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Arthroscopic treatment of rotator cuff tears has become
a routine procedure following a general trend toward us-
ing less invasive procedures. Proponents of this technique
emphasize the decrcased risk of complications such as
infection, stiffness, and deltoid avulsions, whereas crit-
ics mention the lack of long-term studies, the contro-
versy over the strength of fixation, and the technical
challenge of all-arthroscopic repair of large tears for inexpe-
ricnced practitioners. To help address the latter, this chap-
ter will provide an overview ol the indications, technique,
and rehabilitation associated with arthroscopic rotator cuff
repait.

PATHOGENESIS
Etiology

Although the exact pathogenesis is controversial, a com-
bination of intrinsic and extrinsic factors is likely respon-
sible for most rotator cuff tears. Intrinsic factors relate
to the quality of the tendon substance itsclf, such as the
chronic degeneration brought on by the relative hypoper-
fusion of a watershed arca close to the insertion on the
greater tuberosity, in conjunction with repetitive micro-
trauma.

Impingement ranks foremost among external factors im-
plicated in rotator cufl tears. External or outlet impinge-
ment, the most common form, is caused by compres-
sion of the rotator cuff tendons as they pass underneath
the coracoacromial arch. Narrowing of the subacromial
space can be caused by the acromion itself as a result
ol arthritic changes ol the acromioclavicular joint or by
posttraumatic changes after proximal humerus fractures,
especially with displacement of the greater tuberosity. In
contrast, internal impingement is a controversial entity that
has been described more recently and is thought to occur
primarily in overhead and throwing athletes. Tts anatomic

correlate consists of undersurface fraying of the infraspina-
tus tendon where it contacts the posterior glenoid as the
arm is placed in maximum abduction and external rota-
tion, such as the late cocking phase of throwing. Although
this contact may olten be present physiologically, the repet-
itive injury and eccentric loading associated with throw-
ing can lead to labral and rotator cuff tears. Tast, and in-
trinsically refated to internal impingement, is sccondary or
nonoutlet impingement. This is olten described as a dy-
namic process in which subtle subluxation of the humeral
head with activity can acutely narrow the subacromial space
and thus lead to impingement symptoms. It is associated
with mild glenohumeral instability but can also result from
contracture of the posterior capsule, which causes obli-
gate anterosuperior humeral head translation with forward
flexion.

A thorough understanding of the ctiology of rotator cuff
tears enables the physician to formulate a treatment plan
to address the specific pathology present in a particular pa-
tient.

Epidemiology

The point prevalence of shoulder pain has been estimated
at 7% to 25% and the incidence at 10 per 1,000 per vear,
peaking at 25 per 1,000 per year among those 42 to 46
vears ol age. ltowever, these are likely underestimates, as a
large proportion of patients with rotator cuff tears remain
asymptomatic. It is clear, nonctheless, that rotator cuff tears
are strongly related to age; magnctic resonance imaging
(MRD) scans of participants without shoulder pain reveal
partial- and full-thickness rotator cuff tears in 4% of indi-
viduals younger than 40 vears of age and in >50% older than
60 years. Furthermore, autopsy studies have demonstrated
a prevalence of full-thickness rotator cuff tears ol 6% in
subjects younger than 60 years and 30% in those older
than 60 vears, allhough it was unknown how many of these
had shoulder pain. Overall, the number of individuals with
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rotator cuff dysfunction is expected to grow with an aging
population that is increasingly active and less willing to ac-
cept functional limitations.

