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Abstract

Context: There are many studies in the literature looking into factors affecting outcomes in rotator cuff surgery. The aetiology of rotator
cuff deficiency is often multi-factorial and there are many facets towards successful management in this often debilitating condition.
Evidence Acquisition: We performed a literature search of MEDLINE and Embase databases using the terms large rotator cuff tears,
fatty infiltration rotator cuff, rotator cuff atrophy, rotator cuff augmentation, rotator cuff tendon transfers, allografts rotator cuff repair,
xenograft rotator cuff repair and synthetic grafts rotator cuff repair.

Results: In this article, we focus particularly on the aetiology, pathology and prognosis of large tears, fatty infiltration and muscle atrophy
of the rotator cuff. An overview of the various treatment strategies and current/future concepts are also discussed in managing patients
with these types of rotator cuff deficiencies.

Conclusions: Large tears, fatty infiltration and muscle atrophy of the cuff are challenging. An in-depth understanding of these elements
may prove vital for the practising orthopedician in determining the right course of management. Techniques in strengthening the repair
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construct using augmentation play an important role in the treatment of this condition.

1. Context

Surgical repair of rotator cuff tears (RCT) is widely rec-
ognised as the preferred management option. It often re-
sults in an improved functional outcome and a reduction
of pain symptoms. Reported success following rotator
cuff repair (RCR) range between 38% to 95% (1-6). Current
literature reports a multitude of studies looking at vari-
ables which may impact surgical outcomes. These include
but are not limited to: age, gender, partial versus full-
thickness tears, types of repair (single vs. double row), co-
morbidities, open versus arthroscopic, implant types, tear
characteristics (e.g. crescent, L- shaped), post-operative
rehabilitation, surgeons experience etc. In particular, the
extent of the tear (large, massive) and muscle quality (fatty
infiltration, atrophy) have been implicated as predictors
of outcome. In this review article, we focus on the latter
aforementioned variables from appropriate diagnosis to
proper management including potential pitfalls.

2. Evidence Acquisition

The authors performed a review of the current litera-
ture on rotator cuff repair on large tear, fatty infiltration
and muscle atrophy of the rotator cuff. Particular focus

was on obtaining current literature pertaining treatment
strategies including cuff repair techniques, tendon trans-
fers, rotator cuff augmentation, allografts, xenografts
and synthetic grafts. The literature search was performed
on articles indexed on MEDLINE and Embase databases.
Over 400 articles were obtained and of those, 76 articles
were extensively reviewed and used as reference for this
article.

3. Results

3.1. Large/Massive Rotator Cuff Tears

The prevalence of rotator cuff tears is high. They range
from 8% to 49.4% encompassing both partial and full-
thickness tears based on cadaveric and radiological stud-
ies (7-9). The aetiology of these tears vary from trauma,
genetic predisposition, scapular morphology and degen-
erative tendonopathy (10, 11). Degenerative changes that
manifest at the histological level include features of hy-
poxic degenerative tendonopathy, mucoid degeneration,
tendolipomatosis and calcifying tendonopathy, either
individually or in combination (12). Matthews et al. ob-
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served that smaller RCT showed higher degrees of cellu-
larity and intimal hyperplasia with increased expression
of leucocyte and vascular markers. Reparative changes
were inversely proportional to the size of RCT (13).

Large RCTs are defined as cuff defects measuring from 3
to 5 cm in two or more planes while massive tears are de-
fined as RCTs greater than 5 cm (14). These present a prob-
lem for the operating surgeon as difficulties arise with
regards to adequate footprint coverage, tendon mobilisa-
tion, post-operative repair quality and the risk of re-tear.
Recognising a large or massive tear pre-operatively has
important implications in planning as well as in counsel-
ling patients regarding their post-operative outcomes.

Ultrasound and magnetic resonant imaging (MRI) are
common modalities in diagnosing RCTs. A recent Co-
chrane review showed that these two imaging methods
have good diagnostic accuracy in detecting full-thickness
tears (15). Other options include arthrography, comput-
er tomography arthrography and magnetic resonant
arthrography (MRA) which are more invasive. MRA has
been shown to have better accuracy in detecting tear
sizes compared to conventional MRI. Notably, it allows
for better assessment of the extent of the tear in both sag-
ittal and coronal planes with improved morphological
classification (16). Furthermore, it has been shown that
MRI has the potential of recognising predictors for repa-
rability; in particular, tendon retraction to or beyond the
glenoid, increased inferior glenohumeral distance and
a positive tangent sign which may preclude a successful
outcome surgical repair of large/massive RCTs (17).

