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Abstract. The treatment of massive rotator cuff tears poses a challenge to orthopedic surgeons. The prevalence
of massive rotator cuff tears is 40% of all rotator cuff tears. Compared with smaller tears, massive rotator cuff
tears are often complicated by structural failure and poor outcomes and present a higher rate of recurrent tearing after surgical repair. Several management options are available but the selection of the most appropriate
treatment for each patient can be challenging. To achieve the best outcomes, the orthopedic surgeon should
have a good understanding of the indications, the pathomechanics and the clinical outcomes of the various
treatment modalities. Treatment options include non-operative management, arthroscopic debridement with a
biceps tenotomy or tenodesis, complete or partial repair, patch augmentation, superior capsular reconstruction,
muscle/tendon transfer and reverse total shoulder arthroplasty. The purpose of this article is to review treatment options and clinical outcomes for the management of massive rotator cuff tears. (www.actabiomedica.it)
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Massive rotator cuff tears: introduction
The treatment of massive rotator cuff tears poses a
challenge to orthopedic surgeons.
The prevalence of massive rotator cuff tears is 40%
of all rotator cuff tears (1). The size of the rotator cuff
tears has an important effect on clinical outcomes after
surgery. Compared with smaller tears, massive rotator
cuff tears are often complicated by structural failure
and poor outcomes and present a higher rate of recurrent tearing after surgical repair (2). Massive rotator
cuff tears require surgical treatment either if they occurs in an acute pattern or after rehabilitation failure in
chronic-degenerative lesions.
It is important to understand what an irreparable
rotator cuff tear is, since nowadays this concept is not
clear (3). Some authors do not consider rotator cuff tear

as irreparable, arguing that all rotator cuff tears are reparable (4). On the other hand Collins et al. and Denaro
et al. affirm that some lesions are not reparable or should
not be repaired (5). In reparable massive tears risk of rerupture depends on age, tear size, repair technique used,
inappropriate rehabilitation; most important factors are
muscle atrophy and fatty degeneration (6).
Several management options are available but the
selection of the most appropriate treatment for each
patient can be challenging. To achieve the best outcomes, the orthopedic surgeon should have a good
understanding of the indications, the pathomechanics and the clinical outcomes of the various treatment
modalities. Many classification systems have been
proposed to help in the treatment choice. DeOrio and
Cofield classified massive rotator cuff tears as tears
sized more than 5 cm in either the anterior-posterior
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or medial-lateral dimension (7), Gerber defined them
as those involving complete tears of at least 2 tendons (7), whereas Davidson and Burkhart proposed a
classification system linking rotator cuff tear patterns
to treatment and prognosis (8). No consensus exists
regarding the best classification system, thus it is essential to understand the tear pattern according to the
patient’s clinical situation (9).
Further complexity in the treatment of massive
rotator cuff tears comes from the fact that structural
failure does not always means clinical failure (10-11).
Numerous surgical management options are
available including non-operative management, arthroscopic debridement with a biceps tenotomy or
tenodesis, complete or partial repair, patch augmentation, superior capsular reconstruction, muscle/tendon
transfer and reverse total shoulder arthroplasty (12).
Double-row techniques have demonstrated biomechanical advantages in controlled cadaveric studies,
but have yet to demonstrate clear clinical efficacy over
more simple repair techniques. When repairs for massive rotator cuff tears fail, options include revision repair or superior capsular reconstruction, which is an
option to bridge the tissue gap with human dermal allograft or fascia lata autograft in the attempt to contain
the humeral head from superior migration thus trying
to delay rotator cuff arthropathy. Although latissimus
transfers remain a reasonable option for massive, irreparable rotator cuff tears in appropriate patients,
clinical results are often unpredictable. Older patients
with chronic, massive rotator cuff tears with pseudoparalysis can achieve predictable, often excellent clinical
results with a reverse total shoulder arthroplasty.
The purpose of this article is to review treatment
options and clinical outcomes for the management of
massive rotator cuff tears.
Biomechanical consequences of rotator cuff tears
The muscles of the rotator cuff play an important
role in normal gleno-humeral motion and stability. The
rotator cuff muscles act together as dynamic stabilizers
of the anatomically unstable gleno-humeral joint. The
supraspinatus initiates abduction, the infraspinatus
and teres minor are responsible for external rotation
and the subscapularis is the main internal rotator of

Acta Biomed 2021; Vol. 92, Supplement 3: e2021026

the shoulder. The deltoid and supraspinatus muscles
act as the coronal force couple, compressing the humeral head to the glenoid during shoulder abduction.
The subscapularis and infraspinatus muscles represent
the axial force couple, providing joint stability by a
compressive joint reaction force in the axial plane (13).
A cadaveric model showed how massive rotator
cuff tears adversely affect normal shoulder biomechanics resulting in increase in maximum internal rotation
in posterosuperior tears, maximum external rotation in
anterosuperior tears and total rotation range of motion
at all abduction angles (14). Disruption of the muscletendon units that contribute to active external rotation
(infraspinatus and teres minor) leads to weakness in
active external rotation and an increase in passive internal rotation, whereas massive rotator cuff tears involving the subscapularis lead to weakness in active internal rotation and increased passive external rotation.
To restore normal kinematics in patients with
massive tears of the posterosuperior rotator cuff tendons, greater forces are required by both the deltoid
and the intact muscle-tendon units of the rotator cuff,
particularly the subscapularis, to achieve stable abduction (15). The progression of a rotator cuff tear to disrupt the axial force couple leads to superior subluxation
of the humeral head and dysfunction of the shoulder.
Forces required to move the arm increase with tear size
and can contribute to the anterior or posterior extension of the tear. Torn tendons cannot participate in
load sharing, therefore increasing the tensile load on
the remaining fibers. This can lead to tear propagation,
especially in poor quality residual tendons. In addition,
a recent study by Collin et al found that disruption of
the entire subscapularis or of three rotator cuff muscles
to be risk factors for shoulder pseudoparalysis (16),
which has been defined as a patient’s having less than
90° of active anterior elevation with full passive range
of motion and the lack of neurologic impairment.
Large retracted tears have also been shown to
cause traction on the suprascapular nerve and may
contribute to the progression of atrophy and fatty infiltration of the supraspinatus and infraspinatus muscles (17). Repair of the massive tear with or without
associated suprascapular nerve neurolysis may relieve
tension on the suprascapular nerve, allowing recovery
of the nerve and improvement in function (18).
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Medial extension of supraspinatus tears can also
disrupt glenohumeral kinematics. At the beginning of
abduction, muscle weakness or tendon retraction may
determine superior migration of the humeral head,
leading to increased cuff impingement between the
greater tuberosity and acromion (19). Usually, a massive rotator cuff tear involving at least 2 torn tendons is
needed to provoke superior migration of the humeral
head (7).

