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It is a pleasure to introduce this well done and much needed text on the rotator 
cuff. My friends and colleagues Drs. Gomes, Kovačič, Martetschlager, and 
Milano are all internationally recognized experts in the management of disor-
ders of the rotator cuff. Injuries to the shoulder are quite common, but unfor-
tunately our patients often delay treatment until the shoulder becomes 
severely dysfunctional.

The severely dysfunctional shoulder is usually the result of chronic, dis-
placed, massive rotator cuff pathology. These troubled patients have become 
all too common, thus requiring significant improvement in management tech-
niques. This textbook by these excellent surgeons should help our patients by 
improving diagnosis, planning and surgical techniques.

In short, this represents an excellent treatise on difficult problems. I think 
it is a must-read for any surgeon treating chronic shoulder issues.

New Orleans, LA, USA  Felix H. “Buddy” Savoie III

Foreword
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As some of the readers of this book may well remember, the array of common 
surgical procedures performed on the shoulder at the early stages of their 
practice as surgeons was considerably less vast than it is today. With the 
advent of arthroscopy, a whole new universe of possibilities was disclosed, 
not only because new diagnosis and successful treatment techniques were 
described but also because keyhole surgery, due to its inherent appeal, 
seduced many of us to eagerly contribute to its development over the past 
years.

Scientific knowledge of the shoulder joint is, therefore, profound these 
days. The European Shoulder Associates (ESA) of ESSKA, gathering many 
of the current international leading shoulder surgeons, is a good example of 
the dynamism and strength of the scientific and technical evolution that exists 
today on this matter. Its biennial meeting in 2019 was, for the first time, orga-
nized as a joint event with the other sections of ESSKA—the Speciality 
Days—in a brand new format that proved to be a success. Especially for ESA, 
awarded the Best Section Performance prize of the meeting! It was held in 
Madrid on November 2019, focusing on a topic that continues to impel many 
shoulder surgeons towards the best possible solutions for a frequent shoulder 
problem, the massive rotator cuff tear.

The scientific chairs are proud to present this monograph, based on the 
same theme they explored at the Speciality Days. Besides the contribution of 
the meeting participants, other related topics are also covered in this book 
that include the role of both conservative and surgical management, from new 
biological options to all potential surgical techniques. In addition, the value 
of anesthesia and regional blocks, as well as guidance on the management of 
treatment complications and failures, are also included.

We are thankful to the ESSKA Board for supporting this project and to 
Springer for their high professionalism.

Porto, Portugal Nuno Sampaio Gomes

Preface
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Massive and Irreparable Rotator 
Cuff Tears: Defining the Problem

Lukas N. Muench, Felix Dyrna, and Knut Beitzel

1.1  Introduction

Massive and irreparable rotator cuff tears remain 
a major challenge in shoulder surgery [1]. Due 
to pain, loss of range of motion, and insuffi-
cient function, these tears significantly affect the 
patients’ quality of daily living [1]. Representing 
up to 40% of all rotator cuff tears, massive tears 
are associated with persistent defects and poorer 
clinical outcomes [2, 3]. Imbalance of the force 
couples results in unstable kinematics of the gle-
nohumeral joint, causing the remaining shoul-
der function to be sustained by a significantly 
increased compensatory deltoid force [4, 5].

This article tries to provide a structured over-
view about the biological challenges and biome-
chanical consequences of massive irreparable 
rotator cuff tears, as understanding of these fac-

tors is essential to initiate a differentiated thera-
peutic approach. Beginning with the different 
existing classification systems as well as initiation 
and progression of massive rotator cuff tears, the 
authors try to outline successively the biological 
problems including healing potential and tissue 
degeneration, followed by the main biomechani-
cal problems. These mainly comprise the effects 
on tractive forces, shoulder function, glenohu-
meral joint centering and the development of 
osteoarthritis. In clinical practice, all of these 
factors have to be considered, in order to achieve 
satisfactory improvement in functional outcomes.

1.2  Structural Problem

1.2.1  Classifications of Massive 
Rotator Cuff Tears

Massive rotator cuff tears can be characterized by 
size, chronicity, and location. Regarding the tear 
size, different definitions exist. DeOrio and Cofield 
[6] defined massive tears as those whose greatest 
diameter exceeds 5  cm. Contrarily, Gerber et  al. 
[7] characterized massive tears as those including 
complete tears of at least two tendons. This defini-
tion may show a more consistent correlation to the 
patients’ function, prognosis, and outcome [5, 7, 8]. 
Considering chronicity, massive tears can be classi-
fied as acute,  acute-on- chronic, and chronic tears [5]. 
Acute tears are relatively rare, commonly occurring 

L. N. Muench 
Department of Orthopaedic Sports Medicine, 
Technical University, Munich, Germany 

Department of Orthopaedic Surgery, University  
of Connecticut, Farmington, CT, USA
e-mail: lukas.muench@tum.de 

F. Dyrna 
Department of Trauma, Hand and Reconstructive 
Surgery, University of Münster, Münster, Germany 

K. Beitzel (*) 
Department of Orthopaedic Sports Medicine, 
Technical University, Munich, Germany 

Department of Shoulder Surgery, ATOS Clinic, 
Cologne, Germany

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61162-3_1&domain=pdf
mailto:lukas.muench@tum.de


4

after a traumatic event in younger patients [5]. In 
contrast, chronic massive tears are mostly observed 
in the elderly [5]. Regarding location, massive tears 
mostly follow the two distinct patterns of anterosu-
perior and posterosuperior tears [5].

1.2.2  Tear Initiation 
and Progression

Previous studies have proposed that degenera-
tive rotator cuff tears start with the supraspina-
tus tendon, typically initiating at the anterior part 
of the humeral insertion near the biceps tendon, 
and propagate posteriorly over time [9–12]. In 
contrast, more recent studies have found that 
full- thickness as well as partial-thickness rotator 
cuff tears most commonly initiate at a location 
approximately 10–15 mm posterior to the biceps 
tendon, and may even begin with the infraspina-
tus tendon [10, 11, 13, 14]. An explanation for 
this finding is based on the “rotator crescent” con-
cept, first described by Burkhart et al. [11, 15]. 
The rotator crescent is a term describing the thin, 
crescent-shaped rotator cuff sheet, which spans 
from the biceps tendon to the inferior border of 
the infraspinatus tendon, and is bound proxi-
mally by an arch-shaped thick bundle of fibres, 
called the “rotator cable” [15]. The rotator cable 
preserves the rotator crescent from stress through 
a “suspension bridge” configuration [15].

As people age, relative avascularity may lead to 
progressive thinning of the crescent, thus increas-
ing dependence on the rotator cable [11, 15]. The 
location found by Kim et al. [11] 15 mm posterior 
to the biceps tendon is approximately at the cen-
ter of the rotator crescent [15]. However, a recent 
MRI study located the initial tear site 5 mm more 
anterior (9–10 mm posterior to the biceps tendon) 
than as described by Kim et al. [10, 11]. This leads 
to the assumption that tears might propagate in 
both anterior and posterior directions [10]. Given 
the fact that the supraspinatus footprint is much 
smaller than previously believed, this location 
may be regarded as either the junction between the 
supraspinatus and infraspinatus, or being purely 
within the infraspinatus tendon [11, 16].

As torn tendons cannot participate in load 
distribution, the increasing tensile load on the 

remaining fibres can easily lead to tear propaga-
tion, particularly if the remaining tendon is of 
poor quality [17].

1.3  Biological Problem

1.3.1  Healing

The tear size can directly affect the clinical out-
come and tendon healing [18–20]. A series of 
arthroscopic rotator cuff repairs have demonstrated 
that postoperative healing usually occurs between 
71 and 89% of cases [19, 20]. However, this rate of 
tendon healing may drop to 47 or 50% in the treat-
ment of massive rotator cuff tears [19, 20]. Even 
though hypovascularity has been hypothesized to 
facilitate tear initiation and limit biological healing 
after repair, the complexity of the healing process 
has not been fully understood [21].

The cells contributing to natural tendon 
healing originate from loose connective tissue 
surrounding the tendon fascicles and tendon 
body [22]. In response to the injury, these cells 
proliferate and migrate toward the tear site 
where they form collagenous healing tissue 
[22–24]. As the endogenous healing poten-
tial of the tendon seems to be limited, bio-
logic augmentation techniques have recently 
garnered more and more attention, including 
the application of growth factors, platelet con-
centrates, or mesenchymal stem cells (MSCs) 
[25, 26]. Despite bone marrow being the tradi-
tional source for MSCs for biologic augmen-
tation of tendon injuries, recent studies have 
highlighted subacromial bursal tissue being a 
source of MSCs, demonstrating superior pro-
liferation potential, tissue engraftment, and 
survival [22, 26–29].

1.3.2  Atrophy, Fatty Infiltration, 
Retraction, and Loss 
of Elasticity

In addition to tear propagation, the process of 
atrophy, fibrosis, and fatty infiltration may occur 
in the rotator cuff tendon, as well as in the asso-
ciated muscle belly over time (Fig.  1.1) [7, 20, 

L. N. Muench et al.
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30]. Moreover, these tears often cause the tissue 
to become less compliant and stiffer [20, 30]. 
Particularly, in combination with tissue atrophy 
or fatty infiltration, this may result in severe ten-
don retraction [20, 30]. A widely retracted tendon 
margin coupled with poor tissue quality makes 
surgical mobilization difficult and sometimes 
impossible (Fig. 1.2) [20].

Muscle atrophy and fatty infiltration have 
been reported to be independent factors predict-
ing outcomes and success rate after rotator cuff 
repair [31]. As tears of the rotator cuff result in 
mechanical unloading and denervation due to 
suprascapular nerve injury, consistent pathologi-
cal changes can occur in the muscles’ myotubes 
[32–34]. This may lead to alterations in the cen-
tral molecular pathways, which regulate muscle 
atrophy and hypertrophy through mechanical 
load signaling [32–34].

A cell subpopulation of interstitial pluripo-
tent stem cells, named fibro-adipo-progenitor 
cells (FAPs) and resident in muscle tissue, 
has been identified to be the cellular source of 
fatty infiltration [35, 36]. As shown in a mouse 
model, FAPs proliferate and differentiate into 
cells primarily expressing fat genes and cellu-
lar markers of adipogenesis, after inducing cuff 
injury [35, 36].

Large, retracted tears have also been shown 
to cause traction on the suprascapular nerve, 
and may contribute to the progression of atro-
phy and fatty infiltration of the supraspinatus 
and infraspinatus muscles [17]. Moreover, the 
tear initiation location found by Kim et  al. 
[11] may explain why fatty degeneration of 
the infraspinatus is seen in some patients with 
a presumed isolated tear of the supraspina-
tus tendon, highlighting the need to assess its 
integrity.

a b

Fig. 1.1 MRI scan demonstrating a massive re-tear of the rotator cuff tendons with retraction, atrophy, and fatty infil-
tration. (a) Coronal view and (b) sagittal view

Fig. 1.2 Arthroscopic view of a large, retracted massive 
rotator cuff tear with concomitant tissue degeneration

1 Massive and Irreparable Rotator Cuff Tears: Defining the Problem
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1.4  Biomechanical Problem

1.4.1  Tractive Forces

Coordinated action between the rotator cuff 
and deltoid muscles is essential for a sufficient 
 glenohumeral abduction motion [37]. As the 
anterior and middle deltoid show preferential 
muscle activity and loading from 30° to 90° of 
glenohumeral abduction, the supraspinatus is 
the dominant muscle during the first 30°, and 
therefore the main initiator of abduction [37, 38]. 
Rotator cuff tears may lead to kinematic altera-
tions, potentially causing a significant change 
in the biomechanical synergy between deltoid 
and rotator cuff muscles [39]. As the cuff tear 
size propagates posteriorly, considerably greater 
amounts of force are placed upon the middle 
portion of the deltoid, showing a major increase 
between 10° and 45° of abduction [4, 40, 41]. At 
the same time, the mechanical advantage of the 
deltoid may be disrupted due to loss of balanced 
concavity- compression and superior translation 
caused by tear progression [4]. This results in 
greater forces required to maintain joint stability 
and decreased abduction capability [4, 41, 42].

A recent biomechanical study highlighted the 
required compensatory deltoid function to com-
pensate for abduction motion loss in the presence 
of simulated rotator cuff tears [4]. Anterosuperior 
(combined supraspinatus and subscapularis) 
tears resulted in the largest loss in glenohumeral 
abduction motion, despite the greatest increase 
in deltoid force [4]. On the other hand, isolated 
subscapularis tears increased the anterior deltoid 
force, compensating for the loss of anterior joint 
compression without a reduction in abduction [4].

1.4.2  Shoulder Function 
and Pseudoparalysis

The rotator cuff muscles are important contribu-
tors to a smooth glenohumeral motion and suffi-
cient joint stability [17]. Acting as force couples, 
they collaborate to stabilize the inherently unsta-
ble glenohumeral joint [17]. The deltoid and the 
inferior portion of the rotator cuff act as the coro-

nal force couple, compressing the humeral head 
to the glenoid in abduction [43]. Subscapularis 
and infraspinatus/teres minor represent the axial 
force couple, providing a fulcrum for the actions 
of the deltoid and supraspinatus, which is essen-
tial to maintain joint stability by a compressive 
joint reaction force in the axial plane [17, 37, 43].

Massive rotator cuff tears may disrupt these 
force couples resulting in superior migration of 
the humeral head and dysfunction of the shoulder 
(Fig. 1.3) [5, 17]. The importance of the force cou-
ples was highlighted by introducing the “suspen-
sion bridge” concept [43]. Accordingly, shoulder 
function may be maintained in isolated supraspina-
tus tears due to intact force couples [43]. However, 
as tears propagate into the anterior or posterior cuff 
direction, force coupling is disturbed, resulting in 
unstable kinematics and loss of function [43].

In addition, instability of the glenohumeral 
joint results in increased internal rotation in the 
setting of posterosuperior tears, external rotation 
in anterosuperior tears, and the total rotational 
range of motion in all abduction angles [44]. To 
maintain normal kinematics in the presence of 
massive cuff tears, greater forces by both the del-
toid and the corresponding force couple muscle 

Fig. 1.3 X-ray demonstrating the superior migration of 
the humeral head

L. N. Muench et al.
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are required to achieve a coordinated abduction 
motion [4, 40].

Due to these kinematic changes, pseudoparaly-
sis of the shoulder may occur (Fig. 1.4). The most 
common definition is active elevation less than 
90° with full passive elevation [1, 45–47]. Risk 
factors are considered to be disruption of the entire 
subscapularis or of the three rotator cuff muscles 
[45]. However, recently it has been reported that 
pseudoparalysis should rather be described as no 
active elevation with maintained passive elevation 
of chronic nature, usually with anterior–superior 
escape and being refractory following an injec-
tion [1]. This definition may be more adequate, 
as pseudoparalysis is often confused with pain 
[1]. Therefore, pain should be ruled out as a cause 
of apparent pseudoparalysis, since patients may 
benefit from a pain-relieving treatment alone [1]. 
Sometimes, an injection of lidocaine for pain 
elimination will clarify the diagnosis in the face 
of a massive rotator cuff tear [1].

1.4.3  Decentralization, 
Glenohumeral Joint Pressure, 
and Osteoarthritis

Sufficient function of the rotator cuff muscles 
is essential to ensure glenohumeral stability 
through the concavity compression principle 
[48, 49]. Loss of rotator cuff integrity may sig-
nificantly alter the joint-reaction forces, which 
are required to maintain glenohumeral stability 
[48, 49]. Dysfunction of the infraspinatus and 
subscapularis may lead to superior humeral head 

translation and joint instability by displacing the 
glenoidal contact point superiorly [4, 41].

The abnormal joint loading due to rotator cuff 
insufficiency may cause various erosion patterns, 
frequently seen in type B glenoids of osteoarthritic 
patients [50, 51]. Recent literature suggests that 
this wear pattern is not axisymmetric to the super-
oinferior axis of the glenoid, but rather orientated 
in the posteroinferior region [50, 51]. Over time, 
these erosion patterns may lead to significant gle-
noid bone loss, presenting a major challenge in 
reverse shoulder arthroplasty [50–52]. However, 
three-dimensional reconstruction has allowed 
further analysis of glenoid erosion patterns. This 
is much needed, since the two- dimensional CT 
images inaccurately represent the wear pattern 
in osteoarthritic glenoids [51]. Unfortunately, 
it still remains uncertain if osteoarthritis results 
in altered kinematics and subluxation, or if the 
changed kinematics with subluxation is instigat-
ing this inflammatory disease [51].

Finally, massive cuff tears may lead to cuff 
tear arthropathy (CTA), which is defined as 
muscle degeneration, including fatty infiltration 
and atrophy, along with bony alterations, such as 
humeral head erosion and acetabularization of 
the acromion [53]. The underlying pathway may 
be induced by a massive cuff tear with anterosu-
perior escape, followed by a mechanical conflict 
between the humeral head and the superior gle-
noid and acromion [54]. In addition to the col-
lapse of cartilage and bony structures, enzymes 
may be released that impair the surrounding tis-
sue, thus leading to pain and limited shoulder 
function [53]. Maintenance of a sufficient rotator 
cuff function has been shown to be vital to delay 
the development of glenohumeral arthritis, high-
lighting the necessity of a good repair technique 
[55]. However, in the presence of severe CTA, 
these repair techniques may be infeasible, calling 
for reverse total shoulder arthroplasty instead.

1.5  Conclusion

Due to the combination of impaired biological 
healing potential and joint affecting biomechani-
cal changes, massive irreparable rotator cuff tears 

Fig. 1.4 Patient with severe pseudoparalysis of the right 
cuff-deficient shoulder
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remain a major challenge in shoulder surgery. For 
the treatment of these patients and defining the 
underlying problems (Table 1.1), the interaction 
of biological and biomechanical pathomecha-
nisms has to be considered. As biological heal-
ing may be impaired by hypovascularity as well 
as tissue degeneration including atrophy, fatty 
infiltration, and tendon retraction, concomitant 
biomechanical alterations of glenohumeral joint 
kinematics may result in shoulder dysfunction 
and lead to the development of cuff tear arthropa-
thy in the long term.
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2.1  Histological Features

2.1.1  The Normal Tendon Tissue

Tendons are the anatomical structures respon-
sible for the transmission of forces from muscles 
to bones, and thus are crucial in allowing joint 
movement [1]. They are mainly made of colla-
gen type I molecules hierarchically organized 
into tropocollagen (a polypeptide chain made 
of a triple helix, the building blocks of fibrils), 
which are bundled in fibers surrounded by 
the endotenon and eventually compose fascicles 
[2]. Fascicles associated together represent the 
tertiary bundles, which altogether constitute the 
tendon itself [3, 4]. A number of different colla-
gen molecules, proteoglycans (PGs), glycosami-
noglycans (GAGs) and noncollagenous proteins 
(tenascin, fibronectin, elastin, decorin, etc.) are 
responsible for this complex structural organiza-

tion. While collagen provides tensile strength, the 
other components of tendon extracellular matrix 
(ECM) allow for structural support and regulate 
fibril and fiber assembly [4]. The epitenon, a thin 
membrane surrounding the tendon, provides sup-
ply to the tissue in terms of vascularization and 
innervation. At the outer layer, the  epitenon is 
surrounded by the paratenon, a sheat of connec-
tive tissue made of collagen fibrils (mainly type 
I and III) [5].

Resident tendon cell population comprise both 
tenocytes, displaying an elongated shape, and 
tenoblasts, rounded progenitor cells [6]. These 
cells, embedded in tendon ECM, are responsible 
for the synthesis and the remodeling of the mol-
ecules composing the fibers.

The remodeling activity of these cells is impor-
tant for the maintenance of tissue homeostasis 
and function, particularly in tendons with high 
functional demand, such as the supraspinatus and 
the Achilles tendons [7, 8], where it represents a 
protective mechanism against tissue damage [9]. 
Remodeling is also crucial in the early phases of 
tissue repair and healing, while failure in this pro-
cess may cause the formation of scar tissue, thus 
compromising the mechanical properties of ten-
dons [10]. Matrix Metalloproteinase-1 (MMP-1) 
is the main enzyme involved in collagen type I 
degradation [11] and its activity is controlled at 
many levels to prevent aberrant matrix disrup-
tion leading to tissue degeneration [12]. The 
 importance of the remodeling mechanisms was 

2

A. Giai Via 
Department of Orthopaedic and Traumatology, 
Sant’Anna Hospital, Como, Italy 

D. Cucchi 
Department of Orthopaedics and Trauma Surgery, 
Universitätsklinikum, Bonn, Germany 

L. de Girolamo (*) 
Orthopaedic Biotechnology Laboratory, IRCCS 
Orthopaedic Institute Galeazzi, Milan, Italy
e-mail: laura.degirolamo@grupposandonato.it

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61162-3_2&domain=pdf
https://orcid.org/0000-0001-6284-7977
mailto:laura.degirolamo@grupposandonato.it


12

clearly demonstrated by Millar and colleagues, 
who showed the correlation between MMP inhi-
bition and the onset of painful lesions [13].

The portions of tendons towards muscle, as 
well as those close to the bone, are specialized 
regions with different ECM compositions and 
cellularities. In particular, in the bone-tendon 
junction the transition of the tissue from tendon 
towards bone comprises zones of fibrocartilage 
and mineralized fibrocartilage [14].

Upon light microscopy, the normal tendon 
appears as a dense tissue made of parallel col-
lagen bundles, with a few scattered cells showing 
elongated nuclei. Small vessels are found in the 
endotenon, following a parallel orientation with 
respect to the collagen fibers [1, 4, 15] (Fig. 2.1a).

The supraspinatus tendon in the rotator cuff is 
responsible for the stabilization of the shoulder 
joint, and it is an example of the complex orga-
nization characterizing some tendons. Indeed, 
it is composed of a multilayered structure, each 
layer presenting a different fiber orientation 
[16]. Fifty-six percent of its dry weight is colla-
gen [8], with type I and type III collagen cross-
links to form each fibril [17]. The cross-link 
among collagen molecules is crucial to obtain 
the definitive tendon structure, and in the supra-
spinatus tendon these elements are more present 
with respect to the average tendon, probably due 
to higher functional demand in terms of shear 
stress and load it has to sustain [18]. For the 

same reason, the supraspinatus tendon contains 
a higher amount of proteoglycans, in particular, 
aggrecan and byglican [19].

2.1.2  The Pathological Tendon 
Tissue

Tendon pathologies are commonly classified 
with the term “tendinopathy,” comprising a wide 
spectrum of conditions, from inflammation to 
ruptures, through different grades of tears and 
tissue degeneration [20]. In this condition, sev-
eral modifications of tissue histopathology occur: 
collagen fibers separate, reducing their dimen-
sion and losing the parallel orientation, thus 
resulting in decreased tissue density; microte-
ars may be observed, in the form of erythro-
cyte accumulation in the presence of fibrin and 
fibronectin deposits; increase of vascularization; 
infiltration of adipose tissue within the tendon 
(Fig.  2.1b). Moreover, tendinopathy is associ-
ated with an overall increase of collagen type III, 
contributing to tissue density reduction and loss 
of fiber orientation, and influencing the appear-
ance of the tissue under polarized light, with 
reduced reflectivity if compared to the normal 
tissue [21]. Another characteristic of this con-
dition is the uneven distribution of tendon cells 
within the tissue, with some areas containing a 
high cell density, where tenocytes may show a 

a b

Fig. 2.1 Hematoxylin and eosin staining of tendons. (a) 
Normal tendon appearance with parallel collagen fibers 
and few elongated cells; (b) degenerated tendon tissue, 

with loss of fiber orientation and an increased number of 
cells showing a round shape. Scale bar: 100 μm
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chondroid appearance, with rounded nuclei and a 
cytoplasm rich in PGs and GAGs, and other areas 
with decreased density, where a few cells have 
a small nuclei with an apoptotic/necrotic appear-
ance [21, 22]. The role of inflammation in tendi-
nopathy has been considered negligible for most 
of the twentieth century, but it is nowadays well 
recognized, thanks to the introduction of more 
sophisticated techniques, in particular in the field 
of immunohistochemistry. In fact, lymphocytes 
T and B and macrophages have been described 
in chronic Achilles tendinopathy, while granulo-
cytes characterize the asymptomatic tendon rup-
tures [23]. At the same time, different markers of 
inflammation have been found in tendon patho-
logical contexts, for example cyclooxygenase 2 
and interleukin-1β (IL -1β) [24, 25].

As already mentioned, neovascularization 
is a key feature of tendinopathy, and since it is 
usually accompanied by innervation, it may be 
responsible for the symptomatic pain in tendon 
disorders [26].

The hierarchical structure of tendons allows 
for the establishment of a fail-safe mechanism, 
since the failure of few fibers would not affect the 
functionality of the whole tendon. Nevertheless, 
the etiology of tendinopathy is usually described 
as derived from the unequal distribution of load 
across the tendon or by repeated strain, possibly 
leading to fatigue failure of multiple fiber bundles 
and to the separation of layers within the tendon 
tissue [27, 28], causing overuse injury.

2.1.3  Histological Findings 
of Rotator Cuff Tendinopathy

As mentioned before, tendons from the rotator 
cuff have a complex organization and they are 
characterized by a higher content in PGs and 
GAGs as well as a higher density of cross- links 
among the collagen fibers, with respect to other 
tendons. Nevertheless, the degeneration of this 
tissue results in further accumulation of GAGs, 
especially between fibers, as well as a morpho-
logical change of tendon cells, from an elongated 
to rounded shape, forming fibrocartilage- like 
areas [29–31]. In addition, reduction in cell 

density, tissue calcification, neovascularization, 
and lipid infiltration are common features of 
the degenerated supraspinatus tendon that usu-
ally occur in patients over 60 years old [32]. In 
general, ruptured supraspinatus tendons usually 
show severe degeneration, in particular charac-
terized by reduced cellularity and fiber disorga-
nization [32]. Typical features also comprise the 
onset of tears and the reduction of fiber dimen-
sion. In advanced stages, cell necrosis and tis-
sue calcification may occur [33–35]. From the 
biochemical point of view, the key markers of 
inflammation and tendon remodeling, IL-1β 
and MMP-1, resulted in an increase in ruptured 
supraspinatus tendons [24]. Nevertheless, it is 
still unclear whether the presence of these mark-
ers represents an acute response to rupture or if 
they are related to the degeneration process. On 
the other hand, a higher proportion of collagen 
type III in the tissue is an indicator of previous 
injuries and traumas, resulting in scar tissue with 
a lesser quality with respect to native tendon and 
thus more prone to rupture [36, 37].

2.1.4  The Role 
of Hypercholesterelemia 
in Tendinopathy

Besides traumas and overuse, hypercholes-
terolemia (HC), i.e., a high blood content of 
cholesterol (>240  mg/dL), recently emerged 
as a possible cause of tendon degeneration. 
Histological studies showed that high cholesterol 
levels may alter the tendon microenvironment 
via local changes in gene expression, protein 
synthesis and ECM turnover. In particular, high 
serum cholesterol levels allow for the accu-
mulation of oxidized- low- density lipoproteins 
(LDL), which are lipids carrier proteins. Lipid 
accumulation within tendon ECM may affect 
the mechanical properties of the tissue [38, 39] 
correlating with a lower healing potential after 
surgical repair, as observed in animal models 
[40, 41]. Clinical studies often show conflicting 
results regarding the relationship between HC 
and tendon disorders [42, 43], but the majority 
of the studies investigating the correlation of 
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HC, hyperlipidemia or dyslipidemia and tendon 
pathologies demonstrated a correlation between 
the systemic levels of lipids and the develop-
ment of tendon disorders, in particular rotator 
cuff disease [42, 44]. A possible explanation of 
the relation between body mass index (BMI) 
and tendinopathy could be the excessive loading 
on the musculoskeletal system exerted by over-
weight individuals. Nevertheless, this explana-
tion is simplistic, given the molecular changes 
that have been observed in tendons of subject 
affected by hypercholesterolemia and normal 
tendons. Indeed, in HC condition, cholesterol 
deposits are found within tendon ECM and cells, 
with a direct influence of the mechanical proper-
ties of the tissue [40, 45]. In addition, inflamma-
tion is a direct consequence of HC, also causing 
cardiovascular diseases, and the infiltration of 
macrophages in the tendons of patients affected 
by HC has been observed [46]. At the same time, 
HC results in an alteration of matrix deposition 
in different tissues, affecting the synthesis of 
noncollagenous proteins [47], the proportion of 
collagen type III [48], and the production of PGs 
[49]. Taken together, these observations indicate 
that HC may significantly alter the composition 
of tendon ECM, explaining the reduction of the 
supraspinatus tendon biomechanical proper-
ties, the higher rates of tendon injury, and the 
decrease in tissue healing observed in animal 
models of HC [41, 50]. Based on these results, 
HC emerged as a risk factor for tendon degen-
eration, causing structural/mechanical modifica-
tions and fostering inflammation. Indeed, while 
overuse is considered the most common cause 
of tendinopathy, the involvement of HC would 
explain the onset of these disorders in the popu-
lation of inactive patients with high body mass 
index (BMI) [51, 52].

2.2  Rotator Cuff Injury

Rotator cuff injury has a multifactorial pathogen-
esis, which includes anatomical, mechanical (or 
extrinsic), and biological (or intrinsic) factors. 
Many theories have been postulated to explain the 
pathogenesis of rotator cuff tears (RCTs), trying to 

unify intrinsic and extrinsic theories, but the pre-
cise role of each factor is not fully understood yet. 
However, recent evidence strongly suggests that 
most of the tendinopathies and tendon ruptures are 
caused by primary failed healing response [53].

2.2.1  Mechanical and Extrinsic Factors

2.2.1.1  Anatomy
Anatomic differences have been considered as a 
risk factor for RCTs. The critical shoulder angle 
(CSA) is the angle between a line connecting 
the inferior and superior margins of the glenoid 
fossa, and a line drawn from the inferior edge of 
the glenoid to the lateral aspect of the acromion, 
measured on anteroposterior plain radiographs 
(Fig. 2.2). Moor et al. found that a large CSA was 
an independent predictor for a posterosuperior 
RCT [54]. Gerber et al. showed that a large CSA 
increased the instability ratio (the ratio of join 
shear force to joint compression force), in par-
ticular at about 60° of abduction, and that the load 
on the supraspinatus tendon increased by 33% 
in response to the increased shoulder instability 
[55]. This could produce the supraspinatus tendon 
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Fig. 2.2 The critical shoulder angle (CSA) is the angle 
between a line connecting the inferior and superior mar-
gin of the glenoid fossa, and a line drawn from the inferior 
margins of the glenoid to the lateral aspect of the 
acromion
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tear. The size of the acromion is also an additional 
anatomic risk factor. Nyffeler et al. demonstrated 
that the lateral acromion index (the distance from 
the lateral border of the acromion to the glenoid 
plane divided by the distance from the lateral bor-
der of the humeral head to the glenoid plane) was 
significantly larger in patients with full-thickness 
RCTs compared to controls [56].

Mechanical factors have been proposed to be a 
cause for RCTs, because the confined position of 
the supraspinatus tendon within the subacromial 
space makes this tendon more susceptible to degen-
erative changes. Neer and Poppen first described a 
subacromial impingement theory in 1972. Based on 
the intraoperative findings, the authors found that 
RCTs mainly occurred in the supraspinatus ten-
don, in an area that contatcted the coracoacromial 
ligament, the anterior acromion, and sometimes 
the acromion-clavicular joint during forward eleva-
tion, concluding that 95% of RCTs were caused by 
subacromial impingement [57]. In support of this 
theory, the acromial shape was classified into three 
types by Bigliani et al. Type II (curved) and type 
III (hooked) have been statistically associated with 
RCTs, and type III acromion has been considered 
responsible for about 70% of supraspinatus ten-
don tears [58]. A systematic review by Seitz et al. 
concluded that patients with full-thickness RCTs 
have a significantly smaller acromiohumeral space 
than controls. However, although the narrowing of 
the subacromial space has been classically asso-
ciated with RCTs, it not clear whether impinge-
ment induces tendon injury or a primary rotator 
cuff dysfunction leads to subacromial impinge-
ment by the resulting superior humeral translation 
[59]. Acromial shapes can be both congenital and 
acquired. Age determines the progression from a flat 
to a curved or hooked acromion, possibly because 
of traction forces. This would partially explain the 
epidemiological evidence of higher incidence of 
RCTs with increased age, but also suggests a pri-
mary intrinsic moving factor [60].

2.2.1.2  Overuse
Mechanical overuse is also involved in rota-
tor cuff disease, as suggested by the frequent 
observation of symptomatic disease in the domi-
nant arms rather than in the nondominant arms. 

Mechanical overuse of the supraspinatus tendon 
has been studied by Soslowsky et  al. in a rat 
model [61, 62]. Tendons in the overuse model 
exhibited an increased cross-sectional area, 
hypercellularity, and collagen disorganization. 
Maximum stress and elastic modulus were signif-
icantly lower in the overuse group compared to 
control rats. However, chronic overuse injury is 
only one of the several factors contributing to the 
pathogenesis of RCTs, as 28% of patients present 
full-thickness tear in the nondominant arm, and 
36–50% of patients have bilateral full-thickness 
tear, especially in older patients [63, 64].

2.2.1.3  Cigarette Smoking
The other extrinsic factor is cigarette smok-
ing, which has been associated with rotator cuff 
injury and poorer outcomes after repair. Many 
studies reported that nicotine and carbon mon-
oxide decrease microperfusion and tissue oxy-
genation, leading to tissue hypoxia [65]. The 
supraspinatus tendons in smokers showed sig-
nificantly more advanced degenerative changes, 
with increased density of apoptotic cells, 
reduced tenocyte density, and down regulation 
of proliferative activity [66]. This relationship is 
dose-dependent and time-dependent [67].

2.2.2  Biological Factors

2.2.2.1  The Role of Vascular Supply
A hypovascular zone, the so-called “critical 
zone,” has been traditionally described 10–15 mm 
proximal to the insertion of the supraspinatus 
tendon [68]. It is unclear whether this hypo-
perfusion contributes to tendon’s degeneration, 
because histological and intraoperative studies 
showed relative hyperperfusion at this area and 
at the tear edge [31]. Brooks et al. showed that 
both the vessel diameter and their number were 
approximately reduced by third at 5  mm from 
the cuff edge compared with 30 mm, but no sig-
nificant hypovascularization has been identified 
[69]. However, when the arm is in full adduction, 
the supraspinatus is compressed by the humeral 
head into the subacromial space, and blood per-
fusion may significantly be reduced.
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2.2.2.2  The Role of Diabetes Mellitus
Diabetes mellitus has been associated with com-
promised tendon function, increased susceptibil-
ity to tendon injury, and reduced healing ability 
[70]. Worse results after rotator cuff  repair and 
higher incidence of re-ruptures have been 
reported in diabetic patients compared to nondi-
abetic controls [63]. Accumulation of advanced 
glycation end-products (AGEs) impaired col-
lagen production and ECM formation, and 
compromised angiogenesis caused by elevated 
glucose concentration may be suggested as 
a probable pathogenesis of tendinopathy in 
patients with diabetes mellitus. Protein glyca-
tion is a spontaneous reaction depending on the 
degree and duration of hyperglycemia, the half-
life of protein, and permeability of the tissue 
to free glucose. Glycated proteins can undergo 
further reactions giving rise to AGEs, which are 
complex, heterogeneous molecules that cause 
protein cross- linking, and alter the physical 
characteristics of collagen fibers [71]. In ten-
dons, AGEs formation affects the interactions 
between collagen fibers, ECM protein, and teno-
cytes [72]. These changes have been associated 
with both reduced healing capacity and altered 
mechanical properties of connective tissues. 
The effects of AGEs on the mechanical proper-
ties of tendons have been studied in a rat model 
[70]. The formation of AGEs would change the 
way tendons respond to loading, in particular 
reducing tissue viscoelasticity by severely lim-
iting fibril–fibril sliding, making tendon more 
susceptible to injury. This has been recently 
confirmed by an in vitro study by Gautieri et al. 
[73]. Interestingly, Chung et al. found a signifi-
cant overexpression of MMP-9 and IL-6 genes 
in the torn supraspinatus tendon of diabetic 
patients compared to controls, concluding that 
the increased MMP-9 and IL-6 synthesis might 
significantly compromise the integrity of tendon 
ECM and predispose patients with diabetes to 
tendinopathy or rupture [74].

2.2.2.3  The Role of Thyroid Hormones
The relationship between thyroid disorders and 
shoulder pain has been suspected since the late 
1920s [75]. More recently, such association has 

been formally hypothesized. A recent epidemio-
logical study by Oliva et al. showed that nearly 
60% of patients that received arthroscopic rota-
tor cuff repair were also affected by thyroid dis-
orders [76]. The influence of thyroid hormones 
on the pathogenesis of tendinopathy has been 
confirmed by an in vitro study that showed the 
presence of thyroid hormones receptors on teno-
cytes. Thyroid hormones were able to induce 
tenocyte growth, to reduce the doubling time, 
and they also counteracted apoptosis in a dose- 
and time-dependent manner. Thyroid hormones 
are also able to influence tenocyte secretion of 
ECM proteins [77]. When tenocytes have been 
cultivated in the presence of T3 or T4 individu-
ally or in combination with ascorbic acid, thyroid 
hormones significantly increase the expression 
of collagen type I. Furthermore, the synthesis of 
cartilage oligomeric matrix protein (COMP) was 
also increased. COMP is a glycoprotein that binds 
collagen type I, II, and IX and fibronectin, and it 
is largely present in tendon exposed to compres-
sive load. All these data confirm the essential role 
of thyroid hormones in regulating tenocytes’ pro-
liferation and ECM homeostasis [78].

2.2.2.4  The Role of Cholesterol 
and Lipids

As already reported (2.1.4),  hypercholesterol-
emia has been implicated as a risk factor for ten-
dinopathy, including rotator cuff injury [79, 80].

High serum cholesterol levels allow for the 
accumulation of oxidized-low-density lipo-
proteins (LDLs), which are lipid carrier pro-
teins [43]. The clinical manifestation of LDL 
accumulation in human tendons is xanthoma, 
which is the major tendon disorder in patients 
with familial dyslipidemias. Lipids found within 
 xanthomas derive from the circulating plasma 
rather than being synthesized locally [81].

2.2.3  Genetic Factors

2.2.3.1  The Role of Apoptosis
Recent studies suggested the contribution of 
genetic factors in the pathogenesis of RCTs. 
Many authors described the increased risk of 

A. Giai Via et al.



17

experiencing symptoms (five times) and of devel-
oping RCT (more than twice) among siblings 
and second-degree relatives [82–84]. Even if the 
exact genetic profile is still under investigation, 
some genes responsible for being more suscep-
tible to RCT have been described.

Animal studies showed a higher gene expres-
sion of glutamate, and high levels of intratendi-
nous glutamate have been revealed in a rat model 
of supraspinatus tendon tear [85]. Glutamate is 
a neurotrasmitter of the central nervous system, 
and high extracellular glutamate concentration 
has been related with neurodegenerative disor-
ders such as Huntington and Alzheimer diseases, 
and seems to be deleterious for cells (“excitotox-
icity”) [86]. Interestingly, glutamate cascade has 
been related to functional adaptation of bone to 
mechanical loading, and in  vitro study showed 
that it has a pro-apoptotic effect in cultured ten-
don fibroblasts, by regulating the expression of 
apoptosis-related genes [87, 88]. Therefore, even 
if the exact significance of high glutamate syn-
thesis is not completely understood, the gene- 
expression may be related to rotator cuff tears.

Recent studies pointed out that apoptosis 
plays a key role in the pathogenesis of tendon 
injury [89]. Apoptosis is a highly regulated cel-
lular process involved in the development of 
multicellular organisms, and because of its role 
in the control of cell population, it is essential for 
the homeostasis of adult tissues. Excessive apop-
tosis within the rotator cuff tendon can alter the 
balance of normal tissue turnover, and promote 
increased tendon degradation. Yuan et al. showed 
an increased prevalence of apoptotic tissue within 
the edges of torn supraspinatus compared to the 
control subscapularis tendon [90]. Wu et  al. 
showed that the percentage of cells undergoing 
apoptosis increased gradually with the degree 
of ECM breakdown [91]. Many biochemical 
events lead to apoptosis, as modification of the 
cellular membrane (blebbing), nuclear fragmen-
tation, DNA fragmentation, and modification of 
cell adhesion [92]. Cytochrome C proteins are 
cellular signaling proteins which activate the 
synthesis of caspases, a protease enzyme family 
which promotes the degradation of cellular con-
tents [93]. In an in vitro study, Lee et al. found an 

increased expression of cytochrome C and cas-
pases in injured rotator cuff tendons compared to 
controls, confirming the increased apoptosis in 
turned supraspinatus tendons [94]. On the other 
hand, the turnover of ECM is mediated by MMPs, 
which are able to denature collagen fibers. The 
fine balance between suppression and induction 
of the MMPs is of primary importance for the 
homeostasis of the ECM. An increased activity of 
MMP-1 and a reduction of MMP-2 and MMP-3 
have been described by many authors in a supra-
spinatus tendon rupture, confirming that the fail-
ure of the normal matrix remodeling process is an 
important element in RCTs [95]. Castagna et al. 
found these increased enzyme levels not only at 
the edges of the torn supraspinatus, but also in 
uninjured portions of the supraspinatus and the 
subscapularis tendons, which suggests that a 
more global breakdown of tissue may occur [96].

The variances in the genetic code between 
individuals are termed single nucleotide poly-
morphisms (SNPs), and Tashjian et al. identified 
2 SNPs associated with RCTs [97]. They were 
located within two genes SAP30BP (on chromo-
some 17) and SASH1 (on chromosome 6). These 
genes both play a marked role in apoptosis, reg-
ulating tendon cell apoptosis and predisposing 
individuals to RCTs. Recently the same authors 
identified an SNP within the estrogen-related 
receptor beta (ESRRB) gene that appears to pro-
mote increased susceptibility to retears after a 
rotator cuff repair [98].

2.3  Rotator Cuff Healing

2.3.1  The Tendon Repair Process

The tendon healing process can be divided into 
three successive and overlapping phases, defined 
respectively as inflammatory phase (0–7  days), 
proliferative phase (5–25 days), and remodeling 
phase (>21 days) [99].

The goals of tendon repair are to restore its 
force transmission function and recreate the 
relationships with the surrounding tissues which 
allow the tendon to move smoothly. The success 
of tendon healing depends on the activation 
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of cellular elements able to synthesize a new 
ECM and to remodel it with structural proper-
ties suitable for sustaining tensile loads. Two 
mechanisms have been proposed to explain the 
recruitment of these cellular elements [99]: the 
first hypothesis, of “extrinsic repair,” states that 
fibroblasts responsible for the synthesis of ECM 
are not resident in the tendon but migrate to the 
lesion from the bloodstream; the second hypoth-
esis, of “intrinsic repair,” states that these cells 
are resident in the endothenonium and in the 
epithenonium and from there directly migrate to 
the lesion site. It is likely that both the mecha-
nisms coexist and are activated in two succes-
sive moments; the initial stages of the repair 
would be guided by nonresident cells, recalled 
by chemotactic factors released at the time of 
injury, while the remodeling phases would be 
promoted by resident cell populations, which 
migrate later to the lesion site [100].

2.3.1.1  Inflammatory Phase
In the initial inflammatory phase, damage to 
the vascular structures causes extravasation of 
blood inside the tendon and formation of hema-
toma. Activation of the coagulation cascade 
and of platelets releases chemotactic factors, 
vasodilatory substances, and proinflammatory 
molecules, which attract inflammatory cells at 
the site of the lesion. These cells release other 
cytokines such as IL-1β and tumor necrosis fac-
tor α, which further promote the inflammatory 
cascade [101].

This early response to rotator cuff tears leads 
to apoptosis of tenocytes and degradation of 
muscle fibers; cellular debris, clot, and foreign 
material are then removed by phagocytosis from 
granulocytes and macrophages, which secrete 
additional signaling molecules involved in che-
motaxis and in the regulation of cell differentia-
tion. Most of these factors are members of the 
transforming growth factor β superfamily and are 
the key regulators of gene expression, allowing 
subsequent tissue regeneration to occur [102]. 
At the end of the inflammatory phase, fibroblasts 
are recruited, and begin to synthesize the compo-
nents of the ECM and release angiogenic factors, 

which activate vascular proliferation and promote 
the formation of a new capillary network [103].

2.3.1.2  Proliferative Phase
In the proliferative (or fibroblastic or “repair”) 
phase, the recruitment of fibroblasts continues 
and their proliferation increases, as well as the 
synthesis of collagen and of other molecules of 
the ECM.  Collagen production during tendon 
repair begins with the synthesis of type III col-
lagen, which takes on a disordered disposition 
and gives the lesion a histological appearance 
similar to that of dermal scars [104].

In the muscle, anti-inflammatory macrophages 
express myogenic regulatory factors, which in 
combination with other endocrine growth factors 
can induce the development of mature myocytes 
from precursor cells [105, 106].

2.3.1.3  Remodeling Phase
The remodeling phase is characterized by a 
reduction of the synthesis of ECM and of type III 
collagen and an increase in the synthesis of type I 
collagen. Type I collagen fibers are arranged lon-
gitudinally along the axis of the tendon load and 
cross-links are formed that stabilize the fibers. At 
the end of this phase, the maximum stiffness and 
tensile strength of the tendon is reached, which 
however remains lower than that of a healthy ten-
don [100, 104].

2.3.2  Patients’ Factors Affecting 
Tendon Healing

Numerous studies described factors influencing 
rotator cuff healing after surgical repair, includ-
ing age, smoking habits, comorbidities, tear size, 
and fatty infiltration of the rotator cuff muscles. 
These factors, together with variables related to 
the surgical technique and the rehabilitation pro-
tocol, contribute to define the healing potential of 
a repaired rotator cuff.

2.3.2.1  Age
Increasing age negatively affects rotator cuff 
healing [107, 108]. This is both related to the 
reduction of the tendons’ intrinsic healing prop-
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erties and to the fact that age also increases the 
probability of having concomitant extrinsic fac-
tors, which increase the likelihood of postopera-
tive retears. A recent retrospective cohort study 
on 1600 consecutive rotator cuff repairs identi-
fied age as an independent factor strongly related 
to increasing retear after rotator cuff repair. 
Interestingly, the retear risk appeared to increase 
at different rates as the patient age increased 
(minimally under 50 years of age, by 5% for each 
decade between the ages of 50 and 70 years and 
substantially over 70 years of age) [109]. An age 
>70 years at the time of surgery was also iden-
tified as an independent risk factor in a study 
designed to determine the prognostic factors that 
predict rotator cuff healing after surgical repair 
[110]. These findings are confirmed by ex vivo 
and animal studies, which identified a loss of the 
structural organization of tendons and a decrease 
of collagen organization and repair integrity with 
increasing age [111, 112].

2.3.2.2  Cigarette Smoking
Smoking affects the biomechanical and histo-
logical properties of rotator cuff tendons: this 
has a consequence both on the risk of developing 
rotator cuff tears [67] and on the healing proper-
ties after rotator cuff repair. The fact that smok-
ers have a significantly higher healing failure rate 
than nonsmokers was postulated considering the 
results of animal studies and was recently con-
firmed in a prospective cohort study [113, 114]. 
Abstinence or at least decrease in nicotine use is 
recommended to improve healing after rotator 
cuff repair [99].

2.3.2.3  Endocrine Disorders 
and Hormones

Abnormal glucose levels impair the biomechani-
cal properties of rotator cuff in animal models 
and increase the number of complications (infec-
tions and repair failures) after rotator cuff repairs 
in human patients [115, 116]. It is therefore rec-
ommended to evaluate and normalize the blood 
glucose levels pre- and postoperatively.

Hyperlipidemia and hypercholesterolemia 
decrease the biomechanical properties of rota-
tor cuff tendons in animal models and have been 

considered as risk factors for the development of 
RCTs [41, 44, 50]. Recently, the negative role of 
hyperlipidemia has been documented also in a 
clinical study with a retrospective design [117].

Estrogens could also play a role influencing 
rotator cuff healing: estrogen deficiency, in fact, 
was associated with decreased biomechanical 
properties and poor development of chondroid 
tissue at the tendon-to-bone junction after rota-
tor cuff repair in an animal model: this could 
encourage investigations on agents which modu-
late bone metabolism, to improve tendon-to-bone 
healing in patients with an estrogen deficiency 
who undergo rotator cuff surgery [118].

Low levels of vitamin D showed to negatively 
influence early healing of the rotator cuff after 
repair in animal models [119], but these effects 
could not be proved in human clinical studies [120].

2.3.3  Intraoperative Variables 
and Surgical Technique

The surgical technique can also affect rotator cuff 
healing. Numerous procedures have been described 
to address rotator cuff lesions, evolving from open 
to fully arthroscopic techniques; simultaneously, 
sutures and devices to secure the repaired tendon 
to the humeral head have been optimized, with the 
constant aim of providing a mechanically stable 
repair at the tendon-to-bone junction [121, 122]. 
However, not every massive RCT can be treated 
with the same surgical technique. The macroscopic 
observation of the tendon and its grade of mobiliza-
tion can guide the surgeon to the best choice among 
the numerous options available; furthermore, pre-
dictive scores, like the ARoCuS score, have been 
developed to help the surgeon in this decision-mak-
ing process [123].

Drilling into the footprint or performing 
microfractures of the greater tuberosity have been 
proposed as solutions to enhance tendon heal-
ing, with contrasting results among the available 
reports. Although not visible in postoperative 
magnetic resonance imaging, healing seems to be 
positively affected by microfractures, especially 
in case of larger tears [124]. Drilling into the foot-
print is another solution which could contribute 

2 Biology of Rotator Cuff Injury and Repair



20

to rotator cuff healing [125, 126]. The rationale 
behind these techniques, which demonstrated to 
improve the quality of repair tissue and biome-
chanical strength at the tendon-to-bone insertion 
after rotator cuff repair in animal models, is the 
stimulation of bone marrow-derived cell infiltra-
tion into the repaired rotator cuff [127]. To per-
form a debridement of the torn tendons is another 
surgical trick which could improve postsurgical 
rotator cuff healing. This is commonly recom-
mended in presence of large retracted lesions, 
although recent evidence suggests that detach-
ing the intact tendon, completing and repairing 
the rotator cuff lesion, could enhance healing as 
compared to in situ repair techniques for partial 
lesions [128].

2.3.4  Timing of Surgery 
and Rehabilitation

Animal studies suggest that, when possible, early 
surgical repair of traumatic massive RCTs should 
be performed, since this leads to improved bio-
mechanical properties of the tissue after heal-
ing [129]. This recommendation, however, still 
deserves to be confirmed in the clinical setting 
[130]. Delaying repair of massive lesions induces 
fatty degeneration of the involved tendons, 
which can also influence structural and clinical 
outcomes: fatty degeneration of the rotator cuff 
tendons is, in fact, an independent risk factor 
for rotator cuff retears and for worse outcome 
in patients with large to massive tears who had 
intact tendons after repair [107, 131, 132].

A high quality meta-analysis by Riboh et  al. 
showed no statistically significant difference 
between immobilization and early passive motion 
in rotator cuff retear rates at minimum of 1 year 
of follow-up, but suggested the possibility of an 
increase in retears with early passive motion pro-
tocols [133]. Kluczynski et  al. concluded their 
meta-analysis associating early active motion 
with increased risk of structural defects for small 
and large rotator cuff tears. The current, best avail-
able evidence regarding postoperative rehabilita-
tion after rotator cuff repair is a recently published 
systematic review of overlapping meta-analyses, 

which suggests that early motion improves the 
range of motion after rotator cuff repair but 
increases the risk of rotator cuff retear [134].

2.3.5  Predictive Models to Quantify 
Tendon Healing

As this chapter synthetically illustrated, numer-
ous patient-related factors may play a role 
in determining both subjective and objective 
outcomes of rotator cuff surgery. The rotator 
cuff healing index was recently developed as a 
numerical scoring system to predict rotator cuff 
healing after surgical repair. This promising sys-
tem, for which validation studies are expected, 
includes clinical and radiological factors and has 
been designed to help predict the adequacy of the 
repair and assist in deciding the appropriate treat-
ment options [110].
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Biomechanics of Rotator Cuff 
Repair

Olaf Lorbach

3.1  Introduction

Arthroscopic and open repair of the rotator cuff 
leads to good clinical and functional results. In 
order to achieve a successful repair, detailed 
knowledge of the biomechanics of the intact as 
well as ruptured rotator cuff and the superior cap-
sule is essential.

The superior capsule of the glenohumeral 
joint is a thin fibrous structure which is attached 
to 30–61% of the greater tuberosity [25, 53, 61].

The rotator cable, or semicircular humeral 
ligament, courses from the anterior supraspi-
natus and upper subscapularis to the inferior 
infraspinatus and is located on the perimeter of 
the avascular zone [57, 63]. It is in continuity 
with the superior capsule and prevents excess 
stress from being transferred from the rotator 
cuff to the thin aspects of the capsule [6, 7]. As 
the rotator cable attachments are thickenings of 
the superior capsule, superior capsular integrity 
may be essential for maintenance of normal 
biomechanics and kinematics of the shoulder 
joint [1].

The rotator cable creates a suspension bridge 
phenomenon that may explain why patients with 
massive cuff tears or also after partial repair 
of the rotator cuff may show good to excellent 

shoulder function if the rotator cable remained 
intact or could be repaired [6, 15, 24].

Especially in massive tears, delamination of 
the superior capsule is more frequent. Therefore, 
in these massive tears of the rotator cuff, it may 
be of more importance to address both layers 
(rotator cuff and superior capsule) separately in 
order to improve the healing rate of the repair 
construct [1].

3.2  Biomechanics of the Intact 
Rotator Cuff

The rotator cuff muscles work as a motion actua-
tor (abduction, external, and internal rotations). 
Moreover, they have an important impact on 
stabilization of the shoulder joint. In the end 
range of shoulder motion (abduction and maxi-
mum external rotation), the capsuloligamentous 
structures such as the inferior glenohumeral liga-
ment contribute significantly to shoulder stabil-
ity whereas in the mid-range of shoulder motion, 
where the capsuloligamentous structures are 
more lax, shoulder stability is mainly provided 
by the glenoid concavity and the compressive 
force generated by the rotator cuff muscles [32].

During shoulder motion, the anterior (M. 
subscapularis) as well as the posterior (M. infra-
spinatus and M. teres minor) rotator cuff mainly 
contribute to keep the humeral head in the gle-
noid socket. Considering that the cross-sectional 
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areas of the anterior and posterior rotators are 
approximately equal [27], it seems viable that 
the torques generated by these two groups are 
balanced and represent something like a force 
couple that resists humeral head translation [68].

The deltoid muscle and the rotator cuff muscles 
work together in order to perform the physiologi-
cal shoulder movement without any significant 
changes of the center of rotation. During abduc-
tion by the deltoid muscle, the rotator cuff keeps 
the humerus centered in the glenoid socket and 
prevents further migration of the humeral head 
[22]. The role of the supraspinatus is described 
as a compressive force; the subscaplaris balances 
the anterior aspect of the shoulder whereas the 
posterior rotator cuff (M. infraspinatus and M. 
teres minor) balances the posterior part of the 
shoulder [4, 5, 67].

3.3  Biomechanics of the Intact 
Capsule

When the shoulder is abducted, the deltoid 
applies a superiorly directed force to the proxi-
mal humerus, whereas the rotator cuff muscles 
apply a force vector that is directed medially and 
inferiorly to the humeral head. Balancing these 
coupled forces prevents proximal migration of 
the humerus. At the end range of motion, the gle-
nohumeral ligaments passively tighten or relax 
to maintain the position of the humeral head 
within the glenoid cavity, with the rotator cuff 
muscles providing secondary dynamic stabiliza-
tion [23, 48].

3.4  Biomechanics 
of the Ruptured Rotator Cuff

Intrinsic changes or ruptures of the rotator cuff 
tendons may lead to a significant disturbance of 
the shoulder kinematics, of shoulder joint sta-
bilization, and may further lead to subacromial 
impingement [22].

Burkhart et  al. [5] reported three different 
types based on the localization and extent of the 
rotator cuff rupture:

• Type I lesion: Rotator cuff rupture with stable 
fulcrum. The supraspinatus tendon is ruptured 
with contribution of the upper M. infraspina-
tus. A normal kinematic of the shoulder joint 
is still present.

• Type II lesion: The fulcrum becomes unsta-
ble, if a complete rupture of the cranial (supra-
spinatus tendon) as well as the dorsal rotator 
cuff occurs (M. infraspinatus). The force cou-
ple is uncoupled preventing the centralization 
of the humeral head.

• Type III lesion: permanent static destabiliza-
tion (captured fulcrum). A rupture of the 
supraspinatus, as least one third of the poste-
rior rotator cuff as well as half of the subscap-
ularis muscle is present.

3.5  Biomechanics of Rotator Cuff 
Repairs

The ideal biomechanical rotator cuff repair 
should provide low gap formation under cyclic 
loading with a high ultimate failure load [18]. 
The biomechanical performance of the construct 
is potentially influenced by many factors like the 
anchor material and design, the suture material, 
the suture configuration, and the surgical tech-
nique (double-row vs. single-row repair) [38].

With the introduction of a second row of 
suture anchors, the so-called double-row repair 
was described with superior biomechanical 
findings compared to single-row repairs [3, 28, 
43, 51, 55].

However, these tested double-row repairs 
were compared to simple suture repairs. As the 
suture tendon interface is the weakest part of the 
linkage, it seems viable to compare double-row 
constructs to single-row repairs using modified 
suture configurations.

Single-row repairs using modified suture con-
figurations were able to show comparable biome-
chanical findings to double-row repairs with no 
significant differences in ultimate load-to-failure 
[13, 33–37, 39–41, 49, 59] or cyclic displacement 
[33–37, 39, 49, 59].

The transosseous equivalent rotator cuff repair 
(TOE) is a modification of the initially used 
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two separated rows of suture anchors and was 
described with several potential benefits com-
pared to single-row as well as “simple” double- 
row repairs such as decreased knot impingement, 
improved footprint coverage as well as superior 
biomechanical properties. However, TOE rota-
tor cuff repairs were also associated with several 
concerns about possible tendon strangulation and 
necrosis [11], the potential risk of over- tensioning 
the construct medially [52] as well as a reduced 
intratendinous blood flow [12]. Moreover, the 
technique seems to be highly associated with a dif-
ference in the re-tear pattern where the construct 
fails at the musculotendinous junction which is 
associated with a more difficult re- reconstruction 
in a failure situation [11, 19, 55, 62, 64].

Especially in chronic massive tears with a 
decreased remnant tendon length (<10  mm), it 
may be more viable to use a single-row repair as 
double-row repair was significantly associated 
with a higher re-rupture rate for TOE double-
row repairs compared to single-row repairs (46% 
vs. 6%) [29].

Furthermore, despite any potential benefit in 
biomechanical studies, no significant differences 
were further seen in the majority of clinical stud-
ies, neither in the clinical scores [2, 9, 10, 14, 16, 
19, 21, 30, 54, 56, 58, 65] nor in the reported re-
rupture rate evaluated by CT-arthrogram7 or MRI 
[9, 14, 16, 30]. Merely superior structural results 
were described for the double-row constructs 
concerning the quality of the repair as well as the 
rate of partial re-tears [10, 14, 60]. These results 
were mainly found in subgroup analysis of small 
patient cohorts.

Therefore, published evidence of biomechani-
cal as well as clinical superiority for any type 
of double-row repairs compared to single-row 
repairs is, based on the current literature, at least 
questionable. As the weakest point of the repair 
is the suture tendon interface, the biomechanical 
performance is more dependent on the number 
of sutures, which penetrate the tendon as well as 
the suture configuration and not by the number of 
anchors in the rotator cuff insertion. Moreover, 
the stich position may further play an important 
role as positioning the stitch just medial to the 
rotator cable seems to provide the most sufficient 

biomechanical results [66]. High level studies 
are needed in order to further support a poten-
tial benefit of the double row construct compared 
to simple sutures as well as single-row repairs 
in order to justify the increased surgical time as 
well as increased implant costs for the double 
row constructs.

Published evidence of rotator cuff repairs has 
been investigated in a systematic review of 2383 
articles (1980–2012) of those 108 met inclusion 
criteria.

Inspite of the dramatic increase in publi-
cations per year as well as the high amount of 
introduced new implants as well as surgical tech-
nique modifications, little evidence is present that 
the results of rotator cuff repairs are improving 
over the years with a mean re-tear rate of 27% at 
2 year follow-up [42].

Therefore, biology seems to be the most 
important affecting factor concerning the healing 
rate of the repaired rotator cuff.

Moreover, not every rupture of the rotator 
cuff is still repairable. Fatty infiltration of the RC 
muscles is described as one of the most important 
predicting factors [20]. Meyer et al. [44] further 
described a reduced tendon length (<15  mm) 
as an important factor leading to failure of the 
repairs in 2/3 of the patients. A positive tangent 
sign according to Zanetti [70] is reported as an 
important prognostic factor as well. If a signifi-
cant static instability of the shoulder is already 
present, this is described as a contraindication for 
rotator cuff repair [31].

Patients with an exhibited re-tear of the rota-
tor cuff may have inferior clinical outcome com-
pared to patients with an intact tendon after repair 
[69]. However, failure of the repaired construct 
is not generally associated with inferior clinical 
results. It is described to significantly decrease 
pain and increase function and strength even if 
the repair has failed suggesting that the potential 
for re-rupture should not be considered as a con-
traindication for repair [26].

Therefore, in patients where an anatomic repair 
is uncertain or the suggested re-tear rate is high; 
a partial rotator cuff repair may still be recom-
mended. The aim of the partial repair is the res-
toration of the force couple in the shoulder with 
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refixation of the rotator cable attachments. The 
technique included the refixation of the often 
involved upper subscapularis tendon as well as 
the posterior rotator cuff (infraspinatus muscle). 
The use of additional side-to-side repair sutures 
between the anterior and posterior rotator cuff may 
further reduce the remaining defect to a subtotal or 
complete (nonanatomic) repair in the majority of 
cases. Moreover, the applied forces especially on 
the repaired posterior rotator cuff can be reduced 
which may have a significant impact on rotator 
cuff healing as well [50].

Galasso et  al. [17] could show that partial 
repair of the rotator cuff led to improved shoulder 
function and pain reduction even in the long term. 
Different from pure symptomatic procedures, it 
was able to at least partially restore shoulder joint 
functionality [17].

Furthermore, the concept of partial rotator 
cuff repair may be combined with reconstruction 
of the superior capsule which is reported as a new 
concept in the treatment of irreparable tears of 
the rotator cuff [45–47].

3.6  The Biomechanical Concept 
of Superior Capsule 
Reconstruction

The biomechanical concept of reconstruction of 
the superior capsule in irreparable rotator cuff 
tears was described by Mihata and coworkers 
[45–47]. They could show in a biomechanical 
study that complete discontinuity of the supra-
spinatus muscle with superior capsule leads to 
increased superior translation, increased sub-
acromial contact pressure, and reduction of the 
glenohumeral contact pressure. Interposition 
patch autograft was only able to partially restore 
shoulder kinematics to the intact level, whereas 
fixation of the graft at the rotator cuff footprint 
on the humeral head as well as at the superior gle-
noid, miming the physiological insertion of the 
superior capsule, resulted in complete restoration 
of shoulder kinematics [45].

Even if a superior capsule reconstruction in 
combination with a partial repair of the rotator 
cuff is not able to achieve a normal muscle func-

tion, a type III or type II lesion may be transferred 
into a type I lesion resulting in an acceptable 
shoulder function and even the reversal of the 
pseudoparalysis in selected cases [8].

3.7  Summary

In order to adequately treat even complex tears 
of the rotator cuff, profound anatomic and bio-
mechanical knowledge is necessary in order to 
restore shoulder kinematics by a complete repair 
or a partial repair with or without concomitant 
superior capsule reconstruction.
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4.1  Introduction

There is a need to understand the reasons why a 
high proportion of rotator cuff repairs fail to heal. 
Several studies have noted that increasing age is a 
significant factor for diminished rotator cuff heal-
ing, while biomechanical studies have suggested 
that the reasons for this may be an inferior heal-
ing environment in older patients.

Rotator cuff tears may cause significant 
pain and loss of function. Patient outcomes are 
reported in outcome scores, including strength, 
pain, and active range of motion. Healing of the 
tendon after surgical repair is thought to improve 
functional outcomes and is the reason why 
patients with persistent symptoms are commonly 
offered surgical treatment. Even though rotator 
cuff repair results in improved clinical outcome, 
several studies report failure of healing in up to 
94% of patients [1]. An explanation of this dis-
crepancy is that the success of a repair is com-
monly based on patient-related outcomes and 
not on the healing of the tendon. The outcome 
is often irrespective of healing; however, there 
is a tendency that outcome scores that include 
strength and active range of motion provide bet-
ter results with tendon healing, whereas those 
scores that evaluate subjective patient outcomes 

fail to show a difference between patients with 
healed tendons and those with discontinuity of 
the rotator cuff tendon [2].

Healing indicates a continuous layer of tissue 
from the rotator cuff muscle belly to the insertion 
on the greater tuberosity. The healing process is 
divided into three overlapping stages: inflamma-
tion (1 week), repair (week 1–4), and remodeling 
(after 3 weeks) [3].

To assess healing structural and qualitative 
assessment of the rotator cuff can be done with 
either MRI or ultrasound. Most often repair integ-
rity is determined by MRI, according to the clas-
sification described by Sugaya et  al. [4]. This 
classification distinguishes five repair categories 
with the use of oblique coronal, oblique sagittal, 
and transverse T2-weighted images. Type I indi-
cates a repaired rotator cuff that has sufficient 
thickness with homogeneously low intensity on 
each image; type II, sufficient thickness with a 
partial high-intensity area; type III, insufficient 
thickness without discontinuity; type IV, the pres-
ence of a minor discontinuity in more than one 
slice of each image, suggestive of a small tear; and 
type V, the presence of a major discontinuity on 
each image, suggestive of a large tear (Fig. 4.1).

The term re-rupture is used throughout the lit-
erature when rotator cuff healing is assessed, but 
most studies do not specifically document heal-
ing before recurrent tears. Reported healing rates 
from rotator cuff repairs in general range from 6 
to 100% [1], in other words a huge variation.
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Agout et al. published healing rates of 68–81% 
10  years after rotator cuff repair, depending on 
the initial type of tear [5]. Tears with posterior 
extension have a higher retear rate, while the risk 
of arthritis is higher in tears with anterosuperior 
extension.

Isolated supraspinatus tears show the best 
results, with a lower failure rate than the other 
types.

The factors associated with healing are mul-
tifactorial in nature. Interpretation of scientific 
studies is confounded by variations in the defini-
tion of healing, the time point at which healing is 
assessed and the imaging modality and method 
used to assess healing.

A randomized trial of open vs. arthroscopic 
repair (UKUFF trial) revealed that 40% of repairs 
fail within 12 months irrespective of the surgical 
technique used and that a failed repair adversely 
affected patient outcomes [6].

The factors that are most consistently reported 
to influence healing are patient age and tear size. 
Other commonly cited factors include fatty infil-
tration, muscle atrophy [7], muscle tendon retrac-
tion, workers compensation, compliance with 
rehabilitation, smoking, manual workers, injec-
tions, type of repair, use of orthobiologics [8], 
and hypercholesterolemia.

4.2  Patients’ Age

Patients with well-healed repair tend to be 
younger [9]. Age is found to be an independent 
predictor for a structurally intact rotator cuff 
repair. Gumina et al. [10] reported that the mean 
age of patients with a healed repair was 3.0 years 
younger than those who had a recurrent tear.

Diebold et  al. [11] studied a cohort of 1600 
patients normally distributed in terms of age, 
with a mean age of 59 years and a range from 15 
to 91 years. The 212 patients (13%) who had a 
retear at 6 months were also normally distributed 
in terms of age, with a mean age of 65 years and 
a range from 15 to 88 years. They found that the 
re-rupture rate in patients below 50 years of age 
was 5%. This increased to 10% in patients aged 
50–59  years, 15% in those aged 60–69  years, 
25% in those aged 70–79 years, and 34% in those 
aged above 80  years. Multiple logistic regres-
sion analysis showed that the patient age was 
an independent factor strongly associated with 
re-ruptures.

Older age should not be viewed as a contra-
indication to surgical repair. A study from the 
French Arthroscopy Society in 2013 showed bet-
ter outcomes of rotator cuff repair compared to 
bursectomy and acromioplasty in patients older 
than 70 years [12].

4.3  Tear Size

The healing rate depends chiefly on the initial 
size of the tear [6, 13]. Tear size measurements 
are often made in the anterior posterior direction 
according to the footprint defect. Medial-lateral 
dimensions are retraction measurements from 
the leading edge of the tear to the lateral edge 
of the footprint [14]. Small and medium tears 
are more likely to heal than large and massive 
tears. Park et al. found the failure rate to be sig-
nificantly higher in patients with a tear of more 
then 2  cm in size anterior to posterior (34.2%) 
compared with patients with a tear of less then 
2 cm (10.6%) [14]. Rodeo et al. concluded that at 
12 weeks post-repair, 71% of small tears healed 

Fig. 4.1 Re-rupture after rotator cuff repair, Sugaya 5
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compared with 82% of medium tears, and 56% of 
large tears [15].

The influence of infraspinatus delamination 
and of a subscapularis tear remains debatable 
[16, 17]. An infraspinatus tear longer than 1 cm 
has also been identified as a risk factor for failure 
to heal [18].

Agout et al. reported 10-year results of 511 
patients in 2014. The healing rate was from 68 
to 81% depending on the initial type of tear. 
Tears with posterior extension had a higher 
retear rate, while the risk of arthritis was higher 
in tears with anterosuperior extension. Isolated 
supraspinatus tears showed the best results, 
with a lower failure rate than the other types. 
However, surgical repair gave good functional 
results in the long term whatever the type of tear 
was, in spite of a 10% complication rate and a 
12% revision rate.

Shimokobe et  al. [19] found that the re-rup-
ture rate was significantly higher in a group with 
posterosuperior tears compared to two groups 
with anterosuperior tears or anterioposterior- 
extending tears (P  =  0.02). In this study of 
102 patients multivariate analysis showed that 
decreased preoperative active external rotation 
range was a unique risk factor for postoperative 
re-rupture in both the posterosuperior and the 
anteriorposterior- extended groups.

4.4  Fatty Infiltration

To assess the degree of fatty infiltration the 
T1-weighted oblique sagittal sequences are fre-
quently used and graded based on Goutallier’s 
classification scheme [20]. Previous studies 
have found that this staging system can be 
appropriately applied to MRI [21]. The scan is 
evaluated in the sagittal plane at the level where 
the scapular spine and body form a Y shape 
(Fig 4.2).

In 2016 Gasbarro et al. analyzed risk factors 
to predict structural failure after arthroscopic cuff 
repair [18]. The material consisted of 30 failures 
compared to 60 controls. The presence of supra-
spinatus fatty infiltration grade 2 or above was 

significantly more common in the failure group. 
Fatty infiltration in any rotator cuff muscle was 
present upon MRI in 30% of the failures vs. 
25% of the controls. There was no difference in 
the average number of muscles being affected. 
Conditional logistic regression confirmed supra-
spinatus fatty infiltration and supraspinatus tear 
size as risk factors for failure.

4.4.1  Muscle Atrophy and Muscle 
Tendon Retraction

In the muscle, there is significant migration of 
inflammatory cells within the first few days of 
a tear and the muscle fibers undergo apoptosis 
[22]. In the ensuing weeks to months, this early 
response leads to muscular retraction, degenera-
tion, and atrophy. The progressive loss of muscle 
volume is due to the loss of sarcomeres, which 
causes an enlargement of the inter- and intramyo-
fibrillar spaces. If the muscle remains unloaded 
and retracted, the myogenic precursor cells may 
be reprogrammed into the adipogenic pathway, 
with mature adipocytes infiltrating the free inter- 
and intramyofibrillar spaces. This phenomenon is 
termed fatty infiltration [23].

