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Abstract: The management of massive rotator cuff tears (MRCT) presents a unique challenge to many
orthopedic specialists. Unlike tears that are predicted to do well with primary, complete repair, MRCT are
affected by tissue retraction, in-elasticity, bursal scarring, muscle atrophy, and fatty degeneration; operative
repair thus portends worse healing rates than smaller tears and is associated with recurrent tear rates of
up to 91% based on ultrasonography and magnetic resonance imaging (MRI). Rotator cuff tears are a
common condition in patients over the age of 50. Thus, multiple advances in treatment strategies have been
made to combat the limited efficacy of complete or partial rotator cuff repair in the setting of a massive or
irreparable rotator cuff tears. It is of utmost importance that the operating orthopedic surgeon be familiar
with these various treatment modalities to best serve the patient and that they harbor these skills within their
armamentarium. This article details a review of the current literature including nonoperative and operative
treatments for the management of massive and irreparable rotator cuff tears. The primary objective is to
propose a literature-based algorithm for the treatment of massive and often irreparable rotator cuff tears to

allow for informed ease in the decision-making process.
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Introduction detached from the tuberosity so he defined a MRCT as
detachment of two or more entire tendons (6). Burkhart

Since massive rotator cuff tears (MRCT) have outcomes proposed that MRCTs were classified based on tear

that differ from smaller tears (1-4), appropriately pattern and mobility (7). Most recently, an expert opinion

identifying them is important when setting patient
expectations and planning treatment. While there is
no consensus on the best classification system to define
MRCT, authors commonly describe them using previously
established functional and anatomical characteristics.
Cofield classified them as tears >5 c¢cm measured from
anterior to posterior or medial to lateral (5). Gerber

believed it was more accurate to define tear size by amount
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panel study using a modified Delphi technique deemed
the following characteristics most important in defining
MRCT: (I) retraction of tendons to the glenoid rim, shown
in the coronal plane or in the axial plane; (II) and/or
>2/3 of the greater tuberosity exposed based on a sagittal
measurement; (I1T) assessed intraoperatively or by magnetic
resonance imaging (MRI) (8). While this latter definition
does not consider patient symptoms and function, it does
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account for both tear size and retraction as well as allows
for preoperative and intra-operative measurement. None
of these descriptions is perfect and all have some risk of
interobserver differences based on patient positioning
and measurement technique, however it remains prudent
to consider all of these characteristics and descriptions in
order to distinguish the MRCT from others that may be
more amenable to primary operative repair.

Factors to be considered in the treatment
decision

History and chronicity

The chronicity of the massive rotator cuff tear proves vital
in the treatment decision-making process. Acute tears
usually occur in younger individuals after a trauma and
usually do not demonstrate atrophy or significant retraction,
often making these tears more amenable to direct tendon
to bone repair. MRCTs that are more chronic are typically
found in an older patient population and have a more
varied clinical presentation. These tears usually involve
progressive development of symptoms over time without a
known injury or traumatic event. Direct repairs of these tears
are plagued by high retear rates due to their associations with
tendon retraction, muscle atrophy and hypovascularity (9).
A third group of patients may present with acute-on-
chronic tears. These again are more common in older
patients and may present as the result of an injury in a
patient with prior shoulder symptoms, though some may be
previously asymptomatic but have findings associated with a
more chronic tear. These latter two types of tears have less
predictable treatment outcomes leading to much discussion
about the optimal treatment approach.

Imaging

It is important to remember that not all MRCT are
irreparable. While primary repair can be technically
challenging, many of these tears can be repaired with
appropriate technique (10). Determining if a MRCT is
reparable preoperatively can be difficult, but various imaging
findings have been reported to correlate with irreparability.
Dwyer et 4l. found that retraction to the level of the glenoid
rim, superior migration of the humeral head, as well as a
positive tangent sign are factors associated with decreased
ability to repair a rotator cuff tear (11). Yoo et 4/. also studied
preoperative MRI with arthroscopic repair and posed that
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fatty infiltration of the supraspinatus of grade 3 or more,
and fatty infiltration of the infraspinatus greater than grade
2 portend a poor prognosis for repair (12). Other described
signs of irreparability include acromiohumeral distance
<7 mm, and fatty infiltration grade 3 or more (13,14). While
imaging may assist in surgical planning and determination
of a successful outcome, tendon reparability is definitively
determined intraoperatively based on tendon quality and
mobility after releases. Despite this, a thorough preoperative
assessment that includes both imaging and physical
examination can help determine the likelihood of successful
repair and allow for planning of alternative procedures if
repair is ultimately not possible.

