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Rotator cuff tear is a common cause of shoulder pain and disability in adults. Due to the various nature of progression of rotator cuff 
tears and the complex biomechanics of the shoulder joint, repair and treatment of large-to-massive tears are challenging for many sur-
geons. Despite the recent popularity of reverse total shoulder arthroplasty as a treatment option for large-to-massive irreparable rotator 
cuff tears, biological and mechanical repair augmentation has also shown promise as a viable treatment option. The purpose of this study 
was to briefly summarize and review current studies on the assessment and arthroscopic treatment of large-to-massive rotator cuff tears, 
whether repairable or irreparable, to aid in developing a consensus on future treatment directions.
(Clin Shoulder Elbow 2019;22(1):50-57)
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Introduction

Rotator cuff tear is one of the most common causes of shoul-
der pain and dysfunction. The numbers of outpatient visits and 
surgeries attributed to symptomatic rotator cuff tears are increas-
ing and both are expected to continue to rise along with the in-
crease in aging of the human population.1-4) Thus far, the overall 
percentage of rotator cuff tears present in elderly populations 
ranges from a reported low of 25.6% to a high of 50.0%.1) One 
study reported that large-to-massive rotator cuff tears comprise 
up to 40% of all rotator cuff tears.3) Arthroscopic repair as a 
treatment for rotator cuff tears is a popular option and has been 
widely applied over the past two decades. However, while most 
small-to-medium tears can be successfully repaired, results of 
arthroscopic repair of large-to-massive tears are far less favor-
able.5-10)

Numerous surgical treatment options are available for repair-
ing massive rotator cuff tears, including arthroscopic debride-
ment with biceps tenotomy or tenodesis, complete repair, partial 
repair, patch augmentation, superior capsular reconstruction, 

muscle tendon transfer, and reverse total shoulder arthroplasty 
(RTSA). However, there is a lack of agreement on the appropri-
ate treatment guidelines and indications for specific surgical op-
tions.3)

We acknowledge the complexity of large-to-massive rotator 
cuff tear treatments due to the numerous considerations and 
various options available and the difficulties associated with 
resolving chronic pain and debilitation issues in patients. The 
purpose of the following is to summarize and review current 
studies on the assessment and arthroscopic treatment of large-
to-massive, reparable and irreparable, rotator cuff tears as an aid 
to the development of consensus on treatment indications and 
options.

Patient Selection for Surgical Repair

Based on the aforementioned complexity and varied nature 
of large-to-massive rotator cuff tears, evaluating appropriate 
candidates for operative treatment is crucial for obtaining suc-
cessful clinical outcomes.11) Unfortunately, even in the presence 
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of quantitative clinical and imaging information, an evidence-
based, universally acceptable treatment algorithm is yet to be 
established. Any proposed clinical evidence-scoring system and 
treatment algorithm would include both personal experience 
and scientific data. The following criteria have proven helpful 
in the assessment of the key parameters in the decision-making 
process for massive rotator cuff tears in our experience and are 
offered for consideration.3,11-14)

First, the source and nature of pain should be assessed, as 
well as whether there is any decrease in function. Symptomatic 
rotator cuff tear patients’ most common complaint is pain with 
overhead activities and pain at night. Initially, it must be deter-
mined that the pain is the result of the tear and can be differenti-
ated from concomitant etiologies such as stiffness from adhesive 
capsulitis and acromioclavicular pain.11) Pain is often associated 
with weakness and may indicate a large rotator cuff tear; how-
ever, weakness is better corroborated through rotator cuff test 
results. Weakness can be quantified by various semi-objective 
means and can range from hardly perceived weakness to so-
called pseudoparalysis of elevation and/or external rotation.5,11) 
Recovery from such disability has to be assessed after treatment, 
and successful reversal of pseudoparalysis through surgery has 
been reported.15)

Second is deciding whether to proceed with treatment or 
not. Once the source of the pain and/or weakness is determined 
to be related to rotator cuff failure, and after glenohumeral 
stiffness and acromioclavicular pain have been excluded, it is 
ultimately the patient who determines whether the pain and/or 
disability levels are acceptable to him or her or whether he or 
she desires improvement.5) If the cuff tear is sufficiently disabling, 
and the patient is willing to undergo operative treatment, it is 
logical to proceed with treatment because successful repair will 
provide lasting pain relief and improve strength over that in the 
preoperative state.16-18) 

Various classifications of rotator cuff tears have been pro-
posed. However, no consensus currently exists as to which clas-
sification system is best, and it is important to interpret the tear 
pattern information in light of the patient’s clinical situation.