Pathophysiology

In most rotator cuff tears, a combination of intrinsic and
extrinsic factors leads to chronic tendon degeneration with
eventual tensile failure. Rarely, acute tensile overload can
lead to rupture of a healthy or minimally degenerated ten-
don. Most tears occur in and around the critical zone of the
supraspinatus, an area between the bony insertion and mus-
culotendinous junction, with relative hypoperfusion leading
to increased susceptibility to damage. The natural history
of rotator cuff dysfunction is not well understood. Prior in-
vestigations have demonstrated that 50% of individuals with
asymptomatic tcars developed pain within 5 years, although
onlv 30% demonstrated increases in tear size. Studies in-
vestigating partial tears of the rotator cufl have demon-
strated enlargement or progression to full-thickness tears
in 80% of paticnts over a period of 2 years with nonop-
crative therapy. Once tears occur, there seems to be little
to no evidence of spontaneous healing. A histopathologic
study showed no signs of healing in pathologic specimens
from partial-thickness tears. Furthermore, although shoul-
der complaints may be short lived, one study reported per-
sistence or recurrence of symptoms in 40% to 50% of indi-
viduals 1 year after the initial presentation. It should also
be understood that irreversible changes occur over time in
the muscle tendon complex in the setting of rotator cuff
detachment.

Classification

Partial tears generally involve <50% of the tendon thickness
and do not lead to retraction of the muscle. Depending on
the location within the rotator cuff tendon, partial-thickness
tears can be classified as intrasubstance, bursal sided, or
articular sided (undersurface), the latter constituting ap-
proximately 90% of partial tears. Weakness is uncommon
in partial thickness tears but can arise from pain, which is
often greater than in complete tears.

In contrast, full-thickness tcars represent complete dis-
continuity of rotator culf fibers resulting in communication
between the articular and bursal spaces. The extent of the
lesion on imaging studies is described in both anteroposte-
rior and mediolateral directions. One centimeter is generally
considered small, 1 to 3 cm medium, 3 to 5 ¢cm large. and
>5 cm massive. Tears that involve two or more tendons
can also be classified as massive and require more com-
plex reconstruction. In larger tears, chronically retracted
muscles undergo fatty degeneration over time that may be
irreversible and may make results of direct repair unsatis-
factory.

Rotator cuff tears can be further classified based on tear
configuration. Crescent-shaped, L-shaped, and U-shaped
tears have been described, all of which require slight mod-
ifications in repair technique to achieve excellent fixation
(see below).

DIAGNOSIS

Physical Examination and History

Clinical Features

Rotator cuff pain is frequently described as a dull ache of
insidious onset extending over the lateral arm and shoulder.
Overhead activities exacerbate the pain, and pain frequently
increases at night and may awaken the individual from sleep.
Weakness with the inability to abduct and elevate the arm is
scen in more advanced cases; patients frequently describe
difficulties combing hair, holding a hair dryer, and removing
the wallet from their back pocket. Acute onset of weakness,
especially in association with trauma, may indicate an acute
tear.

The clinical examination of a candidate for arthroscopic
rotator cull repair follows the standard shoulder exam de-
scribed in earlier chapters. As in any preoperative eval-
uation, assessment of associated pathology that could
be encountered at the time of surgery is crucial. The
biceps tendon, capsulolabral complex, acromioclavicular
joint, acromion, and cspecially the subscapularis tendon
are structures that may require additional interventions
that could considerably prolong and complicate an all-
arthroscopic procedure. Recognition of the size, shape, and
tissue quality is crucial to a successful arthroscopic repair.

Radiologic Features

Radiography. In the anteroposterior (AP) view, joint
space narrowing and ostcophyte formation may indicate
arthritis of the glenohumeral or acromioclavicular joints.
Calcium deposits from calcifving tendonitis usually present
just proximal to the rotator cuff insertion. Elevation of the
humeral head on AP radiographs, especially when the sub-
acromial space is decreased to less than <5 to 7 mm, has
been associated with large rotator cuff tears. The axillary
view is essential to exclude the possibility of a dislocation.
This view also shows the joint space and helps identify the
rarc but occasionally symptomatic os acromiale, which is
a persistent and ununited ossification center at the end of
the acromion. The 30-degree caudal tilt view is useful to
assess the condition of the acromioclavicular joint. Finally,
the supraspinatus outlet view allows visualization of the
bony structures of the scapulothoracic motion interface and
shows acromial spurs or calcification of the coracoacromial
ligament that might compress the underlying rotator culff.