Fig. 4.2 Fatty infiltration is evaluated in the sagittal plane 
at the level where the scapular spine and body form a Y 
shape
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4.5  Compliance 
with Rehabilitation

A number of rehabilitation protocols have been 
described for use following rotator cuff repair. 
While some surgeons recommend early, aggres-
sive rehabilitation programs, others recommend a 
more conservative rehabilitation program. Early 
aggressive rehabilitation protocols may result in 
a slightly higher incidence of retear compared 
with more conservative protocols.

Slower, less aggressive rehabilitation pro-
grams have demonstrated improved healing with 
no negative effect on the final range of motion 
and are therefore recommended after repair of 
most full-thickness tears [24].

4.6  Smoking

Galatz et  al. [25] demonstrated that nicotine 
impairs biomechanical as well as histological 
properties after rotator cuff tendon repair in a 
rat model. In a clinical study, a dose- and time- 
dependent relationship between smoking and 
the presence of rotator cuff tears was noted [26]. 
This data suggests that abstinence or at least a 
decrease in nicotine use might help to improve 
healing after rotator cuff repair and smoking ces-
sation should be strongly encouraged.

4.7  Manual Workers

Return to work may prove impossible, despite 
workplace adjustments. Collin et  al. found that 
one-fifth of patients had not returned to their 
previous occupation 6 months after rotator cuff 
repair. The factors associated with failure to 
resume work were female gender, heavy manual 
work, and persistent bursitis detected by follow-
 up sonography [27]. They were unable to show 
a difference in Constant scores between a group 
returning to work and the other group not return-
ing to normal activities at 6  months after the 
univariate analysis. Lack of healing was not cor-
related with the group not returning to normal 
activities. This finding corroborates with previ-

ous studies [28] and confirms that lack of heal-
ing does not necessarily result in clinical failure, 
except in labour intensive workers who repre-
sent a high-risk group for poor outcome among 
patients with failure [29].

Despite studies that suggest that tendon heal-
ing can affect the final outcome [30], the lack of 
tendon healing is not associated with the inability 
to return to work or activity, at least at 6 months 
postoperatively.

4.8  Injections/Medication

Nonsteroidal anti-inflammatory drug therapy 
is very effective in relieving the postoperative 
pain but may adversely affect tendon healing in 
rats [31].

There is some basic research evidence that 
the application of NSAIDs postoperatively may 
alter rotator cuff healing [32]. The common prac-
tice of administering NSAIDs should therefore 
be reconsidered during the first 6 postoperative 
weeks. After this period of time, NSAIDs do not 
seem to have an influence on healing and there is 
evidence that they positively influence the remod-
eling of the collagen matrix during that time [33].

4.9  Type of Repair

The surgical technique might play a role. During 
the past decade, several innovative arthroscopic 
techniques have been introduced for rotator cuff 
reconstructions. Strong fixation can be achieved, 
but no suturing or anchoring method has been 
proven superior over the others. The surgeon 
must adapt the surgical technique to the local 
conditions, notably the shape and direction of the 
tear and the flexibility of its borders. The double- 
row repair has been shown to increase the bio-
mechanical properties relative to simple suture 
single-row as well as trans osseous rotator cuff 
repairs.

In a metaanalysis by Brown et al. there were 
no significant differences in re-rupture rates 
for modified Mason Allen sutures compared 
to simple sutures in single row repairs of tears 
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 measuring less than 3  cm [34]. For single row 
repairs of tears measuring more than 3 cm there 
was no significant difference in mattress sutures 
compared to simple sutures. The rates of re-rup-
ture did not differ between the single row and 
double row for tears measuring less than 3  cm 
or 3  cm and more. These findings suggest that 
suture technique may not affect re-rupture rates 
after rotator cuff repair.

Hein et al. did a systematic review where their 
imaging diagnosed re-rupture rate was strati-
fied by preoperative tear size at a minimum of 
1 year follow-up, and re-ruptures were diagnosed 
by either MRI, ultrasound, or arthrogram. Both 
double row and suture bridge had significantly 
lower re-rupture rates than single row repair for 
all sizes. There was no significant difference 
between double row and suture bridge. To date, 
no level I study has shown whether the suture 
bridge technique yields superior healing rates 
compared with conventional double row.

This study only investigated the incidence of 
postoperative re-ruptures as diagnosed by clini-
cal imaging, and as such, no conclusions regard-
ing clinical outcomes as a function of repair 
technique could be made.

Asymptomatic retears in the intermediate 
term may progress to larger, symptomatic tears 
requiring revision, and massive retears are inher-
ently difficult to revise. Therefore future studies 
are necessary to track the long-term re-rupture 
rates of rotator cuff repair techniques to deter-
mine how re-ruptures affect long-term clinical 
outcomes.

Despite the apparent benefits of newer con-
structs, double-row rotator cuff repairs lead 
to increased surgical time and higher implant 
costs compared to single-row repairs, and there-
fore, there is still a debate about the ideal repair 
construct.

4.10  Orthobiologics

In the past two decades, orthopaedic research has 
focused on biologically augmenting the rotator 
cuff reconstruction, and therefore improving heal-
ing at the tendon-bone interface as well as trying 

to stop muscular degeneration or even accom-
plish regeneration of the rotator cuff muscle. This 
biological augmentation has included applying 
different platelet concentrates containing growth 
factors, mesenchymal stem cells, scaffolds, and a 
combination of the above. The biology of rotator 
cuff tears and repairs has gained more interest as 
growth factors might positively influence tendon 
to bone ingrowth and, therefore, might positively 
influence the re- rupture rate.

The additional augmentation with platelet- rich 
plasma did not reveal any significant differences 
in the healing rate compared to conventional 
rotator cuff repair. No definitive evidence sup-
ports the use of platelet rich plasma or mesen-
chymal stem cells (MSC) regarding improvement 
of healing rates and clinical outcomes [24].

In a rabbit model hyalorunic acid (HA) accel-
erated tendon-to- bone healing in the rotator 
cuff repair model, enhancing the biomechanical 
strength and increasing chondroid formation and 
tendon maturity at the tendon-bone interface. 
Based on the data of in  vitro experiments, HA 
activated MSCs may play a crucial role in the 
acceleration of tendon-to-bone healing [35].

Bone marrow vents are a cheap possibility to 
stimulate the interface between tendon and bone. 
There are some articles publishing good clinical 
and radiological results after rotator cuff repair 
with bone marrow vents; however, as long as there 
are no control groups, it is impossible to conclude 
that this really enhances the healing [36].

4.11  Hypercholesterolemia 
and Diabetes Mellitus

There seems to be a relationship between an 
individual’s lipid levels and tendon pathologies 
[37]. Therefore the question arises if high serum 
cholesterol levels should be treated before rotator 
cuff surgery.

Diabetes may have an impact on rotator cuff 
healing. Bedi et  al. [38] reported that diabetes 
mellitus decreased the biomechanical properties 
in a rat model. Chen et al. [39] reported a higher 
rate of postoperative complications, namely 
infections and to a lesser extent also failures.

4 Re-rupture or Non-healing? Factors Determining an Unsuccessful Repair
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4.12  Discussion

The healing rate of rotator cuff repair went down 
from 94% in 2007 to 71% in 2015. The reason for 
this is likely to be multifactorial. One possibility 
is publication bias and an increased tendency to 
report not just clinical outcomes but also imag-
ing of repair integrity after surgery. Some series 
reporting these outcomes of failed biologic heal-
ing are based on ultrasound evaluation and others 
are based on MRI.

There has been a dramatic increase in the 
incidence of rotator cuff repair surgery, reflect-
ing a probable change in the selection criteria for 
surgery.

Park et  al. [14] used a univariate analysis in 
their case-control study to conclude that both age 
and tear size were prognostic factors for healing. 
They also noted that the mean age of patients 
with healed repairs was 59 vs. 63 years in those 
with a failed repair and that tears greater than 
2 cm in size healed less often than those less than 
2 cm (66% vs. 89%). They did not adjust for age 
and tear size together.

Repair failure is usually defined as a need for 
further surgery in the short- or medium-term. 
In the retrospective SoFCOT study [5] of 511 
patients who underwent repair surgery for an iso-
lated supraspinatus tear in 2003, 35 (7%) patients 
required revision surgery within 10 years (repeat 
repair, n = 17; arthroplasty, n = 7; and other pro-
cedures, n = 11).

After a retear discovered at follow up there will 
be a new assessment whether to perform a revi-
sion surgery or not. In general the results of revi-
sion surgery are inferior to primary cases. Most 
of the cuff re-ruptures do not require surgery, 
given their good clinical tolerance and stable out-
comes over time. Information must be obtained 
about the circumstances of the first repair proce-
dure; a possible diagnostic inadequacy or tech-
nical error might be present. Trauma after repair 
might be due to an aggressive rehabilitation pro-
gram. Revision cuff repair, when indicated by 
pain or functional impairment, can improve pain 
and function at midterm follow-up [40]; however, 
the clinical outcome scores were comparable 
in patients with an intact repair and those with 

failed rotator cuff healing after revision repair. 
Therefore, tendon integrity is not necessarily cor-
related with better clinical outcomes after revi-
sion rotator cuff repair at final follow-up.

4.13  Summary

Clinical decision-making should take into 
account the overriding importance of increasing 
age as a risk factor when considering the suitabil-
ity of rotator cuff surgery for patients.

Non-operative treatment (rehabilitation and 
local injections) should be considered in patients 
with manageable pain and limited physical 
activities.

A rotator cuff re-rupture is a multifactorial 
process with no single preoperative or intraop-
erative factor being overwhelmingly predictive 
of it. Nevertheless, rotator cuff tear size shows 
stronger association with re-ruptures at 6 months 
after surgery than measures of tissue quality and 
concomitant shoulder injuries.

Knowledge about risk factors of re-ruptures 
or non-healing may help surgeons and patients 
to predict the success of arthroscopic rotator cuff 
repair, and this information is likely to assist pre-
operative counseling, preoperative planning, and 
selection of patients for surgery.
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Biological Augmentation 
in Rotator Cuff Repair: Growth 
Factors

Claudio Rosso and Patrick Vavken

Currently, roughly 250,000 rotator cuff repairs per 
year are performed in the United States alone [1]. 
Retear rates especially in massive rotator cuff tears 
are still an issue. We are still facing up to 94% 
retear rate in large to massive rotator cuff tears 
even with double-row repairs [2, 3] while the clini-
cal importance of retears remains unclear [4–6].

Retears of tendons have been associated with 
the same patho-mechanisms that led to the initial 
tear: mechanical stress on a degenerated tendon. 
This might lead to retearing just medial to the 
repair site [7, 8].

In a prospective trial, tendon pulling through 
the sutures is the most common type of fail-
ure (so-called cheese wiring) followed by new 
tears through the already degenerated tissue and 
anchor failure, respectively [8]. It was also found 
that retears are a multifactorial process associ-
ated with tear size [9].

One possible solution to this problem might 
be to augment rotator cuff repairs with matrices, 
patches, or growth factors. Reinforcing the rota-

tor cuff with synthetic or xenografts adds a high 
complexity to arthroscopic rotator cuff repair 
while mixed results have been reported [10, 11].

Due to promising animal studies, the use of 
growth factors such as platelet-rich plasma (PRP) 
has been implemented as an alternative. It was 
hypothesized that PRP would improve rotator 
cuff healing by propelling regeneration of the 
degenerated tendons by means of stimulating the 
differentiation of scar tissue [7, 12]. Platelet-rich 
plasma (PRP) is the most commonly used term for 
an autologous, concentrated platelet suspension. 
Autologous conditioned plasma (ACP) is another 
platelet suspension form with a low level of 
white blood cells. Autologous conditioned serum 
(ACS) is a platelet suspension which has a high 
content of IL-1Ra (Interleukin-1 receptor antago-
nist) and is therefore used for anti- rheumatic and 
anti-inflammatory purposes. Direct comparisons 
of individual products have shown a relatively 
large variability of the contents, and for use in 
clinical practice a great overlap of PRP/ACP/
ACS in nature and effect can be assumed [13].

In clinical practice, PRP was initially used 
primarily in plastic, cardiovascular, and maxil-
lofacial surgery [14, 15]. Early studies in these 
fields have shown beneficial effects on wound 
healing, tissue regeneration, and fracture heal-
ing/bone remodeling. Responsible for this were 
bioactive proteins and growth factors [16, 17]. 
However, the extracellular matrix of the coagu-
lated PRP has also been discussed as a potential 
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signaling mechanism for regenerative processes 
because of its mechanical and structural proper-
ties [18]. Furthermore, it was confirmed that the 
autologous cells do not induce any unwanted 
immunological reactions or even diseases that 
may be associated with blood transfusions, for 
example. In short, PRP therapy can fill or cover a 
defect, locally release growth factors that attract 
the cells needed for wound healing, and stimulate 
these cells to increased activity. In the context of 
these processes, a PRP therapy can stimulate and 
sustain wound healing.

PRP preparations at various cell concentra-
tions are used both experimentally and clinically. 
Unequivocal evidence for optimal platelet con-
centration does not exist so far, and the relation-
ship between concentration and effect is unclear. 
Some arguments suggest that high concentration 
produces a high impact, and most commercial 
kits produce PRP in the range of 9–14× physi-
ological platelet concentration. Others, in turn, 
could not show any clinical differences with 
higher concentrations, or even report detrimen-
tal effects, e.g., the inhibition of osteoblasts [19]. 
For example, animal experiments have shown 
equally good biomechanical results for ligament 
and tendon regeneration with 3–5× concentrated 
PRP compared to higher concentrations [20]. 
This could also be shown specifically for human 
rotator cuff cells [21]. Finally, it could even be 
shown that a 1.2–2× concentration of PRP, i.e., 
nearly normal blood, can achieve a good effect in 
soft tissue healing [20]. Too high a concentration 
of growth factors may result in an unorganized 
reaction of the cells involved in healing, result-
ing in a poorly differentiated, i.e., mechanically 
weak, scar [22]. PRP is not a pure platelet suspen-
sion, and with ACP or ACS even a reduced addi-
tion of white blood cells is advertised. Both red 
blood cells and leukocytes have been shown to 
modulate the effect of platelets on mesenchymal 
cells [23]. Due to the fact that PRP is supposed 
to support but not overstimulate wound healing, 
this interaction with erythrocytes and leukocytes 
is desirable, although the evidence here is less. 
Currently, there is no gold standard regarding the 
ion or electrolyte concentration, nor is it deter-
mined how high the protein fraction should be.

Lastly, the application form of PRP is a matter 
of debate. It can be injected as a suspension, or 
used as a spray or as a gel (on a carrier). There is 
very little comparative data on these applications 
or on the effect depending on the application 
form. However, influence on the enzyme kinetics 
by the application form is probably nonexistent. 
What needs to be considered, especially in the 
context of an arthroscopic application, is feasibil-
ity. A solid clot can be manipulated and threaded 
on a suture. A fluid application is at risk of dilu-
tion or to be flushed out of the defect.

Promising results are obtained from animal 
studies. Recently, it was shown that a freeze- 
dried chitosan implant solubilized in PRP could 
enhance tendon-to-bone healing and thus improve 
rotator cuff healing in a rabbit model [24].

In our systematic review, we could show that 
the use of PRP did not improve tendon healing 
and reduce retears in large tears but was benefi-
cial in small- and medium-sized tears [25].

Alternatively, microfracturing of the humeral 
head in order to influx connective tissue progeni-
tor cells into the healing site during rotator cuff 
repair has been advocated [26]. A recent meta- 
analysis revealed a positive effect to reduce retear 
rates by promoting tendon-to-bone healing [27]. 
However, no significant improvement in clinical 
outcomes was shown.

 Cost-Effectiveness
In recent years, terms like cost-effectiveness, 
value-based health care, and sustainability in 
health care financing have become ubiquitous 
and physicians are increasingly confronted 
with demands for cost-effectiveness and cost- 
containment by legislators and insurance compa-
nies. Hence it makes sense to approach biological 
augmentation not only from a clinical-impact 
perspective, but also from one of economic fea-
sibility. A simple economic analysis has two 
scopes. In the narrow scope, the question whether 
the incremental cost of adding growth factors to 
a cuff repair is offset by a commensurate gain in 
clinical outcome needs to be answered. In the 
wider scope, the question whether the incremen-
tal cost of adding growth factors to a cuff repair 
that is offset by a commensurate gain in clinical 
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outcome is preferable to a surrogate treatment 
form (e.g., an RSA).

For the smaller scope, some data exist to build 
an analytical model. This model includes the vari-
ous possible developments of a patient undergoing 
cuff repair (i.e., healing, retear, and revision) into 
a decision tree. Each branch represents a specific 
outcome with the likelihood of achieving this out-
come. A value, called utility, for each outcome is 
developed from patient information. The utility 
describes the value of an event or outcome to a 
patient and its unit of measurement is the quality-
adjusted life year (QaLY). The utility of healing 
obviously is higher than the utility of a retear. The 
utility of a successful revision is lower than the util-
ity of a successful primary repair due to a principle 
called time preference. Time preference describes 
the simple fact that achieving a preferred outcome 
sooner has a higher utility than arriving at the same 
endpoint later or via a circuitous route. For eco-
nomic analysis, the gain of utilities is compared to 
the additional cost, usually within a range of out-
comes (i.e., with a risk of revision ranging from 
+10% to −10% of what is seen in the literature) 
to account for clinical variability. The findings are 
compared to benchmarked thresholds, with a rule 
of thumb that an extra cost of US$ 100,000.00 for 
an additional QaLY is considered cost-effective. 
One study exists using such a standardized frame-
work to assess the cost-effectiveness of biological 
augmentation of cuff repair with PRP. Its findings 
show that the overall cost (including consumables, 
OR time, and fixed cost) should be below (2015) 
US$ 650. Given the current cost of most com-
mercially available kits, and the mostly negative 
growth of reimbursement rates of shoulder surgery 
it is questionable if this is a sustainable business 
case outside well-structured ASCs and compa-
rable institutions. However, microfracturing as 
described above has very little additional cost in 
time and consumables.

In the larger scope, confronted with a massive 
or irreparable cuff tear, substitutes to arthroscopic 
repair exist and are well delineated and described 
in following chapters. A considerably larger deci-
sion model could include cuff repair, shoulder 
replacement, debridement, spacers, etc. like the 
model described above. There is some data on the 

comparison of cuff repair with primary replace-
ment in patients with massive tears favoring cuff 
repair in the short- and mid-term. However, this 
hinges to a greater extent on the lower initial cost 
of arthroscopic repair, a low revision rate, and no 
arthritic degeneration, rather than on clinical out-
comes. This preference changes drastically if a cuff 
repair is to be revised. Hence, the additional cost 
of PRP in cuff repair, if reducing revision- worthy 
retears, may be well within cost- effectiveness 
thresholds. We could show that although retear 
rates can be reduced in small- and mid-size tears 
using PRP this procedure is not cost-effective [25].

In conclusion, the use of growth factors, 
especially PRP, does not reduce retear rates and 
is currently not cost effective due to the addi-
tional OR time and costs of the harvesting sys-
tems. However, results from animal studies using 
structural grafts loaded with PRP are promising. 
Upon reviewing the current literature, the authors 
have the impression that we are at a turnaround 
to enhance tendon healing with growth factors 
using scaffolds [28, 29]. Currently, the easiest 
and most cost-effective procedure is microfrac-
turing of the tuberosities to get stem cells into the 
healing site [27].
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Rotator cuff tears (RCTs) are one of the most 
common soft-tissue-related pathologies affect-
ing up to half of the patients over age 60 [1, 2], 
and they continue to be an insidious challenge 
for orthopaedic surgeons. In the last decades, 
increasingly more patients undergo surgery to 
repair RCTs, but, even though the great advances 
made in technology and surgical techniques, the 
risk of re-ruptures after a rotator cuff repair is 
still high and remains a problem for the surgeons, 
especially in the treatment of massive RCTs [1].

According to the Snyder arthroscopic classifi-
cation (Southern California Orthopedic Institute—

SCOI—rotator cuff classification system), it is 
defined “massive” the complete RCTs larger 
than 3–4 cm involving two or more tendons with 
advanced fatty infiltration of tendons, important 
tendon retraction, and poor-quality tissues [3].

These kinds of lesions are also known as 
“irreparable cuff tears” because of the high 
intrinsic risk of failure of the surgical repair. It 
has been reported that recurrences after RCTs 
repair range between 20% and 40% for small-
medium tears, and it is up to 94% for large or 
chronic tears [4, 5].

The high rate of failure is due to the complex-
ity of tendon-to-bone integration because of the 
great biomechanical imbalance between tendon 
and bone and the insufficient regenerative poten-
tial of native tissues [1]. In fact, in most cases 
the tear occurs at the fibrocartilage zone of the 
tendon- to-bone junction, which is poorly vascu-
larized, so the healing process is slow and it ends 
with a fibrous scar, subverting native biomechan-
ical and histological structures.

Proximal humeral epiphysis is known to con-
tain a pool of mesenchymal stem cells (MSCs) 
but little is known about their amount, healing 
potential, and changes after rotator cuff injuries.

Some authors in their study tried to deter-
mine whether RCTs could modify great tuberos-
ity MSCs’ number and in which way they may 
contribute to poor healing response. They found 
out that the size of the tear and the time between 
injury and surgery are directly proportional to the 

C. A. Stoppani · S. Maggi 
Laboratory of Applied Biomechanics,  
Department of Biomedical Sciences for Health, 
Università degli Studi di Milano, Milan, Italy 

1° Clinica Ortopedica, ASST Centro Specialistico 
Ortopedico Traumatologico Gaetano Pini-CTO, 
Milan, Italy

A. Menon (*) · C. Fossati · P. Randelli 
Laboratory of Applied Biomechanics, Department  
of Biomedical Sciences for Health, Università degli 
Studi di Milano, Milan, Italy 

1° Clinica Ortopedica, ASST Centro Specialistico 
Ortopedico Traumatologico Gaetano Pini-CTO, 
Milan, Italy

Research Center for Adult and Pediatric Rheumatic 
Diseases (RECAP-RD), Department of Biomedical 
Sciences for Health, Università degli Studi di Milano, 
Milan, Italy
e-mail: pietro.randelli@unimi.it

6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61162-3_6&domain=pdf
mailto:pietro.randelli@unimi.it


48

decrease of MSCs of the great tuberosity, espe-
cially at the tendon-bone interface [6].

Therefore, in the last years greater attention 
has been given to biological augmentation for 
surgical repair of RCTs in order to improve the 
healing rate [1].

This chapter will focus on biological augmen-
tation strategies based on the use of tissue-derived 
MSCs cell and, in particular, bone marrow and 
adipose tissue-derived ones.

6.1  Mesenchymal Stem Cells 
(MSCs)

MSCs are multipotent stromal cells that have the 
potential to differentiate into various cell types, 
including osteoblasts, chondrocytes, tenocytes, 
myocytes, and adipocytes [7].

MSCs have generated great excitement among 
orthopaedists and researchers as a potential source 
for cell-based treatment strategies, thanks to their 
intrinsic ability to self-renew and differentiate 
into different connective tissue cell types [8].

Furthermore, MSCs have shown great poten-
tial for the replacement of damaged tissues such 
as bone, cartilage, tendon, and ligament, so they 
are becoming increasingly promising biological 
augmentation for surgery in the treatment of dif-
ferent orthopaedic pathology.

They can be collected from a variety of tissues 
and their ubiquity is correlated to their origin 
from perivascular cells (pericytes) known to be 
located in all vascularized tissues [8].

The majority of MSCs used for orthopaedic 
applications are obtained from bone marrow tis-
sue, which is relatively easy to access and pro-
vide relatively high numbers of MSCs. More 
recent studies have focused their attention also on 
adipose-derived MSCs, which can be even more 
easily collected by needle biopsy or liposuction 
aspiration.

Other alternative sources of stem cells have 
been identified, such as muscles, tendons, car-
tilage, synovium, blood, skin, testes, hair, and 
scalp tissue [9]; since they are less commonly 
used, they are not the subject of extensive 
discussion.

Mesenchymal stem cells own great hetero-
geneity, as demonstrated in both in  vivo and 
in vitro studies, because the MSC pool includes 
not only mesenchymal stem cells themselves but 
also subpopulation of cells at different stages of 
differentiation [8].

MSCs have also been demonstrated to have 
immune modulation properties and trophic 
potential in response to injuries, so that they have 
been defined also as “drugstore.” They are able to 
home-in on injured sites and to secrete cytokines 
and growth factors in order to enhance healing 
response and tissue repair [10].

6.2  Bone Marrow–Derived 
Mesenchymal Stem Cells 
(BM-MSCs)

Bone marrow–derived mesenchymal stem cells 
(BM-MSCs) can be easily collected and har-
vested from long-bone epiphysis, such as the 
humeral head, or iliac crest and re-injected in the 
injured site to improve its healing. Starting from 
the notion that the newly formed fibrovascular 
scar tissue at the tendon-to-bone interface after 
surgical RCT repair has poor biological proper-
ties, different studies have been made to assess 
the effectiveness of BM-MSCs on tendon-to- 
bone surface healing and also on the enhance-
ment of tendon attachment strength [11, 12].

In a recent animal study, Gao et al. tested the 
healing effectiveness of MSCs with the trans-
ducer of ErbB2.1 (TOB1) deficiency transplanted 
at the injured tendon-bone junction [13]. TOB1 
is a negative regulation of BMP/Smad signaling, 
which is involved in osteoblast differentiation 
and tendon-bone healing process. MSCs were 
isolated and collected from the tibia and femur of 
male Sprague-Dawley rats at the age of 12 weeks; 
they were harvested and TOB1 suppression was 
induced. Gao and colleagues surgically detached 
supraspinatus tendon from rats and then they 
performed the sutures. Before tying the sutures, 
they randomly separated the rat pools into four 
different groups: three groups received a fibrin 
glue carrier with three different MSC augmenta-
tions at the tendon-bone interface and one group, 
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the control group, did not receive any augmenta-
tion to surgery. At 8 weeks after surgery, in MSC 
groups there was evidence of more orderly col-
lagen fibers in contrast to the control group, and 
a small amount of chondrocytes was detected at 
the tendon-bone interface, showing a promising 
greater healing potential using MSCs with TOB1 
suppression [13].

Gulotta et  al. studied the use of MSCs in a 
Lewis-type rat model after unilateral surgical 
detachment and repair of the supraspinatus ten-
don [14]. They used the MSCs transducted with 
the product of a gene involved in tendon-to-bone 
embryogenesis (Ad-hMT1-MMP) compared to 
untransducted cells. Both groups were analyzed 
at 4  weeks after surgery: biomechanical tests 
showed better ultimate load-to-failure rate and 
more new cartilage formation in the group with 
MT1-MMP gene overexpression, introducing 
an interesting cue for further studies on tendon 
repair by recreating similar local conditions as 
they happen during embryogenesis [14].

This study was repeated using the BMP-13 
enzyme, which is known to be part of the tendon 
healing process, but no significant results were 
obtained [11].

In a more recent study, Thangarajah et  al. 
investigated the efficacy of BM-MSCs augmen-
tation to scaffolds in supraspinatus tendon tear 
repair in a Wistar-type rat model. Eighteen rats 
underwent surgical unilateral detachment of the 
right supraspinatus tendon and one additional 
animal was used to collect stem cells. The surgi-
cal repair was performed after 3 weeks and the 
animals were divided into three different groups: 
the first group received BM-MSC augmenta-
tion on a demineralized bone matrix, the second 
group received BM-MSCs on a human dermal 
matrix, and the last group received the BM-MSC 
augmentation alone, without any scaffold. After 
6 weeks, specimens were collected for postopera-
tive analyses: MSCs’ tracking showed that they 
remained at the tendon-to-bone interface where 
they were implanted; furthermore there was a 
complete closure of the tendon-bone gap and the 
demineralized bone matrix scaffold with MSCs 
reached a total bone mineral density at the surgi-
cal site similar to the contralateral side [12].

To our knowledge, clinical trials have been rare 
so far, but they give promising results [15–17].

In 2015, Havlas et  al. published their pre-
liminary results on a limited number of patients 
regarding the safety of cultured human MSCs 
in orthopaedic treatments and their effect on 
tendon healing. They collect a small group of 
ten patients with RCTs who had met the indica-
tion for arthroscopic repair. Two patients were 
excluded from the study due to exclusion criteria. 
Pain intensity questionnaires have been submitted 
to the eight remaining patients, including VAS, 
UCLA, and Constant-Murley scores. The authors 
harvested patients’ bone marrow 3–4 weeks before 
surgery; a suspension of cultured BM-MSCs was 
applied to the suture site during the cuff repair. 
Postoperative questionnaires were submitted 
at 6  months after surgery and they showed an 
improvement of all the average values (VAS: 0, 
UCLA: 32, Constant-Murley: 84). At the same 
time MRI was performed, showing a fully healed 
tendon-to-bone surface tissue in all the patients. 
No adverse events were recorded [15].

In a case-controlled study, Hernigou et  al. 
treated 90 patients for complete supraspina-
tus tears divided into two different groups of 45 
patients each. The groups were matched taking 
count of these parameters: size and location of 
the tear, dominant side, gender, age, and same 
surgical repair technique. The first group under-
went surgery with BM-MSC augmentation while 
the second one without any biological adjuvant. 
Results were assessed with MRI postoperatively 
at different timings: 3 and 6 months, 1 and 2 years, 
and at the most recent follow-up MRI (minimum 
10 years follow-up). They found that 100% of the 
first group patients had the tear healed in 6 months 
against 67% of patients treated without the aug-
mentation. Furthermore, the first group had a less 
failure rate in the following 10  years: 87% of 
intact rotator cuffs in the BM-MSC treated group 
against 44% in the untreated group [16].

An even larger study was performed by 
Taniguchi et  al. who treated 111 patients with 
chronic medium-to-large RCTs. They used 
a novel arthroscopic technique described by 
Yamaguchi et  al. for rotator cuff repair using 
medial anchors and lateral transosseous sutures 
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(surface-holding repair technique—ASH). The 
patients were divided into two different homo-
geneous groups: BM-group, composed of 67 
patients treated with ASH plus BM-MSCs, and 
non-BM-group, composed of 44 patients treated 
with the ASH procedure alone. BM-MSCs were 
recruited from the humeral bone after drilling its 
surface with 4–6 holes in the footprint area with a 
metal bar during arthroscopy, after anchor inser-
tion. MRI was performed before the surgery and 
at least 12 months postoperatively to assess the 
rate of healing and re-tears. Rotator cuff integ-
rity was evaluated by using a score derived from 
Sugaya’s classification, dividing cuff integrity 
in five different groups from type I (repaired 
cuff with sufficient thickness, 1 point) to type V 
(major discontinuity, 5 points). At 1 year follow-
 up, the re-tear rate was 23.9% in the non-BM- 
group versus 9.1% in BM-group and the cuff 
integrity score was significantly higher in the 
non-BM-group for larger tears, but it did not 
differ significantly for medium-size lesions. No 
complications were observed either intraopera-
tively or postoperatively. These results showed a 
great effectiveness on RCT healing, especially in 
large chronic tears, and reduction of re-tear rate 
by using BM-MSC augmentation [17].

6.3  Muscle-Derived 
Mesenchymal Stem Cells 
(MD-MSCs)

Another source of MSCs is muscular tissue; 
encouraging results have been reported in animal 
model studies of rotator cuff healing, opening 
the way to investigate the role of muscle-derived 
MSCs (MD-MSCs) in humans.

Pelinkovic et  al. in their study injected high 
purified M-MSCs into native supraspinatus ten-
don of 8-week-old athymic rats and monitored 
them for 3 weeks. From 7 days after the injec-
tion, the cells were histologically integrated into 
the tendon collagen bundles showing fibroblastic 
phenotype differentiation [18].

Tsai et al. starting from the idea that if injured 
rotator cuff tissues can differentiate into other 
type of tissues such as bone (rotator cuff calci-
fications) and fat (fatty degeneration of rotator 

cuff muscles), then they could have an intrinsic 
differentiation potential and endogenous stem 
cells could also be isolated from rotator cuff tis-
sues. Firstly, they isolated the cells from rotator 
cuff and bone marrow of five patients and then 
they analyzed their superficial markers: same 
surface protein profiles were expressed in both 
rotator cuff–derived stem cells (RC-MSCs) 
and BM-MSCs, showing their potential to dif-
ferentiate into osteogenic, adipogenic, and 
chondrogenic progenitors. Furthermore, they 
demonstrated an enhancement of RC-MSCs’ 
myogenic potential both in  vivo and in  vitro 
models of myogenic injury [19].

Coleman et  al. compared the effectiveness 
of M-MSCs and BM-MSCs in an adult sheep 
model. They made the hypothesis that a single 
dose injection of MSC in rotator cuff muscle 
at the time of surgical repair could promote the 
healing rate by improving muscular function 
and decreasing fatty infiltration. Twenty-four 
adult sheep underwent surgery for detachment 
of supraspinatus tendon that was then repaired 
6 weeks later. At the time of the surgical repair, 
animals were divided into three groups: surgery 
plus M-MSCs, surgery plus BM-MSCs, or sur-
gery alone.

BM-MSCs were collected from the iliac 
crest and the M-MSCs from muscle tissues 
of three donor animals and then cultured and 
expanded before injection. Three months after 
surgical repair, the infraspinatus generated an 
increase in average loads of 29% for M-MSCs 
and 40% for BM-MSCs compared to the con-
trol group [20].

6.4  Adipose-Derived 
Mesenchymal Stem Cells 
(AD-MSCs)

As initially described by Zuk et  al. [21], adi-
pose tissue has proven to be a valid source of 
multipotent MSCs that are commonly defined 
as adipose- derived MSCs (AD-MSCs). These 
cells can proliferate and differentiate into differ-
ent types of mesenchymal cells, like tenocytes, 
myocytes, chondrocytes, and also express their 
paracrine effect, releasing growth factor and 
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cytokines. In comparison with BM-MSCs, this 
source of stem cells presents some considerable 
advantages: easy harvest procedure such as lipo-
suction, high cellularity, and minimal discomfort 
for the patient.

Stated the high biological capability of this 
stem cell, the injection of processed lipoaspirate 
has been used in different clinical conditions like 
osteoarthritis, chondromalacia, meniscus tear, 
osteonecrosis of femoral head, Achilles tendi-
nopathy, lateral epicondylitis [22], and also in 
cardiac fibrosis [23], diabetic ulcers [24], skin 
repair [25], and nerve injury [26].

Focus on RCTs, one of the first studies that 
evaluates the effect of AD-MSC injection dur-
ing rotator cuff repair, has been performed by 
Oh et al. [27]. In this study, four groups of eight 
rabbits were treated for subscapularis lesions, 
respectively, with AD-MSC plus suture, saline 
plus suture, AD-MSC only, and saline only. Six 
weeks after the procedure, electromyographic, 
biomechanical, and histological analyses were 
performed. The AD-MSC plus suture group 
demonstrated the best and more statistically sig-
nificant results for all the analyzed variables with 
larger compound muscle action potential area, 
higher load-to-failure, and smaller proportion of 
fatty infiltration in comparison with all the other 
groups.

Recently, Rothrauff et  al. [28] did not find 
positive results with the use of AD-MSCs on 
sutures of massive RCTs. They evaluated 48 rats 
with a chronic tendon lesion and 48 rats with 
acute lesion treated with no repair, repair only 
or repair augmented with fibrin, gelatin methac-
rylate (GelMA), fibrin plus AD-MSCs, GelMA 
plus AD-MSCs, fibrin plus AD-MSCs plus TGF- 
β3, or GelMA plus AD-MSCs plus TGF-β3. At 
the 4-week follow-up, no significant differences 
emerged in histologic appearance or structural 
properties (load-to-failure in ultimate load, 
maximum elongation, energy absorption). The 
only advantage of AD-MSC addition has been 
founded in terms of reduction of the bone loss 
(Bone Mineral Density) of the proximal humeral 
epiphysis in rats with chronic lesions.

Moving to studies in humans, it is important 
to mention the article of Kim et al. [29] that con-
sidered the effect of AD-MSCs loaded in fibrin 

glue after a rotator cuff repair. The authors evalu-
ated the outcomes of the surgery in terms of VAS, 
range of motion, Constant-Murley score, and 
UCLA score, and they also assessed the integrity 
of the repaired tendon with an MRI at minimum 
of 12  months follow-up. Stated the common 
improvement of patients’ performances after sur-
gery, there is no significant difference in terms 
of clinical results between patients operated con-
ventionally and those that received AD-MSC 
injection. Conversely, the radiological results 
highlight a significant difference in the re-tear 
rate in favor of patients treated with the addition 
of stem cells (28.5% vs. 14.3%).

Jo et al. [30] evaluates the efficacy and safety 
of intratendinous injection of AD-MSCs in 
patients with partial thickness RCTs. The first 
part of the study aims to verify the safety and tol-
erability of increasing dose of stem cells: no sig-
nificant difference was found between low dose 
(1.0 × 107 cells) and high dose (1.0 × 108 cells) 
injections. The second part of the study evalu-
ated the efficacy of high-dose intratendinous 
injection under ultrasonographic guidance after 
arthroscopic evaluation of the lesion. At the 
6-month follow-up, the Constant-Murley score 
significantly increased (20%) and the VAS pain- 
on- motion significantly decreased (71%) in the 
high-dose group. The positive results are also 
confirmed by arthroscopic evaluation of the 
lesion with a decrease of bursal and articular 
defect of more than 80%.

At the moment, different studies on humans 
are underway of realization and probably only 
future long-term randomized control trials would 
clarify the effects of AD-MCSs on rotator cuff 
repair.

6.5  Tendon-Derived 
Mesenchymal Stem Cells 
(TD-MSCs)

In the research for the best source of MSCs, the 
tendon has also been studied in the last few years, 
and different articles stated the existence of stem 
cells coming from the tendon (TD-MSCs) [19, 
31–33]. In particular, in 2013 Randelli et al. [32] 
collected samples of supraspinatus and long-
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head biceps tendon and after adequate prepara-
tion, culture, and stimulation, they isolated adult 
stem cells with high regenerative potential and 
capability to differentiate into osteoblasts, adi-
pocytes, and skeletal muscle cells. Nagura et al. 
[31] found similar results with samples of edges 
of the rotator cuff harvested during arthroscopic 
repair, suggesting a potential regenerative and 
self- repair capacity in the torn tendon.

Research on TD-MSCs on animals began in 
2012 when Shen et al. [34] treated a group of 14 
rabbits with an allogenic rotator cuff TD-MSC- 
enriched knitted silk-collagen scaffold in addi-
tion to rotator cuff repair. In comparison with the 
non-loaded scaffold group, the treatment group 
showed increased fibroblastic cell ingrowth, 
reduced infiltration of lymphocytes, and 
improved biomechanical and structural qualities 
at 12 weeks after repair.

Unfortunately, no clinical studies on humans 
have been performed yet. This is probably due to 
some complexity that are intrinsic in this procedure 
(two steps, high cost, cell expansion time, infec-
tion risk), and it is necessary to define a safety and 
reproducible technique for the use of TD-MSCs 
before these could be used in clinical practice.

6.6  Conclusions

In the last decades, great attention has been 
focused on the use of MSCs as a biological adju-
vant for the treatment of RCTs because of their 
ability to differentiate and directly participate in 
the healing process. They are known to produce 
cytokines and growth factors that improve heal-
ing mechanisms at the site of inflammation or 
injury [10].

They have become an attractive option in 
biological augmentation strategies because they 
can be easily collected from many different tis-
sues (bone marrow, adipose, tendon and muscu-
lar tissues, etc.), and their use has proven to be 
feasible and safe both for the direct injection of 
MSC suspension alone into the site of injury and 
for the injection with a matrix-carrier-like fibrin 
glue [35].

In a recent systematic review, Ahmad et  al. 
have concluded that MSCs have a positive effect 
on healing process by producing a tissue that is 
similar to the pre-injury state, but the available 
evidence is still limited [36].

On the contrary, Haiko et  al. claimed that, 
with the current state of knowledge, there is no 
high-quality evidence to support the use of MSCs 
for tendon disorders because many studies are at 
high risk of bias [37].

Further investigations are, therefore, needed 
to assess the real effectiveness of these promis-
ing cell-based therapies for tendon healing until a 
safe and satisfactory procedure can be developed 
for routine use.
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Biological Augmentation 
in Rotator Cuff Repair: Scaffolds

Emre Bilgin, Mehmet Kapicioglu, and Kerem Bilsel

7.1  Introduction to scaffolds

Despite the improved implant designs and sur-
gical techniques, the failure rates remain high 
following rotator cuff (RC) repair. Incidence 
of re-tears were reported to be 11% in smaller 
tears but increased up to 94% in massive tears 
[1, 2]. Hence, studies initially focused on surgi-
cal strategies such as the “double row” suture 
technique to restore the mechanical strength of 
RC.  However, the double row-technique was 
not found to be superior to the single-row tech-
nique based on re-tear rates, and failure of the 
repair has remained a significant issue in shoul-
der surgery [3, 4].

The poor healing capacity of RC led to 
orthopedic research interested in biological 
augmentation. Thereafter, various approaches 

have been investigated to improve the healing 
potential of cuff repair [5, 6]. Cellular tendon 
augmentation via either allogenic or autogenic 
sources is determined to be a way of biologi-
cal augmentation [7]. Allografts from cadaveric 
Achilles, quadriceps, and patellar tendon were 
transplanted for massive RC tears. However, 
improvement of functional scores was not found 
to be significant compared to the patients with 
similar conditions who underwent subacro-
mial decompression and RC debridement sur-
gery alone. In addition, increased infection and 
rejection risk were reported as disadvantages of 
allograft materials [8].

Augmentation with autologous tenotomized 
biceps tendon is another way of reinforce-
ment with cellular components. Regarding the 
decreased possibility of host response and abil-
ity of performing readily without secondary 
incision to harvest the graft, tenotomized long 
head of biceps seemed to be a useful option [7]. 
Although biceps-augmented patients showed 
greater muscle strength and lower structural 
failure rate, equivalent clinical outcomes were 
demonstrated in terms of range of motion, pain, 
and functional scores with non-augmented con-
trols [9].

At date, biological augmentation methods 
include the use of growth factors, stem cell ther-
apies, and scaffolds or a combination thereof. 
Scaffolds used in RC surgery are typically clas-
sified under three main designations: biological 
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scaffolds (extracellular matrix patches), syn-
thetic scaffolds, or combinations. Extracellular 
matrix (ECM) scaffolds are manufactured from 
mammalian tissues. Cell sources can be from 
porcine small intestinal submucosa (SIS), por-
cine dermis, bovine dermis, equine pericar-
dium, human dermis, and human fascia lata. By 
definition, xenografts are ECMs derived from 
non-human sources, and allografts are ECMs 
derived from human sources [10–12].

On the other hand, synthetic scaffolds are 
manufactured from chemical compounds and 
consist of various polymers including polyester, 
polypropylene, polyarylamid, Dacron, carbon, 
silicone, or nylon [13]. The advantages of syn-
thetic scaffolds are that they do not carry a risk of 
disease transmission and have superior mechani-
cal properties compared with biological scaf-
folds [12]. Synthetic patches can provide a strong 
structural environment until the host tissue heals. 
However, they have a limited biological impact 
on RC healing in contrast to biological ECM 
patches [10]. Furthermore, their poor biocompat-
ibility can cause long-term complications such as 
degeneration of the implants, failure associated 
with impaired stability, infection, synovitis, for-
eign body reaction (FBR), osteolysis, and osteo-
arthritis [13].

As an alternative approach, new genera-
tion devices which are synthetic, degradable, 
and biomimetic polymers have been emerging. 
These patches provide non-permanent sup-
port to the tissues due to their progressively 
resorbing structure and promote self-healing 
potential of the repair construct. Enhanced bio-
compatibility, sufficient mechanical properties, 
and flexible design are determinant character-
istics of these degradable synthetic scaffolds. 
Poly-l-lactic acid (PLLA), poly-lactic-co-
glycolic acid (PLGA), polycaprolactone, and 
polydioxanone are commonly used members 
of these implants [14].

7.2  Host Response to Scaffolds

ECM scaffolds are associated with an acute and 
intensive host response. Cellular components of 
the augmented scaffolds can be responsible for 

this antigenicity. Therefore, one goal of the man-
ufacturer is to completely remove or eliminate the 
cellular components from ECMs for minimizing 
the risk of host response [10]. Decellularization 
techniques vary depending on the manufacturer’s 
choice and mainly include physical, chemical, 
and enzymatic methods. Physical approaches are 
performed via freezing procedures or mechani-
cal agitation of the harvested tissues. In chemical 
approaches, the cellular remnants are removed 
via consecutive washing steps after dissolving 
the tissue cells with detergents and hypotonic 
solutions. The enzymatic approach can be per-
formed using a number of enzymes, such as 
trypsin, to lyse the cellular components [7, 15]. 
When combined with gamma irradiation, its 
effect may improve [16]. Each method has dis-
tinctive advantages and disadvantages. Hence, a 
combination of these techniques has been used to 
achieve complete decellularization.

Besides the cellular components, host response 
in the recipient may depend on the chemical struc-
ture of the scaffold, sterilization method, surgical 
exposure, and mechanical loading. Architecture 
of the biomaterial may both affect its degradation 
characteristics and remodeling potential as well 
as the recipient immune response. Researches to 
date reveal that cross- linking is associated with 
undesirable host response regardless of the ECM 
type [10, 17].

After implantation, scaffolds are recognized 
as foreign by the host tissues and induce inflam-
mation defined as FBR. In non-biologic synthetic 
and modified biologic scaffolds, FBR creates a 
capsule formation that surrounds the scaffold, 
and this environment can lead to prolonged 
inflammatory response. In tissue-engineered 
scaffolds which are cell embedded, the cells 
within the patch may respond to this environment 
and stimulate the migration of inflammatory cells 
such as macrophages into the scaffolds [18].

The macrophages are known as orchestrators 
of the FBR. Following the migration they interact 
with cellular components and manage the inflam-
matory process through paracrine or juxtacrine 
signaling mechanisms [18]. Macrophages are 
classified into two main groups: either M1 or M2 
types. The M1 type is associated with a proin-
flammatory response and typically represents the 
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inflammatory process associated with FBR.  In 
contrast, the M2 type is associated with the 
remodeling process and stimulates tissue regen-
eration [19]. Thus, the macrophage phenotype 
can be considered as a predictive factor for the 
outcome of the scaffold augmentation. Currently, 
it has not been clearly identified yet which fac-
tor determines the macrophage type. However, 
chemically cross-linked scaffolds are prone to 
cause proinflammatory responses with the M1 
type and not cross-linked (rapidly degraded) scaf-
folds which are more likely to cause a remodel-
ing response with M2 type of macrophages [17].

7.3  Mechanical Properties 
of Scaffolds

The purpose of scaffold augmentation in RC 
repair include providing a mechanical support by 
“off-loading” the surgical repair at time zero and/
or a biological environment to enhance the healing 
potential at the tendon-bone interface. The ECM 
scaffolds provide more biological advantages 
rather than the mechanical support. In contrast, 
synthetic scaffolds can degrade over time and 
maintain biomechanical support for longer periods 
depending on its chemistry. Some non- degradable 
synthetic scaffolds may remain in the tissues till 
the end of the patient’s life. Variable degradation 
characteristics of ECM or synthetic scaffolds 
may affect their mechanical performance. On one 
hand, degradation can elicit impaired mechanical 
strength, on the other hand host cell integration 
and remodeling of the implant can concomitantly 
strengthen the repair construct [10].

Previously, numerous in vitro studies were per-
formed to determine the mechanical characteristics 
of the various scaffold types to help identify their 
appropriate clinical usage. Barber et al. [20] biome-
chanically compared a number of human dermis–
derived (GraftJacket, Permacol, TissueMend) and 
porcine SIS-derived scaffolds (CuffPatch, Restore). 
They reported that dermis- derived grafts had greater 
load-to-failure than SIS-derived grafts. GraftJacket 
Extreme (thicker form of the original patch) dem-
onstrated the highest failure load (229 N). The fail-
ure was associated with suture pull-out in almost all 
cases, except one in which graft tearing occurred.

In another study, ECMs were found to be less 
elastic than the reported values of the human 
infraspinatus tendon, which may result in fail-
ure of the repair in regard to a decreased load-
bearing capacity. SIS-derived patches (Restore, 
CuffPatch) demonstrated greater elastic modulus 
than dermis-derived (GraftJacket, TissueMend) 
patches. In addition, ECM scaffolds required 
10–30% stretch before they started to bear sig-
nificant load. Authors concluded that although 
ECMs have more biological benefits rather than 
mechanical, prestretching before the implanta-
tion may offer more functional contribution [11].

To better understand the mechanical charac-
teristics of scaffold devices, the following studies 
used human cadaveric specimens. In one study, 
the mean load-to-failure in the non-augmented 
control group was found to be 273 N whereas it 
was 325 N in the GraftJacket Extreme augmented 
group in which single-row repair was performed. 
Failures were observed at the tendon-suture inter-
face in 8 of 10 non-augmented and 6 of 10 aug-
mented repairs. Suture breakage was observed in 
two and four in non-augmented and augmented 
repairs, respectively [21]. Omea et al. [22] dem-
onstrated in single-row repaired constructs that 
the human dermal graft augmented group had sig-
nificantly higher failure load compared to the non-
augmented group (560 N and 345 N, respectively). 
Failures were observed through three different 
mechanisms: tendon cut-out (n = 7), suture break-
age (n = 3), and suture anchor pull-out (n = 3).

Synthetic scaffolds were also studied in terms 
of their mechanical properties in human cadav-
eric shoulders. McCarron et  al. [23] reported 
 significantly increased yield load and ulti-
mate failure load but not the initial stiffness of 
repair construct at time zero after PLLA graft 
(X-Repair) augmentation.

Recently, Smith et  al. [24] investigated a 
number of synthetic (X-Repair, LARS ligament, 
Poly-Tape) and biologic ECM scaffolds via com-
paring their mechanical properties with cadav-
eric fresh frozen human supraspinatus. Synthetic 
scaffolds demonstrated greater load-to-failure. 
Among the scaffolds, LARS and X-Repair were 
the best performing on the macroscale. However, 
none of them entirely matched the native tendon 
in terms of macro- and micro-mechanical proper-
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ties, probably because none of these devices were 
originally designed for RC repair.

Beitzel et  al. [25] found that dermis patches 
(ArthroFlex) augmented on top of the reconstruc-
tion and collagen grafts (Mucograft) that are inter-
posed between bone and tendon with double- row 
repair showed significantly higher load-to- failure 
(575  N and 573  N, respectively) under cyclic 
loads whereas interposed dermis patches showed 
also higher but non-significant load-to- failure 
(469 N) compared to the non-augmented controls 
(348  N). Consequently, collagen scaffolds dem-
onstrate more biomechanical advantages when 
interposed between bone and tendon. However, 
dermis scaffolds seem to be more effective when 
augmented on the top of the tendon repair.

The results of previous in vitro studies con-
firmed that not only the scaffold type, but also 
the surgical technique including location, num-
ber, and type of the sutures as well as the loca-
tion of the graft may affect the mechanical 
strength of augmented repair. Moreover, postop-
erative rehabilitation and existing joint pathol-
ogy are associated with mechanical performance 
[10]. Above all, the mechanical strength of the 

primary tendon- bone reconstruction is the main 
determinant factor for the overall mechanical 
performance of the repair construct. The main 
goal should be to achieve a stable reconstruction 
of the tendon-bone interface even where scaffold 
augmentation is intended [26]. One should bear 
in mind that, however, results of in  vitro stud-
ies may not entirely represent the in vivo biome-
chanical characteristic of a scaffold device.

7.4  Specific Scaffold Devices

7.4.1  Biological Scaffolds 
(Extracellular Matrix Patches)

Currently, more than 20 scaffolds are commer-
cially available for surgical use of RC repair [24] 
(Tables 7.1 and 7.2). To date, natural ECMs are 
the most commonly used method to augment 
RC repair [17] After harvesting, the tissues are 
processed through various steps including gen-
eral cleaning, removal of lipids and cellular 
compounds, cross-linking, and sterilization [27]. 
Eventually, scaffolds consist of a protein-based 

Table 7.1 This table includes a number of commercially available synthetic scaffolds for RC surgery

Synthetic patch Material Degradation characteristics Company
SportMesh Polyurethane-urea Partial degradable Biomet Sports Medicine
X-Repair Poly-l-lactic acid Degradable Synthasome
Poly-tape Polyethylene terephthalate Non-degradable Xiros Ltd, Neoligaments
LARS ligament Polyethylene terephthalate Non-degradable LARS
Biomerix RCR patch Polycarbonate polyurethane-urea Non-degradable Biomerix
BioFiber Poly-4-hydroxybutyrate Degradable Tornier
Gore-Tex patch Expanded polytetraflouroethylene Non-degradable Gore Medical

Table 7.2 This table includes a number of commercially available biological ECM scaffolds for RC surgery

ECM patches Tissue type Source Cross-linked Company
Xenografts
Restore Orthobiologic Implant SIS Porcine No DePuy Orthopaedics
CuffPatch SIS Porcine Yes Arthrotek
Zimmer Collagen Repair Dermis Porcine Yes Zimmer
Connexa Dermis Porcine No Tornier
Arthrex DX Reinforcment Matrix Dermis Porcine No Arthrex
TissueMend Dermis Bovine No Stryker Orthopaedics
OrthADAPT Bioimplant Pericardium Equine Yes Pegasus Biologics
Allografts
GrafJacket Dermis Human No Wright Medical Technology
ArthroFlex Dermis Human No Arthrex
AlloPatch Dermis Human No MTF

SIS small intestinal submucosa, MTF Musculoskeletal Tissue Foundation
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ECM, and they contain predominantly type I col-
lagen fibers [11, 12].

The US Food and Drug Administration 
(FDA) regulation considers ECMs derived 
from non- human sources (xenografts) as 
medical devices through the 510(k) applica-
tion, and these products have been cleared as 
augmentation devices “for reinforcement of 
the soft tissues that are repaired by suture or 
suture anchors during tendon repair including 
RC surgery.” Animal and human studies are not 
required to prove the efficacy of these devices. 
However, ECMs derived from human sources 
(allografts) are classified as human tissue for 
transplantation, and FDA clearance is not man-
datory for their use [10, 17]. Therefore, these 
devices have been used for augmentation as 
well as interpositional grafts for bridging the 
tendon repair (Fig. 7.1).

7.4.1.1  Xenografts
Restore Orthobiologic Implant (DePuy 
Orthopaedics) is an acellular, structural non- 
cross- linked porcine SIS.  ECM contains over 

90% collagen, approximately 5–10% lipids, and 
small amounts of carbohydrates and growth fac-
tors. The patch consists of 10 layers and is dry 
packaged [11, 12].

Early clinical researches on Restore yielded 
mixed results. Metcalf et  al. [28] reported a 
2-year follow up of 12 patients who underwent 
arthroscopic massive chronic RC repair aug-
mented with porcine SIS.  Significant improve-
ment of shoulder range of motion (ROM) in each 
direction, abduction strength, and functional 
outcomes were demonstrated. Graft failure with 
complete resorption was observed in 1 of 12 
patients within 12 weeks. Schlamberg et al. [29] 
evaluated 11 patients with large and massive RC 
tears treated with open repair. In contrast to former 
studies, they reported that magnetic resonance 
(MR) revealed re-tears in 10 out of 11 shoulders. 
ROM did not change and shoulder pain improved 
in seven patients postoperatively. However, the 
lack of non-augmented control groups was an 
important limitation of these studies.

In a prospective randomized control trial of 
the Restore implant, Iannoti et al. [30] reported 

Fig. 7.1 Arthroscopic 
augmentation of a 
massive rotator cuff tear 
with an autologous 
tensor facia lata graft 
after preparation 
according to measured 
tear size
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that RC tears healed in 4 out of 15 patients in 
the augmented group and in 9 out of 15 patients 
in the non-augmented group (p  =  0.11). PENN 
score was significantly higher in the control 
group than in the augmented group (83–91, 
p = 0.07). Non-augmented repairs were found to 
be 7% more likely to heal than those in the con-
trol group. The authors concluded that Restore 
augmentation was insufficient to treat large and 
massive RC tears. Walton et  al. [31] reported 
impaired muscle strength, greater impingement 
in external rotation, slower resolution of pain in 
activity, and longer duration of participation in 
sports in the Restore augmented group compared 
to the non-augmented group. At 2-year follow-
 up, re-tears were comparable between the two 
groups (6 of 10  in the study group, 7 of 12  in 
the control group). In the augmented group, four 
patients underwent open debridement for severe 
inflammation. Thus, the authors did not recom-
mend the use of Restore as an augmentation graft 
for RC repairs.

CuffPatch Bioengineered Tissue Reinforce-
ment (Arthrotek) is an acellular, 8–layered, 
porcine SIS sheet. The product is artificially 
cross-linked and packaged hydrated [11]. In 
rats, various types of host responses like multi-
nucleated giant cells, proliferation of blood ves-
sels, and tissue edema were observed at the 
implantation site [32]. Negligible amounts of 
porcine DNA were demonstrated inside the 
CuffPatch [11], and there is limited data on the 
clinical use and efficacy of the implant. There-
fore, the CuffPatch is neither recommended nor 
contraindicated based on current researches 
[33].

Zimmer Collagen Repair Patch (Zimmer) is 
an acellular sheet of cross-linked single layer 
xenograft derived from porcine dermal tissue 
also known as the Permacol Surgical Implant. 
It is packaged hydrated [11]. Soler et  al. [34] 
reported the early results of four patients who 
underwent massive RC repairs with Permacol 

as a bridging device. The graft failed in all of 
four patients between 3 and 6 months after the 
surgery.

The following studies demonstrated more 
promising results. Badhe et  al. [35] evaluated 
ten patients with a mean age of 66 years where 
the Zimmer Collagen Patch was used to augment 
extensive RC tears. At the final follow-up (mean 
4.5  years), the mean Constant scores increased 
from 41 to 62 (p = 0.0003). ROM and abduction 
strength significantly improved postoperatively. 
Radiologic evaluation revealed intact grafts in 8 
of 10 patients and no adverse effect was observed 
during the follow-up period. Cho et  al. [36] 
reported the results of five patients with mas-
sive RC tears who underwent mini-open surgery. 
Repairs were augmented with Permacol. All the 
patients showed improved pain relief and func-
tional scores. No intraoperative and postoperative 
complications were noted. At MRI evaluation, 
repair was intact in four patients and re-tear was 
observed in one patient at an average of 8 months 
postoperatively.

Conexa Reconstructive Tissue Matrix 
(Tornier) is another ECM scaffold device made 
from porcine dermis. Gupta et al. [37] reported the 
augmentation results of 27 RC with massive or 
two tendon tears with the use of Conexa patch. At 
an average of 32  months, improved outcomes 
were reported in terms of active ROM, supraspina-
tus and external rotation strength, as well as func-
tional scores. The mean American Shoulder and 
Elbow Surgeons (ASES) score increased from 
62.7 to 91.8 (p = 0.0007), and Short-Form-12 (SF-
12) score increased from 48.4 to 56.6 (p = 0.044) 
postoperatively. Ultrasound evaluations of 22 
shoulders were obtained at a minimum of 2 years 
follow-up. Sixteen shoulders had an intact repair, 
five had a partially intact repair, and one shoulder 
had complete disruption at the graft-bone 
interface.

Arthrex DX Reinforcement Matrix 
(Arthrex) is also a porcine dermis-derived 
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ECM. In a recent retrospective comparative trial, 
Flury et al. [38] concluded that using a porcine 
dermal xenograft for RC repairs in over 60-year- 
old patients is insufficient to reduce the re-tear 
rates and improve the functional outcomes.

7.4.1.2  Allografts
GraftJacket Regenerative Tissue Matrix 
(Wright Medical Technology) is derived from 
human skin and composed of mainly collagen, 
elastin, and proteoglycans. The implant is single 
layered, not artificially cross-linked, and pack-
aged dry [11]. GraftJacket has been also widely 
studied in clinical researches.

Bond et  al. [39] arthroscopically repaired 
massive immobile RC tears using GraftJacket 
as an interpositional bridging graft. At a mean 
26.8  months of follow-up period, 15 out of 16 
patients were satisfied with their outcome. 
Significant improvement of Constant (from 53.8 
to 84) and UCLA scores (from 18.4 to 30.4) were 
seen postoperatively. In addition, shoulder pain, 
forward flexion, and external rotation strength 
were improved. No complication was noted. MR 
evaluation revealed that 13 grafts completely 
incorporated into the native tissue. Failure of the 
graft was observed in three patients.

Wong et al. [40] reported 45 patients with mas-
sive irreparable RC tears arthroscopically treated 
using GraftJacket with a minimum follow- up 
of 2  years. Modified UCLA scores increased 
from 18.4 to 27.5 postoperatively (p < 0.01) and 
no graft rejection was observed. However, one 
patient who suffered from deep infection under-
went arthroscopic debridement.

In a prospective randomized controlled trial, 
Barber et al. [41] compared the results of two 
groups of patients with greater than 3 cm, two- 
tendon tears. The patients in group 1 (n = 22) 
underwent arthroscopic RC repair with 
GraftJacket augmentation whereas the repairs 
in group 2 (n  =  20) were performed with-
out graft augmentation. ASES and Constant 
scores significantly improved in group 1 

(p = 0.035, and p = 0.008, respectively). At a 
mean 14.5  months, 85% demonstrated intact 
cuff on MR evaluation in graft-augmented 
patients compared with 40% of non-augmented 
patients.

Similarly, Gupta et  al. [42] demonstrated 
improved ASES scores (from 66.6 to 88.7) after 
interpositional repair of massive RC tears with 
GraftJacket. All the 24 patients were satisfied 
with their clinical result. Moreover, significant 
improvements were noted in terms of mean 
active forward flexion and external rotation, mean 
shoulder abduction, as well as supraspinatus and 
infraspinatus strength. No infection, inflamma-
tory reaction, or graft rejection was observed. 
Partial graft re-tear occurred in one case because 
of patient noncompliance with postoperative 
rehabilitation.

ArthroFlex (Arthrex) is also a decellularized 
human dermal allograft (Fig. 7.2). The implant 
is packaged hydrated and terminally sterilized. 
Gilot et  al. [43] examined the arthroscopic 
repair of 35 patients with massive RC tear with 
or  without ArthroFlex augmentation. Re-tear 
incidence was 26.8% in control group (4 of 15) 
versus 10.4% in augmented group (2 of 20). 
ASES and SF-12 scores both significantly 
improved in the augmented group compared 
with the control group (p  =  0.02 and 0.031, 
respectively).

AlloPatch HD (Musculoskeletal Tissue 
Foundation) is a human skin allograft. Agrawal 
[44] reported that 12 of 14 patients had intact 
repair based on MR evaluation after reinforce-
ment with the AlloPatch of massive or previ-
ously failed RC repairs at a mean of 16.8 months. 
Constant score, pain score, scapular plane 
abduction, and strength were found to be signifi-
cantly improved postoperatively. The authors 
concluded that the use of the implant is benefi-
cial for the treatment of massive to large revision 
RC tears.
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7.4.2  Synthetic Scaffolds

Few clinical studies investigated the outcomes 
of synthetic scaffolds for the treatment of mas-
sive RC tears. Encalada-Diaz et al. [45] reported 
the results of ten patients with full thickness 
supraspinatus or infraspinatus tears that under-
went open repair with the Biomerix RCR Patch 
(polycarbonate polyurethane-urea) augmenta-
tion. Significant improvement in ASES scores, 
Simple Shoulder Test, ROM, and pain at both 
6 and 12 months was observed. MRI and ultra-
sound evaluation showed 90% of intact repairs at 
12 months. No adverse effect was reported.

Proctor [46] evaluated the functional results 
of X-Repair (PLLA)-augmented large to mas-
sive RC repairs. At 12 months, 15 of 18 patients 
demonstrated intact repair on MRI and ultra-
sound. At 42  months, intact repairs decreased 
to 14. Postoperative ASES scores significantly 
improved from 25 to 71 and 70 at 12  months 
and 42  months, respectively. In another study 
which investigated the same scaffold, 13 patients 
with massive and recurrent RC tears were evalu-
ated [47]. At a mean 1.5  year follow-up, only 
five patients had an intact repair radiologically 
despite the significant improvement in ASES and 

PENN scores postoperatively (from 32.8 to 74.2 
and from 50.9 to 77.6, respectively).

Audenaert et  al. [48] reported the results of 
massive RC repairs of 41 patients using a poly-
ester graft at a mean follow-up of 43  months. 
The mean Constant and Murley scores signifi-
cantly improved postoperatively (from 25.7 to 
72.1). The study group demonstrated significant 
pain relief and improvement in overhead activi-
ties. Nada et  al. [49] also reported significantly 
improved clinical outcomes in terms of Constant 
score, ROM, and pain in the treatment of massive 
tears with a polyester patch (Dacron).

The LARS ligament (polyethylene terephthal-
ate) was also used to reinforce the repair of 
massive RC tears. Petrie and Ismaiel [50] demon-
strated significantly increased Oxford Shoulder 
scores and acromiohumeral distance in 31 shoul-
ders with chronic massive cuff tear after LARS 
ligament augmentation.

Although these researches display promising 
results, they lacked a control group. Ciampi et al. 
[51] clinically compared 152 patients with mas-
sive RC tears who underwent surgical repair alone 
(n  =  51) and with bovine pericardium- derived 
collagen patch (n = 49) or polypropylene patch 
(n = 51) augmentation. The results showed that 

Fig. 7.2 Acellular 
human dermal allograft 
(ArthroFlex—Arthrex)
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mean UCLA score, shoulder elevation, strength, 
and re-tear rates were significantly improved in 
the polypropylene group at 36 months.

7.4.3  Combinations

Recently, novel strategies have been developed 
such as electrospinning which was predominantly 
used to closely mimic the native orientation of 
tendon collagen bundles with structurally aligned 
synthetic scaffolds. This method provides an 
opportunity to create combinations via the incor-
poration of bioactive growth factors or embed-
ding the stem cells into the scaffold devices [6, 
14]. In this way, both improved mechanical per-
formance and enhanced cellular activity at the 
repair site can be obtained simultaneously.

Zahao et al. [52] investigated PLGA and basic 
fibroblast growth factor (bFGF)-loaded PLGA 
membranes that are prepared via the electros-
pinning method. In rats, the authors found that 
the membranes had excellent biocompatibility 
and biodegradability. After in  vivo RC surgery, 
bFGF-PLGA significantly improved the collagen 
organization compared with control and PLGA 
groups at 2, 4, and 8 weeks. Electrospun mem-
branes demonstrated higher ultimate load-to- 
failure than the control group.

Yokoya et al. [53] compared control infraspi-
natus tendon defects in rats with reconstructed 
tears with poly-glycolic acid (PGA) sheets and 
autologous cultured mesenchymal stem cell 
(MSC)-seeded PGA sheet. They found higher 
volume of type I collagen than type III collagen 
in the MSC-PGA group compared to the PGA- 
only group, and besides, regenerated tendons in 
the MSC-PGA group demonstrated better tensile 
strength than the PGA-only and control groups 
at 16 weeks.

Combinations can be prepared via loading 
growth factors into collagen ECMs. Hee et  al. 
[54] demonstrated higher load-to-failure as well 
as improved morphologic appearance including 
tendon-to-bone integration in the repair of ovine 
infraspinatus tears with augmentation of recom-
binant human platelet-derived growth factor–

loaded bovine collagen matrix compared to the 
collagen matrix patch alone. Despite promising 
results in animals, we are not aware of any clini-
cal data based on these novel combinations.

7.5  Summary

Currently, scaffolds have been the most com-
mon tissue-engineered approach used to obtain 
improved outcomes after RC augmentation. The 
rationale behind the usage of a scaffold device 
includes mechanical reinforcement of the repair 
construct as well as the biological enhancement 
of the healing potential of a RC tear [10].

The ideal scaffold should biomechanically 
match the physical characteristics of the tendon- 
bone interface and maintain a support until the 
healing completes. The implant should be cell- 
instructive and present with artificially oriented 
structures to closely mimic native tissue. In addi-
tion, it should be biodegradable to enable the new 
tendon-bone interface to completely integrate 
and regenerate without causing any side effects 
because of the degraded material. Finally, the 
device should artificially permit incorporation of 
growth factors, stem-cells, or minerals [6, 55]. 
Future directions may be focused on scaffold 
devices which meet these demands.

Researches to date have confirmed that por-
cine SIS-derived xenografts demonstrated higher 
failure rates with little to no clinical improve-
ment. Because of causing severe inflammatory 
reactions due to high residual porcine DNA [56], 
further use of the Restore implant was not recom-
mended for RC repair in humans [31]. Although 
porcine dermal xenografts and dermal allografts 
demonstrated more promising results, most of 
the studies lacked a control group. Moreover, 
concern still remains that allografts may also cre-
ate an inflammatory response due to DNA rem-
nants [11, 57].

Synthetic grafts are an alternative approach 
for the augmentation of RC repair. Several clini-
cal studies demonstrated low complication and 
decreased re-tear rates and improved outcomes 
after implantation of various types of synthetic 
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patches. However, most of them were also unable 
to compare the study group with a control group 
(Table 7.3).

Based on the current researches, the data is 
limited on the use of combination types of scaf-
folds in humans. There are only a few animal 
studies available with promising results in the lit-
erature. Nevertheless, further clinical studies are 
required to warrant the reliability and efficacy of 
these novel tissue-engineered devices.

References

 1. Frank JB, ElAttrache NS, Dines JS, Blackburn A, Crues 
J, Tibone JE. Repair site integrity after arthroscopic 
transosseous-equivalent suture-bridge rotator cuff 
repair. Am J Sports Med. 2008;36(8):1496–503.

 2. Galatz LM, Ball CM, Teefey SA, Middleton WD, 
Yamaguchi K.  The outcome and repair integrity 
of completely arthroscopically repaired large and 
massive rotator cuff tears. J Bone Joint Surg Am. 
2004;86(2):219–24.

 3. Burks RT, Crim J, Brown N, Fink B, Greis PE.  A 
prospective randomized clinical trial comparing 
arthroscopic single-and double-row rotator cuff 
repair: magnetic resonance imaging and early clinical 
evaluation. Am J Sports Med. 2009;37(4):674–82.

 4. Franceschi F, Ruzzini L, Longo UG, Martina FM, 
Beomonte Zobel B, Maffulli N, Denaro V. Equivalent 
clinical results of arthroscopic single-row and double- 
row suture anchor repair for rotator cuff tears: a 
randomized controlled trial. Am J Sports Med. 
2007;35(8):1254–60.

 5. Zumstein MA, Lädermann A, Raniga S, Schär 
MO.  The biology of rotator cuff healing. Orthop 
Traumatol Surg Res. 2017;103(1S):S1–S10.

 6. Patel S, Gualtieri AP, Lu HH, Levine WN. Advances 
in biologic augmentation for rotator cuff repair. Ann 
N Y Acad Sci. 2016;1383(1):97–114.

 7. Cheung EV, Silverio L, Sperling JW.  Strategies in 
biologic augmentation of rotator cuff repair: a review. 
Clin Orthop Relat Res. 2010;468(6):1476–84.

 8. Moore DR, Cain EL, Schwartz ML, Clancy 
WG. Allograft reconstruction for massive, irreparable 
rotator cuff tears. Am J Sports Med. 2006;34(3):392–
6. https://doi.org/10.1177/0363546505281237.

 9. Cho NS, Yi JW, Rhee YG. Arthroscopic biceps augmen-
tation for avoiding undue tension in repair of massive 
rotator cuff tears. Arthroscopy. 2009;25(2):183–91. 
https://doi.org/10.1016/j.arthro.2008.09.012.

 10. Ricchetti ET, Aurora A, Iannotti JP, Derwin 
KA.  Scaffold devices for rotator cuff repair. J 
Shoulder Elbow Surg. 2012;21(2):251–65. https://doi.
org/10.1016/j.jse.2011.10.003.

 11. Derwin KA, Baker AR, Spragg RK, Leigh DR, 
Iannotti JP. Commercial extracellular matrix scaffolds 
for rotator cuff tendon repair: biomechanical, bio-
chemical, and cellular properties. J Bone Joint Surg 
Am. 2006;88(12):2665–72.

