoperatively to
match the proximal anatomy of the humerus
(Figure 11). This is usually a 36mm or 42
mm diameter metaphyseal reamer. Reaming
is completed when the depth of the reamer
head is at the level of the cut surface.

@ Metaphyseal reaming

The metaphsis is reamed with the appropri-
ate reamers assembled to the T-handle. The
reaming is completed when the reamers con-
tacts the diaphyseal cortical bone. The last
reamer will determine the final implant. As-
semble the trial diaphyseal and metaphyseal
trial components on the back table and then
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Figure 11 L 1 ]

Metaphyseal reamel

sed after the humeral head is resected. Reaming is

completed when the depth of the reamer head is at the level of the cut

surface.

Figsure 12X 1T 1} e

vnobloc component is attached to the insertion

a: The final assemble
handle.

b: The component is inserted into the humerus and the degree of retroversion

is verified with the rod.

insert into the reamed medullary canal (Fig-
ure 12). The retroversion and the implant
position is verified with the alignment rod (0
to 20 degrees). A humeral head cut protector
is positioned onto the trial prosthesis during
the glenoid preparation.

11

@ Glenoid Bone Loss and
Grafting

In the subset of patients with severe gle-
noid wear or eccentric glenoid bone loss, ob-
taining a bone graft to augmentation to max-
imize the glenosphere fixation maybe
indicated. This can be done with allograft, il-
iac crest autograft, or humeral head auto-

—p—
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(Figure 13 L0 1 1

a: Tornier BIO-RSA systt

led to harvest the bone graft from the humeral head. A 7mm or 10mm graft can be

harvested. The senior author will use the 7mm graft with a 42mm glenosphere and the 10mm graft with the 36mm

glenosphere.

b: Asymmetric wedge shaped graft is threaded over the metaglene and the long post prior to implantation.

graft. The senior author prefers a humeral
head autograft to minimize patient morbidity
and avoid the higher failure rates associated
with the allograft. This is done with the Torn-
ier BIO-RSA system (Figure 13a). It is es-
sential that the BIO-RSA bone graft is har-
vested from the humeral head prior to the
humeral cut. Using a humeral head align-
ment guide, a guide pin is placed into the cen-
tral portion of the head. A BIO-RSA graft
reamer is passed over the pin and reaming is
done until a flat surface is encountered on the
humeral head. The guide pin is then removed
and the humeral cutting guide is place over
the resection area. A 7 or 10mm graft is har-
vested with an oscillating saw. The graft is
prepped on the back table with the glenoid
baseplate and threaded over a long post. In
the case of asymmetric glenoid bone loss, the
bone graft can be shaped into a wedge to
match the bone loss (Figure 13b). The goal
is to create a neutral or 10 degrees of inferior
tilt for the glenosphere component.

@ Glenoid Exposure

A Fukuda retractor is inserted to displace
the metaphysis posteriorly. After the subscap-

ularis is globally released superiorly, inferi-
orly, and under the coracoid with a curved
Mayo scissor, it is pushed into the fossa and a
Koelbel or spiked ribbon retractor placed on
the anterior glenoid and in the fossa. An an-
gled retractor or pointed hohman is placed
on the superior aspect of the glenoid to fur-
ther facilitate exposure. At this time, the la-
brum is circumferentially excised along with
any residual stump of biceps tendon. Addi-
tional release of the inferior capsule is done
with an electrocautery. It is essential to stay
on the inferior glenoid bone during the infe-
rior capsule release to avoid injury to the Ax-
illary nerve. If more glenoid exposure is need-
ed, the triceps origin, latissimus dorsi tendon
or the pectoralis major tendon can also be re-
leased.

@ Glenoid Preparation

A guidewire is drilled down the center of
the glenoid with the assistance of drill guide
(Figure 14). Either the neutral orientation or
the 10 degrees of inferior tilt is used (the au-
thors prefer the inferior tilt option (Figure
15)). The baseplate should be on the inferior
aspect of the glenoid face: the inferior aspect
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After the glenoid is adequl

exposed, the guide pin is placed in

the center of the glenoid with 10 degrees of inferior tilt. A central hole

is drilled prior to the reaming.

. 0°

.O..

Guide pin is set at eithérvo
Tornier Inc., Warsaw, Indiana)

of the guide should be flush to the inferior
edge of the glenoid. This position will mini-
mize scapular notching. The drill guide is
then removed and glenoid surface is flattened
with a central reamer. It is important to ream
the glenoid to a flat surface but not to the
cancellous bone because of limited bone
stock. A central hole is drilled with the larger
bit for the central post. At this time, the base-
plate (with or without the bone graft) is in-
serted and four self-tapping screws are used
to secure the baseplate. The authors prefer to
place the compression screws in the superior

13

10 degrees of inferior tilt. (Figure is courtesy of

10°

and inferior position and the locking screws
in the anterior and posterior position of the
glenoid baseplate (Figure 16). A 36 mm or
42 mm glenosphere is inserted at this time to
the baseplate with a special holder (Figure
17).