Age

Relying on patient age to determine appropriate
treatment can prove difficult as patients of the same
chronological age may differ significantly in health
status, activity level, and tissue quality. However, age is
important to consider because the resultant changes in
biology associated with aging affect the ability of the
rotator cuff tendon to heal. Older age has been associated
with lower rates of complete healing after surgery, with a
healing rate of just 65% in patients aged >61 years (15).
Tashjian er al. also found lower rates of healing in older
patients which they attributed to the resultant biology
at the repair site in patients after double row rotator
cuff repair (16). Physiological age, which describes the
demands and activity level of the patient should also be
considered with chronological age when mapping out
treatment strategies.

Managing the massive rotator cuff tear

Treatment should be individualized for patients with
MRCT. Existing evidence can be used to guide treatment
decisions based on tear characteristics, patient factors
and treatment goals. The treatment algorithm in Figure 1
can help guide treatment decisions based on the available
evidence discussed for each treatment option below.

Nonoperative treatment

Nonoperative management is typically the initial treatment
for patients with many shoulder pathologies including
massive and possibly irreparable rotator cuff tears.
Nonsurgical treatment can be successful at reducing patient
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Figure 1 The authors’ preferred algorithm for treatment of massive rotator cuff tears. ER, external rotation; RSA, reverse total shoulder

arthroplasty; Lat, latissimus dorsi; Pec, pectoralis major.

symptoms and improving function, though the lack of
repair may lead to progressive increase in tear size, atrophy
and eventual rotator cuff tear arthropathy (13). Continued
nonsurgical treatment may be appropriate for older patients
with manageable symptoms, limited functional needs, or
for those who are uninterested in surgery or not medically
appropriate for surgery. Treatment options include
activity modification, oral medications, injections, and
physical therapy to strengthen the deltoid and periscapular
muscles (17). The goals of therapy involve relieving
stiffness, restoring motion, improving proprioception
and strengthening compensatory muscles (18). Levy et al.
reported outcomes after therapy to retrain the deltoid to
help compensate for cuff deficiency. Patients with known
MRCT underwent a 12-week rehabilitation program
focusing on anterior deltoid strength and showed improved
range of motion (ROM) in forward elevation as well as
better constant scores (19). Zingg and colleagues reported
constant scores of 69 (range, 41-94) and subjective shoulder
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value of 68 (range, 30-95) in 19 low functional demand
patients with MRCT treated conservatively and followed
for 4 years. ROM did not deteriorate over time but imaging
showed worsening arthritis and fatty atrophy of the rotator
cuff musculature over the study period (13). In their recent
network meta-analysis, Maillot ez #/. found no significant
clinical outcome difference between conservative treatment,
partial repair, complete repair, biologic augmentation, and
reverse total shoulder arthroplasty (fTSA) as assessed by
validated scoring systems of shoulder functional status.
They recommend conservative treatment for older
individuals with significant comorbidities or low functional
demand (20).

There is some debate as to the role of nonsteroidal anti-
inflammatory drugs (NSAIDs) and steroid injections in the
treatment of MRCT, but these may help control painful
symptoms. Those who fail extensive nonoperative treatment
may be candidates for surgery to improve their pain and
shoulder function (21).
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Debridement, subacromial decompression and tenotomy or
tenodesis of the biceps tendon

Rotator cuff debridement alone may be considered a salvage
or limited goals surgery. Older patients without significant
functional limitations who have continued pain despite
conservative treatments may benefit from debridement if
the rotator cuff is not reparable (7,22). Shoulder strength is
not expected to improve after this treatment, but function
is usually restored from pain relief. Thus, the main goal
of this surgery is to help reduce painful symptoms. The
procedure is typically more successful in the absence of
pseudoparalysis or arthropathy and when a functional
deltoid is present (23-25). Releasing the coracoacromial
ligament should be avoided to reduce risk of anterosuperior
escape (26). If detachment of the coracoacromial ligament
is necessary during subacromial decompression it may later
reform or reattach (27). In those with a competent deltoid
muscle and an intact force couple via the remaining rotator
cuff, the deltoid can provide the necessary abduction force
for the shoulder joint. Isolated subacromial decompression
has fallen out of favor, as some studies have shown limited
efficacy in patients not undergoing rotator cuff repair.