Ultrasound. Ultrasound is noninvasive, readily available,
and inexpensive. Recent studies using arthroscopy or MRI
lor validation of ultrasound have demonstrated sensitivi-
ties of 58% to100% and specificities of 78% to 100% for
tull-thickness tears. It is less accurate in the detection of
partial-thickness tears with sensitivities ranging from 25%
to 94%.

MRI and MR Arthrography. Magnetic resonance imag-
ing has sensitivities close to 100% for full-thickness tears
and has all but replaced arthrography for the diagno-
sis for rotator cull pathology. Moreover, the additional
quantitative and qualitative information gleaned from this




cross-scctional study aids in the surgical planning and prog-
nosis. The combination of MRI and gadolinium arthrogra-
phy further improves sensitivity, especially for the detee-
tion of partial tears, to >90%, and of labral pathology to
>80%. Important concerns regarding MRI include the as-
sociated cost and high frequency of false-positives. Up to
30% of asymptomatic volunteers have findings of rotator
cuff anomalies, and up to 50% show labral anomalies.

The surgeon should closely review all MRI series and im-
ages preoperatively to determine tear size and location, as
well as tissue quality, since massive tears with retraction and
fatty degeneration of the muscle might prove to be irrepara-
ble. Coronal images best show the supraspinatus and degree
of tendon retraction, axial images best display subscapularis
disruption, and sagittal images will give an estimate on the
width of the cuff insertion that is disrupted.

TREATMENT
Nonoperative Treatment

A trial of nonoperative treatment is indicated in virtually all
patients with rotator cuff pathology. One exception is the
voung patient presenting with acute weakness owing to a
traumatic event. Conservative treatment includes subacro-
mial steroid injections and anti-inflammatory medications
to control pain in the acute period, followed by a physical
therapy program designed to increase muscle strength and
balance. This is best accomplished with attention to proper
rehabilitation of the scapular stabilizers, the remaining
intact rotator cuff, and the anterior deltoid.

Surgical Indications/Gontraindications

The indications for arthroscopic rotator cuff repair follow
those of open rotator cuff repair. The primary indication for
surgical treatment is persistent pain unresponsive to non-
operative measures: poor function and diminished strength
arc sccondary indications. The ideal surgical candidate is
a compliant patient with adequate tendon quality who can
follow a rigorous postoperative rehabilitation program. All
patients should recognize that the results are dependent on
many factors including tear size and retraction, tissue qual-
ity, muscle degeneration and atrophy, and overall health of
the patient.

The few contraindications to arthroscopic rotator cull
repair include active or recent infection, medical comor-
bidities that make surgery or anesthesia unsafe, and ad-
vanced glenohumeral arthritis requiring arthroplasty. Rela-
tive contraindications may include significant fatty infiltra-
tion of the involved muscles and fixed superior migration of
the humeral hecad with marked retraction ol tendon edges

on MRI.

Operative Treatment

Surgical Gonsiderations

The goal of arthroscopic rotator cuff repair is to relieve
pain and improve shoulder function while addressing all
concomitant intra-articular pathology in a minimally inva-
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sive manner. Many technical aspects of arthroscopic rota-
tor cuff surgery are evolving as our understanding of failure
mechanisms and patient outcomes grows. Many issues re-
main controversial, such as the need for routine acromio-
plasty, the management of incomplete tears, optimal suture
management, and anchor conliguration—single row ver-
sus double row. Nonetheless, the successtul arthroscopic
treatment of rotator cull tears depends on recognition of
tear patterns, appropriate usc of releases, secure fixation
with restoration of the footprint under minimal tension, and
proper rchabilitation.