Assessment: physical examination of the shoulder
and imaging
The examination of shoulders with rotator cuff tears
should begin with an assessment of range of motion and
a neurovascular examination to assess for the integrity
of axillary and suprascapular nerve function. Inspection
may reveal deltoid atrophy or periscapular atrophy of the
infraspinatus. Massive tears involving the infraspinatus
will typically present with increases in passive internal
rotation as well as an external rotation lag sign. Similarly, massive tears involving the subscapularis will often
present with an increase in passive external rotation and
an internal rotation lag sign. Furthermore, supraspinatus tears may demonstrate a drop arm sign. Palpation
of the long head biceps tendon (LHBT) within the bicipital groove is essential during the examination, as lesions to the LHBT are strongly associated with rotator
cuff tears. The surgeon must also assess for concomitant
symptomatic acromioclavicular joint arthritis. Strength
testing of all rotator cuff muscles is imperative. Special
attention should be paid to the subscapularis, as lesions
to the upper part of its tendon are often correlated with
biceps tendon lesions and LHBT instability. Tests for
the subscapularis include the belly press test, the lift-off
test, and the bear hug test.
The surgeon must assess the function of each tendon and for the presence of pseudoparalysis, which
indicates a lack of compensation for the detached rotator cuff tendons. A pseudoparalytic shoulder without a functional subscapularis is a contraindication to
a latissimus transfer and the presence of symptomatic
arthritis would necessitate an arthroplasty (20).
For all patients with suspected rotator cuff pathology, at least 3 radiographic views of the shoulder

(anteroposterior, axillary lateral, outlet) are needed to
look for narrowing of the acromio-humeral interval
and superior migration of the humeral head, which are
key factors to diagnose underlying rotator cuff disease.
Gleno-humeral arthritis is often more clearly identified on the axillary lateral radiograph. The outlet view
is used to assess the acromial morphology.
Although ultrasonography can be successfully
used to diagnose rotator cuff disease, it is highly userdependent, whereas magnetic resonance imaging can
better evaluate the structural integrity of the rotator
cuff and can be used to assess the size and location of
the tear, the quality of the tendon, and the chronicity
of the tear. The sagittal T1 image may show atrophy or
fatty infiltration of the involved musculature, providing prognostic informations. Axial views can evaluate
the integrity of the subscapularis as well as associated
LHBT tendinosis, tears, or static instability (16).

Treatment options and clinical outcomes
Nonsurgical treatment
Non-operative management should be proposed
to patients with massive tears and associated activityrelated pain without evidence of pseudoparalysis, indicating a well-compensated force couple. It typically
involves activity modification, corticosteroid injections
and strengthening of the deltoid and periscapular
musculature (21,22). It begins with guided physical
therapy to strengthen the intact portion of the rotator cuff, the deltoid and the periscapular musculature
and prevent progressive rotator cuff arthropathy. A
subacromial corticosteroid injection could decrease the
inflammation during the rehabilitation process. A randomized clinical trial revealed comparable therapeutic
efficacies of sodium hyaluronate and dexamethasone
(18).Although some studies have shown promising
early clinical results in elderly patients with rotator
cuff tears after a series of infiltrations with hyaluronic
acid followed by rehabilitative treatment (23), Zingg
et al retrospectively evaluated 19 patients with massive
rotator cuff tears involving 2 or 3 tendons who were
treated nonoperatively (24). At a mean 4-year followup, despite maintenance of shoulder function and mild
pain symptoms, there was a significant progression of

4

glenohumeral arthritis and narrowing of the acromiohumeral interval. Moreover, significant progression in
tear size and fatty infiltration occurred and 50% of the
tears were deemed irreparable at final follow-up. The
authors concluded that in selected patients, satisfactory shoulder function can be maintained despite progression of arthropathy and widening of the tear.
Another study involving 10 elderly patients
with massive irreparable rotator cuff tears evaluated
a physiotherapy approach focused on anterior deltoid
strengthening and functional rehabilitation. After 3
months, Oxford Shoulder Disability Questionnaire
and the pain scores of the 36-Item Short Form Health
Survey showed a mean improvement of 9 and 22
points respectively (25).
Yamaguchi et al followed the natural history of 45
patients with initially asymptomatic rotator cuff tears
during a 5-years period. They demonstrated that 51%
of these patients became symptomatic after a mean of
2.8 years, with a high risk for tear size progression over
time (26).
Although patients may benefit from nonoperative treatment in the setting of massive rotator cuff
tears, the likelihood of tear progression and cuff tear
arthropathy often limits the use of this modality to the
most low-demand patients, those medically unfit for
surgery or those wishing to avoid surgery.
Based on recent studies reported by Jeanfavre et
al (27), the non-operatively treated cohorts reported
the respective outcomes: 78% improved in pain, 81%
improved in ROM, 85% improved in strength, 84%
improved in functional outcomes. Dissatisfied outcomes occurred in 15% of patients, who then transitioned to surgery. In conclusion, the current literature
indicates GRADE B recommendation (28) (moderate
strength) to support the use of exercise therapy in the
management of full-thickness rotator cuff tears with
and without additional physical therapy or medical
management interventions. There is further need for
well-designed randomized controlled trials.
Surgical treatment
Although a multitude of surgical options exists
for management of massive rotator cuff tears, rotator
cuff repair for reparable tears and superior capsular reconstruction (SCR) for irreparable tears appears to be
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the most consistent regarding clinical outcomes (16).
Debridement and biceps tenotomy or tenodesis may
be a viable option in the most elderly, low-demand
patients with limited functional goals (1). Latissimus
transfers for irreparable posterosuperior rotator cuff
tears have demonstrated some promising results in the
literature regarding improvements in range of motion
and clinical outcome scores. Unfortunately, results are
often unpredictable and are associated with progression of glenohumeral arthritis and superior migration
of the humeral head (61). Worse outcomes after latissimus transfer are typically seen in patients with an incompetent subscapularis, in patients with teres minor
atrophy or in the setting of revision surgery. Results of
latissimus transfer appears to be unpredictable, therefore SCR is preferred for management of irreparable
posterosuperior rotator cuff tears. For elderly patients
and those with signs of rotator cuff arthropathy and
pseudoparesis, reverse total shoulder arthroplasty
(rTSA), given the predictable outcomes and often excellent results. Beltrame A. et al. reported good or excellent results in terms of satisfaction in 90.3% of patients after rTSA due to eccentric osteoarthritis (29).
Debridement procedures of the rotator cuff are
usually labeled ‘‘salvage procedures’’ or ‘‘limited goals
surgery’’. They are indicated for elderly patients with
irreparable tears and limited functional expectation,
after failure of nonoperative management. Ideally, the
patient should have a competent deltoid muscle and an
intact coraco-acromial arch (30,31) and neither pseudoparalysis nor severe cuff tear arthropathy (32).
The main goals of surgery are to alleviate pain and
to improve range of motion.
Rockwood et al (24) demonstrated an 83% satisfaction rate in a cohort of 50 patients with massive
irreparable tears 6.5 years after open debridement and
subacromial decompression. Mean active forward flexion improved from 105° preoperatively to 140° postoperatively in their cohort. These findings were supported by Gartsman (33), who reported a 79% satisfaction
rate in patients with irreparable rotator cuff tears after open debridement and subacromial decompression. Pain decreased, range of motion and the ability
to perform activities of daily living increased, but the
elevation strength significantly decreased after surgery.
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Walch et al (34) reported a satisfaction rate of 87% in
a series of 307 patients with massive rotator cuff tears
treated by biceps tenotomy only. Boileau et al (26)
confirmed that both arthroscopic biceps tenotomy and
arthroscopic biceps tenodesis effectively reduced pain
and dysfunction caused by irreparable rotator cuff tears
associated with a biceps lesion. There was no difference
in outcomes of patients who received a tenotomy or
a tenodesis. Outcomes were inferior in case of teres
minor atrophy, true preoperative pseudoparalysis and
severe cuff tear arthropathy.
Of interest, a comparative study between arthroscopic debridement alone and debridement plus tenotomy of the long biceps tendon (35) found significant
clinical improvement 2.5 years post-operatively compared with the preoperative baseline, but no significant
differences were found between the 2 groups.