Results of debridement procedures are varied.
Satisfaction rates as high as 83% have been demonstrated
in those with irreparable MRCT more than 6 years
after undergoing open debridement with subacromial
decompression (24). Decreased pain along with improved
motion and function have also been reported (28).
Other studies have shown modest initial improvement in
symptoms with worsening function and strength over time
(29,30).

Performing tuberoplasty along with arthroscopic
debridement rather than subacromial decompression has
been proposed as a way to decrease subacromial contact
while preserving the coracoacromial ligament. In studies
with short-term follow-up, good results have been achieved
with no decrease in the acromiohumeral interval (31,32).

In the presence of a rotator cuff tear, the long head of
the biceps tendon (LHBT) may help to reduce superior
migration of the humeral head (33). In addition to this
static stabilizing characteristic, it has also been shown to
act as a dynamic stabilizer for the humeral head and overall
shoulder stabilizer (34). Despite these stabilizing attributes,
the LHBT is known to be a source of shoulder pain.
Patients with MRCT may have concomitant injuries to the
LHBT. Walch et 4l. reported outcomes on over 300 patients
with irreparable MRCTs who underwent biceps tenotomy
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as an isolated treatment. This resulted in high satisfaction
rates (87%) and did not change the rate of arthropathy
after 4.5 years of follow-up (35). Boileau ez 4/. studied 68
patients with irreparable MRCTs who underwent biceps
tenotomy or tenodesis and showed similar results between
both groups. Constant scores improved and the satisfaction
rate was 78% with no significant change in acromiohumeral
distance or progression of glenohumeral arthritis (23). The
results of these studies show that tenotomy or tenodesis
of the LHBT may be beneficial in some patients with
irreparable MRC'Ts who continue to experience pain
despite conservative treatment.

Rotator cuff repair

Although repairs of MRCT are at risk for failure, studies
have shown improved clinical outcomes compared to
nonsurgical treatment (6,13,20). Complete repair should
restore shoulder kinematics and improve patient pain and
function. The repair must be strong enough to maintain
tendon reduction during the healing process (36,37). When
reasonable, complete anatomic repair should be performed.
Traumatic rotator cuff tears should be repaired early to
prevent retraction and scarring that could make repair more
difficult and potentially compromise results (38). Lapner
et al. systematically reviewed optimal timing of surgical
treatment of traumatic rotator cuff tears. While 2 of the 4
studies reviewed favored early repair based on differences
in functional outcomes, there were differing definitions of
early vs. late repair. Thus, there is no definitive conclusion
as to the optimal timing of surgical intervention in this
setting (39). Both open and arthroscopic repairs can be
considered but regardless of approach, the surgeon needs
to remove bursa and scar to ensure clear visualization of
the tear pattern (26,40,41). Adhesions to the cuff should
be released to improve mobility of the tendons including
the use of interval slides as necessary (42,43). To perform
an anterior slide the interval is released between the
supraspinatus and the subscapularis while the posterior
slide is performed by releasing between the supraspinatus
and infraspinatus. Both slides can be used in combination if
necessary (44). Interval slides were necessary to repair the
tendon to the footprint with as little tension as possible in
10% of MRCT repaired arthroscopically in one series (10).
If the tendon still cannot be mobilized to the greater
tuberosity after such techniques, margin convergence, where
the anterior and posterior portions of the tear are repaired
side to side, could be utilized. After the side to side repair
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the remaining tear is more manageable and can be repaired
completely without the need for as much excursion to reach
the tuberosity resulting in decreased repair tension (41).

Many surgeons utilize a double row construct when
repairing a MRCT. This technique results in the repaired
tendon contacting a large portion of the bony footprint
and is also biomechanically strong (45-47). Care should be
taken to avoid over tensioning (45,46). Lower retear rates
have been shown after double row repairs as compared to
single row repairs in systematic reviews and meta-analyses
of randomized controlled trials (39,48). Transosseous-
equivalent double-row (TEDR) repairs have been shown
to create a large tendon to bone contact area that results in
improved healing rates (49). With the inclusion of suture
bridge technique, TEDR repairs yield greater compression
amongst the repair instead of compressing only at the anchor
insertion points in conventional double row repair (49).

