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Preface

Over the last several years, the diagnosis and treatment of
rotator cuff injuries have improved. But despite this, care is
sometimes uncertain. For example, when a patient first pres-
ents to a clinician’s office, there are no good criteria for
deciding whether treatment should be nonoperative. This is
partly because rotator cuff injuries are common and often
without symptoms, especially in the elderly. And in those that
have symptoms, some are able to cope with them. It is also
partly because some rotator cuff tears have the potential to
worsen. Most experienced surgeons have had the unpleasant
experience with an individual returning to their office several
years after diagnosis of a small tear that has now become
massive. A surgeon who chooses to repair all the torn rotator
cuff tears must face the reality that about 25% fail to heal.
These retears occur more often in severe rotator cuff tears,
but other factors impair the healing as well.

This book provides detailed instructions in an easy-to-
read, case-based format for treatments of patients with rota-
tor cuff injuries. This includes tools for diagnosis, clinical
decision-making for both nonoperative and operative man-
agement, surgical planning and techniques, postoperative
rehabilitation and outcomes. Nonoperative, arthroscopic, and
open surgical techniques in the treatment of rotator cuff inju-
ries are detailed by experts in the field. From common rotator
cuff tendonitis to complex revision surgery, biological aug-
mentation, tendon transfer, and shoulder arthroplasty, the
chapters are in a standard format, including clinical pearls
and pitfalls to avoid. Reverse total shoulder arthroplasty, an
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effective treatment for some who have little other hope for
diminishing their pain and improving their function, is also
included. In recent years, there has been more interest in the
biology of healing the torn rotator cuff, specifically in inject-
ables that may aid healing.

This casebook will be an excellent resource for orthopedic
surgeons, residents, and fellows alike, as well as sports medi-
cine specialists and all professionals who treat injuries to the
shoulder.

Pittsburgh, PA, USA Patrick J. McMahon, M.D.
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Chapter 1

Arthroscopic Treatment
of Rotator Cuff Tendonitis
Including Treatment

of Acromioclavicular Joint
Osteoarthritis and Os
Acromiale

Mathew J. Hamula and Andrew S. Rokito

Introduction

Rotator cuff tendonitis is one of the most commonly
encountered shoulder pathologies, with lifetime preva-
lence up to 67% [1]. Also known as rotator cuff tendinopa-
thy or “shoulder impingement syndrome (SIS),” this
spectrum of disorders includes a variety of conditions such
as subacromial bursitis, rotator cuff inflammation or par-
tial tears, acromioclavicular (AC) joint pathology, and long
head of the biceps tendinosis. These conditions may origi-
nate from extrinsic causes, intrinsic causes, or a combination
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of both. The final common pathway is a painful shoulder
that limits movement and interferes with activities of daily
living.

Subacromial impingement, as described by Neer, involves
the supraspinatus outlet, acromion, coracoacromial ligament,
and AC joint [2]. Extrinsic causes of rotator cuff tendonitis
include anatomical variants of the acromion, thickening of
the coracoacromial ligament, or subacromial bursitis [3, 4].
Direct compression of the rotator cuff tendons and surround-
ing tissues is thought to lead to the development of rota-
tor cuff tendonitis, degeneration, and ruptures. Conversely,
intrinsic causes develop with degeneration of the rotator cuff
tendons themselves. This degenerative process may have a
genetic component and is exacerbated by age, vascular sup-
ply, or a history of trauma. Patients usually report shoulder
pain at rest, particularly nighttime pain, or pain with over-
head activity. Plain radiographs may show an os acromiale,
AC degenerative changes of the AC joint or glenohumeral
joint, calcium deposits, or cystic changes of the greater tuber-
osity. Advanced imaging such as MRI may help further delin-
eate the extent of damage to the rotator cuff and surrounding
soft tissues.

The first-line treatment of rotator cuff tendonitis is nonop-
erative management consisting of nonsteroidal anti-
inflammatory drugs (NSAIDs), physical therapy targeting
periscapular muscle strengthening, and corticosteroid injec-
tions. Surgery is reserved for patients who have failed conser-
vative management. Several arthroscopic procedures have
evolved over the past two decades to treat rotator cuff ten-
donitis including rotator cuff debridement, bursectomy,
acromioplasty, coracoacromial ligament release, distal clavi-
cle excision, os acromiale fixation, and biceps tenotomy or
tenodesis. Arthroscopic treatment has been shown to have
the benefit of fewer complications and earlier postoperative
mobilization. There is currently no evidence-based consensus
for the treatment of rotator cuff tendonitis. The purpose of
this chapter is to review the diagnosis and arthroscopic
management of rotator cuff tendonitis.
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Case Presentation (Case 1 —Subacromial
Decompression and Distal Clavicle Resection)

A 45-year-old right-hand-dominant male presented with 6
months of worsening left shoulder pain localizing to the antero-
lateral and superior shoulder that was worse with overhead
activity. On physical examination, he has tenderness at the
anterolateral shoulder and had positive impingement signs. He
also had point tenderness over the AC joint and pain with cross-
chest adduction. He attempted a trial of physical therapy,
NSAIDs, and one subacromial and one AC joint corticosteroid
injection. His shoulder pain improved for 3 weeks following the
steroid injections, physical therapy, and NSAIDs. Plain radio-
graphs and MRI scan of the left shoulder demonstrated rotator
cuff tendonitis and a fraying of the undersurface of the supra-
spinatus tendon and advanced joint space narrowing with asso-
ciated bone marrow edema involving the AC joint (Fig. 1.1a, b).

Diagnosis

This patient presented with rotator cuff tendonitis, fraying of
the undersurface of the supraspinatus tendon, and AC joint
osteoarthritis. He attempted nonoperative management with

FiGure 1.1 Plain AP radiograph (a) and T2 coronal MRI (b) dem-
onstrating advanced joint space narrowing and bone marrow edema
around the AC joint
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physical therapy, NSAIDs, and steroid injections with only
temporary improvement of his shoulder pain. Distinguishing
AC joint pathology from rotator cuff tendonitis can be chal-
lenging. Pain localizing to the superior aspect of the shoul-
der, directly over the AC joint, with palpation or cross-chest
adduction is typical of AC joint osteoarthritis. Conversely,
pain with overhead activity or special tests such as Neer,
Hawkins, or empty can (Jobe’s) test localizing to the antero-
lateral aspect of the shoulder may indicate rotator cuff
tendonitis.

Management

Our patient underwent a shoulder arthroscopy with subacro-
mial decompression (SAD), debridement of articular sided
supraspinatus tendon fraying, and arthroscopic distal clavicle
resection (DCR). His immediate postoperative course was
uncomplicated. He was discharged home on the day of sur-
gery. The patient presented for follow-up and underwent a
standardized physical therapy protocol, discontinuing sling
immobilization within 10 days and starting active range of
motion as tolerated.

Management of rotator cuff tendonitis with or without
AC joint arthropathy begins with nonoperative treatment.
Modalities include physical therapy, activity modification,
immobilization, NSAIDs, and diagnostic or therapeutic
injections. Injections into the subacromial space and/or the
AC joint providing symptomatic relief are a prognostic indi-
cator for successful surgical outcome. Physical therapy
increases range of motion, flexibility, and periscapular
strength [5]. It does not reliably relieve arthritis pain. A brief
period of immobilization and application of ice may reduce
inflammation associated with acute exacerbations of AC
joint arthropathy [6].

Operative indications for rotator cuff tendonitis with or
without AC joint arthropathy include continued pain and loss
of shoulder function despite at least 6 months of conservative
management [7]. Supraspinatus outlet impingement, which is
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the usual cause of rotator cuff tendonitis, typically begins
with the anteroinferior aspect of the acromion and progresses
to involve the AC joint. Therefore, surgical management
involves adequate subacromial decompression including the
subacromial bursa, coracoacromial ligament, and acromion.
Specific indications for distal clavicle excision, which is a
resection arthroplasty of the AC joint, include symptomatic
arthritis from osteoarthritis, rheumatoid arthritis, and post-
traumatic or atraumatic distal clavicle osteolysis. Absolute
contraindications to SAD and DCR include active infection,
while relative contraindications include neuroarthropathy,
instability, and medical comorbidities precluding the patient
from undergoing surgery.

Arthroscopic subacromial decompression with or with-
out distal clavicle resection can be performed in the lateral
decubitus or beach-chair position depending on surgeon
preference. Our preference is lateral decubitus as it affords
improved visualization and maneuverability around the sub-
acromial space with an adjusted shoulder suspension device.
The table should be placed in slight reverse Trendelenburg
position to make the glenoid parallel to the floor. A bean
bag is placed around the patient and suction applied to mold
to the lateral position. A post on either side of the bean bag
can be used to further stabilize the patient. For the lateral
decubitus position, the operative arm should be placed in an
apparatus consisting of a sleeve attached to a suspension of
generally no more than 10 pounds. The shoulder should be in
approximately 15° of forward flexion and no more than 45°
abduction.

We recommend a diagnostic arthroscopy with particular
attention to the supraspinatus tendon and debridement of
fraying and partial-thickness tears of less than 50% of the
tendon thickness in addition to subacromial decompression in
the majority of patients. The most common way to approach
the subacromial space and the AC joint arthroscopically is
through a lateral transbursal portal located approximately
2 cm lateral to the edge of the lateral acromion as a working
portal. We start the subacromial decompression by exposing
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the lateral and then the anterior margin of the acromion. A
pilot trough is made at the anterolateral edge of the acromion
using a 4 or 5.5 mm burr, and then extended across the ante-
rior margin. We then taper the resection posteriorly over
about two-thirds of the acromion undersurface using a “wind-
shield wiper” motion. Care is taken to leave the acromion
thicker as the resection proceeds posterior to minimize post-
operative fracture (Fig. 1.2). For the distal clavicle excision a
pilot trough is made in the anteroinferior aspect of the clavicle
to guide resection. Approximately 5 mm of bone is resected,
ensuring that the most posterior aspect of the clavicle is also
resected (Fig. 1.2). A 4 or 5.5 mm burr is used to remove any-
where between 3 and 10 mm of distal clavicle using a “wind-
shield wiper” motion. It can be challenging to decide how
much to resect, as some authors advocate less than 5 mm of
resection in the majority of cases so as not to disrupt the liga-
mentous structures [8, 9]. The majority of authors will agree
that no more than 10 mm of distal clavicle should be resected
[10-13]. The posterior inferior aspect of the AC joint may be
difficult to visualize. An anterolateral portal or 70° arthro-
scope may help ensure that no bony contact remains between
the acromion and clavicle. Care is taken to preserve the supe-
rior and posterior AC capsular ligaments to minimize antero-
posterior instability and avoid release of the coracoclavicular
ligaments to minimize superior instability postoperatively. To
accomplish this, multiple viewing portals are used including

FIGURE 1.2 Arthroscopic images while performing a subacromial
decompression, during (a) and after (b) distal clavicle resection
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the anterior portal through the rotator interval. We do not
recommend coplaning the distal clavicle by removing the infe-
rior 25% to match the acromioplasty as has been described.
We advocate beginning patients on passive range-of-motion
exercises immediately postoperatively as soon as the intersca-
lene block wears off, including pendulum exercises unless
concomitant rotator cuff repair is performed. Isometric, iso-
kinetic, and active range-of-motion exercises are begun at the
first postoperative visit, typically by 7-10 days. Return to
sports is generally approximately 3 months; however it may be
as early as 6 weeks for non-throwing athletes.

Outcome

Our patient had complete resolution of his pain by 2 months
postoperatively so he was allowed to begin advanced strength
training and he returned to work. Rotator cuff tendonitis and
mil partial-thickness rotator cuff tears are common findings
with AC joint arthropathy as they are part of a spectrum in
supraspinatus outlet impingement. In our experience, more
than 5 mm of distal clavicle resection is not needed, and
patient outcomes depend more on the preservation of soft
tissues and early rehabilitation. The patient in this clinical
vignette had improvement of their anterolateral shoulder
pain with physical therapy, with persistently symptomatic AC
joint arthritis. He also responded to injection of the AC joint,
which is a good prognostic sign. When appropriately indi-
cated, distal clavicle resection can improve pain and function
in patients with AC joint pathology.

Literature Review

Rotator cuff tendonitis associated with subacromial impinge-
ment begins with compression of the rotator cuff tendons
causing tendonitis or bursitis. Chronic inflammation may lead
to degeneration and, eventually, tendon rupture [14]. Most
commonly, rotator cuff fraying or partial-thickness tearing
begins on the undersurface rather than the bursal side.
Patients typically report pain over the anterolateral shoulder



8 M.J. Hamula and A.S. Rokito

with or without radiation down the lateral humerus [15].
Neer and Hawkins test combined has a negative predictive
value of 90% [16]. Subacromial decompression has long been
the gold standard treatment for extrinsic impingement that
has failed nonoperative management. Neer first described
anterior acromioplasty in 1972. Since then, several
arthroscopic techniques have been described to accomplish
relieving direct compression of the rotator cuff. Ellman et al.
[10] described an arthroscopic technique to resect the ante-
rior undersurface of the acromion, bursal debridement, and
coracoacromial ligament release. In contrast, McCallister
et al. [17] proposed a “smooth-and-move” technique to per-
form extensive bursectomy and smoothing of the undersur-
face of the acromion without disruption of the coracoacromial
ligament or avulsion of the deltoid.

Various pathologic processes can affect the AC joint,
including, arthrosis, posttraumatic, or atraumatic distal clavi-
cle osteolysis, and infections. Any resulting alteration of nor-
mal biomechanics and function of the AC joint may become
symptomatic. The AC joint is also associated with subacro-
mial impingement, originally described by Neer, as it forms
the supraspinatus outlet along with the acromion and cora-
coacromial ligament [2]. Osteophyte formation on the infe-
rior aspect of the AC joint has been associated with narrowing
of this space and the development of rotator cuff pathology
[18-20]. Additionally, AC joint pathology has been correlated
with rotator cuff tears [21, 22].

Patients with AC joint arthrosis typically present with pain
that localizes to the AC joint or superior shoulder exacer-
bated by overhead or cross-chest activity. It can sometimes be
referred to the anterolateral neck, deltoid, and trapezius [6].
Mechanical symptoms may also be present, such as popping,
catching, or grinding [5]. Further complicating diagnosis, con-
comitant injuries include rotator cuff (up to 81%), biceps
(22%), or labral pathology [5, 23].

The most sensitive physical exam test is the cross-chest
adduction stress test with a sensitivity of 77% while the
O’Brien active compression test is the most specific exam
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finding with a reported specificity of up to 95% [24, 25].
Imaging of the shoulder may show degenerative changes in
the AC joint, best visualized on a Zanca view with 10° to 15°
cephalic tilt. An “outlet view,” which is a scapular lateral pro-
jection with a 10° caudad tilt, allows visualization of inferior
osteophytes emanating from the AC joint [18]. Additionally,
the axillary view allows visualization of osteophytes involving
the anterior or posterior aspects of the AC joint.

Although plain radiographs are sufficient to diagnose AC
joint degenerative arthrosis, advanced imaging can assist in
identifying other pathologies contributing to shoulder pain. A
diagnostic injection can be performed, although outcome is
technique dependent and is more reliably done with the use
of ultrasonography [26]. A recent study by Wasserman et al.
and the senior author (ASR) demonstrated that despite its
superficial location, only two-thirds of in vivo AC joint injec-
tions performed were intra-articular or partial-articular [27].

Mumford in 1941 described an open resection of the distal
clavicle for AC joint pathology [28]. Since the advent of
shoulder arthroscopy, several techniques have evolved to
perform distal clavicle resection arthroscopically. While open
techniques have shown good to excellent outcomes,
arthroscopic techniques are associated with accelerated
recovery, decreased pain postoperatively, improved cosmesis,
and preservation of vital structures such as AC ligaments,
joint capsule, and deltotrapezial fascia [29].

Case Presentation (Case 2— Os Acromiale)

A 25-year-old right-hand-dominant male presented with a
1-year history of right-shoulder pain with overhead activity
that had failed nonoperative treatment including activity
modification,physical therapy,nonsteroidal anti-inflammatory
drugs (NSAIDs), and two subacromial corticosteroid injec-
tions. Physical examination revealed no restriction in shoul-
der range of motion, positive Hawkins and Neer impingement
signs, point tenderness over the acromion, and pain with
forward elevation. A magnetic resonance imaging (MRI)
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FiGURE 1.3 Plain AP radiograph (a) and CT scan with axial (b) and
sagittal (¢) views demonstrating a mesoacromion-type os acromiale

brought in by the patient demonstrated an os acromiale with
associated bone marrow edema. Plain radiographs and a CT
scan were also obtained and demonstrated a mesoacromion-
type os acromiale (Fig. 1.3).

Diagnosis

In some cases, the underlying cause of rotator cuff tendonitis
will be straightforward with a combination of clinical history,
physical exam consistent with impingement, and imaging
demonstrating inflammation of the tendons. In all cases, how-
ever, it is imperative to identify any and all sources of pain
around the shoulder to ensure appropriate management.
Shoulder pain can be difficult to localize which can be com-
pounded by false-positive advanced imaging studies [30-32].
A thorough history and physical exam can usually lead clini-
cians to the correct diagnosis. Given the point tenderness
over the acromion, pain with cross-chest adduction, and
imaging demonstrating a mesoacromion, the patient was
diagnosed with symptomatic os acromiale and underwent a
trial of nonoperative management.

Management

Nonoperative management is the initial first-line treatment
and standard of care for os acromiale. This consists of a
physical therapy regimen for impingement and NSAIDs.
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Surgical management is appropriate once an adequate
attempt at nonoperative management has failed [33, 34].
Previously, authors advocated for fragment excision typically
only for pre-acromion. However, there have been mixed
results secondary to deltoid weakness or dysfunction follow-
ing excision [35-37]. While superior results have been found
with arthroscopic excision, such as those by Campbell et al.
[38] demonstrating no decrease in deltoid function, excision
is still typically reserved for pre-acromial subtypes.
Subacromial pathology in the presence of a stable os acro-
miale has been treated with subacromial decompression and
acromioplasty with mixed results [39, 40].

After failing conservative treatment, the patient was
brought to the operating room where shoulder arthroscopy,
bursectomy of the inflamed bursa, and arthroscopic assisted
debridement and internal fixation of the os acromiale non-
union site using short 4 mm cannulated partially threaded
screws with washers were performed. His immediate postop-
erative course was uncomplicated and he was discharged
home on the same day.

We advocate operative management of symptomatic os
acromiale that has failed nonoperative management. First, a
diagnostic shoulder arthroscopy is performed to evaluate for
concomitant pathology. Next, the arthroscope is directed into
the subacromial space and the subacromial bursa is gently
debrided. A mid-lateral acromial portal is placed and the os
acromiale is marked with a spinal needle. The os acromiale
fibrous nonunion is then gently debrided with small curettes
and 3.5 mm shaver. A small saber incision is carried down to
the subcutaneous tissue where the anterior edge of the acro-
mion is identified and the deltoid tendon insertion is split.
Using a Freer elevator, the anterior acromion is exposed and
the elevator is placed in the subacromial space, marking the
proper anteroposterior and mediolateral direction of the
screws under fluoroscopy. Next, two 2.5 mm smooth Kirschner
wires are placed and measured followed by cannulated ream-
ing with a 2.7 mm cannulated reamer. Two short 36 mm par-
tially cannulated 4.5 mm screws with washers are placed to
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achieve compression and fixation of the os acromiale non-
union site (Fig. 1.4). Adequate debridement and compression
of the nonunion site may obviate the need for auto- or
allograft augmentation. This avoids associated donor site
morbidity with procedures such as iliac crest autograft
harvest.

Our postoperative protocol began with 4 weeks of sling
immobilization with passive range-of-motion exercises. At 6
weeks active-assisted and active range of motion was initiated.

PA

Clavicle

MS

MT

BA

FIGURE 1.4 Types of os acromiale are based on location of failed
fusion between ossification centers (BA basiacromion, MT meta-
acromion, MS mesoacromion, PA preacromion). Reprinted with
permission from Jon Sekiya, MD
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FIGURE 1.5 Arthroscopic images showing (a) needle localization of
the nonunion prior to fixation and (b) nonunion site after fixation

Outcome

At the 5-week postoperative visit, our patient’s pain had
improved slightly, and he was counseled on continuing his
course of physical therapy. Plain radiographs taken at that
time demonstrated bony healing of the os acromiale (Fig. 1.5).
By 3-4 months postoperatively, his pain had resolved and he
began resuming advanced strength training. He reported
slight limitation in forward elevation compared with the con-
tralateral side, and aggressive range-of-motion exercises were
initiated. Twelve weeks following the surgery, the patient
noted dramatic improvement in his shoulder pain, and initi-
ated the final course of PT with gradual strengthening and
return to work as a photographer.

Literature Review

Os acromiale is a failure of fusion of the acromion at any of
its four main ossification centers leading to a nonunion site,
with some cases involving a distinct synovial joint [41]. By the
age of 15-18, the acromial apophysis develops from four dis-
tinct ossification centers: basiacromion, meta-acromion,
mesoacromion, and preacromion. These unite to form the
acromion as late as 25 years of age [42]. The type of os
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acromiale is defined by the unfused segment anterior to the
nonunion site (Fig. 1.6). The prevalence is between 1 and 30%
in the general population and the most common manifesta-
tion is mesoacromial [35, 43]. Mudge et al. have reported on
the rare double-fragment variant, typically a combination of
preacromial and mesoacromial [36]. Os acromiale is often an
incidental finding on standard radiographic imaging.
Radiographs of the contralateral shoulder can help distin-
guish from a fracture. However, aberrant acromial morphol-
ogy can be bilateral in up to one-third of patients with os
acromiale [43]. Symptomatology can be attributed to motion

FIGURE 1.6 (a—c¢) Postoperative AP, scapular Y, and axillary radio-
graphs of os acromiale showing interval healing
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at the nonunion site or an impingement syndrome. A trau-
matic injury to an otherwise incidental os acromiale can pro-
duce pain by disrupting the fibrous nonunion. Symptoms of
external impingement result from a reduced subacromial
space and outlet resulting in rotator cuff pathology.

Advanced imaging, such as MRI or bone scans, can be
helpful to identify the inflammatory response at the non-
union site [37, 44]. CT scans may further help delineate the
bony anatomy. Uri et al. conducted a study of 11 MR exami-
nations of shoulders with symptomatic os acromiale and
found that while it is most easily identified on axial images, a
“double-joint” appearance of the acromioclavicular joint on
oblique sagittal images is a typical finding [44]. The treatment
is particularly challenging when the subtype involves the
mesoacromion.

Various techniques for reduction and internal fixation
have been described. Sutures, screws, and tension band wire
constructs have been used with or without the use of bone
graft [33, 37, 45, 46]. Notably, Atoun et al. [47] reported on
eight patients treated with arthroscopically assisted internal
fixation. All patients had satisfactory results within 3-6
months postoperatively. However, six patients achieved
union, one achieved a partial nonunion, and one failed to
show evidence of union. Operative fixation can improve pain
and function in patients with symptomatic os acromiale who
have failed a trial of nonoperative management.

Clinical Pearls/Pitfalls

e Rotator cuff tendonitis has many sources and clinicians must
make every effort to identify all sources of shoulder pain
prior to pursuing nonoperative or surgical management.

e Common causes of rotator cuff tendonitis include internal
or external impingement, os acromiale, AC joint arthropa-
thy, and intrinsic degenerative changes of the tendon itself.

e Nonoperative management is the mainstay of treatment
for rotator cuff tendonitis, including physical therapy,
activity modification, and NSAIDs.
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Arthroscopic techniques for common causes of rotator
cuff tendonitis have shown good to excellent outcomes in
appropriately indicated patients.

A well-placed lateral portal or anterior portal with a 70°
arthroscope can assist in visualization of the AC joint to
ensure adequate bone resection.

Gentle debridement of an os acromiale nonunion site will
help mobilize bony fragments for compression using par-
tially threaded screws.
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Chapter 2

Arthroscopic Management
of Rotator Cuff Calcific
Tendonitis

M. Ned Scott, Christopher C. Schmidt,
Brandon Brown, and Thomas Kotsonis

Case Presentation

A 57-year-old female nurse presents with a 6-month history
of insidious shoulder pain. She complains of pain with over-
head use and activities of daily living. The discomfort wakes
her from sleep. She has been treated with anti-inflammatories
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and oral steroids without significant symptom relief. Her past
medical history is significant for hypertension and ischemic
heart disease.

Upon physical examination, the patient demonstrates
painful active forward flexion of the shoulder to 10° short of
the contralateral side with a shoulder shrug. Passive forward
elevation and external rotation is equal to the asymptomatic
side and internal rotation is short two vertebral levels.
Provocative testing for signs of impingement (Neers,
Hawkins, and Yocum’s tests) is positive. She demonstrates
4+/5 strength of forward flexion. Biceps maneuvers are nega-
tive, as is cross-arm adduction and tenderness about the
distal clavicle. Cervical spine exam shows no limitation to
motion, equal reflexes, and negative provocation of myelop-
athy. Radiographs show a homogenous calcific body with
smooth edges measuring 22 x 7 mm within the subacromial
space near the insertion of the supraspinatus tendon
(Fig. 2.1a—c).

The patient assents to a trial treatment of corticosteroid
injection into the subacromial space and home exercises
intended to strengthen the rotator cuff and stabilize the
scapula. She reports back in 8 weeks with continued pain. An
MRI is ordered to further assess her soft tissues and demon-
strates a hypo-intense body on the bursal surface of the
supraspinatus tendon that measures 19 x 6 mm. There is mass
effect on the supraspinatus tendon but the rotator cuff ten-
dons are all intact (Fig. 2.2a—c).

FIGURE 2.1 AP (a),Y view (b) and axillary (c¢) radiographs obtained
after 6 months of shoulder pain show a large homogenous calcific
deposit measuring 22 x 7 mm in the subacromial space. Compared
with X-rays obtained 5 months previously, the deposit is unchanged
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Figure 2.2 Coronal (a), sagittal (b), and axial (¢) T2-weighted images
demonstrate a hypo-intense, marginated mass consistent with the
calcific deposit (arrow) on the bursal side of the rotator cuff with mass
effect on the deltoid. It is impossible to tell the degree to which the
calcific deposit has replaced or displaced the supraspinatus tendon

Diagnosis/Assessment

This patient presents with a classic history, physical exam, and
diagnostic studies consistent with rotator cuff calcific tendon-
itis (RCCT), also referred to as hydroxyapatite or crystalline
calcium phosphate tendon deposition. It is important to take
into account the patient’s symptoms, signs, and imaging find-
ings, because not all calcific deposits cause pain [1]. The natu-
ral history of RCCT can be positive with expected
improvement in clinical symptoms and possible eventual
absorption of the calcific deposits. We informed our patient
that people can respond to conservative treatments consist-
ing of relative rest, anti-inflammatory medications, histamine
blockers, and physical therapy and home exercise regimens
[2]. Other nonsurgical but invasive management options are
reviewed including therapeutic ultrasound, extracorporeal
shock wave therapy, and ultrasound-guided barbotage and
aspiration [3-5]. However, we also discussed that patients can
fail conservative care and may continue to have unchanging
pain, which would be an indication for surgical management.
Level II evidence found that while radiographically inhomo-
geneous deposits responded well to both surgical and nonsur-
gical treatments, homogenous deposits responded better to
arthroscopic removal [6]. The current thinking on RCCT
pathogenesis and pain generators is metaplasia of tenocytes
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leading to cell-mediated calcification with pain mediated by
swelling, neoinnervation, and neovascularization [7, 8].

Calcium deposits of the rotator cuff occur most commonly
in the supraspinatus tendon, followed by the infraspinatus
tendon [9]. Rarely, the deposit can occur in the subscapularis
tendon [10]. The primary surgical goal is to express the cal-
cific body to hasten the recovery process of the tendon and
thus alleviate pain. Arthroscopically assisted removal of cal-
cium deposits has largely replaced traditional open approaches
to calcium removal.

Management

The patient underwent shoulder arthroscopy after 7 months of
failed conservative management. Preoperatively, the patient’s
MRI is reviewed. Axial, sagittal, and coronal plane MRI cuts
are used in conjunction to map out the location of the calcium
deposit. Most deposits will be encountered on the bursal side
and/or within the substance of the tendon; rarely deposits can
be visualized from the articular side, but secondary changes of
inflammation may be noted from the articular view [1, 11].

We position the patient in the beach chair as for standard
rotator cuff-related arthroscopies. First, an arthroscopy of the
glenohumeral joint is performed to evaluate for associated
pathologies and to evaluate for partial articular sided or com-
plete rotator cuff tears. If articular sided calcifications are
visualized, they are tagged with a monofilament stitch outside
to inside using a spinal needle that is inserted off the lateral
edge of the acromion.

The arthroscope is then placed into the subacromial space.
The subacromial arthroscopy is performed with anterolateral
and posterolateral portals, with the arthroscope placed in the
posterolateral portal and the anterolateral portal as the pri-
mary working portal. This optimizes visualization of the rota-
tor cuff and facilitates an efficient bursectomy. After
bursectomy, the calcium deposit is visualized on the bursal
side of the rotator cuff tendon. Calcium deposits are detected
as white or yellow patches on the cuff with surrounding areas
of hyper-vascularity on the cuff, as well as hemorrhagic bursa
(Fig. 2.3a, b). Most deposits present as topographic bulges
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FiGURE 2.3 The subacromial space is viewed from the posterior lat-
eral portal. After bursectomy, the calcific deposit is revealed as a
large, white plaque bulging from the bursal side of the rotator cuff
(a). Surrounding area of hyper-vascularity is also seen (b). An
18-gauge spinal needle is introduced into the deposit (¢), and the
toothpaste-like calcium initially fountains out as if under pressure
(d) (arrow). The process is repeated with the spinal needle several
times, re-creating several “geysers of toothpaste” and a “snow-
storm” appearance in the subacromial space. Calcium hydroxyapa-
tite is completely expressed with a blunt instrument such as a probe
or Wissinger rod (d). The expressed deposit is collected and the

surrounding abraded rotator cuff edge is trimmed and lavaged with
an arthroscopic shaver (e)
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adjacent to normal rotator cuff, but depending on their depth,
hidden calcifications may also be present.

An 18-gauge needle is introduced percutaneously off the
lateral edge of the acromion and the deposit is needled
(Fig. 2.3c). The needle can be connected to a syringe and aspi-
rated, but in this case the needle is withdrawn and the deposit
expressed itself as stream of putty, similar to “toothpaste”
(Fig. 2.3d). The paste is expressed with a Wissinger rod pro-
ducing a snowstorm appearance within the subacromial
space, which is removed with a shaver (Fig. 2.3e). Care is
taken to preserve rotator cuff tendon at the expense of com-
plete removal of the calcium deposits. Despite our care to
maintain integrity to the cuff, a high-grade partial-thickness
tear of the supraspinatus tendon was identified.

The high-grade rotator cuff tear on the bursal side is
repaired with an arthroscopic Mason-Allen stitch (Fig.2.4a—d)
[12]. Antegrade passage of rotator cuff stitches with a suture
lasso device through Neviaser’s portal does not require take-
down of intact articular sided rotator cuff fibers (Fig. 2.4b).

The need for acromioplasty is determined by the morphol-
ogy of the acromion, wear on the coracoacromial (CA) liga-
ment, condition of the bursa, and dynamic evaluation of the
rotator cuff (Fig. 2.5a, b). There is abrasion of the undersur-
face of the CA ligament and passive elevation of the arm
reveals abutment between the cuff and the lateral acromion
are signs suggesting impingement and indications for
acromioplasty. The subacromial decompression is performed
with the use of an arthroscopic electrocautery wand and a
5.0 mm barrel burr (Fig. 2.5b). A final lavage is performed to
remove any remaining bone fragments and calcium crystals.

The patient was immobilized in a sling for 4 weeks. During
that time she was allowed passive supine straight-arm raises.
Gentle active range of motion was started at 4 weeks and
strengthening at 10 weeks following repair.
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FIGURE 2.4 A high-grade bursal sided tear with intact articular
supraspinatus tear is discovered after removal of the deposit from
the footprint (a). After preparation of the denuded footprint, a
4.75 mm double-loaded anchor is placed into the tuberosity. A
sturdy suture lasso (Banana SutureLasso, Arthrex, Naples, FL,
USA) is used to penetrate the cuff in antegrade fashion (b) (upper
right corner). Both limbs of the black and white suture and one limb
of the blue and white suture are passed sequentially in a modified
arthroscopic Mason-Allen configuration; in this picture the black
and white suture creates a horizontal mattress after which the
passed limb of the blue and white suture is thrown on the unpassed
limb medial to the horizontal mattress (¢); when tied this creates a
rip-stop suture repair (d)
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FIGURE 2.5 Arthroscopic evaluation after rotator cuff reveals a
downsloping acromion (dotted line), which upon dynamic evalua-
tion shows impingement on the cuff near the site of repair as well as
abrasion of the coracoacromial ligament (arrow) suggesting signs of
chronic impingement (a). Near-identical view after arthroscopic
decompression shows impingement-free arc of rotation (b)

Outcome

The patient’s pain resolved over the first 8 weeks and her
motion returned to normal by 12 weeks. The ASES score at 4
months was 94. The patient’s 2-week postoperative X-ray
showed diminished but residual calcifications within the rota-
tor cuff tendon (Fig. 2.6).

Literature Review

In a radiographic cross-sectional study, Bosworth found that
the prevalence of calcific deposits was 2.7% in a group of
asymptomatic patients [13]. The finding emphasizes the need
to methodically rule out other sources of pain such as adhe-
sive capsulitis, biceps tendinopathy, and rotator cuff dysfunc-
tion. The disease is more common in middle-aged women,
and those with a history of diabetes mellitus, thyroid disor-
ders, hypertension, and heart disease, but it is not associated
with calcium or phosphate disorders [9, 14]. It is important to
distinguish calcific tendinitis from dystrophic calcification of
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FIGURE 2.6 AP X-ray obtained at the 2-week postoperative visit
shows residual calcification

the rotator cuff as the latter is age related and not generally
a painful finding. Louwerens and coworkers compared the
prevalence of calcifications of the rotator cuff in an
asymptomatic cohort with another group of patients with
impingement symptoms. The asymptomatic group had a
lower overall rate of calcifications present (7.8% versus
42.5%), and the symptomatic group had larger deposits [9].
These authors did not distinguish between dystrophic and
reactive calcifications. The history and physical exam of
RCCT match those of subacromial impingement, but pain
with RCCT is typically more severe and may resemble
gout or other reactive arthritis. Past authors have sug-
gested that there are different stages of calcification, which
have different radiographic and clinical characteristics [1, 15].
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However, a patient may fail nonoperative treatment at any
point along the continuum of disease [1, 12, 15, 16]. It is our
opinion that staging the disease is not as important as clini-
cally correlating the disease to the patient’s symptoms, treat-
ing with appropriate conservative measures, and offering
surgery to those who have failed a course of conservative care.

It is important to remember that RCCT may occur with
other disorders of the shoulder. Orthogonal X-rays are ade-
quate to make the diagnosis of RCCT when combined with
physical exam. Advanced imaging is useful for identifying the
location of the deposit and associated disorders, particularly
of the rotator cuff. MRI is a readily available diagnostic test
that is useful for evaluation of the entire shoulder joint.
Ultrasound is another diagnostic tool that has distinct advan-
tages for RCCT, (1) Doppler signals within calcific deposits
have been shown to correlate with pain [17], and (2) ultra-
sound can be used to guide therapeutic injections or attempt
aspiration of the calcium deposits, and for dynamic evalua-
tion of associated subacromial impingement.

Originally, the surgical management of calcific tendinitis
consisted of open subacromial decompression and removal
of the calcific bodies with a longitudinal incision in the rota-
tor cuff. Arthroscopic surgery facilitates the same goals with
less damage to the deltoid muscle and potentially with
improved visualization of the calcific deposit, theoretically
limiting damage to the rotator cuff. Numerous studies show
significant improvement with arthroscopic treatment of pain-
ful calcium deposits [11, 16, 18-21].

For optimal recovery, the arthroscopist must confront a few
controversies when approaching RCCT surgically.
Considerations are (1) whether one must completely remove
all the calcific deposits and in doing so possibly damaging
intact rotator cuff; (2) if, in removing a calcific body, a complete
or an incomplete rotator cuff tear is encountered, should this
be fixed at that time of removal; and (3) should one routinely
perform subacromial decompression as part of the procedure.

The question of how much of the calcific deposit needs
to be removed is unanswered. Two studies in particular
question the need for any removal of calcific deposits [15,22].
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In contrast, in a 2-year follow-up review of arthroscopically
removed deposits, Porcellini found that patients’ Constant
scores were correlated to the amount of residual calcifica-
tions seen on follow-up X-rays [16]. The average 2-year fol-
low-up Constant score of patients with no calcifications was
96.8, compared to 84.4 for patients with microcalcifications
and 79 for calcifications measuring <10 mm (p < 0.01). Maier
and associates evaluated for residual calcifications on X-rays
in the immediate postoperative period. Eighty-two patients
had complete removal; 17 had residual calcifications visual-
ized [20]. At final follow-up, there was no difference in aver-
age Constant score (89.6 versus 86.1, p > 0.05). Furthermore,
only 3 of 17 patients with residual calcifications showed con-
tinued calcifications at final follow-up. Based on equivalent
results in patients with residual calcifications seen on X-ray,
Seil et al. speculated that residual calcifications correspond to
a shell of the deposit and lesion decompression relieves the
pain [11]. Softer collections of crystalline calcium are easier
to express than firm deposits [20]. Based on the results of oth-
ers and our own experience, our recommendation is that the
calcific deposits should be unroofed and soft deposits thor-
oughly expressed using blunt instruments, while firm calcifi-
cations within the rotator cuff do not need to be completely
removed. Clinical improvement can be slower than expected
whether or not the calcifications are completely removed.
Inevitably, removal of some calcium deposits will result in
partial and even complete rotator cuff defects in many cases.
Neer commented that in cases of RCCT the residual cuff
does not need to be sutured [23]. Other authors have reported
side-to-side repairs and anchored repairs for defects left in
the cuff [16, 19, 21]. In Porcellini et al.’s study, all longitudinal
tears <1 cm had no rotator cuff defects seen at follow-up
ultrasound done at a minimum of 2 years. It is worth noting
that none of the 63 patients followed in this study had a post-
operative rotator cuff tear diagnosed by ultrasound in the
postoperative period. In a study of 54 patients undergoing
arthroscopic excision of deposits, El Shewy used a less
aggressive technique to remove the deposit in order to main-
tain integrity of the rotator cuff, leaving partial-thickness



32 M. Ned Scott et al.

tears (up to 50% thickness) unrepaired [19]. Two of the 54
cuffs (3.7%) required revision surgery for rotator cuff repair.
Overall, the patients in this study had good outcomes with
average ASES score of 95, but patients were not subclassified
into treatment arms by degree of damage to the rotator cuff.
Yoo et al. shared the experience of 35 consecutive calcific
deposits having undergone arthroscopic removal, comment-
ing that following thorough debridement of calcific deposits
as well as local degenerative tissue (82% having no residual
calcification on immediate follow-up X-ray), most rotator
tendons were left with defects [21]. Low-grade tears were
simply debrided or stitched in a side-to-side manner, and
high-grade tears were fixed to bone with suture anchors.
There was no statistical difference between those in the low-
grade versus high-grade treatment arms of the study (mean
Constant score 87 versus 86.2). Ten patients experienced
postoperative stiffness, but there was no difference in the
suture anchor group versus the non-suture anchor group. A
prospective study of 17 patients reviewing the results of nee-
dling without repair reported that 13/17 (76%) of the patients
had rotator cuff defects and 5/17 (29%) were full-thickness
tears at 1 year following surgery [24]. Keener prospectively
observed 56 partial-thickness tears over 5 years, and 44% of
partial-thickness tears showed progression of the tear [25].
When we debride calcific lesion that results in a defect of the
rotator cuff, we treat the defect as we normally treat rotator
cuff tears; low-grade defects are left alone and high-grade or
complete tears are treated with suture anchor fixation to
bone [12].

The role of subacromial decompression for RCCT has
been debated, with the focus of arguments for and against
having focused on the pathogenesis and pain generators. Just
as these factors are undecided, so too is the answer as to
whether or not to perform subacromial decompression. The
sheer volume of hydroxyapatite, along with swelling and local
invasion of blood vessels, may predispose the patient to sub-
acromial impingement. Recent histologic work by Hackett
shows that the calcific deposit results in a substantial inflam-
matory response, which suggests that pain is intrinsic to the
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rotator cuff [7]. In 1998, Tillander and Norlin published the
results of 25 patients with calcific deposits who underwent
simple arthroscopic subacromial decompression leaving the
calcific deposits intact [15]. Seventy-nine percent of the calci-
fications had disappeared or diminished on follow-up X-ray.
Furthermore, there was no clinical difference between
patients who had radiographic resolution and those who did
not (average Constant score 78 versus 75). Balke and cowork-
ers retrospectively compared shoulders with arthroscopic
removal of calcific deposits and subacromial decompression
with those who did not have subacromial decompression [18].
The decision whether or not to perform subacromial decom-
pression was based on preoperative X-ray and findings of
scuffing on the undersurface of the coracoacromial ligament.
There was no statistically significant difference in improve-
ment of shoulder scores at final follow-up between subacro-
mial decompression and not as the Constant score was 74.8
versus 79.4. However, subitem evaluation pain was signifi-
cantly better in the subacromial decompression group (11.4
versus 12.9, p = 0.048). The authors attributed this to possible
selection bias as the study was not randomized and
decompression was performed on patients with arthroscopi-
cally evident signs of impingement. While the question of the
need for calcium removal remains, and if subacromial
decompression alone is sufficient, the reason why subacro-
mial decompression alone is successful remains unclear [16,
22]. Marder and coworkers retrospectively compared 25
shoulders that had arthroscopic removal of calcifications
with subacromial decompression with 25 that did not [26].
At a mean of 5-year follow-up, quick DASH (11.1 versus
6.3, p =0.191) and UCLA scores (32.4 versus 32, p = 0.678)
showed no statistical difference. Contrary to the findings of
Balke et al., these authors found that patients who under-
went removal of the calcific body alone had earlier reduc-
tion of pain and return to normal activity (mean 11 weeks
versus 18 weeks, p < 0.006). Given the body of evidence, we
recommend that calcific deposits be removed along with
subacromial decompression if there is impingement on
physical examination, or radiographic evidence of a hooked
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acromion (i.e., type III). We end up doing a subacromial
decompression in the majority of cases as we also perform it
if we think that the RCCT is a risk factor predisposing the
patient to impingement.

Clinical Pearls and Pitfalls

Most patients presenting with acute RCCT can be treated
with time, rehabilitation, and subacromial injection of ste-
roids, but patients may require surgery if there is impinge-
ment after 3-6 months of debilitating symptoms.

At arthroscopy the calcific deposits do not need to be
completely removed, but can be decompressed by nee-
dling and expressing with blunt instruments.

Small partial-thickness rotator cuff tears that can be
debrided and high-grade tears (>50% of the thickness)
should be repaired as in standard arthroscopy to limit the
chance of tear progression. Patients should be counseled
preoperatively about the possibility of rotator cuff repair
and the differences in postoperative rehabilitation com-
pared to debridement alone.

One should consider the patient with calcific deposits as at
risk for impingement. However, subacromial decompres-
sion can be performed on a case-by-case basis, if there are
impingement signs on physical examination, a hooked (i.e.,
grade 3) acromial undersurface on preoperative imaging,
scuffing on the undersurface of the coracoacromial liga-
ment, or a rotator cuff tear that needs repair after calcium
removal and we think that the tear is from impingement.
Patients should be counseled that clinical improvement
and radiographic resolution happens over a course of a
year.
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Chapter 3

Arthroscopic Repair

of Partial-Thickness
Articular Sided Rotator
Cuff Tendon Tears

Patrick J. McMahon

Case Presentation

The patient is a 62-year-old male lineman for an electric com-
pany with an 8-month history of persistent right shoulder
pain. He reports that while working overhead in a bucket
truck he pulled with this previously asymptomatic dominant
right shoulder and felt a sudden tearing sensation and pain.
For a few months he continued to work with light duty
restrictions including avoidance of overhead activities and he
took Ibuprofen and did a home exercise program of stretch-
ing and strengthening. Persistent moderate, achy occasional
shoulder pain that radiated to the lateral upper arm was
worse with overhead activities and awakened him at night
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resulting in his being treated with physical therapy and two
cortisone injections in the subacromial space. Each resulted
in diminished pain for 5-6 weeks but then the pain recurred
and resulted in difficulty working and sleeping.

On physical examination, the patient stood 6 feet tall and
weighed 200 pounds. He had full range of motion of the right
shoulder with pain in the mid arc of motion and the scapula
moved the same as the left asymptomatic side without scap-
ula winging. There was tenderness at the greater tuberosity
and none at the bicipital groove or the acromioclavicular and
sternoclavicular joints. The right shoulder strength was dimin-
ished in abduction, rated as 4/5 with pain, and was normal in
internal and external rotation at 5/5. He had positive Hawkins
and Neer impingement signs and no pain with cross-body
motion. There were no signs of shoulder instability as he had
negative apprehension and relocation tests and the O’Brien’s
test was negative as well.