1. Rotator cuff repair
Advancements in surgical skills, techniques and
equipment have facilitated the arthroscopic repair of
massive rotator cuff tears. The ideal rotator cuff repair restores biomechanics, decreases pain, improves
function and achieves a strong fixation that allows a
more aggressive rehabilitation process and promotes
healing (36,37). Where possible, complete anatomic
repair should be performed. However, the outcomes
of massive rotator cuff tears after repair are less predictable and associated with a higher re-tear rate at
postoperative follow-up than smaller cuff tears. Factors that contribute to the re-tear rates are increased
fatty infiltration of tissue, decreased acromio-humeral
distance, smoking, size of the rotator cuff tear and increased tension on the repair (38).
Clinical outcomes tend to be better when the rotator cuff repair has healed and the tendon is intact
(39). If the tendon does not heal, the patient is at increased risk of progressive superior humeral head migration and rotator cuff arthropathy. Unfortunately, the
preoperative MRI does not always allow to define the
repairability of the lesion. Di Benedetto et al. (40) used
an index with 9 parameters (fatty Infiltration, Patte
Stage, tear size measured in medial-lateral and anterior-posterior dimension, Tangent Sign, Occupation
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Grade, Acromion-Humeral Distance, Inferior GlenoHumeral Distance, Glenoid Version Angle) on preoperative MRI shoulder imaging to assist orthopedists
in surgical planning of rotatator cuff tears repair. Seven
out of the nine parameters have showed statistical significance: Fatty Infiltration (FI grade ≥3), Patte stage
(PS grade= 3), tear size measured in ML (ML>36
mm), Positive Tangent Sign (sensitivity 95,3%, specificity 83,6), Occupation Grade (OG<0,46), Acromion-Humeral Distance (AHD<7 mm), Inferior GlenoHumeral Distance (IGHD>5 mm).
Jost et al (41) studied the long-term outcomes of
patients who had a structural failure of open rotator
cuff repairs. At a mean of 7.6 years after the operation,
19 out of 20 patients continued to be satisfied with the
outcome. The size of re-tears did not progress between
3.2 years and 7.6 years of follow-up, indicating that retears may not have the same natural history as primary
tears, which usually progress in size over time. Adverse signs of progressed structural deterioration in the
failed repairs included a decrease in acromio-humeral
distance, progression of osteoarthritis and progressive
fatty degeneration of the infraspinatus.
In an effort to identify factors associated with
healing, Chung et al (32) investigated 108 patients
who underwent arthroscopic repair of massive cuff
tears at a minimum of 1 year of follow-up. Anatomic
failures occurred in 39.8% of patients. This is a comparable retear rate to that reported by Zumstein et al
(35) (57%) and Kim et al (48) (42.4%). All patients
had significant improvement in pain as measured by
several outcomes scores; however, functional outcome
was poor in 38 of 108 patients as they had an American Shoulder and Elbow Surgeons (ASES) score less
than 80. Fatty infiltration of the infraspinatus was
found to be an independent prognostic factor for poor
structural healing. Further analysis of failed structural
healing revealed that a postoperative acromio-humeral
distance of <4.1 mm was associated with poor functional outcomes. Zumstein et al (42) indicated that
open repair of massive rotator cuff tears yielded excellent results at a mean follow-up of 9.9 years. A wide
lateral extension of the acromion has been identified as
a risk factor for re-tearing.
A study conducted by Ames et al (43) found that
patients with a larger acromial index were more likely

6

to have an increased number of rotator cuff tendons
torn as well as a larger number of anchors used in the
repair.
Biomechanical studies have shown superiority of the double-row rotator cuff repair on the basis
of increased load to failure and better restoration of
the tendon footprint (44). Similarly, a meta-analysis
of level I randomized clinical trials comparing arthroscopic single-row versus double-row rotator cuff repair
conducted by Millett et al (45) found that single-row
repairs had significantly higher re-tear rates compared
with double-row repairs, especially with regard to partial-thickness re-tears. In particular, the trans-osseous
equivalent double-row technique has demonstrated
greater tendon-bone contact area and pressure as well
as better healing compared with other double-row
techniques (16, 46, 47).
Another interesting study evaluated the use
of anchors in PEEK (polyether ether ketone) versus bio-composite suture anchor (glycolic polylactic
acid anchors, beta-tricalcium phosphate and calcium
sulphate) proving that the degree of bone growth in
PEEK anchors was comparable to that of anchors with
biocomposite material in the healing phases. Shoulder
function improved after complete repair of the rotator
cuff, regardless of material (48).
In a case-control study Di Benedetto et al (49)
showed that the Cascade Autologous Platelet System
did not result in improved ROM, strength, Constant
score, NRS, tendon fat degeneration and muscle atrophy after surgical arthroscopical repair of supraspinatus small tears. Only its tendon thickness and signal
intensity were improved.
The optimal postoperative rehabilitation strategy to promote healing has yet to be determined. The
ideal protocol protects the repair construct during the
healing process while minimizing the risk of postoperative stiffness. A study conducted by Iannotti et al
(50) investigated the time to failure after rotator cuff
repair of full-thickness tears ranging from 1 to 4 cm.
The investigators found that the majority of re-tears
occurred between 6 and 26 weeks postoperatively, suggesting that rehabilitation should focus on protecting
the repair for a longer time.

Acta Biomed 2021; Vol. 92, Supplement 3: e2021026

2. Partial rotator cuff repair
A complete anatomic repair of massive rotator cuff
tears is not always surgically possible as a result of poor
tissue quality, tendon loss, severe retraction, or increased
tension of the repair (51). In these cases, partial repairs
of the tendons have been used successfully. Burkhart introduced the concept of partial repair on the basis of
restoring biomechanical force couples and increasing
acromio-humeral distances, therefore improving function and pain (52, 53).
The outcomes of partial repair have subsequently
been studied by many investigators (44, 54-60). Overall,
functional outcomes showed significant improvement
over pre-operative levels. Several studies have investigated differences in term of outcome between complete
and partial repair. Moser et al (50) observed that active
external rotation was significantly better in the complete
repair vs. partial repair; however, differences in subjective pain and function were not statistically significant.
Iagulli et al (47) found that both partial repair and complete repair groups exhibited significant improvements
in the University of California–Los Angeles shoulder
score after surgery at a mean follow-up of 24 months;
however, there was no significant difference in score
between the 2 groups. Kim et al (48) compared clinical outcomes at 2 years between complete arthroscopic
repair with aggressive cuff release and partial repair with
margin convergence. Again, no statistically significant
differences were found with respect to functional outcomes between the 2 groups at the time of follow-up.
It was furthermore analyzed the relationship between
clinical and surgical findings and the arthroscopic reparability of rotator cuff tears (42) and both partial and
complete repair groups demonstrated improved function and level of disability.
In conclusion, partial repair of massive rotator cuff
tears is an acceptable treatment option for patients in
whom a complete repair is not possible. Patients can expect good clinical and functional outcomes after surgery.