In terms of functional outcome measures, Park et al.
demonstrated higher American Shoulder and Elbow
Surgeons (ASES) scores and constant scores in patients with
rotator cuff tears greater than 3 cm who received a double
row repair than those who received a single row repair (50).
Good or excellent results have been reported for all patients
3 years after open, transosseous repair of a massive rotator
cuff tear in one study even though the reported rate of
retear was 37%. Eighty-one percent of patients remained
satisfied after 10 years despite the retear rate increasing to
57% at that time (51). Another comparison of patients after
single or double row repair for MRCTs showed that the
double row construct was associated with better outcomes
than a single row construct (36). Imam ez a/. looked at
functional outcomes, pain, and ROM between TEDR
and single row repairs. In their prospective, randomized
controlled trial including 80 patients undergoing
arthroscopic rotator cuff repair, they found significant
differences in Oxford Shoulder Scores (OSS), and the
University of California, Los Angeles (UCLA) Score, for
tears >3 cm in favor of TEDR repairs. Furthermore, the
postsurgical mean improvement from baseline values of
OSS were significant for tears >3 cm, favoring TEDR repair
over single row repair 2 years postoperatively (52).

Partial repair

During attempted surgical repair, it may be determined
that only part of a massive rotator cuff tear is able to be
adequately repaired to the tuberosity even after release
of adhesions and performance of interval slides. In these

© Annals of Joint. All rights reserved.

Page 5 of 13

cases, patients may still have improvements in pain and
function. Even a partial repair can improve the force couple
of the shoulder and improve joint mechanics (53) while
debridement, decompression, and tenotomy or tenodesis
performed concomitantly can also provide benefit. Duralde
and Bair performed a retrospective review of 24 patients
after partial repair of a MRCT as their tears were deemed
unable to undergo complete repair. Ninety-two percent of
the patients reported satisfaction with the procedure and
67% reported good or excellent results after 43 months.
Forward flexion improved by 40 degrees to a postoperative
value of 154 degrees without loss of strength (54).
Additional results from Burkhart ez 4/. also found improved
elevation after surgery from a preoperative value of 60
degrees up to 150 degrees at final follow-up (53,55).

Repair with tissue augmentation

With MRCT having variable tissue quality and sometimes
incomplete repair, the idea of augmenting a repair or
bridging a gap has been investigated. Various grafts have
been used to increase the structural or biologic properties of
the repair site with the graft placed to fill a void in the repair
or over the top of the repair via an open or arthroscopic
technique (56,57). The results of graft augmentation
in clinical trials have differed widely depending on the
graft type utilized. A randomized prospective trial by
Tannotti ez a/. comparing repair of MRCT with or without
augmentation with a graft made from porcine submucosa
showed lower healing rates in the augment group. They
also reported 3 patients in the graft group developed
aseptic inflammation and recommended against the use
of this type of graft (58). Another study by Walton ez 4.
had to be stopped early after 4 of the 19 patients enrolled
developed a significant inflammatory response to the
porcine submucosal graft (59). On the other hand, studies
by Badhe et 4l. and Burkhead et 4l. have shown improved
patient reported outcome scores after repair augmentation
with acellular dermal grafts (60,61). Audenaert et 4l. used a
synthetic graft as an interposition between the torn rotator
cuff and the footprint on the humerus. Functional scores
improved at 43 months in these 41 patients (62). While
the current evidence does show mixed results depending
on the type of graft used, patch augmentation may be a
consideration when treating MRCT. More studies are
needed to determine the optimal graft type and how long-
term outcomes are affected by the structural and biologic
properties of each graft.
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Superior capsular reconstruction (SCR)

SCR may be another surgical option for certain irreparable
rotator cuff tears (63). Biomechanical studies have shown
reconstruction of the superior capsule creates a static
constraint to prevent proximal migration of the humerus,
improving the acromiohumeral distance (64). The graft in
this procedure is anchored to the superior glenoid as well
as the rotator cuff footprint on the humerus (64). Since
the superior capsule is frequently disrupted with complete
superior cuff tears, reconstruction of the superior capsule
restores humeral head translation to physiologic conditions,
with comparable translation to the normal intact rotator
cuff (63,64). Mihata et al. first reported results after SCR
using fascia lata autograft. Significant improvements in
ROM were seen with forward flexion improving from 84 to
148 degrees, and external rotation improving from 26 to 40
degrees. ASES scores also improved by nearly 70 points and
notably, the acromiohumeral distance also increased (63).
These initial results led to increased consideration of SCR
as a valid option for management of massive, irreparable
rotator cuff tears. Denard ez a/. reported results after SCR
using dermal allograft which has emerged as an alternative
to fascia lata. In this study, improvements in forward
elevation and external rotation were seen along with patient
reported pain and ASES scores. However, 11 of 59 patients
did go on to a revision procedure (65). Further research and
longer follow-up are required to determine the durability
and reproducibility of these results.