Many authors, including Gerber et al.,11,17) currently define a 
cuff tear as massive if there is complete detachment of at least 
two tendons. Several reports have indicated a higher rate of 
recurrent tearing for massive rotator cuff tears after surgery com-
pared with that for smaller tears.7,16,19,20) Adding to the complex-
ity of treatment for massive rotator cuff tears is the observation 
that structural failure does not always equate to clinical failure. 
In massive cuff tears, if fatty infiltration of the respective muscles 
is beyond Goutallier stage 2 and/or if there is cranial migration 
of the humerus resulting in an acromiohumeral distance of less 
than 7 mm, then the probability that successful cuff repair can 
be achieved is very low and such massive tears are deemed ir-
reparable.11) 

To improve the success rates of operative results and thereby 
clinical outcomes, there are several factors to be considered.21) 
Azar et al.,21) proposed that the following certain aspects are met 
in order to achieve maximum clinical results. The five aspects 
are: 1) adequate subacromial decompression, 2) maintaining 
the integrity of the deltoid origin, 3) mobilizing torn tendons and 
performing an interval slide, 4) repairing tendons to bone, 5) 
careful supervision and staging of postoperative rehabilitation. 
In addition to the factors suggested by Azar et al.,21) Yoon4) pro-
posed the following two essential requirements: 1) the rotator 
cuff complex must be able to endure early tension during the 
early reparative stage (the time between the repair of mechani-
cal properties and tendon formation) and 2) biological ability 
that maximizes the healing capacity of the bone-tendon junction 
must be obtained. 

In order to achieve such clinical outcome goals, surgical treat-
ment options must provide adequate decompression and de-
bridement of the subacromial space and enough strength in the 
repaired rotator cuff complex to stabilize the glenohumeral joint, 
as well as allowing for mobilization and ensuring maximum bio-
logical healing capacity of the tear site.21)

Surgical Treatment Options

Developments and advancement in arthroscopic surgery 
technology have led to the refinement and expansion of surgi-
cal indications; thus, massive rotator cuff tears previously con-
sidered irreparable can now be considered reparable. Such 
technological changes have resulted in substantial changes in the 
approaches to arthroscopic repair of massive rotator cuff tears.14) 
The following reviews the current treatment options. 

Debridement and Biceps Tenotomy
Traditionally, treatment options for massive rotator cuff tears 

in elderly patients with low functional demands were limited to 
arthroscopic debridement.3,11) Although early results were clini-
cally beneficial in alleviating symptoms and improving shoulder 
range of motion, debridement has become less popular as ar-
throscopic repair techniques improved and Berth et al.22) studies 
have determined that debridement produces only temporary 
benefits. In addition, shoulder strength was likely to remain un-
changed or to decrease after debridement.23)

The long head of the biceps tendon (LHBT) can be a sig-
nificant source of shoulder pain, and biceps lesions are often 
present with massive rotator cuff tears. Greenspoon et al.3) have 
confirmed that biceps tenotomy or tenodesis can effectively re-
duce shoulder pain and dysfunction and can produce high satis-
faction rates in patients; however, such surgeries do not alter the 
natural progression of rotator cuff tears. One comparative study 
showed no significant differences between a group treated with 
arthroscopic debridement alone and one treated with debride-
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ment plus LHBT tenotomy.3)

Rotator Cuff Repair 
The aforementioned debridement procedures are usually 

considered as ’salvage procedures‘ or ’limited goals surgery’. 
Although studies have shown debridement can produce satis-
factory results in pain relief and range of motion in the elderly, 
arthroscopic repair should be considered for relatively young or 
more active patients who have higher functional demand (Fig. 1).