3. Patch augmentation
Failures of rotator cuff repairs led to the investigation of patch augmentation materials to enhance the
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strength of the repair and the healing potential, thus
serving as an alternative technique to tendon transfers
in active patients with massive rotator cuff tears with
minimal glenohumeral arthritis. Many varieties of patch
augmentation have been developed, including nondegradable structures, extracellular matrix–based patches
and degradable synthetic scaffolds. When a patch augmentation device is used, the rotator cuff is repaired to
nearly normal status either arthroscopically or with an
open approach. The patch is then either implemented
into the repair construct or sutured over the top of the
repaired tendon by an arthroscopic, mini-open or open
technique.
Studies had showed that a patch-reinforced repair
with an augmentation material decrease gap formation
at the tendon-bone repair site (62,62) Since increased
gap formation has been implicated as a factor associated
with decreased healing (63), these studies suggest that
patch augmentation may facilitate healing of the rotator
cuff tendon.
Favorable clinical outcomes have been reported in
several studies using different patch materials with the
outcome influenced by the type of patch used. Iannotti
et al (64) reported no improvement of healing for the
surgical repair of large and massive chronic rotator cuff
tears augmented with porcine small intestine submucosa
in a randomized clinical trial. Mori et al (65) investigated the clinical outcomes of patients who underwent
arthroscopic partial repair or a patch graft procedure to
repair large or massive rotator cuff tears with low-grade
fatty degeneration of the infraspinatus. The group of patients who underwent the patch graft procedure had significantly better mean postoperative Constant scores and
ASES scores compared with the partial repair group at
a mean follow-up of 35 months. The re-tear rate of the
infraspinatus in the patch graft group was 8.3% whereas
the rate was 41.7% in the partial repair group as detected
by MRI, suggesting that the patch graft procedure can
improve healing and clinical outcomes (56).
Additional studies are needed to better understand
the cellular factors associated with the healing of rotator
cuff repairs and how to further stimulate these factors
with augmentation material. Future studies comparing
partial repair and patch augmentation may be of particular interest to determine the appropriate treatment
of patients in whom complete repair is not achievable.
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4. Superior capsular reconstruction (SCR) and
bridging reconstructions
Superior capsular reconstruction using a human
dermal allograft or autograft fascia lata has been suggested as an alternative for managing massive irreparable rotator cuff tears, defined as the inability of the
torn rotator cuff tendon to reach the original footprint
(66).
Since the superior capsule attaches to a significant portion of the greater tuberosity (67), it is often
disrupted when complete tears of the supraspinatus
or infraspinatus occur. A biomechanical study determined that superior capsular defects led to increased
gleno-humeral translation in all directions, particularly
with superior translation at 5° and 30° of abduction
(68). Biomechanically, reconstruction of the superior
capsule with a patch graft attached medially to the superior glenoid and laterally to the greater tuberosity
restored superior translation to physiologic conditions
(69).
Early biomechanical and clinical results have
demonstrated the ability of SCR to contain the humeral head from superior migration and, in several
cases, to reverse a pseudoparalytic shoulder (59). Mihata et al (59) investigated clinical outcomes of superior capsular reconstructions in 24 shoulders with
irreparable tears. A fascia lata autograft was used as
the augmentation material to reconstruct the superior
capsule. All average clinical outcomes scores significantly improved at a minimum 2-year follow-up period with a restoration of anterior and posterior force
couples (59) and no evidence of surgical complications
related to the procedure. Similarly, Thorseness et al
(16) reported no evidence of gleno-humeral arthritis
in patients younger than 65 years.
Gupta et al (70) suggested a bridging interposition reconstruction of irreparable massive rotator cuff
tears, sewing a human dermal allograft into the native
tendon and anchoring it laterally onto the greater tuberosity. They reported promising results in a prospective observational study of 24 patients with an average
3-year follow-up (60).However, patch augmentation
devices are not FDA approved to span a gap in the
rotator cuff repair greater than 1 cm.
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5. Tendon transfers
Many different tendons, most commonly latissimus dorsi, pectoralis major and trapezius may be
involved in tendon transfers. The primary goal is to
restore the anterior and posterior biomechanical force
couples of the glenohumeral joint, thus providing pain
relief and improving function. However, it is most suitable for young, active patients with good tissue quality,
minimal glenohumeral arthritis and severe functional
limitations (71).

6a. Latissimus dorsi transfer
Transfer of the latissimus dorsi with or without
the teres major is most commonly used for massive irreparable posterosuperior tears. The latissimus dorsi
has a large muscle excursion, making it a good candidate for muscle transfer (72), whereas the teres major
has a small muscle excursion and small tendon, thus
if it is transferred, it is usually done in conjunction
with the latissimus dorsi. Several surgical techniques
have been used for latissimus dorsi transfer, including
single-incision, double-incision and arthroscopically
assisted transfer (73,74).
Normal function of the latissimus dorsi muscletendon unit on the humerus includes adduction, internal rotation and extension. When it is transferred, the
muscle no longer serves as an internal rotator but rather
is an external rotator and humeral head depressor (75).
Transferring the muscle-tendon from its insertion on
the midbicipital groove anteriorly to the greater tuberosity postero-superiorly restores the posterior force
couple and therefore improves glenohumeral function.
The humeral head depression induced by the transferred tendon contributes to improving biomechanics
of the glenohumeral joint by centering the humeral
head on the glenoid, creating a better fulcrum. A more
posterior placement results in more external rotation,
whereas more superior placement results in more humeral head depression (76).
A systematic review conducted by Namdari et
al analyzed 10 studies between 1992 and 2010 to determine the expected outcomes, predictive factors for
success, and complications of latissimus dorsi transfers
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(61). Frequency-weighted mean follow-up was 45.5
months. The frequency-weighted mean adjusted Constant score improved from 45.9 preoperatively to 73.2
postoperatively. Frequency-weighted mean active forward elevation improved from 101.9° preoperatively
to 137.4° postoperatively, active external rotation improved from a frequency-weighted mean of 16.8° to
26.7°, active abduction improved from a frequency
weighted mean of 91.4° preoperatively to 130.7° postoperatively. The overall reported complication rate was
9.5%, which included infection, neurapraxia, tears of
the transferred tendon, failures of deltoid repair, hematomas and wound dehiscence. In addition, in more
than half of the shoulders, glenohumeral arthritis progressed and there was superior migration of the humeral head. Further analysis of the data led the authors
to conclude that poor functional outcomes are more
likely after revision surgery, with advanced teres minor
fatty muscle atrophy, and in patients with a deficient
subscapularis.
Moursy et al investigated the effect of removing a
small piece of bone with the latissimus dorsi when doing the transfer with respect to detachment of the tendon from the greater tuberosity compared with sharp
separation of the tendon from the insertion on the
humerus (64). The ASES score, mean Constant score,
range of motion, and strength were all significantly
better in the group that had the tendon harvested
along with a bone chip. In addition, MRI showed detachment of the tendon in 4 out of 22 patients (18%)
in the sharp separation group and 0 out of 20 patients
(0%) in the bone chip group (64). Inclusion of a bone
chip when harvesting can decrease transferred tendon
ruptures, one of the factors associated with failure.
The short-term results of arthroscopically assisted
latissimus dorsi transfer were similar to those of previous studies (77). Less strength in forward elevation
and lower Constant scores were observed for revision
surgeries relative to primary surgeries. There was significant improvement in pain and range of motion in
external rotation as well. Arthroscopic latissimus dorsi
transfer at short-term follow-up has results comparable to those of open procedures and provides an alternative technique to traditional methods.
In conclusion, latissimus dorsi transfer is a reasonable surgical option in young patients with poor tissue
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quality and massive posterosuperior rotator cuff tears.
Improvements in pain and function facilitate daily living activities and a higher quality of life, but a proper
selection of patients is important for the success of this
technique.

reparable anterosuperior rotator cuff tears, particularly
when the patient is experiencing anterior instability as
a result of subscapularis insufficiency. Patients can expect a significant improvement in pain and function,
with better outcomes if there is an isolated subscapularis tear.

6b. Pectoralis major transfer
6c. Trapezius transfer
Irreparable anterosuperior rotator cuff tears can
be surgically treated with a transfer of the pectoralis
major tendon. This technique is particularly useful in
treating patients with recurrent anterior instability resulting from subscapularis insufficiency (78).
The deltopectoral approach is used for surgery
and several surgical techniques have been described;
however, the subcoracoid pectoralis major transfer
most closely approximates the inferior and posterior
force vector originally provided by the subscapularis
(79). Gerber et al described a technique using split
pectoralis major transfers to re-establish the posterior
and inferior force vectors (80). This technique reduces
the risk of injury to the musculocutaneous nerve by
going underneath the conjoined tendon.
Reliable improvements in function and pain have
been recorded in several studies for patients who underwent a pectoralis major transfer for isolated subscapularis tears and multi-tendon tears involving the
subscapularis.
Jost et al noted that outcomes were less favorable in patients who had a concomitant irreparable supraspinatus tear (81).A systematic review of 8 studies
(195 shoulders) noted an improvement in Constant
scores from a mean preoperative value of 37.8 to 61.3
postoperatively (82). The Constant scores were significantly higher in patients who had a subcoracoid
transfer of the pectoralis major tendon compared to
those with a supracoracoid transfer, in agreement with
the biomechanical observations of Konrad et al (83).
Elhassan et al found that patients with irreparable
ruptures of the subscapularis tendon after shoulder replacement had a high risk of failure of the pectoralis
major transfer, especially in case of preoperative anterior subluxation of the humeral head (84).
In conclusion, pectoralis major transfer is a reasonable surgical option for the management of ir-

Trapezius transfers are currently used to improve
external rotation in patients with brachial plexopathy
(85). A biomechanical investigation found that a lower
trapezius transfer is more effective in restoring external
rotation than the latissimus dorsi transfer (86). Consequently, there is increased interest in using trapezius
transfers for treatment of massive irreparable posterosuperior rotator cuff tears. Additional biomechanical
and clinical studies will be needed to see if this method
may be useful in the management of massive rotator
cuff tears.