Table 7.3 Literature results of ECM and synthetic scaf-
folds based on clinical researches

Scaffold 
source

Tissue/material 
type Literature results

Porcine Small intestinal 
submucosa

Decreased healing 
potential of RC, high 
re-tear rates, increased 
impingement, and 
shoulder pain, associated 
with severe inflammatory 
reaction due to residual 
DNA content

Porcine Dermis Low adverse effect and 
complication risk, 
significantly improved 
functional outcomes. 
However, ineffective to 
treat massive tears in 
>60-year-old patients and 
when used as a bridging 
device

Human Dermis High satisfaction rates, 
improved functional 
scores, decreased re-tear 
rate, decreased 
inflammatory reaction, and 
rejection risk. Safe and 
useful for augmentation in 
revision RC surgery

Synthetic Polycarbonate 
polyurethane- 
urea

Improved functional 
outcomes and 90% intact 
repair at 12 months. Low 
complication risk. No 
observed adverse effect

Synthetic Poly-l-lactic 
acid

Improved functional 
scores and 78% intact 
repair at 42 months. In 
contrast, one study 
reported 62% re-tear rate 
despite significantly 
improved functional 
scores

Synthetic Polyester Significantly increased 
Constant scores. Improved 
pain and ROM

Synthetic Polyethylene 
terephthalate

Successful clinical 
outcomes, radiologically 
decreased acromiohumeral 
distance

Synthetic Polypropylene Decreased re-tear rates, 
improved functional 
scores, and shoulder 
elevation at 36 months

E. Bilgin et al.

https://doi.org/10.1177/0363546505281237
https://doi.org/10.1016/j.arthro.2008.09.012
https://doi.org/10.1016/j.jse.2011.10.003
https://doi.org/10.1016/j.jse.2011.10.003


65

 12. McCormack RA, Shreve M, Strauss EJ. Biologic aug-
mentation in rotator cuff repair: should we do it, who 
should get it, and has it worked? Bull Hosp Jt Dis. 
2014;72(1):89–96.

 13. Longo UG, Lamberti A, Khan WS, Maffulli N, 
Denaro V. Synthetic augmentation for massive rotator 
cuff tears. Sports Med Arthrosc Rev. 2011;19(4):360–
5. https://doi.org/10.1097/jsa.0b013e318224e359.

 14. Hakimi O, Mouthuy PA, Carr A.  Synthetic and 
degradable patches: an emerging solution for rotator 
cuff repair. Int J Exp Pathol. 2013;94(4):287–92.

 15. Gilpin A, Yang Y.  Decellularization strategies for 
regenerative medicine: from processing techniques to 
applications. Biomed Res Int. 2017;2017:9831534.

 16. Thangarajah T, Pendegrass CJ, Shahbazi S, Lambert 
S, Alexander S, Blunn GW. Augmentation of rotator 
cuff repair with soft tissue scaffolds. Orthop J Sports 
Med. 2015;3(6):2325967115587495.

 17. Derwin KA, Badylak SF, Steinmann SP, Iannotti 
JP. Extracellular matrix scaffold devices for rotator cuff 
repair. J Shoulder Elbow Surg. 2010;19(3):467–76.

 18. Saleh LS, Bryant SJ. The host response in tissue engi-
neering: crosstalk between immune cells and cell-laden 
scaffolds. Curr Opin Biomed Eng. 2018;6:58–65. 
https://doi.org/10.1016/j.cobome.2018.03.006.

 19. Valentin JE, Stewart-Akers AM, Gilbert TW, Badylak 
SF. Macrophage participation in the degradation and 
remodeling of extracellular matrix scaffolds. Tissue 
Eng Part A. 2009;15(7):1687–94.

 20. Barber FA, Herbert MA, Coons DA. Tendon augmen-
tation grafts: biomechanical failure loads and failure 
patterns. Arthroscopy. 2006;22(5):534–8.

 21. Barber FA, Herbert MA, Boothby MH. Ultimate ten-
sile failure loads of a human dermal allograft rotator 
cuff augmentation. Arthroscopy. 2008;24(1):20–4.

 22. Omae H, Steinmann SP, Zhao C, Zobitz 
ME, Wongtriratanachai P, Sperling JW, An 
KN. Biomechanical effect of rotator cuff augmentation 
with an acellular dermal matrix graft: a cadaver study. 
Clin Biomech (Bristol, Avon). 2012;27(8):789–92.

 23. McCarron JA, Milks RA, Chen X, Iannotti JP, Derwin 
KA.  Improved time-zero biomechanical proper-
ties using poly-L-lactic acid graft augmentation in a 
cadaveric rotator cuff repair model. J Shoulder Elbow 
Surg. 2010;19(5):688–96.

 24. Smith RD, Zargar N, Brown CP, Nagra NS, Dakin 
SG, Snelling SJ, Carr A.  Characterizing the macro 
and micro mechanical properties of scaffolds 
for rotator cuff repair. J Shoulder Elbow Surg. 
2017;26(11):2038–46.

 25. Beitzel K, Chowaniec DM, McCarthy MB, Cote MP, 
Russell RP, Obopilwe E, Mazzocca AD.  Stability 
of double-row rotator cuff repair is not adversely 
affected by scaffold interposition between tendon and 
bone. Am J Sports Med. 2012;40(5):1148–54.

 26. Aurora A, McCarron JA, van den Bogert AJ, Gatica 
JE, Iannotti JP, Derwin KA. The biomechanical role 
of scaffolds in augmented rotator cuff tendon repairs. 
J Shoulder Elbow Surg. 2012;21(8):1064–71.

 27. Longo UG, Lamberti A, Petrillo S, Maffulli N, Denaro 
V. Scaffolds in tendon tissue engineering. Stem Cells 
Int. 2012;2012:517165.

 28. Metcalf MH, Savoie FH III, Kellum B. Surgical tech-
nique for xenograft (SIS) augmentation of rotator-cuff 
repairs. Oper Tech Orthop. 2002;12(3):204–8.

 29. Sclamberg SG, Tibone JE, Itamura JM, Kasraeian 
S. Six-month magnetic resonance imaging follow-up 
of large and massive rotator cuff repairs reinforced 
with porcine small intestinal submucosa. J Shoulder 
Elbow Surg. 2004;13(5):538–41.

 30. Iannotti JP, Codsi MJ, Kwon YW, Derwin K, Ciccone 
J, Brems JJ. Porcine small intestine submucosa aug-
mentation of surgical repair of chronic two-tendon 
rotator cuff tears: a randomized, controlled trial. J 
Bone Joint Surg Am. 2006;88(6):1238–44.

 31. Walton JR, Bowman NK, Khatib Y, Linklater J, 
Murrell GA. Restore orthobiologic implant: not rec-
ommended for augmentation of rotator cuff repairs. J 
Bone Joint Surg Am. 2007;89(4):786–91.

 32. Valentin JE, Badylak JS, McCabe GP, Badylak 
SF. Extracellular matrix bioscaffolds for orthopaedic 
applications: a comparative histologic study. J Bone 
Joint Surg Am. 2006;88(12):2673–86.

 33. Gillespie RJ, Knapik DM, Akkus O.  Biologic and 
synthetic grafts in the reconstruction of large to 
massive rotator cuff tears. J Am Acad Orthop Surg. 
2016;24(12):823–8.

 34. Soler JA, Gidwani S, Curtis MJ. Early complications 
from the use of porcine dermal collagen implants 
(Permacol) as bridging constructs in the repair of 
massive rotator cuff tears. A report of 4 cases. Acta 
Orthop Belg. 2007;73(4):432–6.

 35. Badhe SP, Lawrence TM, Smith FD, Lunn PG.  An 
assessment of porcine dermal xenograft as an aug-
mentation graft in the treatment of extensive rotator 
cuff tears. J Shoulder Elbow Surg. 2008;17(1):S35–9.

 36. Cho CH, Lee SM, Lee YK, Shin HK.  Mini-open 
suture bridge repair with porcine dermal patch aug-
mentation for massive rotator cuff tear: surgical 
technique and preliminary results. Clin Orthop Surg. 
2014;6(3):329–35.

 37. Gupta AK, Hug K, Boggess B, Gavigan M, Toth 
AP.  Massive or 2-tendon rotator cuff tears in active 
patients with minimal glenohumeral arthritis: clinical 
and radiographic outcomes of reconstruction using 
dermal tissue matrix xenograft. Am J Sports Med. 
2013;41(4):872–9.

 38. Flury M, Rickenbacher D, Jung C, Schneider MM, 
Endell D, Audigé L.  Porcine dermis patch augmen-
tation of supraspinatus tendon repairs: a pilot study 
assessing tendon integrity and shoulder function 2 
years after arthroscopic repair in patients aged 60 
years or older. Arthroscopy. 2018;34(1):24–37.

 39. Bond JL, Dopirak RM, Higgins J, Burns J, Snyder 
SJ.  Arthroscopic replacement of massive, irrepa-
rable rotator cuff tears using a GraftJacket allograft: 
technique and preliminary results. Arthroscopy. 
2008;24(4):403–9.

7 Biological Augmentation in Rotator Cuff Repair: Scaffolds

https://doi.org/10.1097/jsa.0b013e318224e359
https://doi.org/10.1016/j.cobome.2018.03.006


66

 40. Wong I, Burns J, Snyder S. Arthroscopic GraftJacket 
repair of rotator cuff tears. J Shoulder Elbow Surg. 
2010;19(2):104–9.

 41. Barber FA, Burns JP, Deutsch A, Labbé MR, Litchfield 
RB. A prospective, randomized evaluation of acellular 
human dermal matrix augmentation for arthroscopic 
rotator cuff repair. Arthroscopy. 2012;28(1):8–15.

 42. Gupta AK, Hug K, Berkoff DJ, Boggess BR, Gavigan 
M, Malley PC, Toth AP. Dermal tissue allograft for 
the repair of massive irreparable rotator cuff tears. Am 
J Sports Med. 2012;40(1):141–7.

 43. Gilot GJ, Alvarez-Pinzon AM, Barcksdale L, 
Westerdahl D, Krill M, Peck E. Outcome of large to 
massive rotator cuff tears repaired with and without 
extracellular matrix augmentation: a prospective com-
parative study. Arthroscopy. 2015;31(8):1459–65.

 44. Agrawal V. Healing rates for challenging rotator cuff 
tears utilizing an acellular human dermal reinforce-
ment graft. Int J Shoulder Surg. 2012;6(2):36–44.

 45. Encalada-Diaz I, Cole BJ, MacGillivray JD, Ruiz- 
Suarez M, Kercher JS, Friel NA, Valero-Gonzalez 
F.  Rotator cuff repair augmentation using a novel 
polycarbonate polyurethane patch: preliminary results 
at 12 months’ follow-up. J Shoulder Elbow Surg. 
2011;20(5):788–94.

 46. Proctor CS.  Long-term successful arthroscopic 
repair of large and massive rotator cuff tears with a 
functional and degradable reinforcement device. J 
Shoulder Elbow Surg. 2014;23(10):1508–13.

 47. Lenart BA, Martens KA, Kearns KA, Gillespie RJ, 
Zoga AC, Williams GR.  Treatment of massive and 
recurrent rotator cuff tears augmented with a poly-l- 
lactide graft, a preliminary study. J Shoulder Elbow 
Surg. 2015;24(6):915–21.

 48. Audenaert E, Van Nuffel J, Schepens A, Verhelst M, 
Verdonk R.  Reconstruction of massive rotator cuff 
lesions with a synthetic interposition graft: a prospec-
tive study of 41 patients. Knee Surg Sports Traumatol 
Arthrosc. 2006;14(4):360–4.

 49. Nada AN, Debnath UK, Robinson DA, Jordan 
C. Treatment of massive rotator-cuff tears with a poly-
ester ligament (Dacron) augmentation: clinical out-
come. J Bone Joint Surg Br. 2010;92(10):1397–402.

 50. Petrie MJ, Ismaiel AH. Treatment of massive rotator- 
cuff tears with a polyester ligament (LARS) patch. 
Acta Orthop Belg. 2013;79(6):620–5.

 51. Ciampi P, Scotti C, Nonis A, Vitali M, Di Serio C, 
Peretti GM, Fraschini G.  The benefit of synthetic 
versus biological patch augmentation in the repair of 
posterosuperior massive rotator cuff tears: a 3-year fol-
low- up study. Am J Sports Med. 2014;42(5):1169–75.

 52. Zhao S, Zhao J, Dong S, Huangfu X, Li B, Yang H, 
Cui W. Biological augmentation of rotator cuff repair 
using bFGF-loaded electrospun poly (lactide-co- 
glycolide) fibrous membranes. Int J Nanomedicine. 
2014;9:2373–85.

 53. Yokoya S, Mochizuki Y, Natsu K, Omae H, Nagata Y, 
Ochi M. Rotator cuff regeneration using a bioabsorb-
able material with bone marrow–derived mesenchy-
mal stem cells in a rabbit model. Am J Sports Med. 
2012;40(6):1259–68.

 54. Hee CK, Dines JS, Dines DM, Roden CM, Wisner- 
Lynch LA, Turner AS, Santoni BG. Augmentation of 
a rotator cuff suture repair using rhPDGF-BB and a 
type I bovine collagen matrix in an ovine model. Am 
J Sports Med. 2011;39(8):1630–40.

 55. Chainani A, Little D.  Current status of tissue- 
engineered scaffolds for rotator cuff repair. Tech 
Orthop. 2016;31(2):91–7.

 56. Zheng MH, Chen J, Kirilak Y, Willers C, Xu J, 
Wood D.  Porcine small intestine submucosa (SIS) 
is not an acellular collagenous matrix and con-
tains porcine DNA: possible implications in human 
implantation. J Biomed Mater Res B Appl Biomater. 
2005;73(1):61–7.

 57. Gilbert TW, Freund JM, Badylak SF. Quantification 
of DNA in biologic scaffold materials. J Surg Res. 
2009;152(1):135–9.

E. Bilgin et al.



67© ESSKA 2020 
N. Sampaio Gomes et al. (eds.), Massive and Irreparable Rotator Cuff Tears, 
https://doi.org/10.1007/978-3-662-61162-3_8

Imaging of Repaired Rotator Cuff

Ricardo Sampaio, Carlos Abel Ribeiro,  
and Nuno Sampaio Gomes

8.1  Introduction

Imaging of the repaired rotator cuff can be 
accomplished with several imaging modalities, 
including radiography, ultrasonography (US), 
computed tomography (CT), and magnetic reso-
nance (MR) imaging. Usually, the imaging algo-
rithm follows the same algorithm used locally 
for imaging the nonrepaired cuff. Radiography 
remains a cornerstone of shoulder imaging and 
a first-line imaging modality, whether on post-op 
shoulders or not. In expert hands, US is an excel-
lent modality to image the cuff tendons, including 
the repaired cuff. For small tears, US may even 
be better than MR imaging. Magnetic resonance 
imaging allows the most comprehensive assess-
ment of the shoulder, including its surrounding 
muscles and bone structures. In particular cases, 
CT or MR with intraarticular contrast (CT or MR 
arthrography) may be used to characterize the 
repaired rotator cuff.

Imaging of the postoperative shoulder usu-
ally begins with radiography of the shoulder. The 
purpose of the radiograph is not only to detect 
obvious osseous complications but also to iden-
tify the type of surgical procedure performed 
and to assess the amount of metallic implanta-
tion that may be present [1]. From there, usually 
one proceeds to MR imaging or ultrasound of the 
shoulder.

8.1.1  MR Imaging Protocol

Different MR imaging sequences are used for 
imaging follow-up of the repaired rotator cuff. 
There are two basic types of MR sequences: 
(1) short time-of-echo (TE) sequences that 
depict anatomy using fat as the natural contrast 
(T1-weighted and proton density (PD) weighted 
sequences) and (2) long TE sequences that 
depict fluid in white shades (T2-weighted and 
STIR sequences). On long TE (T2-weighted) 
sequences in musculoskeletal imaging, fat is usu-
ally suppressed (FatSat) and, therefore, shown 
in dark shades on images (T2-weighted FatSat 
sequences). After intravenous paramagnetic 
contrast medium administration (gadolinium 
compounds), the T1-weighted sequences are 
also acquired with fat suppression (T1-weighted 
FatSat Gad sequences). STIR sequences natu-
rally suppress fat. There are many variants of 
these basic sequences; some of them designed for 
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patients with metal implants (Figs. 8.1, 8.2, 8.3, 
8.4, 8.5, 8.6, 8.7, 8.8 and 8.9).

Metal of any kind (such as in screws, anchors, 
sutures, wires, buttons, tacks or plates) distorts 
the magnetic field and results in susceptibility 
artifacts on MR images. Different MR sequences 

in different magnetic field stregths have different 
sensitivities to magnetic susceptibility artifacts. 
As rules of thumb, the susceptibility artifact 
increases as one goes from T1-weighted to 
T2-weighted sequences, fat saturation blooms the 
artifact, as the use of gradient-echo T2-weighted 

a

c

b

Fig. 8.1 (a–c) Metal susceptibility artifact. (a) Frontal 
radiograph of the shoulder. Two metal suture anchors are 
seen in the greater tuberosity. (b) T1-weighted coronal 
MR image. The suture anchors metallic artifact distorts 
the anatomy (black arrows). The anchors themselves are 
not really visualized. Subcutaneous fat is bright as is the 
fatty bone marrow in the marginal osteophyte in the 

humeral head (green asterisk). (c) T2-weighted FatSat 
coronal MR image. The artifact from the suture anchors 
blooms, with a halo of artifactual blurring of the image 
around the anchors (arrow heads). Tiny amounts of fluid 
in the joint cavity are seen as bright spots (white arrows). 
Subcutaneous and bone marrow fat is suppressed and 
depicted in dark shades on the image
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Fig. 8.2 (a–e) Nonmetal suture anchor artifact. (a) 
Frontal radiograph of the shoulder post supraspinatus 
reinsertion. The bioabsorbable suture anchor is not appre-
ciated on the radiograph. There are small calcifications in 
the acromioumeral space. (b) T1-weighted coronal MR 
image. The nonmetallic anchor is readily seen with no 
significant artifact (arrowheads). Normal osteointegration 
of the anchor. (c) T2-weighted FatSat coronal MR image. 

There is some artifact caused by the anchor (arrowheads) 
but not enough to prevent the supraspinatus tendon from 
being evaluated. The supraspinatus tendon looks normal. 
(d, e) T1-weighted axial MR images. The anchor is 
defined in two adjacent planes (arrowheads). Subscapularis 
tendinosis (white arrow): the tendon is thickened at its 
insertion and maybe delaminated due to subluxation of 
the long head of the biceps tendon
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(T2∗-weighted) sequences does (Figs.  8.1, 8.6, 
and 8.7), and the greater the magnetic field 
strenght the greater de artifact. On postoperative 
MR images, one should be aware of the possibil-
ity of metal artifact, so not to misconstrue artifact 
for pathology. Metal sources in bone and soft tis-
sues after open or arthroscopic rotator cuff repair 
can be not only screws, anchors, and sutures, but 

also microscopic metal particles from the surgical 
instruments themselves, such as guides, probes, 
forceps, and cutting tools (Figs. 8.6 and 8.7).

Metal alloys always result in susceptibility 
artifacts, although not the same amount of arti-
fact is seen in the same sequence for different 
implant compositions. The degree of artifact in 
the presence of metal implants is related to the 

a

c

b

Fig. 8.3 (a–c) Nonmetal suture anchor post arthroscopic 
repair of a Bankart lesion with bioabsorbable suture anchors. 
(a) T2-weighted FatSat sagittal MR image. The suture 
tracks are readily appreciated with normal appearance 
(arrowheads). (b) T2-weighted MR image, nonfat saturated. 

Small dots along the anterior margin of the glenoid represent 
the osteointegrated bioabsorbable suture anchors (arrow-
heads). (a) T1-weighted coronal MR image, same patient. 
One of the suture anchors is seen normally osteointegrated 
(arrowhead). The anatomy is otherwise normal
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Fig. 8.4 (a–h) Supraspinatus tendon repair follow-up. 
(a) Frontal radiograph of the shoulder post supraspinatus 
reinsertion. The bioabsorbable suture anchor track is 
barely appreciated (arrowhead). (b) T2-weighted FatSat 
coronal MR image. The suture anchor is visible with mild 
osteolysis and edema of the surrounding bone marrow, 
normal for several weeks to months after surgery. There is 
no dislocation of the anchor (green arrowhead). The 
supraspinatus tendon is thickened, and its signal is very 
heterogeneous, also normal in the postoperative period. 
There is a small focus of fluid signal intensity in the artic-
ular side of the tendon footprint (white arrowhead), non-
specific (could be granulation tissue, a small residual 
communication or a small type 1 retear of the tendon). 
Bursitis-like signal intensity is seen in the subacromial 
bursal space, a normal finding for many months after sur-
gery. (c) The corresponding T1-weighted coronal image. 
(d) T1-weighted FatSat Gad coronal image. This is a 
T1-weighted image with fat saturation and intravenous 
gadolinium. Inflammatory and granulation tissue takes up 

contrast (enhances). There is granulation tissue in the 
small communication in the supraspinatus tendon foot-
print (arrowhead). (e) T2-weighted FatSat coronal MR 
image, 10 months latter from image B. In the follow-up 10 
months later, some loss of thickness and fissuring are seen 
in the supraspinatus tendon with a small bursal-side par-
tial type 2 tear (arrowhead). (f) T2-weighted FatSat coro-
nal MR image, 17 months later from image B.  In the 
follow-up 17 months later, the small bursal-side partial 
type 2 tear (arrowhead) is better appreciated. This tear is 
not necessarily functionally relevant. The supraspinatus 
tendon is thinner than on the first postoperative MR study. 
(g) T2-weighted FatSat sagittal MR image, 17-months 
follow-up. The supraspinatus tendon is very heteroge-
neous, with several small transtendinous fissures (arrow-
heads), but for the most part reattached to the greater 
tuberosity. (h) Final frontal radiograph of the shoulder 
17-months follow-up. New hyperostosis has developed in 
the supraspinatus footprint, as compared to the initial 
radiograph (a) (arrowhead)

a b

c d
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quantity of metal, the particular elements of the 
metal alloy, the geometry of the implant, the MR 
acquisition parameters, and the field strength of 
the MR equipment. Metallic artifact is greater 
with ferromagnetic implants (steel, for instance) 
than with nonferromagnetic metal implants, such 
as titanium. Susceptibility to artifact increases 
in a linear fashion with magnetic field strength. 
Therefore, the artifact will be greater at 3.0 Tesla 
than at 1.5 Tesla and will be the least in low-field 
permanent magnets (0.3 Tesla, for instance), such 
as in dedicated extremity MR installations.

Nonmetal implants (such as bioabsorbable 
interference screws or suture anchors) do not 

cause susceptibility artifacts per se, but suscep-
tibility artifacts may still be present due to the 
microscopic metal particles from the surgical 
instrumentation (Figs. 8.2 and 8.3).

8.1.2  Normal Cuff Repair

Surgery intended to repair the shoulder rotator 
cuff will change the anatomy in several differ-
ent ways. The tendon may be reinserted into 
the bone; the tendon may be cut and inserted 
somewhere else as in bicipital tenodesis or in 
cuff tendon transposition, or may be cut off 

e

g h

f

Fig. 8.4 (continued)
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altogether as in bicipital tenotomy; the bony 
environment to the cuff may be modified as in 
the acromioplasty procedure; enthesophytes or 
osteophytes may be excised, and muscle may 

the cut open and then sutured, as in transdeltoid 
open surgery [2, 3].

Arthroscopic surgery results in different 
changes from the ones seen after open surgery, 

a b

c d

Fig. 8.5 (a–d) Subscapularis tendon repair follow-up. (a) 
Frontal radiograph of the shoulder post subscapularis ten-
don reinsertion. There are no metal implants. (b) Pre-op 
T2∗-weighted axial MR image. There is a full-thickness 
subscapularis tendon tear (arrowheads) with moderate 
myotendinous retraction (asterisk). (b) Postoperative 
PD-weighted axial MR image with intraarticular contrast 
(MR arthrography). The subscapularis tendon has been 
successfully reattached and the subscapularis myotendi-

nous junction has now a normal position (asterisk). One of 
the nonmetallic suture anchors is also seen (arrowhead). 
(c) Postoperative T1-weighted FatSat coronal MR image 
with intraarticular contrast (MR arthrography), same day. 
There are small partial bursal-sided tears in the undersur-
face of the supraspinatus tendon (white arrowhead), 
apparently new as compared to the preoperative MR 
study. One of the suture anchors is seen normally 
osteointegrated
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Fig. 8.6 (a–g) Cuff repair follow-up, acromioplasty. (a) 
Preoperative T2-weighted FatSat coronal MR image. 
There is a full-thickness tear of the supraspinatus tendon 
with moderate retraction of the tendon (Patte stage 2). The 
tendon tear was also demonstrated on ultrasound (Insert 
b). (c) Preoperative T2-weighted sagittal MR image. 
Normal thickness of the acromion. (d) Frontal radiograph 
of the shoulder post supraspinatus tendon repair. There 
are two metal suture anchors and a nonmetal anchor 
(arrowhead). (e) Postoperative T2-weighted FatSat coro-
nal MR image. The supraspinatus tendon has been par-

tially reattached to the humerus. The tendon is not as thick 
as it would be if fully reattached. Black arrowhead: non-
metal suture anchor. (f) Postoperative T2∗-weighted axial 
MR image. Open surgery with susceptibility artifact foci 
in the soft tissues in the deltoid area (arrowheads) from 
surgical instrumentation (no metal is seen in the soft tis-
sues on the same day radiograph—Fig. d). (g) Preoperative 
T2-weighted sagittal MR image. Acromioplasty has been 
performed. The undersurface of the acromion has been 
shaved and the thickness of the acromion is reduced as 
compared to the preoperative images
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Fig. 8.7 (a–e) Cuff repair follow-up. Adhesive capsulitis. 
A Frontal radiograph of the shoulder post cuff repair. No 
metal implants are seen. A postoperative trough is present 
in the supraspinatus footprint. There has been acromio-
plasty. (b) Postoperative T2-weighted FatSat coronal MR 
image. There is extensive susceptibility artifact in the 
supraspinatus tendon despite the fact that no metal particles 
are seen in the tendon on the same day radiograph (a). The 
supraspinatus tendon appears to be reattached to the tuber-
osity. The tip of a suture anchor is visible (black arrow). (c) 
Postoperative T1-weighted coronal MR image. The capsu-

lar axillary recess appears thickened, and there is also 
apparent capsulosinovial thickening or fluid in the superior 
recess (arrows). Note the susceptibility artifact in the supra-
spinatus tendon. (d) Postoperative T1-weighted FatSat 
coronal MR image with intravenous gadolinium. (e) 
Postoperative T1-weighted FatSat sagittal MR image with 
intravenous gadolinium. There is capsular enhancement 
and thickening and no fluid in the joint, consistent with 
adhesive capsulitis. The capsular fibroblastic reaction is cir-
cumferential although most prominent in the axillary and 
subcoracoid recesses of the glenohumeral joint
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and certain complications are particular to the 
type of surgery performed, such as the deltoid 
dehiscence that may occur after open surgery. All 
of these changes are amenable to imaging inves-
tigation, particularly, MR imaging (Figs. 8.4, 8.5, 
8.6, 8.7, 8.8, and 8.9).

Surgery may fail for any number of reasons, or 
the patient’s symptoms may fail to resolve. Up to 
25% of patients remain symptomatic after surgi-
cal repair of the rotator cuff [4]. Imaging is usu-
ally warranted to study these patients and when 
that happens, MR is usually called upon to image 

a

c

b

Fig. 8.8 (a–c) Cuff repair follow-up. Chronic deltoid 
dehiscence. (a) Postoperative T1-weighted coronal MR 
image. (b) Postoperative T1-weighted axial MR image. 
There has been detachment of the deltoid muscle from the 
acromion (arrows) with atrophy and fatty degeneration of 
the acromial belly of the deltoid muscle (arrows). For 

comparison, see the clavicular portion of the deltoid 
(asterisk) or the subscapularis muscle belly (double aster-
isk). (c) Different patient, a frontal radiograph of the 
shoulder shows heterotopic ossification of the deltoid 
muscle origin in the acromion, post open surgical repair of 
the rotator cuff

R. Sampaio et al.



77

the shoulder [4–6]. On MR imaging, the repaired 
tendon will show heterogeneous signal intensity, 
from postsurgical changes, healing response, and 
preexisting tendinopathy (Fig. 8.4). These signal 
changes are most conspicuous on short TE MR 

images (such as T1-weighted and PD-weighted 
images). They are less conspicuous on long TE 
images (such as on T2-weighted images). The 
tendon will usually be thicker than a normal 
tendon, but not always. If the quality of the pre-

a b

c d

Fig. 8.9 (a–d) Cuff repair follow-up. Long head of the 
biceps tenodesis. (a) Frontal radiograph of the shoulder 
shows a metallic anchor or interference screw in the 
humeral metaphysis. (b) T2-weighted sagittal MR image 
at the level of the spine of the scapula. There is massive 
atrophy and fatty degeneration of the supraspinatus and 
infraspinatus muscles (Thomazeau Stage 3), most likely 
beyond repair (asterisks). (c) Postoperative T2-weighted 

FatSat coronal MR image. Complete tear of the supraspi-
natus tendon with massive retraction of the tendon 
(arrow). The repair of the supraspinatus tendon was either 
not attempted or failed. (d) T1-weighted axial MR image. 
The screw was used to fix the long head of the biceps ten-
don into the biceps tendon gutter (biceps tenodesis). There 
is no apparent adverse reaction to the implant
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op tendon edges is poor, or the tendon is asym-
metrically retracted, it might be only partially 
reattached to the bone, and the final result will 
be a tendon less thick or equal in thickness to 
a normal tendon (Fig.  8.6). A repaired tendon 
thinner or equal in thickness to a normal tendon 
has been either partially reinserted or, if initially 
fully reinserted, has suffered a partial retear. The 
repaired tendon, if fully reattached, is always 
thicker than a normal tendon and usually thicker 
than the preoperative tendon (Figs. 8.4 and 8.5). 
The  thickness of the tendon is a much more reli-
able indicator of pathology than signal changes 
on MR imaging.

On long TE MR images (T2-weigheted 
images), fluid within the tendon usually indi-
cates tendinous communication, either remnant 
communication or retear of the tendon. After sur-
gical repair of a cuff tear, the tear is not always 
completely sealed, and small transtendinous 
communications may persist. They are easily 
depicted on MR arthrography and US and may 
be less conspicuous on conventional MR studies. 
However, they may not be clinically relevant. 
Small residual defects or retears (<1 cm) of the 
rotator cuff are not necessarily associated with 
clinical symptoms. Partial and even full-thick-
ness tears are common in asymptomatic patients 
after surgery. Likewise, subacromial bursitis-
like MR abnormalities are almost always seen 
after rotator cuff repair, even in patients with-
out residual complaints (Fig.  8.4). Fluid in the 
subacromial bursa may persist for several years 
after rotator cuff repair and appear to be clini-
cally irrelevant [1, 4].

In practice, tendon repairs are often thinner 
than a normal tendon. Interestingly, cuff repair 
footprint coverage may improve by the end of the 
first postoperative year. The appearance of the 
repaired rotator cuff on MR imaging shows con-
siderable variability in the first postoperative year 
and does not correlate to outcome. The tendon 
appearance often becomes more like normal ten-
don by 1 year after surgery [7]. Improvement in 
signal changes, when it occurs, generally devel-
ops between 3 and 12 months.

To avoid magnetic susceptibility artifacts at 
MR imaging, T2-weighted inversion recovery 

(STIR) imaging may be used instead of fat satu-
ration, and fast spin-echo sequences may be used 
instead of conventional spin-echo sequences or 
gradient-echo sequences. The technical param-
eters of the MR sequences may have to be 
modified to minimize metallic artifact or some 
sequences may have to be substituted for others. 
There are specially designed sequences for metal 
MR imaging, but they are not available in all MR 
scanners.

MR arthrography may also be used, instead 
of conventional MR imaging (Fig.  8.5). The 
advantages of MR arthrography include better 
definition of the rotator cuff articular side, more 
accurate assessment of capsule volume and delin-
eation of labral ligamentous structures, and aid in 
the differentiation of partial- and full-thickness 
tears [6]. However, contrast accumulation within 
the subacromial bursa (a characteristic sign for 
a full-thickness tear in nonoperated shoulders) 
has substantially less impact in patients after sur-
gery because the rotator cuff does not need to be 
watertight to be functional [4].

Ultrasound is able to look at the entire distal 
cuff, provided that the patient is able to freely 
move the shoulder into the positions required to 
access the supraspinatus and the subscapularis 
tendons (extension, adduction and external rota-
tion). Patients unable to move the shoulder, for 
instance patients with adhesive capsulitis, are 
not good candidates for US of the repaired cuff. 
Otherwise, US can show suture dehiscence, 
tendon avulsion, or retear of the repaired ten-
don as well as adverse reactions to intratendi-
nous sutures [8, 9]. A subdeltoid bursal effusion 
representing residual arthroscopic fluid and/or 
hematoma may persist for several months after 
surgery.

Ultrasound is usually requested to detect 
suture failure or retear of a repaired cuff ten-
don. Although the repaired tendons demonstrate 
altered echogenicity and thickness, in compari-
son to a normal tendon, US can accurately pre-
dict the localization and extent of a cuff tear, 
with a comparable accuracy to MR imaging [10]. 
Ultrasound can be used to serially monitor the 
postoperative cuff changes after surgical repair 
[9]. Ultrasound is cheaper than MR imaging and 
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more patient friendly and a lot faster, but counter-
intuitively may be less available, due to the long 
learning curve it takes the operator to become 
proficient in shoulder US.

Ultrasound is not so good as an imaging 
method to look at intraosseous adverse reac-
tions related to suture anchors, tacks or screws, 
or bone vascular changes. A combination of 
radiography and US may overcome the limita-
tions of each of the methods, but glenohumeral 
chondral and labral pathology, bone marrow, 
complex ganglion cysts, and muscle pathology 
remain best studied with MR imaging. If a phy-
sician with similar experience with MR and US 
is available, the preference for either one of these 
tests should not be based on the accuracy of the 
imaging modality, but rather on patient toler-
ance, cost, and the importance of detecting non-
rotator cuff pathology, such as labral, capsular, 
or bone lesions.

Mild superior subluxation of the humeral head 
may persist after open or arthroscopic cuff repair, 
maybe due to capsular tightening, scarring, cuff 
atrophy, or bursectomy, and can be appreciated 
on radiographs of the shoulder. Changes to the 
subacromial bursa and to the acromion and lat-
eral end of the clavicle are easier to evaluate 
with MR imaging. Postacromioplasty acromial 
changes are surprisingly hard to see on radio-
graphs (Fig. 8.6).

8.1.3  Failed Cuff Repair 
and Complications

A number of events may cause a repaired cuff 
to fail. The tendon may suffer a repeat tear (for 
instance, during over vigorous physical therapy), 
or the anchor or suture may fail, and the tendon 
may detach from the bone. Despite anatomi-
cally correct repair, pain may persist, or a second 
lesion may develop. Complications may arise at 
the coracoacromial arch or the deltoid incision. 
General adverse events such as adhesive capsuli-
tis or infection may arise. When pain or disability 
occurs after rotator cuff surgery, postoperative 
imaging is frequently performed, usually MR 
imaging [1].

8.1.4  Retear of the Repaired Cuff

Retear of a previously repaired rotator cuff ten-
don is relatively common and does not necessar-
ily compromise functional outcome or patient 
satisfaction [7]. Two patterns of retear have been 
described: in type 1 retear, the tendon fails at the 
tendon-bone interface, and in type 2 retear, the 
cuff failure happens medially, about the myoten-
dinous junction 1.5–2  cm medial to the tendon 
insertion, with the remnant cuff still attached to 
the humeral tuberosity [11]. Type 1 tears tend to 
occur earlier in the postoperative period and may 
result from failure of the tendon-to-bone fixation. 
Type 2 tears tend to occur later in the postopera-
tive period and may be related to progression of 
tendon disease, impaired vascularity, or increased 
tension after reattachment of the tendon (Fig. 8.4).

Magnetic resonance imaging will allow for 
the detection of the cuff retear as well as its stag-
ing and classification. On MR imaging, a recur-
rent tendon tear will be seen as a fluid-filled 
defect within or across the tendon on long TE 
(T2-weighted) images. Secondary signs of ten-
don retear include tendon retraction and loss of 
tendon thickness. It may be difficult to differ-
entiate tendinosis, granulation tissue, and heal-
ing response from a partial retear although the 
healing response will evolve over time, with the 
signal intensity expected to decrease on long TE 
MR images for about one year [7]. Full thickness 
retears are easier to demonstrate on MR images. 
The presence of a recurrent tear is not necessar-
ily symptomatic, but the size of the tear may be 
correlated with the development of symptoms [1] 
(Figs. 8.4, 8.5, and 8.9).

Ultrasound will depict type 1 retears, but 
may fail to show type 2 retears, particularly if 
the patient is unable to fully extend, adduct, and 
externally rotate the shoulder.

8.1.5  Suprascapular, Axillary Nerve 
Palsy

Muscle edema when the muscle is anchored in 
the humerus usually reflects acute muscle dener-
vation or myositis. Muscle denervation may 
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occur for a variety of reasons, the two most com-
mon being neuritis (as in the Parsonage-Turner 
syndrome) and nerve entrapment or injury. Nerve 
entrapment and nerve injury may occur during 
and after surgery. Long TE MR fat-suppressed 
images (T2-weighted FatSat or STIR images) 
are very sensitive to muscle edema, not only 
detecting acute signs of denervation (days or 
weeks after the nerve lesion) but also mapping 
the involved muscles, so the involved nerve is 
 identified [12]. In the postoperative shoulder, 
localized edema or soft-tissue reaction may cause 
enough pressure on a nerve (suprascapular nerve, 
for instance) to result in acute denervation in that 
particular nerve territory. Intraoperative axillary 
nerve injury will result in teres minor and del-
toid muscle denervation, and MR is well suited to 
diagnose the muscle edema associated with such 
instances of muscle denervation.

Chronic muscle denervation will result in 
muscle atrophy and fat infiltration, and both 
 phenomena are also very well depicted on MR 
images (Fig. 8.9).

8.1.6  Postoperative Bursitis, 
Synovitis, Adhesive Capsulitis, 
Scarring

Postoperative bursitis is a relatively frequent 
finding in patients with persistent or recurrent 
pain. Inflammation of the bursae is best depicted 
on T1-weighted fat-saturated MR images with 
gadolinium. Care should be taken not to overcall 
subacromial bursitis, as bursal signal abnormali-
ties are very common in asymptomatic patients. 
These bursitis-like changes may persist for a long 
time after surgery (up to 4–5 years) [4].

Adhesive capsulitis may be a cause of persis-
tent symptoms after cuff repair. This complication 
usually occurs shortly after cuff repair. Adhesive 
capsulitis may not be recognized on standard MR 
images as the capsulosinovial thickening may be 
subtle and the inflamed synovium may be diffi-
cult to tell from joint fluid on fat- suppressed long 
TE MR images, aside from the postoperative 
changes in the rotator cuff interval and in the sub-
coracoid fat triangle. MR T1-weighted imaging 

with intravenous contrast medium (gadolinium) 
is better able to show thickening and enhance-
ment of the joint capsule and synovial membrane 
along with the tightness of the joint cavity that 
characterizes adhesive capsulitis (Fig. 8.7).

Patients after rotator cuff repair may have per-
sistent pain and dysfunction caused by exuberant 
postoperative reaction and scar formation. This 
reaction may involve the subacromial area, the 
joint capsule, the tendons, and adjacent soft tis-
sues. Scar tissue is made up of collagen and show 
up on MR images as bulky masses or bands of 
low-signal intensity tissue on short and long TE 
images, reflecting dense fibrotic adhesions and 
even calcified or ossified scar tissue. Myositis 
ossificans and heterotopic ossification may occur 
in muscle incisions and tracts, particularly in the 
deltoid muscle (Fig. 8.8c).

Tendon dystrophic calcifications are a sec-
ondary manifestation of tendon degeneration. 
Calcifications are easier to detect on gradient- 
echo (T2∗) MR images because these imagens 
are more sensitive to magnetic susceptibility. 
Unfortunately, this increased sensitivity to cal-
cifications of T2∗ images also make them more 
prone to artifacts due to metal implants and 
debris. On ultrasound, sutures and microcalcifi-
cations can be difficult to tell apart. On radiogra-
phy, only calcifications that are not superimposed 
on the humeral head are readily visualized.

8.1.7  Infection, Loose Bodies

A significant fluid collection about the joint 
without focal tendon discontinuity suggests the 
presence of complication, including infection, 
perisutural inflammation, synovitis associated 
with loose bodies, or loose surgical implants. 
Intravenous paramagnetic contrast medium 
administration greatly enhances the ability of 
MR to show inflammatory tissue and fluid collec-
tions. Bone marrow edema and periarticular and 
subchondral erosions are findings better depicted 
on MR imaging. Imaging (usually ultrasound) 
can also serve as a guide to direct a needle to an 
optimal site for aspiration of joint fluid, should 
the possibility of a septic joint be considered.
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8.1.8  Deltoid Dehiscence

Open cuff repair usually involves an incision 
through the acromial part of the deltoid muscle. 
This incision is closed on surgery completion, 
and the muscle is reattached to the acromion, but 
the suture may fail, or the muscle may tear along 
the incision or acromial reattachment and result 
in deltoid dehiscence. MR imaging can show a 
fluid-filled defect within the muscle with or with-
out retraction of the muscle. If the dehiscence is 
chronic, muscle atrophy and fatty degeneration 
may be present [1] (Fig. 8.8).

8.1.9  Implant (Suture Anchors, 
Tacks, Screws) Complications

Surgical implants used to repair the cuff and 
facilitate the soft tissue-to-bone repair, such as 
suture anchors and screws, can be either made 
up of metal alloys or nonmetal bioabsorbable 
materials (bioabsorbable polymers and calcium 
ceramics) [13]. They can fail or complicate 
by several mechanisms, such as loosening or 
migration, foreign body reaction, cyst forma-
tion or infection, impingement upon surround-
ing bone or soft tissue structures, fracture of the 
host bone, loose intraarticular foreign bodies, 
synovitis, or cartilage damage [13–16]. Among 
these complications, osteolysis and cyst forma-
tion, enlargement of drill holes, loosening and 
anchor pull-out, and suture break away from the 
anchor are probably the most important in rota-
tor cuff repair.

Nonmetal bioabsorbable implants allow for 
decreased artifact during MR imaging, although 
still some artifacts may be seen (Figs. 8.2 and 
8.3). Resorption of the anchor is the desirable 
course for bioabsorbable implants, which have 
different degradation profiles and are, over time, 
replaced by bone or calcified fibrosis within the 
screw track. However, exposure to the debris of 
absorbable anchors in the joint can cause syno-
vitis and pain. MR imaging is able to demon-
strate the implant location and its surrounding 
environment as well potential complications 

related to the implant, such as cyst formation, 
track enlargement, implant displacement, or 
infection [1, 15, 17].

Metallic implants are easily spotted with radi-
ography and the amount of susceptibility artifact 
they create may render them invisible on MR 
images. Worse, the artifact creates a blind zone 
around the implant that may prevent complica-
tions in the vicinity of the implant from being 
visualized (Fig.  8.1). Metallic implants create 
their own risks in the MR environment, such as 
overheating of the implant and implant-induced 
internal burns. Certain metal compositions (steel, 
for instance) are deflected by the magnetic field 
and may be displaced by simply placing the 
patient inside the magnet of the MR machine.

New not bioabsorbable implants (such as 
polyetheretherketone or PEEK) are radiolu-
cent and, therefore, not visible on radiographs. 
Similar to metallic implants, they do not resorb, 
but similar to bioabsorbable implants they are 
visible on MR imaging, and their susceptibility 
artifact profile renders them accessible to MR 
imaging interrogation.

8.1.10  Other Causes of Pain After 
Cuff Repair

In patients with failed rotator cuff surgery, it is 
possible that other pathologies are generating 
pain and may be the primary source of symp-
toms, rather than the rotator cuff [18].

Long head of biceps tendon subluxation is 
common in patients with chronic rotator cuff 
tear. If not repaired at the time of surgery, 
biceps tendon subluxation may persist after 
surgery. Biceps tendon subluxation may also 
develop de novo in a patient already submitted 
to cuff repair. Superior labrum anterior poste-
rior (SLAP) lesions may also account for the 
patient’s symptoms.

US is ideally suited to diagnose biceps tendon 
subluxation due to its dynamic nature. If the ten-
don spontaneously reduces in the neutral position 
of the shoulder, MR imaging may miss the biceps 
tendon subluxation.
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8.2  Conclusion

The imaging assessment of patients who have 
had rotator cuff surgery includes a radiographic 
examination followed by either MR imaging 
(sometimes MR arthrography) when a compre-
hensive shoulder evaluation is desired, or ultra-
sound when targeted to identifying rotator cuff 
recurrent tears. Knowledge of common surgical 
procedures and expected postoperative findings 
on various imaging techniques and potential 
complications are important for the imaging eval-
uation of the shoulder after rotator cuff repair.
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Clinical Outcome vs. Structural 
Integrity: What Really Matters?

John Bampis, John Swan, and Achilleas Boutsiadis

9.1  Introduction

Symptomatic rotator cuff (RC) tears are a very 
common musculoskeletal disorder that can cause 
severe disability, weakness, and persistent pain 
[1]. Therefore, surgical repair, with the transition 
from open to mini-open and to fully arthroscopic 
approaches, became one of the most increas-
ingly commonly performed procedures [2–4]. In 
recent decades, authors have reported an overall 
increase of 238% [3], and importantly, a signifi-
cant shift towards arthroscopic procedures with a 
600% increase [2].

However, the repair of massive rotator cuff 
tears (MRCT) remains a surgical challenge with 
unpredictable outcomes due to the substantial 
fatty infiltration, tendon retraction, and tendon 
tissue degeneration [5–8]. In 2004 Galatz et  al. 
reported 94% re-tear rates after arthroscopic 
repair of large and massive rotator cuff tears. 
Additionally, the authors found that the initial 

pain relief and the ability to perform daily activi-
ties were not constant. Their results deteriorated 
significantly in 2 years postoperatively [9]. Since 
then, rotator cuff surgery has evolved, where 
techniques have progressed from single-row [SR] 
suture anchor repairs, to double-row [DR], and 
finally to transosseous-equivalent speed bridge 
[SB] techniques. Additionally, several alternative 
surgical methods have been proposed to solve the 
challenging problem of massive repairable tears 
such as patch augmented repair, interval slide 
techniques, and the use of biological factors [10].

However, despite advances in surgical tech-
nique, are we really performing “a better opera-
tion” for the patient? The purpose of this chapter 
is to examine the evidence whether these newer 
methods have in fact improved the healing rate 
for MRCT and whether this correlates with clini-
cal and functional outcomes. Finally, we will dis-
cuss whether or not a healed MRCT is actually a 
prognostic factor of a good final result.

9.2  Factors Affecting Rotator 
Cuff Integrity After Rotator 
Cuff Repair

Currently, reported re-tear rates following rota-
tor cuff repair (RCR) vary between 13% and 
68% [11]. Many authors have attempted to ana-
lyze the influence of several different factors on 
the final anatomical results [10, 12–15]. These 
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factors could be categorized into two groups: 
(a)  patient- related nonmodifiable factors and (b) 
surgeon- related modifiable factors [10].

9.2.1  Patient-Related 
Nonmodifiable Factors 
Affecting Rotator Cuff Healing

These factors are critically important and the 
surgeon must carefully evaluate them before any 
decision-making.

9.2.1.1  Age
Increasing patient age has been associated with 
lower rates of tendon healing after RCR in multi-
ple studies [10, 16, 17]. The authors reported that 
due to aging, there is a biological limitation at 
the repair site that appears to be the most impor-
tant factor influencing tendon healing, even after 
maximizing repair biomechanical strength with a 
double-row construct.

However, the most recent studies have shown 
that age over 70 or 75 years old is not a contra-
indication to proceed with arthroscopic rotator 
cuff repair, even in cases of large or massive 
lesions [18, 19]. Probably, the detrimental effect 
of increasing age on tendon healing after rotator 
cuff repair may be due to other factors affect-
ing tendon healing rather than the age itself. 
Therefore, age may be a surrogate for other 
anatomical factors like decreased bone mineral 
density, fatty infiltration, and tendon retraction, 
which correlate with impaired healing after rota-
tor cuff repair [10].

9.2.1.2  Tear Size and Location
As previously mentioned, repaired large and 
massive tears are prone to increased rates of ana-
tomical failures [9, 10, 12]. Massive rotator cuff 
tears represent approximately 20% of all RCTs 
that require surgery and account for 80% of the 
cases with postoperative structural failure [20]. 
However, in the international literature, the fail-
ure rates of MRCTs are reported to be between 
17.6% and 94%. One reason for this large dis-
crepancy could simply be the lack of a univer-
sal definition for a “massive rotator cuff tear.” 

By using the term “massive rotator cuff tear,” 
the surgeon should take into account not only a 
tear diameter ≥5  cm or a complete tear of two 
or more tendons, but also other factors such as 
tendon retraction, muscle atrophy, arthritis, and 
intraoperative tendon mobilization [21].

Once an MRCT is identified, it should be fur-
ther classified into subgroups according to the 
location of the tear, as this helps to determine the 
likelihood for a successful repair. For this reason, 
either the classification of Gerber et  al. [22] or 
Collin et al. [23] can be used. Recent studies have 
shown that postero-superior tears have the high-
est postoperative failure rate followed by antero- 
posterior subtypes of MRCTs [20, 24, 25].

9.2.1.3  Fatty Infiltration and Atrophy
It is reported that Goutallier grade 2 or higher 
degrees of fatty infiltration are significantly asso-
ciated with poorer healing after repair [10]. This 
is also supported by several studies [5, 12, 26, 27] 
where the fatty infiltration of both the supraspi-
natus and infraspinatus can predict the final ten-
don integrity. A new meta-analysis showed that 
an increase in supraspinatus or infraspinatus fatty 
infiltration by one grade increases the risk of re- 
tear by approximately 2.5 times [13].

However, we should comment that the cur-
rent body of literature is sometimes confusing 
and the final multivariate analysis performed by 
some authors shows that fatty infiltration may 
not be a risk factor for re-tear [28], nor is a nega-
tive prognostic factor for bad functional outcome 
even in postoperative cases with intact tendon 
[29]. Furthermore, some authors propose that only 
decreased preoperative active external rotation 
rather than atrophy is a risk factor for postopera-
tive re-tear in the postero-superior and antero- 
posterior tear groups [25]. One could conclude 
that the pathoanatomy of MRCTs is multifactorial.

9.2.1.4  Muscle-Tendon Unit Retraction 
and Tissue Quality

The Patte classification is usually used for the eval-
uation of the RC tendon retraction, and it assesses 
the degree of tendon retraction in the coronal plane 
on MRI. According to this classification, RCTs are 
divided into three groups: (1) Full-thickness tear 
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with little tendon retraction, (2) tendon retrac-
tion to the level of the humeral head, and (3) 
tendon retraction to the level of the glenoid [30]. 
Lädermann et al. have further defined an MRCT as 
requiring at least one of the two torn tendons to be 
retracted beyond the top of the humeral head [21].

Tendon retraction has been directly correlated 
with the tear size, tear chronicity, and muscle 
fatty infiltration [10, 31]. Furthermore, it has 
been reported to be an independent prognostic 
factor of re-tear [12, 32, 33].

9.2.1.5  Other Patient-Related Factors
Several other patient-related factors have been 
reported to affect rotator cuff tendon healing.

• Smoking
Smoking can increase the risk for rotator 

cuff tears, can influence the size of the tear, 
and also compromise healing [10].

• Hypercholesterolemia and Diabetes
Total cholesterol, triglycerides, and low- 

density lipoprotein cholesterol concentrations 
are increased in patients with rotator cuff tears 
and may also affect the healing rates [10]. 
Similarly the body fat (expressed as body 
mass index) [34] and the sustained hypergly-
cemia increase the possibility of anatomic 
failure of a repaired cuff [35].

• Osteoporosis
In older patients and especially in women, 

the surgeon should account for not only dimin-
ished bone mineral density, but also possible 
vitamin D deficiency, which may have a nega-
tive effect on rotator cuff tendon healing fol-
lowing surgical repair [10].

9.2.2  Surgeon-Related Modifiable 
Factors Affecting Rotator Cuff 
Healing

9.2.2.1  Single-Row, Double-Row, or 
Suture Bridge Techniques

After understanding the importance of differ-
ent technical factors like the orientation and the 
depth of anchors, the type and the strength of the 
knots used, the rotator cuff surgical trends have 

gradually passed from the classic open transos-
seous [TO] repairs to single-row [SR] suture 
anchor repairs, to double-row [DR] suture anchor 
repairs, and finally to transosseous-equivalent 
suture bridge [SB] techniques [10]. Double-row 
and speed bridge transosseous-equivalent tech-
niques seem to produce a better biomechanical 
environment that theoretically could improve 
healing rates and superior functional outcomes.

The initial reports with SR techniques showed 
healing rates from 71% to 78%. However, large 
or massive tears with antero-superior, and prin-
cipally, postero-superior lesions showed up to 
50% tear recurrence [16, 36]. Furthermore, Barth 
et al. reported their anatomical and functional out-
comes in 212 patients operated with the classic 
DR technique. The authors used the postoperative 
RC integrity classification as described by Sugaya 
and found an overall 13% recurrence rates. 
However, large and massive tears were also more 
prone to anatomical failure (25.5%), but with sig-
nificantly better results compared to previous SR 
studies [12]. Duquin et  al. after including 1252 
patients from 23 studies concluded that the re-tear 
rates are significantly lower for DR techniques. 
In detail, they reported failures for DR of 7% for 
small (<1  cm), 8% for medium (1–3  cm), 25% 
for large (3–5  cm), and 43% for massive tears 
(>5 cm). Respectively, the values for the SR were 
18% for small, 31% for medium, 44% for large, 
and 65% for massive tears [37]. The introduction 
of the SB technique had initially given encourag-
ing results with Frank et  al. [38] reporting 88% 
healing rates in 25 patients [100% success in mas-
sive tears (3/3 patients)]. Later Neyton et al. eval-
uated the arthroscopic SB repair for only small- to 
medium-sized supraspinatus tears and reported 
10.3% recurrence (one case rupture of musculo-
tendinous junction, 0.9%) [39]. Furthermore, Kim 
et al. stated that the overall anatomical failure rate 
for SB was 15%, and more specifically 12%, 
21%, and 22% for medium, large, and massive 
tears, respectively [40].

Newer reports have shown equivalent out-
comes between double-row and single-row repairs 
in small and medium lesions. However, in large 
and massive tears DR or TOE fixation may pro-
vide a functional advantage over SR [10, 25, 41].
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9.2.2.2  Interval Slide Techniques 
for Massive Immobile Rotator 
Cuff Tears

In cases of massive, contracted, and immobile 
rotator cuff tears, Lo and Burkhart in 2004 pro-
posed the interval slide technique. This can be 
either anterior, by incising the posterior part of 
the coracohumeral ligament (release of the supra-
spinatus from the rotator interval), or posterior 
by releasing the interval between the supraspina-
tus and infraspinatus tendons [42]. Initially, the 
authors reported no complications and signifi-
cant improvement in the active range of motion 
and muscle strength [42]. However, despite the 
functional improvement, Berdusco et al. demon-
strated that the healing rates did not exceed 45% 
[43]. Finally, according to Kim et al., the aggres-
sive interval slide techniques with complete ten-
don repair have a 91% re-tear rate, which is not 
superior to partial repair [44].

9.2.2.3  Biologics (More Details 
Regarding the Biologics Are 
Provided in Chaps. 5, 6, and 7)

• Patch Augmentation for Large and Massive 
Rotator Cuff Tears

Due to the significant rates of rotator cuff 
failures, especially in large and massive tears, 
several patch augmentation materials have 
been developed. Their purpose is either to 
enhance mechanically the strength of the repair 
and or provide a better biologic healing envi-
ronment. Additionally, the mechanical support 
could be obtained either by augmentation of 
the repair either by interposition or bridging of 
the patch between tendon and bone.

The current literature shows that regardless 
of the type of material (xenografts, allografts, 
and autografts), the interposing or bridging 
patches that span the defect from the retracted 
and stiff tendon stump to the greater tuberosity 
show superior healing rates than augmentation 
patches (75–90% successful rates vs. 50–60% 
respectively) [45–47]. This may be explained 
by the fact that in chronic massive tears, the 
relative tendon to muscle ratio of the musclo-
tendinous unit is severely altered, resulting in 
significant loss of the muscle force [48].

• Platelet Rich Plasma (PRP)
Despite the promising advantages and the 

results of animal model studies, great contro-
versy exists regarding the effectiveness of the 
PRP when clinically applied during rotator 
cuff repair [10]. Interestingly, regarding their 
intraoperative clinical use during rotator cuff 
surgery, there is an abundance of review and 
meta-analysis articles, with 64 published to 
date. All authors concluded that the use of 
PRP during rotator cuff surgery results in no 
differences in the overall re-tear rates and in 
functional outcomes compared with patients 
treated without the application of any biologi-
cal factor, except probably the small- and 
medium-sized tears [49, 50].

The most important prognostic factors affect-
ing rotator cuff integrity after rotator cuff repair 
are shown in Table 9.1, as presented in the meta- 
analysis of Saccomanno et al. [14] and McElvany 
et al. [13].

Table 9.1 The most important prognostic factors affect-
ing rotator cuff healing presented by Saccomanno et  al. 
and McElvany et al.

Saccomanno et al. 
[14] McElvany et al. [13]

Re-tear 
risk 
factors

Older age Older Age (per 
10 years)

Severe fatty 
infiltration

SSP fatty infiltration

Larger tear size ISP fatty infiltration
Multiple tendons 
involved

Global fatty 
degenerative index

Poor tendon 
quality

Tear size >3 cm

Tendon 
delamination

Traditional double-row 
technique (no suture 
bridge)

Single-row 
technique

Single-row technique

ACJ procedures Delay of active ROM 
and strengthening

LHB procedures
Lower bone 
mineral density
Smaller AHD
Preoperative 
tendon length 
<15 mm
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9.3  What Is the Clinical Effect 
of a Rotator Cuff Re-tear 
in Cases with a Massive 
Lesion?

Despite surgical evolution and a better preop-
erative diagnostic approach, structural failures 
of MRCTs after arthroscopic repair remain high 
[10, 14]. This raises several important questions 
that will be discussed in turn:

 (a) What is the clinical effect of a rotator cuff 
re-tear?

 (b) Is it worth repairing a massive rotator cuff 
tear when 20–90% of repairs will re-tear 
anyway?

 (c) What are the prognostic factors that influ-
ence the outcome of MRCT repair most?

9.3.1  What Is the Clinical Effect 
of a Rotator Cuff Re-tear?

Due to the heterogeneity in their study design, 
the different surgical techniques used, the type 
of the tears included, and the different imaging 
and functional evaluations utilized, the conclu-
sions regarding the clinical effect of a postopera-
tive rotator cuff re-tear are often confusing. For 
example, numerous studies have shown that both 
objective and subjective results are significantly 
superior in cases with confirmed healed tendon 
[12, 51–55]. However, others report that the 
presence of a postoperative tendon defect is not 
always correlated with an inferior outcome [53, 
56]. However, evaluation of the published arti-
cles reveals that the functional evaluation of the 
patients is most often performed using the ASES, 
UCLA, and Constant scores. The ASES score 
is a validated outcome measure in patients with 
shoulder pathology, including rotator cuff tears. 
However, the minimal clinically important differ-
ence in the ASES score has to be in the range of 
6.4–12.00 points, which is quite large [56]. The 
UCLA score was originally designed to measure 
outcomes after shoulder arthroplasty, and heav-
ily weights pain relief, passive shoulder motion, 
and patient satisfaction. Therefore the use of the 

UCLA as an outcome measure is less reliable in 
terms of distinguishing the difference between 
patients with or without rotator cuff re-tear [56].

In the majority of published studies, the 
patients with a healed tendon had greater strength 
in forward flexion (by approximately 2.5 kg) and 
marginally improved strength in external rota-
tion. Furthermore, the Constant score is largely 
influenced by strength, which accounts for worse 
Constant scores in cases with RC repair failure 
[56]. This is also in accordance with the findings 
of Kim et al., who showed poorer outcomes after 
RC re-tear in patients of younger age and lower 
education level and laborers [57]. Also, we know 
that worse clinical outcomes are found not in 
small and partial tears, but mainly in large recur-
rent defects (>4 cm) [58, 59].

From the aforementioned studies it is under-
stood that re-tear may not significantly affect the 
final functional scores nor patient satisfaction. 
However, surgeons should rather focus on the 
postoperative strength of the operated shoulder, 
which is detrimentally affected by an anatomical 
failure, and correlate this with the occupational 
demands of the patient [7, 11].

9.3.2  Is It Worth Repairing 
a Massive Rotator Cuff Tear 
When 20–90% of Repairs will 
Re-tear Anyway? (Table 9.2)

As mentioned, the landmark article by Galatz 
et  al. demonstrated a 94% re-tear rate of mas-
sive tear repairs at 1 year postoperatively in 18 
patients, but patients had a high degree of satis-
faction, most achieved overhead arm function, 
and the American Shoulder and Elbow Surgeons 
(ASES) score was >80  in two-thirds of the 
patients.

In 2000, Gerber et  al. reported 44% failure 
rates (12/27 patients) 2 years postoperatively in 
patients with MRCTs treated with open repair. 
The authors also reported that patients with a 
re- tear showed significant improvement in the 
shoulder compared with the preoperative state, 
but they showed less improvement than those 
with a successful repair who had excellent results 
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[22]. Eight years later the same authors presented 
the results of the same case series of 23 patients. 
Twenty-two of the 23 patients remained very 
satisfied or satisfied with the result. The subjec-
tive shoulder value and the Constant score were 
slightly improved compared with results from 
2000 (82% vs. 80% and 85 vs. 83, respectively). 
However, the re-tear rate (57% vs. 44%) and the 
re-tear size were increased. Patients with a failed 
repair had a worse result than those with an intact 
reconstruction but still better than their preopera-
tive conditions [65].

Papadopoulos et  al., using mini-open repair, 
reported 52% failure rates 3 years postoperatively, 
but with good overall Constant and UCLA scores. 
Only large (>5 cm) defects were correlated with 
significantly worse clinical outcomes [58].

Collin et al. in a recent multicenter study with 
10  years follow up of postero-superior MRCTs 
reported an overall prevalence of re-tears of 34%. 
Final Constant scores were significantly associated 
with cuff integrity, but even in cases with Sugaya 
type 5 re-tears, the mean score was 75, which is 
20 points higher than the mean preoperative value. 
Also, their multivariate analysis revealed that the 
functional outcomes were only associated with 
preoperative infraspinatus retraction. Finally, the 
anterior extension of the tear and the involvement 
of the subscapularis did not have any negative 
effect on the Constant score or re-tear rates [5].

In antero-superior MRCTs, the percentage of 
structural failure also remains high. Kim et  al. 
reported that after 2 years follow up there were 
53% re-tears. Again the functional outcomes 
were significantly worse in patients with re-tears 
and even worse when the subscapularis was torn. 
Again, within both groups (healed or not), all 
scores and the range of motion improved signifi-
cantly compared with preoperative values [62].

Rotator cuff surgery has also been studied in 
patients older than 75 years with MRCTs. Jung 
et al. reported on 64 patients with results of 26% 
re-tears but 80% patient satisfaction. The most 
important finding of this study was that beyond 
improvements in ASES and Constant scores, 
these elderly patients showed significant func-
tional independence during their daily activities 
(Katz index and Functional independence mea-
surement motor) [19].

Ozhono et  al. reported that tendon integrity 
after repair of MRCTs is not the panacea for an 
excellent postoperative outcome. In their case 
series, they found that preoperative fatty degen-
eration of the infraspinatus and or subscapularis 
with Goutallier stage 2 or higher was significantly 
associated with worse outcome in patients who 
had intact tendons after arthroscopic repair [29].

Finally, Godenèche et  al. in their study tried 
to answer the question whether we should recon-
struct an MRCT even when it is partially repair-
able. The authors found 20% re-tears in patients 
with complete repair and approximately 50% in 
those with partial repair. However, the Constant 
score was only slightly higher for completely 
reparable tears (81.5) than for partially reparable 
tears (79). The authors reported that even two 
tendon repairs can produce “equivalent” improve-
ment, patient satisfaction, and autonomy [61].

9.3.3  What Are the Prognostic 
Factors that Influence 
the Outcome of MRCT Repair 
Most?

Review of the literature focused on MRCT repair 
shows that possible prognostic factors associated 
with the outcomes of the procedure include the 
following:

• The recognition of a reparable MRCT is of 
great importance. An MRCT is described as a 
tear with a diameter of 5 cm or more, and or as 
a complete tear of two or more tendons, with 
at least one of the two tendons retracted 
beyond the top of the humeral head. It is 
important to exclude arthritis and the cuff 
arthropathy should be Hamada stage 2 or less.

• The location of MRCT seems to be very 
important. The classifications proposed by 
Gerber et al. [22] or by Collin et al. [23] are 
very useful for the clinician during decision 
making. The postero-superior and antero- 
posterior tears are prone to worse outcomes in 
terms of postoperative tendon integrity, 
reduced acromiohumeral distance, and func-
tional results [20]. Additionally when over 
half of the subscapularis tendon is involved in 
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a postero-superior tear some authors propose 
other treatment options [24].

• Advanced preoperative fatty infiltration and 
atrophy. The preoperative fatty infiltration of 
the infraspinatus and or subscapularis with 
Goutallier stage 2 or higher are associated 
with worse postoperative outcomes even in 
patients with intact tendons [29].

• The pre-operative infraspinatus retraction 
may have a significant association with the 
10-year Constant-Murley score [5].

• The decreased preoperative active external rota-
tion in patients with postero-superior tears [25].

• The size of the postoperative tendon re-tear is 
significantly correlated with worse outcomes 
[9, 58].

• Older age is not always a contraindication of 
an MRCT repair [19].

• The onset of the tear is also important with 
traumatic tears showing better and more pre-
dictable outcomes [61].

• Zumstein et al. proposed that the wide lateral 
extension of the acromion is a risk factor of 
re-tear in MRCTs [65]. Recently, Taniguchi 
et  al. described a new scale for measuring 
humeral head translation. The T-scale is the 
perpendicular distance from the head center to 
the coracoacromial line. The authors support 
that a negative T-scale value is a useful prog-
nostic factor for considering reverse shoulder 
arthroplasty in patients with MRCTs [66].

9.4  Conclusions

Before any decision making, the recognition of 
a repairable MRCT and its location is of great 
importance. Despite the high failure rates after 
MRCT repair, in most cases the patients’ func-
tional outcomes are significantly better than 
their preoperative condition. However, surgeons 
should focus on the postoperative strength of the 
operated shoulder, which is still reduced in cases 
of anatomical failure and consider this along with 
the patients’ occupational demands. Older (fatty 
infiltration and tear location) and newer (T-scale) 
prognostic factors should be preoperatively sys-
tematically evaluated before considering all pos-

sible treatment modalities, from arthroscopic 
repair to reverse shoulder arthroplasty.
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10.1  Introduction

Rotator cuff tears (RCTs) are a common cause 
of shoulder pain and disability. Fatty infiltration 
(FI) and muscle atrophy can be established and 
progress following RC tears, and are closely cor-
related to worse outcomes following rotator cuff 
repair. These two terms are usually used inter-
changeably. Fatty degeneration (FD) of the rota-
tor cuff muscles appears due to tendon rupture or 
less often due to nerve damage. Rotator cuff tears 
were at the beginning associated with muscle 
degeneration as reported by Goutallier et al. [1]. 
FD can involve all muscles with ruptured tendons.

In terms of RC muscles, fatty degeneration 
takes place in the whole muscle mass of supra-
spinatus, while it appears in whole infraspinatus 
only if more than 50% of the tendon is torn [1]. 
Subscapularis degenerates only in the part of the 
tendon that is ruptured. Nevertheless, severe fatty 
infiltration can appear in subscapularis too. There 
are cases when infraspinatus degenerates without 
rupture, when the supraspinatus and subscapularis 
are torn on the antero-superior side. The duration 
of symptoms seems to cause increase of fatty infil-
tration, especially of the infraspinatus muscle [1].

Infraspinatus FI is gaining interest recently, 
because it seems to be the most rapidly affected 
muscle [2, 3]. It is reported that infraspinatus 
fatty degeneration is higher when an infraspina-
tus tear exist, and worsens when multiple tendons 
are torn [4]. Age, besides the aforementioned 
duration of symptoms, is found to be a predispos-
ing factor for increased infraspinatus FI [4]. FI of 
the infraspinatus tendon can appear even without 
tendon rupture [5].

The pathogenesis and pathophysiology of FI 
and atrophy are complex and not clearly under-
stood. Tendon rupture has an important effect on 
muscle physiology, structure, and function. FI 
is characterized by increased fibrosis and fiber 
shortening while mechanical unloading and 
denervation also have been found to contribute 
to atrophy [6]. Architectural changes take place 
as a result of tendon release and musculotendi-
nous retraction [7]. Fibrous tissue and fat serve 
to fill the gap space created among muscle fibers. 
Furthermore, increased tension on the supra-
scapular nerve (SSN) may be applied by retracted 
tears of supraspinatus, causing nerve injury which 
subsequently leads to muscle atrophy [6, 8].

Although there are limited studies refusing 
association between age and FI [9], recent data 
find correlation between age and FI [2, 4, 10]. 
In a large retrospective study, evaluation of FI 
with the use of CT arthrography, in intact cuffs, 
showed a significant influence of aging on FI of 
supraspinatus, infraspinatus, and subscapularis, 
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with significant acceleration after 40 years [11]. 
Moreover, the age of 70 seemed to be a particu-
lar threshold for FI. Same conclusions were pre-
sented by Raz et  al. [12], reporting age-related 
increase of FI for supraspinatus, infraspinatus, 
and subscapularis, with earlier onset of infiltra-
tion in supraspinatus and subscapularis. In late 
stages, FI and atrophy may even be seen during 
clinical examination. Patients with massive RCTs 
and atrophy may appear with diminished external 
or internal rotation [13, 14].

10.2  Radiological and Clinical 
Implications

In terms of radiological evaluation, antero- 
posterior plain radiographs of the shoulder are 
usually ordered at initial admission, being of 
minor diagnostic occurrence for FI.  However, 
narrowing of the acromio-humeral interval may 
gradually cause muscle atrophy, especially in 
infraspinatus tendon [4]. Computed tomography 
(CT) was used by Goutallier to establish his grad-
ing system (Table  10.1) [1]. Later, Fuchs et  al. 
[15] modified this grading system with the appli-
cation of magnetic resonance imaging (MRI) 
(Table  10.2). Their modified grading system 
includes three grades of fatty infiltration based 
on Goutallier grading (0 + 1, 2, 3 + 4) (Figs. 10.1 
and 10.2). They found that interobserver repro-

ducibility turns from good to excellent by using 
their modified classification.

Two most popular systems for grading of 
RC atrophy are the occupational ratio and the 
so- called “tangent sign.” Occupational ratio, 
described by Thomazeau et  al. [16], is defined 
(Table 10.3) as the surface area of the supraspi-
natus muscle/surface area of the entire supraspi-
natus fossa (Fig.  10.3). “Tangent sign” is seen 

Table 10.1 Goutallier grading system for fatty infiltra-
tion (based on CT)

0 Normal
1 Some fatty steaks
2 More muscle than fat
3 Equal amounts of fat and muscle
4 More fat than muscle

Table 10.2 Fuchs grading system for fatty infiltration 
(based on CT and MRI)

1(0 + 1) No or some fatty steaks Normal muscle
2(2) More muscle than fat Moderate 

degeneration
3(4 + 5) As much muscle as fat or 

more fat than muscle
Advanced 
degeneration

Fig. 10.1 Goutallier stage II/Fuchs grade II (more mus-
cle than fat), MRI sagittal view

Fig. 10.2 Goutallier stage IV/Fuchs grade III (more fat 
than muscle), MRI sagittal view
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on an oblique-sagittal MRI image (“Y” view) 
and is negative if the supraspinatus crosses a 
line between the superior aspect of the coracoids 
process and the superior border of the scapular 
spine (Fig.  10.4) [17]. Tangent sign is a useful 
MR sign for atrophy of the supraspinatus muscle. 
It is worth mentioning that interobserver agree-
ment for evaluating FI in MRI is remarkably low 
according to some studies [18]. Ultrasonography 
has been also demonstrated to be a reliable 
means of diagnosing FI. Its advantages, such as 
low cost, fast and easy to perform, and dynamic 
evaluation of the RC, make it useful and pref-
erable for the patient [6]. Nevertheless, the use 
of ultrasonography by an experienced physi-
cian is of major importance for proper diagno-
sis. Ultrasonography can also predict shoulder 
 function after arthroscopic repair by evaluat-
ing morphological changes of the supraspinatus 
muscle [19].