The true lateral (i.e., Grashey) (Fig. 3.1a), axillary lateral
(Fig. 3.1b), supraspinatus outlet (Fig. 3.1c), and acromioclavi-
clular, also called Zanca view (Fig. 3.1d), radiographs of the
patient’s right shoulder were normal except for moderate AC
joint osteoarthritis. An MRI was ordered and revealed rota-
tor cuff tendonitis and a small partial-thickness anterior
supraspinatus tendon avulsion (PASTA) tear (Fig. 3.2) and
moderate AC joint osteoarthritis. As the patient had failed
nonsurgical treatment, and was substantially limited by his
pain, he was interested in shoulder arthroscopy and rotator
cuff repair. We also discussed the chance of the tearing heal-
ing without surgery and the risks of the tear getting worse
over time.
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Ficure 3.1 (a-d) Radiographs of the shoulder including true lateral
(i.e., Grashey), axillary lateral, supraspinatus outlet, and acromio-
claviclular (i.e., Zanca) views were normal except for moderate AC
joint osteoarthritis
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Ficure 3.2 The MRI revealed rotator cuff tendonitis and a small
partial-thickness anterior supraspinatus tendon tear

Diagnosis/Assessment

The patient’s history, physical, and imaging findings are consis-
tent with the diagnosis of symptomatic partial-thickness rota-
tor cuff tear. Initial treatment was nonoperative including
rehabilitation, NSAIDs, and avoidance of overhead activities.
The symptoms persisted so a subacromial injection of lido-
caine and cortisone that resulted in immediate diminished pain
that persisted for several weeks was important in ruling out
other causes of shoulder pain such as cervical radiculopathy
and malingering. This is important because rotator cuff tears
are prevalent, especially in the elderly and even in athletes but
are not always the cause of a patient’s shoulder pain [1].
I read the shoulder MRI myself to guide the patient in the
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expected postoperative treatments. I debride tears of less than
50% of the tendon thickness and allow early range of motion
and I repair those involving more than 50% as this much of the
tendon has to be torn before there is sufficient tendon tissue to
hold a suture. When the intact tendon overlying the articular
sided tear appears normal, as with this patient, I perform the
repair without completing the tear. Only when the intact ten-
don is damaged do I complete the tear before doing the repair.
When there is AC joint osteoarthritis as with this patient, some
physicians prefer to routinely excise the distal clavicle. I have
been successful using the absence of tenderness at the AC joint
and the absence of pain at the AC joint with cross-body motion
in leaving the AC joint alone. However, it has been my experi-
ence that these signs are commonly found in worker’s compen-
sation cases.

Partial-thickness rotator cuff tears can be treated with
an arthroscopic repair without completing the tear by uti-
lizing the following techniques: (1) making a small longitu-
dinal incision over the tear in the intact portion of the
tendon; (2) while viewing the articular side of the tendon,
making multiple passes with a small instrument, such as an
18 g spinal needle through the intact margin of the torn
tendon; (3) tying the sutures on the bursal side of the ten-
don; and (4) performing a subacromial decompression if
the surgeon thinks it is helpful. Each case must be taken on
an individual basis, as the findings at arthroscopy direct
the surgeon through the best method of repair. For exam-
ple, the intact tendon at the location of the partial-thick-
ness tear is often robust and there is little retraction of the
torn tendon making it amenable to repair without com-
pleting the tear (Fig. 3.3a, b). But if the intact tendon is
stretched, such that there is excessive retraction of the
tear, then excising the stretched tendon, known as com-
pleting the tear, and using techniques detailed in Chap. 4 is
the best course.
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FIGURE 3.3 (a) Arthroscopic picture of the partial-thickness rotator
cuff tear with a robust intact portion of the tendon and little retrac-
tion that is amenable to repair without completion of the tear. (b)
Arthroscopic close-up picture of the partial-thickness rotator cuff
tear and little retraction of the tendon that is amenable to repair
without completion of the tear

Management

With the patient in a lateral decubitus position and the arm
suspended in about 45° of abduction and 15° of forward flex-
ion, a standard posterior portal is made for viewing. The
articular surfaces, labrum, biceps tendon, subscapularis ten-
don, and infraspinatus tendon are normal. A standard ante-
rior portal is also made lateral to the coracoid and entering
the joint between the biceps and subscapularis tendons.
There is a 15 mm partial-thickness anterior supraspinatus
tendon tear of about 60% of the tendon thickness (Fig. 3.4).
The determination of the percent of the supraspinatus ten-
don tear is assessed by looking at the width of exposed tuber-
osity and knowing the average footprint is about a centimeter
and a half in thickness and not by looking at the tendon as
fraying and retraction make this difficult. For example for an
average-sized person if 9 mm of the greater tuberosity width
is exposed, then 60% of the tendon thickness is torn. The
surgeon then has the choice of doing the repair or going into
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FIGURE 3.4 The intact tendon over the partial-thickness rotator cuff
tear is longitudinally incised in line with the collagen fibers with the
spine needle in place that was used to localize the tear

the subacromial space and doing a bursectomy to make it
easier to find the sutures in the subacromial space after the
repair. I usually do the former as doing the bursectomy often
makes it difficult to see the tear afterwards.

I plan to make a portal about 2 cm off the lateral acro-
mion. I start by using an 18 g spinal needle in this location
that I then place into the tear as a guide. Adjacent to the
needle I make an incision in the skin for a portal with a #11
scalpel and also make a longitudinal incision in line with the
fibers of the supraspinatus tendon through the intact portion
of tendon over the PASTA lesion (Fig. 3.4). A 6 mm cannula
is placed into the joint and I debride the torn tendon with a
shaver and greater tuberosity with a burr (Fig. 3.5). This por-
tal is not usually good for placing the anchor as trying to do
so would skive the humeral head. A portal about 3 mm in size,
just large enough for placing an anchor loaded with two
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FiGure 3.5 The edges of the torn tendon are debrided with a shaver.
The greater tuberosity is then burred

sutures, is made adjacent to the lateral acromion. I once again
use an 18 g spinal needle as a guide starting in this location
and placing it into the tear. If the anchor is placed without a
cannula, as I do, it can be a challenging part of the procedure.
More than one anchor can usually be placed without addi-
tional incisions in the anterior and posterior greater tuberos-
ity by holding the arm in either external or internal rotation,
respectively. The edges of the torn tendon are debrided
(Fig. 3.6) with a shaver and the exposed tuberosity is burred
(Fig. 3.7). The sutures are then pushed into the joint with a
suture passer so that they will be easy to retrieve though the
anterior portal (Fig. 3.8). An 18 g spinal needle is placed
through the anterolateral shoulder and into the anterior,
intact portion of the tendon about 5-7 mm medial to the edge
of the tear. A suture relay is passed through the 18 g spinal
needle and retrieved out of the anterior portal along with one
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FiGURE 3.6 The greater tuberosity is then tapped

FiGure 3.7 The anchor is placed

45
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FiGure 3.8 The sutures are then pushed into the joint to ease
retrieving them one at a time out the anterior portal

limb of one of the sutures (Fig. 3.9). The suture is placed into
the suture relay and shuttled out the anterolateral shoulder
(Fig. 3.10). The 18 g spinal needle is again placed through the
anterolateral shoulder about 7 mm anterior to the first suture
into the intact portion of the tendon. The suture relay is
passed through the 18 g spinal needle and retrieved out of the
anterior portal along with the other limb of the suture that is
then again shuttled out the anterolateral shoulder that is then
tied and will result in a mattress suture. A second mattress
suture is placed anterior to the first (Fig. 3.11). The arthro-
scope is then placed in the subacromial space and if the
sutures can be seen they are retrieved and tied. If they cannot
be seen then a bursectomy must be done very carefully so as
not to cut the sutures! To avoid doing so I start the bursec-
tomy in the subdeltoid space, lateral to the sutures and move
posterior first (Fig. 3.12). My assistant pulls on the sutures to
make them taut and before starting the bursectomy I use the
shaver as a probe, with the blade not moving, to give me an
idea of where the sutures are. I can usually find the sutures
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FIGURE 3.9 A spinal needle is placed about 5-7 mm medial to
the edge of the torn tendon. The suture relay is passed through the
tendon and grasped. The spinal needle is removed and the suture
relay is retrieved out the anterior portal. In this case it was suture in
the posterior part of the tear

FiGURE 3.10 The suture was passed back through to complete that
suture passing
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FIGURE 3.11 A view from the articular side of the tendon after the
two mattress sutures have been completed. Both limbs of the poste-
rior suture and only one limb of the anterior suture can be seen. The
other limb of the anterior suture is through the intact tendon that is
behind the humeral head

after clearing the subdeltoid space (Fig. 3.13). On rare occa-
sions I will debride some of the subacromial space around the
sutures to better expose them (Figs. 3.14 and 3.15). More
commonly if I cannot find them, I use the suture retriever as
a probe while my assistant pulls on the sutures to keep them
taut and this helps me to find the sutures in the remaining
bursa. Once I find one and determine which one it is, it helps
me to find the rest. I then tie the sutures to complete the
repair (Fig. 3.16), and then complete the bursectomy of the
subacromial space and then do a subacromial decompression.
The necessity of subacromial decompression with rotator cuff
repair is controversial. Lastly, the arthroscope is placed into
the joint to assess the repair (Fig. 3.17).

Supervising the rehabilitation is important for a successful
outcome. The patient’s arm stays in a sling for 4-6 weeks
postoperative depending on the size of the tear and the
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FIGURE 3.12 A view from the bursa side showing the bursectomy
starting in the subdeltoid bursa and not the subacromial bursa to
avoid the sutures

Ficure 3.13 This usually reveals the sutures so that they can be retrieved
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FIGURE 3.14 The subacromial bursa can then be debrided if needed
without damaging the sutures, if needed

FIGURE 3.15 The sutures can then be retrieved and tied
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FIGURE 3.16 View from the bursal side of the completed repair

FIGURE 3.17 View from the articular side of the completed repair
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patient does pendulum exercises. If only one anchor is used
for the repair as is often the case then 4 weeks is sufficient but
if two or three anchors are used then the arm stays in the
sling for 6 weeks. After this time the patient begins active
ROM and stretching to diminish stiffness. Strengthening is
begun 3 months postoperative and return to work as a
laborer is about 5 months postoperative. Recurrence is most
likely in the first 3-6 months after the repair which may be
failure of the tear to heal rather than recurrent tearing [2, 3].
Failure of partial-thickness rotator cuff repair has been
reported as being a full-thickness tear as well [4, 5]. Patient
satisfaction is over 90% [6, 7].

Outcome

This 62-year-old gentleman with a partial-thickness rotator
cuff tear that was repaired without completion of the tear
recovered uneventfully. At 4 months postoperative, he had no
pain and was sleeping normally. He had full range of motion
with forward flexion to 150°, external rotation with the arm
at the side to 40° and internal rotation to L1, and normal
strength of 5/5 to these motions. He returned to work as a
lineman 5 months after the surgery.

Literature Review

Initial treatment of most rotator cuff injuries is nonoperative.
The usual indication for surgery is symptoms that persist over
several months of nonoperative treatments. In addition to
patient age, the onset being traumatic or insidious, and the
duration being acute or chronic, the management of partial
rotator cuff tears includes consideration of the tear size and
the extent of tendon involvement, prior treatment, and the
patient’s physical limitations. Partial-thickness rotator cuff
tears can be bursal, intratendinous, or as in this case articular.
Factors that may be associated with less favorable outcomes
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following partial-thickness rotator cuff repair include greater
tear size, greater duration, abnormalities of the rotator cuff
muscles, worker’s compensation status, and earlier mobiliza-
tion after surgery. Another consideration is the chance of the
tear becoming larger over time, and while less likely than
with full-thickness tears, this can over several years’ time [8,
9]. It occurs more often in patients with persistent symptoms.
The rotator cuff muscles can also atrophy and develop fatty
changes over time [8]. Patients with a worker’s compensation
claim have functional improvement after rotator cuff repair
that is less robust than other patients [10]. And, several weeks
of immobilization before initiating active range of motion
and several months before strengthening results in the best
outcomes. When surgery is done, arthroscopic repair of par-
tial-thickness rotator cuff tears without completing the tear
results in high patient satisfaction and about 80% can be
expected to heal [11] which is similar to that for small full-
thickness rotator cuff tears.

Clinical Pearls/Pitfalls

e The key to the management of a partial-thickness rotator
cuff tear without completing the tear is making a small
longitudinal incision in the intact portion of the cuff at the
location of the tear for anchor placement. More than one
anchor can usually be placed without additional incisions
in the anterior and posterior greater tuberosity by holding
the arm in either external or internal rotation,
respectively.

e For the lateral portal that is used to place anchors there
are small disposable cannulas or reusable guides to ease
anchor placement.

e More sutures are better and I like to place mattress suture
ties over about 7 mm of tendon. Not much space, only a
mm or 2 is needed between the mattress sutures.

e Place the arthroscope into the GH joint at the end of the
procedure to assess the repair after the sutures are tied in
a subacromial space.
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Chapter 4

Arthroscopic Repair

of Full-Thickness Small-to-
Moderate Rotator Cuff Tears

Justin C. Wong, J. Gabe Horneff, and Mark D. Lazarus

Case Presentation

The patient is a 60-year-old left-hand-dominant male dye
setter at the U.S. Mint who presents with 6 weeks of pain and
weakness of the left shoulder, particularly with overhead
activity. He reports a specific injury when reaching overhead
to grab a dye tool. He felt and heard a pop with associated
onset of pain in his lateral shoulder. He thought that the pain
would subside with modification of his activities, but the pain
has persisted. He reports nighttime shoulder discomfort,
lateral shoulder pain, and weakness with overhead reaching
activity and feels that he is unable to perform his usual job
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with his current level of pain and shoulder dysfunction. His
treatment to date has included nonsteroidal anti-
inflammatory medication as well as a short course of physi-
cal therapy. He has no neck pain or radicular symptoms. He
denies any history of prior shoulder discomfort or injury. His
worker’s compensation physician obtained an MRI of his
left shoulder because of his lack of improvement with physi-
cal therapy and now he presents for further evaluation and
management.

On physical examination, he is 5'10” and 202 lbs. He has
full cervical range of motion and a negative Spurling’s
maneuver. His shoulder girdle does not demonstrate any
signs of atrophy. Palpation of the shoulder girdle shows
that his acromioclavicular (AC) and sternoclavicular joints
are non-tender, but he does have tenderness in the ante-
rior and lateral subacromial region. His active shoulder
range of motion in forward elevation and abduction is
limited secondary to pain. Passively, his range of motion in
forward elevation, abduction, and arm-at-side external
rotation is normal and symmetric with the contralateral
shoulder. Resisted strength testing of the shoulder reveals
4/5 strength with supraspinatus testing but preserved 5/5
strength with resisted external and internal rotation with
the arm at the side and a negative abdominal compression
test.

Radiographs of his left shoulder revealed a concentrically
located glenohumeral joint with no evidence of glenohu-
meral joint arthritis and no proximal humeral migration
(Fig. 4.1). Magnetic resonance imaging of the left shoulder
revealed a moderate-sized rotator cuff tear involving the
supraspinatus and the anterior portion of the infraspinatus
with no evidence of muscle belly atrophy or fat infiltration
(Fig. 4.2).
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FIGURE 4.1 Radiographs of shoulder. (a) AP view and (b) axillary
view of left shoulder demonstrate concentric glenohumeral joint
with no evidence of glenohumeral arthritis or proximal humeral
migration

FiGURE 4.2 MRI of shoulder. (a) Coronal T2 image demonstrates
full-thickness rotator cuff tear. The tear involved supraspinatus and
the anterior portion of the infraspinatus. (b) Sagittal T1 image dem-
onstrates no evidence of rotator cuff atrophy or fatty infiltration



60 J.C. Wong et al.

Diagnosis/Assessment

The patient’s history, physical examination, and diagnostic
imaging are consistent with an acute symptomatic full-
thickness rotator cuff tear. This was discussed with the patient
including options for continued nonoperative treatment or
consideration of rotator cuff repair. With regard to pursuing
nonoperative treatment, the risks of tear-size progression and
specifically possible progression of a repairable tear to an
irreparable tear and possible development of irreversible
muscle atrophy and fat infiltration were discussed. With
regard to pursuing operative treatment, risks of infection,
stiffness, and failure of rotator cuff repair were discussed.
Based upon the patient’s age, occupation, acute onset of
injury, and failure of improvement with prior nonoperative
treatment, he opted to proceed with rotator cuff repair.

Management

Our preferred surgical technique for repair of small, medium,
large, and even massive full-thickness rotator cuff tears,
which can be appropriately mobilized to the anatomic foot-
print, is to utilize an all-arthroscopic suture-passing device
that enables the surgeon to pass sutures transosseously via a
tunnel between medial based and lateral based holes in the
greater tuberosity (Tornier © Arthrotunneler device
(Amsterdam, The Netherlands)) (Fig. 4.3). Each tunnel can
accommodate three to four sutures. With the sutures placed
transosseously, the surgeon can then proceed with passage of
suture limbs through the rotator cuff tendon, followed by
securely tying down the tendon to the greater tuberosity foot-
print, thus generating a true-transosseous rotator cuff repair.

We perform arthroscopic rotator cuff repair in the beach-
chair position under general anesthesia with a regional block.
The operative arm is held with a pole (McConnell Orthopedic
Manufacturing, Greenville, TX) that is utilized to support the
arm in various ranges of shoulder abduction and external
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FIGURE 4.3 Image of tunneler instrumentation. (a) Drill guide and
trocar —used for drilling medial tunnel holes, (b) stick suture passer,
(¢) awl with hard stop, (d) drill for medial hole with hard stop,
(e) drill for lateral hole, (f) tunneler

rotation to bring different areas of the greater tuberosity into
view and in-line with the trajectory of instruments during the
surgery.

We begin with a standard posterior portal and a diagnostic
arthroscopy to evaluate the condition of the glenohumeral
joint. Careful attention is paid to the subscapularis tendon,
and if repair is indicated, it is performed prior to transitioning
the scope to the subacromial bursa. After completion of the
diagnostic arthroscopy and any possible biceps tendon, sub-
scapularis, or other glenohumeral joint treatment, the scope
is directed into the subacromial bursa. Once in the subacro-
mial bursa, a spinal needle allows for localization of the lat-
eral portal, which is made horizontal. It is critical that the
superior-to-inferior height of the lateral portal is not too high,
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or it can make the use of the arthrotunneler device more dif-
ficult. Our preference is that a spinal needle, held in a hori-
zontal position, should just skim the top surface of the greater
tuberosity, when the shoulder is in a neutral position.

The next phase of the operation is obtaining optimal visu-
alization of the rotator cuff tear to allow for assessment of
tear size and configuration. The subacromial bursa is resected
with a combination of shaver and electrocautery devices;
acromioplasty is not routinely performed. The footprint of
the rotator cuff is debrided and lightly decorticated with the
use of an arthroscopic burr to help stimulate a healing
response. Although tendon mobilization is not typically a
problem for small- to moderate-sized tears, it is important to
perform appropriate releases for retracted tears to allow for
maximal tendon excursion and to minimize tension on the
repair. The anterior-to-posterior size of the rotator cuff tear
is utilized as a guide for the number of tunnels to be placed.
In general, a “two-tunnel” suture configuration is utilized for
tears 1-2 cm in anterior-to-posterior size. For larger tears,
additional tunnels can be utilized with a repeating pattern of
suture organization and configuration.

In our two-tunnel rotator cuff repair, each tunnel contains
three nonabsorbable #2 sutures; two of the sutures are uti-
lized in a simple suture configuration, while the third suture
is utilized to create a “rip-stop stitch” by creating a box
suture configuration when paired with a suture from the
adjacent tunnel (Fig. 4.4). For suture management purposes,
we typically utilize black-striped, blue-striped, and solid-
colored sutures in each tunnel. For larger tears requiring
three or more tunnels, the approach is the same: the most
anterior and most posterior tunnel contains three nonabsorb-
able sutures, and each of the central tunnels contains four
nonabsorbable sutures. In cases of utilizing three or more
tunnels, the more central tunnel contains an additional non-
absorbable suture to allow for a rip-stop box suture configu-
ration to be created with a suture from the adjacent tunnel
anterior and posterior to it.

A posterolateral viewing portal is created prior to begin-
ning the next phase of the operation and allows for good
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FIGURE 4.4 A two-tunnel repair. A two-tunnel repair schematic, a
lateral box stitch (blue suture) is created to serve as a rip stop for the
simple sutures (blue-striped and black-striped)

FIGURE 4.5 Rotator cuff tear before and after being reduced. Left
shoulder, posterolateral viewing portal showing the rotator cuff tear
(a) and it reduced on the greater tuberosity with a grasper (b)

visualization of the rotator cuff tear (Fig. 4.5) so that we can
understand the size, retraction, and pattern of the tear as this
aids us in how it will be repaired (Fig. 4.5b). A spinal needle
is typically inserted into the subacromial spacer along the
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FIGURE 4.6 Tunneler medial hole drilling. Left shoulder, posterolat-
eral viewing portal; drill guide utilized to place medial drill hole, drill
is advanced to a hard stop

lateral edge of the acromion to help estimate the number and
placement of the medial based tunnel holes. The process for
passing the sutures transosseously begins with the use of a
drill and drill guide to create the medial based holes in the
greater tuberosity. This is performed through an accessory
anterolateral portal with a trajectory that is roughly 70-80°
upright from the footprint of the tuberosity. The placement of
this portal should allow for access to create all of the medial
holes by simply externally or internally rotating the arm. The
drill guide is positioned on the medial edge of the footprint
and the drill is advanced until the hard stop of the drill
(Fig. 4.6). An awl with a hard stop is then utilized to increase
the diameter of the hole and be sure that it is the appropriate
depth. All of the medial holes can be placed successively
before moving to the next step of passing transosseous
sutures.

Once all of the medial holes have been created, the lateral
portal is lengthened to about 1.5 cm in length, which allows
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FIGURE 4.7 Tunneler position and seated on medial hole. Left shoul-
der, posterolateral viewing portal with the tunneler guided into posi-
tion (a) and the tunneler seated into medial drill hole and held flush
to greater tuberosity with the inset being the external view of hand
positioning for the tunneler (b)

for introduction of the arthrotunneler device into the sub-
acromial space. Beginning with the most anterior tunnel and
working posteriorly, the arthrotunneler device is seated into
the most anterior of the medial holes and held firmly against
the tuberosity (Fig. 4.7b). It is important to properly position
the tunneler such that the lateral drill holes are adequately
spaced from one another. A second drill is utilized to create
a horizontal hole in the lateral aspect of the greater tuberos-
ity that intersects with the tip of the arthrotunneler device
medially. A wire loop can be deployed and acts as a capture
device to ensure that the two holes intersect. The wire loop is
left in the deployed position and the drill is withdrawn with
care not to disrupt the orientation of the arthrotunneler.
Next, a suture passer with a passing stitch is then placed down
the barrel of the arthrotunneler and captured with the wire
loop. The suture passer is gently removed to allow the wire
loop to securely hold the passing suture when the tunneler is
removed.

At this point, the tunneler device is withdrawn, keeping
the looped end of the passing suture captured by the wire
loop. This leaves a passing suture through the tunnel which
can be used to shuttle sutures of different size, type, and color
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FIGURE 4.8 Suture passing stitch. Left shoulder, posterolateral view-
ing portal with the tunneler retrieving a looped passing stitch and
the inset being after the looped passing stitch is placed so that three
or four sutures to be utilized in the repair can be passed (a) and the
looped passing stitch is being used to pass a set of sutures into the
tunnel (b)

according to the surgeon’s preference (Fig. 4.8a, b). For the
most anterior tunnel, three nonabsorbable #2 sutures are
passed with the looped passing suture. The medial and lateral
tails of these nonabsorbable sutures are successively brought
out of an anterior portal and tagged with hemostats. We pre-
fer to tag the medial limbs with a single hemostat and the
lateral limbs with two hemostats. Since the operation requires
multiple tunnels and multiple sets of sutures for each tunnel,
we use color-coded hemostats for suture management. The
tunneling process and suture passage process are repeated as
needed (Fig. 4.9). For the most posterior tunnel the sutures
are brought out through the posterior portal.

The medial limbs of the sutures in each tunnel are then
passed in successive fashion through the cuff tendon tissue.
We prefer to pass the sutures beginning with the most poste-
rior tunnel. The hemostat is removed from the medial limb
sutures and the blue-striped suture is retrieved and passed
through an appropriate posteromedial location in the tendon
utilizing a jawed suture passer. Next the medial limb of the
solid suture is retrieved and passed —just anterior and slightly
lateral to the placement of the previous striped suture.
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FIGURE 4.9 All sutures passed into tunnels. Left shoulder, postero-
lateral viewing portal; all sets of sutures have been passed through
their corresponding tunnels. This view shows the medial tunnel
holes with their corresponding sutures. This particular example is a
four-tunnel repair, where most of the anterior and most posterior
tunnels each contain three sutures, while the middle two tunnels
contain four sutures

The black-striped suture is next passed more anteriorly (in-
line with the blue-striped suture, with regard to medial-to-
lateral placement) (Fig. 4.10). This process is repeated with
the set of sutures from the anterior tunnel, again placing the
solid suture a few millimeters lateral to the placement of the
striped sutures. The pair of solid sutures from each tunnel will
be utilized to create the rip-stop box suture configuration.
After all of the medial limbs are passed, we begin tying the
sutures by creating the rip-stop box suture configuration. To
do this, the medial limbs of the solid sutures in both the ante-
rior and posterior tunnel are retrieved through an anterior
cannula. These medial suture limbs are tied together with
square knots and tested to ensure that the knots do not slide.
The medial tails are cut with a 1 cm tail. Subsequently, their
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FIGURE 4.10 Medial suture limbs passed through tendon. Left shoul-
der, posterolateral viewing portal; medial limbs of sutures are being
passed through the tendon. Of note, the middle suture shown will be
utilized to form the lateral box rip stop, by pairing with a similar
suture from the adjacent tunnel. These rip-stop sutures are placed
1-2 mm more lateral than the sutures that will be utilized in a
simple-suture configuration. /nset—external view of instrument ori-
entation

lateral based counterparts are retrieved from the lateral por-
tal. As the lateral limbs of the solid sutures are tensioned
down, the medial knot is pulled into the shoulder and sits
atop the rotator cuff. An arthroscopic grasper can be utilized
to pull on the tendon edge and aid in this process. The lateral
limbs are tensioned and tied against the lateral aspect of the
greater tuberosity with non-sliding knots. This creates the rip-
stop box suture configuration, and this horizontal mattress
suture also serves as medial row fixation. The remaining
suture limbs are retrieved and tied in successive fashion with
a simple suture configuration (Figs. 4.11 and 4.12). The same
process can be applied for larger tears with three or more
tunnels, noting that a rip-stop box suture configuration is cre-
ated between each adjacent tunnel.
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FiGure 4.11 Tying sutures. Left shoulder, posterolateral viewing
portal; tying of simple suture over box rip-stop suture. Box rip-stop
suture depicted by asterisk

FiGURE 4.12 Final repair construct. Left shoulder, posterolateral
viewing portal; example of final two-tunnel rotator cuff repair—
simple sutures (striped sutures) tied over the box rip-stop sutures
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Postoperative Rehabilitation

Our patient wore a sling and abduction pillow for 4 weeks.
Then he was permitted to discontinue the sling and abduction
pillow and begin a passive range-of-motion home-exercise
program consisting of forward elevation and external rota-
tion. Exercises were performed three to five times a day. He
was instructed to avoid reaching, pushing, or pulling with the
operative arm. Weight-lifting limits are that of a coffee cup
and all use of the arm should be performed with the elbow
against the side of the torso and forearm directly in front of
them. At 2 months postoperatively, passive range of motion
was assessed. If passive range of motion is adequate, he would
continue with the same home-exercise program for another 4
weeks. If there was substantial shoulder stiffness defined as
passive forward elevation <100° he would be encouraged and
directed to perform the home-exercise program hourly. He
was permitted to use the operative arm for light activities but
is instructed to avoid lifting objects greater than a few pounds.
At 3 months postoperatively he began active strengthening of
the rotator cuff and continued with therapy for several more
months. He was released to full activity at about 6 months.

Outcome

Our patient remained out of work for the initial 2-month
postoperative period and then was transitioned to a modified-
duty job with restrictions to not use the operative side for any
lifting, pulling, and pushing. At 3 months he began formal
physical therapy with rotator cuff strengthening. From 3 to
6 months he continued to demonstrate improvement in rota-
tor cuff strength. He was released to his regular duties at
work 6 months after the surgery.

Literature Review

Rotator cuff tears are a common shoulder condition for mid-
dle-aged and older patients and often occur as a result of age-
related degenerative attrition [1-5]. The prevalence of
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asymptomatic full-thickness rotator cuff tears may be 20% in
the general population, but increases with patient age —more
than 50% of patients over age 80 may have an asymptomatic
full-thickness rotator cuff tear [1]. Over time, asymptomatic
rotator cuff tears may cross over to becoming symptomatic
rotator cuff tears, which may be heralded by the development
of pain, weakness, and functional limitations [6]. In the appro-
priate scenario, repair of a full-thickness rotator cuff tear is
indicated when a patient continues to have limitations despite
a trial of nonoperative management or when an active patient
presents acutely with a traumatic rotator cuff tear.

In the absence of significant symptoms, the role for repair
of full-thickness rotator cuff tears is less well defined. In these
cases, the decision for operative or nonoperative manage-
ment will include consideration of patient age, occupation,
short-term and long-term activity requirements, as well as the
potential risk for progression in size of the rotator cuff tear,
fat infiltration, and muscle atrophy. Recent longitudinal
observational studies of asymptomatic partial and full-
thickness rotator cuff tears have documented the risk of tear
progression as ranging from 36 to 67% within 3 years [7-9].
Full-thickness tears have a higher risk of tear progression
and, in general, tear progression is associated with the devel-
opment of pain symptoms [8]. Patient age, gender, and smok-
ing status have not been shown to correlate significantly with
risk of tear progression [9]. In one study of small symptom-
atic full-thickness tears in younger patients treated
nonoperatively, the risk of tear progression was 25% at
3-year follow-up and no tear progressed to becoming irrepa-
rable over that time period [10]. For patients with known
full-thickness rotator cuff tears that are being treated nonop-
eratively, there is a role for surveillance imaging with the goal
of detecting patients who develop tear progression and may
be at risk of further progression with continued nonoperative
treatment [11, 12]. Although the ideal timing of surveillance
imaging is not well defined, we consider follow-up imaging 12
months from the initial imaging study or earlier if a patient
begins developing symptoms.

The primary goal of rotator cuff repair is to reestablish the
mechanical link between the rotator cuff tendon and its bony
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insertion, in order to allow for improved function, strength,
and pain relief. Principles for rotator cuff repair include ade-
quate tendon mobilization to permit a tension-free repair
with sufficient time-zero repair integrity to allow for tendon
healing [13-16]. Overall, arthroscopic or open rotator cuff
repair typically results in significant improvement in pain and
function for the majority of patients [17-21]. Retear rates
average around 21-26% but can vary according to tear size,
chronicity, and repair technique; retear rates as high as 91%
have been reported for large-to-massive tears [22, 23].
Despite relatively predictable improvements in pain relief,
improvements in strength are more predictable in patients
for whom rotator cuff repair leads to tendon-to-bone healing
[18,21,24]. A number of factors can contribute to the healing
potential of the torn rotator cuff, including patient age and
comorbidities, tear size and chronicity, presence of fat infiltra-
tion of the muscle belly, and repair technique [24-28].

Repair Construct: Single Row vs. Double Row vs.
Transosseous

In an attempt to improve the tendon-to-bone interface of
rotator cuff repair, surgical techniques have transitioned
through a number of different methods since the first open
transosseous repair. Arthroscopic technique alone has
changed to include arthroscopic single-row anchored repair,
arthroscopic double-row anchored repair, arthroscopic tran-
sosseous equivalent, and arthroscopic anchorless transosse-
ous repairs [25, 29-32]. These variations in arthroscopic
techniques have been developed with the intention of achiev-
ing improved tendon-to-bone construct fixation and improved
tendon-to-bone contact area for maximal healing potential.
The anatomical footprint of the supraspinatus tendon
averages 12.7 mm from medial to lateral and 16.3 mm from
anterior to posterior [33]. Relative to the anatomical foot-
print, single-row anchor repair constructs may only restore
46% of the normal tendon-bone interface compared with
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71% for simple transosseous repair and 100% for double-
row suture anchor repairs [34]. One study found that a
transosseous-equivalent repair using four-suture bridge
technique demonstrated over 90% more contact area and
42% greater contact pressure at the insertion site over a
double-row repair ([35, 36], Part 1). Along with improved
contact area, double-row repairs have demonstrated greater
ultimate tensile loads compared with single-row repairs,
decreased gap formation, and less strain at the repair site
[35-38].

When comparing transosseous equivalent and
arthroscopic anchorless transosseous techniques, one cadav-
eric study demonstrated that the transosseous equivalent
technique had greater average load to failure (558 N vs.
291 N) and decreased average gap formation (5 mm vs.
8 mm) compared to transosseous anchorless repair [39].
However, when the authors modified the suture orientation
of the anchorless transosseous repair to have an “X-Box”
configuration, the average load to failure increased to
388 N. Whether these biomechanical strength differences in
the cadaverics lead to changes in clinical outcome is unclear.
Based upon rotator cuff cross-sectional area, Burkhart has
calculated that the typical maximal physiologic load that a
two-tendon rotator cuff repair site may be subject to is
roughly 302 N [13]. Considering that many surgeons utilize
passive range-of-motion or complete immobilization proto-
cols in the early postoperative phase, it is even less clear
what level of biomechanical strength is necessary to prevent
construct failure in vivo.

In general, the type of rotator cuff fixation utilized has not
demonstrated significant differences in patient functional
outcomes [40-43]. Some systematic reviews have found an
increased rate of partial- and full-thickness retears in patients
undergoing single-row fixation compared to double-row fixa-
tion [26, 44] although functional differences were not detect-
able. Given that the functional outcomes may not be
detectable between single-row and double-row or transosse-
ous equivalent techniques, there is some debate as to whether
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routine use of a double-row anchor or transosseous equiva-
lent surgical technique is justifiable. Our opinion is that
arthroscopic anchorless transosseous surgical technique
offers the benefits of improved rotator cuff repair contact
area compared with single-row, while also being less costly
when compared to double-row or transosseous equivalent
techniques. One study, evaluating the cost of transosseous
equivalent technique versus anchorless transosseous tech-
nique, showed that anchorless transosseous technique was on
average $336 less expensive per case with no difference in
surgical time [45]. This difference in cost was more substantial
for larger rotator cuff tears where transosseous equivalent
technique required additional suture anchors (Fig. 4.13).
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$1,400.00 -
$1,200.00 -
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® #* OTOE

$800.00 - H Transosseous

Cost ($)

$600.00 -

$400.00 -

$200.00 - T T T T
Small Medium Large Massive TOTAL
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FIGURE 4.13 Cost of arthroscopic anchorless transosseous vs. tran-
sosseous equivalent depending upon rotator cuff tear size. TOE—
transosseous equivalent; Asterisk denotes p-value <0.0001. Note:
Authors felt that statistical significance was not reached in the small
and massive tears because of smaller sample sizes in those two
groups (with permission from Black EM, Austin LS, Narzikul et al.
Comparison of implant cost and surgical time in arthroscopic tran-
sosseous and transosseous equivalent rotator cuff repair. J Shoulder
Elbow Surg. 2016;25(9):1449-56 (Epub: S1058-2746(16)0026-4))
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Role of Subacromial Decompression
and Acromioplasty

The premise of subacromial decompression and acromio-
plasty is based upon the concept of extrinsic compression of
the rotator cuff leading to rotator cuff impingement and
development of subsequent tearing [46, 47]. Prior studies
have classified acromial morphology into three shapes
(straight, curved, and hooked) and linked these morphologies
with varying prevalence to rotator cuff pathology [48, 49].
Neer advocated anterior acromioplasty to decompress the
subacromial space for patients with impingement syndrome
[46, 47]. However, this may have deleterious effects in the
setting of a rotator cuff tear by releasing the coracoacromial
ligament and destabilizing the coracoacromial arch. Such
destabilization may allow for anterosuperior escape if the
rotator cuff repair fails [50, 51]. Additional complications of
acromioplasty include potential acromial fracture as well as
disruption of the deltoid origin [52, 53].

There are several studies to suggest that the routine use of
acromioplasty with rotator cuff repair may not be necessary
[54-59]. Gartsman and O’Connor conducted a prospective
randomized study in patients with isolated full-thickness
tears of the supraspinatus tendon and a type 2 acromion [56].
Patients were randomized to receive or not receive subacro-
mial decompression with rotator cuff repair. At a minimum
of 1-year follow-up, there was no difference in American
Shoulder and Elbow Surgeons (ASES) scores. Similarly,
Abrams et al. performed a prospective study and randomized
patients undergoing arthroscopic rotator cuff repair to
acromioplasty and non-acromioplasty groups [55]. At 2 years,
both groups demonstrated significant improvements in func-
tional outcome scores with no difference between the
acromioplasty and non-acromioplasty groups in regard to
ASES and Constant scores. Given the lack of evidence to
support the routine use of arthroscopic acromioplasty, we
rarely perform it with rotator cuff repair.
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Clinical Pearls/Pitfalls

e There is no minimum anterior-to-posterior distance
between the medial holes of the bone tunnels created by
the drill and awl. This is because the bone bridge for the
simple sutures is length of bone from medial hole to lateral
hole for each tunnel and medially the rip-stop suture does
not need a bone bridge.

e In contrast to the medial tunnel holes, the lateral tunnel
holes require a bone bridge between tunnels. With the tun-
neler device sitting flush in the medial hole, attention must
be paid to the spacing of the lateral holes that will be
drilled. We recommend a minimum anterior-posterior dis-
tance of 5-10 mm between adjacent lateral tunnel holes. If
these lateral tunnel holes are placed too closely and con-
verge, then the later step of tying the lateral limbs of the
rip-stop suture can be compromised.

e Ifintegrity of the lateral cortical bone in the greater tuberos-
ity is in question, the transosseous tunnels can be reinforced
by placing tunnel augment implants (Tornier © TunnelPro).
We use them infrequently.

e After passing sutures into their respective tunnels, it is
imperative that the medial and lateral limbs of the suture
be organized because only the medial limbs of the suture
will eventually be passed through the rotator cuff tendon.
We prefer to use color-coordinated hemostats—one hemo-
stat on the medial suture limbs and two hemostats on the
lateral suture limbs. Each color corresponds to a separate
tunnel and its corresponding sutures.

e When tying sutures, the rip-stop sutures from adjacent tun-
nels should be tied prior to tying the simple sutures. By
doing so, the rip-stop suture helps with reduction of the
rotator cuff tear and also sits beneath the simple sutures.
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Chapter 5
Open Rotator Cuff Repair

Ashish Gupta and Robert Litchfield

Case Presentation

A 61-year-old right-hand-dominant office worker presented
with a 3-month history of a painful right shoulder. The pain was
present throughout the day and was aggravated by activity. He
complained of night pain, which disturbed his sleep, and he was
taking NSAIDs and acetaminophen regularly. He also com-
plained of significant weakness of his shoulder, which was
affecting the activities of daily living such that he was unable to
lift overhead and unable to carry weights with his right arm.
There was no history of trauma. The patient did not smoke
tobacco and he denied any medical comorbidities. A subacro-
mial injection provided temporary pain relief and numerous
sessions of physiotherapy had yielded no clinical improvement.
He had a prior arthroscopic rotator cuff repair of the supraspi-
natus tendon with a biceps tenodesis 3 years ago with a normal
postoperative recovery and return to full function.
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Physical examination demonstrated forward elevation to
160°, abduction to 160°, internal rotation to L3, and external
rotation to 40°. Strength testing revealed severe weakness in
abduction and external rotation with the arm at the side. He
had normal strength in internal rotation and external rota-
tion with the arm at 90° of abduction. There was no tender-
ness of the bicipital groove or the AC joint.

True anteroposterior (Grashey) axillary lateral and supra-
spinatus outlet radiographs (Figs. 5.1, 5.2, and 5.3) revealed
no osteoarthritis of the glenohumeral joint, moderate osteo-
arthritis of the acromioclavicular (AC) joint, a mildly curved
acromial undersurface, and metal suture anchors in the
greater tuberosity. An ultrasound demonstrated a 2.7 x 3 cm
supraspinatus tendon tear with retraction to the glenoid. The

FIGURE 5.1 AP Shoulder
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FIGURE 5.2 Axillary Lateral

tear was noted to extend into the anterior 1/3 of the infraspi-
natus tendon. The supraspinatus and infraspinatus muscle
bellies had normal echogenicity. The subscapularis tendon
was intact.
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FiGcurE 5.3 Lateral Scapular View

Diagnosis/Assessment

The patient was diagnosed with a symptomatic, recurrent
moderate-sized full-thickness rotator cuff tear. We had a
lengthy chat discussing the risks and results of a revision
rotator cuff repair including the possibility of partial cuff
repair or the cuff being nonrepairable. The patient was
very keen to proceed with surgery and he consented to an
open cuff repair. We prefer the use of an open approach in
the case of a revision cuff repair. This approach in our
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hands gives us the flexibility of grafting defects or per-
forming transfers if needed.

Management

The anesthetist administered an ultrasound-guided intra-
scalene nerve block in the preanesthetic area. The block
has several advantages. It minimizes the need for intraop-
erative and postoperative opioid analgesia. As the patient
is relatively pain free during the procedure, the anesthe-
tist can often control the blood pressure more accurately,
as pain causes sympathetic stimulation that in turn leads
to an increase in the blood pressure, and this minimizes
intraoperative bleeding and improves the surgeon’s view
of the field.

The patient was administered a general anesthetic and a
second-generation cephalosporin. The patient was positioned
in the beach-chair position, at 45° of inclination with a shoul-
der positioner (T-max®, Smith and Nephew, USA) (Fig. 5.4).
All the bony prominences are padded. The upper extremity
was prepped and draped in a sterile fashion and the patient’s
arm was held by a pneumatic articulating arm (Spider®, Smith
and Nephew, USA).

The surface anatomy was marked on the skin including the
clavicle, acromion, acromioclavicular joint, and coracoid and
the skin incision was marked with a line from the posterior
margin of the AC joint to the anterolateral edge of the acro-
mion and extending another 3 cm distally. This results in a
total incision length of about 5 cm (Fig. 5.5).

Five milliliters of Marcaine with adrenaline was injected in
the subcutaneous tissue and the skin incision was made. The
skin and subcutaneous tissue were retracted so we could see
the deltoid muscle. The junction of the anterior and middle
portions of the deltoid is the raphe identified by a fat streak
(Fig. 5.6) and split so as to minimize trauma to the deltoid
muscle. The deltoid origin was dissected off the superior
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FiGURE 5.4 Beach-chair position

FIGURE 5.5 The skin incision is marked

surface of the acromion with anterior and posterior flaps.
Care must be taken during this step to elevate about 2 cm of
the anterior deltoid along with the periosteum as a single layer.
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Ficure 5.6 The deltoid raphe

The coracoacromial ligament was incised off the acromion
and the underlying artery that bleeds copiously was coagu-
lated. The posterior deltoid flap was 1 cm in length and also
included its periosteum. While we do not routinely perform a
subacromial decompression, our indication being impinge-
ment signs on physical examination and radiographs with a
type II or type III acromion, in this case the subacromial
decompression began with a Cobb’s elevator being inserted
into the subacromial space and the humeral head being
depressed. The anterior 1/3 of the undersurface of the acro-
mion was excised with the aid of a 1 cm wide osteotome. An
oscillating saw can alternatively be used. The undersurface
was flattened with a rasp. At the end of the subacromial
decompression the surgeon can easily insert the tip of the
index finger under the acromion with the arm in minimal
traction. Next the thick subacromial bursa was excised along
with the bursa from under the anterior, lateral, and posterior
deltoid. This is easier with external and internal rotation of
the flexed shoulder.

The rotator cuff tear size, pattern, and retraction were next
determined. This was made easier by placing multiple traction
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stitches with 1.0 Vicryl suture into the edge of the tendon
(Figs. 5.7 and 5.8) so that the best repair could be planned. We
identified each rotator cuff tendon. First the subscapularis
was inspected. The biceps tendon was retracted posteriorly
and the arm was internally rotated and flexed to 90° to take
the tension off the subscapularis. The subscapularis tendon is
better seen after the rotator interval is opened and the rota-
tor interval tissue is excised. An anteriorly subluxed biceps
tendon or a biceps tendon which subluxes with internal rota-
tion of the humeral head (Sentinel sign) is highly suggestive

FIGURE 5.7 Supraspinatus traction suture

FiGURE 5.8 Infraspinatus traction suture
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of a subscapularis tendon tear. Next was the supraspinatus.
The size, pattern, and retraction of the tear were noted.
Retraction was classified according to the Patte classification.
Stage 1 is the torn tendon edge being close to its bony inser-
tion. Stage 2 is the torn tendon edge at the level of humeral
head. Stage 3 is the torn tendon edge at the glenoid.
Delamination of the tendon was also noted. In cases of
chronic rupture where the tendon is retracted to the glenoid
rim it may be difficult to delineate the tendon from the
superior labrum as the tendon is stuck down to it. Lastly the
infraspinatus and teres minor were inspected. The arm was
placed besides the thorax and maximally internally rotated.
Traction was applied to the posterior cuff so that the extent
of the tear could be seen. To do so, the posterior subdeltoid
bursa needs to be totally excised, and as it is usually very
vascular, the use of electrocautery is preferred.