6. Reverse total shoulder arthroplasty (rTSA)
A major indication for rTSA is cuff tear arthropathy, in which a massive rotator cuff tear goes along with
secondary gleno-humeral joint damage (1). Although
hemiarthroplasty has been considered the treatment of
choice for cuff tear arthropathy for a long time, rTSA
has been shown to yield better results concerning pain
relief and function (87).
rTSAs are also frequently used for pseudoparalysis due to massive irreparable rotator cuff tears even in
the absence of osteoarthritic degeneration of the glenohumeral joint (88). Additional indications for rTSA
include comminuted proximal humeral fractures in
elderly patients with poor bone quality and revision
arthroplasty.
Reported rates for complications and revisions
after rTSA have been as high as 50% and 33%, respectively (89). More recently, lower complication
rates (7%) and revision rates (5.3%) have been reported (90). It is important to assess the integrity of the
teres minor preoperatively as Simovitch et al reported
inferior outcomes in patients with stage 3 or stage 4
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fatty infiltration (91). Furthermore, Boileau et al noted
that when the preoperative function of the teres minor was impaired as determined by the Hornblower
sign, postoperative active external rotation decreased
significantly (92).
Some studies have shown better improvement in
terms of pain relief, function and satisfaction in patients younger than 65 years (78) or 60 years (93) ;
however, high complication rates of 37.5% (78) and
25.0% (83), respectively occurred. Guery et al reported
a survivorship 10 years after rTSA of 58%, therefore
recommending that rTSA should be reserved for patients older than 70 years with low functional demands
(94). This statement was supported by Favard et al,
who reported a deterioration both clinically and radiologically over time, therefore recommending caution with indication for reverse shoulder arthroplasty,
especially in younger patients (95).

Conclusion
The management of patients with massive rotator cuff tears remains challenging. A thorough knowledge of treatment options and indications is crucial to
achieve the best outcomes for patients. Surgical advances including patch augmentation have improved
the treatment of massive rotator cuff tears; however,
long-term studies are needed to identify prognostic
factors and ideal techniques and to optimize selection
of patients.
Conflict of interest: Each author declares that he or she has no
commercial associations (e.g., consultancies, stock ownership, equity interest, patent/licensing arrangement etc.) that might pose a
conflict of interest in connection with the submitted article.

References
1. Bedi A, Dines J, Warren RF, Dines DM. Massive tears of
the rotator cuff. J Bone Joint Surg Am 2010;92:1894-908.
http://dx.doi.org/10. 2106/JBJS.I.01531.
2. Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi K. The outcome and repair integrity of complete arthroscopically repaired large and massive rotator cuff tears. J
Bone Joint Surg Am 2004;86:219-24.
3. 
Castricini R, De Benedetto M, Orlando N, Gervasi E,

Acta Biomed 2021; Vol. 92, Supplement 3: e2021026

Castagna A, et al. Irreparable rotator cuff tears: a novel classification system. Musculoskelet Surg 2014; 98 (Suppl 1):
S49-S53.
4. Lädermann A, Denard PJ, Collin P. Massive rotator cuff
tears definition and treatment. International Orthopaedics
(SICOT) 2015; 39: 2403-14.
5. Franceschi F, Papalia R, Vasta S, Leonardi F, Maffulli N,
Denaro V. Surgical management of irreparable rotator cuff
tears. Knee Surg Sports Traumatol Arthrosc 2015; 23: 494501.
6. 
Castricini R, De Benedetto M, Orlando N, Gervasi E,
Castagna A, et al. Irreparable rotator cuff tears: a novel classification system. Musculoskelet Surg 2014; 98 (Suppl 1):
S49-S53.
7. DeOrio JK, Cofield RH. Results of a second attempt at surgical repair of a failed initial rotator-cuff repair. J Bone Joint
Surg Am 1984;66:563-7.
8. Davidson J, Burkhart SS. The geometric classification of rotator cuff tears: a system linking tear pattern to treatment
and prognosis. Arthroscopy 2010;26:417-24. http://dx.doi.
org/10.1016/j.arthro.2009.07.009
9. Millett PJ, Warth RJ. Posterosuperior rotator cuff tears: classification, pattern recognition, and treatment. J Am Acad
Orthop Surg 2014;30: 778-80. http://dx.doi.org/10.5435/
JAAOS-22-08-521
10. Chung SW, Kim JY, Kim MH, Kim SH, Oh JH. Arthroscopic repair of massive rotator cuff tears: outcome and
analysis of factors associated with healing failure or poor
postoperative function. Am J Sports Med 2013;41:1674-83.
http://dx.doi.org/10.1177/0363546513485719
11. Gerber C, Fuchs B, Hodler J. The results of repair of massive
tears of the rotator cuff. J Bone Joint Surg Am 2000;82:50515.
12. Greenspoon JA, Petri M, Warth RJ, Millett PJ. Massive
rotator cuff tears: pathomechanics, current treatment options, and clinical outcomes. Journal of Shoulder and Elbow
Surgery Board of Trustees. http://dx.doi.org/10.1016/j.
jse.2015.04.005
13. Parsons IM, Apreleva M, Fu FH, Woo SL. The effect of rotator cuff tears on reaction forces at the glenohumeral joint.
J Orthop Res 2002; 20:439-46. http://dx.doi.org/10.1016/
S0736-0266(01)00137-1
14. Oh JH, McGarry MH, Jun BJ, Gupta A, Chung KC, Hwang
J, et al. Restoration of shoulder biomechanics according to
degree of repair completion in a cadaveric model of massive rotator cuff tear: importance of margin convergence and
posterior cuff fixation.Am J Sports Med 2012;40:2448-53.
http://dx.doi.org/10.1177/0363546512458775
15. Hansen ML, Otis JC, Johnson JS, Cordasco FA, Craig EV,
Warren RF. Biomechanics of massive rotator cuff tears: implications for treatment. J Bone Joint Surg Am 2008;90:31625. http://dx.doi.org/10.2106/JBJS.F.00880
16. Collin P, Matsumura N, Leadermann A, Denard PJ, Walch
G. Relationship between massive chronic rotator cuff
tear pattern and loss of active shoulder range of motion. J
Shoulder Elbow Surg 2014; 23:1195-202. http://dx.doi.