Ideally, a rotator cuff repair would restore cuff biomechanics, 
decrease pain, improve function, and achieve a strong fixation 
that would allow an aggressive rehabilitation process and pro-
mote healing. While complete anatomic repair, when possible, 
is the goal, large-to-massive rotator cuff tears remain a clinical 
challenge due to failure caused by retears. Postoperative recur-
rent tears of the rotator cuff occur in as little as 11% of rotator 
cuff tear study populations but can be as high as 94%.24) Factors 
that have been shown to contribute to repair difficulty and re-
tears are increased fatty infiltration of tissue, decreased acromio-
humeral distance, smoking, rotator cuff tear size, and increased 
tension on the repair.3,17,25,26)

Accurate recognition of the rotator cuff tear pattern is one 
of the most critical factors in achieving anatomic reduction and 
promoting healing, as such knowledge can prevent extreme 
tensile load at the repair site.14) Also, restoration of balance in the 
rotator cuff force-couple is another important factor in achieving 
successful arthroscopic repair of a rotator cuff tear. Disruption 
of the rotator cuff force-couple may lead to impairment in joint 
kinetics, ultimately resulting in cartilage and adjacent tendon de-
generation. Capsular ligament releases and oblique convergence 
sutures during arthroscopy are key factors in a satisfactory mas-
sive rotator cuff repair and successful clinical outcomes.27-29)

The presence of high failure rates of rotator cuff repairs per-
formed via traditional approaches has led to research into and 

development of strategies to augment the rotator cuff repair 
site. The goals of using augmentation in rotator cuff repairs are 
to enhance mechanical strength through the use of graft tissue 
and to promote the healing response via biologic augmenta-
tion.3,4,9,11,13,14,19,24,30,31) 

Mechanical and Biological Augmentation of Rotator Cuff 
Repair

Various patch augmentation devices have been developed 
and their use depends on the source or type of graft material 
selected such as allograft, xenograft, and synthetic extracellular 
matrix (ECM) scaffold grafts.13) Although clear indications for 
the use of scaffold devices in rotator cuff repair have not been 
defined, augmentation through the use of ECM patches is being 
widely investigated as a treatment option for large-to-massive 
rotator cuff tears.

Allografts and nonhuman mammalian ECM scaffold devices 
have potential mechanical and biologic benefits in rotator cuff 
repair. Scaffold augmentation can provide adequate mechanical 
integrity during the early phase of rotator cuff repair healing and 
can serve as a base for cell migration and enhanced collagenous 
matrix production, which can ensure tendon-to-bone healing at 
the repair site. Synthetic scaffolds may not provide a direct bio-
logic effect during healing; however, they are able to maintain 
durable mechanical properties over time and stabilize the repair 
construct until tissue healing occurs.11,14,32,33)

Authors of prospective studies of human dermis-derived 
allograft scaffolds have reported improved clinical scores and 
significantly higher rotator cuff integrity in their augmentation 
group that in their nonaugmentation group (85% vs. 40%).34-36) A 
histologic assessment of an allogenically augmented rotator cuff 
repair site demonstrated no calcification, infection, or inflamma-
tory response at 3 months after repair. However, this is not to say 
that allogenic ECM augmentation is without potential concern as 
allogenic ECMs can produce inflammatory responses in the host. 
Moreover, they are less elastic than autogenic tendons, which 
may result in a comparably higher retear rate due to the lower 
load-carrying ability of the ECM.14,34)

Immunogenicity is of great concern when using ECM-based 
xenografts derived from a nonhuman species.14) Despite precau-
tions and adequate graft preparation procedures involving rigor-
ous decellularization, studies using xenograft ECM made from 
porcine small intestine mucosa have reported a high proportion 
of patients exhibiting severe inflammatory reactions and have 
recommended against the use of such augmentation.37,38) On the 
other hand, Throckmorton and Gerlinger13) have reported favor-
able outcomes with dermal-origin xenografts. Throckmorton and 
Gerlinger13) studies have also reported significant improvements 
in clinical outcome scores, range of motion, and strength. 