Most important in large-to-massive chronic cuff tears, we
also performed a systematic cuff mobilization for our
moderate-sized tear. This was performed in an anterior-to-
posterior direction and for large-to-massive retracted tears
we prefer a general anesthetic with muscle relaxation. First
the coracohumeral ligament was incised medially close to its
origin from the coracoid while traction was applied to the
torn edge of the supraspinatus tendon. This usually results in
a sudden increase in the excursion of the tendon. Then the
subacromial adhesions to the supraspinatus were excised
with the use of Mayo scissors to the spine of the scapula,
which is palpable posteriorly. The undersurface of the supra-
spinatus was released off its adhesions to the glenoid labrum.
A No. 15 blade can be used to incise the interval between the
labrum and the supraspinatus. This window was then utilized
and a Mayo scissors or a Cobb elevator was used to release
the medial undersurface of the supraspinatus. Care must be
taken to avoid injury to the infraspinatus branch of the supra-
scapular nerve which lies 1 cm medial to the glenoid surface.
If the tendon is delaminated, traction is applied to the infe-
rior leaflet while the release is done.

Now the quality of tendon, and its excursion, was evaluated
with the patient under a general anesthetic under complete
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paralysis. It must be noted that a premature evaluation of the
cuff mobility may misguide the surgeon and lead to a cuff
repair under excessive tension. Three situations may now
arise. First, the rotator cuff can be mobilized to the lateral
edge of the cuff footprint. This is the ideal scenario where the
cuff mobilization is complete and a double-row repair can be
performed. This is our preferred technique. Second, there can
be incomplete mobilization of the cuff to the osteochondral
junction or the medial edge of the footprint. In this scenario,
the rotator cuff is repaired medial to the footprint with a
single-row technique. This repair may be augmented with a
synthetic or an allogenic graft or patch. Lastly, there can be
mobilization medial to the humeral head. For these irrepa-
rable rotator cuff tears the options include a subacromial
decompression and lysis of adhesions or a muscle transfer
procedure such as a latissimus dorsi transfer. The decision is
based upon the patient’s age, function, as well as extent of
glenohumeral arthrosis. An older patient with retracted
irreparable cuff tear would be a candidate for a reverse total
shoulder arthroplasty.

There is a fine balance between cuff mobilization and cuff
damage. We caution against performing large interval slides
and excessive cuff debridement as this may result in denerva-
tion of the muscle or compromise the blood supply.

For our transosseous repair (Figs. 5.9, 5.10, and 5.11) four
strands of #5 Ethibond were passed through the greater
tuberosity from lateral to medial with 2 cm bone bridges, exit-
ing near the articular margin. Drill holes were avoided as we
think this weakens the bone and we want to minimize suture
cut out as often the bone is osteopenic. The next step is to
bring the torn edge of the anterior supraspinatus to its loca-
tion on the greater tuberosity just posterolateral to the biceps
groove. The sutures were passed through the rotator cuff
about 1.5 cm medial to the rotator cable with the Mason-
Allen technique. The result was a horizontal suture configu-
ration medially that provided traction to the cuff and a
vertical transosseous suture configuration laterally that com-
pressed the cuff onto the footprint of the greater tuberosity
for minimal gap forming between the tendon and the bone.
This technique maximizes contact across the footprint and
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FiGuRE 5.9 Double-row transosseous sutures into the greater tuberosity

FIGURE 5.11 Transosseous No. 2 Ethibond®
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reproduces in essence a double-row repair. Prior to tying
down the transosseous sutures consider closing any defects in
the intervals with side-to-side sutures; these sutures can take
considerable tension off the primary repair.

Although not used in this case as it is a revision procedure,
the senior author often performs a double-row repair with
double-loaded medial row anchors and knotless lateral row
anchors as described below.

We prefer the transosseous technique for revision surgery
but often use a double-row cuff repair with other open rota-
tor cuff repairs. In this repair all of the torn tendon and scar
tissue are debrided off of the footprint on the greater tuber-
osity with a rongeur and a small osteotome until there is
punctate bleeding. Care must be taken not to excessively
debride the cortical bone as in elderly patients the underlying
cancellous bone may be osteopenic. Depending upon the tear
size 1-3 double-loaded suture anchors are placed at the
osteochondral junction of the humerus. The author prefers a
plastic anchor as there is less artifact compared to a metal
anchor if a postoperative MRI is done. An anchor must be
positioned just posterior to the biceps so that when sutures
are then passed through the cuff with a Mason-Allen configu-
ration the torn edge of the anterior supraspinatus is repaired
to its location on the greater tuberosity just posterolateral to
the biceps groove. Care must be taken that the sutures are
passed through both the superficial and the deep layer of the
cuff especially if it is delaminated. More anchors are placed
and sutures are passed sequentially posterior. Sutures are
passed medial to the rotator cuff cable but not yet tied. Albeit
tempting, the surgeon must resist making the transverse limb
of the suture too broad as this causes more devascularization
of the cuff and more movement of the repair that may be a
cause of failure. Once all the sutures are passed, traction is
applied to all the sutures to evaluate the final cuff position-
ing. Some of the tear can usually be repaired with side-to-side
suturing with nonabsorbable sutures. Remember not to cut
your medial row sutures after tying them so that they may be
used for the lateral row repair. Performing a side-to-side
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repair prior to tying the sutures down results in better distri-
bution of forces and prevents dog ear formation. [Authors, is
this something you want to include in the transosseous tech-
nique or do you only do it in the double-row repair?
ADDED)] The sutures are now tied down starting posterior
and going anterior. This enables the cuff to be brought for-
ward as it is brought lateral as often the supraspinatus is
pulled posteriorly by its infraspinatus connections. By the end
of this step the cuff must be well positioned and repaired to
the footprint. Before the lateral row anchor insertion every
other suture end is cut off leaving four suture ends. The ante-
rior and the posterior anchor must have one suture each for
the lateral row repair. Alternatively two lateral row anchors
can be used allowing incorporation of additional medial
sutures. The arm is now abducted and internally rotated to
expose the lateral aspect of the greater tuberosity, which is
then debrided, and one or two double-row anchors with two
to four sutures each are inserted to attain a crisscross suture
configuration. The anchors are tapped into place with the
sutures under tension. Care must be taken to avoid excessive
tension on the sutures. At the end the humeral head and
greater tuberosity should be covered by the repaired rotator
cuff. The shoulder is than taken through a complete range of
rotation to ascertain that a complete repair is attained. The
wound is irrigated with copious amounts of saline and hemo-
stasis is attained.

In our case the deltoid was reattached by placing sutures
through the acromion (Fig. 5.12) with two sutures of #2
Ethibond® suture on a cutting needle placed in each the pos-
terior and anterior limb of the deltoid. The remainder or the
deltoid is closed in a side-to-side fashion with #1 absorbable
suture. [Authors, I do not understand what you mean by the
“medial free edges of each limb” (Removed)] A layered skin
closure was performed. The wound was dressed with a water-
proof dressing and the arm was immobilized in a broad arm
sling with an abduction pillow for comfort.

Most of our patients go home the same day as the proce-
dure. Our patient was instructed to take a long-acting opiod
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FIGURE 5.12 Deltoid repair transosseous acromial sutures

before going to bed even if he was not yet in pain to avoid the
sudden onset of pain in the early hours of the morning when
the interscalene block wore off.

Our patient began active motion of the wrist and elbow on
day 1 and gentle pendulum exercises of the shoulder on day
2. He was advised against lifting anything heavier than a cof-
fee mug for 4 weeks. The rehabilitation then consisted of four
phases. Phase 1 from O to 6 weeks was passive range of
motion (ROM). The aims of this phase are to maintain pos-
ture, enhance comfort of the arm in the sling, reduce pain and
swelling, encourage controlled passive range of motion
within pain toleration, avoid stiffness of the joint, and avoid
active muscle contraction. The patient was encouraged to
wear the sling day and night for the first 4 weeks and night-
time only for the next 2 weeks. Phase 2 from 6 to 12 weeks
began with active assist and progressed to active range of
motion as tolerated. The aim of this phase was diminished
stiffness of the glenohumeral joint with a goal of 90-120° of
motion at the glenohumeral joint in both flexion and abduc-
tion. We want to restore ROM without scapular compensa-
tion. The resting pain considerably decreased. HE started
functional activities and activities of daily living and proprio-
ception exercises below shoulder height. Phase 3 from 12 to
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18 weeks was resisted exercises for strengthening, and we
addressed specific strength deficits. He progressed with func-
tional activities and heavier activities of daily living below
shoulder height and specifically he increased external rota-
tion strength and endurance. There was now satisfactory
range of movement in flexion and external rotation that was
to 160° and external rotation at the side was 45° and in abduc-
tion was 90°. Phase 4 began at 16 weeks and consisted of
advanced strengthening and dynamic stability. The patient
had full pain-free active ROM and continued to improve in
strength, stability, and endurance and there was specifically
continued emphasis on external rotation strength. Functional
activities with activities of daily living above shoulder height
were initiated. He lastly advanced in strengthening with plyo-
metric training as he desired to return to overhead sports. The
program would have been the same had he been a laborer
and wanted to return to such an occupation.

Outcome

Our experience with the open transosseous cuff repair tech-
nique is very satisfying. The tendon can be repaired anatomi-
cally and securely utilizing the techniques described. In a
revision situation the expectations are tempered with respect
to range of motion and strength but an improvement in pain
is generally achieved. We tell all patients that the recovery is
at best 10% a month so that they understand the realistic
recovery timeline. With careful patient selection, tissue man-
agement, and use of antibiotic prophylaxis the infection and
wound complication rates should be very low.

Literature Review
Even though the arthroscopic rotator cuff repair is now a

common procedure, open rotator cuff repair has stood the
test of time. The simplicity of the procedure with minimal



98 A. Gupta and R. Litchfield

equipment ensures that an orthopedic surgeon can safely
perform it. Our aim with all of our rotator cuff repairs is four-
fold, to attain anatomic and tension-free fixation with mini-
mal gap formation, ensure mechanical stability while the
tendon is loaded during rehabilitation, optimize bone tendon
healing, and minimize the incidence of re-rupture. Mochizuki
and coworkers [1] in a study of 113 cadaveric shoulders dem-
onstrated that the supraspinatus tendon insertion was trian-
gular with an average measurement of 6.9 mm in the
mediolateral direction and 12.6 mm in the AP direction. Its
insertion is the anterior most part of the highest point of the
greater tuberosity. The infraspinatus tendon has a trapezoidal
footprint with an average measurement of 10.2 mm in the
mediolateral direction and 32.7 mm in the AP direction. It
has a broad insertion that curves anteriorly to the anterolat-
eral part of the greater tuberosity.

In a histological study of the cuff insertion Fallon and
coworkers [2] found that the medial part of the supraspinatus
tendon consists of horizontally aligned collagen fibers known
as the rotator cable and then in the lateral part of the tendon
the collagen fibers convert to a multidirectional weave inter-
digitating with fibrocartilage as they insert into the greater
tuberosity. The densely packed unidirectional collagen fibers
of the rotator cable extend from the coracohumeral ligament
anteriorly to the infraspinatus tendon posteriorly, coursing
both superficial and deep to the tendon. The capsule is com-
posed of thin collagen sheets each with uniform fiber align-
ment that differ slightly between sheets. This creates a
specialized tendon capable of internally compensating for
changing joint angles by the fascicles which are structurally
independent and can slide relative to one another. The ten-
don insertion is adapted to disperse tension and compression.
The forces in the rotator cuff greatly vary and depend upon
the arm position [3-5]. The supraspinatus tendon experiences
forces ranging from 43 to 350 N and with abduction the maxi-
mal force is concentrated at its insertion with more load on
the articular than the bursal surface. The infraspinatus tendon
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experiences forces ranging from 55 to 900 N. Since maximal
force in the rotator cuff is at its insertion, we think a repair
with a medial row is important.

Biomechanical studies have highlighted the superiority of a
double-row repair in recreating the anatomy of the footprint,
reducing gap formation, and providing initial stability to allow
for cuff healing [6-9]. Despite this, the clinical outcomes of
some studies have shown that double-row and single-row
repair techniques are the same [10, 11]. Others have found the
single-row repair to be inferior. In a recent meta-analysis,
Millet and coworkers [12] reported that the single-row repair
had a higher retear rate of 25.9% compared to 14.2% for the
double-row repair (relative risk of 1.76). Hein and coworkers
[13] evaluated retear rates between single-row and double-
row and suture bridge techniques. They analyzed small
(<1 cm), medium (1-3 cm), large (3-5 cm), and massive
(>5 cm) tears. With all tear sizes the single-row repair had a
higher retear rate compared to double-row and suture bridge
techniques (p = 0.024, relative risk 1.07,95% confidence inter-
val 1.01-1.14). Of note after repair of the large and massive
tears there was a retear rate of 48 and 34% (611 tears) after
single-row repair and 78% vs. 40% (161 tears) after double-
row repair, respectively. No difference was found in the retear
rates between double-row and suture bridge techniques.

There has been considerable debate of the superiority of the
mini open technique and the arthroscopic cuff repair. The mini
open technique has the advantage of being an easier procedure
to learn but has more complications of deltoid detachment,
postoperative scarring, and infection. The arthroscopic tech-
nique enables better visualization and repair of all types of
rotator cuff tears with small incisions; however it is harder to
learn. Ji and coworkers [14] performed a meta-analysis of five
level 1 randomized control trials comparing arthroscopic and
mini open cuff repair and found no difference in surgery time,
functional outcome score, pain with the visual analog scale, and
range of motion. Van der Zwaal and coworkers [15] found no
difference in clinical outcome, range of motion, pain, and
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complications between arthroscopic and mini open rotator cuff
repairs at 1 year of follow-up in 100 patients. However, patients
had the benefits of diminished pain and improved range of
motion sooner, after 6 weeks, with an arthroscopic repair. In the
end however, both techniques have similar outcomes.

Clinical Pearls/Pitfalls

Regional anesthetic provides excellent perioperative pain
relief and enables the anesthetist to control the blood
pressure, which in turn results in less bleeding within the
surgical field.

The deltoid should be elevated along with its periosteum
as a single layer and anterior and posterior flaps created.
Acromion resection should not be the same in all cases;
significant variation exists in the thickness of the acro-
mion. Care must be taken not to resect too much bone, as
it may result in an acromion fracture. Care must also be
taken to identify an os acromiale and resect the acro-,
meta-, and meso-type and fix the baso-type os acromiale.
[Authors, do you agree? YES]

The rotator cuff can be tagged with traction sutures so that
the tear pattern, size, retraction, and tissue quality can be
best evaluated.

Systematic sequential cuff releases are performed from
the anterior to the posterior direction. The subacromial
and intra-articular adhesions are released.

Cuff mobility is tested. With large-to-massive chronic rota-
tor cuff repairs complete muscle paralysis aids in deter-
mining cuff mobility.

Small cuff tears are repaired with a single-row technique
and more severe tears are repaired with a double-row or a
transosseous technique.

The deltoid is reattached with transosseous sutures pass-
ing through the acromion using No. 5 Ethibond®.

A graduated and physician-supervised rehabilitation pro-
gram is followed.
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Chapter 6

Arthroscopic Repair
of Subscapularis Tendon Tears

Gerhard G. Konrad

Case Presentation

A 46-year-old patient suffered forced external rotation of the
right shoulder without luxation, due to a fall in the workplace.
Immediately after the trauma, the patient experienced ante-
rior shoulder pain, movement restriction, and reduced force
with abduction and internal rotation. Compared with other
rotator cuff tears, pain and tenderness related to subscapu-
laris pathology are more often anterior than superior or lat-
eral. At the clinical examination, there was pain on internal
rotation against resistance and also a positive liftoff test. For
this test, the dorsum of the hand is placed on the back with
the arm rotated inwards, and the patient then attempts to
raise the dorsum of the hand from the back. In the presence
of a subscapularis tendon rupture, the patient is unable to do
so. In the belly-press test, the patient’s hand is pressed against
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the abdomen, and the elbow is positioned anterior to the
midcoronal line. Inability to maintain the elbow and hand in
this position is a positive test. We believe that the bear-hug
test is the most sensitive examination maneuver for subscap-
ularis insufficiency. For this test, the patient places the palm
of the affected side on the superior aspect of the contralateral
shoulder, with the elbow in a flexed and elevated position.
The examiner then tries to lift the hand off the shoulder, per-
pendicular to the plane of the forearm. If the patient cannot
resist, the examination is positive, indicating at least a partial
subscapularis tear. In our patient, all three of these tests were
positive.

Radiographs of the patient’s shoulder were normal but
magnetic resonance imaging revealed a rupture with retrac-
tion of the cranial portion of the subscapularis tendon. The
supraspinatus and infraspinatus tendons were intact. In addi-
tion, an effusion was visible in the subdeltoid bursa and in the
subcoracoid recess, as well as fluid along the course of the
long biceps tendon (Fig. 6.1).

FIGURE 6.1 Tendon rupture with retraction of the cranial parts of
the subscapularis muscle on axial image o f the MRI
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Diagnosis/Assessment

The patient’s history, physical, and imaging findings are consis-
tent with the diagnosis of symptomatic full-thickness tear of
the superior portion of the subscapularis tendon of the rotator
cuff. The management of subscapularis tears is aimed to
restore the fundamental role of this muscle in the kinematics
of the shoulder. Operative management of our patient is indi-
cated since it is the only treatment option to allow restoration
of subscapularis function. We believe that especially in a young
patient who is working physically on a high demand operative
reconstruction of a partial subscapularis tear will provide bet-
ter long-term results compared to conservative treatment.

Management

With the patient in the beach-chair position, the bony land-
marks (clavicle, acromioclavicular joint, acromion, coracoid
process) and the planned positions of the portals were
marked. The standard practice for arthroscopic subscapular
repair is to use three portals:

e A posterior standard portal using the “soft spot,” approxi-
mately 2 cm below and 2 cm medial to the posterolateral
acromial angle.

¢ An anterosuperior working access portal, ventral to the acro-
mioclavicular (AC) joint. This portal is used for anchor place-
ment and for passing and tying sutures using the knot pusher.
A cannula that is at least 7 mm in diameter is required to allow
passage of a suture-passing device. An 8.25 mm cannula can
also be used because it can help to retract the soft tissue of the
anterior capsule.

e An anterolateral portal, at the anterior edge of the long
biceps tendon: Using this portal, temporary tension sutures
are introduced to test the required tendon mobilization,
the bony base at the lesser tubercle is dissected, and teno-
desis of the biceps tendon is carried out if needed.
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In cases of complete rupture, a lateral portal can also be
created so that the inferior edge of the rupture can be demon-
strated. The marked portal positions are injected with local
anesthetic (Suprarenin® 2% in 5 mL; 1-2 ampules), and diag-
nostic arthroscopy follows via the standard dorsal portal. The
entire rotator cuff, articular cartilage, and capsuloligamentous
structures are inspected. In most cases a 30° arthroscope can
be used, but in some cases, especially with retraction of the
subscapularis tendon, a 70° arthroscope may be beneficial.

The subscapularis tendon is best assessed in a neutral posi-
tion and with slight abduction and internal rotation of the arm.
Articular sided ruptures near the insertion can be recognized
by seeing the footprint. In addition to inspection of the remain-
ing cuff, a precise examination of the biceps tendon and pulley
system is carried out. The integrity and function of the medial
and lateral slings are checked. Internal and external rotation
can be used to assess the stability of the long biceps tendon in
the pulley sling. The long biceps tendon is examined for partial
lesions and irritation of the tenosynovium. When the subscapu-
laris tendon avulses from the lesser tubercle, with tearing of the
anteromedial pulley sling, it may dislocate medially into the
joint. Pulling the extra-articular part of the long biceps tendon
out of the sulcus and into the joint may reveal areas of tendon
thickening that are obstructing the sliding process.

Subscapularis lesions are divided into four types
arthroscopically using the Fox and Romeo classification [1]:

e Type 1: articular sided partial lesion

e Type 2: complete rupture affecting the upper 25% of the
tendon

e Type 3: complete rupture affecting the upper 50% of the
tendon

e Type 4: complete rupture affecting more than the upper
50% of the tendon

With internal rotation and slight abduction of the arm, the
insertion of the subscapularis tendon can be easily followed in
the caudal direction, and about 50% of the craniocaudal
diameter of the tendon can be visualized. Partial ruptures and
complete tendon avulsions from the lesser tubercle can be
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diagnosed in this way. With complete tendon avulsion, the
subscapularis tendon footprint on the lesser tubercle is bare.
In this case, the tendon is usually retracted medially and is
adherent to the capsuloligamentous structures and the cora-
coid. Residual fibers from the pulley sling, the superior gleno-
humeral ligament and coracohumeral ligament complex, are
often torn at the same time and form scar tissue adherent to
the superolateral edge of the SSC tendon, known as the
“comma sign” [2]. This sign can be used as an orienting struc-
ture to locate the superior and lateral edges of the tendon and
must not be wrongly interpreted as an intact tendon insertion.

In our case there was a type 3 rupture of the subscapularis
tendon as seen in Figs. 6.2 and 6.3.

With intra-articular visualization, correct portal placement
was determined with a spinal needle and then with a small inci-
sion translucent twist-in cannulas were used to maintain water
pressure and retract the soft tissues. If there is a lesion on the
long head of the biceps tendon or there is a torn pulley system,
a long biceps tenotomy or tenodesis is carried out with an

FIGURE 6.2 Subtotal subscapularis tendon rupture, type Fox and
Romeo 3 (view from dorsal)
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subscapt

FiGure 6.3 Subtotal subscapularis tendon rupture, type Fox and
Romeo 3 (view from lateral)

electrothermal device or arthroscopic scissors via the antero-
superior portal, before the subscapularis tendon is addressed.
An unstable biceps tendon would put later reattachment of the
subscapularis tendon at risk, due to medial subluxation or
luxation. After tenotomy of the long biceps tendon, visualiza-
tion of the SSC tendon was substantially better. The extent of
the mobilization of the tendon that was necessary was assessed
by grabbing the tendon with tissue-grasping forceps and pull-
ing it lateral to reposition it on the lesser tubercle (Fig. 6.4).
Alternatively tension sutures can be introduced with a perfo-
rating instrument and led out via the anterolateral portal.
Mobilization of the tendon was also carried out medially
using a soft-tissue shaver or an electrothermal device to release
capsular adhesions, particularly with the MGHL and adhesions
to the coracoids and by detaching the coracohumeral ligament.
In complete ruptures, the “comma sign” serves as an orienting
structure indicating the actual edge of the tendon. To facilitate
debridement of adhesions to the subscapularis tendon, a tension
suture can be placed through the tendon as a lasso-loop (Fig. 6.5).
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FIGURE 6.4 Assessing the mediolateral translation of the subscapu-
laris tendon using tissue-grasping forces (view from dorsal)

FIGURE 6.5 Placing of a suture through the subscapularis tendon to
facilitate mobilization and debridement of adhesions to the tendon
(view from dorsal)
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While tension is being applied to the tendon using the
introduced tension sutures, a 270° release of the tendon
(anterior, superior, and posterior) was carried out while pro-
tecting the axillary nerve at the inferior edge of the tendon
and the musculocutaneous nerve that was medial to the
coracoid.

If the inferior edge of the rupture can be seen and there is
no humeral avulsion of the glenohumeral ligaments (HAGL
lesion), then repair can be carried out arthroscopically.
Arthroscopic subscapularis tendon repair is best done imme-
diately after identification of a complete rupture since
visualization of the anterior part of the joint deteriorates dur-
ing the operation as a result of increasing swelling [2, 3].

Following adequate tendon mobilization, dissection of the
insertion site at the lesser tubercle, or with slight medializa-
tion at the cartilage-bone transition, was carried out. To do
this, the bone was debrided with a shaver until bleeding
started (Fig. 6.6).

FIGURE 6.6 Debridement of the insertion site at the lesser tubercle
using a shaver (dorsal view)
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One to four anchors are used, depending on the size of the
rupture. Cranial partial ruptures can be reattached with one
anchor; complete ruptures are repaired with two to four
anchors, depending on size. The anchors were positioned from
caudal to cranial in accordance with the nearly trapezoid foot-
print [4]. If a complete rupture is present that affects the
upper 50% of the tendon, or if the tendon is completely rup-
tured, then a double-row reconstruction can be carried out.
Biomechanical study has demonstrated this to be better than
a single-row repair [5]. For a double-row repair, two anchors
are placed medial and two anchors are placed lateral.

Using an awl, preliminary drilling is carried out via the
anterosuperior portal at an angle of 45° to the bone surface
for a “deadman’s angle” [4]. Depending on the anchor type
and the hardness of the bone, it may also be necessary for a
thread to be tapped. Resorbable or nonresorbable screw
anchors can be used (Fig. 6.7). The anchor is checked by apply-
ing tension to the sutures. The sutures are then led out antero-
laterally, and the first suture is placed using grasping forceps.

FIGURE 6.7 Positioning of the screw anchor via the anterosuperior
portal at an angle of 45° to the bone surface (dorsal view)



112 G.G. Konrad

The tendon is penetrated, and the suture is led out in the
anterosuperior direction with the help of a shuttle instrument
with tension being applied to the tendon with the tension
sutures. To reattach the tendon, a modified Mason—-Allen
stitch was used (Fig. 6.8) or alternatively a single- or double-
mattress suture can be used. To avoid suture entanglement,
the pairs of sutures were drawn out through the cannulas and
kept under tension. The sutures were tied in slight abduction
and 20° of external rotation without applying excess tension
to the tendon. After placement of a sliding knot, three
opposed half-hitches and blocking of the knots using a knot
pusher was carried out via the anterosuperior portal.

The sutures were cut using arthroscopic scissors. Figure 6.9
shows the reattached subscapularis tendon. For a complete

FIGURE 6.8 Penetration and reattachment of the subscapularis tendon
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FiGURE 6.9 Reattached tendon (view from dorsal)

rupture in which several anchors are required, the same pro-
cedure can be repeated, or alternatively knotless fixation can
be used (e.g., SpeedBridge™; Arthrex Inc.). The arthroscopy
portals were closed with interrupted sutures and a sterile
dressing was applied.

Postoperative Treatment

The patient was placed in a shoulder abduction orthotic
device with 15° abduction for 6 weeks. For the first 6 weeks
he was allowed no active biceps exercises because of biceps
tenotomy. The same is true for patients with a biceps tenode-
sis. For the first 3 weeks postoperative passive abduction is
allowed to 90° and adduction to 0°, passive flexion is allowed
to 90°, passive extension is allowed to 0°, passive internal
rotation is allowed to 0°, and external rotation is allowed to
0°. He was allowed active assisted external rotation up to 0°.
At 4weeks postoperative he was allowed active assisted
motion with the same limits of range of motion. Starting at



114  G.G. Konrad

postoperative week 7 he was allowed full actively assisted
movement and starting at postoperative week 9 he was
allowed full active movement. Strengthening was begun 3
months postoperative using resistance bands and light
weights.

Outcome

The patient was discharged from the hospital 2 days after the
operation wearing a shoulder abduction orthotic device with
15° abduction for 6 weeks. At intermediate follow-up, func-
tional scores improved and the patient’s satisfaction was
excellent. Three months after the operation the range of
motion of the shoulder was unrestricted except for a 10°
external rotation deficit. The patient started a strengthening
program for the shoulder and 5 months after the operation he
went back to work without any limitation in the right
shoulder.

Literature Review

As an internal rotator and static and dynamic stabilizer, the
subscapularis is the only anterior component of the trans-
verse “force couple” [6, 7] of the shoulder. If the tendon is
torn, the stabilizing force couple is ruptured, leading not only
to weakness in internal rotation but also to anterosuperior
decentration of the head of the humerus. Subscapularis ten-
don ruptures occur much more rarely than supraspinatus and
infraspinatus tendon ruptures [8]. The majority of subscapu-
laris tendon ruptures result from degenerative changes and
affect the upper parts or upper half of the tendon. The diag-
nosis of a subscapularis tendon tears is based on history and
physical examination and confirmed with imaging studies.
Repair of the subscapularis tendon can restore the original
biomechanical function of the glenohumeral joint. Open pro-
cedures with an approach through the deltopectoral interval
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or an anterior deltoid split have been used for many years for
repair of the tendon, but arthroscopic techniques are now
increasingly being used [9, 10].

Lafosse et al. [11] reviewed outcomes in 17 patients fol-
lowing arthroscopic subscapularis repair and 29 months post-
operatively the average Constant score improved from 58 to
96. Bartl et al. [9] evaluated 21 patients at an average of 27
months after arthroscopic repair of an isolated subscapularis
tear and the average Constant score increased from 50 pre-
operative to 82. Nevertheless, five patients had weakness on
the belly press test and the liftoff test. These patients also had
atrophy of the upper subscapularis muscle on MRI. In a sys-
tematic review, Mall et al. [12] compared the results of three
arthroscopic and six open subscapularis repair studies. Both
techniques resulted in decreased pain, improved function,
and 95% healing rate. Neither technique has been proven to
provide better results than the other.

Clinical Pearls/Pitfalls

e With an arthroscopic procedure, careful positioning of the
patient is an absolute necessity. With beach chair position-
ing, excessive elevation of the patient’s head can lead to
cerebral ischemia, while with lateral decubitus positioning
neurological injury to the brachial plexus or musculocuta-
neous nerve can occur with poor positioning of the arm in
balanced suspension.

e Attention needs to be given to correct placement of the
portals. A needle should be used to check the entrance
level and potential working radius. Twist-in cannulas can
be screwed in to maintain water pressure.

e The SSC footprint must be inspected during internal rota-
tion. The long biceps tendon and the pulley system must be
inspected precisely. An unstable long biceps tendon can
endanger the result of the SCC reconstruction due to
medial subluxation or luxation. The “comma sign” must
not be wrongly interpreted as an intact tendon insertion.
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e When there are concomitant additional rotator cuff lesions
in the supraspinatus and infraspinatus tendons, reconstruc-
tion of the SSC tendon must be carried out first, since
visualization of the anterior part of the joint declines due
to increasing swelling as the duration of the arthroscopy
lengthens.

e Anchors that are placed too shallowly may tear out of the
bone. The stability of the anchors must be checked before
reinsertion of the tendon, by applying tension to the
sutures. If necessary, a switch must be made to a larger
anchor. Confident mastery of arthroscopic suturing and
knotting techniques is required.
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Chapter 7

Arthroscopic Treatment
of Combined Shoulder
Instability and Rotator
Cuff Tear

Aharon Z. Gladstein and John D.A. Kelly IV

Case Presentation

A 64-year-old, right-hand-dominant male presented for fol-
low-up after traumatic left shoulder dislocation. He under-
went closed reduction in the emergency department. On his
first clinic visit, he was unable to abduct the left shoulder. His
past medical history revealed hypertension, type 2 diabetes
mellitus, and Hodgkin’s disease. On physical examination of
the normal right shoulder forward elevation was 170°, exter-
nal rotation with the arm at the side was 60°, external rota-
tion at 90° of shoulder abduction was 90°, and internal
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rotation at 90° of shoulder abduction was 30°. There was no
muscle wasting noted. No tenderness was elicited about the
acromioclavicular joint, biceps tendon, coracoid process, or
greater tuberosity. Strength of the abduction and external
and internal rotation was normal at 5/5. The left shoulder
forward elevation was 90°. External rotation with the arm at
the side was 45°. At 90° of shoulder abduction there was 70°
of external rotation and 20° of internal rotation. Tenderness
was elicited about the greater tuberosity. There was no cora-
coid or acromioclavicular joint tenderness. Weakness in
abduction and external rotation was noted. Sensation was
intact in all distributions.

Figure 7.1 shows the shoulder in a reduced position.
Glenohumeral degenerative changes were noted. The patient
was referred for MRI to evaluate for a rotator cuff tear.
Figure 7.2a—c shows a retracted rotator cuff tear with evi-
dence of a Hill-Sachs lesion. Partial tear of the subscapularis
was noted.

FIGURE 7.1 (a, b) Post-reduction AP and Y-lateral x-rays after initial
dislocation demonstrating reduction of the joint. Note glenohu-
meral degenerative changes
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Ficure 7.2 T2-weighted MRI images. (a) Coronal section showing
intact subscapularis with tendinosis. (b, ¢) Coronal sections demon-
strating large, retracted rotator cuff tear with Hill-Sachs impaction
fracture. (d) Sagittal section demonstrating massive rotator cuff
tear

Diagnosis/Assessment

Treatment of combined instability and rotator cuff tear is
usually operative, and accomplished arthroscopically. The
aims of surgical treatment are the restoration of the
dynamic coronal and axial force couples of the shoulder, as
well as the static stabilizers of the shoulder joint [1]. Repair
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of the rotator cuff is usually sufficient to restore glenohu-
meral stability and shoulder function [2]. Arthroscopic tech-
niques for labral repair and rotator cuff repair have been
well described.

Management

The patient was placed in the right lateral decubitus position
with a beanbag. The operative arm was held with a suspen-
sion apparatus. The scope was entered traumatically and
immediately seen were significant glenohumeral degenera-
tive changes without full-thickness chondral defect. There
was a small tear of the subscapularis tendon that was not
retracted, so the coracoid was exposed and its connections
with the subscapularis tendon were released. No repair was
attempted as repair of the subscapularis was felt to lead to
loss of external rotation, tightening of the glenohumeral joint,
and worsening of degenerative changes. No Bankart lesion
was noted. Following this, the posterior capsule was released
followed by the anterior inferior capsule in order to reduce
proximal humeral migration and lessen tension on the rota-
tor cuff repair. Attention was taken to the rotator cuff which
had a large, retracted tear of the supraspinatus and infraspi-
natus tendons. The infraspinatus had more mobility so this
was repaired as a “reverse L”-type tear. Despite appreciable
supraspinatus atrophy 2 margin convergence sutures approx-
imated the posterior cuff to the coracohumeral ligament.
Following this, an anchor with fiber tape in the remaining
anterior and posterior limbs affected a near-complete repair.
An arthroscopic photograph of the repair is shown in Fig. 7.3.
The patient was placed in a sling with range of motion initi-
ated 6 weeks postoperative.
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FIGURE 7.3 Arthroscopic photo demonstrating repair of the rotator
cuff to the greater tuberosity

Outcome

At 6-month follow-up, the patient had no complaints of left
shoulder pain. Shoulder external rotation was 4+/5 in adduc-
tion and abduction range of motion was full. However, 1 year
post op, the patient fell and sustained a recurrent dislocation.
Figure 7.4 shows pre- and post-reduction X-rays of the gleno-
humeral joint. He again demonstrated weakness in shoulder
abduction. He also had internal rotation weakness and ten-
derness over the coracoid. He consented for revision rotator
cuff repair and shoulder stabilization.
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FIiGURE 7.4 (a,b) AP and lateral x-ray views of the left shoulder show
anterior glenohumeral dislocation. (¢) Post-reduction AP shows reduc-
tion of the glenohumeral joint with degenerative changes again noted

Upon arthroscopic evaluation, again noted were degen-
erative changes in the glenohumeral joint. No Bankart lesion
was seen. The subscapularis tendon was torn from the lesser
tuberosity with “comma tissue” (combined retracted SGHL
and CHL tissue evident). As we were concerned that the
prior surgery had failed to prevent recurrent instability
because of worsening of the subscapularis tear over time we
repaired the subscapularis. Of note, there was no capsulo-
labral injury present. The subscapularis tendon was then
freed through exposure of the coracoid. The subscapularis
footprint on the lesser tuberosity was identified. A suture
was passed through the subscapularis tendon using a suture-
passing device at the junction of the tendon and comma tis-
sue. A 4.75 mm anchor was then placed in the footprint of
the lesser tuberosity with the instruments being as close as
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possible to the patient’s face to allow the appropriate angle
for drilling and fixation.

Attention was then directed toward repair of the retracted
supra- and infraspinatus tendon tears. Revision repair was car-
ried out after mobilization of the soft tissues and placement of
margin convergence sutures. Sutures were placed in the infra-
spinatus/supraspinatus and secured to the coracohumeral liga-
ment. The converged margin of tissue was fixed to the greater
tuberosity with suture anchors. Figure 7.5 shows the subscapu-
laris tear and repair, as well as the repair of the infraspinatus.

FiGURE 7.5 Arthroscopic photos from revision rotator cuff repair
with mobilization and repair of the subscapularis. (a) Repair of sub-
scapularis to lesser tuberosity. (b) Retracted rotator cuff tear. (c)
Margin convergence sutures placed. (d) Approximation of rotator
cuff with fiber tape through the anchor
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Case Presentation

A 38-year-old, right-hand-dominant male presented with
right shoulder pain after a fall 1 month earlier. Since the fall,
he has had pain at night and with overhead activity. Pain was
localized to the subdeltoid region. His past medical history
revealed type 2 diabetes mellitus. On physical examination of
the left shoulder he had forward elevation to 170°, external
rotation with the arm at the side of 60°, and external rotation
at 90° of shoulder abduction was 90° internal rotation and
was 30°. There was no muscle wasting. No tenderness was
elicited about the acromioclavicular joint, biceps tendon,
coracoid process, or greater tuberosity. Strength was normal
at 5/5 strength in abduction, external rotation, and internal
rotation. The right shoulder had forward elevation to 170°.
External rotation with the arm at the side and at 90° of shoul-
der external rotation was 90° and internal rotation was 30°.
There was some muscle wasting noted of the supraspinatus
and infraspinatus. Tenderness was elicited about the coracoid
process and greater tuberosity. Weakness in abduction and
external and internal rotations was noted.

X-rays were taken and are shown in Fig. 7.6. They
revealed calcification within the rotator cuff as well as scle-
rosis and cystic changes about the greater tuberosity. No
significant glenohumeral degenerative changes were noted.
A large rotator cuff tear was suspected, and an MRI was
ordered. Representative images are shown in Fig. 7.7. MRI
showed a high-grade undersurface tear of the posterior
supraspinatus tendon involving greater than 50% tendon
thickness and measuring 10 mm anteroposterior with under-
lying moderate tendinopathy, and no fatty muscle atrophy.
There was a low-grade partial-thickness undersurface tear-
ing of the anterior infraspinatus tendon with moderate
underlying tendinosis without atrophy. The teres minor
muscle was normal without atrophy. Moderate subscapularis
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tendinosis with interstitial tearing distally was also noted,
without muscle atrophy. Also noted was tendinosis and
medial subluxation of the proximal long head of the biceps
tendon into the substance of the subscapularis tendon. There
was also extensive tearing of the superior and posterior gle-
noid labrum. Finally, full-thickness cartilage loss along the
posterior superior glenoid with associated subchondral bone
marrow edema was seen.

FIGURE 7.6 (a—c) AP in internal and external rotation and scapular
Y x-ray views of the shoulder demonstrating calcification in the
rotator cuff as well as productive changes in the greater tuberosity
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FiGure 7.7 T2-weighted MRI images. (a) Coronal section showing
medial displacement of the biceps tendon. (b) Coronal section
showing articular sided supraspinatus tear with tendinosis. (¢)
Sagittal section demonstrating increased signal at the subscapularis
insertion. Note the medial displacement of the biceps tendon

Diagnosis/Assessment

Because this patient had profound shoulder dysfunction in
the absence of overt glenohumeral instability or massive
superior rotator cuff tear we thought that the subscapularis
tear had led to weakness of shoulder elevation. Repair of the
subscapularis and supraspinatus tendons was done to restore
motion and stability. The posterior chondral injury suggested
posterior instability that caused shear of the articular cartilage
due to failure of the posterior cuff to counteract the posterior
force exerted by the subscapularis.
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Management

The patient was placed in the left lateral decubitus position with
a beanbag. The operative arm was held with a suspension appa-
ratus. The 30° arthroscope was introduced into the glenohumeral
joint from a standard posterior portal. Inspection of the anterior
structures showed subscapularis tendon tearing and medial sub-
luxation of the biceps. A full-thickness supraspinatus tendon tear
was seen as well. An anterolateral portal was established. A full-
thickness chondral lesion was seen on the posterior glenoid while
viewing from anterior. Arthroscopic photos are shown in Fig. 7.8.

FiGURE 7.8 Arthroscopy photos. (a) Synovitis and subluxation of the
biceps tendon. (b) Subscapularis repair with knotless anchor.
(¢) Supraspinatus tear with bed prepared. (d) Convergence stitch
placed in supraspinatus. (e) Supraspinatus repaired with knotless
anchor. (f) Full-thickness glenoid articular cartilage defect.
(g) Microfracture of glenoid articular cartilage defect
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FiGUure 7.8 (continued)

The chondral lesion was treated with microfracture awl, through
the posterior portal.

The subscapularis tendon was then freed from the cora-
coid using a thermal ablation device. Using a 70-degree
scope, the subscapularis footprint on the lesser tuberosity
was identified. A suture was passed through the subscapu-
laris tendon using a suture-passing device. A 4.75 mm
anchor was then placed in the footprint of the lesser tuber-
osity keeping the instruments brought as close as possible to
the patient’s face to allow the appropriate angle for drilling
and fixation.

Attention was turned to the subacromial space where an
anterolateral debridement and bursectomy were performed
revealing the supraspinatus lesion, roughly 2-3 cm in width.
Margin convergence sutures were placed in the anterior tear,



Chapter 7. Arthroscopic Treatment of Combined Shoulder 131

brought to the posterior, and tied arthroscopically. A suture
was then passed in a horizontal mattress configuration in the
remaining tear. The insertion site was then prepared with a
burr. The suture was used to bring the anterior portion to the
lateral cortex, where it was secured with a suture anchor. The
patient was placed in a sling with range of motion initiated 6
weeks postoperative.

Outcome

The patient began range-of-motion exercises 6 weeks postop-
erative and strengthening 3 months postoperative. He
regained full range of motion and strength was normal at 5/5
4 months postoperative when he returned to work.

Literature Review

Rotator cuff tears have been noted in the setting of shoulder
instability, particularly in older patients [3]. Anterior gleno-
humeral instability in young athletes has also been associated
with tears of the rotator cuff [4, 5]. Efforts to understand rota-
tor cuff pathomechanics have shown relationships between
various anatomic lesions and glenohumeral instability [6].
Craig [7] popularized the idea that failure of an attenuated
posterior rotator cuff occurs in older patients, with relative
sparing of the anterior capsule and labrum. The failure of the
infraspinatus to restrain anterior humeral head translation
may lead to anterior instability. This posterior mechanism of
anterior dislocation is in contrast to the more common mech-
anism seen in younger patients, in which anterior capsular
and labral structures fail, with the rotator cuff uninjured.
The shoulder joint is stabilized by both static (e.g., the
labrum and joint capsule) and dynamic (e.g., the shoulder
muscles) restraints in both the mid-range and end range of
glenohumeral motion. With little inherent bony constraint,
these restraints function through the concavity-compression
mechanism to compress the humeral head into the glenoid so
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that translation is minimized throughout the range of motion.
In a quantitative analysis, increased resistance to glenohu-
meral translation was found with the application of a com-
pressive force [8] and there was also decreased resistance to
translation after glenoid labrum excision. Differences in the
depth of the glenoid labrum were found to account for varia-
tion in the force needed to dislocate the joint in different
directions. The rotator cuff is an important stabilizer at both
the mid- and end ranges of motion [9]. Lastly, in a biome-
chanical study, simulated rotator cuff lesions allowed for
humeral head dislocation with less extensive capsular lesions
then with an intact rotator cuff [10] again demonstrating the
synergy between static and dynamic stabilizers.

Rotator Cuff Tears and Glenohumeral Instability

Neviaser et al. [11] reported 31 patients who had inability to
abduct the arm after shoulder dislocation that were over the
age of 35 and all of the patients had rotator cuff tears. Most
patients had delay of treatment due to misdiagnosis with pre-
sumption of isolated axillary nerve injury but the authors
found that only 7.8% of patients who underwent electromyo-
grams had axillary nerve injury. In a subsequent study [9] a
similar low, 10.8% incidence of axillary nerve injury in
patients who failed to recover shoulder function after dislo-
cation was reported and all had rotator cuff rupture. The
average time between injury and diagnosis was 7.2 months.
All of the patients were over 40 years of age and were treated
with rotator cuff repair. Gumina et al. observed that the
incidence of rotator cuff tear after shoulder dislocation
increased with age [12]. The supraspinatus tendon is almost
always involved [2, 9]. Itoi et al. [2] reported 16 rotator cuff
tears after glenohumeral dislocation and 11 were treated with
repair of the rotator cuff without repair of capsulolabral inju-
ries. They concluded that repair of the rotator cuff tear is
likely sufficient for stabilization of the dislocated shoulder
with concurrent capsulolabral repair.
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Recurrent Instability

Neviaser et al. [13] reported a subset of patients who had
almost immediate recurrent anterior glenohumeral instabil-
ity after closed reduction. In contrast to patients who main-
tained reduction, who nearly all had supraspinatus and/or
infraspinatus tendon tears, these patients had subscapularis
tendon avulsion from the lesser tuberosity with the absence
of Bankart lesions. Repair of the subscapularis tendon was
sufficient to restore glenohumeral stability. They concluded
that recurrent glenohumeral instability in patients over 40
are due to subscapularis tendon injury.

Terrible Triad of the Shoulder

Shoulder dislocation, combined with massive rotator cuff
tear and neurologic injury, has been termed the “terrible
triad of the shoulder” [14]. Those with this rare entity [15, 16]
typically present with the same physical examination finding
of inability to raise the arm as those with a rotator cuff tear
alone. Numbness in the axillary nerve distribution can aid
the clinician with the diagnosis. However, the absence of
sensory disturbance does not preclude axillary neuropathy
[16]. It is generally understood that patients with this combi-
nation of injuries fare more poorly than those without nerve
injury. Simonich and Wright [16] reported six patients with
the terrible triad and they did not explore the axillary nerve
at the time of cuff repair. They advocate early repair of the
rotator cuff in those with a terrible triad to minimize muscle
atrophy while the nerve recovers [16]. One study indicated
that the terrible triad may be as uncommon as previously
thought as Pevny et al. reported rotator cuff tears in all of
their patients over the age of 40 with axillary nerve palsy
after shoulder dislocation [17].