Acta Biomed 2021; Vol. 92, Supplement 3: e2021026

org/10.1016/j.jse.2013.11.019
17. 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;23:1152-61. http://dx.doi.org/10.1016/j.
arthro.2007.06.014
18. Mallon WJ, Wilson RJ, Basamania CJ. The association of
suprascapular neuropathy with massive rotator cuff tears: a
preliminary report. J Shoulder Elbow Surg 2006;15:395-8.
http://dx.doi.org/10.1016/j.jse.2005.10.019
19. Su WR, Budoff JE, Luo ZP. The effect of anterosuperior
rotator cuff tears on glenohumeral translation. Arthroscopy
2009;25:282-9.
http://dx.doi.org/10.1016/j.arthro.2008.10.005
20. Thorsness R, Romeo A. Massive Rotator Cuff Tears: Trends
in Surgical Management. Trending in Orthopedics. doi:
10.3928/01477447-20160503-07
21. 
Millett PJ, Wilcox RB 3rd, O’Holleran JD, Warner JJ.
Rehabilitation of the rotator cuff: an evaluation-based approach. J Am Acad Orthop Surg 2006;14:599-609.
22. Van der Meijden OA, Westgard P, Chandler Z, Gaskill
TR,Kokmeyer D, Millett PJ. Rehabilitation after arthroscopic rotator cuff repair: current concepts review and evidence-based guidelines. Int J Sports Phys Ther 2012;7:197218.
23. Costantino C, Olvirri S. Rehabilitative and infiltrative treatment with hyaluronic acid in elderly patients with rotator
cuff tears. Acta Biomed 2009;80:225-9.
24. Zingg PO, Jost B, Sukthankar A, Buhler M, Pfirrmann
CWA, Gerber C. Clinical and structural outcomes of
nonoperative management of massive rotator cuff tears.
J Bone Joint Surg Am 2007;89:1928-34. http://dx.doi.
org/10.2106/JBJS.F.01073
25. Ainsworth R. Physiotherapy rehabilitation in patients with
massive, irreparable rotator cuff tears. Musculoskeletal Care
2006;4:140-51. http://dx.doi.org/10.1002/msc.85
26. Yamaguchi K, Tetro AM, Blam O, Evanoff BA, Teefey
SA, Middleton WD. Natural history of asymptomatic rotator cuff tears: a longitudinal analysis of asymptomatic
tears detected sonographically. J Shoulder Elbow Surg
2001;10:199-203.
27. Jeanfavre M, Husted S, Leff G. Exercise therapy in the
non-operative treatment of full-thickness rotator cuff tears:
a systematic review. The International Journal of Sports
Physical Therapy. June 2018. doi: 10.26603/ijspt20180335
28. 
Jeanfavre M, Husted S, Leff G. EXERCISE THERAPY IN THE NON-OPERATIVE TREATMENT
OF FULL-THICKNESS ROTATOR CUFF TEARS:
A SYSTEMATIC REVIEW. Int J Sports Phys Ther.
2018 Jun;13(3):335-378. PMID: 30038823; PMCID:
PMC6044593.
29. Alessandro Beltrame, Paolo Di Benedetto, Daniele Salviato,
Giuseppe Niccoli, Renato Gisonni, Vanni Cainero, Araldo
Causero. The SMR reverse shoulder arthroplasty in rotator
cuff arthropathy management. Acta Biomed 2017; Vol. 88,
Supplement 4: 81-89DOI: 10.23750/abm.v88i4 -S.6798©

11

Mattioli 188
30. Williams GR Jr, Rockwood CA Jr, Bigliani LU, Iannotti JP,
StanwoodW. Rotator cuff tears: why do we repair them? J
Bone Joint Surg Am 2004;86:2764-76.
31. Rockwood CA Jr, Williams GR Jr, Burkhead WZ Jr. Debridement of degenerative, irreparable lesions of the rotator
cuff. J Bone Joint Surg Am 1995;77:857-66.
32. Boileau P, Baqu_e F, Valerio L, Ahrens P, Chuinard C, Trojani C. Isolated arthroscopic biceps tenotomy or tenodesis
improves symptoms in patients with massive irreparable
rotator cuff tears. J Bone Joint Surg Am 2007;89:747-57.
http://dx.doi.org/10.2106/JBJS.E.01097.
33. Gartsman GM. Massive, irreparable tears of the rotator cuff.
Results of operative debridement and subacromial decompression. J Bone Joint Surg Am 1997;79:715-21.
34. Walch G, Edwards TB, Boulahia A, Nov_e-Josserand L,
Neyton L, Szabo I. Arthroscopic tenotomy of the long
head of the biceps in the treatment of rotator cuff tears:
clinical and radiographic results of 307 cases. J Shoulder
Elbow Surg 2005;14:238-46. http://dx.doi.org/10.1016/j.
jse.2004.07.008
35. Klinger HM, Spahn G, Baums MH, Steckel H. Arthroscopic debridement of irreparable massive rotator cuff tearsda comparison of debridement alone and combined procedure with biceps tenotomy.Acta Chir Belg 2005;105:297301.
36. Vaishnav S, Millett PJ. Arthroscopic rotator cuff repair:
scientific rationale, surgical technique, and early clinical
and functional results of a knotless self-reinforcing double-row rotator cuff repair system. J Shoulder Elbow Surg
2010;19:83-90. http://dx.doi.org/10.1016/j.jse.2009.12.012
37. 
Denard PJ, Jiwani AZ, L€adermann A, Burkhart SS.
Long-term outcome of arthroscopic massive rotator cuff
repair: the importance of double row fixation. Arthroscopy 2012;28:909-15. http://dx.doi.org/10.1016/j.arthro.2011.12.007
38. Chung SW, Kim JY, Kim MH, Kim SH, Oh JH. Arthroscopic repair of massive rotator cuff tears: outcome and
analysis of factors associated with healing failure or poor
postoperative function. Am J Sports Med 2013;41:1674-83.
http://dx.doi.org/10.1177/0363546513485719
39. 
Mihata T, Watanabe C, Fukunishi K, Ohue M, Tsujimura T,Fujiwara K, et al. Function and structural outcomes of single-row versus double-row versus combined
double-row and suture-bridge repair for rotator cuff
tears. Am J Sports Med 2011;39:2091-8. http://dx.doi.
org/10.1177/0363546511415660
40. Di Benedetto P, Beltrame A, Cicuto C, Battistella C, Gisonni R, Cainero V, Causero A. Rotator cuff tears reparability
index based on pre-operative MRI: our experience. Acta Biomed. 2019 Jan 10;90(1-S):36-46. doi: 10.23750/abm.v90i1S.8074. PMID: 30714997; PMCID: PMC6503408.
41. Jost B, Zumstein M, Pfirrman CW, Gerber C. Long-term
outcome after structural failure of rotator cuff repairs. J Bone
Joint Surg Am 2006;88:472-9. http://dx.doi.org/10.2106/
JBJS.E.00003