Due to concerns associated with xenografts and the associ-
ated risk of immunological responses, synthetic polymer materi-

A B

Fig. 1. (A) Schematic illustration of arthroscopic rotator cuff repair with 
double row suture bridge technique. (B) Repaired rotator cuff via double row 
suture bridge technique with full coverage of foot print.
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als have emerged as a possible graft option. The consistency and 
strength of synthetic ECMs indicate they are potential candidate 
augmentation materials that can allow cellular and fibrotic 
growth of rotator cuff repairs. Studies have shown significantly 
improved function and intact rotator cuff repairs that were 
augmented with synthetic ECM grafts.13,39) One study reported 
retearing rates at follow-up 1 year after repair of 17%, 51%, and 
41% in patients with synthetic graft augmentation, xenograft 
augmentation, and no augmentation, respectively.14,40)

Mechanical repair and enhancement are important main-
stays in rotator cuff tear repair. Although functional outcomes in 
patients who undergo rotator cuff repair may remain relatively 
good and despite ultrasonographic or magnetic resonance im-
aging evidence of recurrent tears, the presence of a correlation 
between healing at the repair site and improved functional out-
come cannot be neglected. Russell et al.41) reported on patients 
with an intact rotator cuff repair and patients with a retear after 
repair; after a minimum follow-up of 1 year, the patients with an 
intact repair had better mean Constant–Murley and University 
of California at Los Angeles shoulder rating scores. 

Elucidation of the biology of healing of the rotator cuff and 
cellular healing at patch-augmented repair sites has led to re-
search considering more direct therapies (Fig. 2). Numerous ani-
mal studies investigating the application of cellular growth factors 
during healing of rotator cuff repair sites have reported increased 
cell proliferation, neovascularization, and bone volume. How-
ever, these studies have yet to show observable, significant im-
provement in the mechanical quality of the repair or an increase 
in tendon load prior to failure. Cheung et al.24) indicated that, in 

vivo, growth factors may function via interaction with other fac-
tors to ultimately enhance tendon-to-bone healing, and that it 
is unlikely a significant change will be observable after applying 
only one growth factor. 

Platelet-rich plasma (PRP) is an autologous whole blood-
derived concentrate that contains multiple growth factors, many 
of them previously identified as crucial in normal bone-to-
tendon healing.42) The growth factors in PRP include platelet-
derived growth factor, transforming growth factor-b, vascular 
endothelial growth factor, and insulin-like growth factor-1.43) The 
administration of PRP at the rotator cuff repair site may promote 
healing via such factors; however, there is controversy over the 
role of PRP as a biologic augmentation source due to the report-
ing of conflicting results on PRP effects on tendon healing.14) 
Recent systematic reviews and meta-analyses have reported no 
significant difference in clinical outcome after PRP treatment, 
thus there is a lack of evidence indicating a benefit of PRP aug-
mentation in rotator cuff repair.44-47) Numerous questions on the 
optimal timing, dosing, mode of application, and formulation of 
PRP treatment in rotator cuff repair need to be investigated, and 
the results of such studies may help define the clinical benefit 
and indications for the use of PRP.14)

Superior Capsular Reconstruction
Patches have been used successfully to augment primary re-

pairs, but they are insufficient in providing the structural integrity 
needed to span the gap within the setting of an irreparable tear.3) 
Partial repair is another option, but the risk of retear can be as 
high as 52%.7,47) RTSA has gained popularity as it is effective in 

A B

Fig. 2. (A) Schematic illustration of rotator 
cuff repair with allogenous dermal patch 
graft augmentation. (B) Repaired rotator 
cuff via single row suture technique with al-
logenous dermal patch graft augmentation.
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the treatment of rotator cuff tears in elderly patients; however, 
it has failed to provide similar clinical results in younger pa-
tients.14,48,49)

Superior capsule reconstruction (SCR) is an option that has 
the potential to restore and rebalance the force couples neces-
sary for dynamic shoulder function (Fig. 3).50) Recently, bio-
mechanical studies have shown that the superior capsule is a 
critical static stabilizer that enables the glenohumeral joint to be 
reduced, allowing larger muscles like the deltoid and pectoralis 
major to function properly.50-52) Reconstruction of the superior 
capsule with a collagen graft, attached medially to the superior 
glenoid and laterally to the greater tuberosity, was shown to re-
store the superior capsule to physiological conditions in a cadav-
eric study.52) This reconstruction method can provide a treatment 
option suitable for patients with an irreparable rotator cuff tear; 
in addition, it does not compromise future treatment options.