Fatty degeneration is associated with tendon 
re-tear and postoperative muscle atrophy as well. 
As FI and muscle atrophy progress, the outcomes 

worsen. Fatty changes may negatively affect the 
clinical outcome regardless of tendon re-rupture. 
Nevertheless, both FI and muscle atrophy are 
considered as negative prognostic factors for 
shoulder function and clinical outcomes after 
repair of RC tears [20–23]. Goutallier et al. [24] 
proposed a cut-off of stage 2 according to their 
staging system for better results after repair. This 
finding was enhanced by Ohzono et al. [25] who 
reported that fatty degeneration of Goutallier 
stage 2 or more before surgery is a predispos-
ing factor for unsatisfactory outcome. In another 
study, by Gladstone et  al. [23], functional out-
come and strength of the RC were compromised 
by FI [23]. The remarkable clue of their analysis 
was that FI and atrophy of the infraspinatus were 
found to be the only preoperative factors which 
deteriorate functional scores. Patients with stage 
4 FI seem to experience much lower functional 
scores in comparison with patients with stage 
1 FI after open repair [26]. Godeneche et  al. 
[20] found that Constant scores were mainly 
 influenced by preoperative FI of supraspinatus 
and not infraspinatus. Additionally Constant 
scores were significantly lower in patients with 
stage 1 or 2 FI compared to those with stage 0. 

Table 10.3 Thomazeau grading system for RC atrophy

Grade Muscle atrophy Occupation ratio
I Normal/slight 0.6–1.0
II Moderate 0.4–0.6
III Severe <0.4

Fig. 10.3 Thomazeau grade II, MRI sagittal view

Fig. 10.4 Negative “tangent sign”—the supraspinatus 
crosses a line (green arrow) between the superior aspect of 
the coracoid process and the superior border of the scapu-
lar spine

10 Fatty Infiltration and Muscle Atrophy. What It Means and What Happens After Repair?



100

Valencia et al. [27] reported FI as a strong indica-
tor of muscle weakness and subsequent loss of 
supraspinatus strength and function in an experi-
mental study. Muscles with atrophy and FI are 
much weaker than muscles with atrophy alone.

Literature is controversial regarding the out-
come of tendon repair on infiltration progres-
sion, regardless of the success or recurrent tears. 
Probably there is a level of damage in the mus-
cles which cannot be regenerated. Therefore sur-
gery should probably be performed before a high 
grade of fatty degeneration [4, 28]. Some authors 
have reported that infiltration and atrophy remain 
irreversible or progress even in successful repairs 
[23, 29]. They believe that atrophy remains irre-
versible, or is slowed by successful repair and 
advances after failure [30, 31]. Fuchs et al. [30] 
reported no significant change of muscle atrophy 
after RC repair, and statistically significant FI 
increase, despite repair. Nevertheless, RC atro-
phy was much greater in patients who experi-
enced re-tear of RC after repair [30].

On the other hand, there are studies demon-
strating reversal or improvement of atrophy after 
RC repair. Muscles seem to show an individual 
behavior regarding infiltration and atrophy after 
repair. In a study by Gerber et  al. [32] with 
patients operated for massive RCTs, supraspina-
tus atrophy was slightly improved, while infra-
spinatus atrophy deteriorated even in successful 
repairs. In an experimental study in sheep, mus-
cle atrophy was found to be partially reversible 
at 35 weeks following repair [33]. Butt et al. [34] 
demonstrated that atrophy is reversible follow-
ing repair, since the mean cross-sectional area 
of muscle fibers of supraspinatus increases after 
repair. In a retrospective study, Fabbri et al. [35] 
compared two groups of patients with medium 
to large RCTs and found that surgery can stop 
muscular degenerative changes. They reported no 
progression of the muscle atrophy in the opera-
tive treatment group, while significant worsening 
was observed in the nonoperative group [35].

Improvement of muscle atrophy and FI can 
appear at 2 years after surgery, more than initially 
after operation according to the results of a study 
by Hamano et al. [36]. MRI findings confirmed 
the regeneration of muscle fibers at 2 years, while 

patients with improved FI experienced a better 
range of motion in flexion and abduction.

Nonoperative treatment is also proposed by 
some authors for RC tears. Success of nonop-
erative treatment seems to depend on FI of RC 
muscles. Jain et al. [37] reported that the absence 
of FI along with shorter duration of symptoms 
have more favorable outcomes in nonoperative 
treatment of RC tears.

10.3  Summary

In conclusion, fatty infiltration seems to be a pro-
gressive, aging process of the muscles. Trauma 
and/or rupture initiate, accelerate, or worsen this 
process. Rotator cuff repair after rotator cuff tear 
probably stops this degeneration process, improv-
ing or even sometimes reversing the established 
muscle atrophy.
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Pseudoparalysis: Pathomechanics 
and Clinical Relevance

Emmanouil Brilakis and Dimitrios Gerogiannis

11.1  Introduction

Shoulder pseudoparalysis has been one of 
the most debatable issues in recent literature. 
Different opinions have been proposed for the 
definition of this condition, ranging from active 
forward flexion less than 90° due to massive rota-
tor cuff (RC) tear [1–5] to no active elevation 
[6]. The same controversy also exists regarding 
the treatment options. Several treatment options 
have been proposed including conservative treat-
ment [7], partial or complete RC repair [3, 4, 
8], reverse total shoulder arthroplasty [1, 5, 9], 
tendon transfers [10], and more recently superior 
capsular reconstruction (SCR) [11–13].

Gschwend et al. were the first who mentioned 
the term pseudoparalysis and made the correla-
tion between massive RC tears and decreased 
shoulder motion [14]. Massive RC tears (at least 
two tendons fully torn or tear dimension >5 cm) 
comprise approximately 20% of all RC tears but 
the clinical presentation may vary [15]. Some 
patients preserve their function with a full range 
of motion (ROM), limited pain, and small restric-
tions mainly due to the loss of strength, while 
others appear debilitated with nearly no shoulder 
motion and pain of different grades. In order to 

use the term pseudoparalysis, neurologic entities 
as well as cervical radiculopathy or axillary nerve 
damage must be excluded as they could provoke 
true paralysis because of deltoid and other para-
scapular muscle dysfunctions.

11.2  Definition

Shoulder pseudoparalysis should be defined as 
the clinical presentation of a patient with massive 
RC tear when shoulder active forward flexion is 
less than 45° with full passive range of motion. 
For the definition of pseudoparalysis, the absence 
of pain should be emphasized, because pain often 
may be the source of this limitation (Fig. 11.1). 
The shoulder inability for forward flexion could 
be described as a shoulder shrug, mainly pro-
duced from the scapulothoracic motion. In order 
to exclude pain as the main cause of the decreased 
elevation, a local anesthetic injection before the 
clinical evaluation has been proposed [6, 11].

As mentioned before, many articles refer to 
shoulder pseudoparalysis as shoulder elevation 
less than 90° with maintained passive motion 
without any pain reference. However, more 
recent articles [11, 27] clarify the term “pseudo-
paralysis” more rigorously. Burks et al. described 
the pseudoparalytic shoulder with 45° of eleva-
tion, unaffected passive motion, and also sug-
gest that the condition should be chronic and 
with atraumatic onset [27]. Moreover, they also 
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mentioned that the massive RC tear should be 
 combined with at least grade 2 fatty infiltra-
tion according to Goutallier classification [16]. 
Tokish et al. proposed two different terms, “pseu-
doparalysis” and “pseudoparesis” [6]. The term 
“pseudoparalysis” for patients with massive RC 
tears, 0° of active elevation and full passive ele-
vation with anterior–superior escape, after injec-
tion of local anesthesia in order to eliminate the 
pain. The term “pseudoparesis,” which was first 
mentioned by Werner et al., is for patients with 
massive RC tears, less than 90° anterior eleva-
tion with normal passive motion and no anterior–
superior escape after the local anesthetic injection 
[5]. The authors also proposed the terms “exter-
nal rotation (ER) pseudoparalysis” referring to 
patients without active ER, with ER lag and full 
passive ER and “external rotation (ER) pseudo-

paresis” for patients who can achieve active ER 
to neutral position but not in 30° of abduction. 
Burkhart and Hartzler suggested a shoulder shrug 
as a shoulder with profound pseudoparalysis, 
meaning less than 45° of active elevation, with 
full passive elevation after an injection of local 
anesthetic, making no reference to chronicity 
of the tear or the presence of anterior–superior 
escape [11, 17]. Finally, Mihata et  al. divided 
pseudoparalysis to moderate and severe [12]. 
“Moderate pseudoparalysis” was defined as free 
passive ROM, less than 90° of active shoulder 
elevation but patients can maintain more than 
90° elevation if the shoulder is brought to this 
position passively. On the other hand, “severe 
pseudoparalysis” was used for patients with free 
passive motion, less than 90° of shoulder active 
elevation and positive drop-arm test. Pain and the 
degree of muscle weakness could be a cause of 
the restricted active elevation in moderate pseu-
doparalysis; severe muscle weakness was high-
lighted as the main source of limited elevation in 
severe pseudoparalysis.

11.3  Biomechanics 
of Pseudoparalysis

Biomechanics of the pseudoparalytic shoulder 
is very interesting since the clinical relevance of 
massive RC tears could vary significantly, from 
patients with almost a full range of active motion 
to disabled patients with nearly no active motion 
of the shoulder. The answer to this controversy 
is found when considering the biomechanical 
function of the rotator cuff. Its main function 
is to create a balanced force couple around the 
glenohumeral joint. Coronal and transverse force 
couples are created between the subscapularis 
(SSC) anteriorly and the infraspinatus (IS) and 
teres minor (TM) posteriorly. This equilibrium 
centralizes the humeral head to the glenoid and 
allows the RC muscles to provide stability, act-
ing as a stable fulcrum, for assisting the deltoid 
to elevate the arm. In massive RC tears, this 
equilibrium is disrupted creating unbalanced 
force couples and instability during active shoul-
der motion. During the deltoid contraction, the 

Fig. 11.1 Clinical presentation of pseudoparalysis. This 
patient has painless inability to actively flex forward his right 
arm over 45°. The absence of pain should be emphasized, 
because pain often may be the source of this limitation
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humeral head migrates superiorly (cranially) as a 
result of the absence of the RC stabilizing action, 
leading to anterior–superior escape and eventu-
ally to limited shoulder active motion. There are 
several biomechanical analyses in the literature 
which attempt to specify the main source of pseu-
doparalysis in massive tears. The integrity of RC 
cable [2], the RC tear pattern [18], the volume 
of RC musculature [19], and the fatty infiltration, 
as well as the continuity of the superior capsule 
[20] have been highlighted as the key points of 
pseudoparalysis.

Denard et  al. tried to find the connection 
between rotator cable integrity and pseudoparaly-
sis [2]. The cable is a thickening of the RC right 
before its insertion to the humeral head. Forces 
are distributed through the cable, which acts as 
a suspension bridge, to its anterior and posterior 
attachments bypassing a potential RC tear. The 
anterior attachment of the rotator cable bifurcates, 
and the anterior portion passes over the biceps 
tendons before attaching to the lesser tuberosity, 
while the posterior portion of the anterior attach-
ment inserts just posterior to the bicipital groove. 
The posterior attachment consists of the inferior 
part of infraspinatus insertion [21]. Denard et al. 
also studied the rotator cable attachments integ-
rity in 127 patients with massive RC tears, 24 with 
pseudoparalysis and 103 with forward flexion 
more than 90° [2]. A tear that involved more than 
50% of subscapularis insertion was defined as 
disruption of the anterior attachment while a tear 
of 100% of infraspinatus insertion was defined 
as disruption of posterior attachment. When both 
rotator cable attachments were intact the percent-
age of pseudoparalysis was zero. In the cases with 
one attachment disruption (anterior or posterior) 
pseudoparalysis was detected in 14.7% and when 
both attachments were disrupted pseudoparalysis 
was present in 44.8% of the cases.

Collin et  al. examined the relationship 
between RC tear pattern and pseudoparalysis in 
100 patients with massive RC tears, fatty infiltra-
tion beyond Goutallier stage 3 and without sig-
nificant glenohumeral arthritis (lower than grade 
3 according to Hamada classification [22]). The 
RC was divided into five elements: superior sub-
scapularis, inferior subscapularis, supraspinatus 

(SS), infraspinatus, and teres minor (Fig.  11.2). 
The pattern of the RC tear was also classified into 
five types. Type A consists of supraspinatus and 
superior subscapularis tears; type B supraspinatus 
and entire subscapularis tears; type C supraspi-
natus, superior subscapularis, and infraspinatus 
tears; type D supraspinatus and infraspinatus 
tears; and type E supraspinatus, infraspinatus, and 
teres minor tears (Fig. 11.3). Pseudoparalysis was 
detected in 0% of patients with type A tears; in 
80% of the patients with type B; 45.5% with type 
C; 2.9% with type D; and 33.3% with type E tears, 
respectively. Based on the results, the authors 
stated that subscapularis tears, especially those 
of the inferior portion, is the main contributing 
factor for developing pseudoparalysis and sub-
scapularis repair is crucial for revering it [18]. The 
significantly high percentage of pseudoparalysis 
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Fig. 11.2 Collin et al. examined the relationship between 
the RC tear pattern and pseudoparalysis [18]. The RC was 
divided into five elements: (I) superior subscapularis, (II) 
inferior subscapularis, (III) supraspinatus, (IV) infraspi-
natus, and (V) teres minor
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in group B could be explained by the fact that a 
tear of inferior subscapularis represents a disrup-
tion of the anterior rotator cable attachment. This 
study also concluded that the dysfunction of three 
RC muscles, as they were previously divided, is a 
risk factor for pseudoparalysis.

In another biomechanical study, the volumes 
of the RC muscles and their ratio were measured 
in order to investigate the effect of a massive 
RC tear to active shoulder motion [19]. The vol-

umes of subscapularis, divided into the superior 
and inferior parts, supraspinatus, infraspina-
tus, and teres minor, and their ratios were mea-
sured on MRI scan in 53 patients with massive 
irreparable RC tears (22 pseudoparalytic and 31 
nonpseudoparalytic). The same measures were 
conducted in a control group of 25 individu-
als with no RC pathology. While an imbalance 
in the anterior to posterior cuff muscle volume 
ratio (SSC/IS + TM) was noticed in all patients 

Type A Type B Type C

Type D Type E

Fig. 11.3 The pattern of the RC tear is classified into five 
types according Collin et al. and the relationship between 
the tear pattern and pseudoparalysis was evaluated [18]. 
Type A: supraspinatus and superior subscapularis tears. 

Type B: supraspinatus and entire subscapularis tears. Type 
C: supraspinatus, superior subscapularis, and infraspina-
tus tears. Type D: supraspinatus and infraspinatus tears. 
Type E: supraspinatus, infraspinatus, and teres minor tears
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with massive RC tears, there was no significant 
difference between the pseudoparalytic and the 
nonpseudoparalytic group. On the contrary, the 
relationship between the decreased volume of 
inferior subscapularis and infraspinatus and the 
development of pseudoparalysis were statisti-
cally significant. The importance of subscapu-
laris tear was again emphasized by the fact that 
81% of patients with inferior subscapularis tear 
developed pseudoparalysis.

11.4  Management of Patients 
with Pseudoparalysis

The abovementioned controversy that exists on 
the definition and also the complexity of pseu-
doparalysis’ biomechanics clarifies why so many 
different treatment options have been proposed. 
Partial or complete RC repair, reverse shoulder 
arthroplasty and superior capsular reconstruction 
with allograft or fascia lata autograft have been 
proposed in the recent literature as solutions for 
patients with massive RC tears and pseudopa-
ralysis. Other factors besides tear size, such as 
tendon mobility, fatty infiltration of RC muscles 
[16, 23], tendon retraction based on Patte classifi-
cation [24], and chronicity of the tear could influ-
ence the surgeons for selecting proper treatment. 
It should be mentioned that a study by Levy et al. 
reported significant increase of forward eleva-
tion in patients with massive RC tear (from 40° 
preoperatively to 160° postoperatively) with a 
9-month-duration rehabilitation program of the 
anterior deltoid [7]. However, these patients had 
significant pain which could be the reason for 
motion limitation. In those patients, the rehabili-
tation program, in addition to the local injections 
used, might increase the forward elevation by 
pain elimination.

Reverse shoulder arthroplasty (RSA) has been 
stated as the “gold standard” for the treatment 
of RC arthropathy. In the case of an irreparable 
RC tear and significant osteoarthritic changes 
(greater than grade 4 according to Hamada clas-
sification), reverse shoulder arthroplasty provides 
a reliable solution [25]. Rotator cuff dysfunction 
leads to an unbalanced force couple in coronal 

plane, resulting in superior migration of the 
humeral head from the deltoid pull. The “reverse 
ball and socket” design provides the stable ful-
crum for assisting the deltoid to elevate the shoul-
der, while anatomic total shoulder arthroplasty 
and hemiarthroplasty cannot compensate this 
biomechanical instability and less satisfactory 
results have been recorded [26]. The indications 
for RSA have been widely expanded nowadays 
and the RSA has been stated as well as the “gold 
standard” for the treatment of pseudoparalysis 
due to massive RC tear providing good outcomes 
in both, pain relief and motion restoration [1, 6, 
9, 26–29]. Many surgeons supporting RSA, pro-
pose a rehabilitation program which should start 
preoperatively, even as long as 6 months.

Werner et al. was the first who evaluated the 
results of reverse shoulder arthroplasty in patients 
with painful pseudoparesis, defined as active 
shoulder elevation less than 90° with full passive 
motion, due to massive irreparable RC tear [5]. 
Both primary and revision cases were included 
(17 and 41, respectively) and good results were 
recorded as far as the pain relief, the active for-
ward elevation (from 42° to 100°), and the con-
stant score (from 29% to 64%) were concerned. 
The complication rate was higher than other 
studies (50%), but the author attributed this to the 
fact that even hematoma was recorded as a com-
plication. It was mentioned that only in 6 of 29 
patients with complication, revision or removal 
of prosthesis was required.

Mullieri et  al. studied 58 patients (60 shoul-
ders) with massive RC tear and no significant 
arthritis (Hamada stage 3 or less) who underwent 
RSA [9]. Fifty-six shoulders (93%) had less than 
90° of elevation preoperatively, while all shoul-
ders had free passive motion. Functional and pain 
scores improved significantly, forward flexion 
increased from 53° to 134°, and the complication 
rate was 20%. The author concluded that RSA 
is able to reduce pain and restore shoulder func-
tion in patients suffering from massive tears, with 
<90° forward elevation and no glenohumeral 
arthritis with or without antero-superior escape.

RC repair can also be used for the treatment of 
pseudoparalysis in the case of massive tears with-
out arthritis. Undoubtedly, the repair of a massive 
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tear could be challenging even for experienced 
shoulder surgeons and advanced techniques, as 
anterior and posterior slides may be required. 
However, a small proportion of RC tears is irrep-
arable. Denard et al. published his results for the 
treatment of pseudoparalysis (defined as less 
than 90° active forward elevation with normal 
passive ROM) with RC repair [3]. After 1-year 
follow- up, 95% reversal of pseudoparalysis was 
detected regardless of the tendon’s fatty infiltra-
tion. It should be mentioned that in the total num-
ber of patients with a fatty degeneration of grade 
3 or more, pseudoparalysis was reversed. On the 
other hand, the duration of pseudoparalysis was 
relatively small (3.9 ± 5.6 months before surgery) 
and acute in 80% of the cases. The percentage 
of pseudoparalysis reversal seems to be signifi-
cantly different between primary and revision RC 
repairs. In a comparative study, 90% of pseudopa-
ralysis was reversed in primary repairs compared 
to 43% in revision cases [8]. However, the mean 
duration of pseudoparalysis was significantly 
longer in revision cases (20.8 months) than in pri-
mary ones (4.6 months) and that may influence 
tendons’ reparability. Oh et al. compared patients 
with massive RC tears with and without painful 
pseudoparalysis preoperatively [4]. Functional 
scores and ROM did not differ significantly 
postoperatively among the two groups apart 
from the constant score, specifically the strength 
measurement, and the active forward elevation. 
24.1% of patients with pseudoparalysis failed to 
achieve active elevation more than 90°. A cost-
related study of RC repair and arthroplasty was 
contacted in patients with massive RC tears and 
pseudoparalysis with no arthritic changes. Three 
case scenarios were studied: (1) arthroscopic cuff 
repair (ACR) with an option to arthroscopic revi-
sion, (2) ACR with conversion to RSA in case of 
failure, and (3) primary RSA. Arthroscopic RC 
repair with conversion to RSA was proved to be 
the most cost-effective solution.

Recently, superior capsular reconstruction 
demonstrates extremely promising results in 
patients with “true” pseudoparalysis (active ele-
vation >45° with normal passive motion). SCR 
is documented to restore the shoulder function in 
massive irreparable RC tears with osteoarthritic 

changes less than grade 3 of Hamada classifica-
tion. The biomechanics of this innovative tech-
nique is the restoration of the superior instability 
of massive tears by adding a biologic constraint 
[20]. This constraint represents the stable ful-
crum which is amenable for deltoid normal func-
tion. Burkhart and Hartzler studied the results of 
SCR, using allograft, in pseudoparalytic patients 
with irreparable RC tears and minimum arthritis 
[11]. Pseudoparalysis was defined as an active 
elevation >45° with full passive elevation after 
pain elimination with a local anesthetic injection. 
Ninety percent of the patients (nine out of ten) 
succeeded in restoring active forward elevation 
(from 27° to 159°). Only in one patient (10%) 
pseudoparalysis was not reversed, but this patient 
also suffered from cervical radiculopathy with 
deltoid weakness. Mihata et al. divided patients 
with irreparable RC tears into three groups and 
studied the results of SCR with fascia lata graft 
[12]. The three groups were: (1) No pseudopa-
ralysis, (2) moderate pseudoparalysis with no 
stiffness and shoulder active elevation <90° but 
not drop-arm sign, and (3) severe pseudoparaly-
sis with active elevation <90° and positive drop- 
arm test. Pseudoparalysis was reversed in 96.4% 
of patients with moderate pseudoparalysis (27 of 
28) and in 93.3% with severe pseudoparalysis 
(14 of 15). Both the patients who remained with 
pseudoparalysis had graft tears in the MRI per-
formed. ROM and functional scores did not have 
significant differences among the three groups 
postoperatively. The authors concluded that SCR 
is able to reverse pseudoparalysis if the graft does 
not fail.

The supporters of joint replacement tech-
niques argue that RC repair can restore the shoul-
der function only in patients with active shoulder 
elevation just less 90° and not in “true” pseudo-
paralysis. Moreover, there are some massive tears 
that are not amenable even for a partial repair. 
It was stated that RSA might be the only solu-
tion for patients with true pseudoparalysis due to 
an irreparable RC tear. SCR demonstrates very 
promising results for the treatment of pseudopa-
ralysis in patients with irreparable RC tears with-
out significant glenohumeral arthritis. Taking into 
account the low complication rate, SCR seems to 
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be a reasonable and reliable treatment for pseu-
doparalytic patients. However, it is technically 
quite a demanding procedure and its results on 
pseudoparalysis must be reproducible in further 
studies.

11.5  Conclusion

Pseudoparalysis is a very challenging condition 
for a shoulder surgeon to treat. The definition and 
the biomechanics of this entity vary significantly, 
rendering the diagnosis and the management dif-
ficult and patient specific. The optimal treatment 
for pseudoparalytic patients should be individu-
alized for each patient, since there are many fac-
tors that influence the surgeons’ selection.
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12.1  Introduction

The term “cuff tear arthropathy” was first described 
by Neer in 1983 [1] as a “peculiar lesion of the gle-
nohumeral joint because of the unique anatomy of 
the rotator cuff.” Neer claimed that both biological 
and mechanical factors were responsible for the 
development of cuff tear arthropathy. A massive 
rotator cuff tear is the initial event causing inactiv-
ity and disuse of the shoulder, leakage of the syno-
vial fluid, and loss of normal joint pressure as well 
as instability of the shoulder. Its consequences 
are atrophy of the glenohumeral cartilage, dis-
used osteoporosis of the humeral head, and supe-
rior migration of the humeral head that primarily 
impinges on acromion. Subsequently, the humeral 
head erodes the acromion, the acromioclavicular 
joint, and eventually the glenoid. Finally, the soft, 
atrophic humeral head collapses and forms the 
complete syndrome of cuff tear arthropathy with 
complete joint destruction.

12.2  Rotator Cuff Arthropathy 
Classification

Characteristic radiographic changes accompany 
the progression of massive rotator cuff tears 

(MRCT) to cuff tear arthropathy and have been 
reported since Codman’s study in 1934 [2]. These 
changes include the narrowing of the acromio-
humeral interval (AHI) and degenerative changes 
of the humeral head and the tuberosities, the acro-
mion, the acromioclavicular joint, and the gle-
noid [1, 3]. Based on these radiographic changes, 
Hamada et  al. [3] proposed five stages of mas-
sive rotator cuff tears (Figs. 12.1, 12.2, 12.3, 12.4 
and 12.5) [4]. In stage I, the AHI was more than 
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Fig. 12.1 Hamada classification grade 1 is characterized 
by an acromiohumeral interval more than 6  mm. 
(Reproduced from Brolin et al. [4])
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Fig. 12.2 Hamada classification grade 2 shows an acro-
miohumeral interval less than 5 mm. (Reproduced from 
Brolin et al. [4])

Fig. 12.3 Hamada classification grade 3 shows the acro-
mial acetabulization. (Reproduced from Brolin et al. [4])

Fig. 12.4 Hamada classification grade 4 shows the addi-
tion of glenohumeral narrowing. (Reproduced from 
Brolin et al. [4])

Fig. 12.5 Hamada classification grade 5 is characterized 
by the development of humeral head collapse. (Reproduced 
from Brolin et al. [4])
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6  mm while it was 5  mm or less in stage 2. In 
stage 3, acetabulization of the acromion undersur-
face (excavating deformity or deformity formed 
by the excessive spur along the coracoacromial 
ligament) was added to the stage 2 features. In 
stage 4, narrowing of the glenohumeral joint was 
added to the stage 3 characteristics. Stage 5 com-
prised instances of humeral-head collapse. The 
last stages included radiological changes to the 
glenohumeral joint generally referred to as rotator 
tear arthropathy. In 2005, Walch et al. divided the 
Hamada grade 4 classification into two subtypes. 
In grade 4A, they noted the narrowing of the gle-
nohumeral joint without subacromial acetabuliza-
tion and in grade 4B, they observed the narrowing 
of the glenohumeral joint in the setting of sub-
acromial acetabulization [5].

Although the Hamada classification includes 
glenohumeral joint changes, it does not address 
morphological erosions in the glenoid. These 
erosions are classified into four types by Sirveaux 
et al. [6]. Type E0 has proximal migration of the 
humeral head without glenoid erosion. Type E1 
has concentric erosion, type E2 has erosion of 
the superior part of the glenoid, and type E3 has 
erosion that extends to the inferior portions of 
the glenoid.

The Seebauer classification defines four 
groups distinguished by the degree of superior 
migration of humeral head from the center of 
rotation and the extent of instability (Fig. 12.6) 
[7]. The classification is based on the biomechan-
ics of the joint to aid in the decision-making of 
the implant type and the goals of reconstruction 
during the late stages of cuff tear arthropathy [8].

12.3  Searching for the Limits

12.3.1  Treatment Options

Historically, cuff tear arthropathy has been difficult 
to treat. Furthermore, it is especially difficult to set 
the limit for repair of the massive rotator cuff tear 
with or without radiographic changes in order to 
address the pathology and try to avoid the develop-
ment of this condition. Treatment options besides 
conservative treatment include arthroscopic repair 

with debridement, subacromial decompression 
and biceps tenotomy, partial or complete rotator 
cuff repair, tendon transfer, various grafting and 
tendon augmentation techniques, superior cap-
sular reconstruction, and reverse shoulder arthro-
plasty (RSA). While rotator cuff arthropathy at the 
end stage is an undisputable indication of reverse 
shoulder arthroplasty, the optimal treatment for 
patients with MRCT in the absence of arthritis or 
with early arthritic changes remains controversial 
and at the same time set up the limit between the 
repair and the arthroplasty. On the contrary, when 
a massive rotator cuff is reparable without evi-
dence of glenohumeral arthritis, it is a clear indi-
cation for repair.

12.3.2  Tendon Reparability 
and Healing Potential

Therefore, one of the critical points is the tendon 
reparability and there are several factors that con-
tribute to a successful rotator cuff repair. These 
factors include the patient’s age and health, the 
size and chronicity of the tear, the retraction and 
fatty infiltration of the remaining cuff tissue as 
well as the surgeon’s skills and experience [9–14]. 
Additionally, several factors such as poor tendon 
quality and patient’s comorbidities can affect 
healing potential even in cases where anatomic 
repair is achieved [15–18]. However, in cases of 
chronicity, a complete anatomic repair may not be 
possible due to severe retraction and poor tendon 
quality [19]. Patient’s health and the presence of 
comorbidities such as smoking and diabetes may 
lead to poor potential for healing after repair. 
Such patients can be good candidates for reverse 
shoulder arthroplasty especially if they are older 
than 65  years old [16–18]. Patient’s age is one 
of the most important factors considered while 
making decisions for repair or arthroplasty. While 
multiple reports in literature have shown RSA to 
be a reliable procedure with good outcomes in 
patients more than 65 years of age [20–23], being 
younger seems to be a risk factor for lower sat-
isfaction rates [20] and poor functional improve-
ment after RSA in the specific setting of MRCT 
without arthritis in patients aged <60 [24].
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12.3.3  Complete or Partial Repair

Henry et  al. performed a meta-analysis of 
954 patients with chronic MRCT with a mean 
age of 63, who underwent either complete 
(81%) or partial (19%) arthroscopic rota-
tor cuff repair. The results of this systematic 
review demonstrate that either complete or 
partial arthroscopic repair is associated with 
an improvement in pain, range of motion, and 
functional outcome scores. However, on imag-

ing, the retear rate of 79% is considered high. 
Moreover, reasonable short-term results are 
reported in literature with partial repair and 
in the absence of healing [10, 25, 26]. Thus, 
a chronic MRCT even in elderly patients in 
whom the probability of achieving complete 
anatomic repair and healing are not promising 
may not be considered a limitation to attempt 
an RCT repair. Other authors demonstrated that 
the presence of a retear negatively affected the 
clinical outcomes following rotator cuff repair 

Fig. 12.6 Seebauer classification of rotator cuff arthrop-
athy. Type IA is characterized as centered and stable. Type 
IB is characterized as centered and medialized. Type IIA 

is characterized as decentered, limited, and stable. Type 
IIB is characterized as decentered and unstable. 
(Reproduced from Domiziano Coppacchioli et al. [7])
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and refute the widely held belief that patients 
typically perform well regardless of the repair 
integrity following rotator cuff repair [27].

12.3.4  Superior Capsule 
Reconstruction

Patients in whom rotator cuff is irreparable 
without advanced cuff arthropathy, partial 
repair may be an option [28]. However, alterna-
tive modern treatments include superior capsule 
reconstruction that was originally described by 
Mihata et al. in 2013 [29] and similar, recently 
described, techniques such as superior capsule 
reconstruction with autograft such as fascia 
lata [30], semitendinosus [31] and biceps ten-
dons [32], or synthetic graft [33]. Significant 
improvements have been noticed over preopera-
tive levels in the short-term follow-up regardless 
of whether autografts or allograft were used. 
However, structural repair failures seem to be 
more common in allografts in comparison to 
autografts with negative effects on the final clin-
ical results [34–36]. Favorable short- term out-
comes have been reported after superior capsule 
reconstruction [34–39] and should be an avail-
able technique to our armamentarium in order to 
expand the limits of repair.

12.3.5  Reverse Shoulder 
Arthroplasty and Limitations

Patients with a massive irreparable rotator cuff 
tear without glenohumeral arthritis can be con-
sidered as candidates for a reverse shoulder 
arthroplasty with improvement in the range of 
motion, functional scores and in reduction of 
pain. However, the reported complication rates 
range between 17% and 20% [24, 40]. A system-
atic review of the literature by Petrillo et al. eval-
uated 408 reverse shoulder arthroplasties in 396 
patients that were all performed for either rotator 
cuff tear arthropathy or massive, irreparable rota-
tor cuff tear. Statistically significant improvement 
was observed in all clinical outcomes according 
to scores and improved range of motion, but they 

also found an overall complication rate of 17.4%, 
resulting in a revision rate of 7.3% [41].

High preoperative functionality is a poor 
prognostic factor for treatment with arthroplasty 
especially in patients with high simple shoulder 
test score (SST  >  7) and high ASES [24, 42]. 
Werner et al. observed a large group of patients 
who underwent RSA with baseline and minimum 
2-year follow-up outcome data to evaluate the 
association of patient-related factors with poor 
postoperative improvement after RSA.  They 
reported that surrogates for better preoperative 
function, such as a higher baseline ASES score 
and intact rotator cuff at the time of surgery, cor-
related with poor postoperative improvement 
after RSA.  Furthermore, male sex, depression, 
and the total number of medical comorbidities 
also correlated with poor postoperative improve-
ment [42]. Hartzler et  al. found that young age 
(<60 years), preoperative upper extremity neuro-
logic dysfunction, and high preoperative function 
(SST > 7) were independent risk factors for poor 
functional improvement after RSA [24]. Finally, 
Boileau et al. reported that RSA in patients with 
active anterior elevation greater than 90° preop-
eratively risks lower patient satisfaction and a 
reduction in active anterior elevation postopera-
tively [43].

12.3.6  Revision Surgery

Previous failed rotator cuff surgeries can limit 
revision rotator cuff repair surgery due to lack 
of good functional outcomes after 6 months, 
high retear rates, increased pain with daily 
activities, lower activity level, and decreased 
overall satisfaction 2 years postoperatively 
compared to primary cuff repair surgeries [44]. 
Additionally, a revision surgery can reverse 
pesudoparalysis to less than 50% of patients 
with massive rotator cuff tears [45]. However, 
a previous repair attempt is not a negative prog-
nostic factor in terms of outcomes and survi-
vor rates for reverse shoulder arthroplasty [46]. 
Severe atrophy and fatty infiltration and in gen-
eral poor tissue quality lead to poor results after 
an attempt for repair [47–49]. Severe instability 
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in patients with massive rotator cuff tear appear 
as anterosuperior escape in clinical examina-
tion while the patients trying to abduct the arm 
could indicate reverse arthroplasty even in the 
absence of arthritis in radiographs [16].

12.3.7  Pseudoparalysis

Pseudoparalysis should not be considered as an 
unwalkable limit for repair. Initial arthroscopic 
rotator cuff repair and superior capsule recon-
struction have been shown to be effective in 
patients with pseudoparalysis. More specifi-
cally, Mihata et  al. [50] published a case series 
of patients with irreparable rotator cuff tears 
who underwent arthroscopic SCR with fascia 
lata autografts and reported that pseudoparalysis 
was reversed in 96% of patients with preopera-
tive moderate pseudoparalysis and 93% with pre-
operative severe pseudoparalysis. Denard et  al. 
concluded that arthroscopic rotator cuff repair of 
MRCT with advanced mobilization techniques 
can lead to reverse of preoperative pseudoparaly-
sis in 90% of patients who have not had previ-
ous surgery. However, in the setting of a revision 
arthroscopic rotator cuff repair and pseudoparal-
ysis, only 43% of patients regained forward flex-
ion above 90° [45]. Moreover, Oh et al. reported 
recovery from pseudoparalysis after rotator cuff 
repair in 76% of patients while postoperative 
function and cuff healing were not observed to 
be different according to the presence of pseu-
doparalysis. They also concluded that due to 
possible complications and longevity of RSA, 
rotator cuff repair should be the first-line treat-
ment option for large to massive tears regardless 
of the presence of pseudoparalysis, and reparabil-
ity should be confirmed intraoperatively and not 
judged solely based on preoperative criteria [51]. 
On the other hand, other authors mentioned that 
a patient being considered for RSA should have a 
painful, irreparable rotator cuff tear and evidence 
of pseudoparalysis with active forward elevation 
less than 90° [40, 52].

12.3.8  Repair Is a More Cost-Effective 
Initial Treatment

Makhni et al. [53] analyzed the cost effective-
ness of RSA versus arthroscopic rotator cuff 
repair in patients over 65 years with symptom-
atic large or massive rotator cuff tear without 
arthropathy and found that arthroscopic rotator 
cuff repair despite high rates of tendon retearing 
can be a more cost- effective initial treatment 
strategy when compared to primary RSA and 
when assuming no detrimental impact of previ-
ous surgery on outcomes after arthroplasty. Due 
to similar clinical outcomes in patients after 
rotator cuff repair (with or without subsequent 
retear) as well as RSA, rotator cuff repair repre-
sented a more cost- effective option because of 
the higher cost of implants and in-patient hos-
pital stay with RSA. The same analysis found 
that only under high progression rates from 
symptomatic retear to end-stage CTA (and in 
the base case of 68.5% retear likelihood after 
repair) was RSA, a cost- effective primary treat-
ment option. More specifically, RSA is only 
more cost-effective than rotator cuff repair if 
nine of ten (approximately 90%) patients who 
retear after repair progress to CTA.  Finally, 
they also found that in patients with retear after 
rotator cuff repair, RSA is the preferred treat-
ment modality at ASES if they are aged 55–69 
or lower.

12.4  Conclusion

The limits for repair in young, healthy patients 
with MRCT can be expanded in the absence of 
arthritis. The best candidates are patients with 
reparable tendons and good healing potential 
without comorbidities and with high preopera-
tive function and active anterior elevation greater 
than 90°. However, pseudoparalysis should not 
be considered as an unwalkable limit for repair. 
Previous failed rotator cuff surgeries and severe 
anterosuperior instability can set limitations for 
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repair. Superior capsular reconstruction may be 
a good option for patients without arthritis with 
irreparable MRCT and those who suffer from 
pseudoparalysis and isolated anterosuperior 
escape. Despite the good outcomes after RSA, 
we must set a limitation against its wide use 
especially in patients without arthropathy due to 
potential complications and implant survivability 
and less cost-effectiveness. Each treatment must 
be individualized for each patient. Future stud-
ies should closely examine the long-term func-
tional outcomes after both arthroscopic repair 
and RSA for MRCT and early stages of rotator 
cuff arthropathy.
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Suprascapular Nerve Release:  
Fact or Fiction

Bartlomiej Kordasiewicz, Michał Janyst, 
and Andrzej Boszczyk

13.1  Introduction

The suprascapular nerve (SSN) pathology is a 
uncommon clinical diagnosis, however its inci-
dence alone or in association with some other 
concomitant pathologies has been recently 
reported more regularly [1–3]. Anatomy of SSN 
makes it susceptible to compression or traction 
injuries [4–6]. In recent years it was reported as 
an important cause of shoulder pain in overhead 
athletes, often as a gradually progressing “cum-
mulative neuropraxia” [7]. Another investigated 
subject in recent studies, as well as in this chap-
ter, remains a correlation between SSN pathol-
ogy and massive rotator cuff tears (RCT) [8, 9].

13.2  Anatomy

SSN is formed by the ventral rami of C5, C6 and 
sometimes C4 roots. The nerve courses laterally 
through the posterior cervical triangle deep to the 

trapezius and omohyoideus muscles, then passing 
though the foramen formed by the suprascapular 
notch and its roof—transverse scapular ligament 
(TSL). This bone and ligamentous structures can 
have many anatomical variants creating risk for 
potential nerve entrapment [6]. The SSN passes 
under TSL and major supraspinatus nerve branch 
arises usually distal, however possibly also proxi-
mal to the ligament. In this area some motor sen-
sory branches arise to supply the supraspinatus 
muscle, glenohumeral and acromioclavicular 
joint. Also the small cutaneous branch arising in 
TSL area supplies posterior—infraspinatus and 
scapular spine region of the shoulder [10]. The 
nerve continuous through the spinoglenoid notch 
under spinoglenoid ligament winding around the 
lateral border of the scapular spine to enter the 
infraspinatous fossa. The spinoglenoid ligament 
is quadrangle in shape and extends from the pos-
terior glenoid neck and glenohumeral capsule 
to insert into the scapular spine [11]. The SSN 
terminates in two motor branches to the infraspi-
natus muscle and smaller branches to the gleno-
humeral joint and scapula.

13.3  Pathophysiology

In 1886 Dörrien presented the first case of an 
isolated SSN lesion [12]. In 1959 Kopell and 
Thompson described suprascapular neuropathy 
at the suprascapular notch and in 1982 Aiello 
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et al. presented two points of entrapment: at the 
suprascapular notch at the spinoglenoid notch 
[13, 14]. Various ethologies of the SSN patholo-
gies have been presented. Direct trauma to SSN 
is very rare, but reported as iatrogenic injury or 
as a result of fracture [15, 16]. Parsonage-Turner 
Syndrome, a rare neurological entity of unknown 
reason, also should not be forget, as this is usually 
self-limiting disease and if correctly diagnosed 
using electromyographic (EMG) studies—surgi-
cal intervention can be avoided [17, 18]. Despite 
these above described rare conditions, the usual 
two anatomic sites of compression can generate 

two separate clinical entities. A compression at 
the suprascapular notch generally leads to weak-
ness of both the supraspinatus and infraspinatus 
(Fig.  13.1). A compression at the spinoglenoid 
notch leads to isolated infraspinatus weakness 
(Fig.  13.2). It is believed that addressing the 
problem (usually TSL at the suprascapular notch 
and paralabralcyst at the spinoglenoid notch) can 
resolve the compression. According to recent 
reports, more usual and more probable reasons of 
SSN pathology could be divided into compres-
sion or traction related [19]. Ganglions (spino-
glenoid cysts), ossified TSL, bone or soft tissue 

a

c

b

Fig. 13.1 The SSN pathology at the suprascapular notch. 
(a) The SSN disturbances in a patient with massive rotator 
cuff lesion. Clinical image of the supraspinatus and the 
infraspinatus muscles atrophy is the same as in the SSN 
compression at the suprascapular notch. (b) Arthroscopic 
view of the suprascapular notch area; right shoulder, 

beach chair position, arthroscope in the lateral portal, 
shaver in the antero-lateral portal. (c) The SSN after liga-
ment release, trocar releasing the nerve in the G poral (the 
modified Neviaser portal). Conoid ligament (con), trans-
verse scapular ligament (TSL), suprascapular artery (a), 
the branch of the supraspinatus muscle (bs)
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a

c

e

d

b

Fig. 13.2 The SSN pathology at the spinoglenoid notch. 
(a) The infraspinatus insufficiency—clinical image of the 
patient with a spinoglenoid cyst. (b) Arthroscopic intraar-
ticular view, left shoulder, beach chair position, arthro-
scope in the anterolateral portal. Spinoglenoid cyst 
evacuation, the tissue liberator and the needle below are 
introduced from the posterolateral portal. (Six weeks 
before arthroscopy an ultrasound guided evacuation of the 
cyst was performed in a different centre—not success-
ful—it explains the blood clots in the cyst). (c, d) decom-

pression of the SSN at the spinoglenoid notch; arthroscope 
in the subacromial space in the lateral portal, scapular 
spine visible from above the rotator cuff muscles. (e) 
Arthroscopic intraarticular view—posterior labrum repair. 
Authors preferred method is the spinoglenoid cyst and the 
SSN decompression (at the spinoglenoid notch) followed 
by posterior labrum repair. Supraspinatus muscle (ssp), 
infraspinatus muscle (isp), a scapular spine (s), branches 
of the infraspinatus muscle (bi), the suprascapular artery 
at the spinoglenoid notch (a)

13 Suprascapular Nerve Release: Fact or Fiction



124

tumours or vascular anomaly could compress the 
nerve. Repetitive overhead activity in athletes is 
believed to create some traction leading to SSN 
dysfunction. It was also proven that spinogle-
noid ligament tightens in a overhead position 
in throwing, resulting in increased pressure on 
the SSN [20]. Another traction related problem 
is SSN pathology related with massive RCT—
retraction of supraspinatus tendon is responsible 
for increasing the tension by changing the angle 
between the nerve and its motor branches [19].

13.4  SSN Pathology and Rotator 
Cuff Tears

In 2003 Albritton et al. presented cadaver study 
describing correlation between the SSN tension 
and supraspinatus tendon retraction [5]. They 
also proved the motor branch to the supraspinatus 
muscle was taut if the tendon retraction reached 
2–3 cm. Authors concluded, that medial retrac-
tion “drastically” changes the course of the SSN 
particularly at the spinoglenoid notch. Massimini 
et al. found that tear and retraction of the supra-
spinatus muscle resulted in medial translation of 
the nerve at the suprascapular notch and signifi-
cantly increased the nerve tension [4]. Kong et al. 
reported the results of evaluation of massive RCT 
with severe fatty infiltration in the infraspinatus 
muscle. The mean retraction of the infraspinatus 
was 3.6  cm in patients with more severe fatty 
degeneration in the infraspinatus, versus 3.0 cm 
in those with more severe degeneration in the 
supraspinatus (p  =  0.003). Authors concluded 
that fatty degeneration affecting the infraspinatus 
more than the supraspinatus may be due to entrap-
ment of the suprascapular nerve at the spinogle-
noid notch [21]. Another SSN related question 
could be lateral advancement of retracted ten-
dons during their release and repair. Warner et al. 
described the SSN anatomy performing dissec-
tions on 18 cadavers and concluded, that nor-
mal anatomy limits the possibility of the lateral 
tendon advancement. They reported that supra-
spinatus muscle can be laterally mobilised up to 
1  cm—then the motor branches are damaged. 
Releasing the SSN at the suprascapular notch 

would be another 5 mm added to above distance 
of 1  cm [22]. Also Greiner et  al. demonstrated 
increased tension in medial motor branches when 
advancing the supraspinatous tendon laterally 
[23]. Savoie et al. proposed a hypothesis of SSN 
correlation with RCT.  Disruption of the tendon 
causes subsequent retraction of the rotator cuff 
changing the SSN tension and additionally scar 
tissue formation in this area. This scar tissue not 
only limits the mobility of the tendon, but also 
compresses the nerve. Whilst mobilisation and 
repairing the rotator cuff tendons, the tension 
in the nerve increases, leading to clinical signs. 
Authors found it might be a potential indication 
for nerve release at the suprascapular notch [8].

13.5  Examination and Diagnosis

Clinical findings in SSN pathology can vary 
according to nerve function, duration of symp-
toms and associated pathologies. Infraspinatus 
atrophy, decrease of strength of external rotation 
and abduction can direct the physician to the diag-
nosis. Lafosse et al. described “the suprascapular 
stretch test”—a provocative maneuver increasing 
the symptoms due to the traction of the SSN [24]. 
MRI studies can present atrophy and fatty infil-
tration of supraspinatus and infraspinatus muscle 
depending on site of compression. MRI can also 
identify any lesions responsible for the SSN com-
pression—tumours and ganglion cysts. The situ-
ation remains more difficult in case of massive 
RCT—clinical tests are usually linked with the 
tendons rupture and MRI findings may be corre-
lated to fatty infiltration and atrophy due to RCT 
[11]. EMG studies remain the gold standard and 
the only tool to detect the SSN disturbances. It is 
particularly helpful if physical examination and 
imaging studies present no obvious pathology 
or massive RCT. The usual nerve motor latency 
varies in the range of 1.7–3.7 ms for the supra-
spinatus and 2.4–4.2 ms for the infraspinatus at 
the stimulation performed at Erb’s point. A value 
above 2.7 and 3.3 ms indicates abnormality for 
compression of the supraspinatus and infraspi-
natus respectively [11, 25]. Other EMG findings 
suggesting the SSN pathology are a decrease in 
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the amplitude or in the spontaneous or marked 
polyphasicity of the evoked potentials. Reduction 
in the interference pattern can be seen in long- 
standing neuropathy. Additional findings could 
also be positive sharp waves and fibrillation 
potentials and absent or decreased numbers of 
motor unit action potentials (MUAP) in muscles 
and features of reinnervation of MUAP [25]. It 
is important to remember that the SSN dysfunc-
tion can be present with a normal nerve conduc-
tion studies—it was proven that EMG and nerve 
motor latency are accurate in 91% [26]. It is to 
notice that diagnosis of the SSN neuropathy can 
be sometimes difficult. Momaya et  al. reported 
that a mean time from onset of symptoms to 
decompression was 19  months. In their review 
study authors found, that the most common 
symptom was deep, posterior shoulder pain—
a symptom difficult to differentiate from other 
pathologies [1].

13.6  Surgical Technique

Up to date no proper comparative studies have 
indicated superiority of arthroscopic technique 
over open one [1]. Nevertheless, for shoulder 
surgeons, possibility to address all other patholo-
gies in one arthroscopic procedure seem to be 
more tempting and justified. In 2007 Lafosse 
et al. described an arthroscopic technique of the 
SSN decompression at the suprascapular notch 
[27]. A patient is operated on in the beach-chair 
position. After glenohumeral joint inspection, 
subacromial space is approached—the arthro-
scope is placed in lateral portal and working 
instruments are introduced in antero-lateral 
portal. The coraco- acromial ligament is fol-
lowed to find the lateral border and base of the 
coracoid. More medial coraco-clavicualar liga-
ments are exposed. Directly medial to the conoid 
ligament, the suprascapular notch is located. In 
order to expose its structures an additional por-
tal is performed between the clavicle and the 
scapular spine (G portal or modified Neviaser 
portal). Using trocar (if blunt decompression is 
possible) or arthroscopic scissors the TSL liga-
ment is released, paying attention to the supra-

scapular artery—in 2.5% artery passes under 
the ligament [28]. A bony notch resection might 
be necessary in case of anatomic variations [6]. 
Arthroscopic spinoglenoid notch decompression 
was usually performed in association with paral-
abral ganglion cysts decompression. Bhatia et al. 
proposed cyst decompression using intraarticular 
method—a shaver and probe (or switching stick) 
are introduced from anterior and posterior portals 
under the rotator cuff tendons to achieve cloudy 
fluid outflow from the cyst [29]. Other authors 
proposed to achieve the cyst from subacromial 
space [11, 30]. Plancher and Petterson reported 
decompression of the SSN using an additional 
posterior viewing portal located 8 cm medial to 
the posterolateral corner of the acromion, so the 
surgeon looks at the scapula spine from medial 
following the fibers of the infraspinatus muscle 
[11]. Starting the entire arthroscopic procedure 
from the SSN decompression at the spinoglenoid 
notch is recommended to avoid swelling.

13.7  Controversies

In 2018 Momaya et al. reported a first systematic 
review about outcomes of the SSN decompression 
[1]. They reported 21 studies (including together 
275 patients—276 shoulders), the mean age at 
surgery was 41.9 years and the mean follow- up 
32.5 months. Ninety-four percent of patients had 
EMG (85% with positive results). It is interesting 
to realize that of the 21 above studies 11 involved 
decompression at the spinoglenoid notch only, 
5 at the suprascapular notch only and 5  in both 
places (combined). Six of these studies con-
cerned open and 15 arthroscopic technique. Only 
two complications were reported (0.74%): one 
soft tissue infection and one adhesive capsulitis. 
No studies comparing operative versus nonop-
erative treatment are found. Several case-studies 
presented successful results in patients with iso-
lated symptomatic SSN entrapment regardless of 
age. Shah et al. reported significant improvement 
in 24 patients who underwent arthroscopic SSN 
nerve decompression (at suprascapular and/or 
spinoglenoid notch) at an average of 9.4 weeks 
after surgery [31]. Lafosse et  al. reported an 
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increase in the average Constant score from 
60.3 points preoperatively to 83.4 points in ten 
patients, with significant improvement in EMG 
results and also pain and function. The mean time 
to return to activity was 3  weeks [27]. Garcia 
et  al. presented the outcomes of nine patients 
after arthroscopic SSN decompression at an older 
age (mean: 69.5 years). They reported significant 
improvements after surgery: in the UCLA score 
from 11.7 to 26.1, SF-36 questionnaire was 122.9 
and the raw pain scale was 88% [32].

Leclere et al. reported four cases of complete 
fatty infiltration of supraspinatus and/or infraspi-
natus due to suprascapular neuropathy with intact 
rotator cuff and no specific traction or compres-
sion activity. Pain and function was immediately 
improved after arthroscopic SSN decompres-
sion. Improvement in strength was more predict-
able in abduction than in external rotation [19]. 
Similar results were reported by Kim et al. after 
open SSN decompression in 42 patients. They 
reported that 90% of patients improved abduc-
tion strength to grade 4 or better, as infraspinatus 
function improved to better than grade 3 only in 
32% [33]. The management of SSN in association 
with concomitant shoulder pathology remains 
controversial. It is debatable, if SSN in such cases 
(particularly in case of paralabral cysts) should 
be liberated only in the site of compression or 
also in suprascapular or/and spinoglenoid notch. 
Additionally, it is debatable, if a cyst needs evacu-
ation or whether repairing a concomitant labral 
tear will decompress the cyst thus resolving the 
SSN neuropathy. Kim et  al. compared SLAP 
repair alone with SLAP repair with cyst decom-
pression. The results were comparable suggest-
ing that only simple SLAP repair was enough to 
resolve the problem [34]. The opposite results 
were presented by Pillai et al. [35]. They reported 
that cyst decompression led to greater strength 
increases than SLAP repair alone. Tsikouris et al. 
compared the clinical outcomes between elite 
overhead athletes who underwent SSN decom-
pression associated with shoulder arthroscopy 
procedures and those without SSN decompression 
[2]. Thirty-five patients in SSN decompression 
group yielded superior outcomes then 21 patients 
after arthroscopy surgery only: Constant score 

mean 91 versus 82, UCLA score average 33 ver-
sus 28 and return to sport was 97% versus 84%, 
respectively. Twenty-seven patients had rotator 
cuff repair associated with SSN decompression 
comparing to 18 without SSN decompression. 
In the SSN decompression group all patients had 
significant improvement in postoperative EMG 
results at an average 6.2 months, except 3 patients 
(javelin throwers with symptomatic relief). In 
2016 Savoie et al. presented a group of 22 patients 
who underwent revision repair of massive rota-
tor cuff tears (retracted medial to the glenoid 
and Goutallier grade 4) and concomitant release 
of the SSN [8]. The results were compared to a 
similar group of 22 patients (Goutallier grade 3) 
who underwent revision rotator cuff repair with-
out nerve release. Authors concluded that patients 
who underwent associated SSN release had better 
improvement in pain relief, active forward flex-
ion and strength than a comparable group with-
out SSN release. They also had noticed however, 
that SSN release did not improve tendon healing. 
Opposite to above studies Costouros et al. found 
that 7 out of 26 patients (38%) with massive RCT 
had electromyographic (EMG) and nerve con-
duction velocity (NCV) signs of SSN pathology 
[36]. In 6 of them (1 patient presented not repa-
rable tear), after 6  months from partial or com-
plete repair without nerve decompression, nerve 
recovery (partial or total) was confirmed in EMG/
NCV.  This correlated with complete pain relief 
and improvement in function. The authors con-
cluded that arthroscopic rotator cuff repair could 
result in reversal of SSN pathology, which may 
correlate with improvement in pain and function. 
Authors believed that this recovery was related 
with SSN tension release—so called indirect 
decompression, due to the infraspinatus muscle 
and tendon lateral traction causing the SSN  lateral 
translation away from the scapula spine—another 
point when the nerve could be tethered.

Aramberri, in his non-published study (thesis) 
on a pool of 100 patients operated by Lafosse due 
to massive RCT between 2004 and 2007, with 
a minimum follow-up of 24  months, reported 
34.6% of the prevalence of the SSN pathology 
[37]. He found significant improvement in con-
duction of the supraspinatus branch in patients 
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after SSN release in the suprascapular notch. The 
infraspinatus branch ameliorated its conduction, 
but these findings were not significant [37].

Another topic raising controversies is SSN 
pathology in overhead athletes. Several studies 
reported that overhead athletes are prone to the 
SSN pathology due to repetitive overhead move-
ment. Lajtai et  al. reported that the prevalence 
of infraspinatus muscle atrophy in professional 
beach volley players was 30% [38]. They found 
that the Constant score was lower in players with 
atrophy: 87 versus 93 points in players without 
atrophy. They also noted the significant differ-
ence in external rotation strength (8.2 kg versus 
9.5 kg). In another Lajtai et al. study concerning 
percutaneous EMG and NCV in volleyball play-
ers, decreased nerve conduction velocity was 
reported in all patients with atrophy, however 
lower activation patterns on electromyography 
were seen only in the severe athrophy group [39]. 
Players with atrophy had significantly greater 
loss of external rotation than those without atro-
phy. These changes confirm the hypothesis of a 
repetitive strain or traction injury of the SSN—
stretching neuropathy. Cummins et  al. found 
that infraspinatus atrophy was associated with 
a higher level and duration of sport activity [7]. 
It confirms that the repetitive overhead activity 
could lead to suprascapular nerve irritation at the 
sinoglenoid notch leading to “cumulative neuro-
praxia”. Up to date most of authors had agreed 
that overhead athletes should be initially treated 
nonoperatively, however the last publication of 
Tsakuris et al. made this less clear [2].

13.8  Conclusions

The SSN pathology is rare but certainly existing 
entity. Surgical SSN release in case of proven 
pathology related with nerve compression is a 
well-described, low risk and successful treat-
ment. It is to remember, however, that strength 
restitution is more predictable in abduction than 
in external rotation. The SSN entrapment in rela-
tionship with rotator cuff tears remains widely 
unclear and should be investigated.
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14.1  Epidemiology

An annual incidence of acute full-thickness rota-
tor cuff tears (FTRCTs) is estimated to be 25 per 
100,000 population aged 40–75  years old [1]. 
Furthermore, acute FTRCTs are common in the 
male population following simple falls [1]. While 
the overall average of FTRCTs is around the 60s, 
acute cuff tears due to a traumatic event can occur 
in younger ages, finding its mean age around 34 
(Fig. 14.1) [2]. It is also suspected that there is a 
high risk of missed diagnosis, which could alter 
data collected until now. Most frequent injury 
pattern is a direct trauma, such as fall, often onto 
an outstretched arm [3].

14.2  Clinical Features

Patients with no signs of fractures or dislocations 
are often discharged from the emergency depart-
ment with no further investigation. Only much 
later, the patient will be referred to a specialist if 
the disability and pain continue. Usually previ-
ously asymptomatic patients identify a traumatic 
incident leading to a sudden onset of symptoms 
such as severe pain, immediate loss of strength, 

and functional impairment of the shoulder. 
Missed diagnosis is also common because small 
lesions tend to be more painful than FTRCTs and 
pain seems to be related more to the degree of 
bursitis than to the degree of tearing [4].

14.3  Physical Examination

Traumatic lesions of the rotator cuff may often 
be missed on the first clinical examination 
because of minor physical findings dominated by 
pain. A detailed history and a proper clinical 
examination improve the early diagnosis of trau-
matic rotator cuff tears [5]. The clinical examina-
tion includes the assessment of passive and active 
range of motion, strength of the rotator cuff mus-
cles, ability or inability to hold the arm in desired 
position (lag sign), and additional assessment of 
the subacromial impingement, acromioclavicu-
lar joint, and biceps tendon (Table  14.1). 
Additionally, since the pain following a trau-
matic event could influence the test performing, 
a subacromial injection of anesthetic (10 mL of 
1% lidocaine) could be administrated to discrim-
inate true positive lag signs from false positives 
due to sorrow.
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14.4  Imaging

Magnetic resonance imaging has previously been 
considered the most precise diagnostic tool for 
chronic cases of FTRCTs, but during the last 
decade due to further improvements in equipment 
and technique, similar results have been shown 
with sonography, with sensitivity and specificity 
ranging from 80 to 100% for both modalities [6]. 

Fatty infiltration and muscle atrophy are the most 
used patterns to evaluate prognosis, and clinical 
reports suggest that fatty degeneration and muscle 
atrophy seen with delayed surgery are related to 
lower postoperative scores, both UCLA and 
Constant score [7]. Acute FTRCTs often occur on 
a pre-injured tendon. The presence of fatty infil-
tration within the muscles of rotator cuff classi-
fied according to Goutallier gives us precious 
information about the type and chronicity of the 
injury (acute event on a pre-injury tendon versus 
acute event on a healthy tendon) and thus the 
long-term prognosis (Fig. 14.2).

14.5  Treatment Options

14.5.1  Nonoperative Treatement

There is support in the literature for the nonop-
erative management of rotator cuff tears. Bokor 
et al. reported that patients presenting for nonop-
erative treatment within 3 months of their injury 
had satisfactory outcomes [8]. Successful nonop-
erative management has been associated with the 
presence of satisfactory motion and strength at 
the initiation of treatment. Unfortunately, Itoi and 
Tabata have demonstrated that the outcome of 
nonoperative management deteriorates over time, 

Fracture
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No tear
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56–60 61–65 66–70 71–75

Fig. 14.1 Prevalence of 
MRI-verified lesions 
related to patient age

Table 14.1 Most accurate clinical test performed in a 
patient with full-thickness rotator cuff tear

Passive and active range 
of movement

Abduction in the scapular 
plane
Forward flexion
Internal and external 
rotation at 0° and 90° of 
abduction

Strength tests Jobe test
Test of external–internal 
rotation
Lift off test

Lag signs External rotation lag sign
Infraspinatus drop test
Drop-arm test
Internal rotation lag sign

Impingement signs Neer test
Hawkins
Painful arc

Tests of the 
acromioclavicular joint

Tenderness of the joint
Cross-body test

Biceps tendon tests Yergason and speed
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and Goldberg et  al. concluded that the overall 
response of shoulder function to nonoperative 
intervention was poor [9, 10].

14.5.2  Operative Treatement

It is well known how frictional attrition of the 
torn rotator cuff and musculotendinous tissues 
retraction are minimal immediately after injury 
[1]. Also scarring about the shoulder is not pres-
ent, making early repair easier and more secure. 
Operative treatment is considered to be the first 
line of treatment in these types of lesions nowa-
days (Fig. 14.3). There is a trend suggesting that 
earlier time to surgery may be linked to better Fig. 14.2 MRI imaging of an acute FTRCT

Fig. 14.3 Arthroscopic images of an acute FTRCT double row repair
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clinical results regarding Constant scores and 
range of motion [11]. While an agreement on pre-
cise timing for surgery has not been outlined yet, 
several studies support this theory [11–14].

Gerber et al. reported higher improvement in 
outcomes in the 13 patients who underwent sur-
gery within 20  months of injury than the 3 
patients whose surgeries were delayed more than 
36  months after the injury [14]. A study by 
Petersen and Murphy noted that when compared 
with those performed longer than 16 weeks after 
injury, repairs performed prior to 16 weeks from 
injury were associated with significantly 
improved active elevation (140° vs. 100°), ASES 
score (81 vs. 65), and UCLA score [15]. The 
most comprehensive study, comparing outcomes 
between early and delayed repair, was conducted 
by Bassett and Cofield who determined that ten-
dons repaired within 3  weeks had significantly 
better forward elevation and showed a trend 
toward better strength in both abduction and 
external rotation than those repaired after 3 weeks 
[12]. Additional support for this results has been 
published by Hantes et al., who reported signifi-
cantly higher mean postoperative Constant (82) 
and UCLA (31) scores in the acute repair group 
(<3 weeks) than in the delayed repair group (70 
and 26, respectively) [13]. Even if the precise 
guidelines for the timing of surgical treatment 
have not been defined yet, there are some clear 
data as to how delayed surgery could affect sub-
jective and objective patient’s outcomes. 
Following this, it is undeniable that timely sur-
gery is strictly recommended.

14.6  Summary

An agreement on relevance of timing on success-
ful rotator cuff repair has not been completely 
defined yet; however, several studies suggest that 
earlier time to surgery may be linked to better 
clinical results. Immediately after traumatic tear, 
rotator cuff tendon retraction is minimal. 
Additionally, scarring about the shoulder is not 
present, making early repair easier and more 
secure. Important prognostic factors for the sur-

gical treatment of these injuries are fatty degen-
eration and muscle atrophy of the relevant 
muscles as well. Clinical reports suggest that 
these changes seen with delayed surgery are 
related to lower postoperative scores. It is 
unlikely to see important grade of fatty degenera-
tion and muscle atrophy after the injury. These 
changes might occur on a pre-injured tendon, 
thus giving us precious information about the 
type and chronicity of the injury like acute event 
on a pre-injury tendon. This observation is there-
fore important for the long-term prognosis.
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15.1  Introduction

The anatomy of the acromion is variable, and 
since Neer’s description, it has been considered 
as one of the key factors for shoulder pain and 
rotator cuff tears, as stated in the theory of extrin-
sic subacromial impingement [1]. For several 
years, subacromial decompression by partial 
resection of the acromion has been suggested and 
performed [2, 3], albeit clinical studies were 
unable to demonstrate the benefits of this proce-
dure [4–6]. More recently, experimental and 
descriptive studies reported that a large acromion 
is correlated with high loads on the supraspinatus 
(SSP) tendon during abduction and that resection 
of the lateral part of the acromion substantially 
decreases the load on the SSP [7]. Therefore, 
it  can be hypothesized that resection of a too 
large acromion could prevent rotator cuff tear or 
re- tears after repair.

15.2  Acromion: The History 
of a Guilty Bone

The first author who considered acromion as 
responsible for rotator cuff disorders was 
Armstrong, in 1949, who suggested that the 
supraspinatus syndrome results from the com-
pression of the tendons of the cuff under the ante-
rior part the acromion [1]. This theory was 
confirmed by Neer, who stated that rotator cuff 
tears resulted from the compression, or impinge-
ment, of the soft tissues between the humeral 
head and the coracoacromial arch [2]. Bigliani 
et al. suggested that a hooked (type-III) acromion 
might be a predisposing factor for rotator cuff 
tears; other authors reported that a flatter slope of 
the acromion or a decreased lateral acromion 
angle might reduce the subacromial space and 
increase the pressure on the rotator cuff tendons, 
thus predisposing them to degenerative tears [3]. 
Nyffeler et al. first reported the possible correla-
tion between a large acromion and the presence 
of a rotator cuff tear [8]. They emphasized the 
role of the width of the acromion as a cause of 
shoulder pain and disorders. Other authors con-
firmed this hypothesis [9]. Although acromial 
morphology was analyzed in the pathogenesis of 
rotator cuff disease, some authors believe that the 
shape of the acromion is the result of rotator cuff 
disease [10].

Moor et  al. [11] first described the critical 
shoulder angle (CSA) as the angle between the 
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plane of the glenoid fossa and a line connecting 
the inferior glenoid rim with the most lateral 
extension of the acromion on a true antero- 
posterior (AP) radiograph (Fig.  15.1). The 
authors described 3 grades of CSA: In grade 1 the 
CSA is <30° and exposes mostly to osteoarthri-
tis; in grade 2 the CSA is between 30° and 35° 
and is considered normal; in grade 3 the CSA is 
>35° and is mostly correlated with rotator cuff 
tears. Some authors hypothesized that the reduc-
tion of the CSA can prevent rotator cuff tear in 
symptomatic shoulders with intact cuff; more-
over, reducing the CSA would protect cuff repair 
from mechanical stress and thus prevent re-tears 
[12–14].

15.3  Surgical Treatment

Several authors reported anatomical, radiological, 
and clinical studies on technical and safety issues 
of arthroscopic correction of CSA [8–10]. 
Arthroscopic resection of 6 mm of the lateral acro-
mion can be done without damaging the deltoid 
[9]. This allows mean reduction of the CSA of 
3.6°. Unfortunately, with a regular true AP X-ray 
view, there is a chance of error in the measurement 

of CSA of 2° [9]. Radiological data reported 
inconstant location of the most lateral aspect of the 
acromion seen on a true AP X-ray view. This loca-
tion is called the critical acromion point (CAP). 
Some authors considered that the CAP is in the 
posterolateral aspect of the acromion, while others 
reported a more anterolateral position. Recent 
studies have shown that mean CAP is 21% + 10% 
of the acromial anterior- posterior length from the 
anterolateral corner [10].

15.4  Literature Review

Recently published retrospective studies have 
reported that large acromion, with CSA superior 
to 38°, is related to rotator cuff re-tear. Garcia 
et al. [12] reported on 76 patients that underwent 
rotator cuff repair; preoperative average CSA 
was significantly lower (p  =  0.001) for healed 
cuff group (34.3° ± 2.9°) than for non-healed cuff 
group (38.6° ± 3.5°). If CSA was >38°, the odds 
ratio of having a re-tear was 14.8 [8]. Li et  al. 
[13] found also a correlation with re-tear after 
rotator cuff repair in patients with CSA superior 
or inferior to 38° (re-tear rate 15% and 0, respec-
tively). Scheiderer et  al. [15] reported on 57 
patients that underwent rotator cuff repair; mean 
CSA for the re-tear group (37° + 4°) was signifi-
cantly higher (p = 0.014) than that in the intact 
group (35° + 3°). If the CSA was >38°, the odds 
ratio of having a re-tear was 3.78 [15]. It is sur-
prising to note that those authors did not find any 
other predisposing factor for re-tear.

As reported in several studies, patient age, tear 
size, and fatty degeneration of the supraspinatus 
are independent risk factors for a rotator cuff re- 
tear [14]. Wu et  al. [16] found in 500 surgical 
cases that the initial tear size is the best predictor, 
followed by patient age; and Le et al. [17] evalu-
ated preoperative and intraoperative factors for 
1000 consecutive rotator cuff repairs and found 
that the rotator cuff tear size (tear dimensions, 
tear size area, and tear thickness) was strongly 
associated with re-tear 6 months after surgery.

It is possible to consider that CSA>38° could 
also be an independent risk factor for rotator cuff 
re-tear, but prospective studies must demonstrate 

Fig. 15.1 Measurement of the CSA on a true AP view of 
the shoulder. Space between glenoid and humeral head is 
clearly seen
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it. Kim et al. [18] analyzed CSA and cuff tear in 
a retrospective study on 323 patients having MRI 
and X-rays. They identified patients with sub-
acromial spurs or osteophytes, as these findings 
are associated to rotator cuff tears independently 
of acromion size. They found rotator cuff tears in 
all patients, independently of the value of CSA, 
and observed more correlation with acromial 
osteophytes than with the CSA value. The authors 
pointed out that acromial osteophyte is a main 
source of modification of the measurement of the 
CSA (Fig.  15.2) and concluded that correlation 
between a large acromion and a cuff tear should 
be related to osteophytes that jeopardize the mea-
surement of the CSA.

Gerber et al. [9] reported that removing 6 mm 
of lateral acromion is safe and decreases the CSA 
from 3.6°. To date, it is unclear if removing lat-
eral acromion to decrease the CSA under 35° is 
effective and safe. Kaiser et al. [19], in a cadav-
eric study, reported that it is necessary to perform 
a lateral acromioplasty to correctly decrease the 
CSA. Conversely, Billaud et  al. [20] in a retro-
spective study of 90 patients showed that conven-
tional anterior acromioplasty decreases the CSA 
from 2.9°. Thus, doing an anterolateral acromio-
plasty would be as efficient as doing a lateral in 
reducing the angle [10].

Some literature reviews [21, 22] analyzed the 
benefit of anterolateral acromioplasty on re-tear 
rate. They included level I and level II studies. No 
studies demonstrated the benefit of acromio-
plasty on preventing re-tear. Average reduction of 
CSA was 2.9°. However, there was no difference 
in re-tear rates between patients who underwent 
lateral acromioplasty and those who did not.