12

42. Zumstein MA, Jost B, Hempel J, Hodler J, Gerber C. The
clinical and structural long term results of open repair of
massive tears of the rotator cuff. J Bone Joint Surg Am
2008;90:2423-31. http://dx.doi.org/10.2106/JBJS.G.00677
43. Ames JB, Horan MP, Van der Meijden OA, Leake MJ, Millett PJ. Association between acromial index and outcomes
following arthroscopic repair of full-thickness rotator cuff
tears. J Bone Joint Surg Am 2012;94:1862-9. http://dx.doi.
org/10.2106/JBJS.K.01500
44. Mazzocca AD, Millett PJ, Guanche CA, Santangelo SA, Arciero RA. Arthroscopic single-row versus double-row suture
anchor rotator cuff repair. Am J Sports Med 2005;33:18618. http://dx.doi.org/10.1177/0363546505279575
45. Millett PJ, Warth RJ, Dornan GJ, Lee JT, Spiegl UJ. Clinical
and structural outcomes after arthroscopic single-row versus
double-row rotator cuff repair: a systematic review and meta-analysis of level I randomized clinical trials. J Shoulder
Elbow Surg 2014;23:586-97. http://dx.doi.org/10.1016/j.
jse.2013.10.006
46. Park MC, Elattrache NS, Ahmad CS, Tibone JE. “Transosseous-equivalent” rotator cuff repair technique. Arthroscopy. 2006; 22(12):1360.e1-5.
47. Park MC, Tibone JE, ElAttrache NS, Ahmad CS, Jun BJ,
Lee TQ. Part II: biomechanical assessment for a footprintrestoring transosseous-equivalent rotator cuff repair technique compared with a double-row repair technique. J
Shoulder Elbow Surg. 2007; 16(4):469-476.
48. Di Benedetto ED, Di Benedetto P, Fiocchi A, Beltrame A,
Causero A. Partial repair in irreparable rotator cuff tear: our
experience in long-term follow-up. Acta Biomed. 2017 Oct
18;88(4S):69-74. doi: 10.23750/abm.v88i4-S.6796. PMID:
29083356; PMCID: PMC6357661.
49. Di Benedetto P, Di Benedetto ED, Beltrame A, Gisonni
R, Cainero V, Causero A. Arthroscopic rotator cuff repair
with or without PrP: our experience. Acta Biomed. 2016
Apr 15;87 Suppl 1:75-83. PMID: 27104324.
50. Iannotti JP, Deutsch A, Green A, Rudicel S, Christensen
J, Marraffino S, et al. Time to failure after rotator cuff repair: a prospective imaging study. J Bone Joint Surg Am
2013;95:965-71.http://dx.doi.org/10.2106/JBJS.L.00708
51. Holtby R, Razmjou H. Relationship between clinical and
surgical findings and reparability of large and massive rotator cuff tears: a longitudinal study. BMC Musculoskelet
Disord 2014;15:180. http://dx.doi.org/10.1186/14712474-15-180
52. Burkhart SS. Partial repair of massive rotator cuff tears:
the evolution of a concept. Orthop Clin North Am
1997;28:125-32.
53. Burkhart SS, Nottage WM, Ogilvie-Harris DJ, Kohn HS,
Pachelli A.Partial repair of irreparable rotator cuff tears. Arthroscopy 1994;10:363-70.
54. Berth A, Neumann W, Awiszus F, Pap G. Massive rotator cuff tears:functional outcome after debridement or arthroscopic partial repair. J Orthop Trauma 2010;11:13-20.
http://dx.doi.org/10.1007/s10195-010-0084-0
55. D uralde XA, Bair B. Massive rotator cuff tears: the re-

Acta Biomed 2021; Vol. 92, Supplement 3: e2021026

sults of partial rotator cuff repair. J Shoulder Elbow Surg
2005;14:121-7. http://dx.doi.org/10.1016/j.jse.2004.06.015
56. Iagulli ND, Field LD, Hobgood R, Ramsey JR, Savoie FH 3rd.
Comparison of partial versus complete arthroscopic repair of
massive rotator cuff tears. Am J Sports Med 2012;40:10226. http://dx.doi.org/10.1177/0363546512438763
57. Kim SJ, Kim SH, Lee SK, Seo JW, Chun YM. Arthroscopic repair of massive contracted rotator cuff tears: aggressive release with anterior and posterior interval slides do not
improve cuff healing and integrity. J Bone Joint Surg Am
2013;95:1482-8. http://dx.doi.org/10.2106/JBJS.L.01193
58. Kim SJ, Lee IS, Kim SH, Lee WY, Chun YM. Arthroscopic partial repair of irreparable large to massive rotator cuff tears. Arthroscopy 2012;28:761-8. http://dx.doi.
org/10.1016/j.arthro.2011.11.018
59. Moser M, Jablonski MV, Horodyski M, Wright TW. Functional outcome of surgically treated massive rotator cuff
tears: a comparison of complete repair, partial repair, and
debridement. Orthopedics 2007;30:479-82. http://dx.doi.
org/10.3928/01477447-20070601-05.
60. Porcellini G, Castagna A, Cesari E, Merolla G, Pellegrini
A,Paladini P. Partial repair of irreparable supraspinatus tendon tears: clinical and radiographic evaluations at long-term
follow-up. J Shoulder Elbow Surg 2011;20:1170-7. http://
dx.doi.org/10.1016/j.jse.2010.11.002
61. Shea KP, Obopilwe E, Sperling JW, Iannotti JP. A biomechanical analysis of gap formation and failure mechanics of
a xenograftreinforced rotator cuff repair in a cadaveric model. J Shoulder Elbow Surg 2012;21:1072-9. http://dx.doi.
org/10.1016/j.jse.2011.07.024
62. McCarron JA, Milks RA, Mesiha M, Aurora A, Walker
E, Iannotti JP, et al. Reinforced fascia patch limits cyclic
gapping of rotator cuff repairs in a human cadaveric model. J Shoulder Elbow Surg 2012;21:1680-6. http://dx.doi.
org/10.1016/j.jse.2011.11.039
63. Burkhart SS, Barth JR, Richards DP, Zlatkin MB, Larsen
M. Arthroscopic repair of massive rotator cuff tears with
stage 3 and 4 fatty degeneration. Arthroscopy 2007;23:34754. http://dx.doi.org/10.1016/j.arthro.2006.12.012
64. Iannotti JP, Codsi MJ, Kwon YW, Derwin K, Ciccone J,
Brems JJ.Porcine small intestine submucosa augmentation of surgical repair ofchronic two-tendon rotator cuff
tears. A randomized, controlled trial.J Bone Joint Surg Am
2006;88:1238-44. http://dx.doi.org/10.2106/JBJS.E.00524
65. 
Mori D, Funakoshi N, Yamashita F. Arthroscopic surgery of irreparable large or massive rotator cuff tears with
low-grade fatty degeneration of the infraspinatus: patch
autograft procedure versus partial repair procedure. Arthroscopy 2013;29:1911-21. http://dx.doi.org/10.1016/j.
arthro.2013.08.032
66. Mihata T, Lee TQ, Watanabe C, Fukunishi K, Ohue M,
Tsujimura T, et al. Clinical results of arthroscopic superior capsule reconstruction for irreparable rotator cuff tears.
Arthroscopy 2013;29:459-70. http://dx.doi.org/10.1016/j.
arthro.2012.10.022
67. Nimura A, Kato A, Yamaguchi K, Mochizuki T, Okawa A,