Currenlly, most surgeons r()utinely perform an acromio-
plasty as part of the decompression prior to initiating repair.
This may improve visualization in addition to reducing po-
tential external compression of the cuff from the anterolat-
eral acromion while affording space for the repaired tendon
to clear the acromion during rotation. However, recent stud-
ics have suggested that routine performance of an acromio-
plasty may not be necessary. The primary technical con-
cern while performing the acromioplasty relates to release of
the coracoacromial (CA) ligament. A complete release of the
ligament should be avoided, especially in large and massive
rotator cuff tears, since it provides a restraint to superior
escape of the humeral head in the rotator cuff deficient
shoulder. An adequate acromioplasty, however, can casily
be performed even without complete release of the CA liga-
ment. Also, sparing the most anterior attachment of the CA
ligament, as well as the deltoid fascia, helps to minimize
fluid extravasation during subacromial arthroscopy.

Anesthetic Gonsiderations

Arthroscopic rotator cull repair is usually performed un-
der gencral anesthesia with endotracheal intubation, la-
ryngeal mask ventilation, regional anesthesia through an
interscalene nerve block, or a combination thereof. The
decision is made in collaboration with the patient and ancs-
thesiologist. Regional anesthesia is beneficial especially for
same-day surgical procedures since its analgesic effects
commonly continue for several hours past discharge. Pre-
emptive analgesia with nonsteroidal anti-inflammatories
(NASAIDs) given the night before the operation is being
used by an increasing number of surgeons and is usually
continued for several days postoperatively. Concerns are
emerging, however, regarding the potential inhibitory ef-
fecets that NSAIDs might have on the carly healing process.

Patient Positioning and Portal Placement

Based on the surgeon’s preference, the patient is placed in
cither the beach-chair or lateral decubitus position. Al-
though each position has unique advantages and limita-
tions, both are acceptable choices for arthroscopic rotator
cuff repair.

Portals uselul in arthroscopic rotator cuff repair include
standard posterior, anterior, anterolateral, and posterolat-
eral portals (Fig. 40-1) as described in previous chapters.
Anchor placement occasionally requires accessory portals
that deviate [rom the standard portals described above.
These portals should be kept as small as possible to minimize
injury to the deltoid muscle and used only for percutaneous
anchor placement without the use of a cannula. Another
portal that we have recently described and find particularly
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Figure 40-1  Standard portals in shoulder arthroscopy.

uscful is the posteromedial portal, which is placed approx-
imately 3 cm medial to the standard posterior portal and
allows an in-line passage of a suture retrieving instrument
(i.c., pcnclraling suture gruspcr).

Surgical Technique

Diagnostic Arthroscopy. Abricl diagnostic arthroscopy is
performed through standard anterior and posterior portals
to evaluate potentially associated pathology. Alter the rota-
tor cull tear is visualized, itis often helpful to mark the exact
location by passing a suture percutancously through the tear
into the subacromial space, especially in small tears, which
can be difficult to visualize once the subacromial space is
entered.

Subacromial Decompression. A burscctomy and limited
acromioplasty is performed with an arthroscopic bur and
radiofrequency ablation device to control bleeding. The ro-
tator cull tear is judiciously debrided simply to freshen the
leading edge. The insertion site on the greater tuberosity
(footprint) is cleaned of soft tissues and gently superficially
debrided to create a bleeding subcortical surface.

Releases. 'Torn rotator cuff tendons often are contracted
through their capsular attachments or are adherent to sur-
rounding tissuc. Releasing these attachments and adhesions
with an electrothermal device or an arthroscopic clevator is
crucial to obtaining [ull cuff mobilization. With a grasper or
traction suture on the leading C([gc, the surgeon can evalu-
ate the results of the performed release. If the tendon can
be reduced to the footprint only by applyving signilicant ten-
sion, further releases should he performed to allow for a
tensionfree repair.

Releases should be performed between the cuff tendons
and the undersurface of the acromion. Anterior releases in
the rotator interval region can separate adhesions between
the supraspinatus and the coracoid and subscapularis. Oc-
casionally, posterior release between the supraspinatus and
infraspinatus is required. In long-standing tears, the cuff
may be adherent to the glenoid neck, and releasing the
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capsule adjacent to the superior and posterior labrum is
particularly useful. TTowever, the suprascapular nerve and
vessels are at risk during this dissection, which should
not extend further than | to 2 em medial to the glenoid
rim.