The relationship between rotator cuff insufficiency and
shoulder dysfunction is further understood with the concept
of force couples of the shoulder. In order for the deltoid to
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elevate the arm, its moment must be balanced by the moment
of the inferior rotator cuff [18]. This is termed the coronal
plane force couple. This coronal plane force couple is essential
to maintain a fulcrum for glenohumeral joint motion [1]. The
transverse plane force couple is comprised of the subscapu-
laris anteriorly and the infraspinatus and teres minor tendons
posteriorly. Imbalance of either of these force couples can
lead to rotator cuff dysfunction since the stable glenohumeral
fulcrum is compromised. Conversely, function may be well
preserved in patients with rotator cuff tears with maintenance
of the coronal and transverse plane force couples.

Clinical Pearls/Pitfalls

Glenohumeral Instability with Onset over Age 40

e Suspect rotator cuff tear in all shoulder dislocation in
those over age 40. Rotator cuff tears are much more com-
mon than axillary nerve injury in those over age 40.

e Labral injury may not be present on imaging or arthroscopy.

e Repair of the rotator cuff is usually sufficient to restore gle-
nohumeral stability without repair of capsulolabral injuries.

e Failure to address subscapularis insufficiency may result in
recurrent instability.

e Patients over age 40 with axillary nerve injury after dislo-
cation will also commonly have rotator cuff tear.

e Consider early rotator cuff repair in those over age 40 with
axillary nerve injury after dislocation whether or not there
is an axillary nerve injury.

e Loss of coronal and/or transverse plane force couples can
lead to profound glenohumeral dysfunction.

¢ C(linical presentation may suggest a large rotator cuff tear
due to nerve injury or cuff strain even though a tear is not
present.

e If a severe rotator cuff tear is not evident on MRI, care-
fully scrutinize the subscapularis tendon for an occult tear.

e Surgery should include repair of the subscapularis tendon for
restoration of the transverse force couple of the shoulder.
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Chapter 8

Arthroscopic Repair
of Severe Rotator Cuff Tears

Brett Sanders and Edwin E. Spencer

Case Presentation

A 78-year-old female with a history of breast cancer
presented with a 6-month history of severe anterolateral arm
pain that was worse with overhead activity. She had a history
of minor trauma with acute worsening in shoulder strength
and function over the prior 6 weeks. On physical examina-
tion, she had active forward flexion of 150° and internal
rotation to L3. Abduction strength was 4/5 and internal rota-
tion strength was 5/5 and she had disproportionate external
rotation weakness of 2/5 with a 30° external rotation lag with
the arm at the side. Radiographs revealed the shoulder to be
normal except for moderate AC joint osteoarthritis. She had
failed nonoperative treatment of physical therapy and a ste-
roid injection. Magnetic resonance imaging (MRI) revealed
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Ficurk 8.1 Preoperative MRI demonstrating massive rotator cuff
tear with retraction to the glenoid

retracted tears of the supraspinatus and infraspinatus
tendons with no atrophy and minimal fatty infiltration of the
muscles (Fig. 8.1).

Diagnosis/Assessment

This patient has a symptomatic severe, full-thickness tear
involving two tendons of the rotator cuff with disproportion-
ate loss of external rotation strength. She had already failed
nonoperative treatments and was referred for consideration
of operative treatment. The decision was made to attempt
repair of the rotator cuff because the humeral head was cen-
tered on the glenoid; there were normal rotator cuff muscle
with no glenohumeral arthritis, and despite the severe ten-
don retraction, the history indicated that she was likely to
have had an acute-on-chronic tear. We thought that ana-
tomic repair of the tendons would likely yield better func-
tion and specifically better external rotation strength than a
functional muscle transfer, reverse shoulder arthroplasty, or
reverse arthroplasty with latissimus dorsi tendon transfer.
She understood that if a rotator cuff repair was not possible,
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a partial repair, patch augmentation, or debridement would be
done, as well as treatment of the biceps tendon for pain relief.

Management

Anesthesia was induced and the patient was placed in the
beach chair position with an interscalene regional block.
Diagnostic arthroscopy was performed which demonstrated
tears of the supraspinatus and infraspinatus tendons, with
severe retraction of the infraspinatus (Fig. 8.2). Double-
traction sutures were placed in the supraspinatus and infra-
spinatus tendons. A rotator interval slide in continuity was
performed by releasing circumferentially around the corocoid
intra- and extra-articularly, but retaining the lateral rotator
interval tissue in continuity with the subscapularis tendon.

FiGgure 8.2 Posterior arthroscopic view of severely retracted supra
and infraspinatus tear
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Intra- and extra-articular releases were also performed about
the supraspinatus and infraspinatus tendons which allowed
the rotator cuff to be brought out to length onto the greater
tuberosity. A reverse “L”-shaped tear pattern was present,
with softer bone present in the greater tuberosity at the infra-
spinatus tendon insertion.

Two suture anchors were placed posteriorly with a tunnel
between them to repair the infraspinatus tendon (Fig. 8.3). A
transosseous equivalent-type repair with two lateral row
anchors was then completed posteriorly, while the supraspina-
tus tendon was repaired with arthroscopic transosseous tunnels
anteriorly. High-strength sutures in transosseous tunnels were
utilized, which created simultancous medial and lateral row
fixation, obviating the need for lateral row anchors and sparing
bone in this location. The medial tunnel was 2.9 mm in diame-
ter, while the lateral tunnel was 1.9 mm in diameter (Fig. 8.4).

The patient was placed in a sling for 6 weeks postopera-
tively. She had an uneventful recovery until she fell on her
outstretched arm 4 months postoperatively and presented with

FiGure 8.3 Posterior view of infraspinatus repair using a transosseous
equivalent technique with two anchors medially and two laterally
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FIGURE 8.4 Arthroscopic transosseous tunnels are utilized to repair
the supraspinatus and rotator interval anteriorly

worsening pain and function. A repeat MRI showed failure at
the anchor-based infraspinatus repair, with the transosseous
repair of the supraspinatus predominantly intact (Fig. 8.5). The
decision was made to proceed with revision rotator cuff repair.

At surgery, arthroscopy confirmed a tendon remnant
medially, but the majority of the lateral tendon remained on
the tuberosity (Fig. 8.6). A 12-14 mm anchor void was created
by removal of the loose anchor, creating concern of placing
an anchor or stacked anchors in this void and obtaining fixa-
tion (Fig. 8.7). The anterior transosseous tunnels had healed
to the rotator cuff. The previous tunnels had healed with bone
and offered good bone which was available for revision
anchor placement (Figs. 8.8 and 8.9). The previous tunnels
were replaced with anchors, and transosseously placed sutures
were placed in the previous anchor holes, inverting the prior
construct. Figure 8.10 shows the guide arm of the suture tun-
neler in the anchor void. The tendon remnant was repaired
with the inverted hybrid construct with anchor placed in the
previous tunnels and tunnels placed in the previous anchor
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Figure 8.5 Coronal T2 MRI image showing intact supraspinatus
repaired transosseously. Sagittal and coronal views show type 2 re-
tear of the infraspinatus

hole positions. This allowed the rotator cuff to heal to the
remaining bone with ample access to marrow elements. A
“side-to-side” repair effect was also done at the tunneled
sites, essentially mimicking a biological patch (Fig. 8.11).
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FiGURE 8.6 Arthroscopic views confirming a reparable tendon rem-
nant with a type 2 failure of the previous repair. The anatomic foot-
print of the infraspinatus remains on the tuberosity

Ficgure 8.7 Large 12-14 mm anchor void is shown in the footprint
of the rotator cuff

Outcome

At 6-month follow-up, the patient was pleased with the pain
relief, range of motion, and strength of the shoulder, and she
had an ASES score of 75.
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FiGure 8.8 A small posteriorly based transosseous tunnel with a
suture healed in the bone is seen adjacent to the large void created
by the loose anchor. The anterior tunnel shows healing of the rotator
cuff into the defect

Ficure 8.9 The previously placed tunnels are revised to anchors
with excellent purchase of the bone

Literature Review

Open transosseous repair of tendons offers a cost-effective
[1-9], biologically desirable [10, 11], biomechanically sound
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FiGure 8.10 Sutures are placed in the bone void, while anchors are
used to revise the previous transosseous tunnels. The tunneling

guide is shown in position

=

Ficure 8.11 Lateral and posterior views of final revision repair

[12-16], and clinically effective [17-27] fixation method for
healing of human tendons to bone. As a result, it has been
considered the gold standard of rotator cuff repair for
decades [27-31]. Anchor-based single- or double-row repairs
became popular in the 1990s and early 2000s because of
technical advances of arthroscopic treatments. Although
healing of early single-row anchor constructs was relatively
poor [30, 32], more recent double-row and transosseous
repairs have had satisfactory outcomes [33]. There is no
substantial difference in outcomes or re-tear rates between
anchor-based and transosseous techniques [27]. Regardless
of the technique, re-tear rates of the rotator cuff are about
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25% overall and are even higher after repair of severe rota-
tor cuff tears. Surprisingly, functional outcomes may fail to
correlate with repair integrity [34, 35].

Arthroscopic methods of transosseous cuff repair have
been described which have similar clinical results and
decreased cost to anchor-based repairs [17-19, 23, 36].
Anchor-based and transosseous techniques have various ben-
efits, but are not mutually exclusive, and thus can be used
synergistically to treat severe rotator cuff tears [36]. This is
advantageous when there is tendon or bone loss, revision
scenarios, need for multiple fixation points, and poor local
biology, and when the surgeon wants to use allograft or
synthetic tissue augments and other biologically active
substances.

Basic science has supported several principles for rotator
cuff repair: high initial fixation strength, adequate resistance
to cyclic loading, and anatomic footprint reconstruction with
crossing sutures meant to provide compression and decrease
shear forces at the tendon-bone interface [37]. Anchor-based
constructs can satisfy many of these requirements including
stiff and strong initial fixation, as well as ease of insertion and
inherent bone augmentation in areas of soft bone at risk for
anchor pullout. Transosseous equivalent (TOE) methods can
mimic the cerclage effect about the footprint created by tran-
sosseous repair [38]. Because one anchor per fixation point is
necessary, multiple anchors must be used, increasing cost and
hardware in the greater tuberosity, as well as creating abrupt
stress and strain transitions across delicate and poorly vascu-
larized tissue which remains the weakest link in the repair.
Some mechanical and biological concerns regarding anchor
fixation are tissue strangulation [39], stress concentration [40],
and modulus mismatch at the anchor-suture-tendon interface.
Since the healing capability of the rotator cuff is poor and
consists predominantly of controlled reparative, scar-based
healing rather than regenerative healing with a new tendon
insertion [41], these factors can produce “failure in continuity”
seen as failure at the medial anchor. Previous authors have
described this failure mode to be associated with, if not unique
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to, anchor constructs [42,43]. When there is cuff failure it can
be a type 1 failure defined as a torn cuff with no tendon left
on the tuberosity, or type 2 failure where the tendon is torn
at the medial anchors, leaving the tendon attached to the
greater tuberosity. With a type 2 failure the shortened
remaining tendon makes revision more difficult and increases
tension in the repair. Techniques such as patch augmenta-
tion, bridging of tendon gaps, superior capsular reconstruc-
tion, bone loss management around anchor voids, and tension
reduction strategies increase cost and technical difficulty. The
exact interplay of biological factors such as vascularity and
mechanical factors such as tension, stiffness, and ultimate fail-
ure strength necessary for healing remains unknown but
matching local tissue mechanics rather than trying to exceed
them may be more beneficial to biological healing. In sum-
mary, we consider both biological and mechanical factors for
each patient in their rotator cuff repair.

Transosseous techniques have several relevant differences
compared to anchor-based repairs. Small-diameter suture
tunnels are easier to manage in revision settings, and don’t
preclude the placement of anchors or repeat tunnels in the
same position. Transosseous tunnels offer benefits similar to
double-row fixation with only a single tunnel, as there may be
less re-tear in double-row repair patterns [44]. The failure
mode of transosseous repairs generally spare tendon sub-
stance with a type 1 failure [25]. In addition, multiple repeat
fixation points may be utilized, and various numbers and
configurations of sutures per fixation point can be selected by
the surgeon, creating a myriad of different repair constructs
for complex cases. Additional high-strength sutures are gen-
erally more cost effective than additional anchors. In transos-
seous repair, there is no hardware blocking egress of bone
marrow into the repair site that may improve the local biol-
ogy [10, 11]. Since the strength of the repair is proportional to
the number of sutures crossing the repair site [13], high-
strength biomechanical constructs can be achieved. Some
concerns regarding transosseous tunnels are deformation of
the bone or the suture cutting through the bone, especially in
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chronic tears where the bone is soft. Cortical buttons, screw
augmentation, suture tapes, or anchor hybrids may alleviate
this concern [17, 36]. The ramifications of the suture cutting
through the bone include fixation loss, but this is preferable
to third body wear that may occur with failure of suture
anchors. Regardless of the repair technique, the sutures pull-
ing through the tendon are likely the biggest reason for fail-
ure of rotator cuff repairs with current techniques of repair of
severe rotator cuff tears.

Clinical Pearls/Pitfalls

e Arthroscopic transosseous tunnels are bone and tendon
sparing in repair of severe rotator cuff tears and avoid
problems with loose or broken hardware.

e Anchors and tunnels can be used synergistically in repair
of a severe rotator cuff tear, and revised in a complemen-
tary fashion.

e Hybrid techniques of anchors and tunnels allow the sur-
geon to use the advantages of each method to greatest
effect while maintaining revision options in the future.

e Transosseous tunneling can provide multiple, repeat fixa-
tion points for sutures to share load with minimal costs.

e For soft bone into which an awl can be driven by hand, we
will often use anchor support. If the awl requires a mallet,
tunnels are usually sufficient. Mattress sutures rarely if
ever cut through bone across a large bone bridge, but this
must be tempered with concern over tissue tearing at the
medial fixation of the repaired cuff.

e Large bone voids can be treated with transosseous tunnels,
allowing the tendon to heal. Additional cortical support
can be obtained with cortical buttons, screws, or anchors
placed laterally and inferiorly. High-surface-area tapes can
be used as well in tunnels to prevent or reduce the chances
of sutures cutting through tendon or bone.
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Chapter 9

Arthroscopic Debridement

for Massive Rotator
Cuff Tears

Steven Cohen and Kirsten Poehling-Monaghan

Case Presentation

We present the case of a patient undergoing arthroscopic
debridement along with capsular release and subacromial
decompression for a massive, immobile, and atrophied rota-
tor cuff tear in her nondominant shoulder. This was a 73-year-
old right-hand-dominant female presenting with pain in her
left shoulder for approximately 1 year. She described a deep,
aching pain over the superolateral shoulder, occurring inter-
mittently and worsened with overhead or forward activities.
Recently, it had become difficult to drive and the pain
awakened her at night. The pain was relieved only by rest and
occasionally with a heating pad over the posterior periscapu-
lar muscles. She denied any radiating pain or paresthesias,
and had no mechanical symptoms such as catching or clicking.
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She had previously undergone several courses of physical
therapy, three subacromial cortisone injections, and a course
of prescription anti-inflammatories without improvement in
her symptoms. Two weeks prior her primary care provider
gave her a prescription for hydrocodone, which she had been
taking, but it often made her sleepy. She noticed a decrease in
her range of motion secondary to weakness, though when
prompted to quantify she stated that this was only 10% of her
disability, with pain comprising the remaining 90%. She felt
as though the pain not only limited her recreational activities
(which include gardening and volunteer work) but had also
begun to affect her activities of daily living.

The patient was 5’3" tall and 165 lbs, with a BMI of 29.
Range of motion of the cervical spine was painless and
slightly decreased in extension, with a negative Spurling
maneuver. She was neurologically intact throughout her
bilateral upper extremities with symmetric and intact sensa-
tion and reflexes. Range of motion for bilateral upper
extremities is documented in Table 9.1.

When testing rotator cuff strength, the patient had signifi-
cant weakness with resisted abduction at 90° (i.e., supraspina-
tus testing), with a positive drop-arm sign. She had 3/5
strength in resisted external rotation, and normal resisted
internal rotation equal to the contralateral side. She was able
to perform a belly-press and liftoff test, indicating a compe-
tent subscapularis muscle. Her deltoid and biceps strength
were normal and equal to the contralateral side.

TABLE 9.1 Pre-op range of motion
Left Right

Elevation/ABD supine

100 (active)

150 (active)

160 (passive) 160 (passive)
Elevation/ABD upright 80 (active) 130 (active)
130 (passive) 150 (passive)
External rotation 50 (active) 60 (active)
60 (passive) 75 (passive)
Internal rotation L1 L1
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There was mild tenderness over the biceps tendon in the
groove, with similar tenderness in the contralateral shoulder.
Biceps testing (Speed and Yergason) was negative for pain or
weakness. She had no tenderness over the acromioclavicular
(AC) joint, and no significant pain with cross-body abduction.
She had positive impingement signs (both Neer and Hawkins).

Radiographs included upright AP of the shoulder in inter-
nal and external rotation as well as axillary and scapular-Y
views. These revealed that the humeral head was centered on
the glenoid so there was no evidence of significant humeral
head elevation, and preserved glenohumeral joint space. She
had a type II acromion with minimal AC joint arthrosis.

A 1.5 T non-contrast MRI of the shoulder taken 2 months
prior to our initial office evaluation was read by the radiologist
as a full-thickness tear of the supraspinatus involving approxi-
mately 70% of the tendon footprint. There was significant ten-
dinopathy throughout the remaining tendon as well as
partial-thickness bursal-sided tearing (approximately 30%) of
the infraspinatus tendon. The supraspinatus tendon was
retracted to the glenoid. On T1-weighted sagittal views, there
was approximately 40% atrophy of the supraspinatus muscle.
The infraspinatus muscle was normal in appearance. There was
a minimal amount of fluid within the AC joint. Degenerative
fraying of the labrum was noted both anteriorly and posteriorly
without a frank tear. The biceps tendon was located within the
groove and was normal in appearance. The subscapularis was
intact. A small amount of humeral head chondrosis was noted
but the majority of the joint space appeared well preserved.

Diagnosis/Assessment

Based on imaging, the patient was diagnosed with a full-
thickness rotator cuff tear with significant retraction. A num-
ber of surgical options were presented and the risks and
benefits of each were explained. Ultimately, the surgeon’s
recommendation was shoulder arthroscopy to address any
chondrolabral pathology that may be encountered, capsular
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release if indicated, subacromial decompression, and
attempted rotator cuff repair. Based on the degree of tendi-
nopathy and atrophy seen on the MRI, the patient was cau-
tioned that the quality and integrity of the remaining tendon
may not be amenable to repair. If this were the case, then an
arthroscopic debridement would be performed. The patient
was made aware that with a debridement we would seek to
diminish the pain, without significant improvements in
strength and motion.

Management

In the weeks before surgery, the patient was weaned from her
hydrocodone. No nerve block was used and once in the oper-
ating room, the patient was placed in the beach-chair position
and underwent general anesthesia without paralysis.
Examination of the shoulder under anesthesia showed mini-
mal change in passive range of motion from her clinical
encounter. The operative extremity was prepped and draped
and preoperative antibiotics were given (Table 9.2).

A standard posterior-viewing portal was established after
the joint was insufflated with 50 cc of normal saline utilizing
an 18-guage spinal needle through the same path. A diagnos-
tic arthroscopy was performed (Fig. 9.1).

TaBLE 9.2 Pearls: pre-op

Patient

selection Imaging Discussion

Elderly (>65)  X-ray: elevation of Partial repair vs.
humeral head, GH debridement only
arthritis

Lower MRI: amount of Pain relief realistic but

demand retraction, subscap gains in motion are not
tears, fatty atrophy

Pain > ROM

loss
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FiGure 9.1 The intra-articular portion of the diagnostic arthroscopy
shows Grade III degenerative changes at the glenohumeral articula-
tion (a). The biceps anchor is probed and a type I SLAP tear is noted
(b). The rotator cuff tear is seen (¢) with significant retraction

There was noted to be Grade III chondrosis of approxi-
mately 20% of the humeral head articular surface. A type I
SLAP tear was encountered, with both the intra-articular and
proximal-groove portion of the biceps tendon appearing nor-
mal. The rotator cuff was visibly torn with retraction to the
level of the glenohumeral articulation. The axillary pouch was
free of loose bodies. The subscapularis was covered in a thick-
ened synovium but was intact. The middle and superior gle-
nohumeral ligaments were contracted.

Under direct visualization, an anterior working portal was
created between the biceps and subscapularis. A 5.5 mm can-
nula was introduced. A 4.0 mm shaver was used to lightly
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debride the degenerative anterior labrum and type I SLAP
tear, as well as a small chondral flap on the humeral head. The
anterior capsule was released using a combination of
arthroscopic electrocautery and the shaver. Finally, a 0-PDS
suture was introduced as a traction stitch through the rotator
cuff using an 18-gauge spinal needle (Fig. 9.2).

The arthroscope was then removed and the portal was redi-
rected through the same posterior skin incision to enter the
subacromial space. After sweeping the space with the blunt tro-
car of the scope, a large amount of scar and inflamed bursa
remained. An anterolateral accessory portal was created under
direct visualization and a 4.0 mm shaver was used to perform a
thorough subacromial and subdeltoid bursectomy. The anterior
and lateral boundaries of the acromion were established using
arthroscopic cautery, and the coracoacromial ligament was gently
debrided but left intact. Care was taken not to elevate the deltoid
from the lateral acromial border. Any bleeding encountered,
particularly anteromedial adjacent to the coracoacromial liga-
ment and medially past the myotendinous junction, was con-
trolled using arthroscopic electrocautery. Such an extensive
bursectomy was necessary for two important reasons: first, exten-
sive debridement of the subacromial bursa, particularly medially

FiGure 9.2 The chondral lesion on the humeral head was debrided
(a), and the rotator cuff tear was tagged using a percutaneously
placed 0-PDS suture (b) for adequate visualization from the sub-
acromial space
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(with care to electrocauterize inevitable bleeders), mobilizes the
cuff tissue significantly, which is vital for best chances for repair.
Second, decompression of the subdeltoid space results in
improved visualization of the rotator cuff footprint on the
greater tuberosity, which is necessary to determine the degree of
retraction. In addition, patients with shoulder stiffness are likely
to gain motion from releasing any adhesions in this space.

Once the subacromial and subdeltoid bursae were cleared,
the shaver was switched to a 5.5 mm sheathed barrel burr,
and the subacromial spurs were removed without removing
any of the normal acromion or resecting the CA ligament.
This is different than the subacromial decompression we nor-
mally perform with rotator cuff repair when working from
anterior to posterior; the bony decompression is considered
finished once the anterior acromion is flush with the spine of
the scapula posteriorly (Table 9.3).

With improved visualization and increased working space,
attention was turned back to the rotator cuff. The traction
PDS suture was retrieved out the lateral portal, and light
traction was applied. The suture, which penetrated the tendon
approximately 5.0 mm from the free edge, pulled through the
tissue. Using the 4.0 mm shaver and light suction, the edges of

TABLE 9.3 Pearls: intra-op

Intra-articular Subacromial
Perform thorough assessment of ~ Thorough bursectomy is key
GH chondral changes both to visualization and

mobilization of cuff

Document status of biceps and Preserve the CA ligament
subscap, addressing biceps if

needed

Perform capsular release for Adequate debridement of the

more significant limits in motion  cuff to viable tissue

Scar/bursa can mask a cuff tear Care not to debride too far
from the subacromial space: tag ~ posterior into viable cuff or too
with PDS from inside the joint if  far anterior into biceps

in question
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the rotator cuff were debrided and large amount of bursa and
scar was removed. The remaining tissue was extremely fria-
ble, and a large defect was quickly identified. Using the
arthroscopic grasper, we attempted to mobilize the remaining
tissue which also pulled apart easily. Despite efforts to mobi-
lize the tendon and attempt marginal convergence, the ten-
don was not able to be restored to the tuberosity and we
therefore decided to proceed with arthroscopic debridement
of the rotator cuff. Using a 4.0 mm shaver, the edges of the
cuff that came freely to the shaver with moderate suction
were debrided (Fig. 9.3). Care was taken not to extend into

FIGURE 9.3 An adequate bursectomy and subacromial decompres-
sion are performed to ensure adequate visualization and aid in
potential mobilization of the cuff (a). After debridement of nonvia-
ble cuff tissue and bursa, the remaining rotator cuff is noted to be
significantly retracted and difficult to mobilize (b). At that point, a
formal debridement was performed (¢, d)
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TABLE 9.4 Pearls: post-op
Begin early ROM to prevent stiffness

Focus on periscapular muscle strengthening

No lifting restrictions: let pain be their guide

Follow closely with biannual or annual X-rays to assess
acromiohumeral distance

the remaining intact cuff posteriorly, or to violate the biceps
tendon which was partially exposed anteriorly. The cuff rem-
nant on the tuberosity was also debrided, but no tuberoplasty
was performed due to the lack of significant bony promi-
nence. Were we to have encountered a more significant over-
growth of the tuberosity or roughened edges and spurring,
the prominence would have been shaved down to a smooth
surface to prevent future impingement.

Once the debridement was sufficient, the arthroscope was
removed and the portals were closed using interrupted #3-0-
nylon sutures. The portals and subacromial space were
injected with 15 cc of half-percent Marcaine. The wounds
were dressed with Xeroform, 4 x 4 gauze and a single
abdominal (ABD) pad and covered with foam tape. A sim-
ple sling was applied to the left arm. The patient was trans-
ferred to the postanesthesia care unit and returned to home
later that day after adequate recovery from anesthesia. The
patient was given instructions on donning the sling, and
gentle pendulum exercises to perform on her own until her
follow-up visit.

The patient was seen back at 10 days post-op to remove
her sutures and initiate gentle physical therapy to work on
regaining motion, stretching, and gradual increase in strength.
There were no lifting restrictions (Table 9.4).

Outcome

The patient was lost to follow-up until 1 year from the date of
surgery and she said that she had been pain free until recently
when there had been a return in pain and increase in disability.
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Repeat radiographs showed a narrowed acromiohumeral dis-
tance. She was referred for reverse shoulder arthroplasty.

Literature Review

Repair of massive, retracted, and largely atrophied rotator
cuff tears is often not possible and even when it is, the needs
of the patient are sometimes best served by arthroscopic
debridement. Given the potential for unfavorable outcomes
with this procedure, adequate patient selection is crucial. We
feel that those best served by debridement alone are those
complaining primarily of pain over loss of motion, and those
with lower demand and functional requirements. While hand
dominance does not play a crucial role, debridement in the
nondominant shoulder may have better outcome.

Arthroscopic debridement for irreparable rotator cuff
tears has favorable outcomes and in the correct patient popu-
lation outcomes can rival arthroscopic repair. A randomized
study of partial repair versus arthroscopic debridement for
massive cuff tears with associated grade 3 and 4 fatty atrophy
noted equal pain relief and DASH scores in the two groups
[1]. Yet another study of massive tears undergoing debride-
ment, partial, or complete repair showed no difference in
clinical outcome scores (Constant, DASH, and patient satis-
faction) among the three groups [2].

With debridement alone it has long been thought that pre-
serving the coracohumeral arch is important, so no acromio-
plasty or violation of the CA ligament is done. The worry is
“anterior humeral head escape”; instead of rolling to elevate
the arm, the humeral head instead slides anterior to the acro-
mion and the arm does not go up. In a series of patients under-
going debridement without acromioplasty,elderly,low-demand
individuals showed improved pain and function scores at 4
years, but with a concomitant decrease in acromiohumeral
distance [3]. In a similar series, 33 elderly patients underwent
arthroscopic rotator cuff debridement along with tuberoplasty
and biceps tenotomy (a so-called reverse acromioplasty) with
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preservation of the acromion and CA ligament. At a mean of
38 months, 94% of patients had significant improvements in
Constant scores, though acromiohumeral height was still
decreased by an average of 2.58 mm [4].

In some instances, overgrowth of the CA arch is thought to
contribute to pain and acromioplasty is performed. Patients
undergoing arthroscopic cuff debridement as well as both
acromioplasty and tuberoplasty saw significantly improved
clinical outcome scores and range of motion provided that
their preoperative acromiohumeral interval was not decreased
[5]. The questionable contribution of the biceps to both pain
and stability of the humeral head has also been questioned,
and comparisons of rotator cuff debridement with or without
biceps tenotomy in elderly patients showed no difference in
outcomes with improved pain and function in both groups [6].

When considering this procedure, the surgeon should be
aware that a number of negative prognostic factors have also
been identified, including significant limits in preoperative
range of motion, preoperative superior migration of the
humeral head, concomitant subscapularis tears, and presence
of glenohumeral arthritis at the time of debridement [7].

Clinical Pearls/Pitfalls

e The key to the management of a massive rotator cuff tear
with debridement is patient selection; those with lower
demand who have pain as the greatest concern over loss of
motion and strength.

e Perform a thorough bursectomy to visualize and aid in
potential mobilization.

e Not taking down CA ligament to minimize the risk of
anterior humeral head escape.

e Include concomitant capsular release if there is shoulder
stiffness.

e Begin early ROM postoperative.

e Follow postoperative with radiographs to assess for
decreased acromiohumeral distance.
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Chapter 10

Open Repair of Severe
Rotator Cuff Tears

Robert J. Neviaser and Andrew S. Neviaser

Case Presentation

A 58-year-old right-handed man presents having fallen a
week ago injuring his right shoulder. He was seen in an emer-
gency room and the shoulder was reduced successfully after
an X-ray showed that he had an anterior dislocation but no
associated fractures. He had never dislocated this shoulder
before but had noted non-disabling mild pain at night and
pain after playing tennis over the past few years. After the
shoulder was reduced, he was not able to elevate the arm, but
that had improved somewhat over the ensuing few days.

On physical examination, he is 5'10” tall and weighs 185 Ibs.
His neck and neurologic exam is normal. His axillary nerve in
particular is normal. There is some supraspinatus and infraspi-
natus atrophy, and the long head of the biceps is intact but
tender. He can elevate the arm actively but cautiously to 80°,
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externally rotate in abduction to 70°, externally rotate at the
side to 30°, and internally rotate to L3 compared to 170°, 85°,
45°, and T11 with the other shoulder. His liftoff and abdomi-
nal press tests are negative, but his impingement sign, palm-
down abduction, and biceps resistance tests are positive. His
strength in external rotation and elevation is 4/5.

He brings his injury and post-reduction films with him.
They confirm the anterior dislocation and satisfactory reduc-
tion. Because his injury was a primary dislocation and he was
over the age of 40, it is suspected that he has a traumatic rota-
tor cuff rupture or tear [1].

Diagnosis/Assessment

An MRI is ordered which shows an extensive tear (Fig. 10.1a,
b) with some fatty infiltration on the T1 sagittal oblique
images (Fig. 10.1c). This confirms the diagnosis. The discus-
sion with the patient includes the state of his rotator cuff, the
fact that it is not going to heal spontaneously, and that if sur-
gical repair is undertaken before the 3-week mark, his
chances of a successful outcome are better than they are if
the surgery is delayed much beyond that [2].

Management

The surgery can be done under general anesthesia with or
without an associated interscalene block or under an inter-
scalene block with sedation. The patient is positioned in a
sitting position with the head secured on a headrest and the
entire shoulder and right side of the chest—anterior and pos-
terior—exposed. An arthroscope is introduced into the
glenohumeral joint through a posterior portal, and an ante-
rior portal established from inside-out. A shaver is passed
though the anterior portal, and the joint debrided as needed.
The long head of the biceps and the joint side of the cuff tear
are inspected. The scope is redirected to the subacromial
space and a lateral portal is made through which the shaver
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FiGure 10.1 (a) Coronal T2-weighted MRI image revealing large
rotator cuff tear. (b) Sagittal oblique image showing AP extent of
tear. (¢) TI-weighted image documenting moderate fatty infiltration
of the supraspinatus

is reintroduced to debride enough of the bursa to allow clear
visualization of the cuff tear, the coracoacromial ligament,
and the anterior inferior acromion. This step can be facili-
tated by using an electrocautery wand.

Before doing an acromioplasty, a grasper is placed through
the lateral portal as well as a small elevator to free the ten-
dons up. Traction via the grasper allows us assessment of the
mobility of the tendons, which determines if they can be
repaired. If the tendons are not mobile and we do think a
repair can be done, a subacromial decompression is not done
so as to minimize the complication of anterior-superior
escape. Using the electrocautery wand, the coracoacromial
ligament is released. If we think a repair is possible we fur-
ther tailor the amount of release by how confident we are
about the strength and security of the repair. If a good repair
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can be achieved, then a complete ligament release is done;
but if there is any concern about the security of a repair, then
the lateral one-third only is released in order to avoid the
complication of anterior-superior escape. The periosteum of
the undersurface of the acromion is removed with the wand
and a burr is used to perform an acromioplasty to give the
repaired cuff room to glide under the acromion. One can also
place nonabsorbable traction sutures through the torn cuff
with a suture punch to provide traction to the tendons
throughout the mobilization process but only after any
decompression is performed; otherwise these sutures may be
cut during the decompression.

An incision is made slightly medial to the anterolateral
corner of the acromion and extended through and in line
with the fibers of the deltoid. An elevator is used to free
the subdeltoid space around the entire glenohumeral joint.
If traction sutures have not already been placed, serial trac-
tion sutures are placed in the cuff. After placing each, further
mobilization is done with an elevator, bringing the torn edges
farther and farther toward the anatomic neck and tuberosity.
Using these steps, eventually the apex of the tear is reached,
which completes the control of the cuff. If additional mobil-
ity is needed, the intervals between the supraspinatus and
subscapularis as well as those between the infraspinatus and
teres minor can be split longitudinally to allow the supraspi-
natus and infraspinatus additional mobility. The subscapularis
and most of the teres minor are often intact. Release of the
coracohumeral ligament from the coracoid base is also help-
ful. If necessary, a small elevator can be placed between the
undersurface of the cuff and the superior labrum to free the
tendons even more. A biceps tenodesis is done by suturing
the tendon of the long head to the transverse humeral liga-
ment with three, figure-of-eight, nonabsorbable sutures, and
the intra-articular portion is excised and saved for possible
use later.

If mobilization has allowed the cuff edges to be brought to
the anatomic neck at the greater tuberosity, this area is then
lightly roughened with a curette; a deep trough is not
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FIGURE 10.2 Suture anchors placed in a roughened area at the ana-
tomic neck

necessary. The torn edges of the tendons are minimally
trimmed, and suture anchors, loaded with #1 nonabsorbable
sutures, are placed into the anatomic neck (Fig. 10.2). The
sutures are passed through the cuff tendons from inside-out
spaced approximately 8-10 mm apart (Fig. 10.3). The number
of anchors is determined by how many are needed to bring
the cuff to its desired insertion. The suture limbs are then
arranged in twos or threes to cross and be secured in a
transosseous pattern and secured below the greater tuberos-
ity with pushlock anchors (Fig. 10.4).

Because this patient had a history of shoulder pain before
the current injury, this tear may represent an acute on
chronic, preexisting tear. In some instances, direct repair may
not be possible. There are alternative techniques available
which can be used. Fortunately, they are rarely needed. These
include partial repair, interpositional grafts, and local or dis-
tant tendon transfers. Partial repair involves inserting the
tendon edges into a site on the humeral head that is medial
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FIGURE 10.3 Sutures passed from the deep surface of the cuff ten-
dons to exit on the bursal side

to the greater tuberosity. This can be successful if the inser-
tion site itself is lateral to the apex of curvature, or very top,
of the humeral head.

Interpositional Grafts

The absolute requirement for grafting is that the residual,
intact portion of the rotator cuff tendons is mobile and that
the muscles do not have extensive fatty infiltration. A graft is
only a means of extending the length of the functioning
muscle unit so that it can perform its natural function. If the
native muscle does not work, the graft itself cannot replace
the muscle’s function. Thus, the residual cuff should exhibit a
springy feel when traction is applied to it. These interposi-
tional graft techniques are not the same as and do not serve
the same purpose as the so-called patch graft.
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For smaller residual defects, the previously excised intra-
articular tendinous portion of the long head of the biceps is
filleted (Fig. 10.5) and placed into the defect [3]. It is contoured

[ ‘i",r’- Ve -!f. ere
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FiGure 10.4 Cuff reduced to tuberosity and secured with a transos-
seous equivalent configuration secured below the tuberosity using
pushlocks

FIGURE 10.5 Intra-articular portion of the long head of the biceps is
filleted to be used as an intercalated graft (from Neviaser RJ. Tears
of the rotator cuff. Orthopedic Clin North Am. 1980;11(2):295-306)
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FIGURE 10.6 (a) Reconstituted freeze-dried cadaver rotator cuff. (b)
Freeze-dried cadaver rotator cuff contoured to fit the defect of the
remaining, mobile rotator cuff (from Neviaser JS, Neviaser RJ,
Neviaser TJ. The repair of chronic massive ruptures of the rotator
cuff by use of a freeze-dried rotator cuff. J Bone Joint Surg. 1978;60-
A:681-4)

to accommodate the configuration of the defect and sutured to
the residual cuff tendons. Its lateral edge is then sutured to the
roughened area of the anatomic neck at the greater tuberosity
as described above for a direct repair.

With larger defects, a freeze-dried cadaver rotator cuff is
used [4]. It requires reconstitution in sterile saline for 30 min
or until pliable in the operating room (Fig. 10.6a). It is con-
toured to fit the residual defect, sutured first to the residual
native cuff and then to the roughened area at the anatomic
neck adjacent to the greater tuberosity (Fig. 10.6b). For both
of these techniques, the tension on the graft should be such
that they are smooth and not lax or floppy, replicating the
resting tension of an intact cuff with the arm at the side.

Tendon Transfers

Local tendons available for transfer include the subscapularis
alone [5] and the teres minor in combination with the sub-
scapularis [6]. To mobilize them, each is separated from the
underlying capsule medial to the musculotendinous junction
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and then dissected laterally sharply peeling the tendon off of
the capsule. It is important to leave the capsule intact to pre-
vent instability. It is also critical to protect the axillary nerve,
which lies at the inferior margin of the subscapularis anteri-
orly and the inferior margin of the teres minor posteriorly.
The subscapularis is mobilized first and rotated superiorly to
see if it can close the residual defect in the cuff that could not
be closed directly (Fig. 10.7a). If it does, then the teres is left
in place. If additional coverage is needed, then the teres
minor is mobilized as well. The muscle tendon units are mobi-
lized bluntly and rotated superiorly to meet on top of the
humeral head (Fig. 10.7b). They are sutured to each other to
form a new broad tendon and then inserted into the rough-
ened area at the anatomic neck where it joins the greater
tuberosity. The inferior edge of each tendon is then sutured to
the superior edge of the undisturbed anterior (for the sub-
scapularis) and posterior (for the teres minor) capsule
(Fig. 10.7c).

The most common distal tendon transfer is the latissimus
dorsi [7]. This technique is covered in another chapter.

For all of the procedures done through the mini open inci-
sion, the deltoid split is closed with two inverted #1 nonab-
sorbable sutures, and the skin with a subcuticular 3-0
nonabsorbable suture.

In an unusual case, additional exposure may be necessary
to perform any of these alternative techniques, or even a
direct repair. One can use the anterior superior surgical
approach [8, 9]. An incision is made from the posterior edge
of the acromioclavicular joint vertically to a point just lateral
to the coracoid tip. The deltoid is split in line with its fibers
but not beyond the coracoid. The deltoid origin is dissected
subperiosteally, and not detached from the superior surface
of the lateral clavicle and anterior acromion, as far laterally
as the anterior lateral corner. The outer 7-8 mm of the clavi-
cle can be excised to allow the scapula to be rotated posteri-
orly for exposure of the posterior rotator cuff (Fig. 10.8). At
closure, the deltoid is simply replaced on top of the acromion
and lateral clavicle and the split repaired side to side with two
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FiGURE 10.7 (a) Subscapularis musculotendinous unit mobilized,
freed from the intact underlying capsule, rotating superiorly. (b)
Subscapularis tendon sutured to the remaining rotator cuff, the
undisturbed intact anterior capsule, and the greater tuberosity. (c)
Subscapularis and teres minor tendons rotated superiorly to meet,
sutured together to form a broad tendon, sutured to the greater
tuberosity and their respective undisturbed capsules (from Neviaser
RJ, Neviaser AS. Open repair of massive rotator cuff tears: tissue
mobilization techniques. In: Zuckerman JD, editor. Advanced
reconstruction shoulder. Rosemont, IL: American Academy of
Orthopaedic Surgeons; 2007. p. 175-82)
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FIGURE 10.8 Anterior-superior approach to the shoulder utilizing
subperiosteal dissection of the deltoid origin from the superior acro-
mion and lateral clavicle, avoiding detaching the deltoid origin from
these structures (from Neviaser AS, Neviaser RJ. Open treatment of
large and massive rotator cuff tears. In: Lee DH, Neviaser RJ, edi-
tors. Shoulder and elbow surgery. New York: Elsevier; 2011, p. 63-86)

#1 nonabsorbable inverted sutures. The skin is closed with a
subcuticular 3-0 suture and steri-strips.

Postoperatively, the extremity is immobilized at the side in
an immobilizer sling. Abduction bracing is not used. Within
the first few days, the patient is shown how to mobilize the
elbow, wrist, fingers, and thumb without moving the shoulder.
He is seen weekly, the sutures being removed at 10 days, and
placed supine on the examining table. The surgeon passively
moves the arm into approximately 90° of forward elevation
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and to a maximum of 15° of external rotation at the side. This
is continued weekly until the fourth to sixth weeks (depend-
ing on the security of the repair). At this point, the patient is
allowed to do these two exercises himself and is sent to physi-
cal therapy with specific instructions to do exercises to regain
motion but not to strengthen, and use weights, rubber bands,
or resistive machines. At 12 weeks, while motion exercises are
continued, progressive strengthening is added. Maximum
improvement in motion and function is reached by 1 year,
although normal use of the arm is allowed at 4-6 months.

Outcome

This patient had an uneventful early postoperative recovery.
Following the just described protocol, he returned to swim-
ming by 14 weeks and tennis at 20 weeks. By 1 year, he had
active motion of forward elevation to 165°, external rotation
in abduction to 85°, external rotation at the side to 45°, and
internal rotation to T11 compared to 170°, 85°, 45°, and T11
of the contralateral shoulder. His strength in external rota-
tion and elevation was 5/5.

Literature Review

With an acute injury, whether a result of a dislocation or not,
it has been shown that repair within the first 3 weeks pro-
duces a superior outcome to waiting a longer period [2]. If the
patient does not show marked improvement in motion in the
first couple of weeks, then repair should be strongly consid-
ered. A careful history is important as in many instances the
patient may have experienced prior shoulder symptoms or
even been treated for them, indicating the possibility of a
preexisting tear, resulting in an acute-on-chronic injury. In
such circumstances, one should be prepared for the possibil-
ity that a direct repair may not be possible. In those cases
reconstructive techniques as described above [3-7] can be
employed with reasonable chances of success.
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Patients who cannot raise the arm after an injury need to
be followed every 5-7 days in order to assess the progress of
their recovery of motion. An important issue is to realize that
the inability to elevate the arm after an acute primary dislo-
cation in a patient over the age of 40 is more likely to be due
to an acute rotator cuff rupture than an axillary nerve injury.
In our series, all cases had a tear of the cuff, while only 7.8%
of cases had an associated axillary nerve injury [1]. Even in
the presence of the combined injuries —rotator cuff and axil-
lary nerve —repair of the cuff should be considered as there
can eventually be enough recovery of the nerve to allow
functional use of the arm if the cuff has also recovered.

Interpositional grafting [3, 4] is not the same as patch
grafting. Rather its intent is to extend the reach of a func-
tional musculotendinous unit in an attempt to restore its
length at a normal resting tension but not to augment the
substance or thickness of the native tendon itself. It is analo-
gous to a flexor tendon graft in the hand.

The course of rehabilitation after the surgery should be
carefully monitored by the treating surgeon. Strengthening or
resistive exercised should be avoided until at least 3 months
postoperatively. We have found that introduction of such
exercises before that time is a significant risk for failure of the
repair [10].

Clinical Pearls/Pitfalls

e With first-time dislocation in a patient over age 40, suspect
a rotator cuff tear rather than an axillary nerve injury.

e Follow such patients closely and if little or no improve-
ment in function is noted in the first 2 weeks obtain an
MRI.

e Significant fatty infiltration on the T1-weighted sagittal
oblique images should alert one for the possibility that this
is an acute-on-chronic tear and reconstructive techniques
may be necessary.

e Whether to do a subacromial decompression and if chosen,
then its extent is determined by the security of the repair.
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Tendon mobilization is key to successful repair.
Introduction of strengthening or weights in the postopera-
tive period before 3 months creates a risk for failure of
repair via re-rupture.
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Chapter 11

Latissimus Dorsi Transfer
for Severe Rotator Cuff Tears

Robert J. Thorsness and Gregory P. Nicholson

Case Presentation

The patient is a 45-year-old male with a history of hyperten-
sion who presented after he injured his right shoulder while
trying to throw a bag of garbage and felt a ripping sensation
in his shoulder. Prior to presentation, he had intermittent
anterolateral shoulder pain that was mild and worse with
overhead activity. The trauma dramatically worsened his
pain, and he also noticed significant weakness in the shoulder.
He denies a prior history of surgery or trauma to the ipsilat-
eral shoulder, and had yet to trial physical therapy.