Acta Biomed 2021; Vol. 92, Supplement 3: e2021026

Sugaya H, et al. The superior capsule of the shoulder joint
complements the insertion of the rotator cuff. J Shoulder
Elbow Surg 2012; 21:867-72. http://dx.doi.org/10.1016/j.
jse.2011.04.03497.
68. Ishihara Y, Mihata T, Tamboli M, Nguyen L, Park KJ, McGarry MH, et al. Role of the superior shoulder capsule in
passive stability of the glenohumeral joint. J Shoulder Elbow Surg 2014;23:642-8. http://dx. doi.org/10.1016/j.
jse.2013.09.025
69. Mihata T, McGarry MH, Pirolo JM, Kinoshita M, Lee TQ.
Superior capsular reconstruction to restore superior stability
in irreparable rotator cuff tears: a biomechanical and cadaveric study. Am J Sports Med 2012;38:369-74. http://dx.doi.
org/10.1177/0363546512456195
70. Gupta AK, Hug K, Berkoff DJ, Boggess BR, Gavigan M, Malley PC,et al. Dermal tissue allograft for the repair of massive
irreparable rotator cuff tears. Am J Sports Med 2012;40:1417. http://dx.doi.org/10.1177/0363546511422795
71. 
Namdari S, Voleti P, Baldwin K, Glasser D, Huffman
GR. Latissimus dorsi tendon transfer for irreparable rotator cuff tears: a systematic review. J Bone Joint Surg Am
2012;94:891-8. http://dx.doi.org/10.2106/JBJS.K.00841
72. Gerber C, Maquieira G, Espinosa N. Latissimus dorsi transfer for the treatment of irreparable rotator cuff tears. J Bone
Joint Surg 2006;88:113-20. http://dx.doi.org/10.2106/
JBJS.E.00282
73. Millett PJ, Yen Y, Huang MJ. Arthroscopically assisted
latissimus dorsi transfer for irreparable rotator cuff tears.
Techn Shoulder Elbow Surg 2008;9:76-9. http://dx.doi.
org/10.1097/BTE.0b013e318169e991
74. Moursy M, Forstner R, Koller H, Resch H, Tauber M.
Latissimus dorsi tendon transfer for irreparable rotator
cuff tears: a modified technique to improve tendon transfer
integrity. J Bone Joint Surg Am 2009;91:1924-31. http://
dx.doi.org/10.2106/JBJS.H.00515
75. Henseler JF, Nagels J, Nelissen RG, de Groot JH. Does the
latissimus dorsi tendon transfer for massive rotator cuff tears
remain active postoperatively and restore active external
rotation? J Shoulder Elbow Surg 2014;23:553-60. http://
dx.doi.org/10.1016/j.jse.2013.07.055
76. Warner JJ, Parsons IM 4th. Latissimus dorsi tendon transfer: a comparative analysis of primary and salvage reconstruction of massive, irreparable rotator cuff tears. J Shoulder Elbow Surg 2001;10:514-21.
77. Castricini R, Longo UG, De Benedetto M, Loppini M, Zini
R, Maffulli N, et al. Arthroscopic assisted latissimus dorsi
transfer for the management of irreparable rotator cuff tears:
short-term results. J Bone Joint Surg Am 2014;96:e119.
http://dx.doi.org/10.2106/JBJS.L.01091
78. Galatz LM, Connor PM, Calfee RP, Hsu JC, Yamaguchi K.
Pectoralis major transfer for anterior-superior subluxation
in massive rotator cuff insufficiency. J Shoulder Elbow Surg
2003;12:1-5. http://dx.doi.org/10.1067/mse.2003.128137
79. Konrad GG, Sudkamp NP, Kreuz PC, Jolly JT, McMahon
PJ, Debski RE. Pectoralis major tendon transfers above or
underneath the conjoint tendon in subscapularis-deficient

13

shoulders: an in vitro biomechanical analysis. J Bone Joint
Surg Am 2007;89:2477-84. http://dx.doi.org/10.2106/
JBJS.F.00811
80. Gerber A, Clavert P, Millett PJ, Holovacs TF, Warner JJP.
Split pectoralis major and teres major tendon transfers for
massive irreparable tears of the susbcapularis. Tech Shoulder Elbow Surg 2004;5:5-12.
81. Jost B, Puskas GJ, Lustenberger A, Gerber C. Outcome of
pectoralis major transfer for the treatment of irreparable
subscapularis tears. J Bone Joint Surg Am 2003;85:1944-51.
82. Shin JJ, Saccomanno MF, Cole BJ, Romeo AA, Nicholson GP, Verma NN. Pectoralis major transfer for treatment
of irreparable subscapularis tear: a systematic review. Knee
Surg Sports Traumatol Arthrosc 2014 Aug 22;. http://
dx.doi.org/10.1007/s00167-014-3229-5
83. Konrad GG, Sudkamp NP, Kreuz PC, Jolly JT, McMahon
PJ, Debski RE. Pectoralis major tendon transfers above or
underneath the conjoint tendon in subscapularis-deficient
shoulders: an in vitro biomechanical analysis. J Bone Joint
Surg Am 2007;89:2477-84. http://dx.doi.org/10.2106/
JBJS.F.00811
84. Elhassan B, Ozbaydar M, Massimini D, Diller D, Higgins L,
Warner JJ. Transfer of pectoralis major for the treatment of
irreparable tears of subscapularis: does it work? J Bone Joint
Surg Br 2008;90:1059-65. http://dx.doi.org/10.1302/0301620X.90B8.20659
85. Elhassan B, Bishop A, Shin A. Trapezius transfer to restore
external rotation in a patient with a brachial plexus injury.
A case report. J Bone Joint Surg Am 2009;91:263-7. http://
dx.doi.org/10.2106/JBJS.H.00745
86. Hartzler RU, Barlow JD, An KN, Elhassan BT. Biomechanical effectiveness of different types of tendon transfers to the shoulder for external rotation. J Shoulder Elbow Surg 2012;21:1370-6. http://dx.doi.org/10.1016/j.
jse.2012.01.026
87. Leung B, Horodyski M, Struk AM,Wright TW. Functional outcome of hemiarthroplasty compared with reverse
total shoulder arthroplasty in the treatment of rotator cuff
tear arthropathy. J Shoulder Elbow Surg 2012;21:319-23.
http://dx.doi.org/10.1016/j.jse.2011.05.023
88. Ek ET, Neukom L, Catanzaro S, Gerber C. Reverse total
shoulder arthroplasty for massive irreparable rotator cuff
tears in patients younger than 65 years old: results after five
to fifteen years. J Shoulder Elbow Surg 2013;22:1199-208.
http://dx.doi.org/10.1016/j.jse.2012.11.016
89. Werner CM, Steinmann PA, Gilbart M, Gerber C. Treatment of painful pseudoparesis due to irreparable rotator cuff
dysfunction with the Delta III reverse-ball-and-socket total
shoulder prosthesis. J Bone Joint Surg Am 2005;87:147686. http://dx.doi.org/10.2106/JBJS.D.02342
90. 
Groh GI, Groh GM. Complications rates, reoperation
rates, and the learning curve in reverse shoulder arthroplasty. J Shoulder Elbow Surg 2014;23:388-94. http://dx.doi.
org/10.1016/j.jse.2013.06.002
91. Simovitch RW, Helmy N, Zumstein MA, Gerber C. Impact of fatty infiltration of the teres minor muscle on the

14

outcome of reverse total shoulder arthroplasty. J Bone
Joint Surg Am 2007;89:934-9. http://dx.doi.org/10.2106/
JBJS.F.01075
92. Boileau P, Gonzalez JF, Chuinard C, Bicknell R, Walch
G. Reverse total shoulder arthroplasty after failed rotator
cuff surgery. J Shoulder Elbow Surg 2009;18:600-6. http://
dx.doi.org/10.1016/j.jse.2009.03.011
93. Sershon RA, Van Thiel GS, Lin EC, McGill KC, Cole BJ,
Verma NN, et al. Clinical outcomes of reverse total shoulder arthroplasty in patients aged younger than 60 years. J
Shoulder Elbow Surg 2014;23:395-400. http://dx.doi.
org/10.1016/j.jse.2013.07.047
94. Guery J, Favard L, Sirveaux F, Oudet D, Mole D, Walch G.
Reverse total shoulder arthroplasty. Survivorship analysis of
eighty replacements followed for five to ten years. J Bone
Joint Surg Am 2006;88:1742-7. http://dx.doi.org/10.2106/
JBJS.E.00851
95. Favard L, Levigne C, Nerot C, Gerber C, De Wilde L,
Mole D. Reverse prostheses in arthropathies with cuff

Acta Biomed 2021; Vol. 92, Supplement 3: e2021026

tear: are survivorship and function maintained over time?
Clin Orthop Relat Res 2011;469: 2469-75. http://dx.doi.
org/10.1007/s11999-011-1833-y

Received: 1 May 2021
Accepted: 13 May 2021
Correspondence:
Paolo Di Benedetto,
DAME – Università degli Studi di Udine
Clinica OrtopedicaAzienda Sanitaria - Universitaria Integrata
di Udine
P.le S.Maria della Misericordia, 15 - 33100
Udine (Italy)
Tel. +39 0432 559464
Fax +39 0432 559298
E-mail: paolo.dibenedetto@asufc.sanita.fvg.it;
paolo.dibenedetto@uniud.it