15.5  Conclusion

The concept of CSA is clever. Increasing the 
pulling strength of the deltoid is responsible for 
the compression of the humeral head against the 
acromion and increases the risk of tear of the 
supraspinatus. It is logic to believe that reducing 
the CSA could prevent re-tear after cuff repair, 
but there is currently not enough data to demon-
strate that the acromioplasty, lateral or anterolat-
eral, has any positive effect.
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Shoulder Injections: Options, 
Ultrasound Assistance, Evidences

Madalena Pimenta, Adriana Moreira, 
and Nuno Sampaio Gomes

The shoulder is a major joint, frequently the site 
of multiple injuries and inflammatory conditions 
that ultimately may need a diagnostic or thera-
peutic injection. Joint injection is normally con-
sidered after other therapeutic interventions such 
as conservative treatment, oral medication, or 
physical therapy, as well as activity-modification, 
have been tried.

Indications for glenohumeral (GH) joint 
injection include ArthroMRI, treatment of osteo-
arthritis, hydrodistention in adhesive capsuli-
tis and infiltrations in inflammatory conditions 
such as rheumatoid arthritis or various types of 
tendinopathies.

For the acromioclavicular joint, injections may 
be used for the diagnosis and treatment of osteo-
arthritis (OA) and distal clavicular osteolysis.

Subacromial injections are useful for a range 
of conditions including inflammatory conditions 
such as bursitis, impingement syndrome, and rota-

tor cuff (RC) tendinosis. Scapulothoracic injec-
tions are reserved for the inflammation of the local 
bursa, namely, in cases of snapping scapula.

As all things in life, especially in medi-
cine, proper technique is mandatory, as well 
as the choice and quantity of pharmaceuticals. 
Appropriate follow-up is also essential for effec-
tive outcomes.

16.1  Technique

The GH joint can be injected from an anterior, 
posterior, or superior approach. The anterior and 
posterior approaches are used more often. In the 
anterior approach (Fig.  16.1), the joint is most 
easily accessible with the patient sitting or lying, 
with the arm resting comfortably at the side, and 
the shoulder being externally rotated. Palpation 
of the head of the humerus, the coracoid process, 
and the acromion are essential landmarks to per-
form this injection without image guidance.

Sonography offers an accurate alternative 
to fluoroscopy for the injection of the shoulder 
joint. Sonographic guidance avoids the use of 
both ionizing radiation and iodinated contrast 
material and is generally faster than fluoroscopi-
cally guided injection. Both anterior and poste-
rior sonographic approaches to GH joint injection 
have previously been reported [1, 2].

In our experience, we find the posterior 
approach (Figs. 2 and 3) safer, as it avoids any 
potential risk that may exist with an anterior 
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approach, for accidental puncture or injection of 
the major axillary neurovascular structures. It is 
also more comfortable to the patient. Ultrasound 
guidance is used as it gives a real-time needle 
position and avoids radiation exposure. The 
real- time visualization of the direction of needle 
passage, recognition of the typical feeling as the 
needle tip passes through the joint capsule, fol-
lowed by the lack of resistance to injection, and 
the absence of any localized fluid pooling at the 
posterior joint line during early injection grant 
success to the procedure.

16.2  Therapeutical Options

It is important for the administering physician to 
understand the properties of the various pharma-
ceutical preparations available, as there is consid-
erable variability in their effectiveness, duration 
of action, and potential for severe adverse effects.

16.2.1  Corticosteroids

Corticosteroids and local anesthetics are com-
mon parenteral medications in our practice, 
which can be administered in combination, either 

Fig. 16.1 Anterior approach for ultrasound-guided 
shoulder injections. The needle is advanced perpendicular 
to the medial edge of the humeral head, penetrating the 
subscapular tendon. If one hits the cartilage of the humeral 
head, the needle should be pulled back 1 or 2 mm, slightly 
angled by about 15% and then advanced tangentially to 
the head into the joint with the bevel of the needle facing 
into the joint

Figs. 2 and 3 Posterior approach for ultrasound-guided 
shoulder injections. The patient is either lying obliquely 
prone on the contralateral shoulder or sitting upright with 
the back to the physician and the ipsilateral hand on the 

contralateral shoulder. The needle is inserted, from lateral 
to medial, parallel to the long axis of the transducer and 
advanced under US control into the joint between the 
humeral head and the posterior glenoid labrum
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in the same syringe or separately during the same 
procedure.

Common indications include joint, bursal, 
paralabral cyst, and ganglion conditions [3].

Corticosteroids are predominantly adminis-
tered because they are proven anti-inflamma-
tory agents that provide medium-term relief of 
symptoms [4–6]. The common synthetic cor-
ticosteroids used in procedures are derivatives 
of prednisolone which is an analogue of cor-
tisol, having anti-inflammatory potencies per 
dose unit somewhat greater than that of cortisol. 
Methylprednisolone is the methyl derivative of 
prednisolone, whereas betamethasone, dexa-
methasone, and triamcinolone are all fluorinated 
derivatives of prednisolone. Each corticosteroid 
formulation has a different potency.

Local anesthetics can provide not only imme-
diate relief to the patient but also possible diag-
nostic feedback in the elucidation of the source 
of pain [7, 8].

The main concerns are the introduction of sep-
sis into a joint during the procedure and the exac-
erbation of sepsis already present within a joint. 
Contraindications to the use of steroid injections 
(SI) in shoulder disorders are local or intraarticu-
lar infection; and, because corticosteroids inhibit 
bone healing, an intraarticular fracture at the time 
of injection is a relative contraindication, as in 
markedly unstable joints or in those with severe 
juxta-articular osteoporosis [9–11]. Bacteremia 
or conditions likely to cause bacteremia (e.g., 
bacterial endocarditis, pneumonia) are generally 
regarded as contraindications to local SI [12]. 
Diabetes and treatment with anti-coagulant or 
anti-aggregation drugs are relative contraindica-
tions. Local corticosteroid injection can be admin-
istered using a delayed-release form of steroid and 
reducing the dose to 50% and the patient requested 
to check blood sugar every day for a week after the 
injection.

If the International Normalized Ratio (INR) 
values are adequate, local corticosteroid injection 
is generally well tolerated [13].

The established adverse effects associated 
with SI are post-injection “flare,” local tissue 
atrophy, tendon rupture, cartilage damage, and 
flushing and increased blood glucose level.

The most common adverse effect is post- 
injection flare, which is a local increase in inflam-
mation that develops within hours and can last 
2–3 days. Local tissue necrosis, calcification, and 
tendon rupture have been associated with extra- 
articular injections, especially with the corticoste-
roid formulation triamcinolone hexacetonide [14].

Over the past several decades, there has been 
concern about the risk of articular hyaline car-
tilage damage with intra-articular injections. 
Results from large series confirm that cartilage 
loss can occur after repeated SI; however, it is 
thought that the risk is generally low, with 0.7–
3% of patients who have received multiple injec-
tions developing substantial cartilage loss [15]. 
Additionally, corticosteroids may theoretically 
help preserve cartilage in the setting of active 
synovitis. Overall, many investigators believe 
this benefit outweighs the potential harm [16].

16.3  Biologic Approach 
of the Healing Response

Tendons have limited regeneration ability [17]. 
Many patients diagnosed with RC tendinopathy, 
with supraspinatus partial thickness tendon tears 
and tendinosis, are refractory to standard con-
ventional non-operative care, and may have been 
on rehabilitation for long periods of time. It is 
also known that many factors affect healing after 
RC repair: tear characteristics, soft-tissue struc-
tural problems, repair technique and implants, or 
patient factors.

The interest in the biology of the healing 
response has been growing, and the biologic 
approach aims to optimize soft-tissue healing to 
improve clinical outcomes [18]. The biologic fac-
tors recently studied to enhance soft-tissue healing 
and regeneration have mainly focused on growth 
factors, stem cells, and platelet-rich plasma (PRP).

16.3.1  Platelet-Rich Plasma (PRP)

One biologic approach to RC disease utilizes PRP 
to restrain the inflammatory response and increase 
tendon-bone healing with growth factors.
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Growth factors are molecules involved in 
the modulation of cell growth during the signal 
cascade of inflammation, and their influence is 
primordial in the inflammatory phase of tendon 
healing [19]. These growth factors are produced 
in great majority by fibroblast and inflamma-
tory cells such as leukocytes and platelets [20]. 
During the inflammatory and repair phase of 
tendon healing, platelets aggregate at the site of 
soft- tissue injury and release a substantial quan-
tity of growth factors, causing cell migration and 
differentiation at the site of injury [21].

One of the different classification systems to 
describe the final PRP concentrate broadly divides 
them into pure PRP (P-PRP) with a low content 
of leukocytes, leukocyte-rich PRP (L-PRP) with 
a high content of leukocytes, pure platelet-rich 
fibrin (P-PRF), and leukocyte-rich platelet-rich 
fibrin (L-PRF), with a high content of leukocytes 
and a high-density fibrin network [22].

PRP is easy to collect from blood and is, there-
fore, one of the most commonly used biological 
aids in RC repair [20].

There is a lack of high-level evidence from 
randomized clinical trials which have assessed 
the efficacy of platelet-rich plasma in treating 
ligament and tendon injuries.

A prospective randomized, double-blinded, 
clinical trial that compared the therapeutic effects 
of platelet-rich plasma injection with those of dry 
needling on shoulder pain and dysfunction in 
patients with RC disease concluded that platelet- 
rich plasma injections provided more significant 
pain relief and improved arm function, but not 
range of motion of the shoulder, in patients with 
supraspinatus tendon lesions (tendinosis or par-
tial tear of less than 1.0 cm, but not a complete 
tear) when compared to dry needling [23].

Sham et al. conducted a prospective random-
ized controlled study to evaluate the results of 
subacromial injection of PRP versus SI therapy 
in 40 patients with symptomatic partial RC tears, 
in a study with a level II evidence [24]. They 
concluded that subacromial autologous platelet-
rich plasma (PRP) injection for the treatment of 
a partial supraspinatus tendon tear is comparable 

to the standard SI.  Additionally, more favor-
able clinical results were noticed at 3  months, 
although no statistically significant improvement 
in the outcome measures could be demonstrated 
at 6 months after injection [24].

It is our belief that the subacromial PRP injec-
tion could be a quite good alternative to SI, espe-
cially in patients with a contraindication to SI.

In recent years, the clinical application of PRP 
and PRF in association with RC repair has also 
increased [20].

Hurley et  al. recently published a system-
atic review of randomized controlled trials in 
the literature to ascertain whether PRP or PRF 
improved patient outcomes in arthroscopic RC 
repair [25]. The most important finding from 
this study was that PRP had clinical benefits in 
improving tendon healing rates in tears of all 
sizes (including tears >3 cm), pain levels, and 
functional outcomes in RC repair. In contrast, 
PRF had no beneficial effect on tendon healing 
or clinical outcomes. This meta-analysis found 
that pain levels were significantly lower in the 
immediate postoperative period, a month after 
surgery, and at final follow-up when PRP was 
used compared to a control. PRF had no benefit 
in any single study in terms of tendon healing, 
tendon vascularity, or functional outcome [25].

Despite these results, there are limitations in rec-
ommending routine PRP in arthroscopic RC repair, 
as there is still uncertainty in the composition of 
PRP. With an assortment of PRP preparations, there 
are differences in the platelet count, leukocyte count, 
and growth factor concentration that vary depend-
ing on the patient characteristics and preparation 
kits used. The optimal dosage and timing intervals 
of injections also remain areas of concern, as they 
may affect the postoperative course and there is no 
literature to support any injection protocol.

16.3.2  Amniotic Membrane (AM)–
Derived Products

Mesenchymal stem cells (MSCs), or multipotent 
progenitor cells, have been an important area of 
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investigation due to their ability to differentiate 
into various cell types in mesenchymal tissues 
and to secrete a large number of bioactive mac-
romolecules important in the tissue regenerative 
process [26].

As the number of MSCs in marrow tissues 
is limited, researchers are ceaselessly investi-
gating substitute sources of MSCs, including 
placental- derived tissues, such as the AM, amni-
otic fluid (AF), umbilical cord, and umbilical 
cord blood [27].

The efficacy and safety of amniotic tissues 
have been demonstrated through years of use in 
other medical subspecialties. However, the exist-
ing literature describing their use in orthopedic 
sports medicine is limited.

A recent systematic review identified 20 ani-
mal studies and 7 human studies reporting the 
use of placenta-derived cells and placental tissue 
allografts for orthopedic sports medicine indica-
tions [28]. One of the human studies was con-
ducted by Gellhorn and Han, who performed a 
prospective case series of consecutive patients 
being treated for arthritis or tendinopathy with an 
ultrasound-guided injection of dehydrated human 
amniotic/chorionic membrane (dHACM) [29]. 
Forty patients were included in the final analysis, 
including 3 GH joints that received intra-articular 
injections. Treated tendons included, among oth-
ers, the supraspinatus tendon. Despite a transient 
increase in pain at the injection site that lasted an 
average of 2 days, notable improvement of pain 
and function at 1, 2, and 3 months of follow-up 
were reported [30].

Despite the proven safety of human 
AM-derived products, the efficacy and mecha-
nisms by which they exert a therapeutic benefit 
are unknown and higher-quality clinical trials 
to further elucidate their specific applications, 
therapeutic benefit, and cost-effectiveness are 
needed.

Nonetheless, they represent a wide variety of 
promising tissues and cell populations in the field 
of sports medicine and, as this area of orthobio-
logics is advancing, it will be important for clini-
cians to understand the individual products.

16.4  Hyaluronic Acid

Hyaluronic acid (HA) is naturally present in 
synovial fluid and highly concentrated at the 
articular cartilage surface. In high concentra-
tions, HA increases the viscosity and elasticity 
of synovial fluid, allowing it to act not only as 
a lubricant but also as a shock absorber in syno-
vial joints. Its effects protect the cartilage against 
shear and compressive forces [30].

In the natural history of OA, the concentra-
tion of HA decreases. The original logic behind 
viscosupplementation was restoration of the vis-
coelasticity of synovial fluid. However, it is also 
thought to augment the flow of synovial fluid 
and inhibit degradation of endogenous HA. This 
should lead to an overall decrease in joint pain 
and increase in function [31].

Some large-scale randomized controlled trials 
exist that support the use of viscosupplementa-
tion in GH OA.

Blaine and colleagues [30] randomized 660 
patients with persistent shoulder pain due to GH 
OA, RC tears, and/or adhesive capsulitis and 
concluded that patients with OA had borderline 
significant improvements in the visual analogue 
scale (VAS) at 13 weeks and clearly significant 
pain reduction at 26 weeks.

The randomized controlled trial conducted 
by Kwon and colleagues enrolled 300 patients 
with GH OA and evaluated primary outcomes 
measured by the VAS over 26 weeks, concluding 
that there was a statistically significant VAS dif-
ference between the groups, favoring the group 
treated with HA over the control group [32].

Zhang and colleagues conducted a system-
atic review on the use of viscosupplementation 
in a cohort of patients with GH OA and found 
a significant reduction in pain at 3  months and 
6  months for patients receiving intraarticular 
HA injections and also improved functional out-
comes at every follow-up time point across all 
included studies [33].

Literature also reports a low rate of local reac-
tion to HA, including pain at the injection site, 
effusion, and painful flares.
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Regarding patients with RC tendinopathy and 
tears, the evidence is more scarce.

Frizziero et al. demonstrated that in patients 
with chronic non-calcific RC tendinopathy 
there was a significant improvement in pain and 
function and a significant reduction in shoul-
der disability until 3 months of follow-up [34]. 
However, in a recent meta-analysis by Lin et al., 
the clinical benefit resulting from the subacro-
mial HA injection for RC tendinopathy was 
inconclusive [35].

Honda and colleagues examined the in-vitro 
effects of HA on RC healing after RC repair, par-
ticularly on the chondroid tissue at the repaired 
site, and demonstrated that HA accelerated 
tendon- to-bone healing in a RC tear model, 
enhancing the biomechanical strength and 
increasing chondroid formation at the repaired 
site [36].

In summary, intra-articular HA injection is 
safe and improves pain for patients with GH 
OA.  Further randomized controlled trials are 
necessary to identify optimal dosing and route 
of administration and to test the efficacy of HA 
injections in cases of RC tendinopathy.

16.5  Prolotherapy

Prolotherapy is a type of regenerative injec-
tion therapy that uses an irritating agent, most 
commonly hypertonic dextrose solution, that is 
injected over several sessions into multiple sites 
of painful tendon and ligament insertions near the 
bone [37].

The precise mechanism of prolotherapy 
remains unclear, but it is thought that the injec-
tion of an irritant solution at painful ligament 
and tendon insertions stimulates local healing 
through proliferation of scar tissue [38].

Although most of the literature is limited to 
the treatment of knee OA, some evidence in RC 
disease exists. In a retrospective case-control 
study with a 1-year follow-up conducted by Lee 
and colleagues, prolotherapy improved pain, dis-

ability, isometric strength, and range of motion in 
patients with chronic refractory RC disease [39].

Bertrand et al., in a double-blind randomized- 
controlled trial, reported that hypertonic dex-
trose injection improved long-term pain, which 
improved patient satisfaction [40].

As stated above, multiple injection sites 
with many intervention sessions are used in 
prolotherapy. In contrast with traditional pro-
lotherapy, Lin et al. carried out a double-blind 
randomized- controlled trial in which they 
applied hypertonic dextrose injections on the 
enthesis portion of the supraspinatus tendon 
with ultrasound guidance in patients with ten-
dinopathy. Although they found relief from pain 
and disability for up to 2 weeks after interven-
tion, the improvement in pain in function did 
not sustain for 6 weeks [41].

To the best of the authors’ knowledge, there 
are no comparative studies of prolotherapy with 
other injection therapies in the setting of RC dis-
ease in the literature.

Definitive determination of the clinical utility 
of dextrose prolotherapy will require improved 
understanding of its exact mechanism of action 
as well as additional and larger clinical trials with 
more complete functional assessment tools.

16.6  Natural Medications

There is little evidence about the efficacy of natu-
ral medications in the setting of RC diseases.

Traumeel (Tr14) injection solution is a 
well- tolerated natural combination medicine. 
Although the exact mechanism of action of Tr14 
injection solution is still to be understood, an 
“in vitro” study of Porozov et al. indicated that 
Tr14 inhibits the secretion of pro-inflammatory 
cytokines, such as IL-1β, CXCL8, and TNF-α in 
resting, as well as activated immune cells [42]. It 
was suggested that Tr14 injection solution could 
act by speeding up the healing process, instead 
of blocking the development of edema from the 
beginning [43].
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Pilat et  al. demonstrated Tr14 to reduce the 
exercise-induced inflammatory response of the 
innate immune system [44].

To the best of the author’s knowledge, there 
is only one study protocol of a randomized, con-
trolled trial aiming to assess the efficacy and 
safety of Tr14 in patients with RC syndrome and 
bursitis treated with Tr14 injection solution injec-
tions versus SI and versus placebo [45]. However, 
its results have not yet been published.

Ozone (O3) therapy raises the pain threshold 
as it works based on stimulating antinociceptive 
apparatus mediated by serotonin and endogenous 
opioids and it has applications in different spe-
cialties of medicine and dentistry [46–50].

O3 therapy is also a common theme among 
many literature reports in musculoskeletal disor-
ders and has been used to treat many pathologies 
regarding the muscles, tendons, and joints [46].

Anecdotal reports of pain reduction and func-
tion recovery in cases of severe shoulder pain exist 
[51]. However, randomized controlled trials are 
lacking regarding O3 application in RC disorders.

It is hoped that further investigation and clini-
cal trials will assist in providing more evidence 
concerning the efficacy and safety of natural 
medications.

16.7  Suprascapular Nerve Block

The suprascapular nerve (SSN) originates from 
the ventral rami of the fifth and sixth cervical 
nerve roots and enters the supraspinous fossa via 
the suprascapular notch underneath the superior 
transverse scapular ligament. The suprascapular 
artery and vein pass above this ligament [52].

The SSN sends two branches shortly after 
passing through the suprascapular notch, pro-
viding sensory supply to the superior part of the 
shoulder, and is the dominant motor supply to the 
supraspinatus and infraspinatus [53].

The suprascapular nerve block (SSNB) has 
proven to be an effective form of pain relief in 

patients with a broad range of shoulder patholo-
gies [54].

The ideal site to perform SSNB with US is at 
the floor of the supraspinatus fossa, between the 
suprascapular notch and the spinoglenoid notch 
[55]. At this site, the SSN is covered by the fascia 
of supraspinatus in a natural compartment, which 
will contain the spread of the local anesthetic 
or injectate. When the needle is placed near the 
SSN, several methods of nerve blockade have 
been published. The commonly used methods 
include local anesthetic, steroids, pulsed RF, and 
chemical neurolysis. These may be used alone or 
in combination [54].

Among the pathologies in which the SNNB 
has proven to be effective are the adhesive cap-
sulitis of the shoulder and the painful hemiplegic 
shoulder [56–58].

Full-thickness rotator cuff tears cause trac-
tion and tension on the SSN, which has been 
shown to increase with tear size and to be 
dynamic with a range of movements [59]. 
Suprascapular neuropathy is a severe clinical 
manifestation of this and is associated with 
large rotator cuff tears [60].

A recent randomized controlled trial compared 
SSNBs with SAs (subacromial injections), by 
administering 9 mL of 1% ropivacaine and 1 mL of 
betamethasone in both groups, in the nonoperative 
management of rotator cuff tears and concluded 
that SSNBs was superior to SAs in restoring func-
tion and reducing pain over a 12-week period, par-
ticularly full-thickness tears [53].

Given the evidence, SSNB can be an alterna-
tive to an SA for nonoperative management of 
rotator cuff tears.

16.8  Ultrasound-Guided Needling 
and Lavage (Barbotage)

Rotator cuff calcific tendonitis (RCCT) is a self- 
limiting disorder characterized by deposition 
of calcium salts in RC muscles. The presenting 
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symptom often is pain associated with activity 
persisting for months with spontaneous regres-
sion in most of the cases [61]. However, its symp-
toms can be severe and persistent.

The initial line of management of RCCT is 
usually nonoperative. It includes symptomatic 
management using systematic NSAIDs in acute 
phase, physical therapy using cold or heat, and 
manual therapy with exercises improving a range 
of movements.

Barbotage is a minimally invasive proce-
dure that has become increasingly popular and 
involves image-guided irrigation of calcium 
deposits followed by aspiration.

Because this modality of treatment is ultra-
sound (US)-guided, it is radiation free and cost 
effective.

The procedure is done by using an 18, 20 G 
needle with a syringe filled with lidocaine, and 
an entry is made into the deposit (Fig.  16.4). 
Some amount of lidocaine is injected into it, 
and the calcium dissolved re-enters the syringe 
passively (Fig. 16.5). Further procedure can be 
continued with saline, and the puncture and aspi-
ration can be done with 2 different needles [62].

There are several reports available with good 
mid- and long-term results of barbotage [63–65].

de Witte et  al. published the outcomes com-
paring US-guided barbotage combined with SI 
in the subacromial bursa versus isolated SAIC 

in patients with RCCT, after 1-year and 5-year 
follow- up. They reported an improvement in 
clinical and radiographic status after 1-year 
follow-up in patients with symptomatic RCCT 
that is nonresponsive to conservative treatment. 
However, results of barbotage were significantly 
better in terms of more resorption and higher 
clinical scores at follow-up. Their 5-year follow-
up randomized controlled trial showed no statis-
tically significant differences in the clinical and 
radiological mid-term outcomes of US-guided 
barbotage combined with an SAIC, compared 
with an isolated US-guided SAIC in patients with 
RCCT. There was, however, a statistically signifi-
cant and clinically relevant improvement in both 
groups in terms of clinical scores and radiological 
resorption rates compared with baseline [66, 67].

Therefore, barbotage can be a great option in 
patients with persisting symptoms of RCCT and 
no signs of spontaneous resorption over time 
(Fig. 16.6).

Fig. 16.4 Sagittal image of an ultrasound exam: note the 
needle as a linear image (arrowhead) and a heterotopic 
calcification (arrow)

Fig. 16.5 Syringes filled with calcium hydroxyapatite 
after Barbotage
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16.9  Conclusion

Shoulder injections are useful tools to address 
a numerous amount of clinical conditions, and 
orthobiologics are a very promising and powerful 
weapon that is gaining popularity among doctors 
that use those to treat their patients.

However, there is still an important lack of 
evidence concerning their role in musculoskel-
etal pathologies, and it is the physician’s obliga-
tion to be judicious when deciding for a specific 
treatment for their patients.

A current widespread usage of orthobiologics 
by several health care professionals, doctors, and 
non-doctors has led to, in some countries like the 
USA, very restrictive measures for their market-
ing and strict regulatory requirements for their 
application.

PRPs, for instance, have shown some benefit 
in knee arthritis, lateral epicondylitis, and ulnar 
collateral ligament injury, but inconsistent or 
minimal benefits in rotator cuff repair [68]; and 
the optimal concentration of leucocytes and ideal 
kind and stage of injuries for PRP application are 
still unknown.

On the other hand, corticosteroids are still 
the cornerstone of injection therapy, in spite of 
its debatable efficacy in terms of pain relief, 
improvement in range of motion, and return of 
shoulder function [37].

Besides, it is clear that the accuracy of the 
administration is very important for the results 
[37] and ultrasound guidance is, in fact, one of 
the few evidences available today [69, 70] regard-
ing injection therapies in the shoulder.
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of Rehabilitation

López-González Luis, Tiso Giovanni, Gomes Joana, 
and Aramberri Mikel

17.1  Rehabilitation of Massive 
Rotator Cuff Tears

Treatment for rotator cuff tendon diseases ranges 
from conservative treatment (including exercise, 
electrotherapy, manual therapy, injection therapy, 
hydrotherapy, taping…) to different surgical strat-
egies: simple debridement, partial or complete 
tendon repair with or without tissue substitutes, 
synovectomies, biceps tenotomies, or tendon trans-
fers [1–3]. So far, several systematic reviews have 
compared the effectiveness of operative manage-
ment to nonoperative treatment (NOT), reaching 
ambiguous conclusions [4–6]: whereas some evi-
dence supports surgical options [6, 7], others have 
equated them with conservative treatments [2, 8].

Not all patients meet all criteria to be eligible 
for surgical repair [9] in the context of massive 
rotator cuff tears (RCT), especially those who 
remain asymptomatic [10] and are often identi-
fied accidentally [11]. Reasons for non-eligibility 
include comorbidities that contraindicate surgery 
and tears considered upon evaluation to be irrep-
arable [9]. Additionally, surgery has been thought 
to be less successful in elderly population when 

RCT have retracted medially to the glenoid rim 
and are massive in size (>5 cm) [2, 12].

In these landscapes, several studies [9, 13–17] 
have observed that conservative treatments can 
produce improvements in terms of pain relief and 
motion and disability enhancements, although 
they are still few in number. Among the conser-
vative treatments considered, exercise combined 
with injection therapy and pharmacological 
management has been by far the most popular. 
These studies have widely shown relevant ben-
efits with conservative treatment for its capac-
ity to (1) improve motion (especially forward 
elevation, internal and external rotations), (2) 
strengthen muscle power, and (3) reduce pain 
in elderly patients with low activity levels and/
or patients unsuitable for surgery due to severe 
comorbidities [18]. This reveals that the best pri-
mary treatment option should be chosen to palli-
ate symptom worsening and in some cases NOT 
may be considered to improve activities of daily 
living [9, 13, 18, 19] (Table 17.1).

It is hopeful that both exercise and physical 
therapy have been shown to be the most viable 
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Table 17.1 Indications for rehabilitation in nonoperative 
treatment of massive rotator cuff tears

–  Patients without significant pain
– Elderly patients with low activity level
–  Patients with a functional range of motion of the shoulder
–  Patients who have progressively improved with a 

multimodal physical treatment
– Contraindications for surgery
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alternative option to surgery [2, 5, 20], but it has 
to be noted that researchers have found great 
difficulties to synthesize and standardize robust 
evidence-based rehabilitation programs, because 
most of them have been developed in observa-
tional non-randomized studies [2, 21, 22]. Some 
of these researches will be displayed throughout 
the present chapter.

Although the lack of high-quality studies 
has been highlighted, one of the latest system-
atic reviews [23] on exercise therapy in massive 
nonoperative RCTs (2018) has remarked that, in 
general, there is enough consistent evidence con-
firming that exercise is an effective treatment in 
these patients, with a Grade B recommendation.

One of the most relevant and current stud-
ies supporting physical therapy was a prospec-
tive multicenter research designed by the French 
Arthroscopic Society and carried out in 12 differ-
ent centers [9]. NOT methods included analgesics, 
anti-inflammatory drugs, rehabilitation, and sub-
acromial corticosteroid injections. Patients were 
followed up for 3, 6, and 12 months after the start 
of NOT.  ROM, Visual Analogue Scale (VAS), 
Constant Score, and Subjective Shoulder Value 
(SSV) were assessed. Out of 71 eligible patients, 
only three failed to complete the whole NOT pro-
gram and partial RCT repairs were performed. After 
12 months, the remaining 68 presented improve-
ments in mean Constant scores (40.7 ± 17.0 [range 
9–75] to 57.1 ± 15.3 [range 20–86]) and in mean 
weighted Constant score (54.9% ± 22.7% [range 
13–103] to 76.8% ± 0.2% [range 31–120]). Also, 
improvements in mean SSV (39% ± 15.8 [range: 
0%–80%] to 65.2% ± 15.8 [range 20%–99%]) and 
ROM (especially forward elevation: improved from 
112.2° ± 45.1 [range 20°-180°] to 137.4° ± 33.1° 
[range 60°–180°]) were observed.

This study supports the short-term useful-
ness of NOT in patients with irreparable mas-
sive RCTs regardless of the site of the initial tear, 
which showed no correlation with final functional 
outcomes or final ROM at 12 months. However, 
it must be taken into account that both the mean 
Constant scores and active forward elevation 
were significantly improved after 3–6 months of 
follow-up but, on the other hand, neither of them 
improved significantly between 6 and 12 months. 

Although it lacked a control group and a lon-
ger follow-up, it is the only one to provide data 
for function and motion range recovery during 
NOT and concludes that surgery treatment must 
be considered only in those patients with no or 
insufficient improvements after 6 months of con-
servative treatment.

Neri et al. [1] also described, in 2009, that non-
operative management of massive RCTs should 
only be reserved for those patients whose symp-
toms did not involve significant pain, because 
improved function may be achieved with activity 
modification, judicious use of steroid injections, 
and physical therapy (focused on anterior del-
toid training, reeducation of muscle recruitment, 
coordination of co-contraction, maintenance of 
motion or periscapular strengthening).

Most massive tears tend to be classified, 
according to the location of the tear, as antero- 
superior or postero-superior, each with different 
incidence, clinical presentation, examination find-
ings, and prognosis [1]. Classically, the contrac-
tion of the deltoid has been thought to promote 
the humeral head stabilization beneath the cora-
coacromial arch, modifying the center of rotation 
of the humerus in this situation [11]. However, 
current literature has observed that the deltoid 
may even play a major role in the prevention of 
upward migration of the humeral head in shoul-
ders with large RCT [24]. In this research, Gagey 
et al. examined the orientation of resultant forces 
along the vertical axis beyond the acromioclavic-
ular joint and in 19/23 shoulders it was noted that 
the resultant vector was oriented downward [24].

Burkhart [25] radiographically evaluated 12 
shoulders with massive, irreparable RCTs and 
described 3 patterns of glenohumeral kinematics 
based on fluoroscopy: stable, unstable, and cap-
tured fulcrum. Those patients belonging to the 
first group maintained a stable glenohumeral ful-
crum and, therefore, a stable kinematics during 
elevation. In the second group, an unstable gle-
nohumeral fulcrum led to anterior and superior 
translation of humeral head in active elevation. In 
the third group, although the incapacity to keep 
the humeral head centered in the glenoid cavity 
was noticeable, the elevation was performed at 
the undersurface fulcrum of the acromion.
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With proper training, he found that the force 
couples around the joint could be maintained in 
patients with isolated tears of the supraspinatus, 
which relatively preserved shoulder function. 
However, if the tear extended also into the anterior 
(i.e., subscapularis involvement) or posterior (i.e., 
posterior infraspinatus or teres minor) cuff ten-
dons, the force balances around the joint were dis-
turbed and could lead to unstable kinematics and 
loss of function. Burkhart’s “suspension bridge” 
concept argued that function could be maintained, 
even in the presence of a large tear, if the force 
balancing about the joint was preserved [25].

Hence, when put into practice, Anterior 
Deltoid Reeducation (ADR) has been proposed as 
an alternative treatment to compensate the altered 
biomechanics in shoulders with RCTs. Although 
it has been shown to be helpful in the short term, 
specifically in the debilitated elderly population, 
little is known about the durability of its benefits 
and effects on functional outcomes [19]. Levy 
et  al. [19] enrolled elderly patients with debili-
tated or pseudoparalytic shoulders presenting with 
anterosuperior RCTs. They followed an ADR pro-
gram and reported that 82% of patients succeeded 
in terms of pain, important ROM improvements 
(mean forward elevation improved from 40° to 
160°), and perceived function (measured with 
Constant Scale). However, their follow-up was 
only considered for the first 9 months.

The application of protocols based on iso-
lated ADR has proven to be effective (p < 0.005) 
on patients with massive RCT also at long term 
[26], but only a 40% of success was reported in 
this case. This protocol consisted on a home-
based program applied for a period of 3 months 
in elderly patients who were followed up during 
24 months and assessed for pain, ROM, strength, 
SSV, and American Shoulder and Elbow Surgeons 
(ASES) score. According to the results of this 
study, the success achieved following this ADR 
program was not statistically dependent on any 
of the ADR factors analyzed except for ROM: 
those patients with a forward flexion of less than 
50° at the beginning of the ADR program reached 
to an unsuccessful outcome at 2 years compared 
to those with a forward flexion of 50° or more 
(p < 0.022).

From our point of view, ADR programs con-
form to standards in shoulder rehabilitation of 
massive RCTs, but not as a unique and indepen-
dent treatment approach.

So much so that, studies such as the one 
carried out by Collin et  al. [13] have reported 
improvements in a prospective study of 45 
patients with irreparable massive RCTs with 
pseudo-paralysis by using a multimodal spe-
cific rehabilitation program. This protocol 
aimed to reduce pain and scapulo-thoracic 
dyskinesia, correct faulty humeral head center-
ing, strengthen scapular stabilizers, and restore 
proprioception. Excellent outcomes were 
observed in those patients with postero-supe-
rior tears (supraspinatus and infraspinatus), 
but no improvements were seen in those with 
complete antero-superior tears (subscapularis 
and supraspinatus tears). Unlike Ainsworth [2, 
27, 28] or Levy [19], Collin supports the idea 
that isolated strengthening of Anterior Deltoid 
may overstate the anterior decentering of the 
humerus as well as the isolated eccentric work 
on humerus depressors (latissimus dorsi and 
pectoralis major), as other studies have stated 
[29]. For these reasons, other kind of train-
ing approaches considering scapula, voluntary 
control of humeral head movements, or pro-
prioception may be the key in conjunction to 
ADR programs, whose effectiveness have been 
undoubtedly demonstrated.

In this sense, later biomechanical studies 
have proven that compensatory increases in the 
deltoid force are required to preserve shoulder 
function in patients with massive RCTs but also 
the remaining rotator cuff is essential to improve 
kinematics in this context [26]. In the presence 
of a massive RCT, stable glenohumeral abduc-
tion without excessive superior humeral head 
translation requires significantly higher forces in 
the remaining intact portion of the rotator cuff. 
These force increases are within the physiologic 
range of rotator cuff muscles for 6-cm tears and 
most 7-cm tears [26]. Increases in deltoid force 
requirements occur in early abduction; however, 
greater relative increases are required from the 
rotator cuff, especially in the presence of larger 
rotator cuff tears [11].
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Therefore, while rehabilitation of the deltoid is 
indeed important, these results highlight the rela-
tively greater importance of rehabilitation of the 
rotator cuff muscles to prevent superior humeral 
head translation and subacromial impingement. 
Indeed, emphasis on rotator cuff strengthening 
has become a mainstay of NOT [11, 30].

Steenbrick et  al. [31] evaluated the electro-
myograpic muscle activation pattern in 8 patients 
suffering a massive rotator cuff tear pre- and 
post-lidocaine injection. Before the injection, 
they observed a different activation pattern of the 
adductor muscles (pectoralis major/latissimus 
dorsi/teres major) comparing to normal shoul-
ders. They noticed a contraction of the humeral 
head depressors in order to avoid humeral head 
impingement and pain. After the lidocaine injec-
tion, pain disappears and the adductor abnormal 
pattern becomes normal.

According to this previous biomechanical 
issue, we believe that the adductor muscles also 
should be activated in the presence of massive 
rotator cuff tears, in order to stabilize the humeral 
head and avoid superior migration as much as 
possible. Therefore, a specific rehabilitation pro-
tocol should include isolated or combined exer-
cises for improving the adductor muscles group.

In 2009, Ainsworth et al. [27] compared the 
outcomes between elderly patients with mas-
sive RCTs whose physiotherapy management 
included conventional modalities (ultrasound, 
advice, encouragement, and analgesia) vs. those 
whose management had the addition of a spe-
cific exercise program. A total of 60 patients 
were recruited and followed up for 12 months 
and their assessment included: Oxford Shoulder 
Score (OSS) for shoulder disability, SF-36 for 
pain and goniometry for range of motion (ROM). 
Both groups experienced improvements at 
medium term (12 months) in all variables stud-
ied (perhaps because of the fact that increased 
knowledge about their shoulder condition 
encouraged them to use the arm without fear of 
worsening their tears), but those who followed 
the specific exercise program found greater and 

faster results at short and short-medium term. 
Within this study, two conclusions can be drawn 
with no difficulties: multimodal treatments are 
probably more effective in reducing pain and 
improving shoulder function and quality of life 
in these patients as long as they focus on a phys-
ical therapy adapted to the patient condition.

Patient education is fundamental for the 
patient to understand what the matter is with their 
shoulder, and they should be taught that pain in 
the shoulder does not always correlate with wors-
ening harm.

17.2  The Role of Latissimus Dorsi 
in the Rehabilitations 
of Massive Rotator Cuff Tears

Scapular dyskinesia (SD) is an alteration asso-
ciated with shoulder pathologies, producing 
an abnormal dynamic scapular control. It can 
be caused by fatigue, neurologic dysfunction, 
weakness of the periscapular muscles, and 
intraarticular glenohumeral pathologies such 
as subacromial impingement and massive rota-
tor cuff tears [31]. Scapular stability based on 
the periscapular muscles strengthening could 
improve the ROM, decrease the acromiohumeral 
contact, and reduce pain.

The stability of glenohumeral joint is mainly 
given by the rotator cuff and the periscapular 
muscles. However, in massive RCT the superior 
subluxation of the humeral head occurs due to 
the strength of the deltoid muscle. Some authors 
showed that the periscapular muscles such as 
latissimus dorsi (LD) and pectoralis major (PM) 
have an important role in avoiding the superior 
migration of the humeral head [32]. Halder et al. 
[33] found, in their biomechanical study, that 
the depression of the humeral head was most 
effectively achieved by the latissimus dorsi and 
the teres major. The activations of these muscles 
increased after massive rotator cuff tear, show-
ing that LD is the most effective depressor of the 
humeral head. Hawkes et  al. [34] evaluated in 
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an electromyographic (EMG) study the shoul-
der muscles activations after massive rotator 
cuff tear. EMG signal amplitude was signifi-
cantly higher for the biceps, trapezius-serratus 
anterior, latissimus dorsi, and teres major. The 
author concluded that activation of LD is an 
attempt to compensate the destabilizing forces 
of the deltoid in massive RCT.

Lee et al. [35] examined the biomechanics of 
the massive RCT and the role of LD/PM muscles 
in a cadaveric model, including measurement of 
kinematics, acromiohumeral contact pressure 
(migrations of the humeral head), and gleno-
humeral joint forces. Acromiohumeral contact 
pressures were undetectable when the LD/PM 
were loaded but increased significantly after 
LD/PM unloading, concluding that in massive 
RCT the LD and PM are effective to improve 
glenohumeral kinematics, reduce acromiohum-
eral pressure, and could delay the progression 
of the cuff tear.

Often, a general program of rehabilitation 
exercises addressed to strengthen the periscapu-
lar muscles is recommended for the NOT of the 
massive RCT. However, taking into account the 
aforementioned studies, exercise rehabilitation 
program must focus also on the LD and PM 

strengthening to reduce pain, delay the progres-
sion of cuff tear arthropathy, and improve shoul-
der function.

17.3  Exercises Protocol

 1. Mixed Exercises: Combining both scapular 
corrections and shoulder movements. 
Examples:
• Wall side with a towel (especially for ser-

ratus anterior deficits): The patient is asked 
to hold a towel in her hand and place it on 
a wall with her elbow flexed 90°. Then she 
is asked to slide the towel diagonally (scap-
ular protaction movement −30°) until the 
elbow is completely extended. 3 series 
(s) × 8–12 repetitions (r) (Fig. 17.1).

• Frontal elevation with resisted external 
rotation (especially for rotator cuff, 
rhomboids, and medium trapezius defi-
cits): The patient is asked to keep her 
elbows stuck to her trunk and flexed 90°. 
Then she is asked to take a band (low 
resistance) with her hands and externally 
rotate 15° with each shoulder. From this 
position, a shoulder frontal elevation up to 

Fig. 17.1 Wall side with a towel. Especially for serratus anterior deficits
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Fig. 17.2 Frontal elevation with resisted external rotation. Especially for rotator cuff, rhomboids and medium trapezius 
deficits

90° is carried out while holding the band 
tension. 3s × 8-12r (Fig. 17.2).

• Frontal elevation with resisted adduction 
(especially for latissimus dorsi deficits): 
The patient is asked to take a band starting 
from 30° of shoulder abduction and move 
her arm close to her trunk with her elbow 
extended. Then she is asked to carry out a 
frontal elevation up to 90° while holding 
the band tension. 3s × 8-12r (Fig. 17.3).

 2. Scapulothoratic Exercices: Aimed to correct 
scapular dyskinesia by recruiting hypoactive 
muscles and lengthening hyperactive muscles 
in the dysfunctional movement. Examples:
• Serratus punch: The Patient standing 

with her shoulder in 90° of flexion and 
elbow extended, from a scapular retrac-

tion position. The patient is asked to carry 
out a scapular protraction with the elbow 
extended against the resistance of a band 
tied around her back. Exercise specific for 
serratus anterior when pectoralis minor is 
hyperactive. 3s × 20r (Fig. 17.4).

• Scapular retraction: The Patient stand-
ing with her arms relaxed along his body 
and elbows extended. She is asked to 
hold the ends of a band (medium resis-
tance) tied to a fix bar in front of her and 
to extend her arms to place them closed 
to her greater trochanters. The movement 
is completed with a scapular retraction, 
when the patient tries to join the medial 
border of both scapulas. Exercise specific 
for medium trapezius and rhomboids 
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Fig. 17.3 Frontal elevation with resisted adduction. Especially for latissimus dorsi deficits

Fig. 17.4 Serratus Punch. Exercise specific for serratus anterior when pectoralis minor is hyperactive

when pectoralis minor and superior tra-
pezius remain hyperactive. 3s  ×  20r 
(Fig. 17.5).

• Horizontal abduction with external 
rotation: The patient in prone (also, it 
could be done with a light dumbbell 
0.5–1 kg if the patient can do it), starting 
from an external rotation (thumbs to the 
ceiling) and 90–120° of shoulder flexion 
with elbow extended. She is asked to per-

form a horizontal abduction up to trunk 
plane. 3s × 20r (Fig. 17.6).

 3. Anterior Deltoid and Rotator Cuff 
Exercises: Exercises based on Torbay 
Protocol.
• Exercise 1: The patient in supine, with 

arm extended (also, it could be done with 
a light dumbbell 0.5–1 kg). She is asked 
to, firstly, flex the elbow up to 90°. Then 
she is asked to flex the shoulder toward 
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her head with the elbow flexed, and in 
this position, she extends the elbow 
toward the ceiling. Finally, the patient 
slowly swings the arm up and down 
before coming back to the starting posi-
tion following the opposite way. 
3s × 8-12r (Fig. 17.7).

• Exercise 2: The patient in front of a wall 
with a towel on the affected hand. The 
patient is asked to slide it up along the 
wall, with the aid of the opposite hand to 

reach as far as possible without pain. 
3s × 8-12r.

• Exercise 3: The patient in lateral decubitus 
with the elbow next to the body and a light 
dumbbell begins to do shoulder external 
rotation to strengthen the remaining rotator 
cuff (Fig. 17.8).

• Exercise 4: The patient standing with the 
arm next to the body with 90° flexion of 
the elbow; the subject takes the band and 
begins to do shoulder internal rotation in 

Fig. 17.6 Horizontal Abduction with external rotation

Fig. 17.5 Scapular Retraction. Exercise specific for medium trapezius and rhomboids when pectoralis minor and 
superior trapezius remain hyperactive
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order to strengthen the subscapularis ten-
don (Fig. 17.9).

17.3.1  Patient Education

Patients should be given a thorough explanation of 
what has happened to their shoulder and why their 

function is impaired. Time should be spent re-assur-
ing the patient that whilst pain in the shoulder does 
not always correlate with harm, there is little to be 
gained by using the shoulder when pain increases. 
Patients should also be aware of the goals of the 
rehabilitation program because no progress will be 
made if the patient fails to engage with the process. 
Realistic and achievable goals should be set.

Fig. 17.7 Strengthening the anterior deltoid
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Fig. 17.8 Shoulder external rotation to strengthening the remaining rotator cuff

Fig. 17.9 Shoulder internal rotation to strengthening the subscapularis tendon
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Patient Expectation 
in the Treatment of Rotator Cuff 
Tears: What Is Its Role?

Roger Hackney, Emma Pollard, and Paul Cowling

18.1  Introduction

Greater patient involvement in discussion and deci-
sion-making in managing their care is demanded 
by patients and governing bodies alike, world-
wide. Proper informed consent is a legal necessity. 
Patient involvement and understanding leads to a 
patient having a realistic expectation of outcome. 
This is based on the information supplied by the 
surgeon, but increasingly from the information 
gained from other sources such as the internet and 
lay media. These latter sources are not regulated 
and may not be entirely correct factually.

Aside from avoiding medico-legal challenges, 
does a better understanding improve the patient’s 
perception of their care and outcomes?

18.2  Literature Review

There is very little in the literature regarding 
patient expectations of orthopaedic conditions 
and interventions in general, let alone of large 

and massive rotator cuff tears. Zywiel et al. [1] 
performed a systematic literature review to inves-
tigate how to measure expectations in shoulder 
surgery. They found that although some validated 
expectation instruments have been developed, 
there is little evidence of testing or validation. 
More recently, Swarup et  al. [2] investigated 
patient satisfaction around elective orthopae-
dic surgery and found that pre-operative patient 
expectations are associated with post-operative 
patient outcomes and satisfaction. They also con-
cluded there are very few validated measures of 
patient satisfaction in orthopaedic surgery.

There are few research studies investigating 
patient expectations from shoulder surgery. Work 
has been done in the Unites States, primarily 
at the Hospital for Special Surgery, New  York, 
to investigate patient expectations of shoulder 
surgery [3]. They devised a ‘patient-derived 
shoulder surgery expectation survey’ after inter-
viewing 509 patients with varying shoulder prob-
lems, including a large proportion of patients 
with a ‘complete rotator cuff tear’. In their inter-
views, they found that 48% of patients expected 
complete pain relief from any operative interven-
tion for their shoulder disorder. This scoring sys-
tem was to be used prior to any shoulder surgery. 
The authors recommend it can be used to learn 
about a patient’s perspective of surgery and pro-
vide the treating surgeon with a template to guide 
a discussion about how realistic their goals are. 
In validating this scoring measure, Henn III et al. 
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[4] found that younger patients had higher expec-
tations of total shoulder replacement.

When looking specifically at patient expec-
tations of rotator cuff treatment, most studies 
examine this with surgical management in mind. 
Tashjian et al. [5] investigated patient satisfaction 
with rotator cuff repair surgery. In this study, a 
self-assessment questionnaire was used to assess 
patient expectations: Musculoskeletal Outcomes 
Data Evaluation and Management System 
(MODEMS) [6]. This is an instrument for col-
lecting musculoskeletal outcome data using sev-
eral questionnaires, including questions around 
comorbidities, work status and education level. 
Six questions concerning how likely a patient 
expected a certain change in function or activity 
following treatment were asked, including relief 
from symptoms, ability to perform everyday 
household tasks, improved sleep, return to usual 
job, participation in recreational activities and 
prevention of future disability. They found that 
if the pre-operative patient expectations could be 
met, post-operatively, patients had higher satis-
faction. Higher pre-operative and post-operative 
met expectations led to higher patient satisfaction.

The same authors used the MODEMS score 
to assess 125 patients undergoing primary repair 
of a chronic rotator cuff tear [7]. They found that 
patients overall had high expectations regarding 
surgical management of rotator cuff tears, and 
greater than 85% expected surgery was ‘very 
likely’ or ‘extremely likely’ to improve each 
parameter asked. They found that the greater 
the pre-operative patient expectations, the bet-
ter the post-operative performance of standard 
functional outcome scores (DASH, SST, SF-36), 
and that even when controlling results for age, 
gender, smoking, comorbidities and a host of cuff 
tear specific factors, greater expectations were a 
significant independent predictor of a better per-
formance at 1 year following rotator cuff repair.

The MODEMS was also used in a study into 
the effect of expectations and concerns around 
rotator cuff repair [8]. They found that on the 
whole, the patient demonstrated high levels of 
expectations for surgical treatment of a rotator 
cuff tear. Their cohort’s main expectation of their 
post-operative function was ‘relief from symp-

toms’, followed by ‘prevent further disability’, 
‘to perform everyday household tasks’, ‘to par-
ticipate in recreational activities’, ‘sleep more 
comfortably’, and ‘to return to usual job’.

The patients with the highest expectations 
(the top 33% in expectation score) demonstrated 
significantly different factors to patients with 
lesser expectations: higher expectations were 
found in patients who were employed, had high 
levels of information pre-operatively, where 
the information was provided by their surgeon, 
and had a poorer pre-operative Constant Score. 
Interestingly, those patients with higher expecta-
tions demonstrated significant improvement from 
their baseline functional scores (SST, Constant 
score, SF-36 score). In this study, patients were 
also asked questions regarding 64 different pre- 
operative ‘concerns’. The authors found no dif-
ference in clinical outcomes in patients with high 
pre-operative concerns compared to these classi-
fied as of low concern.

Few studies investigated patient expectations 
related to physiotherapy for rotator cuff tears. 
Chester et al. [9] used a cohort of 1030 patients 
with shoulder pain to identify baseline patient 
and clinical characteristics that led to a better 
outcome after commencing physiotherapy. They 
found that patient expectation of a ‘complete 
recovery’ compared to ‘slight improvement’ as 
a result of physiotherapy was a factor associated 
with better outcomes.

It therefore seems that, although there is little 
in the literature regarding patient expectations of 
the treatment of rotator cuff tears, often patient 
expectations can be high, and can be influenced 
by employment, pre-operative information 
provided by their surgeon and their own pre- 
operative shoulder function. However, patients 
with greater expectations of the treatment of their 
rotator cuff often record better functional out-
comes after the intervention [10].

18.2.1  Patient Expectations When 
Managed with Physiotherapy

The role of physiotherapy in the management of 
large to massive rotator cuff tears is well docu-

R. Hackney et al.



165

mented [11–14]. Massive cuff tears compro-
mise the normal biomechanics of the shoulder. 
Re-education of the deltoid muscle is key in 
optimising the function of the deltoid along with 
the remaining uninjured rotator cuff muscles and 
other parascapular muscles, in order to maintain 
overhead function [15–17].

For patients who present with massive cuff 
tears and pseudoparalysis, treatment is likely to 
include the anterior deltoid program [11], along 
with posture correction, activity modification and 
strengthening of the other non-injured muscles of 
the rotator cuff and shoulder complex.

Several studies have shown a correlation 
between pre-operative expectations and out-
comes of orthopaedic surgery [7, 18–20]. 
Sociodemographic patient factors such as age, 
marital status, employment status, co-morbidi-
ties and level of education have also been shown 
to influence these outcomes [1, 21–24] and 
recently have also been linked to outcomes of 
non- operative treatment of rotator cuff tears [25, 
26]. In the study by Jain et al. [25], baseline ques-
tionnaires were used to assess function such as 
the shoulder pain and disability index (SPADI), 
fear avoidance beliefs questionnaire (FABQ) and 
mental health (MHI-5), which is a component of 
the Short Form health survey (SP 36). Outcomes 
were measured at 3-, 6- and 18-month intervals 
using the SPADI, and results showed better out-
comes for those who were married, with lower 
alcohol consumption, had shorter duration of 
symptoms, in light/non-manual work and those 
with a college level of education and above. Such 
characteristics may be an indication of patient 
compliance and pain coping strategies.

Boorman et  al. [26] used the rotator cuff 
quality- of-life index (RC-QOL), which also 
looked at baseline demographic characteris-
tics such as sex, length of symptoms, age and 
whether they were smokers or non-smokers. In 
addition, hand dominance and strength/range of 
motion (ROM) were recorded. Arm dominance 
may affect the QOL for those with symptoms on 
their dominant side, as would have made func-
tional tasks more challenging. Despite this pos-
sible confounding factor, there is evidence that 
the results support the use of such questionnaires 

in helping to predict outcomes and optimising 
clinical decisions when choosing how to manage 
massive rotator cuff tears non-operatively.

It is acknowledged that expectations are an 
integral part of the psychosocial make-up of each 
individual [27]. Addressing each patient on an 
individual basis in terms of pain and dysfunction, 
with awareness and consideration of the above 
sociodemographic and psychosocial characteris-
tics may therefore be key to a successful outcome.

The first patient/therapist consultation is para-
mount in the rehabilitation process. It is impor-
tant that the patients are educated regarding their 
diagnosis and the role of physiotherapy. With the 
increase in often-poor quality, but readily acces-
sible, information via the internet [28], the first 
contact is key to educating the patient concerning 
their diagnosis and the treatment options avail-
able to them. It allows patients to discuss their 
expectations of physiotherapy, to express any 
concerns, including any risks and benefits of 
their treatment and helps them to engage with 
their treatment plan, as failure to do so may result 
in poorer outcomes from poor compliance. This 
is the opportunity to set realistic goals and treat-
ment plans.

Education is key. For those with inoperable 
rotator cuffs tears, it is important that the patient 
understands the role of the rotator cuff and the 
fact that massive cuff tears can comprise the nor-
mal biomechanics of the shoulder. This allows 
patients to understand why they may present with 
reduced function and pain and thus why specific 
exercises are chosen in hope to improve these 
symptoms. Understanding that the aim of phys-
iotherapy is not to ‘heal’ the damaged tendon but 
instead to re-educate and train other muscles of 
the shoulder to compensate for the cuff tear, in 
the hope of reducing pain and restoring the func-
tion of the upper limb.

In addition to strengthening exercises, other 
treatments may include postural correction 
in order to obtain optimum positioning of the 
humeral head prior to exercise, proprioceptive 
rehabilitation, ROM exercises and modification 
of activities of daily living. Other adjuncts such 
as pain relief, use of heat and manual treatment 
may also be used [11, 12, 17, 29].
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Patients need to expect to partake in regular 
home exercise–based program along with regu-
lar visits to the physiotherapist for guidance 
and progression of their rehabilitation program. 
Successful outcomes require commitment and 
compliance from the individuals, and they must 
be informed that progress does not happen over-
night but can take weeks/months of hard work.

Studies have shown successful outcomes in 
the conservative management of rotator cuff tears 
when exercise programs are carried out regularly 
over a 3-month period. However, some sug-
gest that a longer period of 6–9 months may be 
required [12, 14, 17, 29].

Across physiotherapy, there appears to be no 
‘gold standard’ to the amount of repetitions, sets 
or how often the program is carried out. Studies 
report that the frequency of home exercise pro-
gram is often varied [29, 30].

There are many factors that may dictate 
how many repetitions, sets and how frequent a 
home exercise program should be carried out 
and is very much chosen on an individual basis. 
Consideration of pain, irritability and patient 
ability are all taken into account.

18.3  Implications for Personal 
Practice

The literature review suggests that patients who 
have better expectation of outcome perform better 
in follow-up studies, but in the days of informed 
consent and patient involvement in decision mak-
ing, it is crucial to set realistic targets and provide 
a realistic expectation of outcome. This is espe-
cially important in the management of large to 
massive tears where outcomes are not always as 
good as the surgeon would wish for. If the surgeon 
and patient have widely different expectation of 
outcome, the disappointed party is usually the 
patient, and none of us wish for unhappy patients. 
Younger patients will often have researched the 
internet and come to clinic with some fixed ideas, 
not always based on evidence and fact.

Patients with large and massive tears have a 
wide variety of presentations, from mild discom-
fort and weakness, to a flail or pseudoparalytic 

shoulder with awful pain and loss of func-
tion. Management is adjusted according to the 
patient’s individual needs and the surgeon’s own 
particular preferences in management.

In the UK, patients often present to second-
ary care having already undergone a course of 
physiotherapy. Unfortunately, this is frequently 
of dubious quality from a non-specialist physio-
therapist. They may have undergone basic inves-
tigation to identify the tear of the rotator cuff.

Once the individual patient’s levels of pain 
and loss of function have been assessed, fur-
ther investigation is usually required. It is the 
practice of the corresponding author to draw a 
picture for the patient to explain the anatomy 
and function of the rotator cuff, what happens 
when a tear occurs and what the options are for 
anyone with a large to massive cuff tear. The 
pros and cons of rehabilitation, the risks (with 
regard to increased risk of any subsequent joint 
replacement) and benefits of steroid injection are 
all detailed. It is explained that the programme 
offered by a specialist physiotherapist is not the 
same as that from a non- specialist and that some 
very satisfactory outcomes can be obtained with 
physiotherapy alone. It may take 2–3  months, 
however. All of the surgical options are detailed, 
to give the patient an overall picture of what is 
available for their care. These are divided into 
simple arthroscopic surgery, potential repair of 
the rotator cuff and possible augmentation with 
a patch, and on to reverse total shoulder replace-
ment. The outcomes of these various options are 
provided.

Even with simple debridement perhaps includ-
ing biceps surgery, the short to medium may be 
quite good, and about two-thirds of patients do 
satisfactorily, according to the literature.

If an arthroscopic repair is achievable, patients 
will undergo a period of 4 weeks’ immobilisation 
in a sling, but they are warned about the lengthy 
period of rehabilitation and the risk of re-rupture. 
I do believe it is important to fully inform patients 
of the time it takes to recover.

The patch augmentation provides better out-
comes and reduced risk of recurrence, but for 
very large tears, open surgery is employed, which 
carries with it a higher risk of infection com-
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pared with arthroscopic surgery. Severe muscle 
wasting may not recover or take over a year to 
regain power with overhead activity. The patient 
is shown the sagittal MRI scan to demonstrate the 
amount of wasting/fatty infiltration.

When discussing other management options 
that are not fully researched or proven such as 
balloon arthroplasty and superior capsular recon-
struction, the surgeon should describe a summary 
of published literature and be honest with regard 
to the evidence, benefits and risks.

All patients need to know the time in sling 
and time off work/driving/lifting. They are 
told that strengthening work does not start for 
10–12 weeks so that manual workers understand 
the reason for the time off lifting.

Where patients have osteoarthritis and a 
reverse total shoulder is an option, then full 
counselling of the advantages and disadvantages 
is provided.

This information is all provided on a sheet for 
the patient to take home with them, as it is well 
established that patients retain less than half the 
information provided in a clinic setting.

Rotator cuff repair can be extremely painful. 
An audit of my patients showed a tendency for 
larger tears to be more painful. The audit led to 
an improvement in practice and a fuller explana-
tion from the anaesthetist as to how the pain will 
be managed. My patients undergo day case sur-
gery with a general anaesthetic and interscalene 
nerve block. The addition of 3.3 mg dexametha-
sone to the block increases the duration of the 
block by 50%, with many patients experiencing 
pain relief for well over 24 h. Patients are then 
supplied with the World Health Organisation 
analgesic ladder of analgesia to use post-oper-
atively. The interscalene block should last until 
the post-operative morning. Patients are encour-
aged to take paracetomol and dihydrocodeine 6 
hourly with a non- steroidal starting the morning 
after surgery even if full resolution of the inter-
scalene block has not yet occurred. Oromorph is 
used for rescue pain relief only if required. An 
audit revealed that only 10% required this, prior 
to using dexamethasone this was 40%. Using 
this regimen has significantly improved patient 
satisfaction rates.

18.4  Conclusion

Patients in the modern era are encouraged to be 
more involved in the decision-making process. 
In order to facilitate this, the patient should be 
fully informed of the benefits and risks of any 
management options offered and the alterna-
tives. Once the patient has been fully informed 
and understands the path ahead, the result will be 
improved outcome and the happier and more sat-
isfied patient.
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Treatment of Massive Irreparable 
Cuff Tears: Decision Making 
Process

Alessandra Scaini, Andrea G. Salvi, 
and Giuseppe Milano

19.1  Introduction

Massive irreparable rotator cuff tears (MIRCTs) 
are defined as rotator cuff tears (RCTs) that can-
not be repaired with adequate mobilization and 
advanced arthroscopic techniques, because of 
their inability to reach the anatomic footprint on 
the humeral head [1–5].

Massive RCTs are not synonymous with irrep-
arable, as all irreparable lesion are massive, but 
the opposite is not true. Massive tears are defined 
as defects involving two or more tendons or mea-
suring >5  cm; Burkhart observed that 85% of 
massive lesions are at least reparable. Although 
repair can be achieved, failure rate of massive 
tears is high, ranging between 25 and 94% [6–9].

The identification of true irreparable tears is 
a challenge, and often diagnosis is confirmed 
only during arthroscopy after an unsuccessful 

attempt to mobilize and advance the torn ten-
dons to the footprint. Nevertheless, irreparability 
is usually due to the size of the lesion, retrac-
tion, fatty degeneration, and muscle atrophy, 
and therefore, diagnostic criteria are proposed 
based on imaging features [2, 10]. Applying that 
reasoning, criteria to describe MIRCTs are in 
general defect size >3 cm, advanced fatty infil-
tration (stage ≥3 of Goutallier’s classification), 
reduced acromiohumeral distance (AHD), and 
significant tendon retraction (stage >3 of Patte’s 
classification) with muscular atrophy and poor 
tissue quality [4, 11, 12].

From this perspective, many authors [13–16] 
tried to correlate specific preoperative magnetic 
resonance (MR) findings with reparability of 
RCTs (Table  19.1). Kim et  al. [13] proposed a 
quantitative scoring system (Reparability Index) 
to predict if the tear is reparable.

A. Scaini · A. G. Salvi · G. Milano (*) 
Department of Bone and Joint Surgery, Spedali 
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Table 19.1 Preoperative radiographic risk factors for irreparability of RCTs

Sugihara [13] Yoo [14] Dwyer [15] Kim [16]
Tear size (length) > 4 cm > 3.1 cm Lateral >4.2 cm

AP > 3.7 cm
Fatty infiltration (Goutallier classification) Severe SS > 4

IS > 3
Severe >3

Tendon retraction (Patte classification) >3 >3
Superior humeral migration Yes

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61162-3_19&domain=pdf


170

Besides tear characteristics, history and clini-
cal exam are crucial to identify patient-related 
factors for reparability. For example, traumatic 
versus atraumatic (or acute versus chronic) onset 
can drive us to a correct assessment, because 
traumatic tears may be more likely to be repara-
ble since they are not associated with significant 
atrophy, tendon retraction, and fatty degeneration 
[10, 17]. Age and activity level are also relevant 
to define the patient’s demand, which is relevant 
to choose correct treatment [3, 10, 17, 18].

Over the years, many treatments have been 
proposed with good results, the real challenge 
being to choose the most adequate treatment for 
each patient. At this aim, some authors proposed 
treatment algorithms [3, 10, 17] (Fig.  19.1). 
Unfortunately, no clear evidence exists on the 
efficacy of different surgical options to address 
MIRCTs, and further studies are necessary to 
determine specific indications based on patient 
and anatomical features and to assess safety, effi-
cacy, and adequacy of treatments.

Irreparable RCT
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humeral depressors
strengthening exercises

Anterosuperior tear

Poor response

Intraarticular
local anesthetic/
steroid
injections

No

No

Yes

Yes

Subscapularis tear
Subscapularis tear

Subscapularis tearPosterosuperior tear

Partial repair with
or without
interposition
allograft/autograft

Improvement in shoulder
mobility and pain

No Yes

Continue

Continue Arthoscopic
debridement/biceps
tenotomy/
suprascapular nerve
block

No improvement

Subacromial
biodegradable spacer Partial functional repair

Superior capsular
reconstruction

Pectoralis
major/pectoralis
minor transferTendon transfers

procedures:
latissimus dorsi
lower trapezius
L’Episcopo procedure

Reverse shoulder
antroplasty

Yes

Fig. 19.1 Treatment algorithm proposed by Novi et al. [3]
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19.2  Nonoperative Treatment

Nonoperative management is based on activity 
modification, steroid injections, and physical 
therapy, with a focus on rehabilitation of the ante-
rior deltoid, which is paramount for the overhead 
activities [19, 20].

The recruitment should be mainly based on 
the patient’s features. According to Dunn et  al. 
[21], some specific patient-related factors can be 
used as predictors of treatment failure and need 
for surgery, such as low expectations of physi-
cal therapy, high activity level, and smoking. 
Conversely, anatomic characteristics of RCTs 
seem not to be correlated to the conservative 
treatment outcomes.

If conservative management does not provide 
satisfactory results, surgery should be considered 
over a period of 6 months in chronic tears and 6 
to 8 weeks in acute scenario [17].

19.3  Isolated Biceps Tenotomy

The long head of the biceps tendon (LHBT) 
pathology is almost always present in an RCT 
scenario. The improvement of symptoms after a 
spontaneous rupture of the biceps tendon in the 
patient with chronic RCTs suggested that the 
isolated management of LHBT pathology can 
be enough. To achieve this result, both tenotomy 
and tenodesis can be performed; tenotomy draw-
backs are loss of biceps strength (about 20% in 
forearm supination and elbow flexion), popeye’s 
deformity, and risk of superior migration of the 
humeral head.

Some authors showed an improvement in 
Constant score without significant decrease in 
AHD (average 1.1  mm) or progression to gle-
nohumeral osteoarthritis (OA); however, they 
contraindicated this procedure in case of pseudo-
paralysis or severe cuff tear arthropathy (CTA) 
[22, 23]. On the other hand, according to Klinger 
et al. [24], there is no difference in the outcomes 
by adding LHBT tenotomy to a debridement pro-
cedure in patients with MIRCT.

19.4  Suprascapular Nerve Release

Few studies suggested that in massive posterosu-
perior RCTs there could be a suprascapular nerve 
(SNN) neuropathy due to tendon retraction. 
Diagnosis is based on physical examination and 
positive electromyography (EMG) signs [25]. 
Considering this, some authors proposed the 
release of the SNN at the scapular notch; by the 
way the real impact on outcome of this procedure 
is controversial. Some authors found an improve-
ment in pain and function in their case series [26, 
27], while Lafosse et al. did not observe differ-
ences in comparison with cuff repair alone [28].

19.5  Arthroscopic Debridement

Proposed in 1995 by Rockwood, the original 
technique included tendon debridement, subacro-
mial decompression with anterior acromioplasty, 
and resection of coracoacromial (CA) ligament. 
Currently there is no consensus about resec-
tion of CA ligament, which can be apparently 
related to superior humeral head migration [1, 
29, 30]. Debridement should be proposed after 
the failure of conservative treatment in the patient 
with a MIRCT without a high-degree OA [30]. 
Moreover, since the goal of the procedure is just 
to relieve pain and not to regain shoulder move-
ments, it is best suitable for elderly patients with 
low functional demand, albeit it does not slow 
progression of osteoarthritis [17, 31].

Outcome studies showed some improvement 
in functional and subjective scores probably 
related to the analgesic effect of the procedure. As 
far as the effect on the range of motion (ROM), it 
is sure that pain reduction allows regaining some 
degree of motion without a real enhancement in 
shoulder function [18, 32, 33].

Several preoperative factors were analyzed 
to understand who can really benefit of the pro-
cedure. Tear size, age, and Goutallier’s stage 
seem to not be related to outcomes, whereas 
the reduction of the AHD and the presence of a 
subscapularis (SSC) tear could have a negative 
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impact. There is no consensus about the effect of 
 preoperative OA, working activity, and gender 
[24, 32–36].

19.6  Tuberoplasty and Reverse 
Arthroscopic Subacromial 
Decompression

Since the important role played by the cora-
coacromial arch and coracoacromial ligament in 
anterior- superior stability of the humeral head, 
Fenlin et  al. [37] developed a procedure called 
tuberoplasty. The objective of this technique was 
to make more congruent the acromiohumeral 
articulation by means of an open resection of the 
exostosis of the greater tuberosity; in their case 
series, they reported 95% satisfactory results in 
19 patients [37].

The term “reverse arthroscopic subacromial 
decompression” (RASD) was introduced by 
Scheibel et al. [38]. In their procedure, the authors 
performed an arthroscopic debridement of the 
subacromial space and arthroscopic tuberoplasty, 
with or without biceps tenotomy. Both Scheibel 
et al. [38] and Verhelst et al. [39] reported good 
mid-term results with respect to pain relief, func-
tional recovery, and patient satisfaction follow-
ing RASD. They observed a decrease in the AHD 
postoperatively, probably due to biceps tenotomy.

Lee et al. [40] presented satisfactory results in 
patients who underwent acromioplasty and tuber-
oplasty procedure.

By the way, none of the studies could state 
that tuberoplasty was responsible by itself of 
good results recorded, as it was combined with 
bursectomy and treatment of the biceps tendon. 
For this reason, the procedure is seldom used in 
clinical practice.

19.7  Partial Repair

Partial repair is a technique first described by 
Burkhart in 1994 to restore the transverse force 
couple and a stable fulcrum for the glenohumeral 
joint. This technique includes a repair of the 
infraspinatus (IS) (at least the inferior half) and 
the SSC tendon, creating a “suspension bridge,” 
while leaving the irreparable supraspinatus (SS) 
unrepaired [41]. For this assumption, partial 
repair is indicated in patients with reparable IS 
and SSC and irreparable SS, without glenohu-
meral OA (Hamada stage <2) and no improve-
ment after conservative management (Fig. 19.2). 
Partial repair is not indicated in patients with del-
toid deficiency [17, 18, 42, 43].

Many studies [42, 44–47] showed signifi-
cant functional improvement with a significant 
increase in forward flexion, external rotation, and 

JRF

Subscapularis

Infraspinatus

Fig. 19.2 Partial repair 
is used to restore the 
transverse force couple 
and a stable fulcrum for 
the glenohumeral joint. 
This technique includes 
a repair of the 
infraspinatus (at least 
the inferior half) and the 
subscapularis tendon, 
creating a “suspension 
bridge,” while leaving 
the irreparable 
supraspinatus unrepaired 
(JRF: joint reaction 
force)
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internal rotation, albeit no difference in forward 
flexion and external rotation was reported in two 
studies [42, 44, 47].

There is no consensus about factors affect-
ing the outcome of the procedure. Galasso et al. 
[42, 44, 47] found that demographic factors like 
male gender and young age were associated with 
a greater improvement in strength in abduction, 
external rotation, and internal rotation, albeit 
other authors found no association between age 
and gender and clinical outcome [44, 45, 47, 48]. 
Preoperative duration of symptoms had no effect 
on clinical outcome; no association was reported 
with diabetes, smoking status, and AHD, while 
there was a greater improvement in patients with 
preoperative night pain, high VAS score, and low 
ASES score [44, 48]. Shon et al. [45] observed that 
fatty infiltration of teres minor (TM) was the only 
preoperative factor associated with poor outcome.

Despite promising clinical outcome, there is 
a high failure rate after this procedure (41.6%), 
and most of these patients turn into reverse total 
shoulder arthroplasty (RTSA) [42, 44, 47, 48].