Physical exam demonstrated a well-developed, well-
nourished male, 5 feet 8 inches tall weighing 245 pounds. The
cervical spine was mildly limited in its range of motion with
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flexion to 25°, extension to 20°, and rotation to 30° right and
left, with a negative Spurling’s sign. On the healthy, contralat-
eral left shoulder he demonstrated active forward elevation
to 170°, and active external rotation to 60°, and demonstrated
5/5 external rotation strength, and 5/5 belly press strength.
On the affected, right shoulder he demonstrated passive for-
ward elevation to 160°, and passive external rotation 60°, but
was unable to actively forward elevate. He had a remarkably
positive external rotation lag sign and positive Hornblower’s
sign, with 3/5 external rotation strength. He had a negative
belly press test and 5/5 internal rotation strength. His AC
joint was nontender, as well as the remainder of the shoulder
girdle including the biceps tendon within the bicipital groove.
He possessed a normal, symmetric bicipital contour.

True AP, scapular Y, and axillary lateral radiographs were
obtained which demonstrated moderate superior migration
of the humeral head without evidence of glenohumeral
arthritis (Fig. 11.1). There was no evidence of early rotator

FIGURE 11.1 True AP x-ray view of the right shoulder in this patient
demonstrating moderate superior migration of the humeral head
and narrowing of the acromiohumeral interval. There are no
arthritic changes present
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FIGURE 11.2 Magnetic resonance imaging demonstrating a full-
thickness, retracted posterosuperior rotator cuff tear on coronal T2
image (a), with grade 1 atrophy of the supraspinatus, grade 2 atro-
phy of the infraspinatus, grade 4 atrophy of the teres minor with a
normal subscapularis (b)

cuff arthropathy present. An MRI from an outside hospital
was reviewed which demonstrated a large, moderately
retracted posterosuperior tear of the rotator cuff involving
the supraspinatus, infraspinatus, and teres minor. On sagittal
T1 images, there was Goutallier grade 1 atrophy of the supra-
spinatus, grade 2 atrophy of the infraspinatus, and unexpect-
edly severe grade 4 atrophy of the teres minor with a normal,
intact subscapularis (Fig. 11.2).

Diagnosis/Assessment

This patient is presenting with an acute exacerbation of a
posterosuperior rotator cuff tear after a minor trauma. The
patient’s history, physical exam, and imaging all corroborate
this diagnosis. The tear likely propagated anteriorly during
the acute exacerbation leaving the supraspinatus with less
severe atrophy compared to the infraspinatus and teres
minor. While tears and atrophy of the teres minor are rare on
presentation, this warranted an electromyographic study
(EMG) to evaluate for a neurologic etiology such as a C5
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radiculopathy. The EMG was obtained and demonstrated
normal testing of the C5 distribution, as well as no evidence
of suprascapular nerve or axillary nerve deficit.

While repair of the supraspinatus would likely improve his
forward elevation, the chronicity of the posterior component
of the tear involving the infraspinatus and teres minor would
likely lead these to be less amenable to repair, and less pre-
dictable with regard to improving his profound external rota-
tion weakness. For young, active patients with large,
irreparable posterosuperior rotator cuff tears with an intact,
functional subscapularis, a latissimus dorsi transfer to the
greater tuberosity remains a viable, though unpredictable,
option for restoring external rotation.

Management

The decision was made to pursue an open rotator cuff repair
and latissimus dorsi transfer.

The patient was positioned in a sloppy lateral decubitus
position after an interscalene regional block was performed.
The first incision was carried out in Langer’s lines just medial
to the lateral border of the acromion. Skin flaps were raised,
and the raphe between the anterior and middle thirds of the
deltoid was incised and released off the acromion with the
coracoacromial ligament. The deltoid was split 2.5 cm later-
ally and a stay suture placed to prevent propagation of the
split. An acromioplasty was then performed as well as a thor-
ough subacromial bursectomy in standard fashion. The supra-
spinatus and infraspinatus tendons were able to be identified
and were tagged with heavy-braided #2 suture. The greater
tuberosity footprint was then prepared to a bleeding base to
optimize the biologic environment for healing. A transosse-
ous rotator cuff repair was then performed through four drill
holes double-loaded with heavy-braided #2 suture.

The bed was then tilted away to optimize the positioning
for the latissimus transfer. A hockey-stick incision was then
made along the lateral border of the latissimus dorsi and then
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parallel to the humerus. The latissimus was then identified,
mobilized from the adjacent teres major, and released off the
humerus. A heavy-braided #2 Dyneema suture was then run
in Krackow fashion through the tendon, and a separate dif-
fering color #2 Dyneema suture was placed in similar fashion
on the adjacent edge of the tendon, creating four limbs. The
latissimus was then bluntly mobilized down to its neurovas-
cular pedicle and off the fascia. Through the original incision,
the latissimus sutures were retrieved deep to the deltoid and
superficial to the repaired infraspinatus. The tendon was
mobilized to the level of the posterior greater tuberosity foot-
print. This was then repaired to the level of the posterior
greater tuberosity with a similar transosseous technique
through drill holes.

The wounds were irrigated, and the deltoid split closed
with heavy-braided #2 suture incorporating the coracoacro-
mial ligament into the repair. The subcutaneous tissue and
skin were closed in standard fashion. The patient was placed
into a sling with a derotation wedge to maintain the arm in
mild abduction but also approximately 10° external rotation.
He was then extubated and transferred to the postanesthesia
care unit in stable condition. There were no intraoperative
complications.

Outcome

The patient was started with a guided physical therapy regi-
men beginning 1 week after surgery. He was maintained in a
sling for 6 weeks to protect the repair. Phase 1 of therapy
consisted of pendulums, passive external rotation limited to
30°, and passive forward elevation to 90° for weeks 1-6.
Avoiding internal rotation behind the back or across the mid-
line for the first 4 weeks is emphasized. At week 6, phase 2 of
therapy began with active assisted range of motion as toler-
ated, pulleys, and isometric strengthening of the deltoid and
periscapular musculature. Feedback to the patient is pro-
vided while doing isometric ER and IR to begin to try to
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Ficure 11.3 The patient postoperatively demonstrated excellent
range of motion in both forward elevation (a) and external rotation
(b) without pain

“train” the latissimus to become an external rotators. Phase 3
began at 3 months postoperatively, to include active range of
motion as tolerated and rotator cuff strengthening.

At most recent follow-up 8 months postoperatively, the
patient demonstrated active forward elevation to 160°, and
active external rotation to 45°, with 5/5 strength in forward
elevation and 5/5 strength in external rotation (Fig. 11.3). He
demonstrated a negative Hornblower’s sign and external
rotation lag sign. The reconstruction completely eliminated
his essentially pseudoparalytic state and restored external
rotation power.

Literature Review

Massive posterosuperior rotator cuff tears in young patients
present a difficult clinical problem. Repair of these tears in
these patients is associated with poor outcomes, likely given
irreversible changes to muscular function [1-3]. As an alter-
native to massive rotator cuff repair in this setting, some
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surgeons have elected for a latissimus dorsi tendon transfer
to supplement for loss of function of the posterosuperior
rotator cuff [4-9], with a goal of restoring active forward
elevation and external rotation.

While reverse total shoulder arthroplasty remains a viable
treatment of massive irreparable rotator cuff tears in elderly,
lower demand patients, this is often not an ideal treatment
strategy for younger, more active patients given the risk of
component loosening and subsequent revision [10-12].
Latissimus dorsi tendon transfer does remain a reasonable
option for these younger patients, but unfortunately the clini-
cal outcomes are mixed [5-7, 13-20]. The ideal candidate is a
young, active patient with an irreparable posterosuperior
rotator cuff tear, with an intact and functional subscapularis,
without glenohumeral arthritis.

While latissimus transfer will often lead to significant
improvements in pain and function, it is imperative for sur-
geons to manage expectations with these patients as a return
to normal or near-normal function is unlikely. Patient should
be counseled that they can expect approximately 35° increase
in forward elevation, 10° increase in external rotation, and a
70% increase in abduction strength following the procedure
[20]. However, it is imperative to instruct patients that latis-
simus transfer does not preclude cuff tear arthropathy in
young patients, and they should expect continued progression
of glenohumeral arthritis with age. There are a variety of fac-
tors that may influence outcome including age, sex, surgical
technique, and concomitant transfer of the teres major, but
most studies are heterogeneous and likely underpowered to
detect the influence of these factors on outcome [20]. Further,
the literature lacks appropriate studies to evaluate compara-
tive outcomes in similar patients undergoing partial rotator
cuff repair, patch augmentation, or reverse total shoulder
arthroplasty, further highlighting the need for high-quality
studies of this procedure.

When indicating patients for a latissimus transfer, it is
imperative to understand the factors that are associated with
poor outcome. Surgeons should expect poor functional
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results following latissimus transfer in patients undergoing
revision surgery, in patients with a torn or deficient subscapu-
laris, or those with advanced teres minor atrophy [20]. The
integrity of the subscapularis is paramount, as the subscapu-
laris is necessary to maintain a balanced, centered humeral
head following a latissimus transfer during forward elevation
and external rotation.

Clinical Pearls and Pitfalls

e The ideal candidate for a latissimus transfer is a young,
active patient with an irreparable posterosuperior rotator
cuff tear, with a functional subscapularis in the absence of
glenohumeral arthritis, and poor external rotational ability
and compromised motors of the posterior rotator cuff.

e If the patient is lower demand, or elderly, then a reverse
total shoulder will provide a more predictable functional
outcome.

e Latissimus transfer does not preclude cuff tear arthropa-
thy, and patients must be instructed that they should
expect progression of arthritic changes over time that may
necessitate a reverse total shoulder arthroplasty in the
future.
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Chapter 12

Pectoralis Major Transfer

Jens Stehle

Case Presentation

The 57-year-old patient presented with pain (visual analog
scale, VAS 8-9) and reduced strength of internal rotation of
the left shoulder. He reported trauma of the shoulder consis-
tent with a subscapularis tear 8 months before, but the treat-
ment was conservative and the diagnosis of a traumatic tear
of the subscapularis was not confirmed yet. He was a worker
in a psychiatric institution, and his general health status was
reduced and his weight was 55 kg.

An MRI of the left shoulder was conducted and revealed
a complete tear of the subscapularis with retraction of the
tendon behind the glenoid and severe atrophy of the
subscapularis muscle belly (grade 3-4). Additionally, a lux-
ated long head of the biceps was seen.
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Diagnosis/Assessment

The patient’s history, physical, and imaging findings are con-
sistent with the diagnosis of symptomatic full-thickness sub-
scapularis tendon tear. Based on the clinical findings and the
MRI, an arthroscopy was indicated to evaluate if the sub-
scapularis tendon could be repaired. Pectoralis major trans-
fer is indicated for a painful, irreparable subscapularis tear.
Ideal patients are active and younger than 60 years with an
intact or a reparable supraspinatus. Patients must have a
functioning deltoid muscle and minimal glenohumeral joint
arthritic changes. Pectoralis transfers may also be considered
in cases of failure of subscapularis healing after shoulder
arthroplasty or open shoulder stabilization. In these scenar-
ios, decreased pain can be expected; however, the results are
less predictable and the functional results are also inferior in
the setting of recurrent glenohumeral subluxation and insta-
bility [1]. A pectoralis major transfer has been described for
the treatment of anterior-superior escape in the setting of
rotator cuff arthropathy and/or failed rotator cuff repair [2].
Although the reverse shoulder arthroplasty has become the
standard treatment in this clinical scenario, a pectoralis
major transfer may still be considered in younger patients or
in patients in whom a reverse shoulder arthroplasty is not
indicated. The results of a transfer in this setting are not as
promising; however pain relief and some functional improve-
ment can be expected. The pectoralis major transfer is not
able to correct a forward flection pseudoparalysis. In these
cases, a reverse shoulder arthroplasty will provide better
functional results [1].

Management

An arthroscopy of the left shoulder revealed a completely
torn and retracted subscapularis tendon with poor tissue
quality and no chance to repair, even if the surgery would
have been converted to an open procedure. Therefore, only a
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tenodesis of the long head of the biceps with an acromio-
plasty was performed to reduce the pain. The postoperative
X-rays showed only a slightly superior humeral head and
only a slight ventral subluxation of the humeral head on the
glenoid in the axial plane (Figs. 12.1 and 12.2). However, the
patient showed up with almost the same deficits as before the
surgery and pain (VAS 8) even after an intensive rehabilita-
tion program. The different treatment options were discussed
with the patient. The patient chose the recommended pecto-
ralis major transfer.

The pectoralis major transfer was performed with the
subcoracoid technique described by Resch et al. [3] with a
partial subcoracoid transfer of the pectoralis major. In

FIGURE 12.1 True AP X-rays of the left shoulder showed only a
slight superior humeral head migration after the tenodesis of the
long head of the biceps with chronic rupture of the subscapularis
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FIGURE 12.2 Axial plane X-ray showed only minimal ventral sublux-
ation of the humeral head on the glenoid

brief, the patient was positioned in the beach-chair posi-
tion. A standard deltopectoral incision was used. The del-
toid was retracted laterally with the cephalic vein.
Subdeltoid, subacromial, and subcoracoid adhesions were
released. Another attempt was made to mobilize the
retracted subscapularis tendon but it could not be repaired.
The lesser tuberosity was exposed. The insertion of the pec-
toralis major tendon on the humerus was identified lateral
to the intertubercular sulcus. The superior one-half to two-
thirds of the tendon was tagged with stay sutures and taken
for the transfer and detached from the humerus. Medial
blunt dissection along the fibers up to 8 cm medially to
achieve the necessary elongation was performed. The space
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medial to the conjoined tendon and lateral to the pectoralis
minor was bluntly developed. A path was bluntly cleared
for passage with the two index fingers from both sides. The
musculocutaneous nerve was identified visually and digi-
tally with its entrance to the muscle. If a small proximal
nerve branch is encountered that would be under tension
from the transfer, an attempt can be undertaken to release
this nerve branch digitally with minimal force, causing
minimal pathology [1]. In most cases the interval between
the nerve and the conjoined tendons is big enough to pass
the muscle through. If this seems possible with no tension
of the nerve, the preferred subcoracoid transfer can be
used. (If the nerve might be under excessive tension after
the transfer with pending neurapraxia, one must consider
the supracoracoid transfer described by Wirth and
Rockwood [4] as an alternative.) The sutures of the tendon
were grasped behind the conjoined tendons but in front of
the nerve with a curved forceps and transferred to the
lesser tuberosity. Lastly, the transferred tendon was attached
by use of transosseous sutures or bone anchors. Between 2
and 4 nonabsorbable sutures are placed in a modified
Mason-Allen technique to securely fix the thin tendon of
the distal pectoralis major muscle. A deep and a superficial
drain was used to reduce the risk of postoperative hema-
toma. The patient’s arm was placed in a sling. Postoperative
care was similar to that after a massive anterosuperior rota-
tor cuff repair. The operated shoulder was immobilized for
6 weeks. Passive exercises were allowed early to encourage
tendon gliding and prevent adhesions. However, external
rotation was limited to 0° for 6 weeks after surgery to pro-
tect the tendon transfer. Active-assisted and strengthening
exercises were started 6 weeks after the surgery. Internal
rotation against resistance was restricted until 12 weeks
after surgery. After this, patients will notice functional gains
throughout the first year. Fortunately, the subscapularis
and pectoralis major are in phase, and transfers do not
require retraining protocols [3, 5].
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Outcome

The patient showed up 6 weeks and 3 months after surgery.
He reported no complications and the pain was significantly
reduced (VAS 2-3). However, he showed up again 2 years
after the pectoralis tendon transfer with increasing pain
(VAS 8-9) and reduced function of the left shoulder. Active
forward flection was reduced to 80°. Atrophy of the upper
part of the pectoralis major was clearly seen. Also, the trape-
zius, deltoideus, supraspinatus, and infraspinatus showed vis-
ible atrophy. In the meantime, he had surgeries of internal
organs with life-threatening complications. During this time,
he neglected his shoulder problems. His general health status
was further reduced and his weight was 50 kg. MRI of the left
shoulder showed that the transferred pectoralis tendon and
muscle were very thin with subcoracoid impingement, supe-
rior head migration, and ventral subluxation of the humeral
head on the glenoid. Because of his reduced general health
status conservative treatment with physiotherapy was per-
formed, but the pain and the function did not improve over
time. Therefore, after his general health improved and his
weight was 53 kg, the arguments for and against surgery were
discussed, and since his life expectancy was considered low,
he had a low activity level, and his quality of life was low, a
reverse total shoulder arthroplasty was performed three
years after the pectoralis tendon transfer when he was 62
years old. During operation the transferred pectoralis major
tendon was observed to be very thin but intact. However, the
signs of subcoracoid impingement, superior head migration,
and ventral subluxation of the humerus were clearly seen.
The operation was carried out without any complication and
the transferred tendon again attached to the lesser tuberosity.
The operated shoulder was immobilized for 6 weeks in an
abduction pillow. Passive exercises were allowed and sup-
ported with a shoulder motion device for 6 weeks for abduc-
tion. However, external rotation was limited to 0° for 6 weeks
after surgery to protect the pectoralis major tendon and
prevent luxations. Active-assisted exercises were allowed
after the 6-week point. The patient showed up 6 weeks and 3
months after surgery. He reported no complications and the
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Ficure 12.3 Clinical findings 2 years after reverse shoulder arthro-
plasty: Active forward flection and abduction are reduced to 90°.
Note the multiple scars on the belly after multiple surgeries and the
reduced general condition of the patient

pain was again significantly reduced (VAS 3). Two years after
the reverse total shoulder arthroplasty he reported increased
pain (VAS 7) and decreasing function of the left shoulder.
Active forward flection and abduction were reduced to 90°
(Fig. 12.3). He is able to comb his hair (Fig. 12.4) with strong
external rotation but could only reach the lateral hip
(Fig. 12.5), because his active internal rotation was markedly
reduced. Atrophy of the upper part of the pectoralis major
could be clearly seen (Fig. 12.6). On the ventral aspect of the
shoulder the arthroplasty can be outlined because the patient
is so slim. Also, the trapezius, deltoideus, supraspinatus, and
infraspinatus showed visible atrophy (Fig. 12.7). The neuro-
logical findings were normal. He had also a rash of the ven-
trolateral shoulder, but the lab values showed a normal
CRP.The X-rays 2 years after surgery show a reverse arthro-
plasty with no signs of loosening or notching (Fig. 12.8). In
the meantime, he again had surgeries of internal organs with
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FIGURE 12.4 Satisfactory external rotation in abduction 2 years after
reverse shoulder arthroplasty

life-threatening complications and his weight was again
50 kg. He was asked to follow up closely every 3 months to
check on his status.

This example shows that the pectoralis major transfer is
not always successful in terms of permanent pain relief, even
though the indication was right, based on the current litera-
ture. This patient had always only a partial and temporary
pain relief after surgery. A reverse shoulder arthroplasty is
sometimes the last alternative when pain and function dete-
riorate over time, but after multiple operations and weak-
ened internal rotators the results are sometimes frustrating.

Literature Review

The majority of rotator cuff tears involve the posterosuperior
cuff and can often be treated with repair of the tendons, even
months and years after rupture. However, tears of the



Chapter 12. Pectoralis Major Transfer 197

FiGure 12.5 Reduced active and passive internal rotation 2 years
after reverse shoulder arthroplasty. The arthroplasty can be seen
through the skin with significant atrophy of the upper part of the
pectoralis major after the transfer

subscapularis tend to retract fast, and show rapid fatty degen-
eration of the muscle belly, leading to irreparable situations,
especially when the diagnosis is delayed [3, 4, 6].

The subscapularis is an important factor for the muscular
force couple of the glenohumeral joint. An insufficiency of
the subscapularis caused by a tendon tear or neurologic dis-
order leaves the humeral head unbalanced, producing func-
tional disabilities [7, 8]. Additionally, chronic and recurrent
anterior subluxation and instability with associated pain are
characteristics of subscapularis insufficiency [2, 9].
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FiGURE 12.6 The atrophy with a visible gap of the upper part of the
pectoralis major can be clearly seen in abduction

FIGURE 12.7 Atrophy of the trapezius, deltoideus, supraspinatus, and
infraspinatus from the posterior view

Arthroplasty is a treatment option, depending on the
patient’s level of glenohumeral arthritis, age, and activity
level, in combination with or without a pectoralis major
transfer. Hemiarthroplasty has been attempted with moder-
ate and unreliable pain relief and functional results [10-13].



Chapter 12. Pectoralis Major Transfer 199

FIGURE 12.8 The X-ray’s true AP from 2 years after surgery shows a
reverse arthroplasty with no signs of loosening or notching

Recently, reverse total shoulder arthroplasty has become the
standard for older and low-demand patients with good clini-
cal results [8]. Depending on the patient’s needs and circum-
stances other options include arthroscopic debridement with
biceps tenotomy or tenodesis to reduce the pain [14].



200  J. Stehle

Although arthroplasty may be the standard in old and
low-demand patients, the management of high-demand,
active, and/or young patients with an irreparable subscapu-
laris tear is still an important challenge. In these cases, ten-
don transfers are a feasible option, commonly using the
pectoralis major, if the patient has a well-preserved glenohu-
meral joint [1, 4, 6, 15-19].

The pectoralis major can be transferred using its whole
tendon, or it can be split to rebalance the force couple on
the humeral head [2-4]. The tendon is then rerouted under-
neath or left superficially to the conjoined tendon. If
rerouted underneath to the conjoined tendon, the pectoralis
is thought to additionally reduce subcoracoid impingement
through a soft-tissue interposition effect that helps in pain
relief. These techniques can be used for subscapularis tears
in isolation, for subscapularis tears with anterior supraspi-
natus tears, or in combination with posterior cuff repair for
posterosuperior tears. In addition, they have been used for
subscapularis insufficiency after failure of subscapularis
repair after open shoulder stabilization or shoulder hemiar-
throplasty [20-22]. However, subscapularis insufficiency
after hemiarthroplasty presents a significant therapeutic
challenge, often because of recurrent instability, with unsat-
isfactory results [20].

Anatomy

Muscle

The muscle of the pectoralis major originates from the ante-
rior surface of the medial clavicle, sternum, cartilage of ribs 2
through 7, and variably, as a small abdominal belly, aponeuro-
sis of the external oblique muscle. The clavicular muscle belly
has a cross-sectional area of about 60% of the total muscle.
The clavicular and sternal muscle bellies are separated by an
intermuscular septum that can best be seen laterally near the
musculotendinous junction [23].
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Tendon

The pectoralis major tendinous insertion consists of two dis-
tinct layers [4, 23, 24]. The anterior lamina is the terminal
portion of the clavicular head, whereas the posterior lamina
originates from the sternal head. A variable small third layer,
the abdominal lamina, is derived from the aponeurosis of the
external oblique muscle medially. The sternal and clavicular
lamellae fuse into a single tendon. The sternal lamina is
rotated almost 180° about its longitudinal axis before inser-
tion on the humerus. This rotation results in the inferior (ster-
nal) fibers attaching superior and posterior to the clavicular
fibers on the humerus when the arm is in an adducted posi-
tion. The two tendons overlap approximately 2.7 cm, produc-
ing a total footprint between 5.7 and 6.3 cm [4, 23, 24].

Nerves

The musculocutaneous nerve is the most important neuro-
vascular structure of concern when a transfer is planned. It
enters the undersurface of the coracobrachialis between 5
and 6 cm distal to the coracoid base [23, 24]. In the study of
Klepps et al., 18 of 20 specimens had a small proximal branch
thought to also innervate the coracobrachialis [24]. This nerve
branch was reported to be 4 cm from the coracoid base and,
when found, was supposedly small enough to sacrifice with-
out any meaningful functional effect, although this was not
investigated clinically [1].

The lateral pectoral nerve originates from the lateral cord
of the brachial plexus, passes medial to the pectoralis minor,
and enters the clavicular belly superior to the intermuscular
septum, about 12 cm medial to its humeral insertion [23, 24].

The medial pectoral nerve originates from the medial
cord. In most cases, it travels through the substance of the
pectoralis minor before entering the undersurface of the pec-
toralis major. However, Klepps et al. [24] reported variable
paths for the medial pectoral nerve, noting that it sometimes
passed lateral to the pectoralis minor. Jennings et al. [23]
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further reported that it passed lateral to the pectoralis minor
in 4 of 24 cadavers whereas the nerve divided in two speci-
mens, with one branch traveling through and another travel-
ing lateral to the pectoralis minor. The medial pectoral nerve
then travels with the lateral thoracic artery and is at some risk
of injury during the division of the two muscular units. This
nerve was found in the same study to cross the septum at a
mean of 9 cm medial to the humeral insertion and entered
the sternal head 1.4 cm distal to the septum [23]. Klepps et al.
stated that the medial pectoral nerve does not branch to
innervate the clavicular head as it travels laterally; blunt dis-
section along its course allows separation of the clavicular
and sternal muscle bellies without the risk of significant
denervation [24].

Artery

The subclavian artery provides the blood supply to the pecto-
ralis major, with the thoracoacromial and lateral thoracic
branch. The thoracoacromial branch travels medial to the
muscular division, whereas the lateral thoracic branch crosses
the septum between the two muscle bellies at a mean of
8.5 cm medial to the humeral insertion [23, 24].

Biomechanics of Transfer Techniques

The biomechanics of the supracoracoid and subcoracoid
transfers were investigated by Konrad et al. [25]. Six fresh-
frozen full upper extremities were mounted into a dynamic
shoulder testing apparatus to simulate glenohumeral kine-
matics when applying force to the different tendons of the
shoulder muscles. Four scenarios were tested: intact shoulder,
complete subscapularis tear, transfer of the clavicular head
superficial to the conjoined tendon, and subcoracoid transfer
of the clavicular pectoralis head. The forces applied were
determined based on values used in previous studies and
finite element modeling. The complete subscapularis tear
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condition displayed less than 50% of the maximum abduc-
tion achieved with the intact condition (40.8° vs. 86.3°).
Maximum external rotation (91.8°) and anterior (6.4 mm)
and superior (6.1 mm) translation were also increased signifi-
cantly. Both tendon transfer scenarios resulted in more physi-
ological shoulder motion compared with the tear condition.
Specifically, maximum abduction and superior stability were
restored in both transfer scenarios. The subcoracoid transfer,
however, restored the glenohumeral kinematics closer to
those of the intact shoulder than those resulting from the
transfer superficial to the conjoined tendon [25].

Different Surgical Techniques for Pectoralis Major
Tendon Transfer

The transferred tendon may take different courses. The tradi-
tional course is that the tendon can be passed in the plane of
its normal course but merely in a more superior direction and
can then be attached to the tuberosities of the proximal
humerus [4, 26]. In a variation of the traditional course, the
tendon (complete or partial) was routed deep, through the
interval between the conjoined tendon (superficial) and the
musculocutaneous nerve [2, 3, 27]. In another variation the
sternal lamina of the pectoralis major was passed deep to the
clavicular lamina but superficial to the conjoined tendon [20].
In a cadaveric study, a fourth position was investigated: sub-
coracoid transfer with the tendon passing deep to the muscu-
locutaneous nerve [24]. This position, however, was found to
place tension on the musculocutaneous nerve and is consid-
ered to be too risky for clinical practice.

The subcoracoid tendon transfer has the advantage of pro-
ducing a force vector that better simulates that of the native
subscapularis tendon [25]. This inferior and posterior vector
of the subscapularis has been well documented and is thought
to balance the net superior pull of the deltoid, keeping the
humeral head centered in the glenoid fossa [7, 28]. A second
advantage of the subcoracoid transfer is that the transferred
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tendon produces a static soft-tissue interposition (buttress
effect) between the humerus and the coracoid process, mini-
mizing anterior humeral translation and decreasing the risk
of coracohumeral impingement [23].

One potential downside of the subcoracoid technique is the
more extensive surgical dissection, as well as the increased bulk
of the pectoralis major transfers may increase the risk of injury
of the musculocutaneous nerve and surrounding brachial
plexus. Especially when the entire pectoralis major was taken
for a subcoracoid transfer, the musculocutaneous nerve was
under too much tension, necessitating a release of the proximal
branch to relieve the tension in 6 of 20 cadaveric specimens
[24]. In addition, there are clinical reports of musculocutaneous
nerve injuries; therefore, split-tendon transfers are more fre-
quently advocated [3]. If a partial transfer of the pectoralis is
chosen, the most common technique is described by Resch
et al. [3] where the superior part of the pectoralis major inser-
tion is taken for the transfer. A different approach was used by
Jennings et al. [23] by separating the humeral insertions into the
clavicular and sternal laminae of the pectoralis major. The pos-
terior lamina (sternal part, with a more inferior-directed force
vector) is chosen for transfer, and the majority of the anterior
insertion (clavicular part) was left intact. A study found that a
split transfer tensioned the musculocutaneous nerve in 2 of 20
specimens, although this was also relieved with release of the
proximal nerve branch [24]. In one reported case, median and
ulnar nerve symptoms developed. After the patient underwent
revision surgery and rerouting of the transfer from a subcora-
coid position to a superficial transfer overlying the conjoined
tendon, the neurologic symptoms resolved [29].

Clinical Outcomes

Transfer for Isolated Subscapularis Tears

Pectoralis major tendon transfer for isolated subscapularis
tears produced satisfactory improvements in several studies.
Resch et al. [3] found the Constant score to increase from
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22.6 to 54.4 with patients averaging 65 years of age. Elhassan
et al. [20] found also the Constant score to increase from 40.9
to 60.8 in a younger population. Jost et al. [26] reported a
final mean relative Constant score of 79% in their series of
isolated irreparable subscapularis tears. Also, the subcatego-
ries of the scores, e.g., range of motion and strength, were
improved by a successful pectoralis transfer. Wirth and
Rockwood [4] published a series where 10 of 13 shoulders
achieved an elevation between 120° and 170° (mean 143°).
For the three transfers that failed, the mean range of motion
was significantly lower (110°; range 60°-~140°). Resch et al. [3]
reported about mean improvements in forward flexion and
abduction (from 93° to 129° and from 85° to 113°, respec-
tively). Forward flexion and abduction strength at 90° also
improved, as did internal rotation strength. Five patients
were able to achieve preinjury levels of shoulder function,
and six were able to perform physically rigorous tasks, but
not at the same level as before symptoms developed. However,
external rotation was limited after successful pectoralis major
transfer, decreasing by a mean of 25° [3, 26].

Transfer for Subscapularis in Combination
with Multi-Tendon Rotator Cuff Tears

Some studies looked at results after pectoralis major transfer
with anterosuperior rotator cuff tears involving both the sub-
scapularis and the supraspinatus, as well as variably the infra-
spinatus. These patients also regularly benefited from salvage
tendon transfer with measured mean Constant score increases
from 28.7 to 52.3 [20], 52 to 68 [27], and 38.8 to 63.4 [30]. Jost
et al. [26] reported a good mean relative Constant score
(79%) when the supraspinatus was repairable compared to a
group, where the supraspinatus was not reconstructable
(59%). The postoperative Constant score was inversely cor-
related with preoperative supraspinatus fatty degeneration in
the MRI [26]. In support of this observation, Galatz et al. [2]
published his series of 14 patients with anterosuperior
humeral head subluxation in massive anterosuperior cuff
tears treated with pectoralis major transfer of the complete
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tendon. The American Shoulder and Elbow Surgeons score
did improve from 27.2 to 47.7; however, depending on preop-
erative dysfunction, the outcomes were less uniformly satis-
factory. The shoulders with pseudoparesis saw an increase in
mean forward flexion from 28.4° to only 60° whereas passive
external rotation decreased slightly (from 32° to 28°). Several
authors have also reported that instability and anterior sub-
luxation greatly reduced patient satisfaction [5, 20, 26].
Patients without instability, who had small or repairable
supraspinatus tears, or whose supraspinatus defect could be
simultaneously covered by the transferred pectoralis tendon
had better results [26, 27, 30].

Transfer for Subscapularis Insufficiency
After Shoulder Arthroplasty

Patients with symptomatic subscapularis insufficiency after
anatomic shoulder arthroplasty or hemiarthroplasty had
unreliable and often unsatisfactory results. Miller et al. [21]
reported of mixed results of surgical outcomes in four
patients treated with a pectoralis major tendon transfer. Only
two of four patients were satisfied, with ratings of 9 of 10
(good-excellent).

Elhassan et al. [20] looked at eight patients with subscapu-
laris tears after either hemiarthroplasty (n = 3) or anatomic
total shoulder arthroplasty (n = 5). The results in the revision
arthroplasty group were unpredictable. Only one of eight
patients reported a significant improvement in pain and func-
tion. There were no statistically significant improvements in
mean Constant scores or pain scores. Six of the eight patients
reported no improvement in function or pain, and several
required revision surgeries, including treatment for infection,
conversion to reverse shoulder arthroplasty, and teres major
transfer.

In general, clinical outcomes after pectoralis major transfers
in cases of subscapularis insufficiency have been satisfactory
for salvage procedures. Reasonable pain relief can be expected,
although functional gains are often unpredictable [1, 5].
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Although comparisons are difficult because of the heterogene-
ity of data and operative techniques, the best results are
achieved in patients with an isolated subscapularis tear or an
anterosuperior tear when the supraspinatus can also be
repaired. These patients mostly displayed substantial improve-
ments in the Constant score, as well as increases in mean range
of motion to within near-normal range. The worst functional
outcomes can be expected in patients who present with antero-
superior escape. This can be explained by the fact that these
patients had the worst rotator cuff dysfunction preopera-
tively [1]. In addition, the pectoralis major transfer does not
completely restore the force vector provided by a functional
subscapularis. The transferred pectoralis exerts its force
along a vector that is still more anterior to the native sub-
scapularis [25].

It can be hypothesized that patients with anterior instabil-
ity have only little improvement because even with a sub-
coracoid transfer, the pectoralis major is unable to restore the
more posterior and medial directed vector of the subscapu-
laris, which creates concavity compression and shoulder sta-
bility [1].

Patients with anatomic total shoulder arthroplasty also
had poor results. When directly compared, however, the total
shoulder arthroplasty group had higher Constant scores
whereas the massive cuff tear patients had lower postopera-
tive pain scores [20].

Improvements in pain were unpredictable across all surgi-
cal indications. In a few cases, patients had complete pain
relief, whereas other patients only had partial relief. When
self-reported pain levels are compared via visual analog
scales, it appears that mean pain improvement was generally
equivalent across all studies [1].

In conclusion, pectoralis major transfer can be an effective
treatment for subscapularis tears that reduces pain and
improves function when nonoperative therapies and attempts
at anatomic restoration have failed, especially in patients too
young or too active for salvage via reverse total shoulder
arthroplasty. Moreover, it appears that the best outcomes
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occur in patients with subscapularis tears in isolation or com-
bined with reparable supraspinatus tears.

Clinical Pearls/Pitfalls

¢ In potential cases when a pectoralis major transfer is under
consideration I always check the alternatives like a reverse
shoulder arthroplasty (older and inactive patients when
more reliable functional results are favored) or an arthros-
copy (to treat the pain or to check the indication) very
thoroughly and discuss the alternatives with the patient.

e The subcoracoid tendon transfer is my favored technique
and has the advantage of biomechanical superior results
and the transferred tendon produces a soft-tissue interpo-
sition (buttress effect) between the humerus and the cora-
coid process.

¢ In cases when intraoperatively the musculocutaneus nerve
seems under tension with the subcoracoid transfer, I con-
sider the supracoracoid transfer as an alternative.

e The split-tendon transfer is my preferred technique to
minimize musculocutaneous nerve tension.

e Most patients benefit from a pectoralis major transfer as a
salvage procedure. However, the results are less predict-
able than the standard procedures in shoulder surgery.
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Chapter 13

Hemiarthroplasty for Cuff
Arthropathy

Patrick J. McMahon

Case Presentation

The patient is a 62-year-old active male with a 5-year history
of worsening, constant, achy right shoulder pain. There was
no specific injury when the pain began. He said that he liked
to split wood for his fireplace and wanted to continue to do
so. He had persistent moderate, achy constant shoulder pain
that was worse with activities and awakened him a night. He
was treated with physical therapy and two cortisone injec-
tions in the subacromial space that has each resulted in
diminished pain for 5-6 weeks before the pain had recurred.

On physical examination, he stood 5 ft 10 in. tall and
weighed 185 pounds. He had full range of motion of the right
shoulder with pain throughout the arc of motion and the
scapula moved normally without a shoulder shrug or winging.
There was mild crepitus with motion. He had diffuse mild ten-
derness of the shoulder and none at the acromioclavicular (AC)
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and sternoclavicular joints. The right shoulder strength was
diminished in abduction and external rotation, rated as 4/5
with pain, and was normal in internal rotation at 5/5. He had
no pain at the AC joint with cross-body motion. I did not do
impingement or instability testing.

The true lateral (i.e., Grashey), (Fig. 13.1a) axillary lateral,
(Fig. 13.1b) supraspinatus outlet (Fig. 13.1c), and acromiocla-
vicular (i.e., Zanca) (Fig. 13.1d) radiographs of the patient’s
right shoulder revealed that the humeral head was superior
and bone-on-bone against the acromion and there was mod-
erate AC joint osteoarthritis. As the patient had failed
nonsurgical treatment, and had persistent, constant pain
and good shoulder function, he was interested in shoulder

FIGURE 13.1 (a,b, ¢, d) Preoperative radiographs
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hemiarthroplasty. We discussed that there was a chance of
his having worse function after the surgery and that the goal
was to diminish the pain, on average, by about two-thirds.

Diagnosis/Assessment

The patient’s history, physical, and imaging findings are con-
sistent with the diagnosis of cuff arthropathy with good shoul-
der function. Initial treatment was nonoperative including
rehabilitation and NSAIDs. A subacromial injection of lido-
caine and cortisone that resulted in immediate diminished
pain and persisted for several weeks was helpful in ruling out
other causes of shoulder pain such as cervical radiculopathy
and malingering. He had full range of shoulder motion and
did not want to lose internal and external rotation with the
arm at the side. When there is AC joint osteoarthritis as with
this patient, I have been successful using the absence of ten-
derness at the AC joint and the absence of pain at the AC joint
with cross-body motion in leaving the AC joint alone.

Management

With the patient in the Fowler position (Fig. 13.2) and the arm
on a Mayo Stand a deltopectoral incision is made (Fig. 13.3).
The deltopectoral interval is split and the shoulder is then
extended and internally rotated to expose the rotator cuff
tear. A Fukuda retractor is placed into the joint. When the
superior subscapularis tendon is torn as is usually the case, the
shoulder is then pushed superior to expose the humeral head
(Fig. 13.4). If the entire subscapularis tendon is intact it is
helpful to incise the superior third of the subscapularis tendon
to aid in the exposure, and when I do this, I prefer to incise the
subscapularis off the lesser tuberosity with a peel-off method.
The long head of the biceps tendon is almost always torn. In
the rare instance when it is not, a tenodesis can be done just
below the bicipital groove. I use an intramedullary guide and
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FiGURE 13.3 Surgical incision

a proximal humeral cutting guide to aid in the humeral oste-
otomy. The intramedullary guide is placed into the lateral
humeral head an average of 9 mm posterior to the bicipital
groove. It is sometimes difficult to find the junction of the
lateral humeral head and the greater tuberosity when the cuff
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FiGURE 13.4 Exposure of the rotator cuff tear and pushing the
humerus superior

FiGure 13.5 Exposure of the humeral head for evaluation of humeral
retroversion

arthropathy is chronic and proximal humerus has a “bald
eagle” appearance. Then a starting point is made so that the
intramedullary guide will go straight down the humeral shaft.
I position the guide in 30° of retroversion and mark the front
of the humerus with a line where the osteotomy will be done
(Fig. 13.5). The intramedullary guide is removed. It is helpful
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FiGure 13.6 Maring the proximal humerus for the osteotomy

to see the humeral head by retracting the remaining rotator
cuff both anterior and posterior to aid in cutting with the
proper retroversion (Fig. 13.6). The osteotomy is made from
lateral to medial at a 135° angle with the shaft (Fig. 13.7). The
humeral head is removed and the diameter is measured. I like
to do the humeral osteotomy this way instead of anterior to
posterior as I do with patients with osteoarthritis and an intact
rotator cuff tear as it preserves the subscapularis tendon and
allows early active range of motion. Also, it is uncommon for
there to be inferior humeral head osteophytes in patients with
cuff arthropathy since, when present, excision of the inferior
humeral head osteophytes necessitates incision of the entire
subscapularis tendon to expose the osteophytes. The osteoar-
thritis in patients with massive rotator cuff tears is usually
different than in those with an intact rotator cuff. It usually
involves the superior humeral head and the superior glenoid
as a result of the superior position of the humeral head. There
can also be concentric glenoid wear. Loss of glenoid bone is a
concern after hemiarthroplasty and if present before surgery
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Ficure 13.7 The shoulder is internally rotated and then and
oteotomy is done from lateral to medial in 30° of retroversion

and is severe can be a contraindication to hemiarthroplasty.
Progressively larger broaches are then placed down the
humeral canal in line with the humeral shaft and I like to do
this, on average with the arm in about 30° of external rotation
relative to the table so that the broach can be inserted perpen-
dicular to the table to match the humeral retroversion
(Fig. 13.8). When the surgeon gets good fixation of the broach
in the proximal humeral bone, the broaching can stop as good
proximal cancellous humeral bone will provide good fixation
and endoseal contact with the humerus is not necessary. The
head component is matched to the diameter of the humeral
head that was resected. The thickness of the humeral head
prosthesis can be judged as being on average three-fourths of
the radius. If the shoulder has good passive range of motion
and the humeral head can be translated to the rim of the gle-
noid, the trial components can be removed and a prosthesis
with a surface for bone ingrowth can be impacted in place.
Morselized cancellous bone from the humeral head can be
placed in the endoseal canal of the humerus before the pros-
thesis to aid in fixation. It is important that the greater tuber-
osity is a bit below the top of the humeral head to minimize
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FIGURE 13.8 Inserting the humeral broach

FiGURE 13.9 Tuberoplasty (debridement of about 7 mm of the
height of the greater tuberosity)

impingement of the greater tuberosity on the acromion with
shoulder elevation. So, a tuberoplasty is done by debriding the
bone of the top of the greater tuberosity (Fig. 13.9) so that the
prosthesis is about 7 mm higher than the greater tuberosity
(Fig. 13.10).
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FiGure 13.10 The prosthesis in place after the tuberoplasty

If the procedure was done through the rotator cuff tear the
deltopectoral interval is closed followed by the skin. If any of
the subscapularis tendon was incised to do the procedure, it is
repaired to the lesser tuberosity with running/locking sutures
and then the skin is closed.

Supervising the rehabilitation is important for a successful
outcome. If the subscapularis tendon was not incised, a sling
is used for comfort and the patient does pendulum exercises
and then begins active ROM and stretching to diminish stiff-
ness as soon as it is comfortable to do so, usually 7-10 days
postoperative. Postoperative AP (i.e., Grashey) (Fig. 13.11a)
and axillary lateral (Fig. 13.11b) radiographs done a week
after surgery revealed good alignment of the prosthesis. If the
subscapularis tendon was incised and repaired, the patient
stays in the sling long enough for the early healing, 2-4 weeks
depending on how good was the repair. Strengthening is
begun 3 months postoperative.

Outcome

This 62-year-old gentleman recovered uneventfully. At 4
months postoperative, he had little pain and was sleeping nor-
mally. He had full range of motion with forward flexion to 150°,
external rotation with the arm at the side to 40° and internal
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FIGURE 13.11 (a, b) Postoperative radiographs

rotation to L1, and strength of 4/5 to abduction and external
rotation and 5/5 to internal rotation, similar to preoperative.

Literature Review

Initial treatment of cuff arthropathy is nonoperative. The usual
indication for surgery is symptoms that persist over several
months of nonoperative treatments. Indications for hemiar-
throplasty are good shoulder function with cuff arthropathy,
that is, glenohumeral joint osteoarthritis and a massive rotator
cuff tear. Superior positioning of the humeral head on the gle-
noid is usual. A high rate of glenoid loosening after traditional
total shoulder arthroplasty [1] initially led surgeons to hemiar-
throplasty as surgical treatment for the patient with cuff
arthropathy. For those with good shoulder function and an
intact coracoacromial arch [2] who are young and/or want to
maintain activity levels greater than those recommended after
reverse total shoulder arthroplasty, hemiarthroplasty has high
patient satisfaction. Pain is diminished by two-thirds on aver-
age [3]. Elevation to 90° or more is a prerequisite for this sur-
gery [4] and these patients have intact teres minor and at least
a portion of the subscapularis tendon that is intact. Interestingly
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those with less preoperative range of passive external rotation
do better than those with more external rotation [5] probably
because those with osteoarthritis being a large portion of their
problem do better than those with symptoms being more from
the rotator cuff tear. Those who have hemiarthroplasty for cuff
tear arthropathy do not do as well as those with an intact rota-
tor cuff tear [6] as weakness usually in abduction and external
rotator persists and a few have worse function after hemiar-
throplasty done for cuff arthropathy [7]. Specifically about
10% lose strength and some of them are unable to lift the arm
overhead afterwards. Survivorship at a decade is about 80%
compared to about 90% when the rotator cuff is intact [8].
Other complications include persistent pain, stiffness, aseptic
loosening, infection, and deep vein thrombosis. Glenoid ero-
sion that occurs over time is the most common complication
[9] and can occur in the acromion as well but this has very
rarely been a problem for the patient in my experience. A vari-
ety of soft tissues for resurfacing the glenoid have been tried
but none has proved durable. Hemiarthroplasty is not difficult,
complications are few, and it has proved to be durable over the
several decades when done for cuff arthropathy.