In order to restore the gap and cavitary defect in the supe-
rior capsule and cuff area, Mihata et al.53) initially suggested an 
SCR technique that used a folded fascia lata graft. Their original 
technique was distinct from previous methods because, medi-
ally, the graft was secured to the superior glenoid neck (forming 
a graft-to-bone interface) rather than bridging the gap between 
the remnant rotator cuff and its lateral insertion on the greater 
tuberosity (forming a graft-to-tendon interface). The early results 
of Mihata et al.53) were promising, but the fascia lata graft is rela-
tively thin and a large donor incision is needed for harvesting; 
as a consequence, alternative SCR methods have been investi-
gated.6,14,28,50)

Several authors have described wholly arthroscopic SCR 
techniques using acellular dermal allografts.6,27,50,51) Such a 
method has advantages over that using a fascia lata autograft. 
By using acellular dermal allografts, donor harvest site morbid-

ity is avoided and biologic incorporation can be achieved while 
maintaining structural integrity.14) The surgical steps in SCR are 
fairly universal although, depending on the study authors, there 
are variations and differences in suggested improvements.

Early preliminary results for allograft reconstruction of superior 
capsules are encouraging. Burkhart et al.28) reported clinical out-
come improvements in American Shoulder and Elbow Surgeons 
and visual analogue scale scores from 45.6 to 85.8 and 5.26 to 
0.96, respectively, at one year after surgery. One of the disad-
vantages of SCR performed using an allodermal patch is that it is 
a technically demanding procedure. Recently, a technical modi-
fication of SCR that used an LHBT autograft for patients whose 
LHBT integrity is preserved was suggested.54,55) Boutsiadis et al.54) 
introduced an LHBT transfer technique. In that approach, the 
tendon’s insertion into the glenoid is left intact, while laterally, it 
is tenotomized, transferred, and sutured with anchors onto the 
footprint of the supraspinatus tendon, thereby acting as a supe-
rior static stabilizer of the shoulder joint.54) 

A study reported by Kim et al.55) described a biceps tendon 
rerouting technique for large-to-massive rotator cuff tears. In 
that technique, lasso-loop ties are made through the body of the 
LHBT and fixed at the footprint of the greater tuberosity. Initially, 
the LHBT is mobilized and surrounding soft tissue is removed. 
After a lateral anchor is inserted to affix the LHBT, one lasso-
loop and two wrap-around ties are made at the lateral anchor.55) 
Another anchor is then inserted and fixed medially with the 
additional anchor fixed just posterior to the lateral LHBT an-
chor.55) The LHBT can be tenotomized at the distal aspect of the 
lateral anchor if tendon integrity is insufficient to maintain itself. 
An increased acromiohumeral distance indicating downward 
migration of the humeral head in immediate postoperative 
radiographs suggested that the LHBT rerouting technique may 

A B

Fig. 3. (A) Schematic illustration of superior 
capsular reconstruction in irreparable mas-
sive rotator cuff tear. (B) Irreparable rotator 
cuff defect is filled by arthroscopic superior 
capsular reconstruction using allogenous 
dermal patch graft.
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improve static stability for the glenohumeral joint of a shoulder 
with a large-to-massive rotator cuff tear.14,55) Utilizing the LHBT 
in SCR has advantages as it can be performed as an ‘all-inside’ 
procedure that is technically less demanding, less expensive, 
and has a reduced risk of infection due to a lack of donor site 
morbidity.14)

Conclusion

Rotator cuff tears are an increasingly common source of 
shoulder pain and disability among patients. Although the repair 
and treatment of a rotator cuff tear is not simple, increased de-
scription and elucidation of the biomechanics of the shoulder 
joint, appreciation of the importance of force-couple balances, 
and recognition and management of rotator cuff tear patterns 
has resulted in substantial improvements in the approaches used 
for arthroscopic repair of massive rotator cuff tears. Despite the 
popularity of RTSA as a treatment option for large-to-massive 
irreparable rotator cuff tears, biological and/or mechanical 
augmentation of repair constructs are considered viable treat-
ment options. In addition, recent research into SCR using either 
allograft patch or the LHBT has shown promising short-term 
clinical results. However, further research and verification of the 
potential of using PRP, growth factors, and stem cell augmenta-
tion methods are required.
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