Tendon transfers

As previously mentioned, atrophy and retraction seen in
chronic rotator cuff tears may make repair impossible.
In these cases, tendon transfers are another option to
consider. Historically tendon transfers have been used to
improve function in cases of brachial plexus palsy (66).
Ideal candidates for this type of procedure are young,
active patients with minimal glenohumeral arthritis
complaining of weakness secondary to an irreparable
rotator cuff tear. The aim of tendon transfers is to
improve joint biomechanics and strength by attaching new
musculotendinous units to the proximal humerus that can
restore motion and joint stability (18). Transfer of various
tendons have been reported with the decision on which to
use being determined by functional deficit, location, line of
pull and excursion. The procedures can be very technical
and patients require extensive rehabilitation after surgery to

© Annals of Joint. All rights reserved.

Annals of Joint, 2023

retrain transferred muscles in order to optimize functional

outcomes.

Latissimus dorsi transfer

The latissimus dorsi tendon can be transferred on its own
or along with the teres major tendon, while the teres major
is not typically transferred on its own due to its small
tendon size and muscle excursion. This transfer is most
frequently considered for irreparable posterosuperior tears
but has been described for subscapularis tears as well since
it closely replicates the force vector of the subscapularis (67).
The large excursion of the latissimus muscle contributes to
its versatility and frequent use in transfers (68). When the
latissimus dorsi is transferred in cases of posterosuperior cuff
deficiency it functions to externally rotate the humeral head
rather than its native function as an internal rotator (56). The
transferred tendon reconstitutes the posterior force couple
of the shoulder; thus, there must be intact subscapularis and
deltoid origins to maintain balanced force couples across
the joint (69). Improvements in active ROM were shown
in a systematic review of 10 studies reporting results after
latissimus dorsi transfer for irreparable posterosuperior
cuff tears (70). Constant scores also improved and the
reported complication rate was 9.5%. At final follow-up,
decreased acromiohumeral distance and progression of
arthritis were seen in over half of the patients. Revision
surgery, subscapularis tear, and fatty infiltration of the teres
minor were predictive of worse outcomes. Worse outcomes
were also reported by Warner and Parsons for revision
procedures but the satisfaction rate in their series was 73%
with rupture of the transferred tendon in the other 23% (69).
Tannotti et 4/. showed that female patients with low
shoulder function and strength prior to surgery had a higher
risk of poor outcomes after surgery (71). Birmingham and
Nevaiser showed improvement in functional scores at short-
term follow-up in a small group of patients who underwent
latissimus transfer in the revision setting (72). Maillot ez al.
found that latissimus dorsi tendon transfer may lead to
better functional outcomes compared to partial repair at a
mean follow-up of 33.6 months (20).

When used for irreparable subscapularis tears, short-
term follow-up has shown improved ROM, pain, and
functional scores including ASES score, constant score and
subjective shoulder value (73,74). Overall, latissimus dorsi
tendon transfer may be a viable option for select patients
with irreparable rotator cuff tears. Careful selection of the
appropriate surgical candidate is important for the success
of this technique both intra- and postoperatively.
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Pectoralis major transfer

The pectoralis major tendon has traditionally been the
transfer of choice for irreparable anterosuperior cuff tears
because it is in close proximity to the subscapularis and has
a line of pull that can replicate the absent musculotendinous
units. The resulting transfer aims to balance the shoulder
against the intact posterior cuff and also provide active
internal rotation (1). Variations in technique have been
described but transferring the tendon deep to the conjoint
tendon provides the most similar vector of pull to the native
subscapularis (75)

Decreased pain and improved active internal rotation
were seen by Moroder et 4/. in a cohort followed for 10 years
after pectoralis major transfer for irreparable anterior cuff
tear. They did note progression of arthrosis in two thirds
of patients but only one patient was revised to r'T'SA and
overall satisfaction was 77% (76). Jost et al. reported less
favorable outcomes after pectoralis major transfer with a
concomitant irreparable supraspinatus. They also noted that
transfer superficial or deep to the conjoint tendon did not
affect outcomes (77). Elhassan et 4/. also showed decreased
pain and improved patient reported outcome scores after
pectoralis major transfer for irreparable rotator cuff tears,
but all patients had persistently positive belly press and
lift off tests after the procedure. In patients the procedure
was deemed a failure, fatty degeneration of the supra- and
infraspinatus were seen again highlighting the importance
of an intact or reparable posterosuperior cuff (78).