Clinical Pearls/Pitfalls

e The key to the management of cuff arthropathy is patient
selection. Those with good function can be treated with
hemiarthroplasty as long as they are satisfied with pain
relief of two-thirds on average and a small risk of losing
function afterwards.

e The surgery can be done without incising the rotator cuff
in the majority of patients.

e Rehabilitation can begin as soon as comfortable. It is
important not to immobilize the arm for a prolonged
period of time after the surgery as weakness can ensue
that increases the chance of function being worse.

e It is important to counsel the patient about bone erosion
and although rare there is a chance that function will be
worse after hemiarthroplasty done for cuff arthropathy.
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Chapter 14

Reverse Total Shoulder
Arthroplasty for Cuff
Arthropathy

Patrick J. McMahon

Case Presentation

The patient is a 78-year-old active male with a 5-year history
of worsening right shoulder pain. There was no specific injury
when the shoulder problems began. When I saw him he had
persistent moderate, achy constant shoulder pain that was
worse with activities and awakened him a night. About a year
prior he had lost the ability to lift his arm. He was treated
with physical therapy and two cortisone injections in the sub-
acromial space that has each resulted in diminished pain for
3-4 weeks before the pain had recurred.

On physical examination, he stood 6 ft tall and weighed
170 pounds. He had diminished active range of motion of the
right shoulder and pain with motion. Specifically the active
forward flexion was to 50°, the external rotation was to 30°,
and the internal rotation was to L3. There was moderate
crepitus with motion. He had passive forward flexion to 120°.
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The external and internal rotations were the same passively
as they were actively. He had diffuse mild tenderness of the
shoulder and none specifically at the acromioclavicular and
sternoclavicular joints. The right shoulder strength was dimin-
ished in abduction, rated as 2/5 with pain, but was good in
external rotation, 4/5, and in internal rotation, 5/5. I did not
do impingement or instability testing.

The true AP (i.e., Grashey) (Fig. 14.1a) and axillary lateral
(Fig. 14.1b) radiographs of the patient’s right shoulder
revealed that the humeral head was superior on the glenoid
and was bone-on-bone against the glenoid and the acromion.
As the patient had failed nonsurgical treatment, and had per-
sistent constant pain and poor shoulder function, we dis-
cussed the risks and benefits of nonoperative and operative
treatments and he chose reverse TSA.

Diagnosis/Assessment

The patient’s history, physical, and imaging findings are con-
sistent with the diagnosis of rotator cuff arthropathy with
pseudoparalysis in elevation. He had sufficient strength in
external and internal rotation. Initial treatment was nonop-
erative including rehabilitation and NSAIDs. A subacromial

FIGURE 14.1 (a and b) The true lateral (Grashey) and axillary lateral
radiographs of the patient’s right shoulder revealed that the humeral
head was superior on the glenoid and was bone-on-bone against the
acromion and there was moderate AC joint osteoarthritis
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injection of lidocaine and cortisone that resulted in immedi-
ate diminished pain and persisted for several weeks can be
helpful in ruling out other causes of shoulder pain such as
cervical radiculopathy and malingering. The usual indication
for surgery is symptoms that persist over several months of
nonoperative treatments in those with inability to lift the arm
against gravity, known as pseudoparalysis in those with gle-
nohumeral joint osteoarthritis and superior positioning of the
humeral head on the glenoid. The osteoarthritis in patients
with massive rotator cuff tears is usually different than those
with an intact rotator cuff. The osteoarthritis usually involves
the superior humeral head and the superior glenoid as a
result of the superior position of the humeral head.
Alternatively there can be concentric glenoid wear. Loss of
glenoid bone can make positioning of the glenoid component
more difficult and sometimes can make it impossible if it is
severe. Inferior humeral head osteophytes, common in those
with an intact rotator cuff, are uncommon in rotator cuff
arthropathy. It is important to assess the acromion as it is
sometimes thin, making it more prone to fracture after
reverse TSA and the patient should be aware of this risk.
When there is AC joint osteoarthritis as with this patient, I
have been successful using the absence of tenderness at the
AC joint and the absence of pain at the AC joint with cross-
body motion, as is usually the case, in leaving the AC joint
alone. When I started doing reverse TSA in the early 2000s I
did it only in those more than 70 years of age. I now do the
surgery in younger patients with good results [1, 2] but the
vast majority of my patients with reverse TSA continue to be
elderly.

Management

With the patient in the Fowler’s position and the arm on a
Mayo Stand a deltopectoral incision was made (Fig. 14.2). The
deltopectoral interval was split and the clavipectoral fascia
was incised lateral to the conjoined tendon. A self-retaining
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FIGURE 14.2 Surgical incision

retractor was placed with one side under the conjoined ten-
don and the other under the deltoid tendon. With the arm at
the side, the shoulder was then externally rotated to expose
the subscapularis tendon insertion on the lesser tuberosity. As
the superior two-thirds of the subscapularis tendon was not
torn it was peeled off the lesser tuberosity (Fig. 14.3). A
Fukuda retractor was placed into the joint and the shoulder
was extended and externally rotated to expose the humeral
head. The shoulder was pushed superior to expose more of the
humeral head. The long head of the biceps tendon is almost
always torn and in the rare instance when it is not a tenodesis
can be done just below the bicipital groove. I used an intra-
medullary guide and a proximal humeral cutting guide to aid
in the humeral osteotomy. The intramedullary guide was
placed into the lateral humeral head 9 mm posterior to the
bicipital groove which is the average. It is sometimes difficult
to find the junction of the lateral humeral head and the
greater tuberosity when the cuff arthropathy is chronic and
the proximal humerus has a “bald eagle” appearance. Then a
starting point is made so that the intramedullary guide will go
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L™

FiGURE 14.3 Exposure of the lesser tuberosity with the arm in exter-
nal rotation

FIGURE 14.4 (a) Intramedullary guide for the humeral osteotomy.
(b) Osteotomy of the humeral head

straight down the humeral shaft. I positioned the guide in
about 20° of retroversion and an osteotomy was made from
anterior to posterior at a 155° angle with the shaft (Fig. 14.4).
The humeral head was removed and the diameter was mea-
sured. Inferior humeral head osteophytes, although unusual,
were removed with a rongeur. I then directed my attention to
the glenoid. With the shoulder in abduction and external rota-
tion the humeral osteotomy was placed posterior to the glenoid
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so that the surface of the humeral osteotomy was 90° to the
surface of the glenoid (Fig. 14.5). If it will not stay, I retract the
humerus with a Sonnabend or a Fukuda retractor. As the
anterior capsule was intact it was incised at its insertion onto
the labrum with a scalpel. An axillary nerve tug test was done
by placing a finger along the inferior margin of the subscapu-
laris muscle about 6 cm medial to the conjoined tendon while
the deltoid muscle was tugged laterally. The axillary nerve was
felt to tighten. It can be exposed and tagged. The inferior cap-
sule was incised with a Bovie. The Bovie is used so that if it is
close there will be stimulation of the axillary nerve alerting
me. If there is any question of axillary nerve injury the tug test
is repeated. A forked retractor was placed on the anterior
glenoid neck. A finger was placed inferior to the glenoid to
palpate the lateral border of the scapula. Sometimes a 1/2 in.
periosteal elevator is used to remove the origin of the long
head of the triceps tendon from the inferior glenoid if it pre-
vents palpation of the lateral border of the scapula. A forked
retractor was also placed on the lateral border of the scapula.
A starting point was made so that the glenoid component will

FIGURE 14.5 The humeral head osteotomy is placed behind the gle-
noid and the arm placed in abduction and external rotation for
exposure of the glenoid
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overhand the inferior glenoid by about 7 mm. This is usually a
bit inferior to the center of the glenoid but varies depending
on the glenoid size. The glenoid was reamed (Fig. 14.6) as was
the hole for the center peg. The glenoid baseplate was
impacted in place with its inferior hole aligned with the lateral
border of the scapula. The inferior screw is the most important
and I like it to be a locking screw at least 30-42 mm in length
with good cortical fixation at its tip. I direct it posterior so that
it exits the scapula at the infraspinatus fossa and not the sub-
scapularis fossa. Anterior and posterior screws were placed. If
needed, the superior screw is also a locking screw that I try to
place into the base of the coaracoid so it does not exit the
posterior glenoid where it may weaken the base of the scapula
spine and contribute to scapula spine fracture. A trial gleno-
sphere was placed on the glenoid baseplate. The humerus was
then again dislocated in extension and external rotation. The
humeral reaming guide was placed down the humeral canal in
line with the humeral shaft (Fig. 14.7) and the proximal
humerus was reamed. I prefer to cement the humeral prosthe-
sis so I then placed a cement restrictor down the canal so that

FIGURE 14.6 The glenoid is reamed for the glenoid components
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FiGURE 14.7 The humeral reaming guide is inserted in line with the
humeral shaft

it was a centimeter or two below the prosthesis. For an unce-
mented humeral stem the surgeon can place the humeral trial
so that there is good fixation in the humeral bone. I prefer to
place as large a humeral cup as will fit to diminish impinge-
ment and to maximize range of motion. The prosthesis is
reduced tightly so that there is only a millimeter or two of
inferior shuck. As the shoulder had good passive range of
motion and the arm could be placed at the side without the
humeral prosthesis lifting off the trial glenosphere, the trial
components were removed and the glenosphere impacted
onto the glenoid baseplate so that it overhung the inferior
glenoid bone by about 7 mm. A mildly lateral-based glenoid
design may be more effective than prosthesis positioning in
diminishing scapula notching [3]. A glenosphere with the
Morse taper hole eccentric to its center can also aid in its
placement. The humeral prosthesis was then cemented in
place (Fig. 14.8). If the humeral component is not cemented,
morselized cancellous bone from the humeral head can be
placed in the canal of the humerus before the prosthesis to aid
in fixation if needed. The subscapularis tendon was sewn back
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FIGURE 14.8 The completed prosthesis in place

FIGURE 14.9 The true lateral (i.e., Grashey), (a) and axillary lateral,
(b) radiographs after reverse TSA

to the lesser tuberosity with sutures through bone and run-
ning, locking sutures in the tendon. The deltopectoral interval
was closed followed by the skin.

Supervising the rehabilitation is important for a successful
outcome. A sling was used for comfort and the patient did
pendulum exercises. Postoperative radiographs demonstrated
the position of the reverse TSA (Fig. 14.9a, b). Four weeks
postoperative the patient began active ROM. Strengthening
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was begun 3 months postoperative. Patient satisfaction is high
with reverse TSA with about 85% pain relief and two-thirds
of the normal range of motion being restored on average.

Outcome

This 78-year-old gentleman recovered uneventfully. At 3
months postoperative, he had little pain, was sleeping nor-
mally, and had forward flexion to 140°, external rotation with
the arm at the side to 10°, and internal rotation to L5. He had
strength of 4/5 to abduction and external rotation of 5/5 to
internal rotation.

Literature Review

Reverse TSA is an effective treatment for those with rotator
cuff arthropathy and pseudoparalysis. These are usually
elderly patients that on average get about two-thirds to three-
quarters of their usual range of motion in elevation. It is not
so successful in helping with external and internal rotation
with the arm at the side. Instead these motions are often lim-
ited after reverse TSA so that, as in this case they are worse
than preoperative. Most patients do not have a problem sac-
rificing external and internal rotation with the arm at the side
so that they can lift their arm overhead. In addition to preop-
erative weakness in elevation, some patients have weakness
in external rotation of the abducted shoulder that reverse
TSA does not help, so in those patients a latissimus dorsi trans-
fer as described in Chap. 15 is helpful. Complications after
reverse TSA for cuff arthropathy occur in about 10% of patients
and include persistent pain, stiffness or weakness, hematoma,
dislocation, acromion and scapula spine fracture [4], particulate
debris, aseptic loosening, heterotopic bone [5], and infection.
Some of these complications such as acromion and scapula spine
fracture and recurrent dislocations are very difficult to treat
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and often lead to a poor outcome. Fracture and dissociation
of the glenoid components, which were among my concerns
when [ started to do reverse TSA, have thankfully turned out
to be rare.

Clinical Pearls/Pitfalls

e Patient selection is important in the management of cuff
arthropathy with pseudoparalysis. Those with pain and
poor function can be treated with reverse TSA with excel-
lent percent pain relief and two-thirds restoration of
motion, on average.

e Rehabilitation should be supervised to minimize subscap-
ularis tendon rupture and allow for glenoid component
fixation.

e Complications occur in about 10% of patients and it is
important to inform the patient of them before surgery as
some of them are very difficult to treat and lead to a poor
outcome.
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Chapter 15

Adding a Latissimus Dorsi
Tendon Transfer to Reverse
Shoulder Arthroplasty

Donavan Kip Murphy, Justin Walden, and Tom R. Norris

Case Presentation

A very pleasant right-hand-dominant 84-year-old gentleman
with a history of coronary artery disease presented with right-
shoulder dysfunction that has significantly affected his activi-
ties of daily living. He was a retired clerical worker but
remained active and prior to a fall several months ago states
that he was able to use his right arm with ease and only expe-
rienced minimal aching and pain in the right shoulder. The
patient couldn’t remember the circumstances or details of his
fall, but since that time he was unable to lift his right arm. He
initially presented to his primary care physician who felt that
he suffered from a shoulder strain and he subsequently was
instructed to ice his shoulder and rest his arm in a sling.
Following a period of rest, the patient reported continued

D.K. Murphy, M.D., M.B.A. (<) e J. Walden, M.D.

T.R. Norris, M.D.

San Francisco Shoulder Elbow and Hand Clinic,

2351 Clay St, Suite 510, San Francisco, CA 94115, USA
e-mail: Kipmurphy@gmail.com; justinkwalden@gmail.com;
trnorris@tomnorris.com

© Springer International Publishing AG 2018 235
P.J. McMabhon (ed.), Rotator Cuff Injuries,
DOI 10.1007/978-3-319-63668-9_15


mailto:Kipmurphy@gmail.com
mailto:justinkwalden@gmail.com
mailto:trnorris@tomnorris.com
mailto:trnorris@tomnorris.com

236 D.K. Murphy et al.

pain and weakness and was referred to the senior author for
evaluation and treatment.

He complained of nagging, aching, and throbbing pain that
was more severe with use. He reported grinding with shoul-
der movement. He also complained of night pain and diffi-
culty sleeping. This had greatly affected him as he was unable
to use his arm to eat, dress himself, or comb his hair. Inability
to use his arm above his waist has caused him a great deal of
frustration.

When examined, he had significantly decreased range of
motion accompanied with pain. There was atrophy of the
supraspinatus and infraspinatus muscles. Active ranges of
motion comparing of the right and left shoulder were for-
ward elevation to 40 and 135°, abduction to 55 and 115°, and
external rotation at his side to 25 and 70°, and external rota-
tion in 90° of supported abduction to —20 and 80°, respec-
tively (Fig. 15.1). Passive range of motion elicited crepitus.
Strength testing revealed 1/5 power in abduction and exter-
nal rotation at his side. Strength in internal rotation was nor-
mal as he had a negative belly-press test. With his arm in 90°
of supported abduction and 90° of external rotation with the
elbow flexed he could not maintain neutral with attempted

FIGURE 15.1 Preoperative clinical photos depicting limited range of
motion. (a) External rotation at the patient’s side comparing right to
left was 25/75. (b) Abduction and forward elevation were severely
limited on the patient’s right. Notice the patient’s right arm inter-
nally rotated as he attempts to forward elevate
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external rotation and therefore he had a positive Hornblower’s
sign. External rotation lag of 20° was also present. Muscle
contractions of his anterior, middle, and posterior deltoid
were visible and he was sensate in the axillary distribution.
His cervical spine, elbow, and remaining neurovascular exam
was unremarkable.

Preoperative standing anterior to posterior (AP), axil-
lary lateral, and scapular Y views showed acromioclavicular
and glenohumeral subchondral sclerosis, moderate joint
space narrowing, and superior migration of the humeral
head with subsequent decreased acromiohumeral distance
(Fig. 15.2). Magnetic resonance imaging (MRI) of his right
shoulder revealed a substantial tear of the supraspinatus
and infraspinatus tendons with 3.2 cm of retraction and
grade 3 fatty degeneration (i.e., equal fat and muscle) of
supraspinatus and infraspinatus muscles, and grade 4 fatty
infiltration of teres minor (i.e., more fat than muscle)
(Fig. 15.3) muscle. Having failed previous attempts at con-
servative management, he was ready to proceed with
operative intervention.

FIGURE 15.2 Preoperative standing AP, axillary lateral, and scapular
Y views. AP radiograph (a) showing joint space narrowing, glenohu-
meral subchondral sclerosis, and superior migration of the humeral
head with subsequent decreased acromiohumeral distance.
Axillary lateral view (b). Scapular Y view (¢)
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FIGURE 15.3 Preoperative MRI with coronal, axial, and sagittal
views. Coronal view showing severe acromioclavicular and glenohu-
meral osteoarthritis with a substantial tear of the supraspinatus and
infraspinatus tendons with retraction (arrow) (a). Axial cut demon-
strating severe fatty degeneration of the infraspinatus (arrowhead)
(b). Corresponding sagittal MRI showing subscapularis (c¢), (1),
grade 3 fatty degeneration of the supraspinatus (2) and infraspina-
tus (3) muscles, and grade 4 fatty degeneration of the teres minor
(4). The patient’s MRI also showed severe tendinosis of the long
head of the biceps tendon (not shown)

Diagnosis/Assessment

The patient’s history and physical examination are consistent
with rotator cuff tear arthropathy and pseudoparalysis of
both forward elevation and external rotation. His external
rotation weakness, lag deficit, and positive Hornblower’s sign
are clinical findings indicative of rotator cuff tear involving
the external rotators including the teres minor muscle. The
findings of grade 3 and 4 fatty infiltration of the supraspina-
tus, infraspinatus, and teres minor muscles on MRI are poor
prognostic indicators for rotator cuff repair. RSA is indicated
for this elderly man with a severe rotator cuff tear and GH
joint osteoarthritis and will address the pseudoparalysis of
forward elevation but will not restore active external rota-
tion. Without active shoulder external rotators (infraspinatus
and teres minor), forward elevation after RSA results in the
arm internally rotating toward the trunk and activities of
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daily living such as combing his hair, brushing his teeth, and
eating remain difficult. We give special consideration to the
restoration of external rotation in this patient undergoing
RSA, and we want to emphasize that to do so, it was impor-
tant to look for the deficits in external rotation strength
preoperatively.

Improvement in active external rotation in patients with
massive rotator cuff tears was reported following LD trans-
fers. The history of this begins with Joseph L’Episcopo who
described the technique of LD and TM transfer in children
with obstetrical palsy in 1934 [1]. He utilized a double-
incision technique to transfer both the LD and TM tendons
laterally and posteriorly on the humerus effectively changing
their function from internal to external rotators. Recently,
promising results were reported with LD transfers combined
with RSA in patients with pseudoparalysis of both elevation
and external rotation. The technique for doing so was
described with a single deltopectoral incision [2].

Management

The patient was placed in the beach-chair position, and the
surgical field was prepped with ChloraPrep. Following com-
pletion of draping, the free arm was placed in a McConnell
arm holder to help with positioning. A deltopectoral incision
was utilized, and the subdeltoid, subcoracoid, and subacro-
mial spaces were cleared of adhesions. There was massive
rotator cuff tear and retraction of supraspinatus, infraspina-
tus, and superior 3/4 of the teres minor tendons. The sub-
scapularis was intact.

Working distally, the pectoralis major tendon insertion on
the lateral border of the inferior bicipital groove was exposed
and the upper half of the pectoralis major was released and
tagged (Fig. 15.4). Following release and external rotation
of the humerus, the LD and TM are visualized immediately
medial to the biceps groove and tagged as a unit with non-
absorbable sutures at their proximal and distal insertion
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FIGURE 15.4 Intraoperative photograph after the upper one halve of
the pectoralis major (pm) has been released. The superior and lat-
eral corner is tagged with a permanent suture

FIGURE 15.5 Intraoperative photograph of the LD and TM (asterisk)
being tagged as a single unit (a). A Cobb elevator is then utilized to
elevate the distal insertions of the LD and TM from the humerus (b)

sites (Fig 15.5a). The insertions are released. Drill holes are
placed in the biceps groove at the top and bottom of the
pectoralis insertion for later repair of the pectoralis and
tenodesis of the long head of the biceps. An elevator is used
to ensure the distal release of these tendon attachments off
the humerus (Fig 15.5b). The subscapularis was then tagged
in the superolateral corner and a standard subscapularis peel
was performed. Currently, our preference is to now do a lesser
tuberosity osteotomy when adequate bone stock is available.

Following anterior and inferior glenohumeral capsular
releases, the proximal humerus was brought out easily for
inspection (Fig. 15.6). A Cobb elevator was then used to dis-
sect the triceps from the posterior humerus (Fig. 15.7). This
facilitated the safe posterior passage of the tendon transfers
around the humerus.
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FIGURE 15.6 Intraoperative photograph of the proximal humerus
brought into the field for inspection. Inspection of the humeral head
surface revealed grade 3 and 4 cartilage changes

FiGURE 15.7 A Cobb is used to retract the triceps off the posterior
humerus from the medial (a) and lateral (b) directions. This creates
a free pathway for the tendon transfers

Then the most critical part of the procedure was to free the
fibrous bands connecting the upper portions of the LD and
TM from the inferior capsule and the axillary nerve. We iden-
tified the axillary nerve and marked it with a vessel loop to
protect it and the fibrous bands between the LD and axillary
nerve were released (Fig. 15.8). This ensured that the tendon
transfer was not tethered to the axillary nerve. The radial
nerve is identified on the belly of the LD but is not released
as the tendon transfer moves away from the radial nerve and
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FiGure 15.8 Intraoperative photograph with a vessel loop around
the axillary nerve (arrow). Fibrous bands (circle) between the LD
(Id) and axillary nerve are carefully released

will not compress it. The traction sutures were then passed
posteriorly around the humerus to pull the tendons to their
new insertion site at the biceps groove for later anchoring
through bone tunnels along with the subscapularis.

The LD and TM tendons and muscles were then brought
posteriorly around the humerus and anterior to the triceps as a
supple elastic mobile unit (Fig. 15.9). Alternatively, one could
bring them posterior to the triceps since the radial nerve inner-
vates the triceps distal to the latissimus insertion on the humerus.

For the BIO-RSA (bony increased offset—reverse shoul-
der arthroplasty) [3], the humeral head was delivered through
the incision with humeral extension and external rotation. The
top of the humeral head was flattened with a saw and a hole
saw was used to harvest a 29 mm diameter bone graft for later
placement on the glenoid to lateralize the glenosphere and
make up for any uneven glenoid wear (Fig. 15.10). Standard
humeral preparation and sizing were performed and it was
determined that a 90 mm long by 13 mm wide diameter coni-
cal stem gave the best press fit for the humeral stem.

The proximal humerus was then retracted posteriorly and
exposure of the glenoid was obtained. Anterior and inferior
glenoid capsular releases were done to mobilize the sub-
scapularis. Inspection of the glenoid surface revealed grade 3
and 4 chondrosis. The labrum was subsequently removed and
the subscapularis was elevated from the anterior scapular
neck to restore excursion of the muscle. With a protective
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FIGURE 15.9 Intraoperative photo of the LD and TM unit (asterisk)
being transferred posteriorly around the humerus and under the
triceps as a supple elastic mobile unit

FIGURE 15.10 Intraoperative photo of the flattened humeral head
(a). A hole saw is used to harvest a 29 mm bone graft (b) and pre-
pared on the back table for later use on the glenoid (c¢)

retractor in place, the long head of the triceps was released
from the inferior glenoid and the long head of the biceps was
released from the superior glenoid and the intra-articular
portion of the biceps was excised. The glenoid surface was
measured and reamed for a 29 mm baseplate. After bone
graft preparation on the back table, a 29 mm baseplate was
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appropriately placed over the bone graft and positioned on
the prepared glenoid surface over the guide wire (Fig. 15.11).
The baseplate was then fixed to the glenoid with anterior and
posterior compression screws followed by superior and infe-
rior locking screws. A 36 mm diameter glenosphere was
impacted into place and securely tightened (Fig. 15.12).
Alternatively, the newer threaded post baseplates with
lengths up to 45 mm are available. The important principle is
to make good contact with the native scapula.

Following this, the proximal humerus was again delivered
through the incision with humeral extension and external

FIGURE 15.11 Intraoperative photo of baseplate and humeral auto-
graft being placed on the glenoid

FIGURE 15.12 Intraoperative photo after the glenosphere has been
placed
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rotation. Drill holes were made in the humerus at the biceps
groove and medial to the lesser tuberosity. Loops of sutures
were passed through these holes and in the previously drilled
holes at the pectoralis insertion. The humeral stem was
passed down through the loops of the preplaced sutures
(Fig. 15.13). This technique allows the prosthesis to serve as a
suture anchor for the subscapularis, pectoralis major, LD, and
TM repairs. The looped intramedullary sutures were pulled
tight around the humeral prosthesis before final impaction

FiGure 15.13 Intraoperative photo of looped suture passage through
drill holes in the medial aspect of lesser tuberosity, lateral to bicipital
groove, and at pectoralis insertion (a—c). Excellent fixation of the
subscapularis and transferred TM and LD is obtained by passing the
humeral stem through the looped sutures in the humeral canal (d)
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into place. Following humeral stem placement, a #6 lateral
spacer was impacted in the top of the humeral component
and the humerus was reduced on the glenosphere. With the
arm held in external rotation at the patient’s side, the LD and
TM are tied to the lateral portion of the biceps groove
(Fig. 15.14). The repair was augmented by repair of the pec-
toralis major tendon to the transferred muscle unit (Fig. 15.15).
Thus, this repair provided bony contact and tendon-to-tendon
contact for healing. The subscapularis was then repaired to
the upper portion of the lesser tuberosity with previously
placed bone tunnel looped sutures (Fig. 15.15).

FIGURE 15.14 Intraoperative photo of the LD and TM unit (Id) is
sutured to the humeral shaft with previously passed sutures

FIGURE 15.15 Intraoperative photo after the pectoralis major (pm)
and subscapularis (ss) is repaired back to its insertion and to the
transferred LD and TM
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The wound was then closed in a layered fashion over two
drains. The patient was awakened from anesthesia and trans-
ferred to the recovery room in stable condition. He was
subsequently admitted to the hospital for pain control and
postoperative physical therapy.

Outcome

This 84-year-old gentleman with pseudoparalysis of forward
elevation and external rotation in the setting of glenohumeral
osteoarthritis recovered uneventfully. Immediately in the
postoperative period the patient was placed in an external
rotation brace worn for 6 weeks with removal only for main-
taining hygiene. Active elbow and wrist motion was allowed.
After 6 weeks, he was weaned the brace and active range-of-
motion exercises were initiated with a physical therapist.
After 12 weeks he began active and passive internal rotation
and progressive strengthening of all shoulder muscles. Physical
therapy was continued for 6 months after surgery followed by
his continuing a home exercise program for 1 year after the
procedure. Follow-up postoperative radiographs showed
excellent component alignment with incorporation of the
autograft bone to the glenoid (Fig. 15.16). Motion of his right

FIGURE 15.16 Postoperative radiographs show appropriate align-
ment of reverse total shoulder components including AP (a), axil-
lary lateral (b) and Y scapular (c) views
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Ficure 15.17 Clinical photographs of the patient’s motion at 2
years. Comparing right to left, forward elevation was 125/140° (a),
external rotation in 90° of abduction was 15/70° (b), external rota-
tion at his side was 60/60° (¢), and the patient could easily reach the
top of his head with his elbow held to the side (d)

and left side at 2 years postoperatively revealed forward ele-
vation was 125 and 140°, external rotation in 90° of abduction
was 15 and 70°, and external rotation at his side was 60 and
60°, respectively, and he could easily reach the top of his head
with his elbow held to the side (Fig. 15.17).

Literature Review

Reverse shoulder arthroplasty in patients with pseudoparesis
is effective at restoring forward elevation and abduction
while providing diminishing pain but it does not restore
external rotation when both the infraspinatus and teres
minor are absent or severely fatty infiltrated [4, 5]. In 2007,
Gerber and colleagues reported promising preliminary
results of improved forward elevation and external rotation
in 12 patients with pseudoparesis when they were treated
with a two-incision technique for a combined RSA and LD
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transfer [6]. Not only active elevation but also active external
rotation were improved significantly. Gerber and colleagues
later described their experience with such patients in a larger
patient cohort [7] and reported significantly improved active
external rotation, Constant scores and mean subjective shoul-
der values of the combined procedure did not deteriorate
between 2 and 5 years postoperatively. We have been equally
satisfied with our results of RSA and LD and TM transfer
with the technique described in patients with pseudoparesis
of forward elevation and external rotation. Restoring active
external rotation allows the patient to control the arm in
space and thereby prevent obligatory internal rotation lead-
ing to a Hornblower’s sign [8]. Our patients have been able
to return to activities of daily living leading to increased
patient satisfaction postoperative.

While our patients have done well, long-term radiographic
follow-up has caused concern as we have frequently observed
lateral humeral meta-diaphyseal thinning (Fig. 15.18). Despite
this observation, no negative outcome correlation has been
seen clinically. It is possible that this osteolysis is related to
the pressure from the tendon-muscle unit as it courses

|

FiGURe 15.18 Five-year postoperative radiograph of a patient that
had undergone RSA with LD and TM transfer. Lateral meta-diaph-
yseal cortical thinning is seen (arrow)
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around the humerus or from vascular compromise with dis-
section. This may be avoidable by modifying our technique so
that less tension is transferred by altering the insertion site.
Boileau et al. have described a technique similar to ours but
decreases the travel distance of the transfer with the use of
transosseous sutures [9]. In their report of 17 patients with
combined loss of active elevation and external rotation, mean
active elevation increased from 74° preoperatively to 149°
postoperatively, and external rotation increased from —21 to
13°. The authors also reported significant improvement in
patient satisfaction, subjective shoulder value, Constant-
Murley scores, and activities of daily living.

In summary, for the patient in this case with advanced gle-
nohumeral osteoarthritis, and pseudoparesis of both forward
elevation and external rotation, a good outcome was achieved
by the addition of LD and TM tendon transfer to RSA. A
video of our operative technique is available online [10].

Clinical Pearls/Pitfalls

e Preoperative clinical identification of functional loss of
external rotation is critical when planning RSA.

e Keep tendons of LD and TM as a unit with interlocking
sutures.

e Freeing the upper border of LD/TM from inferior capsule
and axillary nerve, and reattachment of the tendon unit
without superior transfer minimizes the risk of axillary
nerve compression.

e Postoperative immobilization in external rotation protects
the transferred tendons.
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Chapter 16

Adding a Bone Graft
to Reverse TSA

Jesse W. Allert and Mark A. Frankle

Case Presentation

The patient is a 79-year-old active male with a 17-year his-
tory of progressive right shoulder pain. A retired police
officer, the patient recalls several injuries over the course
of his career, all of which were managed conservatively
and none of which are acute. The patient now lives alone
and finds himself unable to elevate his arm over his head.
He is also unable to sleep without waking numerous times
from pain in the shoulder. After failed conservative man-
agement, the patient was indicated for reverse total shoul-
der arthroplasty.
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Ficurk 16.1 Three-dimensional reconstruction of routine preopera-
tive CT imaging. With advanced imaging, the superior bone loss can
be better quantified and utilized for preoperative planning

On physical examination, the patient appears younger
than stated age and is right hand dominant. He has forward
elevation to 60° and external rotation to neutral. He has sig-
nificant crepitus and pain throughout range of motion and
has noticeable weakness in flexion and external rotation.

Four radiographic views show superior migration of the
humeral head in association with superior wear of the gle-
noid, consistent with advanced rotator cuff arthropathy. As
part of routine preoperative evaluation, the patient received
computed tomography with axial, coronal, and sagittal imag-
ing. The supplemental 3D imaging can be seen in Fig. 16.1.

Diagnosis/Assessment

The patient’s history, physical, and radiographic findings are
consistent with the diagnosis of rotator cuff arthropathy.
While there are many options for patients with a massive
rotator cuff tear, this patient had notable superior migration
with glenohumeral arthritis, making him an excellent
candidate for reverse total shoulder arthroplasty. The uncon-
tained defect of the superior glenoid is discussed as part of
the patient’s preoperative planning, and in this case it was
determined that the patient may require intraoperative graft-
ing to optimize glenoid positioning and fixation.
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Management

A routine deltopectoral approach was performed. The sub-
deltoid, subacromial, and subcoracoid spaces were released.
A subscapularis tendon peel off of the lesser tuberosity was
performed and the appropriate humeral head cut was made.
A standard circumferential release was completed along the
rim of the glenoid, taking care to protect the axillary nerve. In
this case, the glenoid revealed the expected uncontained
superior defect.

Using the CT imaging and the visualized inferior glenoid
as a guide, the 2.5 mm drill bit was used to drill bicortical until
the tip exited the anterior scapula (Fig. 16.2). The hole was
measured to assure an adequate depth of greater than 25 mm.
Along the same trajectory as the drill bit, a 6.5 mm guide tap
was placed (Fig. 16.3). This was used as a guide for reaming.
The native inferior glenoid was reamed down to cortical
bone, while the superior defect was left untouched (Fig. 16.4).
The surface bone of the defect can be prepared with a motor-
ized burr to provide a roughened surface to receive the graft.

On the back table, the humeral head was prepared and
shaped to match the defect. The cartilaginous surface serves as
the outer portion of the glenoid, while the remainder of the

Ficurk 16.2 Right shoulder with drill bit placed in the center of the
glenoid
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Figure 16.3 The tap is inserted along the same trajectory as the
drill bit

FiGuRrE 16.4 The inferior portion of the glenoid is reamed to bleed-
ing bone. The superior portion with significant bone loss is noted
and used as a guide to shape autograft from the humeral head cut

head is prepared to later receive the baseplate. First, the graft
is fixed to the native glenoid using multiple Kirschner wires
that will not obstruct placement of the reamer (Fig. 16.5).
Once the autograft is securely fixed, it was reamed to the same
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FiGure 16.5 The humeral head autograft is inserted using multiple
points of fixation

FiGURre 16.6 The graft is reamed to the depth of the previously
reamed native glenoid

depth as the previously reamed native glenoid (Fig. 16.6). The
baseplate was then placed, the wires removed, and peripheral
screws placed (Fig. 16.7). A glenosphere that was hooded to
cover more of the baseplate was impacted directly onto the
graft to enhance both fixation and compression (Fig. 16.8).
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FIGURE 16.8 Glenosphere placement

Outcome

This 79-year-old male with significant limitation in preopera-
tive range of motion went on to have forward flexion to 150°.
At 5 years postoperative, his glenoid shows no radiographic
evidence of glenoid component loosening (Fig. 16.9).
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FIGURE 16.9 Postoperative x-ray imaging

Literature Review

Much has been written with regard to bone deficiency in the
anatomic total shoulder arthroplasty and arthroplasty in the
revision setting. There is however much less documented with
regard to bone grafting in primary reverse total shoulder
arthroplasty [1, 2]. Techniques include preferential reaming,
bone grafting, and using custom or patient-specific instru-
mentation. While preferential reaming of the “high side” in
this case may aid in correcting version, it would medialize the
implant and remove more bone. Significant medialization can
play a role in a more notable cosmetic deformity and even
alter the compressive forces of the deltoid and increase dislo-
cation rates [3-6].

In primary reverse total shoulder arthroplasty, the native
humeral head can provide an excellent source of autograft
without increasing morbidity. This autograft is frequently
prepared as cancellous bone chips and when there is no bone
loss is placed in the intramedullary canal of the humerus to
enhance fixation of the humeral stem. In the setting of
glenoid bone loss, a structural allograft can be created and
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compressed at the implant-bone interface to increase surface
area and fixation. Glenoid bone stock can be maintained and
the autograft can be reamed alongside the native glenoid.

Clinical Pearls/Pitfalls

e Maintain multiple points of fixation of the graft to native
bone during reaming. This will keep the graft from spin-
ning and being damaged by the reamer.

e A hooded glenosphere may be used to aid in graft com-
pression. The hood can be oriented directly over the graft
and impacted, providing additional compressive forces in
addition to the baseplate.

e Err on oversizing the graft during preparation. A larger
graft can always be further pared down after fixation.
Undersizing the graft can decrease structural integrity and
make it susceptible to inadequate fixation or breaking dur-
ing preparation.

e Initially the 6.5 mm tap can be used on power to better
find the trajectory of the previously placed 2.5 mm drill bit.
Once the tap engages, a t-handle can be used manually to
get a more tactile feel of the glenoid bone stock. As a guide
that the bone is stout enough, some resistance should be
detected while turning the t-handle.
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Chapter 17

Rotator Cuff Repair
with Patch Tissue

Surena Namdari, Joseph Abboud, and Gerald R. Williams

Although a structurally intact repair is not a requisite for
satisfactory outcomes, many studies have demonstrated the
clinical benefits of achieving healing [1-5]. A rotator cuff
repair may fail for many reasons but can broadly be charac-
terized into two categories: first, an inability of the repair to
withstand the mechanical loads seen by the tendon prior to
healing, and second, an inability to achieve an adequate
biologic healing response at the repair site. One of the strate-
gies to improve healing rates during revision rotator cuff
repairs includes the use of graft augmentation. Grafts, in
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theory, may improve healing rates and outcomes by address-
ing these two modes of failure. A graft can act as a load-
sharing device to diminish the stress experience by the native
tissue prior to healing. Additionally, a graft can act as a scaf-
fold to allow for cellular ingrowth, potentially leading to a
more robust healing response.

Case Presentation

A 67-year-old male presented with 2 years of right-shoulder
pain that had worsened after a fall 9 months ago. The patient
had undergone two subacromial cortisone injections and 6
months of physical therapy without substantial relief of pain or
restoration of range of motion. The patient’s medical comor-
bidities included diabetes, hypertension, and hypercholesterol-
emia. The patient had previously undergone an open rotator
cuff repair in 2004 on the same shoulder. He complained of
difficulty sleeping and difficulty with overhead activities, par-
ticularly involving his occupation as an auto body mechanic.

On physical examination, the patient had a well-healed
surgical incision without signs of erythema, induration, or
drainage. His active forward elevation, active abduction, and
active external rotation were 135°,120°, and 45°, respectively.
Passive forward elevation, passive external rotation, and
internal rotation behind the back were 165°, 70°, and T10,
respectively. With manual muscle testing, the patient had 4/5
strength with resisted flexion, abduction, and external rota-
tion. The patient had a negative abdominal compression test
and no external rotation lag sign.

Diagnosis

In addition to the clinical examination, plain radiographs
and advanced imaging techniques are important for both
diagnosis of rotator cuff tears and for identifying factors
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that may predict failure of structural healing. Initial evalu-
ation of any patient with suspected rotator cuff pathology
should include standard plain radiographs. This typically
includes an AP view in the plane of the scapula (Grashey)
and an axillary view at a minimum. Other views are often
obtained as well, based upon the preference of the treating
surgeon. The Grashey view allows for the best assessment
of joint space loss as this view is taken in the plane of the
joint line. Additionally, it can provide an assessment of the
position of the humeral head relative to the glenoid to
assess for any superior migration of the head indicative of
a rotator cuff tear. Taking this radiograph in 30° of shoulder
abduction can help identify subtle proximal humeral migra-
tion. The axillary view is important for determining the
amount of glenoid deformity that may exist and the relative
position of the humeral head in the anterior to posterior
dimension. In this case, plain radiographs demonstrated a
well-centered humeral head with sclerotic changes at the
undersurface of the acromion and cystic changes in the
greater tuberosity, consistent with prior open rotator cuff
repair (Fig. 17.1).

MRI is the most common tool used to assess rotator cuff
integrity. MRIs provide important insight into three critical
factors that can predict failure of structural healing: (1) tear
size, (2) retraction, and (3) muscle atrophy. Studies have
shown that larger tears [6, 7], retracted tears [8], and tears
with higher grades of muscle atrophy [6, 8] are predictors of
poor tendon healing. While ultrasound and CT arthrogram
studies are less commonly used, they can provide similar
information. In this case, selected MRI images demonstrated
full-thickness tears of the supraspinatus and infraspinatus
tendons with retraction to the medial humeral head
(Fig. 17.2). On the T1 sagittal oblique images, there was
Grade 2 atrophy of the supraspinatus, superior infraspinatus,
and upper subscapularis. Additionally, there was an upper
border subscapularis tear and medial subluxation of the
biceps tendon.
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FIGURE 17.1 Plain radiographs demonstrating a centered glenohu-
meral joint, cystic changes in the greater tuberosity, and sclerosis of
the undersurface of the acromion

Management

The decision to proceed with dermal augmentation of a rota-
tor cuff tear is multifactorial. We typically consider preopera-
tive patient-specific factors and both radiographic and
intraoperative tear-specific factors when considering dermal
augmentation. With regard to patient-specific factors, we con-
sider patients older than 65 years of age, those undergoing
revision repairs, smokers, and those with degenerative tears
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FiGure 17.2 MRI views demonstrating a rotator cuff tear involving
the supraspinatus, infraspinatus, and upper border of the subscapu-
laris. There is also medial subluxation of the biceps tendon and evi-
dence supraspinatus muscle atrophy

to be at greatest risk for repair failure. In terms of tear-specific
factors, we consider massive tears, retracted tears, those with
fatty atrophy, and tears with poor intraoperative tendon qual-
ity to be appropriate for dermal augmentation. In our prac-
tice, the intraoperative assessment of the tendon quality and
its perceived ability to hold suture without “pull-through” is
the most substantial factor when deciding to augment a
repair with a dermal allograft patch.

There is biomechanical data to suggest that dermal or fas-
cial grafts reduce the cyclic gapping and increase the ultimate
load to failure at the repair site [9-13]. Both biologic and
synthetic grafts are commercially available (Table 17.1).
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TaBLE 17.1 The most popular commercially available scaffolds

Cross-
Product Company Source linking
Artelon and  Artimplant AB, Polyurethane Not
sportmesh Sweden and urea polymer applicable

Biomet Sports

Bio-blanket =~ Medicine (IN, Bovine dermis  Yes

USA) Kensey

Nash

Cuff Patch Corporation (PA, Porcine SIS Yes

USA) Arthrotek

(IN, USA)

Gore-Tex Gore and Polytetrafluo-  Not

patch WL associates, roethylene applicable
(ePTFE)

GraftJacket  Flagstaff (AZ, Human cadaver No

USA) Wright dermis

Medical (TN,

USA)

Dijon (France) Terephthalic Not
polyethylene, applicable
polyester

Permacol Zimmer (IN, USA) Porcine dermis  Yes
Restore DePuy Porcine SIS No

Orthopedics (IN,

USA)

Arthroflex LifeNet Health, Acellular Yes

Virginia Beach, VA human dermal
extracellular
matrix

TissueMend  Stryker Fetal bovine Yes

Orthopedics (NJ,
USA)

dermis

SIS small intestine submucosa
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Biologic grafts can vary in their tissue of origin (human,
bovine, porcine, or equine dermis) as well as their postharvest
processing techniques. Postharvest processing can influence
the sterility and mechanical properties of the graft. Grafts can
undergo acellularization (removal of cellular and genetic
material from the graft), lyophilization (drying process used
to improve product shelf life), lamination (layering of multi-
ple sheets of tissue to improve material properties), and/or
cross-linking (improves stiffness and material properties of
the graft). A comprehensive review of all available graft
options is beyond the scope of this chapter which will focus
on human dermal graft augmentation. (Can you write a sen-
tence why you prefer the dermal graft?)

We prefer to perform arthroscopic rotator cuff repair in
the beach-chair position. After diagnostic arthroscopy and
treatment of any concomitant shoulder pathology, the rotator
cuff tendon is debrided and mobilized. In our practice, tears
must be reducible to at least the medial aspect of the rotator
cuff footprint, with minimal tension, in order to consider a
repair and dermal augmentation as there must be improve-
ment of the normal muscle tension that has diminished with
the tear, for the muscle to function after repair.