19.8  Superior Capsule 
Reconstruction

Superior capsule reconstruction (SCR) consists 
of a reconstruction of the superior glenohu-
meral joint capsule to avoid the superior migra-
tion of the humeral head often associated with 
MIRCTs. Superior capsule reconstruction was 
first described by Mihata in 2012 [49–51]. In the 
original technique, the static restraint was secured 
suturing a fascia lata autograft to the superior gle-
noid and the greater tuberosity, with additional 
sutures between the patch graft and the residual 
rotator cuff tendon [49, 52] (Fig.  19.3). In the 
last few years, several modified procedures using 
acellular dermal allograft (Fig. 19.4) or proximal 
long head of biceps (Fig. 19.5) instead of fascia 
lata autograft have been proposed [51–54].

Indications for SCR are patients with mas-
sive contracted tear of the superior cuff, superior 
migration of the humeral head, intact or reparable 
SSC, intact TM, and no severe CTA (Hamada 
stage ≤3); fixed high riding humeral head is a 

contraindication only if the humeral head cannot 
be reduced during the surgery [52, 55].

Clinical reports on case series showed an 
improvement in elevation, external and internal 
rotation, subjective and functional scores, and an 
increase of AHD.  Furthermore, no progression 
of OA is described in a significant number of 
patients after SCR [52–54, 56].

Fig. 19.3 Superior capsule reconstruction creates a static 
restraint against upper migration of the humeral head. The 
graft is secured to the superior glenoid and the greater 
tuberosity, with additional sutures between the patch graft 
and the residual rotator cuff tendon

Fig. 19.4 Superior capsule reconstruction with extracel-
lular dermal matrix
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In the current literature, failure rate is between 
16.7% and 36.1%, and revision surgery occurs in 
18.6% of the patients where the most are conver-
sion to RTSA [18, 52, 53, 57]. Predictive factors 
for re-tear are poor posterior remnant tissue, which 
cannot provide continuity with the graft and inad-
equate postoperative AHD improvement [57].

19.9  Graft Interposition

Bridging graft interposed in the gap between 
irreparable rotator cuff tendons and the anatomic 
footprint was proposed by Post in 1985 [58]; and 
this technique actually includes various graft 
options, such as synthetic grafts [59, 60], xeno-
grafts (like porcine acellular dermal matrix) [61], 
different sources of autografts (i.e., fascia lata 
or iliotibial band with a Gerdy’s tubercle bone 
block) [62, 63], and allografts (i.e., fascia lata or 
human dermal allograft) [46, 64, 65].

An ideal patient for this surgery should be the 
one with symptomatic irreparable tears after failed 
conservative treatment without OA [61, 66]. Severe 
muscle atrophy and fatty infiltration is a relative 
contraindication because of its irreversible condi-
tion that does not favor tendon healing [61, 66].

All patch grafts showed a significant improve-
ment in pain and ROM, even if most of the stud-
ies are small case series with short follow-up. 

Synthetic grafts seem to be more susceptible to 
re-tear [18, 66].

19.10  Balloon Spacer Arthroplasty

Balloon spacer arthroplasty consists of implant-
ing a biodegradable balloon inflated with saline 
solution in the subacromial space (Fig. 19.6). This 
is a simple and minimally invasive procedure that 
reduces friction and allows smooth glide of the 
joint, enabling an intense painless rehabilitation 
to restore ROM and effective action of the deltoid 
muscle. The balloon dissolves over a period of 12 
to 18 months [67, 68].

Good outcomes are reported from many stud-
ies in terms of pain relief and subjective and func-
tional scores, while describing a non- significant 
AHD reduction [69–72]. There is a moderate–
strong correlation between preoperative ROM 
and subjective general satisfaction after the pro-
cedure [18, 72]. Failure rate of this procedure 
varies from 3 to 8.3% [68, 69, 71, 72].

19.11  Muscle Transfer

Many transfers have been proposed in the past 
years to restore shoulder strength and kinematics. 
Specific muscle transfers are indicated depending 
on the type of lost function, which is strictly linked 
to the site of the lesion. Correct  indications and 

Fig. 19.5 Superior capsule reconstruction with the proxi-
mal stump of the long head of the biceps tendon

Fig. 19.6 Balloon spacer arthroplasty consists of 
implanting a biodegradable balloon inflated with saline 
solution in the subacromial space
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patient selection are crucial. These procedures are 
indicated in a young or high-demand patient with 
impairment related to weakness and loss of move-
ment, with minimal glenohumeral OA [5, 73, 74].

19.11.1  Posterior-Superior Tears

Posterior-superior tears are the most common 
tears; different kinds of muscle transfer have 
been proposed in the literature.

19.11.1.1  Latissimus Dorsi
This transfer is usually performed for SS and IS 
tears to restore external rotation while elevation is 
provided by residual deltoid function. The proce-
dure, first described by Gerber in 1988, consists 
in relocation of the distal insertion of this muscle 
from the intertubercular groove to the superolat-
eral humeral head; this change of the LD function 
into an external rotator creates a head-depressing 
moment that allows more effective action of the 
deltoid muscle in elevation and prevents cranial 
migration of the humeral head on attempted flex-
ion or abduction [75] (Fig. 19.7).

Several studies supported a gain in pain, 
mobility, function, and strength, with an increase 
of functional and subjective scores and a high sat-
isfaction rate but also showed a mild progression 
of humeral escape and glenohumeral OA [76–
79]. Gerber et al. [77], in a long-term (10 years) 
follow-up study, estimated this progression lim-
ited to one stage in Hamada classification with no 
influence on the clinical results.

Despite the original technique being an open 
procedure, nowadays more and more surgeons 
are performing it by arthroscopic assistance, with 
good outcome; and some authors described no 
progression of OA in comparison with the open 
procedure [79–84].

Latissimus dorsi transfer (LDT) is relatively 
contraindicated in patients with SSC tear > grade 
2 according to Lafosse’s classification (the lesion 
must be reparable), severe CTA (Hamada stage 
≥4). Deltoid dysfunction, atrophy or fatty degen-
eration of TM, deltoid and SSC, large critical 
shoulder angle, and pseudoparalysis could nega-
tively affect the outcome. The outcome is strictly 
related also to the compliance of the patient with 
physical therapy [17, 76–78, 83, 85].

a b

Fig. 19.7 (a, b) Latissimus dorsi (LD) transfer is usually 
performed for supraspinatus and infraspinatus tears to 
restore external rotation and consists in relocation of the 
distal insertion of this muscle from the intertubercular 
groove to the superolateral humeral head. This change of 

the LD function into an external rotator creates a head- 
depressing moment that allows more effective action of 
the deltoid muscle in elevation and prevents cranial migra-
tion of the humeral head on attempted flexion or 
abduction
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Failure rate is moderate with a peaking up to 
38% described by Kany et  al. [76, 77, 82–84], 
while other studies reported lower failure rate 
[76, 77, 82–84].

19.11.1.2  Lower Trapezius
The technique describes the transfer of the lower 
portion of the trapezius, which is then fixed to the 
humeral head to restore the function of an irrepa-
rable posterior-superior rotator cuff tear. Elhassan 
et  al. also described a modified arthroscopically 
assisted technique, and recently some papers 
suggest an augmentation with Achilles tendon 
allograft [86–88].

Biomechanical evidence also suggests that 
lower trapezius may restore shoulder kinematics 
better than latissimus dorsi transfer [89].

19.11.1.3  L’Episcopo Procedure
The technique was originally described in 1934 to 
treat obstetrical brachial plexus palsy. L’Episcopo 
procedure always includes a combined teres major 
and LD transfer, and a modified technique was 
proposed by Hebermeyer et  al. [90] to restore 
external rotation in patients with MIRCTs. Boileau 
et al. [91] published another variation of the tech-
nique through a delto- pectoral approach during 
RTSA.  However, more studies are necessary to 
confirm its efficacy in the treatment of MIRCTs.

19.11.2  Anterior-Superior Tears

Anterosuperior tears are less frequent but are a 
surgical challenge because of the frequent delay 
in diagnosis; generally, they include SSC and SS 
tear with a loss of internal rotation and in some 
cases a relative anterior instability of the gleno-
humeral joint.

19.11.2.1  Pectoralis Major
To change the function of this muscle into an inter-
nal rotator, the pectoralis major (PM) is routed 
behind the conjoined tendon and then fixed to the 
lesser tuberosity. This procedure is indicated in 
irreparable SSC tears (Goutallier grade > 3) with 
intact posterior-superior cuff, minimal OA, func-
tioning deltoid, and high- demand patients [92].

Studies suggested good results with good 
improvement in pain and internal rotation and 
high grade of satisfaction, even if this procedure 
does not arrest the progression of CTA [93–96].

19.11.2.2  Pectoralis Minor
This procedure was first described by Wirth and 
Rockwood in 1997 [95, 96] and provides a recon-
struction in patients with irreparable SSC tendons 
by transferring the pectoralis minor to the lesser 
tuberosity. Paladini et  al. [95, 96] described a 
variation with a coracoid block attached to the 
pectoralis minor. The technique provided signifi-
cant improvements in ROM, pain, and satisfac-
tion [95, 96].

19.11.2.3  Latissimus Dorsi 
and Superior Trapezius

Mun et  al. [97] proposed a transfer of LD for 
irreparable SSC tears, because of their similar 
direction, achieving a restoration of shoulder 
function and pain relief. Goutallier also per-
formed a reconstruction of SSC with superior tra-
pezius transfer with poor outcome, so this option 
does not appear recommendable [98].

19.12  Reverse Total Shoulder 
Arthroplasty

The term “cuff tear arthopathy” (CTA) was intro-
duced by Neer in 1983 [99–102]. Reverse total 
shoulder arthroplasty (RTSA) has a main indica-
tion in CTA with good results in restoring active 
elevation and relieving pain [99].

Indeed, RTSA is the first choice to improve 
elevation in patients with a MIRCT, true pseu-
doparalysis, and glenohumeral OA, for whom 
arthroscopic procedures or tendon transfers are 
not suitable (Fig.  19.8). Even though the indi-
cations for RTSA have been broadened to man-
age a number of pathologies with average good 
results, the best outcomes with this procedure are 
achieved in patients with CTA [91, 103].

A deficit in active external rotation due to 
tears of the TM (with clinically positive horn-
blower’s sign) is an obstacle to reach satisfactory 
shoulder function after a TRSA alone. In these 
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patients, a LDT combined with RTSA can over-
come the problem of the active external rotation 
deficit [104].

The importance of properly selecting the 
patients that undergo this procedure has been 
highlighted several times in the literature. Hartzer 
et al. found poor outcomes in patients who under-
went RTSA for irreparable rotator cuff tear and 
were younger than 60 years, with high preopera-
tive function or neurologic dysfunction [102]. In 
the same way, Boileau et al. observed a high rate 
of dissatisfaction in a subgroup of patients with 
preoperative active elevation over 90° [105, 106].

Even though the RTSA seems to be the gold 
standard for the treatment of elderly patients with 
a MIRCT with pseudoparalysis complicated by 
severe glenohumeral OA, the complication rates 
have been reported between 20 and 50% [107]. 

These complications are represented by mechani-
cal failure, acromion fractures, infections, and 
heterotopic ossification [105, 106]. Moreover, 
another matter of concern is the longevity of 
these implants, with revision rates of 10–33% 
and increasing complications rates with each 
revisions [105, 106].
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Partial Repair

Gonzalo Samitier and Emilio Calvo

20.1  Introduction

Partial repair for massive rotator cuff tears was first 
described by Burkhart et al. in 1994 [1]. The goal 
of repairing infraspinatus and subscapularis ten-
dons to their footprint while leaving the irreparable 
supraspinatus unrepaired creates force coupling 
of the deltoid and repaired rotator cuff tendons to 
allow for effective elevation of the arm. Although 
the supraspinatus is left unrepaired, complete cov-
erage of the humeral head was considered unnec-
essary because the biomechanics of the shoulder 
were restored. This technique was originally 
described as an open procedure, although several 
recent articles [2, 3] using the same principles have 
allowed surgeons to perform partial tendon repairs 
arthroscopically; this procedure has been consid-
ered in patients with irreparable supraspinatus ten-
don and reparable infraspinatus and subscapularis 
with no glenohumeral osteoarthritis who continue 
to have pain and dysfunction after conservative 
management [3, 4].

Frequently, by using mobilization techniques, 
we are able to reach near anatomic repairs for 
most of large-to-massive tears, minimizing the 
exposure of the humeral head. A double-row 
repair for the infraspinatus portion of the repair 
combined with side-to-side and single-row repair 
techniques for the most anterior cuff increases 
the footprint contact and potentially contributes 
to improved healing rates, and provides greater 
humeral head coverage and better long-term 
results, as reported in previously published stud-
ies that targeted only for partial repair [5, 6].

Indeed, there is a recent controversy defining 
the conceptual and clinical differences between 
partial repair vs. incomplete repair; as many arti-
cles have indistinctly used these terms, a recent 
article from Yoo et al. [7] tried to clarify the issue 
and defined partial repair as the construct that 
leaves a substantial unrepaired defect that entails 
moderate to extensive exposure of the humeral 
head (>10 mm) after surgery, unlike incomplete 
repair (<10 mm). Duralde and Bair [8] reported in 
their series on partial repair that the mean size of 
the residual humeral head uncovered defect was 
1.7 cm. Burkhart [9] and Kim et al. [10] reported 
a mean residual defect of 29 mm and 12 mm with 
partial repair, respectively. This controversy is 
relevant as recent publications have shown that 
partial repair does not always guarantee satisfac-
tory clinical outcomes in the mid- and long term 
despite initial encouraging results [5]. Yoo et al. 
[7] compared both repairs and evidenced more 
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satisfactory clinical outcomes when arthroscopic 
incomplete repair was achieved in contrast with 
partial repair for large-to-massive rotator cuff 
tears.

20.2  Indications to Partial Repair

A complete medical history of the patient and 
a full physical exam with an adequate imaging 
study are important to build a convenient pre-
operative plan. In revision cases, the main fac-
tors related to failure should also be examined: 
history of trauma, complete reports about pre-
vious surgical procedures, smoking habits, and 
whether early aggressive rehabilitation con-
tributed to structural failure. Rotator cuff repair 
is an elective surgery that requires careful pre-
operative evaluation and discussion of treat-
ment expectations, risks and benefits. Overall, 
complete repairs of rotator cuff tears have been 
shown to lead to good-to-excellent outcomes in 
most patients, with significant improvement in 
the mean scores on self-assessed questionnaires; 
however, multiple factors including age, gender, 
smoking habit, larger tear size, poor tendon qual-
ity, severe fatty infiltration (Goutallier grade >3) 
[11, 12], advanced rotator cuff tear arthropathy 
(Hamada stage >3) [13, 14], workers’ compen-
sation status, and healing potential of the rotator 
cuff repair have been shown to be associated with 
less favorable outcomes after rotator cuff repair 
[15, 16]. The patient must be advised of potential 
surgery- and anesthesia-related issues; postop-
erative timing should be discussed as well as the 
recovery process after rotator cuff repair, espe-
cially in regard to motion and strength, as this is 
usually slow and occasionally cannot be reversed 
back to normal [17].

For relatively low-demand older patients 
with chronic symptomatic tears that never tried 
conservative measures, or those who remain 
asymptomatic, we reserve initial 8–12 weeks of 
nonsurgical treatment regardless of the size of the 
tear and as long as they do not have pseudoparal-
ysis; for relatively young patients with complete 
tears, we do not delay consultation for surgery 
if symptoms and/or limitations are present [18, 

19]. For large tears in acute traumatic setting, we 
will offer surgery primarily in most cases as cuff 
tears tend to progress rapidly over time, becom-
ing more difficult to repair and showing irrevers-
ible changes.

Our non-operative approach consists in guided 
physical therapy to keep a strong force couple. It 
is very common for these patients to have one or 
two subacromial corticosteroid injections along 
the process trying to reduce the inflammatory 
response and pain if that benefits the rehabilita-
tion process. We also favor conservative treatment 
for symptomatic low-demand elderly population, 
patients who are not willing to have surgery, and/
or patients medically inadequate.

For irreparable large-to-massive rotator cuff 
tears, we first consider incomplete repair. If only 
a partial repair is achievable, we may complement 
our partial repair with superior capsular recon-
struction (SCR) given the promising preliminary 
results observed with this combination [20–22]. 
Occasionally, after partial repair, if flexibility of 
the tissues allows for side-to-side repair, we may 
consider to approximate both lateral ends of the 
infraspinatus and subscapularis tendons instead 
of doing a SCR.

We assessed large-to-massive tears accord-
ing to the classification system described by Post 
et al. [23] (small, <1 cm; medium, 1–3 cm; large, 
3–5 cm; and massive, >5 cm). The decision about 
the repair type is made often intraoperatively 
after mobilizing the torn tendons as bursectomy 
and bursal release from the acromion and deltoid, 
complete coracohumeral ligament release from 
the base of the coracoid, complete detachment of 
the superior capsule from the glenoid, and occa-
sionally using an anterior interval slide.

In our partial or incomplete tendon repairs, 
especially for the infraspinatus tendon, we favor 
double-row anatomic partial repair because of 
the numerous biomechanical studies demonstrat-
ing improved tendon-to-bone contact, increased 
footprint coverage, decreased gap formation, 
and increased mechanical strength with dou-
ble-row configurations [24–28]. Single-row or 
 side-to- side repair techniques are reserved for 
the most anterior aspect of the full-thickness tear 
areas.
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Our double-row consists in a transosseous 
equivalent (TOE) double-row suture bridge tech-
nique often with medial row tying. Described by 
Park et al. in 2006 [29], we favor medial row knot 
tying over knotless repairs especially in delami-
nated tears where anatomic independent layer 
repair is intended using the lasso-loop technique 
[30]. Previous studies have shown better biome-
chanical properties after medial knot tying per-
formed as part of a TOE suture bridge construct 
compared with all-knotless constructs [31–34]; 
nevertheless, knotless repairs have also shown 
clinical success in the past [35, 36]. We may 
utilize a suture/tape speed bridge configuration, 
without medial knot tying for mid-size complete 
crescent-type tears [37] (Fig. 20.1).

Type 2 re-tears, at the level of the muscle ten-
don unit, with medial-row knot tying seem to be 
an increasing finding in recent studies [38, 39]; in 
order to avoid this complication, we tend to sep-
arate the thread couples when piercing the cuff 
and avoid over-tensioning and tying knots distal 
to the musculotendinous junction [40].

For those relatively young patients with very 
retracted tears including infraspinatus and teres 
minor tendons, grade III–IV of fatty infiltra-
tion, and less than mild osteoarthritic changes 
(Hamada stage <3), we may consider tendon 

transfer first instance, preferably lower trapezius 
transfer, which demonstrated better abduction 
and external rotation moment arms when trans-
ferred to the infraspinatus insertion instead of 
latissimus dorsi transfer [41].

For persistently symptomatic massive irrepa-
rable tears in elderly patients with or without signs 
of rotator cuff arthropathy and/or pseudoparaly-
sis, we opt for reverse total shoulder arthroplasty, 
given the predictable good outcomes in regard to 
pain and functionality [42].

20.3  Surgical Technique

Anesthesia is carried out following a standard-
ized protocol based on a single-shot interscalenic 
blockade under ultrasound control (l- bupivacaine 
0.5% 30–40  mL plus epinephrine) combined 
with general anesthesia (propofol 2–2.5  mg/kg 
iv and alfentanil 20–150 μg/kg iv initially, plus 
15 μg/kg bolus, and maintenance with sevofluor-
ane). Isolated regional anesthesia is reserved for 
those with increased risk of complications with 
general anesthesia. Antibiotic prophylaxis (2-g 
cefazolin or 1 g vancomycin as an alternative for 
patients with beta-lactam allergy) is administered 
30  min before surgery. Rotator cuff tear repair 
can be performed either on the lateral decubitus 
or on beach-chair positions (BCP) with the arm 
forward flexed and 3–4 kg of traction (Fig. 20.2). 
We find beach position more ergonomic and eas-
ier to work in the subacromial space; the surgeon 
stands in front of the shoulder facing the shoulder 
positioned in its anatomic position, left and right 
hands can be used to insert instruments alterna-
tively through anterior or posterior portals, and 
the arm can be moved easily, facilitating the rota-
tor cuff repair.

Controlled hypotension and muscular relax-
ation are desirable as it may allow for better visu-
alization and decreased blood loss; it does reduce 
the operative time and secondarily patient safety 
but also can affect the quality of the repair. Because 
of the risk for neurological ischemic events, cau-
tion should be exercised with  hypotensive anes-
thesia in the BCP; elderly, hypertension with poor 
control, BMI>34, diabetes mellitus, obstructive 

Fig. 20.1 Intraoperative arthroscopic view from the lat-
eral portal of the rotator cuff (white area) partially repaired 
using a double-row trans-osseous equivalent (TOE) 
suture-bridge technique with medial row tying

20 Partial Repair



188

sleep apnea, and previous history of stroke are 
considered high risk factors [43]. We maximize 
patient safety using routinely near-infrared spec-
troscopy (NIRS), which provides a non-invasive 
continuous assessment of the cerebral perfusion.

For fluid management, we use an automated 
pump system with dual, pressure and volume, 
control. (FMS®; DePuy, Mitek, Raynham, 
Massachusetts). The pump is usually set up ini-
tially to start at 70 mmHg.

20.3.1  Posterosuperior Partial Repair

Although numerous descriptions were made 
on where portals for rotator cuff reconstruction 
should be precisely located, we recommend 
establishing liberally as many portals as needed 
after testing the appropriate position and direc-
tion of the portal with a spinal needle. A precise 
anatomic knowledge is necessary to avoid inju-
ries of neurovascular structures. Typically, three 
to six arthroscopic portals are established. These 
portals are placed posteriorly, posterolaterally, 
laterally, anterolaterally, and anteroinferiorly. 
For anchor insertion, a more medialized lateral 
portal close to the lateral edge of the acromion is 
often necessary to have an adequate entry angle. 
The anterior portal, lateral to the coracoid pro-
cess, is often used to repair subscapularis tears. 

The Neviaser portal, medial and posterior to the 
acromioclavicular joint, can be helpful for suture 
passing when the tear is not accessible from ante-
rior or posterior portals, but in the beach chair 
position, the patient’s head can restrict the move-
ment of instruments. The authors do not routinely 
use cannulas for arthroscopic rotator cuff repair.

In our practice, we only perform subacromial 
decompression if signs of subacromial impinge-
ment are identified or when extra room is needed 
to proceed with the rotator cuff repair; In these 
scenarios, the antero-lateral acromion is identi-
fied, the coracoacromial ligament is resected, and 
a 4.5 mm burr is used to perform the acromio-
plasty. When incomplete or partial repair is 
predicted because of the irreparability of the ten-
dons, we are very cautious not to disrupt entirely 
the coraco-acromial arch but only any antero-
lateral acromial osteophyte if present, preserving 
the most superior aspect of the coraco-acromial 
ligament attached. If any intervention to the long 
head of the biceps tendon is necessary (either 
tenotomy or tenodesis), it is performed prior to 
the rotator cuff tear repair to prevent any interfer-
ence with the reconstruction; we do not include 
the biceps tendon in the repair.

After an initial visualization from the poste-
rior portal, the camera is moved to a more lat-
eral portal for better visualization and definition 
of the tear configuration; the retraction degree 

Fig. 20.2 Beach-chair 
positioned (BCP) patient 
with the right arm 
forward flexed 45° and 
3–4 kg of traction using 
a pulley mechanism
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of the tear can then be tested using arthroscopic 
forceps from accessory anterior or posterior por-
tals. It is very important to understand the tear 
configuration and tendon mobility to plan the 
repair. While crescent-shaped tears are repaired 
to the footprint, reducing the tendon medial to 
lateral, in L-shaped and reverse L-shaped tears, it 
is very important to identify the apex of the tear 
that should be reduced to the corresponding edge 
of the footprint. At this point, tendon releases are 
performed; for larger immobile rotator cuff tears, 
the objective is to achieve a tension-free repair 
of the rotator cuff, so the tendons move easily 
in line with the direction of the retraction to the 
footprint; a proper release includes resection of 
the coracohumeral and superior glenohumeral 
ligaments, resection of the rotator interval to 
the base of the coracoid, and a release between 
the undersurface of the rotator cuff and the gle-
noid neck. An interval slide technique between 
supraspinatus and infraspinatus, as suggested 
by Burkhart et al. [44], can be additionally per-
formed if needed; our experience with the rotator 
interval slide technique is limited, but we failed 
to find any benefit or increased tendon excursion, 
like other authors [45]. It is also important to not 
separate the anterior attachment of the supraspi-
natus tendon to the coracohumeral ligament and 
the subscapularis (the so-called “comma sign”), 
as this compromises the strength of the distal 
tendon repair. Anterior repair in continuity enor-
mously helps in the reduction of the supraspinatus 
once the subscapularis is in place; thus we rarely 
perform anterior interval slide. Traction sutures 
may also be helpful in exposing adhesions to the 
rotator cuff during the release, managing ten-
dons, and relieving tension during the knot tying. 
Medialization of the footprint can be necessary in 
cases with severe retraction of supraspinatus and/
or infraspinatus.

Once adequate release has been achieved, 
it is important to recheck the tension and con-
firm the viability to perform a double-row 
repair. The greater tuberosity is gently decor-
ticated with a burr or shaver. In most double-
row constructs, two double-threaded 4.75- or 
5.5-mm suture anchors (Healicoil Regenesorb®; 
Smith&Nephew, Andover, MA, USA) are placed 

medially at the junction of the articular surface 
and the greater tuberosity. Pilot holes are then 
performed using a punch or a tap, depending on 
the quality of the bone. Typically, anchors are 
placed from an accessory more medialized lateral 
portal in order to achieve an adequate insertion 
angle of 45°. The posterolateral and anterolateral 
portals are utilized to pierce the tendon using a 
self- retrieving hook device (Cleverhook®; Depuy 
Mitek, Raynham, MA, USA) in a horizontal mat-
tress pattern depending on the configuration and 
size of the tear. In some cases, a suture passer 
grasp (Firstpass suture passer®; Smith&Nephew) 
or a shuttle relay device (Suturelasso®; Arthrex, 
Naples, FL, USA) is preferable to minimize tis-
sue damage during the suture passage. When all 
the sutures from each anchor are passed through 
the rotator cuff, they should be clamped together 
outside of the skin to optimize suture manage-
ment. The suture pairs coming from the same 
anchor are grasped together before proceed-
ing to the knot tying of the medial row; sutures 
from each anchor are preserved without cutting 
and used to link them to the lateral row. The best 
portal to insert our anterior and posterior lateral 
row anchors is usually the anterolateral portal. 
One limb from each single knot tied medially is 
retrieved and loaded into the eyelet of a 5.5-mm 
knotless anchor (Multifix S®; Smith&Nephew). 
While some tension is applied to the threads, 
the anchor is placed just lateral to the bursal 
rotator cuff footprint on the greater tuberosity. 
The remaining limbs are gathered, and a second 
anchor is loaded and placed in a similar fashion 
to complete the TOE repair. Cortical bone in the 
lateral aspect of the footprint is usually weak; 
therefore burying the anchors in this area is not 
recommended.

Occasionally, for small and medium-size non- 
delaminated tears, we may load single tape- suture 
in two medial-row knotless anchors in order to 
reproduce the double-row TOE-type configura-
tion as described initially by Park et al. [46].

When a delaminated rotator cuff tear is pres-
ent, we often use the technique of the lasso-loop 
stitch for the deep layer, as described by Lafosse 
et  al. (Fig.  20.3), bringing it down effectively 
to the native medial footprint [30]. It is impor-
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tant to ensure that both the superficial and deep 
tendon possess appropriate mobility for ana-
tomic repair by pulling each layer indepen-
dently. In order to perform the lasso-loop stitch, 
the retrieval hook is passed through the lateral 
edge of the deep layer of the tear and one suture 
is partially retrieved, making a loop, then the 
curved tip of the device must enter through the 
loop and retrieve the free end of the same suture, 
forming the lasso-loop pulling system. The free 
end of the lasso-loop is then passed through the 
superficial layer as well. The other thread from 
the anchor is passed in a conventional manner 
through both layers of the tear. The lasso-loop 
technique allows, by pulling from the non-loop 
thread, restoring anatomically the deep layer to 
the footprint (Fig. 20.4).

Commonly the posterior cuff covers most of 
the posterior greater tuberosity original foot-
print; however, in massive irreparable cuff tears 
frequently the anterior margin of the cuff fails 
to cover the entire footprint and remains medi-
alized; thus, a partial repair is performed at this 
point. When the antero-superior cuff is very dif-
ficult to mobilize, several side-to-side stitches 

can approximate the edge of the tendon and then 
a single-row repair of the anterior supraspina-
tus and subscapularis can be performed using a 
modified Mason-Allen suture technique. Some 
tips and tricks to achieve a satisfactory repair are 
reported in Table 20.1.

20.3.2  Anterosuperior Partial Repair

Double-row fixation of the subscapularis is chal-
lenging because of the small anterior space over-
lying the subscapularis. Whereas the subacromial 
space allows freedom of movement, the limited 
subcoracoid space makes visualization, instru-
ment manipulation, and knot tying more difficult. 
Denard et  al. first described the technique for 
double-row subscapularis repair [47]. The same 
principles described for posterosuperior rotator 
cuff repair are followed for subscapularis repair. 
For type I to III subscapularis tears (Lafosse 
classification) [48], a single-row configuration 
with one or two 4.75 mm double-loaded anchors 
seems sufficient; we reserve double-row repair 
for the largest subscapularis tendon tears, types 
IV and V [48].

The patient is placed in the BCP, and the cam-
era is kept in the posterior portal to proceed with 

Fig. 20.3 Intraoperative arthroscopic view from the lat-
eral portal of the rotator cuff delaminated tear. On the left, 
the retrieval hook (Cleverhook® Depuy Mitek) was passed 
through the lateral edge of the deep layer of the infraspi-
natus posterior tear and one of the sutures (purple) was 
partially retrieved, leaving a loop so the same thread can 
be again passed through the loop to complete the lasso- 
loop stitch

Fig. 20.4 Intraoperative arthroscopic view from the lat-
eral portal of the partially repaired rotator cuff deep layer 
using the lasso-loop technique, bringing down effectively 
the deep cuff layer to the native medial footprint
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the repair from the intraarticular site in most 
cases; for the types IV and V and most retracted 
tears with multiple adhesions, we may move the 
camera to a more lateral or anterolateral portal 
in order to improve visualization when perform-
ing the extensive circumferential release of the 
subscapularis required for these tears. Because 
most tears begin at the upper articular surface, a 
bare lesser tuberosity footprint is indicative of a 
tear. Sometimes the footprint is difficult to iden-
tify and placing the arm in abduction and internal 
rotation helps to visualize the subscapularis foot-
print; also pushing back the shoulder from the 
arm will expose the superior and deep insertion 
of the subscapularis tendon.

For the medial row, anchors are inserted at the 
border between the cartilage and bone through 
an anterior portal lateral to the coracoid process. 
Medialization of the footprint can be neces-
sary in cases with severe subscapularis retrac-

tion. Sutures are retrieved through the accessory 
anterolateral portal, and then a suture-passing 
device passed through the anterior portal pierce 
the tendon anteriorly to retrieve the sutures 
sequentially. Once the sutures are tied, the suture 
ends from the medial row are used to feed an 
additional knotless anchor, accomplishing the 
lateral-row fixation.

20.4  Postoperative Care

We perform most of our cuff repairs as an outpa-
tient procedure except for those patients who are 
not medically suitable. A brachial plexus block is 
performed as previously described, which results 
in a great analgesic effect for at least 10 h. Before 
discharge, patients are instructed to start taking 
oral medication at home regularly from about 
6 h after surgery (whilst the block is still work-
ing). Postoperative analgesia after discharge con-
sists of an oral non-steroidal anti-inflammatory 
(NSAID) agent (ibuprofen, 600  mg/8  h) com-
bined with acetaminophen 1000 mg/8 h. Patients 
are instructed to receive oral tramadol 50 mg/12 h 
as a rescue medication. After 48 h from surgery, 
patients are recommended to reduce doses as soon 
as the pain subsides; cold therapy commences 3 h 
after surgery and is used 15 min at a time every 
2 h to control pain and swelling. NSAIDs intake 
is limited postoperatively because of the potential 
side effects and the known adverse impact on tis-
sue healing and bone metabolism [49, 50].

The postoperative rehabilitation program is 
critical for success after partial or incomplete 
repair of massive rotator cuff tears. There is no 
agreement about the best timing to start rehabili-
tation postoperatively; we delay physical therapy 
for these complex repairs until the sixth week 
even if a complete repair has been achieved. 
Parson et al. found that range of motion (ROM) 
restriction did not predispose to stiffness at 1 year 
in this group of patients [51].

At 6 weeks, we initiate supervised passive 
motion until full ROM is achieved. From 8 to 
12  weeks, a progression from active-assisted 
to active motion is allowed. At 3  months, 
ROM is unrestricted and patients are allowed 

Table 20.1 Tips, tricks, and pitfalls in arthroscopic par-
tial and incomplete repair of massive and irreparable rota-
tor cuff tears

–  Use additional portals as needed for suture 
management, cuff release or anchor placement

–  For visualization, avoid excessive water 
extravasation and turbulence, plugging temporarily 
the portals with a needle cup or an urinary catheter 
plug

–  Identify the tear pattern and do work in your cuff 
release as described

–  Use temporary traction sutures to improve your 
release and facilitate suture passing

–  Medialize the footprint if needed using a motorized 
burr

–  Be aware that most of the larger rotator cuff tears are 
delaminated and include the inferior layer in your 
repair

–  Do not bury the anchors in the lateral row; cortical 
bone is weaker in this area

–  Use the adequate tap or punch depending on the 
quality of the bone and be aware of the presence of 
previous bone cysts in the humeral head

–  If you are not using cannulas, always shuttle the 
involved two sutures out together and take out any 
other suture in that portal before tying

–  During TOE repairs, separate enough the threads’ 
couples and avoid over-tensioning the medial row 
knot tying

–  Do not tie knots through the musculotendinous 
junction
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to perform daily activities with minimal cau-
tion. Proper strengthening-resisted exercises 
begin at 3–4 months depending on the quality 
of the repair and the patient.

20.5  Literature Review

Several studies reported clinical outcomes after 
partial repair of massive irreparable rotator cuff 
tears [4, 5, 10, 13, 14, 52]. All studies found a sta-
tistically significant improvement in functional 
outcome scores compared with preoperative val-
ues although some have also shown a relatively 
high failure rate [4, 5, 8, 14, 52].

Shon et  al. [5] evaluated patients at 1 and 
2  years after partial repair; the mean VAS, 
American Shoulder and Elbow Surgeons (ASES), 
and Simple Shoulder Test (SST) scores signifi-
cantly improved (p < 0.003) from pre-operatively 
to 1-year follow-up. However, despite this initial 
improvement, the number of patients reporting 
that they were dissatisfied with the procedure 
increased from 1-year (6%) to >2-year follow-up 
(32%). Additionally, the VAS score was signifi-
cantly worse at >2-year follow-up (3.2) com-
pared with 1-year follow-up (2.1) (p = 0.039).

Chen et al. [14] found that failure rate of par-
tial repair was 41.6%.

The rate of complications other than failure 
or the need for revision is low with partial repair 
of massive irreparable tears and is reported to be 
4% [8]. Three studies evaluated ROM in patients 
undergoing partial repair of massive irreparable 
rotator cuff tears [4, 8, 52]. Duralde and Bair [8] 
found an average increase in both forward flex-
ion (114° to 154°) and external rotation (44° to 
54°) over an average follow-up of 43  months. 
Cuff et al. [4] found no significant changes in for-
ward flexion (–14°; p = 0.07), external rotation 
(1°; p > 0.99), or internal rotation (–4°; p > 0.99) 
from baseline conditions; however, only patients 
with preoperative forward flexion >120° were 
included in this study. Galasso et  al. [52] ana-
lyzed ROM of operated shoulders in comparison 

with the contralateral shoulder; no significant 
difference was found between the two shoulders 
with regard to forward flexion or external rota-
tion, although patients showed an average loss 
of 10° in abduction (p  <  0.001) and significant 
loss in internal rotation (p < 0.001) in the affected 
shoulder compared with the contralateral side at 
an average follow-up of 7 years.

Yoo et  al. [7] reported clinical results and 
structural integrity of patients with a mini-
mum 2-year follow-up comparing arthroscopic 
incomplete repair vs. partial repair for large–to-
massive rotator cuff tears. They evaluated ret-
rospectively 65 patients; 45 patients underwent 
arthroscopic incomplete (hybrid) repair, and 20 
patients received partial repair for large-to-mas-
sive cuff tears. Comparisons of the preoperative 
values with follow-up results of hybrid incom-
plete repair showed significant improvement 
(p  =  0.001) in the mean pain VAS score (from 
5.56 to 0.93), mean function VAS score (from 
4.77 to 8.59), ASES score (from 44.89 to 84.67), 
and Constant score (from 44.27 to 73.46). Most 
ROM measures showed some improvement com-
pared with preoperative ROM at the last follow-
 up (2 years). However, there was no significant 
difference. Re-tear occurred in 9 patients (20%) 
in the hybrid-incomplete repair group. Most of 
the postoperative clinical outcomes showed 
excellent results with incomplete repair com-
pared with partial repair.

20.6  Conclusions

For irreparable rotator cuff tears, achieving a 
balanced pair force with partial or incomplete 
repair can reach good enough results for many 
patients in the mid-term and does not preclude 
further surgery; by using tendon mobilization 
techniques, medializing the anterior portion of 
the repair and using double/single-row and side-
to- side repair techniques, we can achieve close to 
complete humeral head coverage in most cases 
and improved healing rates.
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Patch Graft Augmentation

Florian Hess, Daniel Smolen, and Jan Leuzinger

21.1  Introduction

Surgical management of large symptomatic rota-
tor cuff (RC) tears is a challenge. Large tears 
are associated with a high failure rate, even in 
the absence of osteoarthritis or fatty infiltration. 
The primary goals of surgery are complete rota-
tor cuff reconstruction and anatomic preserva-
tion. The outcome is largely dependent on (1) the 
size and type of the tear, (2) the duration of the 
condition—chronic cases can lead to diminished 
soft tissue quality and a higher degree of tendon 
retraction—and (3) patient’s age and comorbidi-
ties. According to reports in the medical litera-
ture, the recurrence rate is high and varies among 
studies [1–5]. A successful outcome (structural 
integrity) depends on bone fixation strength and 
bone and tendon quality [6–8]. Despite advances 
in techniques and repair technology (e.g., anchor 
type, use of tapes, double- or triple-row repair 
techniques), healing rates have remained rela-
tively stable over time [9].

Debridement or margin convergence tech-
niques [10, 11] can lead to acceptable short-term 

results, especially in low-demand patients such as 
the elderly. However, long-term clinical outcomes 
are less favorable [12–15]. Extra- anatomical ten-
don transfers, such as pectoralis major transfer 
[16], latissimus dorsi transfer [17], or deltoid 
muscle flaps [18], are often used to treat tendon 
defects and irreparable tears. Although tendon 
transfers are viable treatment options, especially 
in younger patients [19, 20], they are often asso-
ciated with higher complication rates [21].

21.2  Rotator Cuff Augmentation

Augmentation most often consists of patches of 
either biologic or synthetic origin [22]. Biologic 
patches have the inherent advantage of being 
degradable and are considered more biocompati-
ble [23]. However, their main disadvantage is that 
they provide only short-term reinforcement of the 
construct. The relatively low mechanical proper-
ties, as well as the undefined degradation rate and 
the variations in biocompatibility depending on 
the source of the graft (autogeneic, allogeneic, or 
xenogeneic), have often led to uneven loading or 
complete failure of the construct. Although fail-
ure can be attributed to all the reasons mentioned 
before, inflammation can be caused by either an 
immunologic response to the respective graft or 
the degradation process itself.

In the 1990s and early 2000s, synthetic 
patches to reinforce the tendon were introduced 
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to the market [24–27]. In vitro and animal testing 
of these patches showed promising results, which 
included favorable soft tissue incorporation and 
foreign body reaction. However, results from ini-
tial clinical trials were poor. Similarly, discour-
aging results were reported when using the first 
xenograft made from porcine small intestine sub-
mucosa [28–30].

Nevertheless, different patch types are cur-
rently available on the market. To date, the lim-
ited empirical evidence that has been gathered 
was from clinical trials with small sample sizes, 
and comparative studies are lacking.

21.2.1  Autografts

Although the medical literature includes case 
reports of rotator cuff repairs using an autograft, 
such as fascia lata or Achilles tendon, larger 
trials assessing long-term clinical outcome of 
those procedures have not yet been conducted 
[24]. Other autografts (e.g., a periosteal flap, the 
transplanted long head of the biceps, or a free 
coracoacromial ligament graft) do not naturally 
cause adverse reactions and can positively influ-
ence re- tear rates. These types of autografts were 
used to treat large or massive rotator cuff tears in 
only a small number of patients. These were done 
mostly as interposition instead of augmentation. 
Furthermore, the lack of a control group made 
comparisons difficult.

21.2.2  Allografts

Allografts, such as freeze-dried RC allografts 
[31, 32] and fascia lata allografts [33], have 
shown good clinical and radiological outcomes, 
when assessed.

Several companies offer acellular human der-
mis for repairing rotator cuff tears (ArthroFLEX®, 
Arthrex, LifeNet Health, Virginia Beach, VA, 
USA; Allopatch HD®, MTF Sports Medicine, 
Edison, NJ, USA; GraftJacket® Wright Medical 
Technology). Most evidence-based results 
originate from studies using the GraftJacket®. 
Acellular human skin consists of collagen (types 

I, III, IV, and VII), elastin, chondroitin sulfate, 
proteoglycans, and fibroblast growth factor, and 
the grafts are obtained from tissue banks [34, 35]. 
The tissue is rendered acellular because the der-
mal and epidermal cells are completely removed 
during processing. However, the vascular chan-
nels are preserved to allow rapid infiltration of 
new fibroblasts, and the vascular tissue is kept 
minimizing host inflammatory response [35, 36].

Several studies reported improvements in clin-
ical and functional outcomes when using human 
dermal grafts for augmentation of the rotator cuff 
[37–43].

Barber et al. [37] conducted a prospective ran-
domized controlled trial comparing GraftJacket® 
for augmentation (n = 22) and repair only (n = 20) 
in patients with chronic two-tendon tears. At a 
mean follow-up period of 24 months, American 
Shoulder and Elbow Surgeons (ASES) shoul-
der score and Constant-Murley score (CMS) 
improved in the two groups, although both scores 
were significantly better in the augmented group. 
The repairs were intact in 85% of the augmented 
group and 40% in the non-augmented group.

Bond et  al. [38] radiologically assessed full 
incorporation of the GraftJacket® in >70% of 
their patients.

Gupta et  al. [39] reported similar results 
from a study with 24 patients. Overall, the 
results of using allografts for the augmentation 
of large rotator cuff tears have been promising. 
Improvements in clinical and functional results, 
including a high rate of ingrowth and repair 
integrity, were significantly better than results of 
the non-augmented groups [44, 45].

21.2.3  Xenografts

Extracellular matrix for augmentation or interpo-
sition of a rotator cuff tear is one viable treatment 
option, and several products are currently avail-
able on the market. Initially, the only type of graft 
was from porcine small intestine submucosa (SIS) 
(Restore Orthobiologic Implant; DePuy, Warsaw, 
IN, USA) and consisted of ten  non- cross- linked 
layers of up to 1-mm-thick tissue [35]. Earlier 
studies found high failure rates with this patch, 
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which resulted in recommendations to discon-
tinue its use [28–30]. Since Iannotti et  al. [28] 
reported less favorable outcomes in patients who 
received the porcine SIS compared to the control 
group without augmentation, the authors dis-
couraged further use of this method. One pos-
sible explanation for these poor outcomes was 
that early resorption of the graft may have led to 
weakness of the construct and then failure [46, 
47]. Nevertheless, these suboptimal results from 
the porcine small intestine submucosa prompted 
its discontinuation in Europe and discourage-
ment of further use by the American Academy of 
Orthopaedic Surgeons (AAOS) [28, 30, 48].

The new generation of porcine xenografts is 
mostly porcine dermal grafts (Zimmer Collagen 
Repair Patch, Zimmer, Warsaw, IN, USA; 
Conexa, Wright Medical, Arlington, IN, USA; 
Permacol, Medtronic, Mansfield, MA, USA), 
which are thicker than the original tissue. Others 
are made of bovine pericardium (Tutopatch, 
Tutogen Medical GmbH, Neunkirchen am Brand, 
Germany) or fetal bovine dermis (Tissue Mend, 
Stryker Orthopedics, Mahwah, NJ, USA). Recent 
findings gathered from studies using bovine der-
mal graft for augmentation and interposition of 
rotator cuff tears are inconclusive. While some 
authors reported promising results [49], others 
discouraged the use of xenografts [50].

21.2.4  Synthetic Patches

Since biologic patches have low mechanical 
properties and synthetic patches can permanently 
reinforce the construct, irrespective of tissue 
ingrowth, the synthetic options have been suc-
cessfully introduced into the market [22, 23]. 
Besides their superior mechanical strength, they 
also exhibit better control of chemical and physi-
cal properties.

A large variety of synthetic patches for aug-
mentation/interposition of rotator cuff tears 
currently exist. Most consist of polyethylene 
terephthalate (Poly-Tape, Neoligaments, Leeds, 
UK; LARS Ligament, LARS, Arc-sur-Tille, 
Burgundy, France; Mersilene mesh, Ethicon, Inc., 
Somerville, NJ, USA). Others are made of poly-

l-lactic acid (X-Repair, Synthasome, San Diego, 
CA, USA), carbon fiber tow (Integraft, Hexcel 
Medical, Dublin, CA, USA), polytetrafluoroeth-
ylene (Teflon, Dupont Company, Wilmington, 
DE, USA), or polypropylene (Repol Angimesh, 
ANGIOLOGICA BM Srl, Pavia, Italy) [35, 51].

The authors’ preferred patch is the Pitch-Patch 
(IST, Innovative Shoulder Technology AG, Cham, 
Switzerland) (Fig.  21.1), a polyester patch with 
a shape that adapts to the anatomy and has rein-
forced borders and prepared suture holes designed 
for augmentation of rotator cuff tendons [52]. 
The pullout strength (300  N) of this patch was 
designed and tested to meet the specific require-
ments for treating large RC tears. Polyethylene 
terephthalate, the most common thermoplastic 
polymer resin of the polyester family, is used to 
make fibers for clothing and containers for liq-
uids and foods. It is also used in medical devices, 
such as suture material. The chemical formula is 
(C10H8O4)n, and single polyethylene terephthalate 
fibers can be further processed and woven into 
shape. In a study carried out by researchers at our 
institution [52], we were able to show histologi-
cally complete soft tissue integration without for-
eign body reaction (Fig. 21.2).

According to the literature, synthetic patches 
are effective in reconstructing large or massive 
rotator cuff tears and in restoring good function-
ality [25, 53–55].

Fig. 21.1 The Pitch-Patch provides seven predefined 
holes and measures 2 × 3 cm. To attach the patch medially, 
there are three holes; laterally, there are two holes; and 
anteriorly and posteriorly, there is one additional hole on 
each side

21 Patch Graft Augmentation
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In 1986, Ozaki et  al. [25] presented the 
first study of large rotator cuff tears and aug-
mentation with a polyester graft and Teflon. 
Unfortunately, no standardized scoring system 
to evaluate the clinical outcomes was used. 
Although the authors found favorable results, 
the use of carbon fiber was eventually stopped 
due to reactive synovitis and fragmentation 
[26, 27]. Significant improvements in clinical 
and functional outcomes were obtained when 
using the LARS ligament in 17 patients, with 
confirmed intact tendon in 15 patients after the 
36-month follow-up [55].

Ciampi et  al. [56] compared clinical and 
functional outcomes in patients who underwent 
repair of massive posterosuperior rotator cuff 
tears treated with the following: (1) augmented 
with polypropylene patch, (2) non-augmented, 
or (3) Tutopatch®. During the 3-year follow-up 
visits, patients with a synthetic patch had signifi-
cantly better functional outcomes than the non- 
augmented or Tutopatch® groups.

The potential disadvantage of synthetic 
patches is comparable to the presence of a for-
eign body, which continually has the potential to 
lead to a chronic immune response or reaction, 
making them prone to infection [57].

21.3  Authors’ Preferred Technique

Several techniques to augment the cuff, which 
are safe and reproducible, are currently being 
used. According to recently published literature, 
synthetic patches are superior to xenografts or 
allografts [44, 45]. However, clear guidelines on 
the use of these patches are lacking. The conditions 
under which a patient would clearly benefit from 
an augmented cuff remain unclear. Nevertheless, 
indications for augmentation are most likely (1) 
poor tendon tissue quality, (2) high tension on the 
repaired cuff, (3) partial repairs, or (4) cover tis-
sue loss of the tendon due to the chronic lesion. 
The following section describes the authors’ pre-
ferred technique using a synthetic patch.

21.3.1  Surgical Technique

With the patient in the beach chair position, we 
perform the arthroscopic procedure under gen-
eral anesthesia, which includes administration of 
an informal scalenus nerve block. After washing 
and draping, a standard viewing portal is placed 
at the dorsal soft spot. Further portals may be 
used and should not be limited to lateral, dorso-
lateral, anterolateral, or anterior portals. Intra- 
articular pathologies, such as tears/instability of 
the long head of the biceps and subscapularis 
tendon tears, are usually handled first. In addi-
tion, synovectomy and labral debridement are 
performed, when necessary. After a thorough 
bursectomy, the rupture of the supraspinatus is 
fully visualized and then measured.

After debridement of the footprint, we perform 
a double-row repair for the supraspinatus. If the 
infraspinatus presents with a complete rupture, it 
is addressed in the same way. Two double- loaded 
anchors are placed at the bone-cartilage interface 
into the previously debrided footprint. If a par-

a

b

Fig. 21.2 Standard hematoxylin and eosin histology of 
an explanted patch in a patient who underwent revision 
for symptomatic crepitus. At 100× magnification (a), 
complete integration of the synthetic polyester patch is 
evident (white areas around patch fibers are due to fixation 
artifacts). Signs of foreign body reaction or tissue rejec-
tion are not detectable (b)
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tial infraspinatus tear is present, we use a poste-
rior anchor at the debrided footprint. In elderly 
patients with known osteoporosis or reduced 
bone density, we use two threaded anchors (5.5-
mm V-Lox PEEK CF Screw-In Suture Anchors, 
Parcus Medical, Sarasota, USA). If good bone 
quality is found in younger patients, all-suture 
anchors (RC-Y-Knot-Anchor, Conmed, Utica, 
New York, USA) are used for the medial row. All 
sutures are then passed through the tendon using 
a suture passer or directly knotted. Thereafter, 
the suture bridge is completed as usual using two 
Plug-n-Twist anchors (IST Innovative Shoulder 
Technology AG, Cham, Switzerland) at the lower 
facet of the greater tubercle.

To insert the polyester patch (Pitch-Patch), a 
flexible percutaneous cannula (Pass-Port Button 
Cannula; Arthrex, Naples, FL, USA) is inserted 

into the lateral portal. The four corners of the 
patch and its potential position are determined 
intraoperatively by using a measurement tool. 
If placed correctly, the patch should cover the 
tendon- bone intersection and most of the suture 
bridge repair. The Pitch-Patch provides seven 
predefined holes. To attach the patch medially, 
there are three holes; for lateral attachment, there 
are two holes; and for anterior and posterior 
attachment, there is one additional hole on each 
side. To attach the patch medially, three sutures 
(FiberWire 2.0, Arthrex, Naples, FL, USA) are 
passed through the musculotendinous junction, 
anterior, median, and posterior of the width of 
the supraspinatus tendon (Fig. 21.3). One end of 
each suture is individually shuttled through its 
respective portal—anteromedial, posteromedial, 
and anterosupero-lateral.

a b

c d

Fig. 21.3 Example of a traumatic complete supraspina-
tus rupture 6  weeks prior to surgery in a 53-year-old 
woman (a). The cuff was repaired in a double-row tech-
nique (b). Due to high tension, the decision was made to 
perform an additional patch augmentation. The correct 

placement of the medial three fixation sutures was pre-
defined by a measurement tool (c). Three fibers were 
passed through at the corresponding point to prepare the 
medial patch fixation (d)
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The corresponding end is gathered through the 
PassPort cannula (Arthrex) into the lateral por-
tal. It is critical to avoid interfering in soft tis-
sue bridges to allow free passage of the sutures. 
The three ends are then brought through the three 
medial holes of the patch and knotted. After the 
patch is “armed” medially, it is folded lengthwise 
in a “parachute” manner and inserted into the 
PassPort cannula. Simultaneously, equal traction 
is applied on the three ends of the sutures at the 
respective portals (anteromedial, anterosupero- 
lateral, posteromedial) to correctly place the 
patch, covering the tendon-bone intersection and 
most of the suture-bridge repair.

At this point, the arthroscope is placed in the 
posterolateral portal. All three sutures can now be 
knotted and the patch spread at the defined position. 
To attach the path laterally, the fibers of the lateral 

row of anchors may be used to complete fixation 
if they were placed in the correct distance or two 
all-suture anchors (RC-Y-Knot) are inserted at the 
predefined anterolateral and posterolateral place, 
according to the predefined distance between the 
two patch holes. If the anchor is armed with two 
sutures, one may be removed and the other passed 
through the corresponding hole with a suture passer. 
When tying the knots, the tension on the patch may 
now be determined. As the final step, the intermedi-
ate anterior and posterior holes can be used to com-
plete the attachment of the patch (Fig. 21.4).

21.3.2  Results

We recently published clinical, functional, and 
radiological findings using a synthetic patch 

a b

c d

Fig. 21.4 One end of each fiber placed for the medial 
fixation is passed out through the lateral (or anterolateral)
portal where the patch may be fixed by using the pre-
defined holes (a). The patch may be pushed through the 
hole by using a clamp, and the other ends of the three 

medial fibers may be used to bring the patch in the right 
position (b, c). For the lateral patch, fixation fibers of the 
lateral row of anchors may be used to complete fixation if 
they were placed in the correct distance according to the 
patch size (d)
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for rotator cuff augmentation in a series of 50 
patients [52]. The integrity of tendons was ana-
lyzed using MR, computed tomography (CT), 
and ultrasounds. These assessments revealed 
improved healing when compared to recently 
published data [58, 59].

All 50 patients benefited from the proce-
dure, with significant improvements observed 
in the Constant-Murley and Subjective Shoulder 
Value (SSV) (p  <  0.0001) scores. Re-tear rate 
was 14%, which was comparable to standard 
non- augmented RC repairs. Only one revision 
was performed because of a re-rupture, whereas 
most revisions were due to frozen shoulders and 
arthrofibrosis (n  =  6, 12%). When comparing 
intact tendons with re-ruptures, as determined 
at MR, the patients with intact tendons had 
significantly better SSV and Constant-Murley 
scores. Particularly, patients with intact tendons 
had significantly greater strength according to 
the Constant-Murley score. However, patient- 
reported pain levels were not significantly differ-
ent. Statistical analyses revealed that the greater 
the retraction grade (according to Patte), the 
more likely a re-rupture would occur (p < 0.001). 
This was also the case for tendons with increased 
fatty degeneration, according to Goutallier. 
Re-ruptures increased as the grade of fatty infil-
tration increased, although this was not statisti-
cally significant.

21.4  Conclusions

The potential benefits of using patches in rota-
tor cuff repairs are not well known. Evidence-
based recommendations indicating which rotator 
cuff conditions have better outcomes and lower 
rates of re-tears are lacking. Furthermore, the 
use of different outcome scores makes hetero-
genic results difficult to compare. Nevertheless, 
a review of the current literature reveals some 
trends concerning the benefits of additional patch 
augmentation [44, 45, 60].

A recent meta-analysis by Bailey et  al. [44] 
reported clinical and functional improvements 
when using patches as augmentation as well as 
interposition. Regarding the outcome measures, 

authors report significantly higher ASES [37, 61, 
62] and Constant-Murley scores [37, 42, 55, 63–
65] when using patch augmentation or interpo-
sition compared to the rotator cuff repair alone, 
whereas the UCLA scores did not improve sig-
nificantly [37, 56, 62, 66]. Regarding the clinical 
and functional outcomes of the different patches, 
the autograft had the best results when assessed 
using the ASES and UCLA scores, and allograft 
had superior results for postoperative pain mea-
sured by the visual analogue score (VAS) [44]. 
Xenografts had the worst results when using the 
UCLA and Constant-Murley scores [45]. The 
synthetic grafts seem to have the most favorable 
results when comparing the Constant-Murley 
score and postoperative forward flexion.

References

 1. Boileau P, et al. Arthroscopic repair of full-thickness 
tears of the supraspinatus: does the tendon really 
heal? J Bone Joint Surg Am. 2005;87(6):1229–40.

 2. Cole BJ, et al. Arthroscopic rotator cuff repair: pro-
spective functional outcome and repair integrity at 
minimum 2-year follow-up. J Shoulder Elbow Surg. 
2007;16(5):579–85.

 3. Kim HM, et  al. Factors affecting satisfaction and 
shoulder function in patients with a recurrent rotator 
cuff tear. J Bone Joint Surg Am. 2014;96(2):106–12.

 4. Papadopoulos P, et al. Functional outcome and struc-
tural integrity following mini-open repair of large and 
massive rotator cuff tears: a 3–5 year follow-up study. 
J Shoulder Elbow Surg. 2011;20(1):131–7.

 5. Rhee YG, Cho NS, Yoo JH.  Clinical outcome and 
repair integrity after rotator cuff repair in patients 
older than 70 years versus patients younger than 70 
years. Arthroscopy. 2014;30(5):546–54.

 6. Berdusco R, et  al. Arthroscopic repair of massive, 
contracted, immobile tears using interval slides: 
 clinical and MRI structural follow-up. Knee Surg 
Sports Traumatol Arthrosc. 2015;23(2):502–7.

 7. Goutallier D, et al. Fatty muscle degeneration in cuff 
ruptures. Pre- and postoperative evaluation by CT 
scan. Clin Orthop Relat Res. 1994;304:78–83.

 8. Sugihara T, et  al. Prediction of primary reparability 
of massive tears of the rotator cuff on preoperative 
magnetic resonance imaging. J Shoulder Elbow Surg. 
2003;12(3):222–5.

 9. Randelli P, et al. Regenerative medicine in rotator cuff 
injuries. Biomed Res Int. 2014;2014:129515.

 10. Gartsman GM.  Massive, irreparable tears of the 
rotator cuff. Results of operative debridement and 
subacromial decompression. J Bone Joint Surg Am. 
1997;79(5):715–21.

21 Patch Graft Augmentation



202

 11. 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(6):857–66.

 12. Kempf JF, et  al. A multicenter study of 210 rota-
tor cuff tears treated by arthroscopic acromioplasty. 
Arthroscopy. 1999;15(1):56–66.

 13. Liem D, et  al. Arthroscopic debridement of mas-
sive irreparable rotator cuff tears. Arthroscopy. 
2008;24(7):743–8.

 14. Walch G, et  al. 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(3):238–46.

 15. Zvijac JE, Levy HJ, Lemak LJ.  Arthroscopic sub-
acromial decompression in the treatment of full 
thickness rotator cuff tears: a 3- to 6-year follow-up. 
Arthroscopy. 1994;10(5):518–23.

 16. Resch H, et  al. Transfer of the pectoralis major 
muscle for the treatment of irreparable rupture of 
the subscapularis tendon. J Bone Joint Surg Am. 
2000;82(3):372–82.

 17. Gerber C, et al. Latissimus dorsi tendon transfer for 
treatment of irreparable posterosuperior rotator cuff 
tears: long-term results at a minimum follow-up 
of ten years. J Bone Joint Surg Am. 2013;95(21): 
1920–6.

 18. Gille J, et  al. Deltoid muscular flap transfer for the 
treatment of irreparable rotator cuff tears. Orthop Rev 
(Pavia). 2009;1(2):e15.

 19. Gerber C. Latissimus dorsi transfer for the treatment 
of irreparable tears of the rotator cuff. Clin Orthop 
Relat Res. 1992;275:152–60.

 20. Gerber C, Maquieira G, Espinosa N. Latissimus dorsi 
transfer for the treatment of irreparable rotator cuff 
tears. J Bone Joint Surg Am. 2006;88(1):113–20.

 21. Memon M, et  al. Arthroscopic-assisted latissi-
mus dorsi tendon transfer for massive rotator cuff 
tears: a systematic review. Orthop J Sports Med. 
2018;6(6):2325967118777735.

 22. Papalia R, et al. Augmentation techniques for rotator 
cuff repair. Br Med Bull. 2013;105:107–38.

 23. Longo UG, et al. Tendon augmentation grafts: a sys-
tematic review. Br Med Bull. 2010;94:165–88.

 24. Comley AS, Krishnan J.  Donor site morbidity after 
quadriceps tendon harvest for rotator cuff repair. Aust 
N Z J Surg. 1999;69(11):808–10.

 25. Ozaki J, et al. Reconstruction of chronic massive rota-
tor cuff tears with synthetic materials. Clin Orthop 
Relat Res. 1986;202:173–83.

 26. Post M. Rotator cuff repair with carbon filament. A 
preliminary report of five cases. Clin Orthop Relat 
Res. 1985;196:154–8.

 27. Visuri T, Kiviluoto O, Eskelin M.  Carbon fiber for 
repair of the rotator cuff. A 4-year follow-up of 14 
cases. Acta Orthop Scand. 1991;62(4):356–9.

 28. Iannotti JP, et al. Porcine small intestine submucosa 
augmentation of surgical repair of chronic two-tendon 
rotator cuff tears. A randomized, controlled trial. J 
Bone Joint Surg Am. 2006;88(6):1238–44.

 29. Sclamberg SG, et al. Six-month magnetic resonance 
imaging follow-up of large and massive rotator cuff 
repairs reinforced with porcine small intestinal sub-
mucosa. J Shoulder Elbow Surg. 2004;13(5):538–41.

 30. Walton JR, et  al. Restore orthobiologic implant: 
not recommended for augmentation of rotator cuff 
repairs. J Bone Joint Surg Am. 2007;89(4):786–91.

 31. Nasca RJ.  The use of freeze-dried allografts in the 
management of global rotator cuff tears. Clin Orthop 
Relat Res. 1988;228:218–26.

 32. Neviaser JS, Neviaser RJ, Neviaser TJ.  The repair 
of chronic massive ruptures of the rotator cuff of the 
shoulder by use of a freeze-dried rotator cuff. J Bone 
Joint Surg Am. 1978;60(5):681–4.

 33. Ito J, Morioka T.  Surgical treatment for large 
and massive tears of the rotator cuff. Int Orthop. 
2003;27(4):228–31.

 34. Derwin KA, et  al. Commercial extracellular matrix 
scaffolds for rotator cuff tendon repair. Biomechanical, 
biochemical, and cellular properties. J Bone Joint 
Surg Am. 2006;88(12):2665–72.

 35. Karuppaiah K, Sinha J. Scaffolds in the management 
of massive rotator cuff tears: current concepts and lit-
erature review. EFORT Open Rev. 2019;4(9):557–66.

 36. Coons DA, Alan Barber F. Tendon graft substitutes- 
rotator cuff patches. Sports Med Arthrosc Rev. 
2006;14(3):185–90.

 37. Barber FA, et  al. A prospective, randomized evalu-
ation of acellular human dermal matrix augmenta-
tion for arthroscopic rotator cuff repair. Arthroscopy. 
2012;28(1):8–15.

 38. Bond JL, et  al. Arthroscopic replacement of mas-
sive, irreparable rotator cuff tears using a GraftJacket 
allograft: technique and preliminary results. 
Arthroscopy. 2008;24(4):403–9. e1

 39. Gupta AK, et al. Dermal tissue allograft for the repair 
of massive irreparable rotator cuff tears. Am J Sports 
Med. 2012;40(1):141–7.

 40. Pandey R, et  al. Outcome of partial repair of mas-
sive rotator cuff tears with and without human tis-
sue allograft bridging repair. Shoulder Elbow. 
2017;9(1):23–30.

 41. Gupta AK, et  al. Arthroscopic distal tibial allograft 
augmentation for posterior shoulder instability with 
glenoid bone loss. Arthrosc Tech. 2013;2(4):e405–11.

 42. Rotini R, et  al. Human dermal matrix scaffold aug-
mentation for large and massive rotator cuff repairs: 
preliminary clinical and MRI results at 1-year follow-
 up. Musculoskelet Surg. 2011;95(Suppl 1):S13–23.

 43. Wong I, Burns J, Snyder S. Arthroscopic GraftJacket 
repair of rotator cuff tears. J Shoulder Elbow Surg. 
2010;19(2 Suppl):104–9.

 44. Bailey JR, et al. Rotator cuff matrix augmentation and 
interposition: a systematic review and meta-analysis. 
Am J Sports Med. 2019;47(6):1496–506.

 45. Steinhaus ME, et al. Outcomes after patch use in rota-
tor cuff repair. Arthroscopy. 2016;32(8):1676–90.

 46. Kluger R, et al. Long-term survivorship of rotator cuff 
repairs using ultrasound and magnetic resonance imag-
ing analysis. Am J Sports Med. 2011;39(10):2071–81.

F. Hess et al.



203

 47. Nicholson GP, et al. Evaluation of a cross-linked acel-
lular porcine dermal patch for rotator cuff repair aug-
mentation in an ovine model. J Shoulder Elbow Surg. 
2007;16(5 Suppl):S184–90.

 48. Malcarney HL, Bonar F, Murrell GA. Early inflam-
matory reaction after rotator cuff repair with a por-
cine small intestine submucosal implant: a report of 4 
cases. Am J Sports Med. 2005;33(6):907–11.

 49. Avanzi P, et  al. Prospective randomized controlled 
trial for patch augmentation in rotator cuff repair: 
24-month outcomes. J Shoulder Elbow Surg. 
2019;28(10):1918–27.

 50. Maillot C, et  al. Surgical repair of large-to-massive 
rotator cuff tears seems to be a better option than 
patch augmentation or debridement and biceps tenot-
omy: a prospective comparative study. J Shoulder 
Elbow Surg. 2018;27(9):1545–52.

 51. Shepherd HM, Lam PH, Murrell GA. Synthetic patch 
rotator cuff repair: a 10-year follow-up. Shoulder 
Elbow. 2014;6(1):35–9.

 52. Smolen D, et  al. Application of a new polyester 
patch in arthroscopic massive rotator cuff repair-
 a prospective cohort study. J Shoulder Elbow Surg. 
2019;29(1):e11–21.

 53. Cole BJ, et  al. Biocompatibility of a polymer patch 
for rotator cuff repair. Knee Surg Sports Traumatol 
Arthrosc. 2007;15(5):632–7.

 54. Encalada-Diaz I, et  al. Rotator cuff repair augmen-
tation using a novel polycarbonate polyurethane 
patch: preliminary results at 12 months’ follow-up. J 
Shoulder Elbow Surg. 2011;20(5):788–94.

 55. Nada AN, et  al. Treatment of massive rotator-cuff 
tears with a polyester ligament (Dacron) augmen-
tation: clinical outcome. J Bone Joint Surg Br. 
2010;92(10):1397–402.

 56. Ciampi P, et al. The benefit of synthetic versus bio-
logical patch augmentation in the repair of posterosu-
perior massive rotator cuff tears: a 3-year follow-up 
study. Am J Sports Med. 2014;42(5):1169–75.

 57. Chen J, et al. Scaffolds for tendon and ligament repair: 
review of the efficacy of commercial products. Expert 
Rev Med Devices. 2009;6(1):61–73.

 58. Henry P, et al. Arthroscopic repair for chronic massive 
rotator cuff tears: a systematic review. Arthroscopy. 
2015;31(12):2472–80.

 59. Shimokobe H, et al. Risk factors for retear of large/
massive rotator cuff tears after arthroscopic surgery: 
an analysis of tearing patterns. J Orthop Surg Res. 
2017;12(1):140.

 60. Ferguson DP, et al. Graft utilization in the augmenta-
tion of large-to-massive rotator cuff repairs: a system-
atic review. Am J Sports Med. 2016;44(11):2984–92.

 61. Gilot GJ, et  al. Outcome of large to massive rota-
tor cuff tears repaired with and without extracellu-
lar matrix augmentation: a prospective comparative 
study. Arthroscopy. 2015;31(8):1459–65.

 62. Mori D, Funakoshi N, Yamashita F. Arthroscopic sur-
gery of irreparable large or massive rotator cuff tears 
with low-grade fatty degeneration of the infraspina-
tus: patch autograft procedure versus partial repair 
procedure. Arthroscopy. 2013;29(12):1911–21.

 63. Audenaert E, et  al. Reconstruction of massive rota-
tor cuff lesions with a synthetic interposition graft: 
a prospective study of 41 patients. Knee Surg Sports 
Traumatol Arthrosc. 2006;14(4):360–4.

 64. Badhe SP, et  al. An assessment of porcine dermal 
xenograft as an augmentation graft in the treatment 
of extensive rotator cuff tears. J Shoulder Elbow Surg. 
2008;17(1 Suppl):35S–9S.

 65. Giannotti S, et  al. Study of the porcine dermal col-
lagen repair patch in morpho-functional recovery of 
the rotator cuff after minimum follow-up of 2.5 years. 
Surg Technol Int. 2014;24:348–52.

 66. Vitali M, et al. Employment of synthetic patch with 
augmentation of the long head of the biceps tendon in 
irreparable lesions of the rotator cuff: our technique 
applied to 60 patients. Tech Hand Up Extrem Surg. 
2015;19(1):32–9.

21 Patch Graft Augmentation



205© ESSKA 2020 
N. Sampaio Gomes et al. (eds.), Massive and Irreparable Rotator Cuff Tears, 
https://doi.org/10.1007/978-3-662-61162-3_22

Superior Capsule Reconstruction
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22.1  Introduction

The treatment of irreparable massive rotator cuff 
tears remains a challenge, particularly in young, 
active patients without glenohumeral osteoar-
thritis [1, 2]. Numerous surgical management 
options exist without clear evidence-based guide-
lines, including debridement with long head of 
the biceps tenotomy or tenodesis, partial repair, 
tendon transfer, subacromial balloon spacer, or 
reverse total shoulder arthroplasty (rTSA) [1, 
3]. Patients may develop pain from subacromial 
impingement, limitation of active shoulder range 
of motion (ROM), and muscle weakness. This is 
due to abnormal superior humeral head transla-
tion and consequential narrowing of the subacro-
mial space [4–8]. To elevate the arm in patients 
with tears of the rotator cuff, greater forces 
are required by both the deltoid and the intact 
muscle- tendon units of the rotator cuff [9, 10].

In 2013, superior capsule reconstruction 
(SCR) with fascia lata autograft was proposed 
as a joint-preserving treatment for irreparable 

posterosuperior rotator cuff tears [11]. This tech-
nique was utilized for patients with a low-grade 
cuff tear arthropathy and could even be used in 
cases of severe elevation dysfunction (pseudopa-
ralysis) [2, 12, 13].

SCR is an arthroscopic surgical procedure 
to reverse superior humeral head migration and 
restore the muscle balance of the force couples 
in a cuff-deficient shoulder, without requiring 
repair of the torn supraspinatus tendons [1, 2, 
11, 12]. SCR can either be performed with a fas-
cia lata autograft, acellular dermal allograft or 
xenograft, or the long head of the biceps tendon 
[1, 11, 14, 15]. In order to reconstruct the supe-
rior capsule of the glenohumeral joint, the graft 
is attached medially to the superior glenoid and 
laterally to the tendon footprint at the greater 
tuberosity [16].

22.2  Relevant Anatomy

Dynamic stabilization of the glenohumeral joint 
is primarily ensured by a synergism of the deltoid 
and rotator cuff muscles, which are responsible 
for maintenance of the force couples to maintain 
humeral head-centered motion [2, 4]. The superior 
capsule is an important static stabilizer to prevent 
superior translation of the humeral head [2]. As a 
thin, fibrous structure, it spans across the gleno-
humeral joint space between the greater tuberosity 
and the superior glenoid, being  continuous with 
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the rotator cable and overlaid by the supraspinatus 
and infraspinatus tendons [2, 16, 17]. At the lateral 
insertion, the superior capsule occupies 30–61% 
of the greater tuberosity and may have a larger 
humeral footprint than the supraspinatus [2].