Lower trapezius transfer

Transferring the lower trapezius for irreparable
posterosuperior tears has been reported with proposed
benefits of a similar line of pull for the lower trapezius
and infraspinatus as well as easier retraining of the muscle
since it is a natural infraspinatus agonist as opposed to the
latissimus dorsi. Achilles tendon allograft is used to lengthen
the lower trapezius and allow transfer to the greater
tuberosity. One study reported results after lower trapezius
transfer in 33 patients (79). Thirty-two of these 33 patients
had improvements in pain, subjective shoulder value and
DASH score. The final patient had an infection requiring
debridement and a later shoulder fusion. The authors noted
that patients with preoperative shoulder flexion of greater
than 60 degrees showed greater ROM improvements
that those with less than 60 degrees. The procedure has
also been described with arthroscopic assistance for graft
attachment to the tuberosity with a study of 41 patients
showing 37 (90%) with improved pain scores, subjective
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shoulder values, and Disabilities of the Arm, Shoulder, and
Hand (DASH) scores. In this patient population the presence
of a repairable subscapularis tear did not affect the overall
outcome (80). When compared to latissimus dorsi tendon
transfer, lower trapezius transfer has also been shown to have
nonsignificant yet favorable ASES functional scores and
Visual Analog Scale (VAS) pain scores (39).

In summary, tendon transfers should be considered for
younger patients with MRCTs and minimal to no arthritis.
Many tendon transfers have been described with more
recent techniques based on the work of Elhassan, proposing
lower trapezius transfer for irreparable posterosuperior
cuff tears and latissimus dorsi transfer (instead of pectoralis
major transfer) for irreparable subscapularis tears. More
studies are needed to determine the best option for transfer
and the long-term outcomes.

Subacromial spacer

One of the newer options for treatment of irreparable
rotator cuff tears is insertion of an inflatable subacromial
spacer. The goal of this intervention is to restore normal
glenohumeral alignment by interposing the spacer between
the humeral head and the acromion to allow active elevation
by the deltoid (81). This implant (InSpace; Stryker,
Kalamazoo, MI, USA) is biodegradable and dissipates within
12 months. During this period, it permits the humeral head
to glide smoothly without friction in the subacromial space
which not only aids in glenohumeral joint motion but also
leads to significant pain reduction (82). The spacer is placed
in the subacromial space during a mini-open or arthroscopic
procedure and filled with saline to expand it and increase its
space occupying effect. Senekovic et /. showed a clinically
significant increase in the constant score for over half of their
patients five years after spacer placement, however, 1/3 of
patients were lost to follow-up (81). Deranlot ez /. found
improvements in forward flexion and external rotation in
their cohort of 37 patients along with improved constant
scores with only one patient requiring revision (83). Most
recently, Verma et al. reported on the safety and efficacy
of the device compared with partial repair for posterior
superior MRCT with 24-month follow-up (84). In their
multicenter, single-blinded, randomized controlled trial,
they reported on 184 patients, of which 93 received the
spacer implant and 91 underwent partial repair. Surgical
time for spacer insertion was shorter than partial rotator
cuff repair. Both groups showed significantly higher ASES

scores compared to preoperative levels but there was no
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significant difference between the two groups. They did
find significant between group differences in forward
flexion at multiple time points and Constant scores at 2-year
follow-up with the spacer group outperforming the partial
repair group. The authors concluded that the faster return
of forward flexion and shorter surgical time were promising
but recommended long-term follow-up to determine the
durability of the effect. In summary, there are a growing
number of smaller-sized cohort studies evaluating the
benefits of this balloon spacer to treat irreparable rotator
cuff tears with mixed results. However, much of the growing
body of evidence seems to suggest that this implant is a less
invasive, low risk, and effective alternative to the existing
arthroscopic procedures in patients with painful, irreparable
rotator cuff tears refractory to conservative management (85).
More research is needed to assess its long-term outcome.