In this case, a debridement of degenerative labrum fray-
ing, a biceps tenodesis, and an upper border subscapularis
repair were performed prior to proceeding with the posterior-
superior rotator cuff repair (Fig. 17.3). Two double-suture-
loaded anchors were placed arthroscopically at the medial
aspect of the greater tuberosity, and sutures were passed
through the native tendon in a horizontal mattress configu-
ration (Fig. 17.4). We performed acellular dermal extracel-
lular matrix graft augmentation by the double-row technique
previously described by Chalmers et al. [14]. We used a pos-
terolateral viewing portal, an 8.25 mm cannula in the antero-
lateral portal, and a 5.5 mm cannula anteriorly. The
anterior-to-posterior and medial-to-lateral dimensions of the
residual cuff and footprint were measured with a graduated
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FiGURe 17.3 Arthroscopic views from a posterior-viewing portal
demonstrating an upper border subscapularis tear and its subse-
quent repair

FIGURE 17.4 (a) Posterior superior rotator cuff tear as viewed from
the posterolateral portal. (b) Passage of all sutures from two anchors
through the rotator cuff in a horizontal mattress configuration.
(¢) Graduated probe utilized to size the graft

probe or arthroscopic measuring device (Fig. 17.4). The
human dermal patch (Arthroflex, Arthrex, Naples Fl) was
cut to fit the dimensions of the rotator cuff medially and the
footprint laterally. The anterior limb of the anterior mattress
suture was brought through the anterior cannula, and the
posterior limb of the posterior mattress suture was brought
through the posterior portal. The remaining sutures were
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FiGure 17.5 The graft is rolled and fed into the lateral cannula by
gentle tension on the free limbs of suture through the anterior and
posterior portals

then brought through the lateral cannula, from anterior to
posterior sequentially, and passed through the medial border
of the patch in the same order as they were passed through
the rotator cuff. A mulberry knot was tied behind the patch
for the anterior and posterior corners. These knots allowed
the corner sutures to drag the patch into the subacromial
space. The patch was then rolled and fed into the lateral can-
nula by gentle tension on the free limbs of suture through
the anterior and posterior portals (Fig. 17.5). Once the patch
was unraveled, and the mulberry knots were secured, the
medial-row sutures were retrieved sequentially out of the
lateral portal and tied. The lateral humeral cortex was then
cleared of soft tissue, the patch was temporarily held in the
proper orientation with spinal needles to prevent bunching,
and one suture limb from each knot of the medial row was
placed into independent knotless lateral-row anchors
(Fig. 17.6).
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FIGURE 17.6 (a) View of a mulberry knot placed at the posterome-
dial aspect of the graft and used to drag the patch into the subacro-
mial space in the proper orientation. (b) Spinal needle used to
provisionally secure the lateral portion of the graft to the greater
tuberosity in preparation for lateral anchor placement, (¢) final
repair construct with dermal augmentation of the rotator cuff repair
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Outcome

The patient was immobilized in a sling for the first 6 weeks
after surgery. After 6 weeks, he began a formal therapy pro-
gram, focusing initially on passive range of motion followed
by progressive active-assisted and active motion from 6 to 12
weeks after surgery. At 12 weeks after surgery, strengthening
was progressively added to the therapy program. At 3 months
after surgery, the patient had active forward elevation of 165°,
active abduction of 160°, active external rotation of 60°, and
internal rotation to the T12 vertebral level (Fig. 17.7). At 6

FIGURE 17.7 Postoperative active forward elevation and active
external rotation at 3 months after surgery
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months after surgery, the patient underwent MRI evaluation
and ultrasound evaluation of the shoulder as part of a
research protocol. Both studies demonstrated rotator cuff
healing. At the 6-month time point, the patient had returned
to his job as a mechanic without restrictions.

While some case series have demonstrated successful out-
comes with dermal augmentation of revision rotator cuff
repair [15] others have not demonstrated a substantial benefit
to augmentation [16]. There exists in our opinion only one
higher quality study on the use of grafts in rotator cuff repairs,
which demonstrated a modest improvement in clinical out-
comes and a 45% improvement in healing rates in the setting
of primary, two-tendon rotator cuff repair [17]. Further inves-
tigation will be necessary to refine the indications, describe
the long-term results, and perform a comprehensive cost
analysis of patch augmentation of rotator cuff repairs.

Clinical Pearls/Pitfalls

e The graft selected for dermal augmentation should allow
repopulation with host cells, be durable enough to tolerate
suture fixation and forces across the rotator cuff footprint,
and present no host inflammatory response.

e If it is not possible to obtain a repair of the rotator cuff to
at least the medial aspect of the greater tuberosity foot-
print with minimal tension, dermal augmentation is not
recommended.

e When retrieving sutures through the lateral portal and pass-
ing them through the dermal graft, it is critical to ensure that
sutures do not cross one another within the cannula.

e Mulberry knots on the posteromedial and anteromedial
aspects of the graft can ensure proper orientation and sta-
bility of the graft once it is introduced into the subacromial
space.

e Spinal needles placed at the posterolateral and anterolat-
eral portions of the graft can provide provisional fixation
of the lateral aspect of the graft to the tuberosity while



Chapter 17. Rotator Cuff Repair with Patch Tissue 275

sutures are passed through and tensioned within lateral-
row anchors.

e A delayed rehabilitation program of 6 weeks of sling
immobilization prior to initiating physical therapy is pre-
ferred in order to optimize chances of healing.
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Chapter 18

Use of PRP in Rotator
Cuff Repair

Thierry Pauyo and James P. Bradley

Case Presentation

A 64-year-old, right-hand-dominant male golfer presented
to us for evaluation of his left shoulder. He reported ongo-
ing pain on the anterolateral aspect of his shoulder for the
last 6 months. It was insidious in onset, worse at night, and
with overhead activities. It was associated with stiffness and
his golf swing was significantly affected. He denied any
trauma and said that the shoulder problems were from
overuse. He had a subacromial steroid injection 3 months
ago by his primary care physician and had two courses of
physical therapy, with very little improvement.
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A thorough history and clinical examination are paramount in
making a diagnosis of rotator cuff pathology. Cervical spine
pathology can mimic rotator cuff pathology; hence, a neck exami-
nation should never be overlooked. Clinical examination showed
an individual with average built and normal neck movements
and negative Spurling’s sign. No periscapular muscle atrophy was
noted. His active and passive range of motion was normal and
similar to the right shoulder. His forward flexion strength was 4/5
and external rotation was 5/5. Belly press, bear hug, and liftoff
tests were negative. O’Brien’s test was equivocal and no bicipital
groove or acromioclavicular tenderness was noted. He had nor-
mal neurological examination of the left upper extremity.

We performed a series of shoulder radiographs including
anterior-posterior (AP), scapular Y view and axillary view in
this patient. With the AP radiograph, we specifically assess for
any superior migration of humeral head or osseous changes at
the greater tuberosity or humeral head, which can be indica-
tive of chronic cuff pathology and the acromial shape is
assessed with the scapular Y view. In this case, radiographs did
not reveal any glenohumeral arthrosis or proximal migration
of humeral head. Moderate acromioclavicular joint arthrosis
was noted but clinically he had no tenderness to palpation.

The patient also had a magnetic resonance imaging (MRI)
that revealed a full-thickness U-shaped, supraspinatus ten-
don tear with retraction to the glenoid and no fatty atrophy
or infiltration of the rotator cuff muscles. Of note, we do not
find MR arthrogram useful for routine rotator cuff assess-
ment. Standard MRI allows detailed evaluation of rotator
cuff tear pattern, tendon retraction, and amount of fatty atro-
phy or infiltration of the muscles. It also provides excellent
assessment of the labrum, long head of bicep tendon, gleno-
humeral ligaments, and cysts around the joint.

Diagnosis/Assessment

This is a 64-year-old right-hand-dominant male with a history
of clinical examination and diagnostic imaging consistent with
a symptomatic full-thickness supraspinatus tear with retrac-
tion to level of the glenoid and normal rotator cuff muscles.
The patient had already failed nonoperative treatments
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including 6 weeks of physical therapy and steroid injection.
We discussed further treatment options. We refrained from
additional subacromial injection of steroid as we think it may
diminish the beneficial effects of PRP. To care for his present
symptoms and diminish the risk of the future tear worsening
and likely irreversible muscle changes we decided that surgery
was the best next treatment. We offered him arthroscopic
double-row rotator cuff repair, subacromial decompression,
and PRP injection into the bone-tendon interface.

Management

During surgery, a blood sample was collected with a venipunc-
ture and the PRP was prepared with a centrifugation process
(Figs. 18.1,18.2,18.3,18.4, and 18.5). After double-row rotator

FIGURE 18.1
The arm is
sterilely
prepped for the
venipuncture
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FIGURE 18.2
The blood
sample is
obtained

FIGURE 18.3
15 cc of blood
is collected
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FiGure 18.4 Sample
centrifuged for
5 min at 1500 rpm

FiGure 18.5 Platelet-
containing plasma
(vellow fluid)
extracted from centri-
fuged blood sample
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cuff repair, that is described elsewhere in this book, a needle
was placed at the bone-tendon interface. The subacromial
space was evacuated of fluid and arthroscopic portals were
sutured close. The PRP was then injected through the needle
as the last step of the procedure.

Outcome

The patient participated in our postoperative protocol, which
consists of a sling and pendulum exercises for the first 6
weeks postoperatively followed by active range of motion,
and then strengthening which begins 3 months postopera-
tively. Six months after surgery the patient reported no pain,
had normal range of motion and strength, and had returned
to his usual activities including golf.

Literature Review

The healing process following rotator cuff repair is governed
by a complex amalgam of biomechanical factors that has
been widely studied. The rotator cuff enthesis consists of ten-
dons, fibrocartilage, mineralized fibrocartilage (Sharpey’s
fibers), and lamellar bone [1]. The repair provides mechanical
stability to protect and promote healing at the tendon-bone
interface. The principles for healing of rotator cuff repair are
twofold: (1) obtaining structural stability by achieving strong
fixation while restoring the anatomic surface of the rotator
cuff tendon footprint and (2) minimizing gap formation and
failure of the construct by promoting and maintaining
mechanical stability while the healing occurs [2]. While the
outcomes after rotator cuff repair are typically good, with
more than 80% regaining (normal or full) function, re-
rupture rates are about 25% and can be as high as 42% [3].
Therefore, we believe that everything that can be done to
promote healing should be done.
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There are many factors that affect healing after rotator
cuff repair ranging from patient factors, tear characteristics,
soft-tissue structural problems, and repair technique and
implants. Recently there has also been interest in the biology
of the healing response. The biologic approach aims to opti-
mize soft-tissue healing to improve clinical outcomes [4]. One
method utilizes PRP to curb the inflammation response and
supplement tendon-bone healing with growth factors.

Over the past few years, the advances in the biomechanical
repair constructs of rotator cuff tear may have peaked,
stimulating a growing interest in biological aids to rotator
cuff healing. The biologic factors recently studied to enhance
soft-tissue healing and regeneration have mainly focused on
growth factors, stem cells, and PRP.

Growth factors are molecules involved in the modulation
of cell growth during the signal cascade of inflammation.
Their influence is paramount in the inflammatory phase of
tendon healing [5]. The molecules involved include fibroblast
growth factor (FGF), vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF-p), trans-
forming growth factor-beta (TGF-p), and insulin-like growth
factor-1 (IGF-1) [6]. These growth factors are produced in
great majority by fibroblast and inflammatory cells such as
leukocytes and platelets [7]. During the inflammatory and
repair phase of tendon healing, platelets aggregate at the site
of soft-tissue injury and release an extensive amount of
growth factors prompting cell migration and differentiation
at the site of injury [8]. Platelets provide a colossal amount of
autogenous growth factors. PRP is easy to harvest from blood
and is therefore one of the most commonly used biological
aids in rotator cuff repair.

PRP has been shown to decrease inflammation through
inhibition of molecules such as interleukin 1B and to pro-
mote healing through modulation of TGF-B production [5,
9]. PRP is a fraction of whole blood containing very high
platelet concentrations (150,000-350,000), which on activa-
tion release various growth factors. The preparation consists
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of obtaining whole blood from the patient with a venipunc-
ture followed by centrifugation to concentrate the platelets.
The centrifugation also concentrates growth factors above
physiologic level that can then be sterilely injected at the
site of the tendon-bone repair. The growth factors present in
the concentrate may stimulate cell proliferation and provide
a temporary matrix that fills defects in the repair and serve
as a matrix for cell migration and tissue remodeling [10].
There are different classification systems to describe the
final PRP concentrate. The scientific community has not
adopted a universal classification system, which has led to
heterogeneity in the way PRP has been described. One of the
classifications contains four categories: (1) pure PRP (P-PRP)
with a low content of leukocytes, (2) leukocyte-rich PRP
(L-PRP) with a high content of leukocytes, (3) pure platelet-
rich fibrin (P-PRF), and (4) leukocyte-rich platelet-rich fibrin
(L-PRF), with a high content of leukocytes and a high-density
fibrin network [11]. The role of leukocytes in the PRP is still
the subject of debate as some studies have found it to have a
role in the anabolic process of collagen synthesis while other
studies have found it to be catabolic [10, 12, 13]. A second
classification system has been described with two categories,
(1) presence or (2) absence of leukocytes, and further sub-
classified with (a) PRP-activated, ex vivo activation with
thrombin and calcium, or (b) PRP-inactivated, in vivo activa-
tion by endogenous collagen [11, 14]. Lastly, our preference is
the PAW classification that is based on three factors: [1] the
absolute number of platelets, [2] the type of platelet activa-
tion, and [3] the presence or absence of white cells [15].
There are different methods of PRP delivery. Currently
PRP can be administered as a liquid, in a gel or in a matrix
scaffold. The liquid form of PRP can be activated by endog-
enous methods such as by simple agitation of platelets dur-
ing centrifugation or by compression of platelets during
needle delivery. Endogenous activation also has a potential
for slower aggregation of platelets and release of growth fac-
tors by allowing contact with type 1 collagen in the rotator
cuff tendon to operate as the activator, thereby providing a
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natural release pattern [16]. The liquid form can be directly
administered to the tendon-bone interface of the rotator cuff
repair during arthroscopic surgery or simply injected through
the arthroscopic portal after evacuation of the intra-articular
and subacromial fluid.

The PRP gel and matrix scaffold entail exogenous activa-
tion of platelets with the use of calcium chloride and throm-
bin. The scaffold may better keep the PRP in place at the
repair site and possibly to create a more sustained release
over the span of several days [15].

Several prospective comparative studies have examined
the clinical and structural outcomes with PRP in rotator cuff
repair; however the results have been conflicting. Warth
et al. performed a systematic review of all level I and II stud-
ies comparing clinical and structural outcomes after rotator
cuff repair with or without PRP [17]. There was no statistical
differences in overall gain in outcome scores or re-tear
found, but they noticed a significant gain in shoulder
Constant score when PRP was applied at the tendon-bone
interface compared to application on top of the repaired
tendon. Most of the included studies were powered to detect
large differences in outcome scores only. Other studies have
indicated that there may be a decrease in re-tear rate with
PRP; however, they were unable to show differences in clini-
cal outcomes [18-20]. In a meta-analysis of 13 studies which
also included a cost-effectiveness analysis, Vavken et al.
found a significant reduction in re-tear rates with PRP; how-
ever, this benefit was not cost effective [21]. Another meta-
analysis of eight randomized controlled studies comparing
rotator cuff repair with and without PRP found no statistical
difference in re-tear rates and clinical outcomes [22]. Other
systematic reviews have had similar results [23-25].
Furthermore, a Cochrane review by Moraes et al. pooled 19
studies with 1088 participants on the use of PRP in not only
rotator cuff but also 5 other tendon pathologies. They found
no significant improvement in functional outcomes and
insufficient evidence to support the use of PRP in clinical
practice [26].
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Hsu et al. reported that successful use of PRP varies
depending on the preparation method, composition, medical
condition of patient, anatomical location, and tissue type [27].
But heterogeneity of the different studies hampers compari-
son. There are differences in the number of doses adminis-
tered and the PRP preparation including different volumes of
autologous blood collected, speed and time of centrifugation,
activating agent and leukocyte concentrations, final volume of
PRP, and final concentration of platelets and growth factors.
There are also differences in the time between PRP prepara-
tion and administration including preoperative, intraopera-
tive, and postoperative administration. The method of
administration whether image guided, arthroscopic guided,
direct vision, or no guidance varies. Lastly the surgical tech-
niques have varied between single- and double-row repairs
and the postoperative rehabilitation protocols are not the
same [26, 28].

Overall, studies do not support the clinical use of PRP in
rotator cuff repair [29-31] but some data supports its use in a
subset of patients. There may be a decrease in re-tear rates
among patients treated for small- and medium-size rotator
cuff [32, 33]. In a meta-analysis of five studies with 303
patients, Cai et al. found a significant difference in failure of
small- to moderate-size rotator cuff repairs when PRP was
not used [34]. Chahal et al., in a meta-analysis of five studies
including two randomized and three nonrandomized clinical
trials of 261 patients, found no difference in rotator cuff re-
tear rate and functional outcomes [35]. However, in a strati-
fied sub-analysis, they found a significant reduction in re-tears
in those with PRP. In those with massive rotator cuff tears,
Antuna et al. found that 28 patients had no significant differ-
ence in repairs regardless if they received PRP or not [36].
Bergeson et al. found that outcomes of patients with a com-
bination of advance age, severe tear size, and fatty infiltration
were not influenced by an inclusion of PRP scaffold with
rotator cuff repair [30].

The use of PRP in rotator cuff tendinopathy has also been
studied. Carr et al. studied PRP in patients undergoing
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arthroscopic acromioplasty for chronic rotator cuff tendi-
nopathy in 60 patients [37]. They found no effect of PRP on
clinic outcomes in this patient population. These findings are
supported by another randomized controlled trial evaluating
chronic rotator cuff tendinopathy, which found a limited role
for PRP administration in the short term [38].

PRP can be administered preoperatively, intraoperatively,
or postoperatively. It is still unclear which method yields the
best effect on soft-tissue healing at the tendon-bone interface.
In a review of seven meta-analyses, Saltzman et al. found that
PRP injection at the time of arthroscopic intervention does
not affect re-tear rate or affect functional outcome. However,
there was a trend in reducing re-tear rates in a PRP scaffold
construct when it was applied at tendon-bone interface, in a
double-row repair, and with small- and medium-sized rotator
cuff tears [39]. Furthermore, in 53 patients, Randelli et al.
found a significant improvement in early functional out-
comes in the intraoperative PRP-treated rotator cuff repair
as compared to the control group [40].

The effect of the PRP in the postoperative phase has also
been studied. Wang et al. studied 60 arthroscopic supraspina-
tus tendon repairs with administration of PRP at postopera-
tive days 7and 12 [41] and found that two distinct image-guided
PRP administrations in the postoperative period did not
improve early tendon-bone healing or functional recovery.
As the biological effects of the growth factors in PRP on
reducing inflammatory markers have been well documented
[5, 9], a decrease in inflammation following the surgical pro-
cedure could potentially decrease the patient’s postoperative
pain. Hak et al. conducted a double-blinded placebo study
that demonstrated no conclusive effect of PRP in decreasing
postoperative pain after arthroscopic rotator cuff repair in a
6-week postoperative period [42]. However, Randelli et al.
studied 53 patients and found improvement in pain scores at
3,7 14, and 30 postoperative days [40].

Lastly PRP has been studied in the rehabilitation phase of
tendon healing. In a randomized controlled trial, Ilhanli et al.
compared the effectiveness of PRP injection versus physical
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therapy (PT) in the treatment of chronic partial-thickness
supraspinatus tendon tears [43]. Both groups had signifi-
cantly reduced pain and improved range of motion. While
increases in ROM degrees were significantly higher in the PT
group than the PRP group and pain with activity and at rest
was also higher in the PT group than the PRP group,
improvement of the DASH score was significantly better in
the PRP group than the PT group.

In summary, clinical use of platelet-rich plasma remains
controversial. Studies are hampered by heterogeneity in
preparation protocols, timing of delivery, method and number
of administration, surgical procedures, and postoperative
intervention and rehabilitation protocols. There is no evidence
to support the common use of PRP in rotator cuff repair.
However, there may be positive effect on structural healing at
the tendon-bone interface in small- to medium-size rotator
cuff tear with intraoperative administration of PRP. We think
it is too early to decide if PRP is helpful in rotator cuff repair.
We urge clinicians to continue to assess the new studies
regarding the use of PRP as an aid in rotator cuff repair.

Clinical Pearls

e PRP has been shown to decrease inflammation through
inhibition of molecules such as interleukin 1B and to pro-
mote healing through modulation of TGF-B production
which is proposed to affect rotator cuff healing.

e PRP can be administered intraoperatively as it may reduce
re-tear rates when it is applied at the tendon-bone
interface.

e While there is not a consensus that PRP is helpful in all
rotator cuff repairs, it may be helpful in patients with
small- and medium-size rotator cuff tears.

e PRP should not be used in unhealthy, older patients with
large and massive tears and advanced fatty infiltration of
the muscles.
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Partial Rotator Cuff Repair
for Massive Rotator
Cuff Repair

Edward A. Lin, Loukia K. Papatheodorou,
and Dean G. Sotereanos

Case Presentation

A 52-year-old male reports right-shoulder pain, after an
injury 6 weeks ago where he tripped and fell while playing
basketball. Since then he has had posterolateral right-
shoulder pain that radiates into the arm and wakes him at
night. He is having difficulty lifting his arm overhead. The
patient is a laborer and has been unable to work due to his
injury. He has undergone a course of physical therapy for
range of motion and strengthening, but he continues to have
difficulty. On physical exam, there is no muscle atrophy. The
patient has full passive range-of-motion right shoulder, but
active forward elevation is limited to 90°. There is a positive
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FIGURE 19.1 View of the right shoulder on MRI scan indicating a
massive rotator cuff tear

drop-arm sign and a positive external rotation lag. An MRI of
right shoulder demonstrates a massive retracted rotator cuff
tear, involving the supraspinatus and infraspinatus tendons
(Fig.19.1). The ruptured tendon is retracted to the level of the
glenoid. The tear is approximately 6 cm in length. There is no
atrophy or fatty changes of the supraspinatus or infraspinatus
muscle bellies. The subscapularis appears to be intact. The

patient presents with profound weakness and pain and
desires treatment.

Diagnosis/Assessment

The patient’s history, physical, and imaging findings are
consistent with the diagnosis of symptomatic massive rotator
cuff tear. In elderly patients with massive rotator tears of
insidious onset and abnormal MRI findings of the rotator
cuff muscles, initial treatment is nonoperative including
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rehabilitation, NSAIDs, and avoidance of overhead activities.
Because our patient is young and active and had sudden
onset of symptoms after a fall and the MRI revealed normal
rotator cuff muscles without atrophy or fatty infiltration, we
concluded that this was an acute tear with surgery being the
best chance for success.

A number of operative treatment options exist for the
management of a massive rotator cuff tears. Repair can be
done with either an arthroscopic or an open technique. Low-
to medium-demand elderly patients with irreparable rotator
cuff tears who have a significant amount of glenohumeral
arthritis are usually best served by a reverse total shoulder or
hemiarthroplasty prosthesis. However, in higher demand
patients without joint degeneration, the solution is not quite
as certain. Options include bursectomy and subacromial
decompression, biceps tenotomy/tenodesis, debridement,
tuberoplasty, latissimus dorsi or pectoralis transfer, and supe-
rior capsular reconstruction. All of these options are imper-
fect, and there is no consensus as to the superiority of one
technique over another [1-4].

Management

Our patient was scheduled for urgent surgical repair of the
rotator cuff of the right shoulder. Arthroscopy of the right
shoulder revealed a massive rotator cuff retracted U-shaped
tear. A longitudinal incision, approximately 4 cm, was made
over the anterolateral acromion, beginning at acromiocla-
vicular joint and extending laterally over the anterior
acromion (Fig. 19.2). After exposure of the acromioclavicu-
lar joint, a distal clavicle excision of approximately 1 cm was
performed. Then, the anterior acromion was exposed and an
acromioplasty with resection of the anterior-inferior acro-
mion to the level of the center of the clavicle was performed.
After bursectomy and release of adhesions, the ruptured
edge of the retracted supraspinatus and infraspinatus
tendons was identified and mobilized (Figs. 19.3 and 19.4).
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Ficure 19.2 Longitudinal skin incision 4 ¢cm in length begins at acro-
mioclavicular joint and extends laterally over the anterior acromion

FiGure 19.3 Intraoperative photo: Retracted massive rotator cuff
tear is identified (RC: Rotator cuff, B: proximal tendon of biceps)

The tendons could not be repaired to the anatomic footprint
without excessive tension. Therefore, a side-to-side margin
convergence was performed. The remaining rotator cuff tis-
sue was then partially repaired to the articular margin of the
greater tuberosity without full coverage of the anatomic
footprint (Fig. 19.5). The deltoid was repaired to the acro-
mion with three transosseous sutures. Postoperatively, the
patient was placed in a sling and instructed to perform pen-
dulum exercises.
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FiGURE 19.4 Intraoperative photo: After release of adhesions the
retracted rotator cuff tendons are mobilized (RC: Rotator cuff)

a

FIGURE 19.5 Intraoperative photo: Partial repair of the massive
rotator cuff tear

Outcome

Physical therapy was started at 4 weeks, with a focus on
reestablishing range of motion. Strengthening was initiated
at 3 months. The patient was eventually able to return to
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full duty as a laborer, but reassigned to avoid heavy over-
head activities.

Literature Review

Massive rotator cuff tears continue to be a challenging prob-
lem for the orthopedic surgeon and can result in significant
pain and disability for the patient. The demands of an active,
aging population require better strategies for managing
larger and more disabling rotator cuff pathology. Cuff tears
have been found to have a similarly negative impact on qual-
ity of life as diabetes, heart failure, hypertension, myocardial
infarction, and depression [5-7]. The natural history of a cuff
tear is progression of the tear, fatty degeneration, and retrac-
tion of the tendon [8-10)].

Massive tears, which can be defined as a full-thickness
tear greater than 5 cm in length or with involvement of two
tendons, represent 10-40% of all tears and up to 80% of
recurrent tears [11-13]. They are often characterized by a
number of factors that make a complete primary repair dif-
ficult or impossible [14-16]. In addition to the severe tear,
there is often poor tendon quality, retraction of the tendon,
and extensive scarring of the torn tendon. Although it might
be possible in some patients to repair a massively retracted,
scarred tendon by release and mobilization of the tissues,
the results are often subpar and failure rates are high, as
demonstrated by MRI and ultrasonography [17]. Long-
standing symptoms, an acromiohumeral interval less than
5 mm, and advanced levels of fatty infiltration of the cuff
muscles may suggest a lesion that should not be fully
repaired. Moreover, attempting to bring the central portion
of a massive U-shaped tear back to its anatomic footprint
often creates an unacceptable level of tension, so as to make
the repair impossible. However, the edges of the tear near
the anterior and posterior margins are often amenable for
repair [18].
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Partial Rotator Cuff Repair

Burkhart first introduced the concept of a partial rotator cuff
repair, in which the torn rotator cuff is partially repaired, with-
out complete coverage of the native footprint [19]. In this
technique, the anterior and posterior margins of the tear are
repaired, leaving the retracted central portion of the tear in
place. Burkhart named this a “force couple repair,” as it allows
adequate balancing of the anterior and posterior forces acting
on the proximal humerus [20]. Burkhart first noticed that
some patients, despite having a massive rotator cuff tear, were
able to maintain normal or near-normal shoulder strength and
range of motion. He proposed that this was possible because
the coronal and axial forces acting on the glenohumeral joint
were still balanced, despite the defect within the rotator cuff.
The balancing forces in the frontal plane are provided by the
deltoid and subscapularis. In the axial plane, the balancing
forces are from the subscapularis and infraspinatus/teres
minor [21]. Therefore, complete repair of the supraspinatus
might not be required for sufficient balancing of the forces. In
fact, even with complete supraspinatus paralysis, 75% of
abduction strength and 85-90% of external rotation strength
are preserved [22]. Thus, a large defect might weaken the ante-
rior and posterior translational forces in equal amounts, such
that the resulting forces continue to maintain the humeral
head in an anatomic location on glenoid surface throughout a
functional range of motion [19].

Burkhart proposed that in patients with massive rotator
cuff tears, achieving a partial repair could restore function by
rebalancing the anterior and posterior moments acting on the
glenohumeral joint [23]. Thus, this type of repair is often
called a “functional repair.” This also reduces the strain at the
margins of the tear so that fixation will be adequate, despite
being weaker than that of a complete repair. It protects the
tendon-bone repair interface during healing, and allows a
functional recovery despite a less-than-complete repair.
Burkhart found an increase in active elevation of 90-150°
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and mean 2.3 grade improvement of elevation strength in 14
patients using an open approach to achieve a partial repair
[19]. He found that once the margin of the tear is fixed, it is
no longer impinged under the acromion or between the rota-
tor cable and the humeral head. Thus, shoulder motion can be
achieved without pain.

Margin Convergence

Burkhart also introduced the concept of “margin conver-
gence,” also known as a “side-to-side” repair. Unlike a partial
repair, in which cuff tissue is brought to bone, margin conver-
gence involves fixation of cuff tissue to cuff tissue. It is usually
performed by bringing together the retracted margins at the
apex of a retracted U-shaped tear, thereby converting a massive
U-shaped tear into a smaller tear. Following a margin conver-
gence procedure, the remaining cuff tissue may or may not be
fixed to bone, depending on the tension created by the repair.

Margin convergence or side-to-side repair is labeled a
nonanatomic repair, since rotator cuff tissue is being fixed to
other cuff tissue, rather than being brought to its anatomic
location at the bony footprint on the proximal humerus.
Several studies have found good clinical results and high
patient satisfaction, with recurrence rates from 19 to 48%
[24-26]. Bukhart et al. found excellent clinical results with
massive tears and 3.5-year follow-up. In his series, he used an
arthroscopic approach, and found that margin convergence
of large U-shaped tears was similar to complete (tendon to
bone) repair of medium-sized crescent-shaped tears [12]. In
massive cuff tears, Burkhart was able to achieve an increase
in forward flexion by 42-132 degrees and improvements in
strength and functional scores as well.

Results of Partial Repair

There is evidence of improved clinical outcomes with partial
rotator cuff repair at 3-5-year follow-up [1, 21, 27, 28]. In
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these studies, the partial rotator cuff repair was performed
with the addition of margin convergence. Jones and Savoie
found good-to-excellent results in 88% of patients. Fixation
of cuff tissue onto the bony footprint did not improve long-
term clinical results [29]. Van der Zwaal et al. reported good
clinical results with a 19% re-tear rate at 26.5-month follow-
up [24]. They used a running suture technique for their side-
to-side repair [30]. Rousseau et al. found good clinical results
with a 44% re-tear rate at 38-month follow-up in an elderly
population (mean age 66) [25]. Nove-Josserand found an
85% satisfaction rate at 5-year follow-up with this technique
[31]. They included only patients with subacromial space
>7 mm and Goutallier stage 1 or 2 fatty infiltration. The
recurrence rate was 17%. Duralde and Bair reported 67 % of
patients with good-to-excellent ASES scores with 92% satis-
fied with the results of partial repair [32].

Partial vs. Complete Repair vs. Debridement

Quite a few studies have suggested that a partial repair of mas-
sive rotator cuff tear results in equivalent outcomes to a com-
plete repair. Godneneche et al. found that both partial and
complete repairs gained equivalent improvements in Constant
scores. However, rotator cuff strength was found to be signifi-
cantly lower in the partial repairs. In addition, the re-tear rate
was significantly higher in partial repairs (48.8% versus 20%).
Heuberer et al. confirmed this (53% versus 29%).

A partial rotator cuff repair may result in greater func-
tional loads on the remaining rotator cuff, thus resulting in
muscular fatigue of the intact tendons [33]. Heuberer et al.
prospectively analyzed 68 patients with massive rotator cuff
tears and found that complete repair, partial repair, and
debridement alone without repair all led to significant
improvements in clinical and subjective outcomes. However
with respect to strength and functional scores, complete
repairs were significantly superior to both partial repairs and
debridement alone. The re-tear rate for partial repairs was
29% versus 53% for complete repairs, as evaluated by
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MRI. Interestingly, there was no difference between debride-
ment and partial repairs with regard to functional and pain
scores. Thus, the authors questioned whether partial repair or
debridement is the preferred arthroscopic procedure in the
case where a complete repair cannot be achieved. However,
there is data that shoulder function deteriorates over time
following a debridement [34]. Thus in the long term, partial
repair may still be the preferred option, although there is
limited data to support this conclusion.

Moser et al. [35] retrospectively evaluated 38 patients who
underwent either complete repair, partial repair, or debride-
ment. They found a trend towards improved motion and
strength in complete and partial repairs, when compared with
debridement alone. When comparing complete to partial
repairs, there was a significant difference in external rotation
strength and a trend towards improved functional scores,
favoring complete repair.

Francesci et al. compared partial rotator cuff repair to
debridement and acromioplasty and found superior func-
tional outcomes and quality-of-life scores for partial repair
[8]. Although patients who underwent debridement experi-
enced less pain in the first postoperative month, partial repair
of the rotator cuff resulted in significantly increased strength
and range of motion.

Longer Term Follow-Up

Shon et al. demonstrated that despite initial improvement in
clinical and radiographic parameters, about half of the
patients demonstrated worsening of outcomes, including
increasing patient dissatisfaction, over a 2-year period of
follow-up after partial rotator cuff repair [1]. The authors sug-
gested multiple possibilities to account for this decline,
including re-tearing of the cuff and deterioration of the posi-
tive effect of subacromial decompression and biceps tenot-
omy/tenodesis. However, unlike in other studies, the patients
in the study by Shon et al. did not receive margin conver-
gence procedures in addition to the partial rotator cuff repair.
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Preoperative Factors

Several preoperative factors have been identified as contrib-
uting to a poor outcome following rotator cuff repair. These
include older age, female sex, smoking, diabetes, longer dura-
tion of symptoms, preoperative disability, pseudoparalysis,
size and shape of the tear, retraction of the tear, subscapularis
tears, and atrophy and fatty infiltration of the muscle [36-40].
One must consider that the factors which portend a poor
outcome for complete rotator cuff repairs may also be impor-
tant determinants of outcomes in partial cuff repairs. Shon
et al. identified fatty infiltration of the teres minor muscle, in
particular, as a factor associated with worse outcomes follow-
ing a partial rotator cuff repair [1]. This was confirmed by
Godeneche and Barth [41], who found lower functional
scores with higher stages of fatty infiltration (greater than
Goutallier stage 1). These observations suggest that tears
should be treated promptly, and may explain why repair of
acute traumatic tears results in better outcomes than chronic
degenerative tears [41-43].

Franceschi et al. identified acromiohumeral index (AHI)
and patients’ daily activity levels as factors predicting a poor
outcome for partial repair [8]. They found that for patients
with high activity levels or a preoperative AHI grade 2 or
worse, that is, acromiohumerus interval of S mm or less, par-
tial repair did not have any advantage when compared with
debridement and acromioplasty.

Holtby et al. found that although advanced age is cor-
related with larger tear size, poorer tendon quality, and
more U-shaped tears, age was not a predictor of whether a
massive tear was amenable to complete or partial repair
[44]. In that analysis, men and women were found to have
an equal incidence of U-shaped tears, although men had
more crescent-shaped tears while women had more
L-shaped tears. Crescent-shaped tears had the best out-
comes. One factor that did predict reparability was exter-
nal rotation strength. Patients with stronger external
rotation at neutral prior to surgery were significantly more
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likely to have a complete repair. Interestingly, neither
active flexion nor abduction was a significant predictor.
High subjective disability, lack of external rotation, poor
tendon quality, larger tear size, and U-shaped tears were
all associated with inability to achieve a full repair, thus
resulting in a partial repair of the cuff. Both patients with
partial repairs and full repair achieved significant gains in
strength, ROM, and improvement in disability levels.
However, those with partial repairs did have slightly
higher levels of disability and had less improvement in
functional scores at 2 years post-op [44].

There is some disagreement over whether the size of the
rotator cuff tear has any bearing on outcome. Some authors
argue that tear size does not affect final postoperative func-
tional outcome or patient satisfaction [12, 19, 45, 46]. Others
report that larger tears have worse functional outcomes and
result in greater levels of disability following repair [47-50].
Godeneche et al. compared two-tendon tears with three ten-
don tears, and found lower Constant scores for the three-
tendon tears. The net improvement in scores was the same,
however, for all types of tears. These results are confirmed by
Gerber and Bennett [51, 52].

Re-tear Rates

Recurrence of a rotator cuff tear, also known as a re-tear,
may be categorized as early (within 6 months postopera-
tively) or late (at greater than 1 year). In one series, recur-
rence went from 34% at 3 years to 44% at 10 years
postoperatively [43]. The rate at which a rotator cuff re-tears
can be evaluated by MRI. Most studies have consistently
reported the re-tear rate of partial rotator cuff repairs as
ranging from 42 to 56%. This small variation may be due to
differences in fatty infiltration and tear size [43]. The finding
of a re-tear on MRI, however, does not necessarily correlate
with clinical performance. Studies have found only a weak
correlation between re-torn rotator cuff tendons and func-
tional shoulder performance [15, 53, 54].
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Other Treatment Options

There are several other treatment options that could be effec-
tive for the management of a massive irreparable tear.
Tuberoplasty is a procedure that involves debriding and
reshaping the proximal humerus, thereby establishing a new
articulation between the acromion and humeral head. This was
proposed by Fenlin et al., who found 95 % satisfaction and 68%
pain relief [S5]. Lee et al. found significant improvements with
Constant and UCLA shoulder scores with subacromial decom-
pression and tuberoplasty [56]. Transfer of the latissimus dorsi
tendon to the footprint of the rotator cuff has also been stud-
ied. Gerber et al. found a significant improvement in subjective
shoulder and Constant scores with this procedure [57].

Weaknesses of the Data

There is no consensus as to the proper method for classifying
rotator cuff tears. Cofield defined a massive rotator cuff tear
as being >5 cm in length [13]. Gerber et al. used the definition
of tears involving two or more tendons [27, 51, 58], while oth-
ers only included tears of more than two tendons [16, 36, 43].
Henry et al. used a definition that includes both the size of
the tear and the number of tendons (>3 c¢m in the coronal
plane with complete detachment of both supraspinatus and
infraspinatus tendons or >4 cm with complete detachment of
one tendon) [51]. Given the varying definition of what consti-
tutes a massive rotator cuff tear, there is low interobserver
agreement with any classification system, other than distin-
guishing partial- from full-thickness tears [59]. This makes
comparing results between studies very challenging.

Part of what may explain differences in studies regarding
partial rotator cuff tears may also relate to differences in
surgeon experience and skill [60]. There are also differences
in technique, with some surgeons performing arthroscopic
repairs, while others preferring an open exposure and repair.
Other associated procedures, such as acromioplasty, distal
clavicle excision, and biceps tenotomy/tenodesis, were also
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variably applied between studies, and could affect the results.
Additionally, there are differences in postoperative rehabili-
tation protocols, with some utilizing relatively long periods of
postoperative immobilization, while others advocating ear-
lier active motion. It is not known what effect these differ-
ences may have had on the results.

Clinical Pearls/Pitfalls

e Fully inform patients of the difficulty in managing massive
retracted rotator cuff tears. Some studies have demon-
strated a suboptimal outcome regardless of treatment.

e In elderly low-demand patients or in patients who have
significant medical comorbidities, be sure to exhaust all
nonoperative measures prior to considering surgical
intervention.

e Obtain a high-quality preoperative non-contrast MRI to
determine the size of the tear, amount of retraction, and
degree of atrophy and fatty infiltration. Be sure to evalu-
ate the subscapularis and biceps tendons.

e Perform a thorough diagnostic shoulder arthroscopy to
fully characterize the size and shape of the tear, amount of
tendon retraction, amount of scarring, quality of the
tendon tissue, and degree to which the torn edge of the
cuff can be mobilized.

e Be sure to debride the edges of the tendon as well as the
surrounding scar tissue so that the tendon can be mobi-
lized laterally.

e Do not attempt to bring the torn edge of the rotator cuff
tendon back to its anatomic footprint if doing so creates a
significant amount of tension. A rotator cuff repaired
under excessive tension is doomed to failure.

e If a complete repair cannot be performed, perform a mar-
gin convergence procedure by bringing together the ante-
rior and posterior edges of the tear in a side-to-side
fashion, followed by a partial rotator cuff repair, in which
the remaining anterior and posterior edges of the tear are
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brought to the articular margin of the greater tuberosity.
Parts of the tear that cannot be repaired are left alone.
Avoid any repairs that place the tendon under excessive
tension.

e Following an initial diagnostic arthroscopy, I prefer to per-
form massive repairs through a longitudinal incision over
the anterolateral acromion. Although some surgeons may
prefer an all-arthroscopic approach, I find that an open
approach allows better evaluation of the tear and removes
any doubt with regard to the integrity of the final repair.

e Postoperatively, protect the patient in a sling for an initial
4-6 weeks followed by a supervised therapy program
focused on reestablishing glenohumeral motion and even-
tual strengthening. Patients should be followed closely to
track functional gains and to evaluate for possible
re-tear.
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Case 1

The patient is a 49-year-old right-hand-dominant female for-
mer professional tennis player with a history of right rotator
cuff (RC) repair and biceps tenodesis 4 years prior to presen-
tation. She did well postoperatively but developed increasing
pain over a 1-year timeframe. She began to notice difficulty
with serves and high backhands while increasing the amount
of tennis she was playing. She was treated with physical
therapy and a shoulder injection without significant improve-
ment. Given her continued pain and difficulty with overhead
activity she presented to our clinic for further evaluation.

On physical exam of the shoulder, the patient had tender-
ness of the acromioclavicular (AC) joint and positive impinge-
ment signs of Neer and Hawkins. She had full active and
passive range of motion, but demonstrated weakness in her
supraspinatus and infraspinatus muscles. No muscle atrophy
was noted clinically.

Radiographs of the patient’s right shoulder demonstrated
some cystic changes of the greater tuberosity, AC joint arthri-
tis, and minimal glenohumeral arthritis (Fig. 20.1). An MRI
demonstrated a 4-6 mm intrasubstance partial tear of the
midportion of the supraspinatus tendon adjacent to the
greater tuberosity with an intact infraspinatus and no signifi-
cant atrophy or fatty infiltration of the rotator cuff muscula-
ture (Fig. 20.2).

Diagnosis

The patient’s imaging findings were consistent with the diag-
nosis of a small, partial recurrent supraspinatus tear; however,
her weakness on physical exam and continued severe pain
with overhead activity appeared out of proportion to her
MRI findings. Therefore, the patient was sent for electromy-
ography (EMG)/merve conduction velocity studies (NCV)
which demonstrated suprascapular nerve entrapment at the
suprascapular notch along with mild cervical radiculopathy
(Fig. 20.3). A cervical spine MRI demonstrated minimal
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FIGURE 20.1 AP radiograph of the right shoulder showing cystic
change of the greater tuberosity (arrowhead)

pathology and it was felt that the majority of the changes
were due to suprascapular nerve compression.

Given the fact that she had previously undergone nonop-
erative management and was still experiencing pain and
limited function, the patient elected to pursue revision
surgery and arthroscopic suprascapular nerve decompres-
sion, distal clavicle excision, and intraoperative evaluation of
the rotator cuff were recommended. It was felt that the
majority of her symptoms were due to traction on the supra-
scapular nerve in the setting of repetitive overhead activity.
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FiGUre 20.2 MRI of right shoulder showing a supraspinatus tear
(arrowhead)

ELECTRODIAGNOSTIC RESULTS:

EMG
Side  Muscle Nerve Root Ins Act _Fits _Psw__Amp _ Dur _ Poly Recrt  IntPat Comment
Right  Pronator Teres  Medium C6-7 Nml Nml Nml Nml Nml 0 Nmi Nl
Right  Brachio Rad Radial C56 Nml Nml Nml Nml Nml 0 Nmi Nml
Right  Biceps Musculocul  C5-6 Nml Nml 1+  Decr >12ms 1+ Reduced  75%
Right  Triceps Radial C67-8  Nml Nml  Nml  Nml  Nml 0 Nmi Nl
Right _Deltoid Axilla C56 Nml_ Nml__ Nml__ Nml__ Nml 0 Nml Nml
[Right I C56 Nml__Nml__Nml__Decr _>12ms 1+ Reduced __ 75%]
Right L D c35 Nml___ 1+ _Nml___Nml___Nml 0 Reduced __ 75%
[Right C5-6 Nml___Nml___2+ Decr_>12ms___ 2+ Reduced __ 50%]
Right  Rhomboid DorsalScap  C5 Nmi~ Nml Nmi Decr  Nml 2+ Reduced  75%

FIGURE 20.3 EMG results. Red boxes indicate supraspinatus and
infraspinatus muscle testing

Management

A standard posterior portal was used for initial diagnostic
arthroscopy with the patient in the beach-chair position. This
revealed multiple loose bodies in the glenohumeral joint, syno-
vitis, and a focal full-thickness re-tear of the supraspinatus
tendon (Fig. 20.4). Attention was then turned to release of the
suprascapular nerve at the suprascapular notch. While viewing
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FiGURE 20.4 Arthroscopic posterior-portal view of full-thickness
rotator cuff tear (arrowhead)

from a posterolateral portal and working from an anterolateral
portal, the posterior aspect of the coracoid was identified as
was the insertion of the coracoclavicular ligaments. The trans-
verse scapular ligament was carefully identified medial to the
conoid ligament and a portal slightly medial to the standard
Nevasier accessory superior portal was created to allow an
appropriate trajectory for release. The suprascapular artery
was identified (running over the ligament) and protected.
While the artery is typically not used as a landmark, it can be
helpful for orientation. Carefully blunt dissection can prevent
injury to the artery and at times branches may need to be cau-
terized with a radiofrequency device to improve visualization.
While protecting the suprascapular nerve (running underneath
the ligament), the transverse scapular ligament was resected
using a meniscal biter (Fig. 20.5). The nerve was then inspected,
which revealed no further compression. The RC repair was
then performed arthroscopically using a single-suture anchor
and two sutures placed in a simple configuration (Fig. 20.6).

Immediate postoperative rehabilitation included immobi-
lization in a sling and early pendulums and passive range of
motion. Active and active-assisted motions were permitted
after 5 weeks with return to sport at 4 months.
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FIGURE 20.5 Arthroscopic view using meniscal biter to resect trans-
verse scapular ligament (arrowheads)

FIGURE 20.6 Arthroscopic view showing repaired rotator cuff
Outcome

The 49-year-old patient with suprascapular neuropathy (SSN)
recovered successfully. At 5 weeks postoperatively, her strength
had recovered to 4+ out of 5 in all ranges. At 4 months she had
minimal further pain with restoration of strength and was
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allowed to return to tennis. At 10 years postoperatively, her SF-12
PCS score was 48.9, ASES score was 73.3, and DASH score was
27.2 (normative scores for age and gender as mean + standard
deviation 49.7 £ 9.9,92.2 + 14.5, and 12 + 16, respectively) [1-3].