3.2. Fatty Infiltration and Muscle Atrophy

Rotator cuff muscle quality indicators such as fatty infil-
tration and atrophy have been implicated as predictors of
outcome following surgical repair. It has been suggested
that a full-thickness RCT causes tendon and muscle belly
retraction which results in changes in the pennation an-
gle between muscle fibres and subsequent development
of fatty infiltration (18). Goutallier and Bernageau were
the first to report a classification system to determine the
extent of fatty infiltration within the rotator cuff muscu-
lature based on computed tomography (CT) imaging (19).
A similar classification system was developed by Fuchs et
al. this time employing MRI (T1 sequences) which com-
pared the ratio of fat to muscle on the oblique sagittal
images (20). Stages O - 1 is considered normal with no
trace being stage 0 and trace amounts of fat within the
muscle bellies being stage 1. Pathologic states are stages
2-4: higher muscle to fat ratio (2); equal muscle to fat ra-
tio (3); and more fat than muscle (4). Other methods to
identify supraspinatus muscle atrophy include the scap-
ula ratio and the “tangent sign”. The scapula ratio is the
percentage of the cross-sectional area of the supraspina-
tus muscle to the area of the supraspinatus as measured
on the sagittal oblique MRI plane. If this ratio is less than
50%, supraspinatus muscle atrophy is indicated (21). The

tangent sign method also employs similar MR imaging
planes and bony landmarks. Normal supraspinatus mus-
cle should cross superior to a line drawn through the
superior borders of the scapular spine and the superior
margin of the coracoid process. This finding is not pres-
ent with atrophy (22).

Influence of aging on fatty infiltration is still being eval-
uated. It was initially thought that fatty degeneration is
not related to aging and only occurs in the presence of
a tear (23, 24). More recent evidence suggests that age
relates to the severity of RCTs and therefore, the severity
of fatty infiltration and atrophy (25). Fatty infiltration is
progressive and irreversible in untreated cases (25, 26).
Fatty changes begin from tear onset which maybe earlier
than symptoms and progresses faster in patients with
more than one tear (27). On average, stage 2 changes takes
around 3 - 4 years from onset of symptoms and stage 3 - 4
takes around 6 years (25).

It is well known that the worse the amount of muscle
degeneration, the higher the failure rates following rota-
tor cuff repair (28-30). Initial reports of improvements
in rotator cuff atrophy following repair by Thomazeau
et al. have been challenged in more recent studies by
Gladstone et al. which found that rotator cuff repair did
not positively alter fatty infiltration nor atrophy (30, 31).
Gladstone et al. further showed that re-tears were higher
in the setting of supraspinatus atrophy. They reported
over 67% re-tears in the setting grade 2 atrophy or greater
(31). Infraspinatus degeneration has also been shown to
significantly co-relate with inferior outcomes. This may
relate to the fact that tears extending to involve the in-
fraspinatus are much larger. An ineffective infraspinatus
may offset normal glenohumeral biomechanics through
alterations in anterior-posterior force-coupling thus re-
sulting in poorer outcomes even after successful rotator
cuff repairs (27,32). It is imperative therefore that rotator
cuff repairs be undertaken prior to the development of
atrophy/fatty infiltration which may improve healing
rates and thus, functional outcomes (25, 26, 31).

3.3. Management Options

Management of massive tears and degenerative rotator
cuff continues to evolve. Options include conservative de-
bridement, tendon-to-bone repair, tendon transfers and
allograft reconstruction.

3.3.1 Debridement and Sub-Acromial

Decompression

Debridement involves excision of loose[unstable tis-
sue of the cuff remnant either arthroscopically or via
an open approach coupled with a sub-acromial decom-
pression. Ellman et al. looked at the long term follow-
up of their cohort over 2 - 7 years. They found that in
patients with massive cuff tears, debridement alone
provided significant pain relief but had no effect on
improving function and range of motion (33). A study
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by Scheibel et al. reported similar results following sub-
acromial decompression for large and irreparable tears
showing improvement of pain symptoms while preserv-
ing the coraco-humeral ligament thus maintaining the
integrity of the coraco-humeral arch (34). Levy et al. and
Zvijac et al. in their series found that while debridement
improved pain scores in the short term (mean 24.6
months), patients with massive tears showed deteriora-
tion of their overall pain and functional outcomes at 3
- 6 years (35, 36). Overall, results of debridement alone
appears inferior to rotator cuff repair (37-39).

3.3.2.Surgical Repair of Large/Massive Rotator Cuff
Tears

Biomechanical goals for rotator cuff repair involves
high fixation strength while reducing gap formation
thereby allowing maximal stability till healing occurs
between the tendon-to-bone interface (40). Studies have
shown that double-row (DR) fixation shows a higher load
to failure compared to single-row (SR) techniques there-
by potentially reducing pull-out failure (41-43). However,
clinical outcomes when dealing with small to medium
RCT show similar results between both DR and SR tech-
niques (44-46). A study by Park et al. while supporting the
use of SR for small to medium sized tears, showed supe-
rior results with DR techniques when dealing with large
to massive RCTs (47).

The crucial problem in achieving adequate DR fixation
involves availability of tendon length and excursion. The
large/massive tear characteristics (crescent, U, L-shaped
or in combination) requires different approaches to sur-
gical management. Management of U-shaped tears are
particularly challenging. The lack of medial-to-lateral
mobility often precludes direct footprint repair. Studies
by Burkhart et al. have shown that in certain U-shaped
tears, there appears to be an increased anterior-to-poste-
rior mobility than previously thought. Side-to-side sutur-
ing from medial to lateral, of the anterior and posterior
leaves results in convergence of the free end towards the
bone bed of the humerus. The free margin is then re-
paired on to the cuff footprint with minimal strain across
the tendon; the appropriately named ‘margin conver-
gence’ technique (48, 49). L-shaped tears are approached
in a similar manner with side-to-side sutures of the longi-
tudinal split and tendon-to-bone repair of the free mar-
gins. Care must be taken to identify the more mobile of
the L-shaped tear ‘corner’ to allow for restoration (50).