Current literature has described various mea-
sures of thickness of the superior capsule, rang-
ing from 0.4 mm up to 9.1 mm at the attachment 
of the greater tuberosity [2, 18]. Moreover, the 
superior capsule seems to be an inconsistent 
structure, constituted by a confluence of various 
ligaments and being continuous in only 27% of 
the cases [19].

22.3  Indications 
and Contraindications

Indications for SCR include symptomatic irrepa-
rable massive tears of the posterosuperior rota-
tor cuff in active patients with cuff arthropathy 
(Hamada grades 1–3) and full function of the del-
toid muscle [2, 20].

Relative contraindications for SCR are severe 
arthropathy with glenohumeral osteoarthritis 
(Hamada grades 4 and 5), irreparable concomi-
tant subscapularis and/or teres minor tears, and 
deltoid dysfunction [20]. Moreover, cervical/bra-
chial/axillary nerve palsy or ongoing infections 
are contraindications [20]. It has been proposed 
that patients with complete loss of active eleva-
tion (pseudoparalysis) or anterior-superior escape 
of the humeral head may not regain motion with 
SCR and should be indicated for rTSA [21].

22.4  Arthroscopic Superior 
Capsule Reconstruction 
Using a Porcine Acellular 
Dermal Patch

The surgery is performed under general anes-
thesia with an additional interscalene nerve 
catheter. The patient is positioned in the beach-
chair position with the operative arm placed on 
a holder device. Examination of the shoulder is 
performed, followed by standard preparation and 
draping (Fig. 22.1).

A diagnostic arthroscopy of the glenohumeral 
joint is performed through a standard posterior 
viewing portal. Attention should be directed to 
the subscapularis and its tendon integrity. Next, 
an anterior working portal is created through 
the rotator interval, and a cannula is inserted to 
facilitate instrumentation. For synovectomy and 
adhesiolysis, a radiofrequency cautery device is 
used. The long head of the biceps is then tenoto-
mized or tenodesed according to the surgeon’s 
preference.

An anterolateral and posterolateral portal is 
created, followed by an extensive subacromial 
bursectomy and decompression allowing for 
visualization of the rotator cuff tear. The torn 
rotator cuff tendons should be evaluated for tis-
sue quality and mobility. If the tear is categorized 
as irreparable, an SCR is performed using a por-
cine acellular dermal patch.

The greater tuberosity and the superior gle-
noid are prepared using an arthroscopic shaver to 
enhance graft-to-bone healing. A Neviaser portal 
is established 1 cm medial to the medial border of 
the acromion, followed by insertion of a cannula 
for drilling of the first glenoid anchor (Fig. 22.2). 
The size of the defect in the sagittal and coronal 
planes is measured in 45° of abduction to deter-
mine the patch size used for the reconstruction. 
The first all-suture anchor (FiberTak; Arthrex, 
Naples, FL, USA) is inserted at the 12 o’clock 
position of the glenoid, just medial to the labrum, 
and the suture limbs are shuttled out through the 
anterolateral portal.

Fig. 22.1 Patient in beach-chair position with holding 
device after draping and drawing of anatomical landmarks 
and arthroscopic portals
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A 3-mm-thick porcine acellular dermal patch 
(DX reinforcement matrix; Arthrex) is prepared 
on the side table according to the arthroscopic 
measurements of the defect. Graft size is 
extended 10 mm on the tuberosity side and 5 mm 
on the anterior, posterior, and glenoid side. Two 
congruent grafts (1.5  mm thick) of the same 
size are required. An absorbable suture is used 
to suture the two grafts congruently together. 
Additional cinch sutures (FiberLink; Arthrex) 
are then placed through the anterolateral and 
posterolateral site of the patch, allowing for bet-
ter control, spanning, and tensioning of the graft 
(Fig. 22.3).

Ex vivo, suture limbs of the first glenoid 
anchor are shuttled through the midportion of 

the medial side of the patch using a suture pass-
ing instrument. While visualizing over the pos-
terior portal, the patch is then introduced into 
the shoulder with an arthroscopic knot pusher 
through the anterolateral portal (Fig.  22.4). 
With the cinch sutures, the graft is unfolded and 
spanned by retrieving the suture limbs anterolat-
erally and posterolaterally through percutaneous 
portals.

The suture limbs of the 12 o’clock anchor 
are then tied to secure the graft to the superior 
glenoid. Using the anterior and posterior portals, 
two additional all-suture anchors (FiberTak) are 
inserted at the 2 o’clock and 10 o’clock glenoid 
position just medial to the labrum. The glenoid 
fixation is completed by passing the suture limbs 
through the corresponding anteromedial and 
posteromedial site of the graft and tying them 
(Fig. 22.5).

Next, the lateral fixation at the greater tuber-
osity is performed using a knotless double-row 
technique. An anchor (4.75-mm BioComposite 
SwiveLock; Arthrex) loaded with FiberTape is 
then inserted at the anteromedial portion of the 
humeral footprint, followed by a posteromedial 
anchor. The preloaded FiberTapes from these 
anchors are retrieved and passed through the 
marked lateral rim of the patch using the suture 
passer.

Subsequently, the anterior anchor of the lat-
eral row is placed, connecting one FiberTape 
limb of each of the anteromedial and posterome-
dial anchors. The humeral fixation is completed 
by placing the posterolateral anchor with the 

Fig. 22.2 Arthroscopic portals (A anterior, B anterolat-
eral, C posterolateral, D posterior, E Neviaser) in relation 
to the anatomical landmarks

Fig. 22.3 Porcine acellular dermal patch with marked 
rims and additional cinch sutures as it would be prepared 
for a reconstruction in a left shoulder

Fig. 22.4 The patch is introduced into the shoulder with 
an arthroscopic knot pusher through the anterolateral 
portal
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remaining FiberTape limbs of the anteromedial 
and posteromedial anchors. The teres minor or 
the remaining infraspinatus is then connected 
to the graft using two side-to-side sutures. The 
final reconstruction is visualized through the 
anterolateral and posterolateral portals and eval-
uated for integrity and stability of the glenoidal 
and humeral fixation (Fig.  22.6). Finally, the 
arthroscopic portals are closed.

22.4.1  Pearls and Pitfalls

It is highly recommended to measure the size 
of the torn rotator cuff tendon accurately prior 
to graft preparation and defect reconstruction. 
The edges of the patch should be marked with 

a sterile pen, leaving enough rim to cover the 
defect. Following the authors’ technique, graft 
size should be extended 10 mm on the tuberos-
ity side and 5 mm on the anterior, posterior, and 
glenoid side.

As with most arthroscopic surgery, suture 
management is essential for functioning graft 
passage. Additional cinch sutures should be 
passed through the anterolateral and posterolat-
eral portion of the patch and retrieved anterolat-
erally and posterolaterally through percutaneous 
portals. These sutures facilitate introducing the 
graft into the shoulder and allow for easy unfold-
ing, spanning, and tensioning of the graft.

During fixation of the graft at the superior 
glenoid, a spinal needle may be used to assess 
trajectory before the anchor is finally inserted. 

a b

c d

Fig. 22.5 Securing the graft to the superior glenoid. (a) 
The suture strands of the first glenoid anchor placed at 12 
o’clock position are tied via the Neviaser portal. (b) The 
second glenoid anchor is inserted at the 2 o’clock position 

and (c) the third anchor at the 10 o’clock position. (d) 
Representatively, the suture limbs are passed through the 
posteromedial site of the patch

L. N. Muench et al.
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Moreover, the glenoid may vary in terms of bone 
quality, thus requiring careful placement and 
evaluation of pullout resistance.

22.4.2  Postoperative Care

The standard rehabilitation protocol is character-
ized by four phases beginning on postoperative 
day one. The patient is immobilized in a sling 
with an abduction pillow for the first 6 weeks 
(Phase 1), in order to ensure protection of the 
surgical repair by minimizing stress placed on 
the graft. As passive glenohumeral ROM should 
be restricted as much as possible, maintain-
ing mobility of accessory joints (cervical spine, 
elbow, wrist, and hand) as well as scapular retrac-
tion and depression is important.

After 6 weeks, the patient should begin with 
full restoration of passive and active glenohu-
meral ROM as well as muscular endurance of 
the rotator cuff (Phase 2). This phase aims to re- 
establish a normal scapulohumeral rhythm and to 
allow for return to light functional activities of 
daily living. Introduced at 10–12 weeks postoper-
atively, Phase 3 includes improvement of muscu-
lar strength, restoration of functional ROM, and 
return to functional activities of a higher level. 
Finally, Phase 4 aims to further advance strength 
and return to activity by focusing on closed chain, 
proprioceptive, and plyometric exercises accord-
ing to the patients’ functional deficits.

22.5  Results

Limited articles have reported on clinical and 
radiological results of SCR [1]. In their original 
clinical study of 23 patients, Mihata et al. showed 
an increase in mean active elevation from 84° 
to 148° and external rotation from 26° to 40° 
using a fascia lata autograft at a mean follow-
up of 34.1 months [11]. The mean ASES score 
improved significantly from 23.5 to 92.9, with 
83.3% of the patients demonstrating an intact 
graft, without progression of muscle atrophy or 
osteoarthritis confirmed by MRI [11]. A follow-
 up study including 92 patients confirmed these 
convincing outcomes by reporting a mean ASES 
score of 93.3 and 92% intact grafts during the 
period of 5–8  years postoperatively [22]. This 
series also suggested that graft healing may affect 
clinical outcomes, as subjects who have healed 
had higher ASES scores and better forward ele-
vation [22].

When using a dermal allograft patch, Denard 
et al. reported an increase in forward flexion from 
130° to 158° and external rotation from 36° to 
45° postoperatively, along with a mean improve-
ment in ASES score from 43.6 to 77.5 [23]. Only 
45% of the grafts demonstrated complete healing 
confirmed by MRI after a minimum follow-up 
of 1  year [23]. However, only in 74.6% of the 
patients was the postoperative outcome con-
sidered a success, with 18.6% of the patients 

a b

Fig. 22.6 (a) Humeral fixation of the patch to the greater tuberosity. (b) Visualization of the final reconstruction
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undergoing revision surgery [23]. In a series of 
86 patients, Pennington et al. showed a decrease 
in pain and recovered shoulder function with a 
significant improvement of strength and range of 
motion at a minimum follow-up of 1 year [24]. 
Besides, their radiographic analysis revealed a 
consistent decrease in superior capsular distance 
and increase of the acromiohumeral interval [24].

Mihata et  al. demonstrated that even in 
patients with preoperative pseudoparalysis, 
SCR could restore superior glenohumeral sta-
bility and improve shoulder function as long as 
no postoperative graft tear was observed [13]. 
Pseudoparalysis was reversed in 96% of the 
patients with preoperative moderate pseudo-
paralysis and in 93% with preoperative severe 
pseudoparalysis [13]. Additionally, graft heal-
ing after arthroscopic SCR was not affected by 
the presence of pseudoparalysis [13]. Burkhart 
et al. reported that profound pseudoparalysis was 
reversed in 90% of cases in patients without con-
comitant glenohumeral arthritis [12].

22.6  Conclusions

Arthroscopic SCR remains a promising option 
for patients with massive irreparable rotator cuff 
tears, who present with low-grade osteoarthritis. 
SCR appears to be a viable, non-prosthetic alter-
native to restore superior glenohumeral stabil-
ity and shoulder function, even in patients with 
severe pseudoparalysis [2, 12, 13].

Careful patient selection and accurate surgical 
technique are essential to achieve satisfying clini-
cal outcomes. However, long-term data, from 
multiple authors and with the use of different 
graft types, are still pending. True randomized 
trials comparing debridement with biceps treat-
ment, partial repair, and SCR are needed but will 
be hard to execute. As well, SCR does not seem 
to burn any bridges to potential future revision 
procedures, such as conversion to rTSA [2].
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Irreparable Rotator Cuff Tears: 
The Biceps Autograft
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23.1  Introduction

The treatment of massive rotator cuff tears 
remains challenging, since a number of irrevers-
ible factors like tendon retraction, muscle atro-
phy, fatty degeneration, and even ultrastructural 
changes of the muscle architecture predispose to 
high failure rates after direct repair [1–3]. 
Therefore, several non-arthroplasty therapeutic 
options with joint preservation have been pro-
posed for the management of symptomatic mas-
sive rotator tears. These could be simple biceps 
tenotomy in older patients [4], partial repair in 
order to restore shoulder couple forces [5], inter-
position or augmentation patches [6, 7], several 
tendon transfers [8], and the implantation of a 
balloon-shaped biodegradable spacer in the sub-
acromial space [9]. The international literature 
has not proven the superiority of any of these 
techniques, and in some cases, it has shown 
mixed results including considerable risk of com-
plications [10].

In 2013, Mihata et al. proposed that patients 
with massive irreparable rotator cuff tears have a 
loss of superior glenohumeral stability due to a 
defect of the superior capsule. Therefore, the 

authors described an arthroscopic superior capsu-
lar reconstruction (ASCR) using a fascia lata 
autograft. They reported the technique to be reli-
able and successful in restoring superior gleno-
humeral stability and showed a postoperative 
increase in the acromiohumeral distance with 
promising clinical results [11]. Since then, in 
order to simplify the technique and eliminate 
donor site morbidity, several authors described 
alternative ASCR using different autografts or 
acellular dermal allograft [12–15].

Based on the principles of superior capsular 
reconstruction, a modified technique using the 
long head biceps tendon autograft (LHBT) has 
been described. In this technique, the tendon’s 
insertion on the glenoid is left intact, while it is 
tenotomized laterally and fixed with a suture 
anchor onto the humeral greater tuberosity, thus 
preventing possible superior head migration [16]. 
This chapter describes the current indications, the 
surgical technique, and the tips and tricks in per-
forming ASCR using the long head of biceps ten-
don autograft.

23.2  Indications 
and Contraindications

The possible indications for ASCR with the 
LHBT autograft are massive posterosuperior 
rotator cuff tears, with stage 2 cuff tear arthropa-
thy (Hamada classification) and stage 3 
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 supraspinatus tendon retraction (Patte classifica-
tion). The muscle fatty infiltration of the supra-
spinatus may be grade 3 or 4 (Goutallier 
classification). However, the infraspinatus and 
the possible subscapularis tears should be repa-
rable, and their fatty infiltration should be grade 
≤3. All possible indications and contraindica-
tions are presented in Table 23.1.

23.3  Surgical Technique

23.3.1  Patient Positioning, Initial 
Evaluation, and Subscapularis 
Repair

The patient is routinely placed in the beach-chair 
position under general anesthesia with an inter- 
scalene nerve block performed prior to com-
mencement of surgery. The osseous landmarks of 
the acromion, the clavicle, and the coracoid are 
identified and marked on the skin prior to arthros-
copy. Four to six arthroscopic portals are created 
as required: posterior, posterolateral, lateral, 

anterolateral, anterior, and Neviaser portals. 
Using a 30° arthroscope placed in the standard 
posterior viewing portal, an intra-articular evalu-
ation of the joint is first performed. After initial 
assessment confirms a massive rotator cuff tear 
and the presence of a LHBT of good tissue, the 
anterior and anterolateral portals are established 
with the aid of a spinal needle. We should men-
tion that minimal fraying or degeneration of the 
LHBT is not a contraindication. The anterolateral 
portal is placed at the level of the lateral projec-
tion of the clavicle, about 2 cm below the level of 
the lateral acromion, through the rotator cuff tear, 
just above the greater tuberosity.

In cases where a reparable subscapularis 
lesion exists, this is initially repaired in order to 
restore the important stabilizing force couple in 
the axial plane. According to the authors’ prefer-
ences, the “inside the box” repair technique is 
performed while also preserving the superior gle-
nohumeral/coracohumeral ligament complex 
(“comma sign”) [17]. This technique is per-
formed with the arthroscope positioned intra- 
articularly in the posterior portal while any 
adhesions of the subscapularis tendon are 
released, and the lesser tuberosity is prepared. 
Depending on the size of the lesion, the subscap-
ularis tendon is repaired onto the lesser tuberos-
ity by using a single- or double-row repair. In all 
cases, the LHBT is preserved and care is made 
not to damage it throughout the subscapularis 
repair.

23.3.2  Superior Capsular 
Reconstruction with the Long 
Head of the Biceps

The arthroscope is introduced into the subacro-
mial space, and an additional posterolateral por-
tal is established. With the aid of a motorized 
shaver and a radio-frequency electrocautery 
device (Super TurboVac 90; ArthroCare, Austin, 
TX, USA), extensive bursectomy and release of 
tendon adhesions is performed. It is of great 
importance to recognize the limits of the supra-
spinatus and infraspinatus tendons by identifying 
the spine of the scapula in the subacromial space. 

Table 23.1 Possible indications and contraindications of 
ASCR with the long head biceps autograft

Indications
Massive posterosuperior rotator cuff tears
Mild cuff tear arthropathy (Hamada stages 1–3)
Stage 3 (Patte classification) supraspinatus tendon 
retraction
Supraspinatus muscle fatty infiltration grade 3 or 4 
(Goutallier classification)
Full function of the deltoid muscle
Partially or fully reparable coexisting infraspinatus and/
or subscapularis tendon tears
Intra-articular presence of a LHBT even with partial 
fraying or degeneration
Repairable (complete or partially) tears of the 
infraspinatus and/or subscapularis
Fatty infiltration of the infraspinatus and/or 
subscapularis ≤3 (Goutallier classification)
Contraindications
Severe arthropathy with glenohumeral osteoarthritis 
(Hamada stage 4 or 5)
Irreparable subscapularis or teres minor lesions
Brachial plexus or axillary nerve pathology
Infection
Excessive preoperative stiffness
Revision cases with the absence of the LHBT
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Tendons’ quality, stiffness, and degree of retrac-
tion are evaluated, and their irreparability is con-
firmed (Fig. 23.1). Thereafter, an acromioplasty 
is performed with a 5.5-mm motorized burr in 
order to remove any anterior or lateral acromial 
osteophytes. However, the coracoacromial liga-
ment is preserved, in order to protect the humeral 
head from anterosuperior migration. Additionally, 
the authors’ preferred method includes preopera-
tive measurement of the critical shoulder angle, 
and in cases >35° a lateral acromioplasty is per-
formed. The upper surface of the greater tuberos-
ity is also prepared using the burr in order to 
create a bleeding cancellous bone bed to enhance 
tendon-to-bone healing.

The 30° arthroscope is kept in the posterolat-
eral portal, and a flexible PassPort cannula 
(Arthrex, Naples, FL, USA) is placed through the 
anterolateral portal in order to facilitate suture 

management. A 5.5-mm triple-loaded suture 
anchor (Bio-Corkscrew FT; Arthrex) is inserted 
at the midpoint of the humeral greater tuberosity. 
The arm is placed in both 40° of flexion and 
abduction. Thereafter, with the aid of a needle 
suture passer, all three sutures are passed indi-
vidually through the intact LHBT using a “lasso- 
loop” configuration (Fig. 23.2). In order to obtain 
enough tension of the tendon, the first lasso-loop 
suture should be placed at the middle distance 
between the glenoid and the greater tuberosity. 
Using a radio-frequency cautery device, the 
LHBT is dissected and tenotomized in the middle 
of the bicipital groove. The distal part of the ten-
don is left free without any additional tenodesis. 
The proximal part of the tendon is transferred and 
securely fixed onto the footprint of the supraspi-
natus tendon by tying the already passed sutures. 
The sutures are not cut and retrieved from the 

Fig. 23.1 Figure showing a massive rotator cuff tear with the long head of the biceps available for superior capsular 
reconstruction

Fig. 23.2 The three sutures of the central anchor are passed sequentially through the intact LHBT using a “lasso-loop” 
configuration
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anterior working portal. Therefore, the biceps 
tendon, which is natively fixed on the glenoid, 
acts as an autograft for the superior capsular 
reconstruction and as an interposition graft for 
the fixation of the supraspinatus (Fig. 23.3).

Depending on the degeneration and retraction 
of the remaining infraspinatus tendon posteriorly, 
a “tension-free” complete or partial repair is 
attempted. For the infraspinatus fixation, several 
fixation techniques can be utilized, depending on 
tendon excursion and quality. These include a 
classic double-row technique with two additional 
triple-loaded suture anchors, or a transosseous- 
equivalent configuration technique with four 
additional posterior suture anchors, or, finally, a 
simple lateral row technique with a combination 
of a suture tape and a knotless anchor (Fig. 23.4).

Once the posterior cuff is fixed and the “length 
of the infraspinatus tendon is restored,” it is pos-
sible to perform a side-to-side repair with the 
LHBT (Fig.  23.5). Additionally, the retracted 
supraspinatus tendon can be fixed without ten-
sion, sometimes in a more significantly medial 
position, onto the LHBT also. This is done using 
the sutures that were previously used for the 
LHBT fixation by sequentially retrieving these 
from the anterior portal and moving them to the 
anterolateral portal. Therefore, as mentioned 
above, the LHBT could act also as an interposi-
tion graft for the repair of the supraspinatus ten-
don. By using the needle punch suture passer 
(Arthrex), they are passed through the infraspina-
tus and the retracted supraspinatus providing an 
additional side-to-side, “tension-free” marginal 
repair of the rotator cuff integrating the LHBT 

also. All the tendon defects can be covered, 
resulting to a “watertight-like” repair. Finally, 
intra-articular evaluation of the construct is per-
formed (Fig. 23.6).

23.4  Discussion

Despite the numerous techniques and modifica-
tions of ASCR described, there is limited data in 
published outcomes. Mihata et al. reported sig-
nificant improvement in range of motion (for-
ward flexion from 84° to 148°, external rotation 
from 26° to 40°) and consequently functional 
score improvement (ASES  =  92.9 points; 
JOA = 92.6 points; UCLA = 32.4 points). They 

a b c

Fig. 23.3 The distal part of the LHBT (asterisk) is cut (a), and the proximal part is transferred and secured onto the 
footprint of the supraspinatus tendon (b). Art design showing the fixed LHBT onto the great tuberosity (c)

Fig. 23.4 Fixation of the posterior cuff (IS infraspinatus, 
TM teres minor) using transosseous equivalent technique
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also reported an increase of the acromiohumeral 
distance from 4.6  ±  2.2  mm preoperatively to 
8.7  ±  2.6  mm postoperatively. Finally, they 
reported a failure rate of 17.7%. Further studies 
using dermal allograft showed promising clini-
cal outcomes with significant improvement in 
both clinical and functional outcomes after 
2  years follow-up. However, there is a lack of 
precise radiological evaluation regarding the 
integrity of the construct at final evaluation 
[18–20].

Our unpublished data of the superior capsular 
reconstruction using the LHBT also showed sig-
nificant clinical improvement and promising 
results. Theoretically, the use of the LHBT as an 
autograft for superior capsular reconstruction 
could potentially increase postoperative pain. 
However, no increased pain or stiffness was 
observed.

Interestingly, a recent cadaveric biome-
chanical study showed that superior capsular 
reconstruction with the LHBT is a feasible 
procedure and biomechanically equivalent to 
or even stronger than superior capsular recon-
struction using a fascia lata autograft. This 
study reported that a LHBT autograft required 
393.2%  ±  87.9% of the force for superior 
humeral migration in the massive rotator cuff 
tear condition, while a fascia lata autograft 
required only 194.0%  ±  21.8% of force for 
superior humeral head migration [21].

23.5  Conclusions

Superior capsular reconstruction with the LHBT 
autograft is a reproducible technique that can 
be performed with the least technical demands 
and possibly lower overall cost and results in a 
good final biomechanical construct. However,  

a b

Fig. 23.5 (a) Side-to-side repair of the LHBT with the posterosuperior rotator cuff (IS infraspinatus). (b) Art design 
showing the final construct after superior capsular reconstruction with the long head biceps tendon

Fig. 23.6 Intra-articular view after superior capsular 
reconstruction with the long head biceps tendon (LHBT) 
(HH humeral head)
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prospective studies in large cohort populations 
with long-term follow-up are necessary to estab-
lish the effectiveness of this technique.
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Tendon Transfer 
for Posterosuperior Cuff: 
Latissimus Dorsi Transfer

Frank Martetschläger

24.1  Introduction

Transfer of the tendon of latissimus dorsi muscle 
(LDT) for the treatment of irreparable posterosu-
perior tears was introduced by Gerber et  al. in 
1988 [1]. Adopted from the field of surgery for 
brachial plexus palsy, this technique was intro-
duced in order to provide containment of the 
humeral head inside the shoulder joint, to regain 
control of external rotation, and finally to improve 
joint kinematics.

In the beginning, two incisions were used 
for this technique of latissimus dorsi trans-
fer: a dorsal approach for mobilization and 
harvesting of the latissimus dorsi muscle flap 
and a transacromial approach for accessing the 
greater tuberosity and tendon reattachment. 
Since then, several different techniques have 
been introduced, and long-term follow- up stud-
ies have shown a reliable value of the procedure 
in a strictly selected patient cohort.

24.2  Indications 
and Contraindications 
for Surgery

A latissimus dorsi transfer surgery can be indi-
cated in patients with irreparable posterosuperior 
rotator cuff tears and combined weakness of 
abduction and external rotation strength and fatty 
muscle atrophy greater than stage 2 according to 
Goutallier. An intact or at least reparable sub-
scapularis tendon is mandatory, and the acromio-
humeral distance should measure at least 
5–7  mm. Furthermore, the procedure is mainly 
indicated in a younger and very active highly 
demanding patient cohort with a high level of 
postoperative compliance. Contraindications for 
LDT include an irreparable subscapularis tear, 
rotator cuff arthropathy greater stage 2 according 
to Hamada, and an axillary nerve palsy or deltoid 
muscle deficiency.

24.3  Surgical Planning 
and Patient Positioning

The patient is placed in lateral decubitus position. 
When performing a single incision technique, an 
arthroscopy should be performed in order to 
examine and treat the long head of the biceps ten-
don. In case of a double incision technique, the 
biceps tendon can be evaluated and treated 
through the deltoid-splitting approach. Surgical 
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planning includes the choice of the desired surgi-
cal technique. According to the present literature, 
several different single and double incision tech-
niques can be used. In this chapter, one single and 
one double incision technique are described.

24.4  Surgical Techniques

Several different techniques have been described 
over the years. The main difference between tech-
niques is whether a single incision technique or 
double incision technique is performed. For the 
double incision technique, the LD is mobilized 
and harvested through a posterior approach, then 
shuttled to the anterior aspect of the shoulder, and 
reattached to the greater tuberosity through a sep-
arate anterolateral deltoid-splitting approach [1].

As for the single incision technique, the mus-
cle and tendon portion is mobilized through the 
posterior incision and attached through the same 
approach to the greater tuberosity [2]. Both tech-
niques are described in the following section.

24.5  The Double Incision 
Technique

24.5.1  Step 1: Deltoid-Splitting 
Approach and Footprint 
Preparation

A deltoid-splitting approach is made at the 
anterolateral side of the humerus to access and 
expose the greater tuberosity. The torn and degen-
erated cuff tendons can also be visualized and 
debrided via this approach.

24.5.2  Step 2: Harvesting 
the Latissimus Dorsi Tendon

The second curved incision is made from 
approximately 3 cm above the axillary fold run-

ning along the lateral boarder of the latissimus 
dorsi. Via blunt dissection, the latissimus dorsi 
is released from superficial adhesions and sepa-
rated, and the boarders of latissimus dorsi and 
teres major are identified, which is facilitated 
by a fatty demarcation between these two mus-
cles. Next, the two muscles are separated and 
mobilized. Then the insertion of the tendon on 
the humerus is identified at the inner border of 
the bicipital groove. The shoulder is positioned 
in abduction and maximal internal rotation at 
this point in order to achieve the maximum 
length possible. By sharp dissection, the LD 
tendon is released from the bone. The flat and 
thin tendon is armed by traction sutures on both 
sides.

24.5.3  Step 3: Establishment 
of the Subdeltoid Tunnel 
and Transfer of the Tendon 
to the Greater Tuberosity

By blunt dissection, a tunnel is established 
between the posterior deltoid muscle and the tri-
ceps. Care has to be taken in order not to injure 
the axillary nerve. By the use of a clamp, a shut-
tle suture can be placed within the created tun-
nel. Next, by the use of the shuttle suture, the 
LD tendon can be transferred through the cre-
ated tunnel to the greater tuberosity site for 
reattachment.

24.5.4  Step 4: Fixation 
of the Latissimus Dorsi onto 
the Greater Tuberosity

Like for any rotator cuff repair, several fixation 
methods are possible here. The author prefers a 
suture anchor double-row repair in order to 
achieve a flat compression of the flat tendon to 
the footprint on the greater tuberosity. The main 
steps are shown in Fig. 24.1a–c.
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Fig. 24.1 (a) Posterior 
approach with 
approximity to nerves 
and surrounding 
muscles. The suturing of 
the harvested tendon is 
also shown. (b) Using a 
clamp, a tunnel is 
established between the 
posterior deltoid and 
triceps. Next, the tendon 
is shuttled onto the 
greater tuberosity site. 
(c) Final result after 
reattachment of the 
tendon onto the greater 
tuberosity through a 
deltoid-splitting 
approach
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24.6  The Single Incision 
Technique According 
to Habermeyer

24.6.1  Step 1: Surgical Approach

An incision is made from the posterior portal to 
the axillary pouch (Fig.  24.2). Latissimus dorsi 
and teres major are then identified and mobilized.

24.6.2  Step 2: Latissimus Dorsi 
Tendon Preparation 
and Release

The latissimus dorsi is then separated from teres 
major proximally to its insertion site and then 
carefully detached from the shaft of the humerus 
in maximum internal rotation. Traction sutures 
are used to arm the tendon (Figs. 24.3 and 24.4). 
Care must be taken to avoid damage to the radial 
nerve. The thoracodorsal vessels and nerve are 
identified.

24.6.3  Step 3: Footprint Preparation 
and Anchor Placement

With the arm in 90° of flexion and maximum 
external rotation, the back of the greater tuberos-
ity is identified, and the posterosuperior rotator 
cuff and glenohumeral joint are evaluated.

M.latissimus dorsi

M.supraspinatus

Tendo m.
biceps
brachii

cFig. 24.1 (continued)

Fig. 24.2 The patient is placed in the lateral decubitus 
position. An incision is made from the posterior viewing 
portal toward the axillary pouch
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An area 3  cm wide on the posterosuperior 
aspect of the greater tuberosity was prepared, and 
three titanium corkscrew suture anchors (Arthrex 
Inc., Naples, Florida) armed with two pairs of 
No. 2 FiberWire were inserted 1 cm apart from 
each other (Fig. 24.5).

24.6.4  Step 4: Transposition 
and Reattachment

The tendon of latissimus dorsi is then trans-
posed to the prepared bony bed at the site of the 

insertion of infraspinatus and attached using the 
sutures from the anchors (Fig.  24.6) with 
Mason- Allen stitches or a double-row construct. 
Finally, stability of the reconstruction and the 
vitality of the muscle flap are controlled 
(Fig. 24.7).

Postoperative Rehabilitation. The patients 
are immobilized for 48  h in a sling and then 
in an abduction pillow for 6 weeks. In this 
period, passive movement is restricted to 30° of 
abduction, 30° of flexion, 60° of internal rota-
tion, and 0° of external rotation. From weeks 
4 to 6, 60° of abduction, 90° of flexion, 60° of 

Fig. 24.3 Next, the latissimus and teres major muscles 
are identified and mobilized. The tendon needs to be 
released sharply from the bone using scissors or knife

Fig. 24.4 After mobilization of the muscle, traction 
sutures are placed through the tendon

Fig. 24.5 Then, the posterosuperior aspect of the greater 
tuberosity is prepared, and three suture anchors are 
inserted 1 cm apart from each other

Fig. 24.6 In external rotation of the arm, the sutures are 
then stitched through the tendon, and the tendon is fixed 
onto the greater tuberosity
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internal rotation, and 0° of external rotation are 
allowed, and after 6 weeks free range of move-
ment is exercised. Strengthening exercises are 

started after 8 weeks when a full passive range 
of movement is established.

24.7  Predictive Factors 
and Outcomes

Several factors have been identified to negatively 
influence the postoperative outcome following LDT:

 – Insufficient subscapularis function
 – Release of the deltoid muscle
 – Fatty atrophy of the teres minor
 – Previous surgical interventions (discussed 

controversially) [3–5]

The following table gives some data regard-
ing outcomes that can be expected following the 
single and double incision technique for LDT.

Fig. 24.7 After knotting the sutures and placing a final 
knotless anchor for double-row repair, the final result can 
be checked

Double incision technique
Gerber et al. (2013) [4]

Double incision technique
El-Azab et al. 2015 [3]

Single incision technique
Habermeyer et al. 2006 [2]

No. of patients 46 93 31
Age 56 56 62
Follow-up (months) 147 112 45
Constant score preop. (P) 56 44 43
Constant score postop. (P) 80 71 70
Pain preop. (P) 7 (15P = no pain) 8 (VAS: 0P = no pain) 8 (15P = no pain)
Pain postop. (P) 13 2 14
Strength preop. (kg) 1.2 1.6 2.1
Strength postop. (kg) 2.0 3.4 1.9
Flexion preop. 118 86 131
Flexion postop. 132 134 170
Abduction preop. 112 89 118
Abduction postop. 123 127 163
ERO preop. 18 18 26
ERO postop. 33 29 23
AHD pre-/postop. Decreased by 2.5 mm Decreased by 1.0 mm Constant
Glenohumeral OA pre-/postop. Increased Increased Increased

Outcomes following LDT procedure
AHD acromiohumeral distance, OA osteoarthritis
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24.8  Summary

Latissimus dorsi transfer is a good option for a 
selected group of patients with irreparable postero-
superior rotator cuff tears. If patients are selected 
carefully, this procedure can provide a predictable 
improvement of pain and shoulder function.

In contrast to modern techniques like the 
“superior capsule reconstruction” or “subacro-
mial balloon spacer implantations,” this proce-
dure has already shown to reliably better patients’ 
situation in the long- term follow-up.

References

 1. Gerber C, Vinh TS, Hertel R, Hess CW.  Latissimus 
dorsi transfer for the treatment of massive tears of the 
rotator cuff. A preliminary report. Clin Orthop Relat 
Res. 1988;232:51–61.

 2. Habermeyer P, Magosch P, Rudolph T, Lichtenberg 
S, Liem D. Transfer of the tendon of latissimus dorsi 
for the treatment of massive tears of the rotator cuff: 
a new single-incision technique. J Bone Joint Surg Br. 
2006;88(2):208–12.

 3. El-Azab HM, Rott O, Irlenbusch U.  Long-term fol-
low- up after latissimus dorsi transfer for irreparable 
posterosuperior rotator cuff tears. J Bone Joint Surg 
Am. 2015;97(6):462–9.

 4. Gerber C, Rahm SA, Catanzaro S, Farshad M, Moor 
BK. Latissimus dorsi tendon transfer for treatment of 
irreparable posterosuperior rotator cuff tears: long- 
term results at a minimum follow-up of ten years. J 
Bone Joint Surg Am. 2013;95(21):1920–6.

 5. Irlenbusch U, Bracht M, Gansen HK, Lorenz U, Thiel 
J.  Latissimus dorsi transfer for irreparable rotator 
cuff tears: a longitudinal study. J Shoulder Elb Surg. 
2008;17(4):527–34.

24 Tendon Transfer for Posterosuperior Cuff: Latissimus Dorsi Transfer



227© ESSKA 2020 
N. Sampaio Gomes et al. (eds.), Massive and Irreparable Rotator Cuff Tears, 
https://doi.org/10.1007/978-3-662-61162-3_25
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for Posterosuperior Cuff: Lower 
Trapezius Transfer
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25.1  Introduction

Irreparable rotator cuff tears can be especially 
difficult to manage in young population.

A massive cuff tear is considered irrepara-
ble when a direct repair of native tendon to the 
greater tuberosity cannot be achieved despite an 
exhaustive release of the remaining tissue [1, 2]. 
Other criteria for the reparability are rotator cuffs 
involving two or more tendons that are retracted 
up to the glenoid level and show relevant fatty 
infiltration at least stage 3 [3, 4], as well as proxi-
mal migration of the humeral head [5].

Results after surgical repair of massive rota-
tor cuff tears have reported high failure rates. 
Shamsudin et  al. [6] reported failure rates of 
massive posterosuperior rotator cuff repair 
ranging from 21% in primary repair to 40% in 
revision rotator cuff repair. Although aggres-
sive anterior and posterior interval releases 
have been proposed to repair massive pos-
terosuperior rotator cuff tears, Kim et al. have 

reported also rates of failure up to 91% using 
these techniques [7].

Many surgical techniques have been proposed 
for irreparable rotator cuff tears when a com-
plete repair cannot be achieved, including cuff 
debridement, partial repair, or biceps tenotomy 
[8]. Reverse total shoulder arthroplasty has pre-
dictable good outcomes and pain relief and good 
function in case of cuff tear arthropathy and irrep-
arable rotator cuff tears with pseudoparalysis [9] 
and is regarded as an excellent option, especially 
in elderly patients.

When there is not advanced glenohumeral 
osteoarthritis in young patients, surgeons must 
be reluctant to offer reverse shoulder replacement 
because of durability issues. In these situations, 
tendon transfers may offer a solution.

Gerber described in 1988 [2] the latissimus 
dorsi transfer for irreparable rotator cuff tears. 
Subsequent studies with medium- and long-term 
follow-up of these transfers report good pain 
relief and improvements of shoulder motion 
[10–14].

In case of fatty infiltration grade 3 or higher, 
osteoarthritis, subscapularis insufficiency, or 
preoperative forward elevation <90° results are 
less predictable [15–17]. When subscapularis or 
deltoid insufficiency is present, latissimus dorsi 
transferred for posterosuperior rotator cuff may 
cause inferior humeral head subluxation due to 
the vertical force vector developed by the trans-
ferred tendon [16]. Latissimus dorsi transferred 
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to the greater tuberosity works as external rota-
tor and humeral head depressor whenever the 
subscapularis and deltoid muscles are intact 
compensating the missing infraspinatus func-
tion [18].

Hartzler et al. [19] evaluated different types of 
tendon transfer to restore external rotation of the 
shoulder. These authors found that the lower tra-
pezius transfer (LTT) resulted in superior exter-
nal rotation moment arm in adduction compared 
with latissimus dorsi transfer. Omid et  al. [8] 
found in other cadaveric study superior results 
for restoration of shoulder external rotation with 
LTT but also improvement of glenohumeral kine-
matics and restoration of anteroposterior force 
couple balance, compared with latissimus dorsi 
transfer.

Trapezius muscle is divided into superior, 
inserted in acromion and superior lateral spine; 
middle, inserted in superior scapular spine sur-
face; and lower portion, inserted in the inferome-
dial scapular spine. It is innervated by the spinal 
accessory nerve (cranial nerve XI) [20]. During 
the dissection for the graft, pedicle is situated 
along the underside of the muscle between 2.3 
and 5.8 mm (average 3.25 cm) medial to the dis-
tal insertion of the lower portion of the trapezius 
in the scapular spine [21]. It is possible to transfer 
the lower portion of the trapezius directly without 
the use of tendon grafts; however, there is a high 
risk of spinal accessory nerve traction injury as 
demonstrated in a cadaveric study by Gracitelli 
el al. [22].

Elhassan and Bertelli first described LTT to 
restore external rotation in patients with bra-
chial plexus palsy [18, 23]. Biomechanical and 
clinical studies support the use of this muscle to 
mainly restore external rotation when the pos-
terosuperior cuff is deficient or irreparable [8, 
18, 19, 24, 25].

Arthroscopically assisted lower trapezius 
transfer was first described in 2016 by Elhassan 
et al. [3]. This transfer has become a good option 
of treatment of irreparable posterosuperior cuff 
tears in young people with no significant gleno-
humeral osteoarthritis changes.

25.2  Indications

The ideal candidate for LTT is a relatively young 
patient with an irreparable posterosuperior rota-
tor cuff tear with refractory shoulder pain to con-
servative or other surgical treatments like partial 
repair and debridement and the absence of exter-
nal rotation. The shoulder should not be stiff, and 
a flexion of at least 60° should be preserved [25]. 
Fatty infiltration is not a contraindication for LTT, 
but major arthritic changes (superior to Hamada 
grade 3) should not be present [26] (Table 25.1).

25.3  Preoperative Assessment

25.3.1  Physical Exam

Most patients with massive rotator cuff tears have 
pain in the deltoid region irradiated to the lat-
eral area of the shoulder; function loss, reduced 
strength, and crepitation are frequent findings 
also in these patients; night pain is characteris-
tic and interferes with their ability to sleep; pain 
also typically worsens with overhead activities 
or when trying to lift objects. Physical exami-
nation should include an evaluation for muscle 
atrophy and scapular dyskinesia, passive and 
active range of motion of the affected and unaf-
fected shoulders, and provocative maneuvers to 
rule out different shoulder pathologies, cervical 
spine problems, or neurovascular compressive 
syndromes.

Specific maneuvers help to assess the affected 
tendons and their degree of incompetence. The 
insufficient infraspinatus will manifest as an 
important loss of external rotation strength in 
adduction and lag or dropping sign in case of 

Table 25.1 Indications for lower trapezius transfer

Irreparable posterosuperior rotator cuff tear
• Refractory shoulder pain without stiffness
• Loss of external rotation
• Fatty infiltration (Goutallier 3 (27))
Young and active patient
Glenohumeral arthrosis Hamada grade 3 or less (32)
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massive posterosuperior cuff tear. Lag sign or 
dropping sign and hornblower sign may orient us 
to a massive posterosuperior cuff tear.

25.3.2  Imaging

Plain radiographs (anteroposterior view, axial 
and lateral scapula Y view) allow to evaluate 
articular changes like acromial changes (shape, 
acetabulization, os acromiale), proximally 
migrated or decentered humeral head, tuberosity 
sclerotic changes, and cysts or signs of cuff tear 
arthropathy. Magnetic resonance imaging (MRI) 
is the gold standard test choice to evaluate bony 
and soft tissue structure of the shoulder. MRI 
allows measuring the cuff tear, fatty infiltration, 
length of the tendon, level of retraction, and car-
tilage and bone changes [4]. Computed tomog-
raphy (CT) scan can be used too to characterize 
cuff tear and fatty infiltration.

The Goutallier grading system was first rec-
ognized using computed tomography [27]; 
nowadays, it is most easily assessed on MRI 
non-fat-saturated oblique-sagittal T1 sequences 
which have superior fat-to-muscle contrast [4]. 
Using intra-articular injection of contrast (CT 
arthrogram) will enhance evaluation of the tear.

25.4  Surgical Technique

25.4.1  Positioning and Preparation

Anesthesia is carried out following a standard-
ized protocol based on a single-shot interscalene 
blockade under ultrasound control (l- bupivacaine 
0.5% 30–40 ml plus epinephrine) combined with 
general anesthesia (propofol 2–2.5 mg/kg iv and 
alfentanil 20–150 μg/kg iv initially, plus 15 μg/
kg bolus, and maintenance with sevoflurane). 
Antibiotic prophylaxis (2-g cefazolin or 1-g van-
comycin as alternative for patients with b-lactam 
allergy) is administered 30 min before surgery.

The patient can be placed in lateral decubi-
tus or beach chair position. The lateral decubi-

tus position is more commonly preferred for the 
open technique as described by Elhassan et al. in 
2014 [28]. Beach chair position is the option of 
choice for the arthroscopic-assisted technique. A 
Betaclassic mobile OR Maquet® table or equiva-
lent with a head holder system allows full access 
to the posterior aspect of the scapula facilitating 
the graft harvesting. The arm is placed in a pneu-
matic arm holder allowing movement during the 
surgery. The greater trochanter must be aligned 
with the break in the operating table to allow hip 
flexion preventing sciatic nerve compression, and 
the torso must be kept in neutral position using 
straps to prevent any lateralization of the patient 
during the procedure. It is also recommended 
to keep the head centered maintaining a neutral 
position of the neck with no rotation. This setup 
allows the surgeon to stand in front or behind the 
shoulder alternatively moving around easily the 
arm depending on the surgery stage that is being 
carried out. It is also important to adequately pad 
patient’s heels, hands, and forearms.

The operative extremity is prescrubbed with 
chlorhexidine solution and drapped conveniently. 
It is important to leave the entire ipsilateral half 
of the back uncovered until midline. At the con-
clusion, the surgical team should change gloves 
and conduct a final preincision timeout.

During the arthroscopic time, controlled 
hypotension and muscular relaxation are desir-
able as it may allow better visualization, decrease 
blood loss, and reduce operative time which sec-
ondarily can affect the quality of the repair and 
patient safety. Because of the risk for neurologi-
cal ischemic events, caution should be exercised 
with hypotensive anesthesia in the beach chair 
position. Elderly patients, hypertensive patients 
with poor control, those with body mass index 
superior to 34, patients with diabetes mellitus, 
those with obstructive sleep apnea, and patients 
with previous history of stroke or cardiac events 
are considered high-risk population [29]. We 
maximize patient safety using routinely near- 
infrared spectroscopy (NIRS), which provides a 
noninvasive continuous assessment of cerebral 
perfusion.

25 Tendon Transfer for Posterosuperior Cuff: Lower Trapezius Transfer



230

For fluid management, we use an auto-
mated pump system with dual pressure and vol-
ume control (FMS®; DePuy, Mitek, Raynham, 
Massachusetts). We usually set up the pump to 
start at 80/90 mmHg.

25.4.2  Surgical Technique

We first delineate on the skin the medial border of 
the scapula and the lower trapezius insertion site 
on the spine of the scapula. It is recommended 
also to mark the osseous eminences of the shoul-
der and the arthroscopic portals.

For graft harvesting, we can either follow a 
vertical skin incision, 5–8 cm in length, approxi-
mately 1 cm medial to the medial border of the 
scapula starting from the upper-medial border, or 
a 5-cm transverse incision just inferior to the scap-
ular spine from 2 cm medial to 3 cm lateral to the 
medial border of the spine of the scapula. After 
the skin incision and subcutaneous dissection, 
we will find a triangular fat area corresponding 
with the lateral border of the trapezius; dissecting 
this area medially and laterally will expose the 
tendon from the deep fascial tissue. The optimal 
method to identify the lower trapezius tendon is 
to “hook” it with the surgeon’s index finger lat-
erally beneath the trapezius, freeing the tendon 
from deep adhesions. There is a triangular bony 
region at the junction of the medial border of the 
scapula and the scapular spine free from ten-
don insertion (Fig. 25.1). Once the lower trape-
zius footprint is identified and isolated, we will 
be able to detach easily the trapezius off from 
its insertion in the scapular spine bony region. 
The shape of the footprint is triangular, and the 
length of the tendinous portion is about 49 mm 
[21]. Then we continue the dissection medially 
along the upper border of the tendon following 
the interval between the middle and lower trape-
zius with the goal of getting adequate release and 
mobilization of the tendon. The spinal accessory 
nerve lies within the fascial layer, underneath of 
the trapezius; thus, deep dissection should be per-
formed with caution. Identifying the nerve is not 
mandatory, but it is advised if there is not enough 
excursion of the tendon in order to detect over-

tensioning. Removing the edge of the spine of 
the scapula can be helpful to avoid impingement 
between the graft and the accessory nerve at the 
level of the medial border of the spine.

Two #2 high-strength Orthocord® sutures 
(DePuy Synthes, Warsaw, IN) in a Krakow con-
figuration at superior and inferior part of the ten-
don are used and are left inside the incision to 
prevent damage of the graft (Fig. 25.2).

The next step is the allograft preparation. 
It can be performed simultaneously while the 
lower trapezius is harvested. An Achilles tendon 
allograft without the osseous calcaneus portion is 
the graft of choice for this purpose. Again, two 
#2 high-strength Orthocord® sutures (DePuy 
Synthes, Warsaw, IN) in a Krakow configuration 
are used to prepare the thick and narrow end of 
the allograft. It is recommended using different 
colors for better identification of the sutures dur-

Fig. 25.1 Tendon identification for harvesting. The infe-
rior border of the lower trapezius is identified at its inser-
tion on the spine of the scapula and elevated with a 
forceps
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ing the arthroscopic time as well as marking the 
dorsal and frontal aspect of the graft. One suture 
is placed at the thin expanded side of the allograft 
to avoid lateral migration during the passage and 
fixation of the graft but also to facilitate suturing 
to the lower trapezius portion by creating some 
tension from pulling once the allograft is fixed in 
the humeral head (Fig. 25.3).

Then, the arthroscopic step is started. The 
main portals needed for this procedure are a 
posterior portal for visualization and additional 
anterolateral and lateral portals for instrumenta-
tion. Additional portals can be established if nec-
essary. The scope is inserted through the posterior 
portal for visualization of the tuberosity and the 
remaining cuff, while the other portals are used 
initially for bursectomy, to prepare the tuberosity 
and to perform additional technical gestures as 
needed, depending on the findings. The supraspi-

natus footprint debridement must cause bleeding 
of the subchondral bone to enhance graft heal-
ing. We also need to create a passing track for the 
allograft underneath the infraspinatus fascia. The 
anterolateral portal is placed just 1 cm distal to 
the edge of the anterior corner of the acromion. 
From this portal, we introduce in the subacro-
mial space a long grasping clamp; then, under the 
opened infraspinatus fascia, the clamp is directed 
toward the harvesting wound. A moist packing 
gauze can be used to enlarge the passing area 
for the allograft. Once the medial wound was 
achieved with our clamp, we gather the sutures 
placed in the thick end of the allograft to pull 
them out through the anterolateral portal. Before 
the definitive fixation of the graft over the greater 
tuberosity, we must check that there is an opti-
mal glissade of the graft pulling from it back and 
forth using our prearranged sutures in both ends 
(Fig. 25.4).

Allograft attachment with suture anchors to 
the tuberosity is first carried out. The allograft 
must be visualized into the joint looking for 
the dorsal mark which indicates that our graft 
is not flipped. Two 5.5  mm Healix Advance 
KnotlessTM anchors (DePuy Mitek Sports 
Medicine, Raynham, MA) are used, one for 
each Krakow suture, and buried anterome-
dial and anterolateral in the footprint area of 
the greater tuberosity. For extra fixation, one 
or two HealixTM Advance 5.5-mm double-
threaded anchors (DePuy Synthes, Warsaw, IN) 
are recommended as medial row anchors; the 
sutures are passed through the allograft using 

Fig. 25.2 Lower trapezius harvested. Two #2 high- 
strength sutures are passed through the superior and infe-
rior edges of the tendon to facilitate manipulation

Fig. 25.3 Achilles tendon allograft. High-strength 
sutures are passed to prepare the narrow end. One suture 
has also been placed at the thin expanded side of the 
allograft. Medial and lateral borders are also marked

Fig. 25.4 Allograft orientation
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a Cleverhook instrument (DePuy Mitek Sports 
Medicine) or any other direct or indirect suture 
passer device. The extra suture of the anchor can 
be used to get additional fixation of the allograft 
to the remnant of the native rotator cuff. It is 
important to remind your assistant to hold some 
tension in the opposite side of the allograft dur-
ing suture passing and knotting to avoid fixation 
in a twisted position (Fig. 25.5).

When the intra-articular allograft fixation is 
finished, adequate allograft excursion must be 
checked with several cycles of shoulder external 
and internal rotations holding the free part of the 
allograft increasing the tension (Fig. 25.6).

Fig. 25.5 Allograft in position. The lateral thin end has 
been passed into the subacromial space, while the medial 
wide end is sutured on the lower trapezius end

Fig. 25.6 Achilles tendon allograft passing into the join from posterior to anterior pulling from anterosuperior portal. 
Medial and lateral borders indicate the adecuate orientation of the allograft not twisted
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The last step is the attachment of the Achilles 
allograft to the lower trapezius. Using the arm 
holder, the arm is placed in maximal external 
rotation with some flexion and no abduction. In 
this position, the Krakow sutures that we pre-
pared at the beginning of the surgery are passed 
with a free needle laterally through the allograft. 
It is recommended to reinforce the fixation with 
some free sutures medially removing the remain-
ing allograft.

Arthroscopic portals are closed using 3-0 
Monocryl® suture (Ethicon, Johnson & Johnson, 
Somerville, NJ); the open wound is closed in 
layers using 0 and 2-0 Vicryl, and a running 3-0 
Monocryl stitch is used for skin closure with no 
drain; the wound is covered with sterile dressing, 
and the patient’s arm is placed in a brace with an 
anti-rotatory pillow.

25.5  Postoperative Management 
and Follow-Up

The postoperative rehabilitation period begins 
after 6 weeks of immobilization in a brace with a 
pillow avoiding internal rotation. We only allow 
removal of the brace during this period for bath 
and flexion-extension exercises of the elbow 
every day. After 6 weeks, the patient starts proper 
physical therapy including progression from pas-
sive to active assisted motion and finally unas-
sisted active motion around 12 weeks. Physical 
therapy should include special training of the 
transfer for its new function. External rotation 
strengthening exercises with elastic bands begin 
at 16 weeks. Unrestricted activity is allowed after 
6  months from surgery. Standard shoulder AP 
and axial radiographic views are recommended 
at 3–6 and 12  months to detect any precocious 
off- center humeral head change from previous 
X-ray [3].

25.6  Results

Based on the midterm results as shown from 
Elhassan et al., on average, the vast majority of 
patients who undergo lower trapezius transfer 

with Achilles tendon allograft for massive irrepa-
rable posterosuperior rotator cuff tears experience 
significant improvement of pain, external rota-
tion, shoulder flexion, and abduction, although 
better motion is observed in patients with preop-
erative flexion over 60° [25].

Elhassan et al. published in 2016 the outcomes 
of LTT for this indication with a minimum of 
2 years follow-up. The study included 33 patients 
who underwent open transfer of the lower tra-
pezius through an osteotomy of the acromion to 
reconstruct patients with persistent symptomatic 
posterosuperior rotator cuff massive tears. Eleven 
patients had no prior surgeries, but the remain-
ing 22 patients had undergone an average of two 
prior surgeries [25].

At an average follow-up of 47 months (range, 
24–73  months), 32 of the 33 patients had sig-
nificant improvement in pain levels (P  <  0.01) 
and shoulder range of motion, with an average 
 forward flexion (FF) of 120° (range, 80–150°) 
(average preoperative FF 70°), abduction (ABD) 
90° (range, 60–140°) (average preoperative ABD 
40°), and 50° of external rotation (ER) (range, 
20–70°; P  <  0.01) (average preoperative ER 
20°). Postoperative internal rotation (IR) was 
maintained when compared to the preoperative 
examination.

Regarding the results in clinical scores, the 
mean SSV improved from 54% preoperatively 
to 78% postoperatively (P < 0.01), and the mean 
DASH score improved from 52 ± 19 to 18 ± 10 
(P  <  0.01). At clinical examination, palpation 
of the transferred lower trapezius demonstrated 
active muscle contraction during shoulder exter-
nal rotation.

Of note, when the eight patients who had 
flexion/abduction of less than 60° preoperatively 
were compared with the 25 patients who had 
more motion, the latter group had more signifi-
cant improvement of motion. Shoulder external 
rotation motion and strength improved in all 
patients regardless of the extent of the preopera-
tive loss of motion, with grade 4 or higher muscle 
strength achieved in all patients.

When radiographs were evaluated for arthritic 
changes, the authors noticed a mild increase in 
joint narrowing in patients who did not have 
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full correction of the proximal migration of the 
humeral head; however, none of these patients 
showed signs of progressive arthritis on radio-
graphs at the final outcome. In addition, inter-
estingly, the authors did not find a correlation 
between the extent of correction of the proximal 
migration of the humeral head and the outcome 
of the tendon transfer reconstruction [25].

Valenti and Werthel recently published a vari-
ation of the original technique of LLT extended 
with a semitendinosus tendon and fixed to the 
insertion of the infraspinatus via arthroscopy. 
They included 14 patients with a mean follow-up 
of 24 months (range: 12–36 months). The semi-
tendinosus graft is introduced at the level of the 
insertion of the infraspinatus into an anteropos-
terior bone tunnel and locked with a ZipTight 
device for fixation. Mean active forward flexion 
improved from 150° to 160°, external rotation 
with the arm at the side improved from −20° to 
24°, and external rotation with the arm at 90° of 
abduction improved from −10° to 40°. The mean 
Constant–Murley score improved from 35 to 60. 
Mean VAS decreased from 7 to 2 (visual analogue 
scale, 0–10), and mean SSV improved from 40% 
to 70% (P < 0.01). Both the lag sign and horn-
blower sign were negative after this transfer.

25.7  Complications

From the experience in patients with brachial 
plexus injury and paralytic shoulder, when LT was 
performed as single-tendon transfer, complications 
from surgery were unusual and generally not seri-
ous. Elhassan in 2014, from a total of 111 patients 
with this diagnosis, reported seroma in patients 
with no drain (11 patients) and worsening post-
operative pain in patients who experienced deaf-
ferentation pain from the brachial plexus injury 
(23 patients) [28]. Most of the complications they 
encountered in this group of patients with single-
tendon transfer were related to the postoperative 
custom-made brace as skin irritation and soreness 
related to pressure from the brace, which can lead 
to intolerance and poor compliance.

Elhassan et al. reported complications on the 
aforementioned study of 33 patients with open 
LTT and found also seroma formation in four 
patients, who were managed by observation with 
no sequelae. One patient sustained a fall during 
his first month of rehabilitation and lost some of 
the gains; ultrasound imaging of the lower tra-
pezius showed some redundancy in the Achilles 
tendon with external rotation, indicating stretch 
injury of the transfer. There was one infection in 
this series requiring debridement and later shoul-
der fusion [26]. Acromion osteotomy healed 
radiographically in 25 of the 33 patients, but, 
clinically, there was no difference in the exami-
nation results between patients whose osteotomy 
had healed and those whose osteotomy did not 
heal radiographically, and this did not change at 
the last follow-up evaluation.

Valenti et al. reported two patients with hema-
toma localized on the harvest site, and one of 
them had deep infection requiring open debride-
ment and oral antibiotics, but both had good 
outcomes.

The arthroscopic approach is associated 
with faster short-term recovery, reduced infec-
tion rate, and less complications related to the 
open technique because of the transacromial 
approach needed which increases the risk of 
acromial malunion/nonunion and deltoid insuf-
ficiency [3].

25.8  Summary

Arthroscopic transfer of the lower trapezius using 
Achilles tendon allograft to reconstruct massive 
irreparable posterosuperior rotator cuff tear leads 
to good outcomes in most patients, especially 
those with preoperative flexion over 60°. Longer 
follow-up is required to confirm the durability of 
the transfer. Prospective randomized studies com-
paring the LTT with other therapeutic options as 
the latissimus dorsi transfer or combined SCR in 
the long term will further help to elucidate the 
difference between the two transfers and other 
therapeutic options.

G. Rodriguez-Vaquero et al.
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Tendon Transfer 
for Anterosuperior Cuff: 
The Pectoralis Major Transfer

Jean Kany

26.1  Introduction

Posterosuperior rotator cuff tears are among the 
most common shoulder disorders. Repairing 
them is frequently performed [1] by surgeons. 
On the contrary, ruptures of the subscapularis 
tendon, isolated or combined with a supraspi-
natus tear, are even less common [2, 3]. When 
the muscle belly has a fatty infiltration beyond 
stage 3 of Goutallier [4], when the tendon is too 
short to be pulled and sutured onto the lesser 
tuberosity even with a 60° of shoulder abduction 
and after proper surgical release, after a failed 
previous surgical repair (re-tear) or in case of 
anterosuperior escape of the humeral head, the 
subscapular rupture can prove to be massive and 
irreparable.

Many treatment options exist for patients with 
irreparable subscapularis tears, starting with non-
surgical treatments [5]. Physical therapy usually 
focuses on pain management, followed by del-
toid reconditioning [6] and strengthening of any 
remaining cuff and peri-scapular muscles [7]. 
Oral nonsteroidal anti-inflammatory drugs and 
subacromial corticosteroid injections can also be 
used [5], but after failure of these medical treat-
ments, surgical options should be considered. 
Unfortunately, there is no consensus on the surgi-

cal treatment of irreparable tears in the absence 
of glenohumeral arthritis.

Boileau el al. [8] and Walch et  al. [9] after 
tenotomy of the long head of the biceps alone 
in elderly patients as well as Burkhart et al. [10] 
after partial cuff repair using the margin conver-
gence technique showed acceptable results for 
posterosuperior cuff deficiency but not for antero-
superior deficiency. Other different types of oper-
ations have been published, including rotator cuff 
debridement (with or without suprascapular nerve 
release) [11, 12], partial rotator cuff repair [13, 
14], tendon transfers [15, 16], superior capsular 
reconstruction [17, 18], and even reverse shoulder 
arthroplasty [19]. Superior capsular reconstruc-
tion might represent a proper option as a joint-
preserving technique for younger patients, but 
no report could be found concerning the use of 
SCR in subscapularis deficiency. Reverse shoul-
der arthroplasty, in turn, is probably neither the 
only one nor the best option for younger active 
patients, as the longevity of these implants in this 
specific population is yet unknown and also due to 
the fact that this technique could still be used fol-
lowing possible failures of other types of surgery.

In such a situation, the transfer of the pecto-
ralis major tendon can be performed [20–25]. 
Different techniques have been described. The 
entire pectoralis major tendon [24] or only the 
clavicular [26] or the sternal head [27] can be 
harvested, and the transfer may be rerouted either 
above or underneath the conjoint tendon.
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The purpose of this article is to review the lit-
erature about the pectoralis major tendon transfer 
for the treatment of irreparable anterosuperior 
rotator cuff tear.

26.2  Surgical Technique

The surgery is performed in a beach chair posi-
tion under general anesthesia with an intersca-
lene block. A distalized deltopectoral approach 
(5–7  cm) allows to assess anterosuperior cuff 
and to harvest the pectoralis major tendon. The 
cephalic vein is retracted laterally with the ante-
rior fibers of the deltoid, while the conjoint ten-
don is retracted medially. The pectoralis major 
is exposed at the level of the humerus, in front 
of the long head of the biceps, which is a pre-
cise anatomical landmark. The upper and lower 
borders of the PM tendon are identified at the 
insertion on the humerus as well as both heads 
of the muscle (Fig. 26.1). A biceps tenodesis is 
performed if still present at the upper part of PM 
tendon into the bicipital groove. Neither acromio-
plasty nor section of the coracoacromial ligament 
is performed. With the arm in abduction, medial 
rotation, and forward flexion, the scar tissue over 
the lesser tuberosity is resected, and the stump  
of the remnant native subscapularis retracted 
under the conjoint tendon is identified and grasped 
with two nonabsorbable sutures. It is essential to 

recognize the musculocutaneous and the axillary 
nerves correctly in order to prevent any damage 
(Fig.  26.2) [28, 29] after the transfer rerouting. 
The musculocutaneous nerve should not only be 
palpated but also visualized to check that there 
is an adequate space for passage superficial to 
the nerve. The distance between the coracoid 
process and the main trunk of the musculocu-
taneous nerve as it enters the coracobrachialis 
muscle averages 6.1 cm, but its proximal branch 
averages 4.4 cm [30]. Adhesions are released and 
scar tissues are resected from the lesser tuberos-
ity. The remaining subscapularis tendon (if pres-
ent) is released from the glenoid. When possible, 
a combined partial repair of subscapularis tendon 
is performed. The anterior humeral circumflex 
vessels landmark the distal edge of the pectoralis 
major tendon and are cauterized. Splitting of both 
the clavicular and the sternocostal portions is 
performed through the natural interval separating 
them medially from proximal to distal. The ster-
nocostal portion twists around the clavicular one 
and is more deeply inserted: its tendon (the pos-

Fig. 26.1 (courtesy Valenti P): Right shoulder. Cadaveric 
view of the clavicular and sternal portions of the pectora-
lis major tendon

Fig. 26.2 (courtesy Valenti P): Right shoulder. Cadaveric 
view. Musculocutaneous and axillary nerves. The distance 
between the coracoid process and the main trunk of the 
musculocutaneous nerve as it enters the coracobrachialis 
muscle averages 6.1 cm, but its proximal branch averages 
4.4 cm

J. Kany
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terior lamina) is larger and stronger (6 cm length, 
2.5 cm breadth) than the clavicular portion one 
(the anterior lamina). On the contrary, the clavic-
ular tendinous fibers are more superficial, thin-
ner, and shorter: they insert distally. Each portion 
can be harvested separately since two indepen-
dent neurovascular pedicles supply for the pecto-
ralis major: the lateral pectoral pedicle (12.5 cm 
from humeral insertion) and the medial pectoral 
pedicle (8.5 cm from humeral insertion and 2 cm 
from the inferior border) (Fig. 26.3). Depending 
on the chosen technique, one head of the tendon 

(or both) can be detached from the humerus with 
periosteum to reinforce the tendon [30]. The har-
vested tendon is tagged with a nonabsorbable 
suture and then passed either posteriorly looking 
for a “pulley effect” with the transfer, under the 
conjoint tendon (in front of the musculocutane-
ous nerve), or above (Fig. 26.4). The area of fixa-
tion onto the upper part of the lesser tuberosity is 
decorticated, and the harvested pectoralis major 
tendon is fixed “flat” onto the refreshed-bone sur-
face area either transosseously (with two 2.7-mm 
tunnels) or with suture anchors (Fig.  26.5a, b). 
The anterior border of the supraspinatus tendon 
(when present) is sutured to the proximal border 
of the pectoralis major tendon, allowing a closure 
of the “new” rotator interval. When the supraspi-
natus tendon is torn, it is repaired (if possible) 
after release. In the specific cases of irreparable 
combined supraspinatus and subscapularis ten-
don rupture, the pectoralis major transfer can 
cover the anterior part of the greater tuberosity 
despite a short excursion. The tendon is sutured 
with the arm placed in a 0° to 30° external rota-
tion position and forward flexion. The fixation 
is tested in rotations and retropulsion. Drainage 
is useless. Patients are immobilized in a sling 
with the arm at the side in a neutral position for 
4 weeks. Personal pendulum exercises are to be 
started the day following surgery. Hydrotherapy 
is started after stitch removal if possible. Passive 
external rotation over 30° is allowed after  

Fig. 26.3 (courtesy Valenti P): Right shoulder. Cadaveric 
view of the two independent pedicules which supply the 
pectoralis major: the lateral pectoral pedicle (12.5  cm 
from humeral insertion) and the medial pectoral pedicle 
(8.5 cm from humeral insertion and 2 cm from the inferior 
border)

Ant Post

Pectoralis Major

Coracobrachialis

Subscapularis

Fig. 26.4 Right 
shoulder. Superior view. 
The draw shows that the 
line of pull from the 
pectoralis major does 
not replicate the line of 
pull from the 
subscapularis. It has 
been shown that the 
rerouting underneath the 
conjoint tendon results 
in a better 
biomechanical effect 
than a transfer above the 
conjoint tendon
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4 weeks followed by an active rehabilitation after 
6 weeks. Strengthening exercises are delayed but 
will be advised after 3 months.

26.3  Discussion

Anterosuperior rotator cuff tears and isolated 
subscapularis tears are less common than the 
isolated superior or posterosuperior ones [2, 3]. 
Nonetheless, large isolated tears of the subscapu-
laris, or tears of its proximal half that progress 
so much that they will involve the supraspina-
tus, usually result in an anterosuperior escape 
of the humeral head that precludes proper active 
elevation of the shoulder. When this occurs, it is 
thought to be due to an imbalance of the antero-
posterior couple of forces implied by the rotator 
cuff to stabilize the joint’s center of rotation [16, 
31, 32]. Contributing to the patient’s dysfunction 
and pain is the concomitant lesion to the biceps 
pulley that leads to instability of its tendon. 
That happens because the anterior fibers of the 
supraspinatus and the proximal fibers of the sub-
scapularis are major components of the proximal 
humerus’ transverse ligament.

Several tendinous transfers for irreparable 
anterosuperior rotator cuff tears have been stud-
ied, including the ones from the pectoralis major, 
pectoralis minor, and latissimus dorsi (with or 
without the teres major). In 1997, Wirth and 

Rockwood [20] originally described and pub-
lished the pectoralis major tendon transfer ante-
rior to the conjoint tendon. In the year 2000, 
Resch et al. [21] modified this technique, trans-
ferring only the superior two-thirds of the tendon 
under the conjoint tendon. In the following years, 
two other modifications were proposed and the 
results thereof published. Klepps et  al. advo-
cated transferring the entire pectoralis major ten-
don posterior to the conjoint tendon [29], while 
Warner et  al. would only transfer its inferior 
(sternal head) portion, which was kept posterior 
to the clavicular portion and anterior to the con-
joint tendon [33].

Gerber et al. [34] proposed to perform a dou-
ble tendon transfer in patients: they transferred 
through an extended deltopectoral approach the 
teres major to the inferior part of the lesser tuber-
osity and the sternal portion of the pectoralis 
major to the superior part of the lesser tuberosity. 
There was no significant difference in terms of 
pain, mobility, and strength between a single and 
a double transfer in 11 and nine patients.

It has been reported that, from a biomechani-
cal point of view, the sternal head is superior to 
restore internal rotation [27]. Moreover, the har-
vested tendon can be rerouted to the lesser tuber-
osity underneath [20, 24, 35] or over [20, 33, 36] 
the conjoint tendon. It has been shown that the 
rerouting underneath the conjoint tendon results 
in a better biomechanical effect than a transfer 

a b

Fig. 26.5 [a and b (courtesy Valenti P)]: Right shoulder. 
Cadaveric view. (a) (left picture—anterior view): The 
pectoralis major (sternocostal portion) is rerouted under-

neath (behind) the conjoint tendon. (b) (right picture—
superior view): The pectoralis major (sternocostal portion) 
is rerouted above (in front of) the conjoint tendon

J. Kany
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above the conjoint tendon (Fig. 26.4). Regarding 
those differences, keeping the transfer posterior 
to the conjoint tendon results in greater loss of 
external rotation (approximately 25° of postop-
erative external rotation loss). Nevertheless, no 
technique has so far proved its clinical superior-
ity (Fig. 26.5).

The results published by Elhassan et al. [33] 
in the 2008 study are very similar to the find-
ings of other authors and can be used to summa-
rize the findings from different pectoralis major 
transfer techniques. They retrospectively ana-
lyzed a subgroup of 11 patients with irreparable 
subscapularis tears operated by the technique 
previously described by Warner et al. [16] with 
a mean follow- up of 57 months (range, 44–82). 
The mean pain score decreased from 7.9 (6 to 10) 
to 4.2 (0 to 10) (p  =  0.01). The mean constant 
score improved from 28.7 (20 to 42) to 52.3 (24 
to 78) (p = 0.01). The belly-press sign remained 
positive in all patients, and none had a normal 
lift-off test.

The functional outcomes are unpredictable 
because the line of pull generated by all the 
aforementioned techniques differs too much 
from the original subscapularis’ line of pull, i.e., 
the pectoralis major origin is anterior to the tho-
rax, while the subscapularis origin is posterior 
(Fig.  26.4). Indeed, Kany et  al. [37] found that 
regardless of which part of the pectoralis major 
muscle or position to the conjoint tendon is used, 
the lines of pull between the transferred tendon 
and the original subscapularis are almost at a 
90° angle to one another. Similarly, Elhassan 
et al. [38] supposed that changing the vector of 
the transferred PM (posterior to the conjoint ten-
don) would not change the direction of its line 
of action, especially because in internal rotation 
the lesser tuberosity becomes very medial, and 
therefore the conjoint tendon would not be able 
to properly function as a pulley.

Nevertheless, Moroder [39] has shown that 
pectoralis major tendon transfer resulted in a 
significant clinical improvement, especially with 
regard to pain and internal rotation, which was 
maintained 10 years after surgery. Despite long- 
term radiographic progression of cuff arthropa-
thy, patient satisfaction remained high over the 

time, with only a minimal requirement for revi-
sion with reverse shoulder arthroplasty. The com-
plication rate was low, but care must be taken to 
prevent nerve injury when performing pectoralis 
major tendon transfer.

This is the reason why, up to now, alternative 
transfers such as latissimus dorsi (which origi-
nates posteriorly to the thoracic wall and repro-
duces the subscapularis’ original line of pull) are 
currently suggested and proposed but are still in 
infancy [37, 38, 40].