Reverse total shoulder arthroplasty

r'T'SA can lead to improvement in pain and function
for patients who have rotator cuff tear arthropathy with
persistent symptoms despite nonoperative management and
is preferred over hemiarthroplasty in these patients (1,86).
Over the past decade, indications for rTSA have broadened
and expanded to include proximal humerus fractures,
osteoarthritis with significant retroversion or glenoid bone
loss, irreparable rotator cuff tears, and revision arthroplasty
(87-91). rTSA is typically used in older patients, however,
in younger patients with massive irreparable cuff tears
without arthritis, risks and benefits of arthroplasty should
be discussed and carefully considered (92).

In patients with massive or irreparable rotator cuff tears,
certain variables such as degree of arthritis may preclude
treatments such as a tendon transfer and require r'T'SA.
Hamada et al. studied patients with MRCTs and analyzed
changes to the undersurface of the acromion and the
acromiohumeral interval, documenting progressive arthritic
changes that occur in the setting of MRCT (14,93,94). In
patients who develop arthritic changes, Hamada grade 3 or
greater, r' I'SA is often the preferred treatment (95,96).

In patients over the age of 65, rT'SA has demonstrated
good outcomes for patients with MRCT without significant
arthritis (96-98). Mulieri e a/. analyzed r'T'SA for MRCT
without arthritis in 60 shoulders at mean 52-month
follow-up and showed reduction of pain, improvement in
functional scores, and ROM. Survivorship at 52 months
was 91% (98). Boileau et al. studied 42 reverse shoulder
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arthroplasties following failed rotator cuff surgery in 40
patients with mean age of 71 years and mean follow-up of
50 months (97). Out of the 40-patient cohort, in the 30
shoulders that presented with pseudoparalysis, they found
a significant improvement in active anterior elevation and a
low rate of patient reported dissatisfaction of only 7% (98).
Hartzler er al. assessed variables associated with poor
outcomes after r'T'SA in patients with MRCTs without
significant arthritis and showed that age less than 60 years,
improved function prior to surgery, and any neurological issues
before surgery were all associated with poor outcomes (99).
In their systematic review and meta-analysis, Sevivas
et al. analyzed 6 studies that assessed outcomes of r'I'SA in
patients with irreparable MRCT without osteoarthritis.
They included studies with a mean follow-up of at least
2 years. In their analysis of 266 shoulders, they found an
overall improvement of the clinical score, forward flexion,
external rotation, functional parameters, and pain. It should
be noted that they did observe significant heterogeneity
between studies (100).

In cases of MRCTs, paying specific attention to
preoperative external rotation is important. If tears involve
the infraspinatus and teres minor, the patient may be unable
to actively rotate the shoulder externally as seen with the
external rotation lag and horn blower’s tests. In these cases,
consideration should be given to performing rT'SA with
concomitant transfer of the latissimus or combined latissimus
and teres major (101). Wey and colleagues performed a
systematic review of studies reporting on this combined
procedure with improvements in external rotation from -7.4
to 22.9 degrees at 44.5-month follow-up (102).

Patient age is an important consideration when
determining whether a r'T'SA is appropriate. Chelli ez 4/
published a systematic review of r'T'SA performed in
patients less than or equal to 65 years old. They showed
improvements in ROM and patient reported outcome
scores with a complication rate of 17%, reoperation rate of
10%, and implant revision rate of 7% (103). Brewley ez 4l.,
however, showed that patients undergoing r'I'SA younger
than age 60 had 4.8 times higher risk of revision compared
to older patients based on their cohort of 732 patients (104).

In summary, r'TSA is an effective treatment when
conservative or other surgical treatment fails. It improves
functional scores, pain scores, and ROM, especially active
forward elevation. High rates of patient satisfaction have been
reported. Consideration of patient age must be taken due to
the potential for less than ideal results in young patients.
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Conclusions

Massive and irreparable rotator cuff tears can be a complex
and challenging problem to treat. Nonoperative treatment
and extensive physical therapy are utilized as a first-line
treatment for most patients. Various surgical treatments
have been described for patients with persistent symptoms
despite nonoperative modalities. r'T'SA has been shown
to be a durable and effective method for treating MRCT
with or without arthritis, especially in older patients. In
younger patients without arthritis, tendon transfers can
be considered, particularly the lower trapezius transfer for
massive and irreparable rotator cuff tears. Other tendon
transfers and techniques such as SCR have also been
described. Further research is needed to determine the
long-term outcomes in these patients.
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