In cases where there is still severe medial-to-lateral ex-
cursion, a novel way of overcoming this is via interval
slides, first described by Tauro and further expounded
by Lo and Burkhart. The anterior slide releases the inter-
val between supraspinatus and rotator interval thereby
sacrificing the posterior portion of the coraco-humeral
ligament. The posterior slide involves releasing the inter-
val between supraspinatus and infraspinatus tendons.
Excursion increases of 1-2 cm can be expected following
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an anterior interval slide while combined anterior and
posterior slides can achieve excursions up to 3 - 4 cm (50,
51). Caution is indicated when choosing a posterior slide
as there is evidence that such repairs are not significantly
better when compared to partial repairs without the ad-
dition of interval slides (52).

The appropriate approach when considering ar-
throscopic versus open techniques are still debatable.
The literature shows equivocal results in terms of a fa-
voured approach with the main pre-determining factor
being the extent and characteristic of the RCT (53-55).
There are however potential benefits of an arthroscopic
approach over open repairs as this techniques allows for
full visualisation of the RCT via multiple camera portals
versus the limitations from the approach using an open
technique (41, 56).

Successrates following arthroscopicrepair of large/mas-
sive RCTs are encouraging. Denard et al. in their series of
126 repairs with a mean follow-up of 99 months showed
78% good to excellent outcomes. They noted that DR re-
pair showed 4.9 times more likelihood of achieving good
to excellent outcomes compared to SR repair but this was
dependant on achieving acceptable tendon length (57).
lagulli et al. reported significant improvements in UCLA
scores following both partial and complete arthroscopic
large/massive RCT repairs at an average of 2 years follow-
up. They concluded that there was no significant differ-
ence between partial and complete repairs in their co-
hort of 86 patients (58). Complete repair of massive RCTs
have been shown to improve outcomes particularly with
active external rotation as shown by Moser et al. (59).

3.3.3. Tendon Transfers

Even with recent advancements with regards to fixa-
tion methods for large/massive RCTs, there is an in-
creased potential for failure, irreparability and the need
for revision surgery. Tendon transfers for rotator cuff
insufficiency is another option. Latissimus dorsi tendon
transfer provides promising and reproducible results in
cases with massive tendon retraction or in salvage situa-
tions (60). This involves transferring the insertion point
of the tendon from the humerus onto the greater tuber-
osity (61). Systemic reviews by Longo et al. and Namdari
et al. does suggest that latissimus dorsi transfer are an
acceptable option in the setting of large, irreparable
tears with overall improvements in outcome scores
(62, 63). A ten year follow-up study by Gerber et al. while
showing an overall benefit following latissimus dorsi
tendon transfer, did suggest a guarded prognosis espe-
cially in patients with concomitant subscapularis tears,
fatty infiltration of the teres minor muscle and large
critical shoulder angles (64).

3.3.4. Biological Augmentation

Biological based strategies are a hot topic in contempo-
rary orthopaedic research. These a broadly categorised
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to modalities to improve the repair site/tendon-to-bone
healing environment and bridging techniques across
large tears. Repair site augmentation options include
gene therapy, stem cells, growth factors, transcription
factors and platelet rich plasma (PRP) (65-74). Studies
into these options are still on-going with most results
based on animal-research models. Regarding PRP par-
ticular, while clinical trials have shown some short term
benefits, 2 year healing rates of cuff repairs have not been
statistically different than controls (73).

Bridging techniques with either biological (autograft,
allograft and xenograft) and synthetic (extra-cellular
matrices with scaffolds) provides an interesting option
when considering patients with large[retracted RCTs.
Synthetic scaffolds have shown good long-term function-
al and biocompatibility results as well as increasing the
tensile load to failure at initial repair (75, 76). Promising
results have also been shown using dermal tissue matrix
xenograft in active patients with massive tears at 2 year
follow-up (68). Still more research is required to ascertain
the long term biocompatibility and outcomes following
biological augmentation for large/massive RCTs.

4. Conclusions

Management of large/massive cuff tears associated
with degenerative musculature remains a challenging
prospect. The potential for inferior outcomes needs to be
understood by both patient and surgeon. Surgical tech-
niques such as stronger tendon-to-bone construct (dou-
ble-row fixation), improved medial-to-lateral excursions
and margin convergence may prove useful in improving
outcomes when dealing with these difficult cuff patholo-
gies. Salvage options like latissimus dorsi transfers do ap-
pear promising with acceptable long term results. More
research into biological augments, scaffolds and grafts
may prove to be future options in improving outcomes
and possibly delaying/avoiding salvage procedures in
dealing with large, degenerate rotator cuff tears.
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