Tear Patterns. As mentioned earlier, several tear config-
urations have been described. Crescent-shaped tears are
more commonly found acutely or subacutely and usually are
casily mobilized and repaired directly to bone with suture
anchors (Iigure 40-2). U-shaped tears are usually larger and
may require side-to-side repair (i.c., margin convergence)
to reduce tear size and decrease tension on the leading
edge, thus allowing for a more stable repair to the tuberosity
(Iligure 40-3). 1 -shaped tears arc best addressed with a side-
to-side repair of the longitudinal limb before securing the
horizontal limb to bone with suture anchors (Figure 40-4).
Side-to-side repairs are performed with [ree sutures that
can be passed through the tendon substance with various
instruments and techniques (Figure 40-3). Our prelerence
is to use a straight penetrating suture grasper v hen work-
ing in the posterior two thirds of the cuff as well as dur-
ing repair of the more medial extent of the side-to-side

Figure 40-2

Crescent=shaped tear and repair
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Figure 40-3  U-shaped tear and repair,

component of the tear. More laterally and anteriorly,
a straight shuttle-tvpe suture passing device is more
cffective.

Fixation. The actual repair of the tendon to the tuberos-
ity can be performed with various techniques. The two most
common portal configurations involve visualization through
the lateral portal with instrumentation through the posterior
or posteromedial portal (our preference), and vice versa. The
first step is to prepare the footprint on the greater tuberosity
to obtain an optimal environment for healing, Increasingly,
surgeons relrain from extensive decortication during prepa-
ration of the footprint with an arthroscopic bur since it does
not appear to improve healing and can compromise suture
anchor fixation.

Arthroscopic repair of the rotator cuff tendon to the
footprint uses suture anchors, which can be either bioab-
sorbable or metal, depending on surgeon preference.
Advantages of bioabsorbable anchors include decrcased ar-
tifacts on follow-up MRI and eventual resorption, poten-
tially making revisions easier and reducing concerns over

Figure 40-4  L-shaped tear and repair

loose anchors that could damage the joint. Advantages of
metal anchors include lower cost, decreased risk of anchor
breakage during insertion, and lack of reactivity in the sur-
rounding bone. Anchors are placed in the lateral aspect of
the footprint for a single-row technique, or medially and lat-
erally for a double-row technique in larger tears amenable
to this anchor/suture configuration. The double-row tech-
nique reduces tension on the lateral anchors and secures
the tendon to a larger bony surflace.

After anchors are placed, the suture on the anchor must
he passed through the rotator cuff tendon. There are many
devices on the market to [acilitate this process: however, the
scnior author prefers working with low-profile penctrating
suture graspers for the posterior cuff in combination with
a 45-degree ipsilateral (i.e., right curve for right shoulder)
curved suture shuttle device for the more anterior aspect
of the tear. Alternatively, there are several excellent devices
that can be passed with a loaded suture directly through
the anterolateral or lateral portal (while viewing from
posteriorly) and passed antegrade dircctly through the lat-
eral tendon edge. Whenever shuttling or making use of the
antegrade suture passing device, it is helpful to avoid having
more than a single suture limb within the cannula at any
given time to avoid entanglement.

It is important to consider the direction of tear retraction
when placing sutures. Since most tears of the supraspinatus
and infraspinatus tendons retract in a posteromedial fash-
ion, sutures should be placed more posteriorly relative to
the anchor to restore proper tendon orientation. Suture an-
chors should be placed in a methodical order to help with
suture management, often [rom posterior to anterior. Su-
tures should be stored in unused cannulas to avoid entan-
glement, and only one suture should be kept in a working
cannula during knot tying. We typically, whenever possible,
place a central and medial anchor loaded with two suturces
and retrieve all [our limbs with a penetrating suture grasper
placed through the posteromedial or posterior portal, creat-
ing two independent horizontal mattress sutures. Next, we
place at least two additional anchors beginning more poste-
rior and lateral to the [irst medial anchor already in position.
The final anchor is placed typically just behind the bicipital
groove in line with the second more laterally placed anchor.
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Figure 40-5 Side-to-side repair techniques for margin comversion sutures: antegrade (left), antegrade
I q g ) <

hand-off’ (middle), and antegrade shuttle (right) techniques.