@ Implant of the Final

Prosthesis

The humerus is dislocated anteriorly and
the trial broach is removed. Three #5 Fiber-
Wire sutures were placed through the me-
taphysis for repair of the subscapularis ten-
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Isthesis is implanted into the humerus. #5

Final humeral monoblog

Figure i7E 1T I}

..... o0 10009

The metaglene with the ld&=Z="_entral post along with the bone graft 36mm glenosphere is i Qed onto the metaglene.
harvested with the BIO-RSA system is impacted onto the glenoid.

Superior/inferior screws are compression and the anterior/posterior

screws are locking. (Tornier Aequalis Reverse Arthroplasty)

< Plewse send
'Fi%u.re (Y

Ethibond sutures are used to repair the subscapularis peel after reduction of
the humeral component to the glenosphere.

don or the tendon is directly sutured onto the
residual stump (Figure 17). The final compo-
nent is then inserted after pulsatile lavage ir-
rigation of the humeral canal. The humerus
1s then reduced onto the glenosphere. Trailing
of the components should be done to ensure
proper tensioning before implanting the final
prosthesis. The subscapularis tendon is re-
paired with the transosseous sutures with ad-
ditional #5 Ethibond sutures used to close
the lateral part of the rotator interval (Figure

18). Edwards et al® reported significantly
more dislocations in patients whose subscap-
ularis was not repaired after the reverse ar-
throplasty. Thus we recommend repair of the
subscapularis tendon whenever it is possible
and the tissue quality is adequate. The inci-
sion is then closed with vicryl sutures and
running subcuticular monocryl sutures. Ster-
ile dressing is applied and the arm is placed in
an Ultra sling immobilizer.

.
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E Tips and Pearls

1) Cuff tear arthropathy with pain and
pseudoparalysis is the best indication for
a reverse shoulder arthoplasty.

2) Despite the expanded indications and
popularity of the reverse shoulder, the
surgeon must be cognizant of the com-
plications, implant survivorship, and
outcomes.

3) Preoperative CT or MRI to evaluate for
rotator cuff status, muscle quality, fatty
infiltration, glenoid version, glenoid ero-
sion is essential for planning.

4) In patients with pseudoparalysis , exter-
nal rotation lag with minimal active ex-
ternal rotation, or in case of absence of
teres minor, a latissmus dorsi and teres
major muscle transfer should be consid-
ered.

5) In patients with osteoarthritis and severe
Walch B2 or C glenoid morphology. a
reverse shoulder arthroplasty should be
considered as an option.

6) In revision cases or patients with several
proximal humerus bone loss, a full-
length humerus radiograph should be
obtained for both extremity preopera-
tively to locate the optimal height of the
humeral component.

7) Absence of deltoid function is an abso-
lute contraindication for reverse arthro-
plasty.

8) The glenoid baseplate should be posi-
tioned inferiorly on the glenoid face to
reduce inferior scapular notching. (10
degrees of inferior tilt is preferred by the
senior author)

9) Glenoid bone graft is essential to aug-
ment fixation in patients with compro-
mised glenoid bone wear.

10) Humeral component should be placed
anatomically, if a guide is used for hu-
meral head resection, then we recom-
mend between 0 to 20 degrees of retro-
version.

11) Glenosphere size is typically 36mm,
however, in larger males, a 42 mm gle-
nosphere can be used.

12) If the BIO-RSA is indicated, then 7mm
bone graft is used with the 42mm gle-
nosphere and 10mm bone graft is used
with the 36mm glenosphere.

13) A trial reduction should be performed
to evaluate for range of motion to im-
pingement and stability before the final
implant is selected.

F Postoperative Protocol

1309_JMBAfE_3-18. indd 15

Postoperative immobilization is achieved
using a simple sling with the shoulder in in-
ternal rotation for 1 month to protect the
subscapularis repair. This may be removed
for patient hygiene. Although the patient is
allowed to use the hand for simple activities
of daily living, lifting activities should be
avoided. Passive range-of-motion exercise is

begun immediately. After 1 month, the sling
is discarded, and the patient is allowed activ-
ity as tolerated. Strengthening maybe started
after 3 months with or without formal physi-
cal therapy. We have found therapy in a swim-
ming pool to be particularly helpful in this
patient population and use this technique
whenever possible.
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