Case 2

The patient is a 60-year-old right-hand-dominant retired male
with a history of multiple injuries to his left shoulder including
a remote humeral and scapular fractures treated nonopera-
tively. Prior to presentation he sustained two falls on his left
shoulder while skiing and reported that pain and weakness in
the left shoulder worsened with external rotation and abduc-
tion. Through clinical exam and MRI imaging (Fig. 20.7) he
was diagnosed with complete tears of the supraspinatus and
infraspinatus without atrophy or fatty infiltration. He under-
went arthroscopic repair at an outside facility.

FiGurk 20.7 MRI of left shoulder demonstrating tear of the infra-
spinatus and supraspinatus (arrowhead) tendons with retraction
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The patient’s rehabilitation went well until approximately
3 months postoperatively when he again fell and hurt his
shoulder. At that point, he presented to clinic with increasing
shoulder pain. Physical exam of the left shoulder demon-
strated a preserved range of motion; strength examination
revealed —5/5 strength on external rotation and forward flex-
ion. Radiographs were unchanged from the previous images.
A repeat MRI demonstrated a 25% partial bursal tear of the
infraspinatus with an intact repair otherwise. There was mild
atrophy of the supraspinatus and mild-to-moderate atrophy
of the infraspinatus muscles noted on the new imaging
(Fig. 20.8). Due to his increasing pain in the setting of a pre-
dominately intact RC and some early findings of atrophy, the
patient underwent EMG/NCV which demonstrated SSN at
the suprascapular notch (Fig. 20.9).

Diagnosis

The patient’s clinical course, examination, imaging studies, and
EMG findings were consistent with the diagnosis of supra-

FiGURE 20.8 (a) Left-shoulder sagittal-view T1 MRI performed
prior to first surgery demonstrating infraspinatus (arrowhead) with-
out atrophy. (b) Left-shoulder sagittal-view T1 MRI performed fol-
lowing first surgery demonstrating infraspinatus (arrowhead) and
supraspinatus (arrow) with atrophy
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EMG

Side Muscle | Nerve | Root | Ins Act | Fibs | Fascle | Psw | Amy Dur_| Pol Recrt | IntPat_| Comment
Left  Biceps Musculocul  C5-6  Nml Nml Nml Nml Nml Nml 0 Nml Nml
Left  Triceps Radial C6-7-8  Nml Nml Nml Nml Nml Nml 0 Nml Nmi
Left  Pronator Teres Medium c67  Nml Nml Nml Nml Nml Nml 0 Nml Nmi
Left  IsDorini Ulnar c8-T1  Nml Nml Nml Nml Nml Nml 0 Nl Nml
Left BrachioRad  Radial c56  Nml Nml Nml Nml Nml  Nml 0 Nml Nmi
Left _ Deltoid Axillary C56  Nml Nml__Nml__ Nml__Nml__Nml___ 0 Nl Nml
Left Supraspinatus SupraScap C5-6  Nml Nml Nml Nml_Nml >i2ms 1+  Reduced 75% l
Left C56 _ Nml Nml_Nml  Nml Incr >12ms 1+  Reduced 75%
Left TeresMajor  SubScap  C5-6  Nml Nml Nml Nml_ Nml Nml 0 Nml Nml

FIGURE 20.9 EMG results. Red box indicates supraspinatus and
infraspinatus muscle testing

scapular neuropathy in the setting of only mild recurrent RC
pathology. The diagnosis and treatment options were discussed
with the patient; he elected to pursue surgical management.

Management

A standard posterior portal was used for initial diagnostic
arthroscopy with the patient in the beach-chair position. This
revealed a healed RC, chronic biceps tendon rupture, and
mild early glenohumeral arthritic changes. Following gleno-
humeral debridement and revision subacromial decompres-
sion, the suprascapular nerve release was performed at the
suprascapular notch. Posterolateral (viewing) and anterolat-
eral (working) portals were established. Dissection was care-
fully carried medially using a combination of a full-radius
shaver and a radiofrequency ablation wand. The leading
edge of the intact supraspinatus was followed medially to
identify the posterior aspect of the coracoid. The posterior
aspect of the conoid ligament was then identified and dis-
sected to its insertion on the coracoid. At this level the trans-
verse scapular ligament originates and runs medially across
the notch forming an L-shape (or reverse L-shape depend-
ing on laterality) with the conoid ligament (Fig. 20.10). The
suprascapular artery was identified (Fig. 20.11) followed by
nerve running under the ligament.

Inspection of the suprascapular nerve revealed obvious
entrapment; the nerve appeared flat within a stenotic
suprascapular notch. For this case two additional supra-
scapular portals were created medially through the trape-
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FIGURE 20.10 Arthroscopic image demonstrating the reverse
L-shape created by the posterior aspect of the conoid ligament (CL)
and transverse scapular ligament (TSL)

FIGURE 20.11 (a and b) Two views of the suprascapular artery
(arrowhead), transverse scapular ligament, and suprascapular nerve
(arrow)

zius. A switching stick was placed to protect the nerve while
the ligament was released from the second medial portal. A
neurolysis was then performed proximally and distally to
the suprascapular notch so as to carefully free the nerve
and prevent any additional tethering to the stenotic notch.
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A subpectoral biceps tenodesis was performed for his
chronic rupture.

For postoperative rehabilitation, the patient was allowed
immediate pendulums and passive range of motion. Within a
few days he was permitted to begin active and active-assisted
motion and weaned out of the sling.

Outcome

The 60-year-old patient with a history of a rotator cuff repair
and increasing pain, mild weakness, and atrophy after a fall
recovered quite well. At 3 months postoperatively, he had
regained full range of motion and strength in his shoulder. As
of 3 years postoperatively, his SF-12 PCS score was 47, ASES
score was 94.9, and DASH score was 11.3 (normative scores
for age and gender as mean + standard deviation 51.4 + 7.3,
92.2 + 14.5,and 11 =+ 16, respectively) [1-3].

Literature Review

In cases of isolated suprascapular neuropathy (SSN) not due
to space-occupying lesions, it is generally accepted that the best
initial treatment is nonoperative management [4]. However, in
cases of SSN secondary to a RC tear, the role of surgical inter-
vention is far less clear. This is partly due to lack of consensus
with diagnosis. The prevalence of SSN among massive RC
tears has been reported to range between 2 and 60.5% [5, 6].
Collin et al. note that this range is due to inaccuracy and vari-
ability in EMG results, lack of EMG validation, and absence of
definitive EMG diagnostic criteria. Given the unclear diagnos-
tic criteria and prevalence, it is not surprising that studies in
optimal management of SSN with RC tears are lacking.

Some authors have demonstrated resolution of SSN with
isolated RC repair without concomitant suprascapular nerve
release [7, 8]. Because of these findings, along with the
widely varying prevalence, some authors recommend avoid-
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ing routine release of the transverse scapular ligament along
with rotator cuff repair if the cuff can be adequately repaired
[6-8]. The thought process is that the nerve injury is created
by traction on the nerve as the RC retracts medially where
the nerve can be tethered. This is then resolved with reduc-
tion of the tendon.

There is a considerable scarcity of data in the orthopedic
literature regarding the outcomes for treatment of SSN sec-
ondary to traction from RC tears; only a few case series are
available. Costouros et al. [7] reported on seven patients with
SSN in the setting of massive RC tear with associated retrac-
tion and fatty infiltration of the supraspinatus and infraspina-
tus. SSN was confirmed with EMG/NCV. Of these seven RC
tears, six were repairable arthroscopically, either with com-
plete or partial repair. In all six of these patients, 6-month
follow-up demonstrated pain relief, functional improvement,
and EMG/NCV-confirmed partial recovery in two patients
and full recovery in four patients of the SSN.

Mallon et al. [8] reported on eight patients with EMG-
confirmed SSN associated with massive RC tear. Of these
eight patients, four underwent partial surgical repair. All four
patients demonstrated significant improvement in function at
mean follow-up of 24 months; two consented to follow-up
EMG studies which revealed significant SSN recovery.

In patients who present with pain after a prior rotator cuff
repair, SSN should be considered on the differential.
Symptoms can include pain which is typically posterosupe-
rior and weakness in forward flexion and/or external rota-
tion. Atrophy and/or fatty infiltration of the muscle belly can
be seen on CT or MRI (most easily visualized on sagittal T1
images). In both of the cases presented above, the severity of
the recurrent RC injury did not seem to warrant the amount
of pain and weakness seen clinically. EMG/NCV studies
were used to confirm the diagnosis of SSN. When these are
ordered the surgeon should specifically ask for evaluation of
the suprascapular nerve and these must carefully be inter-
preted to identity the location of injury either at the supra-
scapular notch or at the spinoglenoid notch. Release should
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be considered in refractory cases and can be accomplished
safely with an arthroscopic approach at either location. Care
must be taken to thoroughly evaluate the morphology of the
suprascapular or spinoglenoid notch on preoperative imag-
ing to assess for ossification, which is more commonly seen
in the transverse scapular ligament. Instruments for resec-
tion (typically Kerrison type rongeurs or small osteotomes)
should be readily available.

Clinical Pearls/Pitfalls

e Though the prevalence is low, suprascapular nerve injury
is an important condition to recognize since surgical cor-
rection can result in marked functional improvement for
patients.

e If suprascapular neuropathy is present with a retracted RC
tear, RC repair alone will resolve the SSN in a majority of
patients by correcting the traction on the nerve.

e If SSNis present following RC repair with an intact repair,
surgical decompression of the nerve may be warranted.

e The location of the suprascapular nerve lesion should be
elucidated preoperatively through electrodiagnostic stud-
ies to determine whether the nerve is entrapped at the
suprascapular notch or at the spinoglenoid notch.

e When performing a release at the suprascapular notch it is
important to identify the posterior aspect of the conoid
ligament and carefully proceed medially with blunt dissec-
tion to identify the transverse scapular ligament.

e At the level of the suprascapular notch the artery typically
runs over the transverse ligament and the nerve below.

e When performing a release at the spinoglenoid notch there
may be a variable presence and thickness of the spinogle-
noid ligament, which is less consistent than the transverse
scapular ligament. The nerve can be carefully identified as
it proceeds around the base of the scapular spine.

e Postoperative management includes immobilization in a
sling for comfort;earlymotionisencouraged.Strengthening,
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throwing, and overhead activities are typically based on
concomitant pathology treated at the time of surgery [9].

References

1. Aasheim T, Finsen V. The DASH and QuickDASH instruments.
Normative values in the general population in Norway. J] Hand
Surg Eur Vol. 2014;39(2):140-144.

2. Mols F, Pelle AJ, Kupper N. Normative data of the SF-12 health
survey with validation using postmyocardial infarction patients in
the Dutch population. Qual Life Res. 2009;18(4):403-14.

3. Sallay PI, Reed L. The measurement of normative American
Shoulder and Elbow Surgeon scores. J Shoulder Elb Surg.
2003;12(6):622-7.

4. Martin SD, Warren RF, Martin TL, Kennedy K, O’Brien SJ,
Wickiewicz TL. Suprascapular neuropathy. Results of non-
operative treatment. J Bone Joint Surg Am. 1997;79(8):1159-65.

5. Boykin RE, Friedman DJ, Zimmer ZR, Oaklander AL, Higgins
LD, Warner JJ. Suprascapular neuropathy in a shoulder referral
practice. J Shoulder Elb Surg. 2011;20(6):983-8.

6. Collin P, Treseder T, Ladermann A, Benkalfate T, Mourtada R,
Courage O, Favard L. Neuropathy of the suprscapular nerve and
massive rotator cuff tears: a prospective electromyographic study.
J Shoulder Elb Surg. 2014;23(1):28-34.

7. Costouros JG, Porramatikul M, Lie DT, Warner JJ. Reversal
of suprascapular neuropathy following arthroscopic repair
of massive supraspinatus and infraspinatus rotator cuff tears.
Arthroscopy. 2007;23(11):1152-61.

8. Mallon WJ, Wilson RJ, Basamania CJ. The association of supra-
scapular neuropathy with massive rotator cuff tears: a prelimi-
nary report.J Shoulder Elb Surg. 2006;15(4):395-8.

9. Millett PJ, Barton RS, Pacheco IH, Gobezie R. Suprascapular
nerve entrapment: technique for arthroscopic release. Tech
Should Elb Surg. 2006;7(2):89-94.



Chapter 21
Redo Rotator Cuff Repair

Edward G. McFarland, Seyedali R. Ghasemi,
and Alexander Bitzer

Case Presentation

A 56-year-old woman presented to the office with a 10-year
history of right, dominant shoulder pain, loss of motion, and
loss of function after treatment for injuries sustained 10 years
prior to the evaluation. Her first injury was at the age of 46
years, when she fell at work, sustaining a, full-thickness tear of
her supraspinatus tendon. Through imaging and subsequent
arthroscopic rotator cuff repair the tear was discovered to
be full-thickness involvement of the supraspinatus, which
was 3 by 1 cm. After repair, she continued to have pain and
loss of motion so, at the urging of her physical therapist, she
underwent a repeat MRI, which demonstrated a full-thickness
retracted tear of the supraspinatus tendon. She underwent
immediate repeat arthroscopic partial rotator cuff repair
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of the supraspinatus tendon because complete repair was
not possible. She also had a biceps tenodesis and a distal
clavicle excision. Postoperatively she had some mild drain-
age from one portal successfully treated with oral antibiotics
and local wound care. She continued to have pain and loss
of motion and was unable to return to work. Another MRI
demonstrated a retracted tear of the supraspinatus tendon
and the upper infraspinatus tendons (Fig. 21.1). She subse-
quently underwent an arthroscopic repair with dermal graft-
ing material. She failed to regain her motion and continued
to have pain and loss of function. Radiographs demonstrated
a high-riding humeral head with moderate arthritic changes
(Fig.21.2). Repeat MRI showed what appeared to be an intact
grafting material of a couple millimeters thick, a slight effu-
sion, significant atrophy of her supraspinatus and infraspina-
tus muscles, and thickening of the inferior capsule consistent

FiGure 21.1 Sagittal view of an MRI of the shoulder showing
muscle atrophy and fatty replacement of the supraspinatus and
infraspinatus
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FIGURE 21.2 Oblique coronal view of the left-shoulder MRI show-
ing torn and retracted rotator cuff tendon

with adhesive capsulitis. Upon presentation she was clearly
unhappy with her shoulder pain, weakness, loss of motion, and
loss of function. She had pain at night and a constant ache in
the shoulder. She was on permanent disability but wanted a
functioning shoulder. Upon examination, she had global stiff-
ness with loss of 30° compared with the other side for eleva-
tion and all other rotations. She had “endpoint pain” in that,
when she reached the extremes of motion, most of her pain
was reproduced. She was weak, with 3/5 strength in elevation,
4/5 strength in internal rotation, and 2/5 strength in external
rotation and a positive external rotation lag sign. She was
neurologically intact.

Diagnosis/Assessment

For patients who have had multiple surgeries, it is particularly
important to obtain a good history, paying special attention to
complications and to why the pain has not been alleviated.
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Similarly, the physical examination of this patient needs to be
meticulous to understand what is contributing the most to
her pain. The most concerning aspect of this patient’s history
was the presence of wound drainage, so it is critical to evalu-
ate for erythema, warmth, swelling, and drainage. Laboratory
studies such as white blood cell count (WBC), sedimentation
rate, and C-reactive protein should be obtained. MRI scan-
ning can also be helpful in the assessment because, in addi-
tion to characteristics of the rotator cuff tear, findings of
effusion, bone edema, soft-tissue edema, or debris in the joint
are indicative of infection. Typically, patients who have a pre-
vious infection after rotator cuff repair will have little tendon
tissue remaining to repair [1]. If there are concerns about
infection, the patient should undergo repeat arthroscopic
debridement, removal of anchor and suture material if pos-
sible, and intravenous antibiotics. Re-repair should not be
attempted at the time of debridement, and decisions about
re-repair can be made after the infection is cleared. However,
in our experience, typically in patients with infections after
rotator cuff surgery, the rotator cuff tendons cannot be
repaired. Instead, it is imperative to diminish the patient’s
stiffness.

The other confounding issue in this patient is the role of
stiffness in her pain. It is important to establish whether the
loss of motion is due to neural causes or not, so questioning
the patient about paresthesias and neck pain is important.
Similarly, the physical examination should include a complete
neurological examination. The most commonly injured nerves
with rotator cuff repair surgery are the axillary nerve and the
musculocutaneous nerve. However, there can rarely be a bra-
chial plexopathy caused by traction from arm suspension
used in surgery or from regional anesthesia, specifically an
interscalene block.

Evaluating the range of motion in a patient whose previ-
ous surgery has failed can be challenging if there is pain. If
the patient has a large shrug sign [2] or a positive drop-arm
sign [3],it is important to determine whether these are due to
stiffness, pain, or mechanical problems with the shoulder.
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When testing range of motion, typically the patient is asked
to perform the motions actively, such as elevation in flexion
or abduction in the plane of the scapula. Often, patients will
attempt to elevate their arms, which they proceed to do in the
plane of their body with their thumbs down. This maneuver
will undoubtedly produce less-than-normal motion, espe-
cially if the patient has secondary gain. In some patients,
range of motion can be tested better with the patients supine
because gravity is eliminated. If the patient’s active and pas-
sive motions are similarly diminished, then frozen shoulder,
osteoarthritis, fixed glenohumeral dislocation, or avascular
necrosis should be considered.

If the patient has not had a distal clavicle excision, the
acromioclavicular (AC) joint should also be tested for signs
of inflammation. Local tenderness of the AC joint is the most
important test but the active-compression test, cross-arm
adduction stress test, and the arm-extension test have all
been shown to be helpful in localizing pain to the AC joint
[4,5].

Lastly, the patient should be examined to determine the
extent of rotator cuff injury. The supraspinatus can be tested
with resisted abduction and the infraspinatus with resisted
external rotation at the side. The patient should be tested for
an external rotation lag sign, which is performed with the arm
at the side and the elbow bent 90°. The arm is externally
rotated to the maximum and then internally rotated a few
degrees. The patient is asked to hold the arm in that position,
and if they cannot, the arm falls into internal rotation, then
the patient has involvement of the supraspinatus and infra-
spinatus tendons.

The integrity of the subscapularis tendon should also be
evaluated in several ways. The first is increased external
rotation of the shoulder on the side with the subscapularis
tear. The second is the liftoff test, in which the patient is
asked to lift the arm off the back;inability to do this is a posi-
tive test [6]. A liftoff lag sign is also very helpful for deter-
mining integrity of the subscapularis tendon [7]. In this test,
the patient places the arm in internal rotation up the back,
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and the examiner then lifts the hand off the back and asks
the patient to hold it there. A positive test is when the arm
falls to the back or the elbow falls into extension, and this
means that the subscapularis tendon also is irreparable.

This series of examinations should give the examiner a
good sense of what can be achieved with an individual
patient. Imaging should be performed, beginning with plain
radiographs, including a true anterior-posterior radiograph
(i.e., Grashey view) [8] of the shoulder, an anterior-posterior
view in internal rotation, and an axillary view. A scapular Y
view does not add much to the evaluation because it is nei-
ther reliable nor reproducible and has been shown to have no
effect on the clinical result [9]. A plain radiograph with supe-
rior humeral head subluxation or with erosion of the acro-
mion and greater tuberosity suggests that the rotator cuff tear
is long-standing and irreparable [10]. It is important to look
for spurs consistent with osteoarthritis and for joint space
narrowing, because cartilage loss may be contributing to the
patient’s pain and limited motion.

MRI can be helpful to confirm the integrity of the ten-
dons and, in the case of rotator cuff tears, the size of the tear.
Multiple studies have confirmed that the best predictor of
rotator cuff surgery is the size of the rotator cuff tear [11-13].
Muscle atrophy has also been shown to be a negative prog-
nostic sign for success of rotator cuff surgery [11] (Fig. 21.3).
MRI also can demonstrate edema in the bone or soft tissues,
which might suggest infection; however, edema in the muscles
can be seen after acute injury or with Parsonage-Turner syn-
drome [14].

In this patient, blood work would be helpful to rule out
infection. Although the WBC is usually normal, if the sedi-
mentation rate and C-reactive protein level are elevated,
then aspiration of the shoulder could be considered. Long-
standing infections of the glenohumeral joint are often
accompanied by glenohumeral arthritis due to destruction of
the cartilage by the infection. In a chronically infected shoul-
der, MRI can also show edema in the humeral head, debris in
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Ficure 21.3 Plain radiograph showing anterior-posterior view of
the shoulder with a high-riding humeral head, wear of the greater
tuberosity, and moderate glenohumeral joint arthritis

the joint, lymph node enlargement, joint effusion, and diffuse
muscle edema [15].

Plain radiographs of our patient revealed a small spur on
the humeral head but no glenohumeral joint-space narrowing.
There was narrowing of the humeral head to acromial dis-
tance of 3 mm. Her WBC count, C-reactive protein level, and
sedimentation rate were normal, and an aspiration of her
shoulder was negative for cultures over 15 days. Her MRI
showed tendon retraction of the supraspinatus and infraspina-
tus to the glenoid with atrophy and grade I1I-1V fatty infiltra-
tion of the muscles (grade III begins equal fat and muscle and
grade IV begins more fat than muscle) using the system of
Goutallier [16, 17]. The MRI showed no signs of chronic infec-
tion and only mild osteoarthritis of the glenohumeral joint.
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Management

The patient was treated without surgery using a program that
included changing her expectations, avoiding things that
aggravated her shoulder, cryotherapy, daily range-of-motion
exercises, judicious use of NSAIDs, and occasional intra-
articular cortisone injections.

Outcome

She regained function of the shoulder for activities of daily
living but was weak when using the arm overhead and away
from her body. She retired and settled with her employer for
work-related injuries. Ten years later, at last follow-up, she
had nearly full range of motion and little pain. She was antici-
pating shoulder replacement in the future but her shoulder
was not painful enough to warrant surgery.

Literature Review

Decision making for any patient with a rotator cuff tear,
whether recurrent or not, involves many factors. The major
variables shown to determine the success or failure of rotator
cuff surgery are the size of the rotator cuff tear and the
patient’s age [18-20]. Another factor that should be consid-
ered is whether the patient has pain; it is difficult to rational-
ize an operation with limited success when the patient has no
pain. Whether it is the dominant side can be a consideration,
with less compelling need for operating on a nondominant
shoulder. The degree to which the patient has limitation of
function, including activities of daily living, also is a factor.
The goals of the patient in terms of returning to work or sport
should be considered but the patient should have realistic
expectations of what can be accomplished with further sur-
gery. The health of the patient is an important consideration;
in patients for whom an operation is risky such as patients
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with American Society of Anesthesiologists (ASA) classifica-
tion of 3 or 4, the risk of death for better shoulder function
requires special counseling and considerations.

The last consideration for repeat surgery in patients with
failed rotator cuff repair is the natural history of rotator cuff
disease, especially in the face of failed previous surgeries. The
success rate of surgery for failed rotator cuff repair has been
found to be acceptable for pain relief but not function [21].
The re-tear rate (or perhaps the lack of healing rate) after
surgery for large-to-massive rotator cuff tears has been
reported to be 30% to 95% [22, 23]; a patient should be
informed of these rates before any surgical treatment of the
rotator cuff, especially if they have had multiple failed
operations.

The patient should be counseled that the natural history
of rotator cuff surgery is not entirely known. Although
many patients believe that their shoulders are doomed with
torn rotator cuff tendons, the reality is that many can be
functional with some limitations. Gerber et al. evaluated 19
patients with massive rotator cuff tears for 4 years and
found little progression of their degenerative changes [24].
Another study found that rotator cuff repair does not pre-
vent the progression of rotator cuff pathology over time
[25]. When considering surgery, patients should know that
degeneration of the shoulder is not certain, and surgery is
the last resort.

The main goal for the patient with multiple failed rotator
cuff surgeries is to manage the existing pathologies, which
can include stiffness, arthritis, biceps tendon pathologies, and
wear of the tuberosity against the acromion and AC joint. In
our experience, the most common symptom in patients with
multiple failed surgeries is stiffness. A program to improve
their range of motion should include cryotherapy, medica-
tion for pain relief, physical therapy, a home-stretching pro-
gram, and injections of corticosteroids. The patient should
ice the shoulder as often as needed for pain control, after any
stretching session, after physical therapy, prior to before
bedtime, and whenever the pain is severe. Cryotherapy is an
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inexpensive treatment and can be applied easily by most
patients. Medication should include acetaminophen, nonste-
roidal anti-inflammatory drugs, glucosamine with or without
chondroitin sulfate, and pain medication. Physical therapy
should emphasize range of motion until full motion is
attained. A twice-a-week program of physical therapy
appears to create less stress and inflammation than three or
more times a week. A home pulley program of stretching is
recommended on the days when the patient is not seeing the
physical therapist.

Oral corticosteroids can be very effective in these patients.
There is no known limit to the number of oral steroid tapers
that can be prescribed over time but judicious use is recom-
mended. Often, oral corticosteroids will allow the patient to
make major gains in motion. Intra-articular injections have
also been shown to be effective in the treatment of stiffness
[26]. Although damage to the cartilage with repeated injec-
tions is a hypothetical concern, the risk is usually less than the
risk of continued pain and loss of motion.

Lastly, examination of the shoulder under anesthesia with
closed manipulation can be attempted. Diagnostic arthros-
copy can also be performed to evaluate the status of the
articular cartilage and the biceps tendon if it is present. Then,
if needed, debridement of the articular cartilage lesions and
extensive bursectomy along with release of adhesions may be
effective. After surgery, the patient should undergo a pro-
gram similar to the one described previously.

For patients who have undergone multiple failed surgeries,
there are no good options regarding re-repair of the tendons.
Although some surgeons contend that all rotator cuff tears
can be repaired, that has not been our experience [27]. To our
knowledge, there is no surgical option currently available
that will alleviate the pain and restore normal function to the
shoulder. In patients seeking disability benefits or those
involved in worker’s compensation claims, the goals of sur-
gery should be weighed carefully against the final disposition
of the patient; some will not return to work with or without
surgery. Other surgical options include tendon transfers and
reverse total shoulder arthroplasty.
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Clinical Pearls/Pitfalls

Patients with multiple failed rotator cuff surgeries should
be evaluated very carefully for other pathologies contrib-
uting to their pain, including biceps tendon pathologies,
stiffness, arthritis, and infection.

Stiffness is a common cause of continued pain and disabil-
ity in patients with multiple failed rotator cuff surgeries.
A multi-modality approach can often provide these patients
with improved motion and function without surgery.

Most surgical options in this population will not result in a
completely pain-free and normally functioning shoulder.
Surgery, including repair, tendon transfers, and hemiar-
throplasty, should be performed with complete under-
standing of the goals and possible outcomes.

Currently, the final surgical solution for patients after mul-
tiple failed rotator cuff surgeries is reverse total shoulder
arthroplasty but the limitations, complications, and uncer-
tain long-term results warrant caution.
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Chapter 22

Nonoperative Treatment
of Rotator Cuff Tears

John E. Kuhn and Richard Blalock

Case Presentation

A 63-year-old male presented with right-shoulder pain
ongoing for 4 months without a history of an injury. He
noted pain laterally over his shoulder, and had pain at night,
as well as pain during activity. He denied having any pain at
rest. On physical examination he had very limited function
with active forward elevation to 80° (Fig.22.1), abduction to
20 (Fig. 22.2), internal rotation to his back pocket, and
external rotation to 50 . He was also noted to have weakness
in shoulder abduction, forward flexion, and external rota-
tion. He had positive drop-arm, Neer, and Hawkins impinge-
ment signs. He was able to elevate his arm over head while
lying supine. He was also able to perform the “hand-over-
fist” sign (Fig. 22.3) and the “hallelujah” sign (Fig. 22.4). His
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Ficurk 22.1 Clinical photograph showing the patient’s forward flex-
ion on his injured shoulder prior to physical therapy

FiGure 22.2 Clinical photograph showing the patient’s shoulder
abduction on his injured shoulder prior to physical therapy
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FiGure 22.3 Clinic photographs showing the “hand-over-fist” sign

FiGuUrE 22.4 Clinical photographs showing the “hallelujah” sign
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FIGURE 22.5 AP radiograph of symptomatic shoulder without signs
of advanced osteoarthritis

passive range of motion was normal, but painful. His plain
films showed early signs of glenohumeral arthritis; however
there were no signs of a significant rotator cuff tear
(Fig. 22.5). MRI showed a massive rotator cuff tear with
atrophy of infraspinatus, subscapularis, and supraspinatus
muscles (Fig. 22.6). He was also noted to have a chronic
draining wound on his lower leg.

Diagnosis/Assessment

The patient’s history, physical exam, and radiographic find-
ings were consistent with a chronic massive rotator cuff tear.
Rotator cuff tears are common and become more prevalent
as patients age [1]. A systematic review of the many studies
assessing prevalence of rotator cuff tears demonstrates that
the prevalence of full-thickness tears in the population over
40 years is between 11.8 and 40.8% [2].
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FIGURE 22.6 MRI of patients’ symptomatic shoulder. (a) Coronal
image showing full-thickness supraspinatus tear. (b) Sagittal image
showing significant rotator cuff muscle atrophy

It is important to understand that not all rotator cuff tears
are the same and there are marked differences among acute
traumatic tears, acute-on-chronic tears,and chronic atraumatic
tears. Patients with traumatic tears will typically present with
an event that caused acute and severe pain in the shoulder
with immediate loss of function. Patients with acute-on-
chronic tears typically had a history of some mild symptoms
prior to a relatively low-energy injury which exacerbated
their symptoms. Their pain is significant, but seems to
improve over the course of a few days. They may have lost
some function, but return of function occurs over a few days.
Chronic atraumatic tears are degenerative and are often seen
in patients over 60 years old [1-3]. These classically present
with insidious onset of shoulder pain with pain at night and
loss of function, but typically are related to pain. These tears
usually have some degree of muscle atrophy, poor tissue qual-
ity, and tendon retraction, making a rotator cuff repair less
likely to heal.
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Physical examination that employs lag signs can be very
helpful to identify large rotator cuff tears [4]. These lag signs
can be performed with the arm at the side and externally
rotated, the arm held in 90 of abduction and externally
rotated, and with the arm behind the back and held away
from the spine. When the patient fails to hold this position
when the arm is let go, it could be considered a positive test.
Lag signs, a drop-arm test, or the inability to raise the arm are
the ultimate expression of the weakness associated with mas-
sive rotator cuff tears. Interestingly, patients who present with
chronic rotator cuff tears and are able to perform either the
“hallelujah” sign or the “hand-over-fist” sign will have a high
likelihood of successful treatment with physical therapy [5].

Physical examination signs are not particularly useful
when patients have small rotator cuff tears [6], and combina-
tions of physical examination tests may be more useful.
Murrell et al. found that patients who demonstrated supraspi-
natus weakness, weakness in external rotation, and positive
impingement signs had a 98% chance of having a rotator cuff
tear [7]. It must be noted that patients with a rotator cuff tear
can present atypically with a full range of motion and good
muscle strength due to functional compensation [8]. These
patients may require imaging to accurately diagnose the rota-
tor cuff tear.

To evaluate for a suspected rotator cuff tear, multiple
imaging modalities can be utilized. Plain radiographs are
typically the first imaging modality obtained for shoulder
pain. In reviewing plain films, if superior migration of the
humeral head is noted on the AP film, a rotator cuff tear is
highly suspect. This finding indicates a loss of function of the
rotator cuff and appears with long-standing tears. The normal
acromiohumeral distance measures from 9 to 10 mm with a
range of 7 to 14 mm [9]. An acromiohumeral distance less
than 7 mm is consistent with a rotator cuff tear, and a space
less than 5 mm indicates a massive rotator cuff tear [10, 11].
Chronic rotator cuff arthropathies can show joint space nar-
rowing, rounding of the greater tuberosity, acetabularization
of the undersurface of the acromion, superomedial glenoid
wear, and humeral head collapse [12].



Chapter 22. Nonoperative Treatment of Rotator 347

Additional imaging modalities include ultrasound and
magnetic resonance imaging [MRI]. Ultrasound allows quick
and reliable diagnostic imaging for rotator cuff tears; how-
ever its accuracy is highly operator dependent [13]. A meta-
analysis showed that the sensitivity for ultrasound can range
from 66 to 92% and specificity can range from 86 to 94%
depending on the size of the tear and the operator [14]. MRI
allows for visualization of the tear, as well as muscle atrophy,
fatty infiltration, and tendon retraction [15-17]. The sensitiv-
ity for MRI ranges from 64 to 92% and specificity ranges
from 81 to 93%. MRI arthrography improves the sensitivity
range to 91-95% and specificity range to 95-99% [14].

Management

The patient in the case study presented with a chronic rotator
cuff tear. At his initial clinic visit he was given an intra-
articular steroid injection and a physical therapy prescription
specifying the MOON (Multi-center Orthopaedic Outcomes
Network) massive rotator cuff tear protocol. This protocol
was based on a systematic review of Level 1 studies that dem-
onstrate effectiveness of exercise for treating rotator cuff
disease [18]. This protocol was also used in a large prospec-
tive cohort study of patients with symptomatic atraumatic
full-thickness rotator cuff tears, with over 75% success [19].
This protocol is available on www.moonshoulder.com.

The protocol begins with supervised physical therapy, two
to three times a week with the addition of joint and soft-
tissue mobilization. Patients who no longer need joint and
soft-tissue mobilization and have developed proficiency with
the protocol can be moved to a home-exercise program.
Scapular range-of-motion exercises should include shrugs,
shoulder retraction, and protraction exercises. Glenohumeral
motion should start with pendulum exercises and progress to
active-assisted motion and then to active motion as comfort
dictates. Active assist exercises can be performed with a cane,
suspended with pulleys, or simply with just the uninvolved
arm. Stretching should emphasize anterior and posterior
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shoulder capsule stretching. Strengthening exercises should
focus on the rotator cuff and scapular stabilizing muscles.
Exercises should focus on internal and external rotation with
the arm adducted, as well as scaption provided that the
patient does not experience pain with these motions. Scapular
exercises should include chair presses, push-ups with a plus,
and upright rows [18].

Patients with massive rotator cuff tears and poor function
are better served by the protocol described by Levy et al. [S].
This protocol starts with pendulum exercises and active-assist
warm-up for the affected shoulder. Once the patient is able to
elevate the affected arm in forward flexion with the assis-
tance of the uninjured arm while supine, the patient may then
start to try active arm-elevation exercises. After the patient is
comfortable with lifting the affected arm alone, resistance
training may be initiated using an 8 ounce can progressing to
a 1 pound weight. When the patient has become comfortable
doing all these exercises while laying supine the bed is then
elevated 20 and the steps are repeated until the patient is able
to perform all exercises upright.

Importantly, this protocol also calls for strengthening the
muscles surrounding the glenohumeral joint, including the
deltoid and periscapular muscles. The deltoid muscle is
strengthened using resisted exercises involving three motions:
shoulder extension, abduction, and forward punches. Lastly,
strengthening the periscapular muscles is important so as to
control the glenoid during shoulder motion to maximize
shoulder function. The two primary exercises the protocol
utilizes for periscapular strengthening include serratus punch
exercises and upright rows. The serratus punch is performed
with the patient lying supine, holding the affected arm at
90 with elbow extended, and then bringing the scapula
around the side of the chest wall to “punch” the ceiling,
emphasizing scapular protraction. The other exercise is
upright rows emphasizing shoulder retraction. The patient is
seated in an upright position and then squeezes his shoulder
blades together holding for 2 s. Both of these exercises are
started with no resistance and then progressed using
Theraband resistance bands [5].



Chapter 22. Nonoperative Treatment of Rotator 349

Outcome

This 63-year-old male underwent a total of 12 weeks of physi-
cal therapy. On the patients’ 6-week follow-up he was able to
forward elevate his arm to 140 and his pain had improved by
50%:; however, external rotation was still limited to 50 and he
still had shoulder weakness with abduction and external rota-
tion. With a positive response in symptoms and motion,
therapy was continued for another 6 weeks.

After 12 weeks of physical therapy he subjectively felt
80% better in regard to his pain and function. His shoulder
forward elevation as well as abduction had improved to
180 (Fig. 22.7). His external rotation was improved to

Ficure 22.7 Clinical photograph showing the patients’ range of
motion 12 weeks after the physical therapy program. (a) Right-
shoulder forward flexion active motion. (b) Right-shoulder abduc-
tion active motion
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70 and internal rotation to L3. He still had weakness in
external rotation and abduction; however he was very satis-
fied with his results.

Literature Review

The indications for surgery for rotator cuff tears are not well
defined and there is no consensus on who should have sur-
gery. This is demonstrated by the large geographic variation
in rotator cuff repair rates [20], and by the great variation in
approaches to the same patient as demonstrated by surveys
of surgeons [21]. Systematic reviews of the literature demon-
strate a paucity of high-level studies, but using the best evi-
dence available (Level 3 and 4), it seems that acute traumatic
rotator cuff tears do better if repaired early, age and gender
should not affect the decision to have surgery, and strength
and/or functional loss will have better outcomes with a suc-
cessful surgical repair [22, 23].

Pain as an indication for surgery is controversial. The rota-
tor cuff tear severity does not seem to correlate with the
patient’s pain, duration of symptoms, or activity level [24-26].
Patient-reported outcomes of failed rotator cuff repair using
validated patient-reported outcomes are typically good and
cannot be distinguished from successful repairs [27, 28].
Physical therapy for atraumatic tears is successful in over
75% of patients [19, 29, 30]. Finally, while natural history
studies of rotator cuff tears demonstrate that some patients
will have progression and these patients will statistically have
more pain, patients can have progression without pain, or
may develop pain without progression making pain a rela-
tively poor predictor of rotator cuff tear progression [31].

Weakness and functional loss may be better indications for
surgery than pain. The literature supports this concept, par-
ticularly with regard to weakness, where exercise therapy
may improve function, but not necessarily strength [32, 33],
and in patients in whom rotator cuff repairs have failed, they
generally report good pain relief, but are found to be weaker



Chapter 22. Nonoperative Treatment of Rotator 351

than those whose repairs heal [27, 28]. In summary, indica-
tions for surgery should include acute tears, acute on chronic
tears with loss of function, and chronic tears with weakness or
loss of function. Pain in a patient with a chronic, atraumatic
tear may not be a strong indication for surgery and nonopera-
tive treatment should be employed.

Multiple small case series have demonstrated that nonop-
erative treatment can be helpful in patients. These case series
are promising although limited, as they are retrospective in
design, subject to selection bias, including only patients with
massive rotator cuff tears, or systemic illness in which surgery
cannot be performed [34-37].

Several prospective studies looking at success rates of non-
operative treatment of rotator cuff tears have also been per-
formed. One prospective cohort included 103 shoulders with
rotator cuff tears treated without surgery. This study showed
lasting pain relief up to 13 years after diagnosis, and 72% of
patients had no disturbance in activities of daily living [38]. A
second prospective study enrolled all patients with atrau-
matic rotator cuff tears into a physical therapy program [19].
The study enrolled 422 patients and followed them for more
than 2 years. After 12 weeks of physical therapy, 15% of
patients had opted to undergo surgery. After 2 years only an
additional 11% of patients in the cohort had undergone sur-
gery for their rotator cuff tears. This study suggests that 74%
of patients with atraumatic rotator cuff tears can be success-
fully treated with physical therapy. All of the patient-reported
outcomes showed improvement at 6 and 12 weeks in those
patients who were treated nonoperatively, and most patients
who elected to undergo surgery did so in the first 12 weeks of
treatment [19]. Of interest, failure or success of nonoperative
treatment was predicted strongly by the patient’s expecta-
tions of treatment [39]. If the patient believed that the therapy
program would work it would; patients who did not have
confidence in the effect of exercise would fail. The failure had
no relationship to the anatomy of the rotator cuff [18].

It is reasonable to consider prevention of tear progression
as an indication for surgical repair of rotator cuff tears. It is
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known that some rotator cuff tears progress in size, and these
patients are statistically more likely going to develop symp-
toms [31, 40, 41]. However, one cannot effectively use pain as
a predictor of rotator cuff tear enlargement as some tears
progress without pain, and some patients develop pain with-
out progression [31]. We do know that older patients with
larger tears are less likely to heal their degenerative rotator
cuff tears, and therefore one might surmise that surgical
repair for younger patients with smaller tears might prevent
rotator cuff tear progression. There is some data to suggest
that repair might delay the muscle changes associated with
tear progression [42]. Alternatively, one could argue that
younger patients with degenerative rotator cuff disease may
have a genetic predisposition toward rotator cuff tears, and
that surgical repair may only delay the inevitable rotator cuff
failure [43]. Clearly we need better natural history studies to
identify who would benefit best from surgical repair of their
rotator cuff tear.

Clinical Pearls/Pitfalls

e Weakness or functional loss is an indication for surgery.
Pain is not as clear and may not relate to the presence of
the rotator cuff tear.

¢ Exercise therapy is an effective treatment for chronic rota-
tor cuff tears.

e Patients who do not respond to physical therapy will typi-
cally withdraw themselves in the first 12 weeks of
therapy.

e Physical therapy is effective in improving pain and dys-
function, but not necessarily strength.

e Physical therapy should emphasize glenohumeral and
scapular range of motion, along with rotator cuff and
periscapular muscle strengthening.

e Patient expectations drive the outcome. If a patient does
not believe that exercise will be effective, he or she will
likely fail nonoperative treatment.
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diagnosis, 329-333
literature studies, 334-336
management, 334
outcome, 334

Retracted rotator cuff tendon,

329

Reverse total shoulder

arthroplasty, 225-231,
247,254
bonegraft (see Bone graft)
diagnosis, 224-225
latissimus dorsitransfer (see
Latissimus dorsi
transfer)
literature studies, 232-233
operative management
deltopectoral incision,
225,226
humeral head osteotomy,
225-231
humeral osteotomy,
227
patient positioning,
225
prosthesis placement,
225-231
reamed glenoid, 229
reaming guide placement,
229,230
rehabilitation, 231
tuberosity exposure, 226,
227
outcome, 232
patient selection, 223,233
physical examination,
223-224
postoperative radiographs,
231

Rotator cuff calcific tendonitis

(RCCT). See Calcific
tendonitis
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Rotator cuff repair, 277-282,
284-288
openrepair (see Open rotator
cuff repair)
partial-thickness (see
Partial-thickness cuff
repair)
platelet-rich plasma
administration methods,
287
classification systems, 284
clinical and structural
outcomes, 285
delivery methods, 284-285
healing process, 282
patient selection, 277
vs. physical therapy, 288
postoperative protocol,
282
postopertive effects, 287
preoperative imaging, 278
preparation and
administration,
279-282
stratified sub-analysis, 286
successful use, 286
platelet-rich plasma diagnosis,
278-279
redorepair (see Redo rotator
cuff repair)
Rotator cuff tendonitis, 3-15
causes, 2
description, 1
first-line treatment, 2
os acromiale
bony healing, 13, 14
diagnosis, 10
literature studies, 13-15
mesoacromion-type, 10
nonoperative
management, 10
operative management,
11-13
types, 12,13
physical examination, 3

subacromial decompression

and distal clavicle
resection

diagnosis, 3

literature studies, 7-9

operative management,
4-7

outcome, 7

S
Serratus punch, 348
Severe rotator cuff tears,
139-145, 165
diagnosis, 138-139
literature studies, 144-148
openrepair (see Open repair,
severe tears)
operative management
anchor-tunnel hybrid
repair, 141-145
patient positioning, 139
retracted supra and
infraspinatus tear, 139
transosseous equivalent
technique, 140, 141
outcome, 143
patient selection, 137
preoperative image,
137,138
transosseous vs. anchor-based
repair, 147
Shoulder
abduction, 342,349
forward flexion, 342, 349
terrible triad, 133
Shoulderarthroplasty. See
Reverse total shoulder
arthroplasty
Shoulder impingement syndrome
(SIS). See Rotator cuff
tendonitis
Shoulder instability and rotator
cuff tear, 119-134
glenohumeral dislocation
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122,123
diagnosis, 121-122
MRI evaluation, 120, 121
outcome, 123-126
patient selection, 119
literature studies
cuff tears and
glenohumeral
instability, 132
recurrent instability, 133
terrible triad, 133-134
massive cuff tear
arthroscopic management,
129-131
diagnosis, 128
outcome, 131
patient selection, 126
preoperative images,
126-128
Side-to-siderepair. See Margin
convergence
Spinoglenoid notch, 324, 325
Subacromial decompression and
acromioplasty, 75
Subacromial impingement, 2
Subcoracoid tendon transfer,
203
Subscapularis repair, 105,
107-113
arthroscopic portals,
105-106
clinical examination, 103-104
diagnosis, 105
lesion types, 106-107
literature studies, 114-115
operative management
bone debridement,
110-111
mediolateral translation
assessment, 108, 109
patient positioning, 105
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reattached tendon,
112-113
screw positioning, 111
tendon mobilization,
108-110
tendon penetration and
reattachment, 112
tendon rupture, 107-108
outcome, 114
patient selection, 103
postoperative treatment,
113-114
tendon rupture, 104
Subscapularis tendon, 331
Supracoracoid and subcoracoid
transfers, 202
Suprascapular artery, 317, 322
Suprascapular nerve, 322
Suprascapular nerve
compression, 315
Suprascapular neuropathy (SSN)
diagnosis, 314, 315, 320
literature studies, 323-325
management, 316,317,
321-323
outcome, 320, 321, 323
Supraspinatus muscle, 316, 321
Supraspinatus tear, 316, 345
Supraspinatus tendon, 316, 319,
327,328,331

T

Terrible triad, 133

Transosseous equivalent
technique, 140, 146

Transverse scapular ligament
(TSL), 317,318,
321,322

Traumatic tears, 345

Tuberoplasty, 305

Tuberosity, 314,315
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