Arthroscopic knot tying is a crucial technical aspect of a
successful repair. Although many different sliding and non-
sliding techniques have been described, the senior author
prefers simple hall hitches on alternating posts. This re-
liable and simple method does not require sliding of the
suture through the tissue, which has been incriminated in
suture cutout. lrrespective ol the technique used, care must
be taken to ensure that the knot tightly reduces the ten-
don to the anchor and bony bed of the footprint to allow
healing.

Results and Outcome

Clinical outcomes after arthroscopic rotator cuff repair have
been comparable to open reconstruction, despite the fact
that radiologic investigations have demonstrated a compar-
atively higher rate of recurrent tears on MRI lollow-up.
Between 77% and 98% of patients are satisfied with their
outcome after rotator cull repair, with excellent pain relief
and functional improvement in >80%. Benelits of arthro-
scopic repair versus open or mini-open techniques include
smaller incisions with less soft tissue dissection, avoidance
ol deltoid detachment, improved visualization of the en-
tire glenohumeral joint for evaluation and treatment of
concomitant pathology, and decreased postoperative pain.
However, arthroscopic repair has been associated with a
signiflicant rate of recurrent tears. Our own results have
demonstrated a retear rate of <47% at 2 years on MRI ex-
amination. Nonctheless, clinical results do not seem to suf-
fer in these patients. We have lound significantly improved
functional and pain scores, as well as improved strength,
even in the setting of a recurrent tear, with patients rating
their postsurgical shoulder at 85% of their normal contralat-
eral side.

C()mplicuti()ns are C()m])zlmti\'e]y low, with inlection re-
ported in <1% of cases. Traction injuries of the brachial
plexus occur as very rare complications when shoulder
arthroscopy is performed in the lateral decubitus position,

but are usually transient. The incidence ol minor complica-
tions related to edema from fluid extravasation is unknown
and is typically inconsequential: however, there have been
reports of subcutancous emphysema causing serious pul-
monary complications during shoulder arthroscopy. which
emphasizes the need for continued monitoring of the pa-
ticnt’s shoulder and neck for excessive swelling or crepitus.

Postoperative Management

The postoperative rehabilitation program is one of the most
important factors in achicving a good result. Postopera-
tively, patients are typically placed in a sling and a sup-
portive abduction pillow, which is worn at all times, except
for hygiene and therapeutic exercise. The rehabilitation pro-
gram is divided into three phases. which are based on the
progression of healing with increasing strength of the re-
construction:

In phase | (weeks O to 4), exercises are restricted to pas-
sive range of motion (ROM), with limits of motion based
on intraoperative assessment of repair stability. Therapeu-
tic exercises during this phase include pendulum exereises;
elbow, wrist and hand RONL: grip strengthening: and iso-
metric scapular stabilization.

During phase 2 (weeks 4 to 8), the sling is discontinued
and ROM is progressed to 140 degrees of forward flexion,
40 degrees of external rotation, abduction to 60 to 80 de-
arees, and posteri()r Capsular slrclching to maintain or im-
prove internal rotation. Therapeutic exercises are advanced
to gentle active-assisted exercises in the supine position with
progression to active excrcises with resistance at 6 weeks
Deltoid and biceps strengthening is initiated, with the arm
kept close to the side to minimize lever arm forces on the
rotator cufl.

Phase 3 (approximately weeks 8 to 12) is characterized by
progression to full motion as tolerated. Scapular strength-
ening is continued, and internal and external rotation iso-
metric exercises are added to the program. During the



final phase of rehabilitation, sport-specilic activities are
initiated, flexibility is maintained, and strengthening ex-
ercises are continued. Usually, formal physical therapy is
discontinued after approximately 4 months, with return to
unrestricted athletic activitics at 6 months.
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