26.4  Conclusion

Irreparable rotator cuff tears in active young 
patients are still challenging conditions to treat. 
In case of irreparable isolated rupture of the sub-
scapularis tendon or combined with the supraspi-
natus tear, a transfer of pectoralis major permits a 
long-term pain relief improving function but fails 
to increase the strength of the shoulder. Different 
techniques have been developed, but none of them 
has yet proved to be the best one. Other better 
biomechanical transfers have been recently pro-
posed, but the pectoralis major transfer remains 
the gold standard regarding long-term follow-up.
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Tendon Transfer 
for Anterosuperior Cuff: Latissimus 
Dorsi Transfer

Viktoras Jermolajevas

27.1  Introduction

Rupture of subscapularis (SUBS) tendon leads to 
loss of active internal rotation, horizontal imbal-
ance, and pain. Isolated ruptures are rare and 
consists of about 13% of all SUBS ruptures [1]. 
Extended ruptures are more common; an asso-
ciated rupture of supraspinatus leads to vertical 
imbalance and proximal migration of humeral 
head. Long-lasting ruptures are difficult to treat 
due to bad tendon mobility, muscle fatty degener-
ation, and atrophy. Direct tendon repair is some-
times not possible, and even if repair would be 
accomplished, a SUBS muscle will not generate 
enough contraction power to centralize a humeral 
head. Several options for irreparable subscapu-
laris tears are described. Pectoralis major or minor 
transfers for irreparable SUBS were common, 
and recently latissimus dorsi tendon (LDT) and 
teres major transfers gain popularity. The ante-
rior LD tendon transfer appears to replicate the 
line of subscapularis pullout more anatomically 
and follows basic rules of tendon transfers. The 
idea of latissimus dorsi anterior transfer (aLDT) 
was published by B. Elhassan in 2014 [2]. This 
cadaveric study shows that the aLDT provides a 
more anatomic transfer option compared to the 

pectoralis major tendon transfer for subscapularis 
insufficiency. The risk of nerve compression was 
found to be low when transferring the latissimus 
dorsi alone to the lesser tuberosity. This aLDT 
transfer was done open in 17 patients with not yet 
published clinical results [3]. Clinical study with 
1  year follow-up done by S.  W. Mun recently 
showed good clinical results. 24 patients oper-
ated  by open surgery, and graft fixation with 
two knotless anchors and transosseous sutures 
on lesser tuberosity were performed [4]. J. Kany 
developed arthroscopic-assisted technique and 
published preliminary results of five patients in 
2016 [5]. Our technique follows the same rules of 
above mentioned open and arthroscopic- assisted 
techniques but in full arthroscopic manner.

27.2  Indications

Indication for anterior latissimus dorsi transfer is 
irreparable total or 2/3 of SUBS tendon tear, with 
Goutallier grade III or IV fatty infiltration [6] 
(Fig. 27.1), which could be classified as Lafosse 
type V SUBS rupture [7]. Any kind of infection 
or arthritis more than Hamada stage III is a con-
traindication to do this surgery [8].
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27.3  Technique

The patient is operated on in the beach-chair 
position. The shoulder is draped in the same 
fashion as for conventional shoulder surgery, 
leaving at least 6  cm of free space below the 
axillary fold. Axilla and optionally top of the 
shoulder are covered with plastic adhesive drape 
to reduce possible suture contamination with 
Corynebacterium (Propionibacterium) acnes [9]. 
Routine arthroscopy portals comprise the poste-
rior (P), anterosuperior (AS), posterolateral (PL), 
and anterolateral (AL) portals, with an additional 
suprapectoral portal (sP) for arthroscopic LDT 
release (Fig. 27.2). Simple arm traction (3–5 kg 
with a nonelastic tape) is used to slightly distract 
the subacromial space as in regular rotator cuff 
repair. An additional suspension band is placed 
around the elbow to maintain the arm in overhead 
abduction during the axillar LDT release, extru-
sion, and suturing.

The operation can be divided into four steps.

27.3.1  SUBS Tendon Release 
and Partial Cuff Repair

The arthroscopy begins from posterior (P) por-
tal. Standard AS and AL portals are created, and 
SUBS tendon is inspected. In case of isolated 
SUBS rupture, the tendon is retracted to gle-
noid rim, and conjoined tendon with coracoid 
is clearly visualized. If SUBS ruptured together 
with SS, a “comma sign” should be founed  to 
define superior border of SUBS [10]. Resection 
of rotator interval is performed with care to pre-
serve an intact junction of SS and SUBS. After 
initial mobilization, viewing portal is changed 
to AS portal. Looking distally, following the 
long.

head of the biceps tendon in its groove. 
Shaving is performed through the AL portal, 
until the superior border of the pectoralis major 
tendon (PM) is clearly visible. Medial to the PM 
insertion, the anterior humeral circumflex ves-
sels (“three sisters”) are identified, marking the 
inferior border of the subscapularis tendon. Just 
underneath, the superior border of the LDT is vis-
ible. At this point, the suprapectoral portal (sP), 
just above the PM, is established. Skin incision 
for this portal is made just above anterior angle 
of axillar crease.

Fig. 27.1 Fatty infiltration grade IV of subscapularis 
muscle while other muscles are well preserved (left shoul-
der, T1 sagittal view). (SUBS subscapularis, SS supraspi-
natus, IFS infraspinatus, Tm teres minor, TM teres major 
muscles)

Fig. 27.2 Arthroscopic portals (right shoulder with 
patient in beach-chair position). Latissimus dorsi tendon 
with sutures is visible through suprapectoral portal (sP) (P 
posterior, PL posterolateral, AL anterolateral, AS antero-
superior portals)
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Viewing portal is changed to AL, and com-
plete mobilization of SUBS tendon through sP 
portal is done. To obtain the tension-free repair, 
it is necessary to perform superior, posterior, and 
anterior releases. The superior part is released 
from any adhesions as far as to the medial side of 
coracoid base. Posteriorly to SUBS, any capsule 
adhesions are resected. Anteriorly, subcoracoid 
bursa and space between SUBS and conjoined 
tendon are opened. The anterior release is more 
dangerous. The anterior side of the SUBS often 
adheres to the conjoined tendon and coracobra-
chialis muscle and requires to be released. Axillar 
nerve (Ax), radial nerve (Rn), and SUBS small 
neurovascular structures should be identified and 
protected.

Final SUBS tendon assessment is made. The 
definitive decision to perform latissimus dorsi 
(LD) transfer or not is done. Factors for decision 
are tendon mobility and thickness, fatty infiltra-
tion defined in T1 sagittal view of MRI. At this 
stage, if technically possible, SUBS repair at 
least partially should be done.

27.3.2  LDT Proximal Release

This release is similar to technique described in 
arthroscopic-assisted latissimus dorsi transfer for 
posterior cuff deficiency [11].

Visualization: camera is in AS portal, working 
portal-  suprapectoral (sP). The release of 1 cm of 
the superior part of the PM tendon is performed. 
This allows the surgeon to bluntly prepare some 
space between three structures: the conjoined 
tendon anteriorly, the PM laterally, and the LDT 
posteriorly. Shaving is performed inferiorly to the 
circumflex vessels (three sisters) until complete 
exposure of the LDT fibers, running medial to 
lateral, is achieved. The limit for inferior dissec-
tion is radial nerve (Rn) and 1 cm medially—pos-
terior cutaneous nerve of the arm (pCNA). They 
found inferiorly, crossing the borders of the LDT 
and TM tendon 3–4 cm medial to their humeral 
insertion (Fig.  27.3). More medial and inferior, 

the band of tissue representing the remnant of 
the dorsoepitrochlearis brachii of apes is present. 
It connects LD tendon and long head of triceps. 
This tissue band is mandatory to release but is 
not always possible through sP portal. Tendon 
dissection is continued as far medially as the 
arthroscope and shaver length allow. Then, distal 
release from the humerus at the crista tuberculi 
minoris is performed. The tendon is reflected 
medially for easier grasping later. A standard uri-
nary catheter (Foley) inserted from the sP portal 
is left in this location; its balloon is inflated for 
future LDT passage.

27.3.3  LDT Final Release and Tendon 
Passage

The arm is removed from traction and is fully 
abducted. Traction band holds the arm in the 
overhead position using a solid anesthesiology 
frame around the patient’s head for fixation. Two 
axillar portals to complete LDT release are cre-
ated: medial axillar portal (mAx), in the middle 

Fig. 27.3 Arthroscopic view from anterosuperior portal 
(right shoulder, patient in beach-chair position). VAPR in 
the suprapectoral portal. Superior-lateral edge of latissi-
mus dorsi tendon is released (Hum humerus, TM teres 
major, LDT latissimus dorsi tendon, pCNA posteriors 
cutaneous nerve of arm, Rn radial nerve)
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of axilla and 3 cm below axillar crease, and pos-
terior axillar portal (pAx), in the posterior cor-
ner at the same level. Scope introduces into pAx 
portal. Latissimus dorsi tendon and its distal end 
is identified and grasped with Kocher or grasped 
from mAx portal and extruded. The tendon edges 
are then grasped with two clamps. VAPR elec-
trode (Mitek) is introduced in the same mAx por-
tal, and final release of tissue band to long head 
of triceps and subcutaneous tissue is continued 
(Fig. 27.4).

Tendon release facilitates the placement of 
two pairs of Krackow stitches along the medial 
and lateral border using two different colored 
sutures. The LD muscle is released proximally 
as full muscle belly, and neurovascular bundle 
is visualized. Care must be taken during anterior 
muscle belly release because the neurovascular 
bundle is anterior and 6–8  cm proximal to the 
musculotendinous junction (Fig. 27.5).

The Foley catheter balloon is extracted from 
the mAx portal. Sutures from the LD are attached 
to the catheter that serves as a shuttle relay. The 
LDT is then passed into the anterior space with 
the catheter pulled out through the sP portal. It 
is important to control the sutures to avoid twist-

ing the tendon and define which one is medial or 
lateral. Final release of LD belly if necessary is 
done from subcutaneous tissue, until LD tendon 
edge is visible in the sP portal (Fig. 27.2). The 
axillary portals are closed in a standard manner. 
The arm is released from the overhead position 
and is left in a position of flexion with 3–5 kg of 
traction as in the beginning of surgery.

27.3.4  LDT Fixation to Lesser 
Tuberosity

Viewing through sP portal, working in AL, AS 
portals. Sutures withdraw from AS portal. Lateral 
pair of sutures is kept in tension, while medial 
sutures are used for fixation. If release was done 
properly, it is not difficult to fix medial sutures 
above the bicipital groove with Healix Advance 
Knotless (Mitek) or Versalok (Mitek) anchors. 
After fixing medial pair of sutures, tension from 
lateral pair of sutures is released. Slight internal 
rotation will bring greater tuberosity closer to AS 
portal. The second anchor is used for fixation on 
anterior edge of greater tuberosity. Axillar nerve 
should be inspected, and contact with latissimus 

Fig. 27.4 LDT final release through axillary portals 
(right shoulder, patient in beach-chair position, arm in 
ABD position). Arthroscope in posterior axillary portal, 
VAPR, and the end of latissimus dorsi tendon in medial 
axillary portal

Fig. 27.5 Arthroscopic view from posterior axillary por-
tal (right shoulder, patient in beach-chair position, arm in 
ABD position) (TM teres major, LDT latissimus dorsi 
muscle belly, NVP neurovascular pedicle of thoracodorsal 
vessels and nerve)
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dorsi should be documented. The personal expe-
rience: more lateral and shifted on greater tuber-
osity fixation points had less possibility of axillar 
nerve contact and less probability of compression 
with internal rotation and abduction of the arm 
(Fig. 27.6).

27.4  Postoperative Management

The shoulder was placed in a brace with the arm 
at the belly in an internal rotation position for 
6  weeks postoperatively. Only elbow and wrist 
exercises are allowed. Passive assisted exercises 
were started at 6  weeks after surgery. Gradual 
return to daily activities, any arm movement 
without pain, is allowed. Weight lifting up to 
5 kg or support of body weight is allowed after 

3  months. Gentle strengthening exercises were 
started and progressed slowly during the next 
3 months. Return to full activity, heavy manual 
working, is allowed 4–6 months after surgery.
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Subacromial Spacer
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28.1  Introduction

Implantation of the biodegradable spacer in 
the subacromial space in patients with massive 
irreparable rotator cuff tear is one of the valu-
able newest treatment options among the pos-
sibilities for surgical management, which arose 
in the last years in the clinical practice [1, 2]. 
Management of those patients is frequently indi-
vidualized according to their clinical presentation 
and specific needs. Patients expect from surgical 
procedure reduction in pain and improvement in 
range of motion (ROM). Those with predominant 
pain problem are especially good candidates for 
the presented surgical treatment. The procedure 
is simple, safe, and less invasive with minimal 
complication rate as it was shown in latest sys-
tematic review, which synthesized and reported 
early clinical and radiographic outcomes associ-
ated with subacromial spacer use in patient with 
massive irreparable rotator cuff tears [3].

28.2  Biomechanical Background

Following the biomechanics of force couples that 
results in resultant movement without resultant 
force, the acting mechanism of the subacromial 
spacer could be explained. Namely, the deltoid 
and supraspinatus muscles act as the coronal force 
couple, compressing the humeral head to the gle-
noid in abduction, thus creating stable fulcrum 
allowing motion of the humerus around the gle-
noid. On the contrary, the rotator cuff disruption 
compromises concavity compression and alters 
glenohumeral load structure and direction [4, 5]. 
The pathomechanics involved with the tear typi-
cally results in superior humeral head migration. 
To restore normal kinematics in the patients with 
posterosuperior tear, greater forces are required by 
both the deltoid and the intact muscle units of the 
rotator cuff to achieve stable joint during abduction 
and to prevent superior subluxation of the humeral 
head [6]. Increase in muscle strain of those muscles 
may be the reason for shoulder pain. Furthermore, 
increased forces required to maintain the center of 
rotation contribute to the anterior and posterior tear 
propagation, particularly if the remaining tendons 
are of poor quality [7]. Additionally, with initiation 
of abduction and subsequent superior migration of 
the humeral head, increased impingement between 
the greater tuberosity and undersurface of the acro-
mion can occur [8, 9]. Subacromial friction during 
shoulder abduction can be additional reason for 
shoulder pain.
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The implantation of a spacer in the subacro-
mial space should help to restore force couples 
of the glenohumeral joint in coronal plane, to 
maintain humeral head in the stable position 
during dynamic movement, and to decrease 
subacromial friction. These are biomechanical 
grounds of subacromial spacer effect in the case 
of rotator cuff tears leading to pain reduction and 
improvement in shoulder function by lowering 
the humeral head, reducing the forces required to 
achieve abduction, and facilitating humeral glid-
ing against acromion [2, 10]. On the contrary, the 
subacromial spacer cannot influence the force 
couples in transverse plane; thus, subscapularis 
tendon and teres minor should be preserved or 
repaired.

28.3  Implant and Arthroscopic 
Surgical Procedure

The subacromial spacer is made of a copoly-
mer of poly(l-lactide-co-ε-caprolactone) that is 
biodegradable and totally dissipates within up 
to 12  months. The unique cold molding tech-
nology enables manufacturing in the shape of 
balloon, suitable to be implanted between the 
acromion and the humeral head. The device 
attempts to restore painless shoulder biome-
chanics by lowering the humeral head, stabi-
lizing the center of rotation, and decreasing 
subacromial friction [10].

Standard shoulder arthroscopy in a beach- 
chair or lateral decubitus position is performed. 
After debridement and bursectomy, the rotator 
cuff is assessed for reparability. The tendon 
mobility to the footprint region and quality of 
the tendon are assessed. Once deemed irrepa-
rable, the correct size of the subacromial 
spacer is selected measuring the distance from 
the lateral border of the greater tuberosity 
to approximately 1  cm medial to the glenoid 
apex (Fig.  28.1a). If the long head of biceps 
is still present, biceps tenotomy is advised. 
Smoothening of the undersurface of the acro-
mion is advisable as well, but coracoacromial 
arch should be preserved. The rolled-up spacer 

of correct size is then inserted through the lat-
eral portal and inflated with a sterile saline to 
the recommended volume depending on the 
selected implant size (Fig.  28.1b). The appro-
priate inflation volume is being adjusted by 
inducing passive full range of shoulder move-
ments prior of spacer sealing. Once the volume 
and position are optimized, the device is sealed 
utilizing the mechanism, which is part of the 
deployment system (Fig. 28.1c).

a

c

b

Fig. 28.1 Schematic illustration of the subacromial bio-
degradable spacer (InSpace™) implantation (with permis-
sion of Orthospace company). (a) Measurement of the 
distance from lateral border of the greater tuberosity to 
approximately 1 cm medially to the glenoid apex, which 
will allow appropriate implant size selection. (b) Insertion 
of the InSpace™ spacer rolled up inside the introducer 
through the lateral portal. (c) Inflation of the balloon- 
shaped spacer with saline and deployment in the subacro-
mial space
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28.4  Clinical Outcomes

To the end of 2018, several scientific reports are 
available in the literature describing the results 
of patients with massive irreparable rotator cuff 
tear treated by subacromial spacer implantation 
[2, 10–18]. These studies report the mean pre-
operative and postoperative Constant scores as 
22,5–44,8 preoperatively and 51,4–69,5 postop-
eratively at a minimum of 12 months follow-up 
(Table 28.1). In detail, significant decrease in pain, 
increase in range of motion, and increased ability 
to perform activities of daily living are reported. 
On the other hand, there is limited improvement 
in strength of abduction. Results in available liter-
ature and surgeons’ experience show that results 
for subacromial spacer improve over time. In the 
study with the longest follow- up, all the param-
eters of the Constant score improved over 5 years 
period (Fig.  28.2) [10]. The overall reported 
results are thus comparable to the other treatment 
options in patients with this kind of pathology 
[19]. Interestingly, patients included in the sub-
acromial spacer studies usually have more signifi-
cant shoulder function impairment compared to 
patients treated by other techniques as has been 
shown by lower Constant score preoperatively.

The influence of simultaneous surgical acts 
as debridement, subacromial decompression, 
acromioplasty, and surgical treatment of biceps 
tendon together with subacromial spacer implan-

tation is frequently discussed. Fluoroscopy- guided 
implantation of the spacer without performing 
surgical decompression or addressing biceps 
tendon shows similar results of  improvement 
in Constant score and its subcategories like in 
the studies where the spacer was implanted dur-
ing arthroscopic procedure [12]. Adding to this, 
arthroscopic debridement of the joint is usually 
minimal, furthermore limited rather than complete 
bursectomy is advised and performed in order to 
avoid subacromial spacer migration in the postop-
erative period. Six studies describe the status of the 
long head of biceps tendon (LHB) [2, 11, 13–16]. 
Intraoperatively, the LHB was intact in 69,8% and 
ruptured in 30,2% of patients. The results of the 
studies show that preoperative status of LHB did 
not affect the postoperative outcome measured by 
Constant score. Furthermore, the study that com-
pares subacromial spacer implantation with and 
without biceps tenotomy reported no difference 
among subgroups of the patients [14].

Inconsistent outcome of the subacromial 
spacer implantation was published in one study 
[17]. Authors reported improvement for more 
than 10 points in Constant score only in 6 out of 
15 patients. At 2 years follow-up, Constant score 
was improved from 35,0 to 53,5. However, 9 out 
of 15 patients showed no improvement in 2 years 
follow-up period, and 5 of them have been 
revised to reverse shoulder arthroplasty. This is 
somehow different to the previous experience. 

Table 28.1 Published studies until early 2018 about subacromial spacer in massive rotator cuff tears

Study
No. of patients 
included

Male/female 
ratio Age

Constant score 
preop

Constant score at 
follow-up Follow-up

Senekovic  [2] 20 11 m/9f 70,5 (54–85) 33,4 65,4 3 y
Gervasi  [12] 15 7 m/8f 74,6 (±6,5) 31,9 62 24 m
Senekovic  [10] 20 11 m/9f 70,5 (54–85) 33,4 67,4 5 y
Holschen  [13] 12 6 m/6f 62,4 36,8 69,5 22 m
Maman  [14] 42 na na 36 67 12 m
Piekaar  [15] 44 25 m/19f 66 

(63,7–68,3)
37,1 60,2 12 m

Deranlot  [11] 37 15 m/22f 69,8 (53–84) 44,8 76 3 y
Ricci  [16] 30 na na 39,9 65,4 12 m
Ruiz Iban  [17] 15 4 m/11f 69,4 (60–80) 35,0 51,4 24 m
Yallapragada  
[18]

14 10 m 4f 76,2 (70–85) 22,5 51,4 12,6 m

na none available, m months, y years

28 Subacromial Spacer
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The reported failure rate and overall complication 
rate have been minimal in the previous studies. In 
systematic review including 6 studies, only in 6 
out of 200 patients (3%) unsatisfactory outcome 
or complication was detected [3]. One patient 
required revision surgery for spacer migration, 
three patients were converted to reverse total 
shoulder arthroplasty, and two patients had no 
improvement in total Constant score.

28.5  Future Directions

Subacromial spacer was first used as a main or 
single treatment option for patients with irrepa-
rable massive rotator cuff tear. The use of the 
implant was shown to be simple and safe. It is 
quick procedure in the hand of shoulder sur-
geon, which does not preclude any additional or 
further surgical treatment. Recently, the spacer 
is frequently used as additional or supportive 

therapy in partial or complete repair of massive 
rotator cuff tears [20]. While in rotator cuff torn 
condition, there is significant increase in supe-
rior humeral head migration, subacromial spacer 
can restore the humeral head position similar to 
the intact condition [21]. Additionally, biome-
chanical study shows that spacer can restore also 
functional abduction force [21]. In this setting, 
implantation of the spacer over the rotator cuff 
repair could be protective for the repaired con-
struct, especially in the patients where the ten-
don quality is not as we wish.

Several properties of the device still need to be 
elucidated. It is uncertain why the positive effect 
continues beyond the time of spacer degradation 
period [10]. The possible reason is that spacer 
helps the patient in the immediate postoperative 
period to rehabilitate the shoulder and to train the 
appropriate muscles to establish sufficient effi-
ciency for satisfactory shoulder function. Further 
research is needed to answer this question.
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Fig. 28.2 Clinical results following biodegradable spacer 
insertion presenting total Constant score (TCS) and vari-
ables of the TCS: pain, activity of daily living (ADL), range 

of motion (ROM), and power of abduction. Change in 
mean scores from baseline to 5 years postoperatively is pre-
sented as reported in study with the longest follow-up [10]
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28.6  Summary

Treatment of the patients with massive rotator 
cuff tears is based on patient factors and asso-
ciated pathology. The decision-making process 
includes personal experience and scientific data. 
A thorough knowledge of existing treatment 
options and indications is crucial to achieve best 
outcomes for the patients. There is a wide variety 
of patients in terms of rotator cuff tear pattern, 
functional impairment, and reparability. The sub-
group of patients with massive irreparable rota-
tor cuff tear and predominant symptom of pain 
but relatively preserved active elevation, mean-
ing that there is not pseudoparalytic shoulder, 
are the best candidates for treatment option with 
biodegradable subacromial spacer. Good clinical 
results can be expected in patients with preserved 
force couple in transverse plane in the absence 
of shoulder osteoarthritis. The spacer in subacro-
mial space will only influence the force couple 
in coronal plane by lowering the humeral head, 
facilitating humeral gliding against the acromion, 
and reducing subacromial friction during shoul-
der abduction. The procedure is simple, safe, reli-
able, and less invasive with minimal complication 
rate comparing to some other treatment options.
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29.1  Introduction

Massive ruptures are a chapter in the treatment of 
rotator cuff tears that has always posed a delicate 
problem. As muscle transfers have made it pos-
sible to treat massive rotator cuff tears in young 
patients, reverse total shoulder arthroplasty 
(rTSA) brought a relatively simple solution for 
the elderly patients.

Reverse total shoulder arthroplasty is more 
reliable than anatomical prostheses with large 
heads or with a suitable profile. Results of rTSA 
improve and appear more and more promising 
over years.

More than massive ruptures, rTSA addresses 
irreparable rotator cuff tears. There are different 
situations: massive irreparable rotator cuff tears 
(MIRCTs) with or without pseudoparalytic 
aspect and cuff arthropathy with eccentric osteo-
arthritis (OA) [1–6] (Fig. 29.1).

29.1.1  What Are the Criteria 
for Defining Irreparable 
Rotator Cuff Tears?

The reducibility of the tendons, appreciable pre-
operatively, is a subjective assessment. Before 
surgery, muscle quality can be evaluated on the 
coronal sections at the computed tomography 
(CT) scan or at the magnetic resonance imaging 
(MRI), especially fatty infiltration of muscles.

Function is also important, because massive 
rotator cuff tears are not always with pseudopa-
ralysis. Without pseudoparalysis, rTSA indica-
tion must be discussed.
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Fig. 29.1 Radiographic appearance of cuff tear 
arthropathy
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29.1.2  Does Cuff Arthropathy Always 
Need an Arthroplasty to Solve 
the Symptoms?

The indications for rTSA evolved since the modi-
fications made by Grammont [7]. Indeed, the 
principles laid down by Grammont have made it 
possible to improve the functional results of the 
rTSA in a spectacular way.

A very important element is the age of the 
patients. In the beginning, the age of patients had 
to be greater than 75 years to minimize the conse-
quences of the unknown outcomes of rTSA.

The first studies showed implant survivorship 
that dropped after 8  years [6]. Several studies 
have gradually shown that implant survivorship 
lengthened beyond 10 years. More recent works 
show a better longevity of rTSA. This improve-
ment depends on the technical innovation in 
implant designs and better positioning of the gle-
noid component. This broadened indication for 
implanting an rTSA.

Today, it is reasonably possible to implant 
rTSA in patients under the age of 65 to treat rota-
tor cuff tear. Other studies confirmed that rTSA 
results are better in the treatment of rotator cuff 
tear than in other indications. In complex cases, 

rTSA can be combined with muscle transfer to 
restore external rotation.

29.1.3  Preoperative Assessment

As with any prosthesis, preoperative evaluation 
of bone stock is essential. The glenoid side is cru-
cial, as it is important to restore the glenohumeral 
joint line to meet Grammont’s recommendation 
to place the center of the glenosphere at the 
paleoglenoid surface [7].

It is important to assess the orientation of the 
glenoid in the frontal and sagittal plane.

Walch et  al. [1] classified the glenoid mor-
phology into three types based on the CT scan 
findings out of 113 patients (Fig. 29.2).

Type A (59%): The humerał head is centered, 
and the resultant strengths are equally distributed 
against the surface of the glenoid. Glenoid retro-
version average was 11.5°. The erosion may be 
minor (type A1, 43%) or major (type A2, 16%) 
marked by a central erosion that leads to a cen-
tered glenoid cupula. In advanced cases, the 
humerał head protrudes into the glenoid cavity.

Type B (32%): The humerał head is sublux-
ated posteriorly, and the distributed loads are 

a1 b1 C

a2 b2

Fig. 29.2 Classification of glenoid morphology in osteoarthritis in the axial plane, according to Walch et al. [1]
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asymmetric. The CT scan reveals numerous ana-
tomic changes, more pronounced on the posterior 
margin of the glenoid. The retroversion average 
was 18°. Two subgroups were identified: B1 
(17%) shows narrowing of the posterior joint 
space, subchondral sclerosis, and osteophytes; 
B2 (15%) demonstrates a posterior cupula that 
gives an unusual biconcave aspect of the glenoid. 
In type B2, there is an excessive retroversion of 
the glenoid, but the value of the retroversion does 
not explain the biconcavity of the glenoid.

Type C (9%): This type of glenoid morphol-
ogy is defined by a glenoid retroversion of more 
than 25°, regardless of the erosion. The average 
retroversion was 35.7°.

Habermeyer et  al. [2] classified vertical gle-
noid morphology in centered osteoarthritis. In 
this assessment, the coracoid baseline is consid-
ered reproducible because the AP view is taken 
into a standardized standing position of the 
patient, so that inferior border of the X-ray film is 
parallel to the bottom and the lateral base of the 
coracoid does not change with the rotation of the 
scapula (Fig.  29.3). Type 0 represents normal 

glenoids; the coracoid baseline and the glenoid 
line run parallel. Both lines intersect below the 
inferior glenoid rim in type 1 glenoids. In type 2 
glenoids, the coracoid baseline and the glenoid 
line intersect between the inferior glenoid rim and 
the center of the glenoid. In type 3 glenoids, the 
lines intersect above the coracoid base (Fig. 29.4).

Classification of osteoarthritis with massive 
rotator cuff tears according to Favard et  al. [3] 
considers three groups. Group 1 is characterized 
by upward migration of the humerał head, supe-
rior glenohumeral joint space narrowing, a 
change in the shape of the acromion due to the 
imprint of the humerał head, and subacromial 
arthritis. Group 2 is characterized by central gle-
nohumeral joint space narrowing and with little 
alteration in the shape of the acromion, which 
does not have a humerał head imprint. Group 3 is 
characterized by signs of bony destruction in the 
form of lysis of either the head or the acromion. 
The bony elements not affected by the lysis do 
not undergo any modification in their shape, for 
example, the greater tuberosity is not eroded, and 
the acromion does not have humerał head imprint. 
Glenohumeral joint space narrowing is either 
minimal or absent.

Analysis of cuff arthropathy and failed treat-
ment has led to a biomechanical classification of 
cuff tear arthropathy. Visotsky et  al. [4] recog-
nized four distinct groups based on the biome-
chanics and clinical outcomes of arthroplasty. 
The four types are distinguished by the degree of 
superior migration from the center of rotation 
and amount of instability of the center of rota-
tion. This classification has proposed benefits in 
surgical decision-making for optimal implant 
type, goals of reconstruction, and outcomes.

Roentgenographic grades of cuff tear arthrop-
athy were proposed by Hamada et al. [5]. These 
were mainly based on the acromiohumeral inter-
val (AHI), which has been considered a sensitive 
indicator for the full-thickness cuff tears. Five 
grades were classified: grade 1, the AHI is more 
than 6  mm; grade 2, the AHI is 5  mm or less; 
grade 3, acetabularization is added to the grade 2 
characteristics; grade 4, narrowing of the gleno-
humeral joint is added to the grade 3; and grade 
5, humerał head collapse.

Fig. 29.3 Measurement of glenoid inclination according 
to the method described by Habermeyer et al. [2]
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Sirveaux et al. [6] defined four types of gle-
noid erosion. In type E0, the humeral head 
migrated upward without erosion of the glenoid. 
Type E1 was defined by a concentric erosion of 
the glenoid. In type E2, there was an erosion of 
the superior of the glenoid, and in type E3 the 
erosion extended to the inferior part of the gle-
noid (Fig. 29.5).

The preoperative radiographic study, defining 
the possible bone reconstruction, influences 
approach and the technique of setting up the 

rTSA.  The study of glenoid morphology is the 
key point of preoperative planning because the 
glenoid fixation is the weak link in the rTSA. It 
makes possible to evaluate the need for a bone 
graft and to calculate the size of the graft. 
Computer-aided 3-D planning allows to optimize 
the positioning of the glenoid component and to 
find the paleoglenoid and to calculate the exact 
shape of the necessary graft [8–10]. Customized 
glenoid component is an interesting option for 
filling bone loss in glenoid reconstructions [11].

Type 0 Type 1

Coracoid

a b c d

Type 2 Type 3

Fig. 29.4 Classification of glenoid inclination according 
to Habermeyer et al. [2]. (a) In type 0, the coracoid base 
line (red) and the glenoid line (blue) run parallel (the 
brown line represents the inferior border of the radio-
graph). (b) In type 1, the coracoid base line and the gle-

noid line intersect below the inferior glenoid rim. (c) In 
type 2, the coracoid base line and the glenoid line intersect 
between the inferior glenoid rim and the center of the gle-
noid. (d) In type 3, the coracoid base line and the glenoid 
line intersect above the coracoid base

E0 E1 E2 E3

Fig. 29.5 Classification of glenoid erosion in osteoarthritis with massive rupture of the cuff according to Sirveaux 
et al. [6]
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29.2  Surgical Approach

Two approaches can be used, deltopectoral or 
anterosuperior. Each of them has advantages and 
disadvantages.

The deltopectoral approach requires disloca-
tion of the humeral head to expose the articular 
surfaces and mainly the glenoid surface. This dis-
location causes tension in the axillary nerve and 
may cause elongation with paresis of the axillary 
nerve.

For good glenoid exposure, the partial release 
of the tendon of the pectoralis major muscle is 
sometimes required in addition to the complete 
section of the subscapularis muscle. Repair of the 
subscapularis muscle is not always possible due 
to humeral lateralization and longer humerus. In 
these circumstances, the risk of prosthesis dislo-
cation is significantly increased. However, delto-
pectoral approach allows an easy extension of the 
approach if it is necessary to expose the humeral 
shaft in case of intraoperative fracture. The front 
edge of the glenoid is also easier for glenoid 
reconstructions in case of anterior bone loss. In 
the event of an extensive approach to the shoul-
der, clavicle osteotomy is an option to protect the 
anterior fibers of the deltoid muscle.

The anterosuperior approach allows a direct 
view of the glenoid surface, with a good exposure 
of the B2 glenoid. The inferior tilt is more diffi-
cult to adjust. The violation of the deltoid muscle 
fibers is the most negative point of this approach. 
On the other hand, the absence of dislocation of 
the glenohumeral joint protects the nerves from 
the risk of elongation and paresis [12].

29.3  Implant Design

The choice of the implant is the main important 
step of the procedure. According to Grammont 
[7], the proximity of the center of rotation at the 
bone-prosthesis interface on the glenoid side 
solved the problem of the fixation on the scapula, 
and the 155° neck-shaft angle ensured better sta-
bility of the prosthesis. These improvements 
extended the implant survivorship. Unfortunately, 
notching observed with this generation of rTSA 

was surely one of the main causes of the degrada-
tion of the results in the longer term.

In the continuation of the work of Grammont 
[7], numerous studies contributed to evolve the 
design of rTSA.  Several studies showed that 
implant lateralization maintains the moment arm 
of the deltoid muscle forces and ensures optimal 
muscle strength. Frankle et al. [13] showed that 
lateralization of the center of rotation, located 
within the glenoid implant and no longer at the 
bone interface, allows an improvement of mobil-
ity without altering the glenoid bone fixation.

Nevertheless, the ideal amount of global later-
alization and the ideal contribution from the gle-
noid or from the humerus remain unknown. It 
probably varies depending on patient anatomy, 
quality and quantity of any remaining cuff, del-
toid quality, and the amount of distalization of 
the humerus (arm and deltoid lengthening) [14].

Hamilton et al. [15] described three different 
combinations: a medial glenoid center of rotation 
with a medialized humerus, meaning that the 
location of the humeral shaft is the closest to the 
scapula of all three designs; a lateralized glenoid 
center of rotation and a medialized humerus, so 
that the position of the humerus is more lateral 
than the Grammont-style design; and a lateral-
ized humerus—as a result, the humerus is posi-
tioned further lateral than the previous two 
designs (Fig. 29.6). According to the authors, the 
latter design increases the efficiency of the poste-
rior deltoid compared to the other two designs.

Werthel et al. [14] described that mean insert 
lateralization is +11 mm (range, 7.3–17.7 mm) in 
onlay implants versus +2.2  mm (range, 1.9–
5.5 mm) in inlay implants. Humeral insert offset 
varies from −3.5 to 14.2 mm for all designs. The 
average range of lateral offset is 10.8 mm. The 
range of global lateral offset that is possible to 
obtain with one given implant varies from 3.3 to 
20.9 mm.

The choice of the glenosphere’s diameter is an 
important point. Changes in the shape of the gle-
nosphere did not affect function or longevity of 
the rTSA.  Some authors recommend the maxi-
mum size (42  mm) to achieve the maximum 
 lateralization of the humerus and prevention of 
notching. However, its placement is sometimes 
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more difficult than a smaller-diameter gleno-
sphere [15–20].

The design of the neck-shaft inclination angle 
has recently evolved. Initially, Grammont consid-
ered the 155° angle to be the best angle to provide 
stability to the prosthesis. This idea is question-
able, and studies have shown that angles of 135° 
and 145° only partially increase the risk of dislo-
cation, but they could have a beneficial effect to 
prevent the risk of notching and allow lateraliza-
tion of the humeral component [20–25].

Humeral lateralization is also influenced by 
stem design and onlay versus inlay design [26–
29]. The concept of modularity and conversion of 
total shoulder arthroplasty (TSA) into rTSA 
without removing the stem of the prosthesis has 
led to changes in the shape of the humeral 
component.

Currently, onlay design models are more 
numerous than inlay design. The onlay position 
of the humeral trail theoretically increases the 
humeral offset and the arm moment of the deltoid 
muscle and improves mobility and muscle 
strength [22, 30]. Berthouet et al. [30] conducted 
an experimental study about the effects of the 
humeral tray component positioning for onlay 
rTSA design and observed that humeral tray off-

set may not have as large effect on RTSA func-
tion as other fixation or design factors, such as 
inferior glenoid placement, size of glenosphere, 
and obliquity of humeral osteotomy, but should 
be considered because it can affect the overall 
function of the prosthesis [31–35].

Although polyethylene wearing increases the 
glenoid bone resorption and makes the glenoid 
bone fixation weaker, notching studies did not 
provide a reliable solution for the reduction of 
polyethylene wearing. Indeed, all biomechanical 
studies are done with fixed scapula, albeit the 
scapula is mobile on the chest during shoulder 
movements. This bias makes these studies diffi-
cult to correlate with clinical outcomes.

The lengthening of the humerus shaft is an ele-
ment of stability of the RTSA. It can be planned 
preoperatively. It can be appreciated during sur-
gery by the tension of the conjoint tendon more 
than by the tension of the fibers of the deltoid 
muscle. Excessive lengthening can lead to com-
plications, such as acromion fracture or axillary 
nerve injury that decrease mobility and strength.

Levy et  al. [36] reported on stemless rTSA 
with very promising results, though with short 
follow-up. Stemless design is encouraging 
because of the preservation of bone stock and 

Medial glenoid /
medial humerus

Humeral offset
= 10mm

CoR offset = 0mm CoR offset = 10mm CoR offset = 2mm

Humeral offset
= 11mm

Humeral offset
= 21mm

Medial glenoid /
lateral humerus

Lateral glenoid /
medial humerus

Fig. 29.6 Combinations of glenoid and humeral lateralization according to Hamilton et al. [15]
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decreased difficulties to treat humeral shaft 
 fractures. Moreover, it makes humeral component 
revision easier. However, in case of implant loos-
ening, degradation of results is faster.

For the more recently designed short-stem 
prostheses, there is still insufficient follow-up 
time to demonstrate their superiority. But as 
stemless rTSA they are promising, because the 
humeral component complication rate is low.

Finally, while many authors initially recom-
mended cementing the humeral component to 
prevent the prosthesis from sinking into the 
humeral shaft, currently all the prostheses are 
cementless with a press-fit fixation.

29.3.1  Muscle Transfer in Reverse 
Total Shoulder Arthroplasty

A particular condition corresponds to the treat-
ment of massive ruptures with total loss of 
external rotation. Assessment of the total loss of 
the external rotation is assessed by positivity for 
the hornblower’s sign in abduction and external 
rotation and the external rotation lag sign with 
the elbow at the body. Clinical exam is comple-
mented by the evaluation of muscle atrophy and 
fatty infiltration of the teres minor muscle on 
coronal sections of MRI or CT arthrography 
[37, 38].

Reverse total shoulder arthroplasty cannot 
restore external rotation in the absence of the 
teres minor muscle. Palliative surgery of the 
sequelae of obstetric paralysis of the brachial 
plexus has improved the results of reverse total 
shoulder arthroplasty in these indications.

L’Episcopo described in 1934 the transfer of 
the teres major with tenotomy of the subscapu-
laris muscle and the latissimus dorsi muscle to 
improve the external rotation of the arm. In 
1939, he modified this technique by transferring 
the muscles latissimus dorsi and teres major by a 

double approach [39, 40]. The same double 
transfer technique was described in parallel by 
Merle d’Aubigné using a single deltopectoral 
approach [41] (Fig. 29.7). These techniques have 
been associated with rTSA to restore external 
rotation [42].

The technique using a single approach is the 
easiest to achieve. The deltopectoral approach is 
extended with a complete detachment of the pec-
toralis major to expose the muscles latissimus 
dorsi and teres major. With this approach, the 
separation of the two tendons could be some-
times difficult.

The reinsertion of the two tendons is made on 
the same zone. The use of buttons allows a very 
strong fixation and allows immediate mobiliza-
tion of the arm after surgery. Fixation of the pec-
toralis major tendon is very important to maintain 
the active internal rotation and stability of the 
rTSA. Recovery of external rotation is slow and 
effective after recovery of the range of motion.

29.3.2  Results

Despite a high survival rate and good long-term 
clinical results of rTSA [43–47], outcomes dete-
riorated over time when compared with medium- 
term results. The cause of this decrease is 
probably related to patient aging coupled with 
bone erosion and/or deltoid impairment over 
time.

Ernstbrunner et  al. [48], in a systematic 
review, reported eight studies with a total of 365 
shoulders and a mean follow-up of 9.5  years 
(range, 5–20  years). They concluded that long- 
term results of rTSA in MIRCTs show significant 
improvement of overhead function and objective 
and subjective outcome scores up to 20  years 
after surgery. Shoulder function and outcome 
scores also showed no significant deterioration 
between 5 and 20 years of follow-up.
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29.4  Conclusions

Numerous clinical and biomechanical studies have 
enabled the concepts of the reverse prosthesis to be 
developed and their design gradually modified. 
From inlay, the design of the RTSA has evolved 
toward an onlay design. Today, onlay prostheses 
are more numerous than inlay prostheses without 
providing an improvement greater than the gleno-
sphere diameter increase or  glenoid implant posi-
tioning. Modification of the neck-shaft angle from 
155° to 145° or 135° seems to decrease the risk of 
notching. Humeral lateralization seems also useful 
to restore deltoid muscle arm and improve the 
functional results. The use of 3-D CT preoperative 
planning and patient- specific instrumentation has 
been demonstrated to improve the accuracy of gle-

noid implant placement in difficult cases of 
implantation. Future improvements will make 
rTSA even more reliable and will provide better 
patient outcomes.
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Regional Blocks and Opioid- 
Sparing Anesthesia: Helping 
the Surgeon and with Patients’ 
Satisfaction

Clara Lobo and Nuno Sampaio Gomes

30.1  Introduction

Arthroscopic shoulder surgery is one of the 
most common orthopedic procedures [1, 2] 
routinely performed in ambulatory setting, 
despite the association with severe postopera-
tive pain [3, 4]. Shoulder surgeries are among 
the top 100 most painful procedures: shoulder 
joint replacement as the 12th most painful, fol-
lowed by open reconstruction shoulder liga-
ments, partial shoulder joint replacement, and 
arthroscopic shoulder surgery with and without 
ligament repair as 21st, 22nd, 55th, and 100th 
place in the list [4].

More complex ambulatory surgery has been 
made possible due to advances of technology 
and surgical technique allied to innovations of 
the anesthetic plan. Pain management with mini-
mal side effects is crucial for successful ambula-
tory surgery and recovery [1]. Traditionally, pain 
management was based on high-dose opioids, 
invaliding a fast recovery and associated with 
postoperative nausea and vomiting (PONV), 
respiratory depression, sedation, and prolonged 

length of stay (LOS). The best profile technique 
includes regional anesthesia (RA) alone or in 
combination with general anesthesia (GA). When 
properly performed and managed, upper extrem-
ity blocks do not delay operating room time, do 
improve patient recovery and satisfaction, and do 
decrease hospital discharge time, unanticipated 
hospital admission, and added costs [5]. The 
advantages of these analgesic techniques over 
traditional oral narcotics have led to their rapid 
acceptance as a standard of care, at many insti-
tutions, as the base of the pyramid [6] of multi-
modal analgesia (MMA) (Fig. 30.1).

Defining the best anesthetic technique requires 
knowledge of the type of surgery, patient posi-
tioning, medical background, expectations, and 
preferences.

30.2  Considerations 
for the Attending 
Anesthesiologist

30.2.1  Preoperative

Less invasive arthroscopic procedures and RA 
techniques are expanding the indications and 
benefits of surgery to sicker patients. The pro-
cedures can be performed in patients who are 
awake, sedated (conscious or unconscious), or 
under endotracheal intubation or supraglottic air-
way GA.
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Tailoring anesthesia involves the evaluation of 
the patient health status (ASA) [7] (Table 30.1) 
and medication to the type of surgical procedure 
and postoperative care planned.

Zhao et  al. [8] using a cohort of 124,860 
patients calculated a risk stratification index 
(RSI) and recognized several risks associated 
with unexpected overstay (OS) admission and 
emergency department (ED) transfer in outpa-

tient shoulder arthroscopic surgery: arrhythmia, 
COPD, obesity, diabetes, neurologic disease with 
function impairment, GA requirement, advanced 
age (>80  years old), and MO (BMI  >  40). 
Patients with RSI scores of ≤2 were eligible to 
a freestanding surgical center, while those with 
higher RSI scores were transferred to a unit pre-
pared with ED and OS. Predictors for increased 
LOS after shoulder arthroplasty are obesity,  

4 Opioids

Ketamine;
Dexmedetomidine

Lidocaine;
Magnesium

Regional Anesthesia;
Acetaminophen; NSAIDs;

3

2

1

Fig. 30.1 Multimodal 
analgesia pyramid. 
RA—regional analgesia

Table 30.1 Patient physical status (ASA) classification, according to the American Society of Anesthesiologists

ASA Definition Examples
1 A normal healthy 

patient
Healthy (minimal alcohol use and no smoking)

2 A patient with mild 
systemic disease

Mild disease with minimal disability (pregnancy, BMI 30–40, well-controlled 
DM/HTN, mild lung disease, social alcohol use, smoker)

3 A patient with severe 
systemic disease

One or more moderate to severe diseases (poorly controlled DM/HTN, COPD, 
BMI ≥ 40, active hepatitis, alcohol dependence or abuse, implanted pacemaker, 
moderate reduction of ejection fraction, ESRD undergoing regularly scheduled 
dialysis, >3 months history of MI, CVA, TIA, or CAD/stents)

4 A patient with severe 
systemic disease that is 
a constant threat to life

Examples include (not limited to): <3 months MI, CVA, TIA, or CAD/stents, 
ongoing cardiac ischemia or severe valve dysfunction, severe reduction of 
ejection fraction, sepsis, DIC, ARD, or ESRD not undergoing regularly scheduled 
dialysis

5 A moribund patient, not 
expected to survive 
without the operation

Examples include (not limited to): ruptured abdominal/thoracic aneurysm, 
massive trauma, intracranial bleed with mass effect, ischemic bowel in the face of 
significant cardiac pathology, or multiple organ/system dysfunction

6 A declared brain-dead 
patient whose organs 
are being removed for 
donor purposes

ARD acute respiratory distress, BMI body mass index, CAD coronary artery disease, COPD chronic obstructive pulmo-
nary disease, CVA cerebrovascular accident, DIC disseminated intravascular coagulation, DM diabetes mellitus, ESRD 
end-stage renal disease, HTN hypertension, MI myocardial infarction, TIA transient ischemic attack
aThe addition of “E” means emergency surgery: when delay in treatment of the patient would lead to a significant 
increase in the threat to life or body part
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> 65  years, female sex, diabetes, and reverse 
shoulder arthroplasty [9].

Identification of patients at high risk of dete-
rioration from phrenic nerve palsy (PNP) is 
essential. These patients are often the same group 
who would benefit from the avoidance of periop-
erative opioids and GA. Choosing RA techniques 
that spare phrenic nerve involvement (see below) 
and cautious planning for possible postoperative 
respiratory support in a high dependency unit 
are mandatory for high-risk patients [10]. Using 
CPAP helps to overcome imminent respiratory 
distress [11].

For awake procedures, a careful patient selec-
tion is mandatory. Preparation should start before 
the day of surgery, and all details should be dis-
cussed, as well as the plan “B” in case of RA fail-
ure, the close proximity of the surgery and drapes 

to the patients’ face promoting a sense of claus-
trophobia, the numb limb for long periods of 
time, Horner’s syndrome, hoarseness, and mild 
dyspnea. Patients should give their informed con-
sent for anesthesia, meaning that a discussion of 
risks, complications, benefits, and alternatives 
related to the anesthesia care occurred between 
him and the anesthesiologist. It is recommended 
that some form of written documentation of the 
consent process should exist and signed by the 
patient, but it is not mandatory [12].

30.2.2  Perioperative

RA, GA, or a combination of both needs an 
anesthesia perioperative evaluation and standard 
monitoring [13, 14] (Fig. 30.2).

a c

b d

Fig. 30.2 Patient monitorization (a and c) and positioned in sitting or beach chair position (b) and lateral position (d)
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Safe practice of RA recommends to gently 
and frequently aspirate before injecting LA—
epinephrine can be of use to signal IV LA injec-
tion or as a means to reduce LA absorption 
rate—and use nerve localization techniques as 
peripheral nerve stimulation (PNS) and/or ultra-
sound guidance (USG). The presence of a motor 
response with PNS ≤ 0.2 mA is highly specific 
of intraneural needle placement. Using injec-
tion pressure monitor helps to identify intrafas-
cicular needle placement if injection pressure 
is >15 psi. USG reduces time of block perfor-
mance, number of needle passes, and doses of 
local anesthetics (LA), avoids vascular punc-
ture, controls LA spread, exhibits better postop-
erative analgesia compared to PNS, and shows 
less inflammatory response [10, 15, 16]. Out-
of-plane vs. in-plane techniques remain contro-
versial and dependent on the anesthesiologist 
preference. Injection pressure monitoring can 
objectively be determined by appropriate moni-
tors, but its use is debatable [17].

The combination of RA and sedation has 
several potential advantages like avoidance of 
airway manipulation, positive pressure lung ven-
tilation and cardiovascular complications asso-
ciated with GA, reduced incidence of PONV, 
patient engagement in treatment and care (if pos-
sible to see the arthroscopy live in the monitor), 
reduced time in OR turnover, faster recovery, 
and return to diet and medication postoperatively 
[10, 18]. Performing PNB under sedation or GA 
does not enhance the risk of major complications 
[19], but multiple skin punctures and bloody 
taps in anesthetized patients should be avoided. 
Nevertheless, RA performance in patients under 
GA or deep sedation should be executed by expe-
rienced hands.

Fluid irrigation used for arthroscopy can 
cause cervical edema and tracheal compression 
or laryngeal edema, often recognized during tra-
cheal extubation. Risk factors associated with 
these life-threatening events are prolonged sur-
gery (>2 h), lateral decubitus position, high pump 
pressures, and subacromial procedures [20].

30.2.3  Patient Positioning

Shoulder surgery can be performed in the beach 
chair (sitting) position (BCP) or lateral decubi-
tus position (Fig. 30.2). Several factors favor the 
use of the BCP because it facilitates the setup 
and conversion to an open approach, offers a bet-
ter visualization of intra-articular structures and 
orientation, and is associated with less brachial 
plexus traction damage [21]. Although rare, risks 
associated with BCP are stroke, coma, hemipare-
sis, quadriplegia and awareness, spinal cord isch-
emia, and visual loss associated with lower levels 
of blood pressure, cardiac output, and cerebral 
perfusion pressure (CPP) [21, 22]. BCP causes 
significant cerebral hemodynamic changes that if 
not detected and left untreated may cause a stroke 
and postoperative neurologic deficit [23].

Maintaining adequate cerebral blood perfu-
sion (CBP) and oxygenation (rScO2) should 
be the main objectives of the attending anes-
thesiologist. The blood pressure cuff should be 
placed in the contra-lateral upper arm, closest to 
the brain, for more accurate measurement com-
pared to lower limb placement. Indirect MAP 
in the brain is lower (in average 30–40 mmHg) 
than the value determined in the upper arm and 
can be calculated using the formula: height dif-
ference between blood pressure cuff and external 
meatus (cm) × 0.76 mmHg. If an arterial line is 
placed, the blood pressure transducer must be at 
the external meatus level, for accuracy [24].

There are different ways to monitor cerebral 
perfusion: near-infrared spectroscopy (NIRS), 
electroencephalography, transcranial color-coded 
duplex of cerebral arterial blood flow (TCCD), 
and jugular vein venous oxygenation determina-
tion (SjVO2). NIRS devices are most commonly 
used and measure rScO2 values noninvasively. 
NIRS has limitations [21, 25] and must be inter-
preted with care because contamination by extra-
cranial blood and intra- and extracranial blood 
distribution are influenced by modifications in 
position, ventilation, and vasoconstrictors and 
contamination by nonheme tissue chromophores 
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such as bilirubin is also possible; only measures 
a small portion of brain tissue oxygenation—
the electrodes are placed at the frontal bone 
(Fig.  30.2), measuring the frontal lobe oxygen-
ation dependent of the anterior cerebral artery; 
it cannot identify the cause of desaturation, and, 
finally, a critical deoxygenation value is still 
unknown. SjVO2 [21] is an invasive method that 
measures unilateral oxygenation (left or right); 
extracranial contamination occurs as CBP drops, 
and catheter dislodgement is possible with head 
movement and is a global cerebral oxygenation 
value that provides no information considering 
focal ischemia. TCCD allows direct visualization 
of the arteries of the circle of Willis and midbrain 
through a transtemporal window, providing basic 
information as blood flow velocity and pulsatil-
ity index [23]. Highly operator dependent, TCCD 
requires perfect knowledge of cerebrovascular 
anatomy and uses blood flow velocity as a sur-
rogate for cerebral blood flow (CBF). Some 
patients lack an adequate acoustic window, which 
is limited to large basal arteries, and specific 
cortical regional changes may not be detected. 
Proper positioning of transcranial Doppler ultra-
sound probes may be difficult in the BCP [26]. 
Electroencephalography [21] requires a specific 
technician for interpretation and several chan-
nels for collecting appropriate information and is 
influenced by anesthetic drugs, electrolyte imbal-
ances, hypothermia, and elevated ICP.

Variables associated with BCP that influence 
[21] cerebral oxygenation (rScO2) are displayed 
in Table 30.2 and Fig. 30.3.

Vasopressors (phenylephrine, arginine vaso-
pressin) increase MAP but have an incon-
stant effect on rScO2 values, which may reflect 
changes in CBF, vasoconstriction of extracere-
bral vessels, or a combination of both factors [21, 
27, 28]. Hypercapnia seems to blunt the nega-
tive impact of phenylephrine cerebral oxygen-
ation, and hypocapnia intensifies that effect [28]. 
Ephedrine is recommended to treat hypotension 
[27], instead of phenylephrine. Severity and 
duration of cerebral desaturation events (CDEs) 

determine the occurrence of neurologic injury. 
There are reports that 15–25% reductions in 
rScO2 are associated with cognitive dysfunction 
in cardiac surgery, hospital LOS in abdominal 
surgery, and higher level of brain injury mark-
ers after liver transplantation. In cardiac surgi-
cal patients, CDEs < 50 min were not associated 
with cognitive decline [21]. In a recent review, 
reported incidences of CDEs may vary between 
18%, 35%, and 45%, and the timing of desatu-
ration occurred 8 minutes after BCP positioning 
[21]. In patients under GA, the level of CDEs 
from supine to BCP or to lateral decubitus posi-
tion ranged between 78% to 58% [29] and 72% 
to 55% [30], and its incidence was 80% and 57%, 
respectively. There was a small difference in vol-
unteers, and the incidence was 6% [30]. RA with 
sedation reduces significantly the incidence of 
regional brain desaturation [21].

It is important to note that the incidence of 
adverse events is only as precise as the level of 

Table 30.2 Variables associated with BCP that influence 
cerebral oxygenation

Cardiac output Level of patient volemia
Patient medical history
Effects of general anesthetics 
(vasodilation)
Blood pooling in lower extremities
BCP position angle—linear decline 
in rScO2 was observed as the BCP 
changed from 0° to 80°
Positive pressure ventilation
Vasopressor effects [27, 28]

Hypotension Lower MAPs impair CO2 reactivity
Lower limit of autoregulation is 
difficult to determine in the 
particular patient

Variations of 
arterial CO2 
concentration

Higher arterial CO2 concentration 
increases CBF, but CO2 levels 
>50 mmHg disrupt cerebral 
autoregulation

Head rotation The head should be in a neutral 
position

Cerebral 
vasculature 
disorders

Abnormal anatomy [89] or disease 
states with patients with high risk of 
ischemic events [22]; there is a 
consistent reduction in middle 
cerebral artery blood velocity
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surveillance, reconnaissance, data recording, and 
reporting. Assessing all patients postoperatively 
can reveal other unreported and more subtle 
degrees of neurologic damage. The timing for 
that evaluation is to be determined.

30.2.4  Postoperative Analgesia

MMA combines non-opioid medications target-
ing different pain receptors to better manage and 
control pain (Fig. 30.1, Table 30.3), reducing opi-
oid drug use and their complications [6, 31, 32]. 
The best MMA regimen remains unknown, but 
perioperative analgesic protocols should associ-
ate multiple analgesic modalities [31] for a bet-
ter outcome. Regional analgesia is one of the 
components of MMA and cornerstone in opioid- 
tolerant patients [6]. The PROSPECT group pub-
lished recommendations for pain management 
after arthroscopic rotator cuff repair [33] (ARCR; 
Table 30.4).

Shoulder procedures associated with mild 
to moderate pain may be managed with a 
single- injection nerve block, but rarely the 
block exceeds 18 h, including the use of most 

common adjuvants as clonidine, dexametha-
sone, or dexmedetomidine [34] (Table  30.5). 
Adjuvants are useful to improve block quality, 
onset, duration, and spread and prolong anal-
gesia [35]. Drawbacks are prolonged motor 
block, delaying rehabilitation program, seda-
tion, hemodynamic instability, the potential 
risk of off-label use, neurotoxicity, and medi-
cation errors while combining different types 
of drugs [35–37]. Studies point a slight pro-
longation of action with perineural compared 
to systemic administration [35, 38]. Systemic 
dexmedetomidine has a prolonged analgesic 
effect compared to dexamethasone [39] and 
clonidine [40]. Perineural dexamethasone is 
superior to dexmedetomidine without the risks 
of hypotension or sedation [41] and is admin-
istered perineurally and does not increase gly-
cemia significantly [42]. Coadministration of 
IV dexamethasone (0.11  mg /kg) with dexme-
detomidine (1.0 μg/ kg) significantly prolonged 
analgesia after single- shot ISB for arthroscopic 
shoulder surgery [42].

Major shoulder procedures associated with 
intense long-lasting pain (e.g., arthroscopic 
rotator cuff repair, ARCR; total shoulder arthro-

Fig. 30.3 Infographics explaining physiologic changes associated with BCP. Reprinted with permission from Clara 
Lobo Drawings
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plasty, TSA) have better functional outcomes 
and analgesia with a continuous block [34, 43] 
compared to GA [20]. Advantages of continuous 
peripheral nerve block (CPNB) include continu-
ous analgesia, faster rehabilitation, reduced use 
and side effects of opioids, improved patient sat-
isfaction, and faster hospital discharge [18, 44]. 
Placing a CPNB is more complex than the single- 
shot technique with potential serious complica-
tions and, obviously, not suited to the occasional 
practitioner.

30.3  Essential Anatomy 
for Anesthesiologists

A profound knowledge of shoulder innervation 
is mandatory. Major nerves involved in shoul-
der innervation are branches of the BP and SCP 
terminal branches—supraclavicular nerves [10]. 
Glenohumeral joint (GHJ) and acromioclavicular 
joint (ACJ) have typical innervation patterns [45] 
(Table 30.6 and Fig. 30.4), although anatomical 
variations are common [5].

Table 30.3 Drug categories used as part of multimodal analgesia regimens

Drug category Mechanism of action Recommended dose Comment
Acetaminophen 
or paracetamol

CNS: COX-3 inhibitor
Periphery: Weak COX-1 and 
COX-2 inhibitor

1000 mg q 6–8 h (max 
4000 mg/d)

WHO approved for mild to severe 
pain management
No antiplatelet, gastric, renal, or 
cardiovascular effects

NSAIDs Inhibits COX-2 pathway, 
prostaglandin synthesis 
inhibition

Ibuprofen 400–600 mg q 
4–8 h (max 2400 mg/d)
Naproxen 220 mg q 8 h 
(max 660 mg/d)
Celecoxib 200 mg q 12 h 
(max 400 mg/d)

Decrease opioid consumption and 
VAS scores
Concerns of increased risk of 
cardiovascular events and delayed 
bone healing

Gabapentinoids Reduce calcium entry on 
presynaptic nerves
Decrease the release of 
excitatory neurotransmitters 
into the synaptic cleft
Reduce neural postsynaptic 
transmission of pain

Gabapentin 300 mg q 8 h 
(max 3600 mg/d)
Pregabalin 75 mg q 24 h 
(max 600 mg/d)

Anxiolytics, improve sleep quality, 
reduce perioperative delirium and 
postoperative pain chronicity
Elderly patients are very sensitive, 
especially if combined with opioids

Alpha 2-agonists Block the hyperpolarization- 
activated cation current and 
cause α2-selective 
vasoconstriction in the nerve

Clonidine IV or 
perineural 
dose—50–250 μg
Dexmedetomidine IV 
dose—1–2 μg/kg; 
perineural 
dose—50–60 μg

Hypotension, bradycardia, and 
prolonged sedation 
(dexmedetomidine effects resolve in 
2 h after terminating the infusion) 
are common and dose dependent
Clonidine has neurotoxic properties 
when associated with ropivacaine 
and in diabetic rats [35]

Ketamine N-methyl-D-aspartate 
antagonist

0.5 mg/kg IV bolus 
followed by 0.15–
0.25 mg/kg/h

Opioid-sparing effect, better 
analgesia, reduced postoperative 
chronic pain incidence, and suitable 
for opioid-tolerant patients

Dexamethasone Glucocorticosteroid 0.11–0.2 mg/kg IV (max 
8 mg) or 4 mg 
(perineural – ceiling dose 
of 4 mg [90]

Reduced postoperative pain and 
opioid consumption
Blood glucose levels not 
significantly increased if 
administered PN
Used as nausea/vomiting 
prophylaxis (0.1 mg/kg), IV

Magnesium 
sulfate

Regulation of calcium influx 
and N-methyl-D-aspartate 
antagonist

40–50 mg/kg IV during 
induction, followed by 
24 h 10–15 mg/kg/h 
infusion

Reduced both early, late 
postoperative pain and opioid 
consumption
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The cervical plexus originates from the 
anterior rami of C1–C4 roots and their com-
municating rami. The cutaneous, muscular, and 
communicating branches are localized between, 
anteromedially, the prevertebral muscles and, 
posteriorly, the muscles anchored to the posterior 
cervical transverse process tubercle. Blocking 
the SCP (Fig. 30.5b) can potentially involve the 
phrenic nerve, but decreasing LA volume lowers 
that risk [46].

The brachial plexus (BP) is a neuronal net-
work of ventral rami of C5–T1 roots, with pos-

sible  contributions from C4 or T1. Typically, C5 
and C6 unite to form the superior trunk (ST), 
close to the medial border of the middle sca-
lene muscle (MSM); the C7 root becomes the 
middle trunk, and the inferior trunk results from 
C8 and T1 union, as they pass between the ante-
rior (ASM) and MSM—the interscalene groove. 
Close to the first rib, trunks divide and reorganize 
as lateral, medial, and posterior cords at the level 
of the second part of the axillary artery [47]. More 
distally, the cords split into the terminal branches 
of the BP. Ultrasonography helps to visualize ana-
tomical variants [5, 48] (solitary trunk, postfixed 
plexus, or abnormal C5 and C6 relation toward 

Table 30.4 Prospect group recommendations for 
arthroscopic rotator cuff repair

Timing Intervention Grade
Pre- and 
intraoperative

Paracetamol or 
acetaminophen

D

COX-2-specific inhibitor D
Dexamethasone IV B
Regional 
analgesia

CISB A
SS-ISB A
SSN (± 
AxN)

B

Postoperative Paracetamol or 
acetaminophen

D

NSAIDs or COX-2 
inhibitors

D

Opioid on demand (for 
breakthrough pain)

B

Grades of recommendation: Grade A, based on >2 studies 
or a single, large, well-designed study RCT, level of evi-
dence (LoE) 1; Grade B, extrapolation from 1 procedure- 
specific, LoE 1; Grade C, based on non-systematic review, 
cohort study, case study; LoE 3; Grade D, based on clini-
cal practice or expert opinion; LoE 4

Table 30.5 Perineural (pn) or systemic (IV) adjuvants to RA

Alfa 2-agonists
DexamethasoneClonidine Dexmedetomidine

Dose pn – 150 μg pn – 50–60 μg
IV – 1–2 μg/kg

pn – 4 mg (max)
IV – 0.1–0.2 mg/kg (max 8 mg)

Analgesia duration (h) 2
(pn)

5
(pn, IV)

6
(pn—short- to intermediate-acting LA)
8
(pn—long-acting LA)
3
(IV)

Sensory block duration (h) 1 4
(pn, IV)

7
(pn)

Motor block duration (h) 2
(pn)

3
(pn)

4
(pn)

Table 30.6 Roots, plexus, and nerves involved in shoul-
der joint and surrounding skin innervation

Brachial plexus 
(BP)

Suprascapular N 
(SSN)

Upper trunk; 
C5–C6

Axillary N (AxN) Posterior cord; 
C5–C6

Subscapularis N 
(NS)
Lateral pectoral N 
(LPN)

Lateral cord; 
C5–C6

Superficial 
cervical plexus

Supraclavicular N C3–C4

Intercostobrachial N T1–T2
Joint Nerves
GHJ SSN, NS AxN
ACJ LPN and 

acromial branch 
from SSN

N nerve, GHJ glenohumeral joint, ACJ acromioclavicular 
joint
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Fig. 30.4 Innervation patters of glenohumeral and acro-
mioclavicular joints. AC acromion process, ACJ acromio-
clavicular joint, AN axillary nerve, BG bicipital groove, br 
branch, CL clavicle, CP coracoid process, div division, 
GHJ glenohumeral joint, HH humeral head, ISF infraspi-

nous fossa, LPN lateral pectoral nerve, SBF subscapular 
fossa, SGN spinoglenoid notch, SN suprascapular notch, 
SS spine of scapula, SSF supraspinous fossa, SSN supra-
scapular nerve; ∗, coracoid process. Reprinted with per-
mission from Philip Peng Educational Series

a c

db

Fig. 30.5 (a, b) Interscalene block position and sono-
anatomy; (c, d) Superior trunk block positioning and 
sonoanatomy. ASM anterior scalene muscle, MSM middle 
scalene muscle, SCM sternocleidomastoid muscle, C5 C5 

root, C6 C6 root, C7 C7 root, DSC dorsoscapular nerve, 
PN phrenic nerve, SCP superficial cervical plexus, Sclav 
supraclavicular nerves
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the ASM not residing within the interscalene 
groove) and warrants a successful block.

The phrenic nerve’s (PN) main origin is C4 
ventral ramus, with contributions from C3 and C5; 
an accessory phrenic nerve may arise from roots 
C5–C6. At the C5 and C6 levels, PN and BP are 
close to each other (mean distance of 0.18  cm), 
and, as they move distally, their distance increases 
(mean distance is 1.08  cm, 3  cm down C5–C6) 
[49]. Several arteries have an intimate relation with 
the neural structures of the BP at the interscalene 
(90%) and supraclavicular (86%) areas [50]. Their 
recognition is important as landmarks (e.g., supra-
clavicular artery) or as structures to avoid (e.g., 
vertebral artery). Vertebral artery is anterior to the 
nerve roots and medial to the ASM, crossing the 
vertebral foramen of cervical transverse processes. 
Subcutaneously, the external jugular vein can 
cross the roots/trunks of the BP at the level of C6 
as it overlies, although inconsistently, the intersca-
lene groove [5]. The divisions of the BP (i.e., bun-
dle of grapes) run posterior and superficial to the 
subclavian artery at the supraclavicular area [51]. 
Posterior cervical artery, a branch of the costocer-
vical artery, courses posterior, between C7 and C8 
roots, and the transverse cervical artery, a branch 
of the thyrocervical trunk, is close to, or even lie 
between, the trunks or divisions of the BP [52].

Dorsoscapular and suprascapular arter-
ies are commonly close to the supraclavicular 
plexus, often coursing directly through it [50]. 
Cervical transverse processes (TP) C6 and 
C7 are different from the others: TP C6 has a 
prominent anterior tubercle (Chassaignac tuber-
cle), C6 nerve root is found posterolateral to it 
in transverse view emerging between the anterior 
and posterior tubercles, with a typical fishmouth 
appearance on ultrasound image, and TP C7 has 
a prominent posterior tubercle and absent or rudi-
mentary anterior tubercle [53].

30.4  General Anesthesia

The patient in the BCP under GA has several fac-
tors influencing CBF and rScO2 (Table  30.2). 
Anesthetic agents influence cerebral metabo-

lism and hemodynamics differently; some of 
them preserve CBF and cerebral metabolic rate 
better than others. Sevoflurane-nitrous oxide 
has a better margin of safety against impaired 
cerebral oxygenation compared propofol-remi-
fentanil [54]. In another study, ventilation strat-
egy was more determinant in rScO2 than the 
anesthetic choice, as no difference was detected 
between patients randomized to receive desflu-
rane or total intravenous anesthesia with pro-
pofol [55].

Furthermore, patients experiencing CDEs, 
under GA, had a worse performance on all neu-
robehavioral tests 24  h after surgery compared 
to patients without CDE, as reported by Aguirre 
et al. [56].

30.5  Regional Techniques

Regional techniques can be used alone or in com-
bination with (conscious or deep) sedation or GA 
(Table 30.7) [57].

RA has many advantages and, according to 
the current thinking, should feature on MMA [6] 
(Fig. 30.1).

For this review, the author CL describes 
briefly RA techniques, emphasizing the positive 
and negative aspects of each one and suggesting 
dose regimens based on her clinical practice. LA 
selection and best dosing (volume and concentra-
tion) for each RA approach are still to be deter-
mined. Detailed RA techniques can be reviewed 
elsewhere [10].

30.5.1  Interscalene Block

Interscalene block is the gold standard and cost- 
effective technique for shoulder procedures [58, 
59]. However, as any paravertebral approach, has 
risk of serious complications and should be per-
formed by experienced practitioners [3], using 
PNS and/or USG (Fig.  30.5). It is important to 
identify and avoid the dorsoscapular and long 
thoracic nerves when needling through MSM 
(Fig. 30.5b).
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30.5.1.1  Continuous Versus  
Single- Shot ISB

For long-lasting severe pain, continuous block 
(CISB) is the better choice [33, 34]. Placing the 
LA through the catheter to induce the block is 
a simple method of confirm the functionality 
of catheter and plexus block [34] and limiting 
advancement of a non-stimulating CISB—no 
more than 1–2 cm past the needle tip is recom-
mended. Catheter fixation is difficult due to the 
mobile nature of the surrounding area, superfi-
cial placement, local leakage, and adjacent hair 
follicles, making dislodgment easy. Strategies to 
manage catheters include topical medical cyano-
acrylate at the catheter entry site, catheter tun-
neling, and the use of a simple epidural catheter 
securing device combined with a clear occlusive 
dressing and nonwoven fabric [3]. The best LA 
agent, volume, and concentration for intersca-
lene infusions remain unknown. Usually, low- 
concentration infusion is preferable to avoid 
dense motor block, for example, ropivacaine 
0.1–0.2%, 5–8  mL/h, by a portable infusion 
pump. If using a PCRA CISB, basal infusion 
can be optimized with a bolus of 5–8 mL every 
30–60 min.

30.5.1.2  Adverse Effects 
and Complications

ISB is associated with a 100% phrenic nerve (PN) 
involvement with consequent hemidiaphragmatic 
paralysis. Mild dyspnea is the most common 
symptom (7%) [6], but respiratory compromise 
and respiratory support [11] may be needed. PN 
dysfunction incidence has been estimated to be 
1:2000 cases, and it is mainly associated with 
local inflammation [60]. Transient postopera-
tive neurological symptoms that are ISB-related 
are relatively common (8–14%) at day 10 and 
decrease to 2–4% 1 month later, and neurological 
sequelae lasting more than 6 months are exceed-
ingly rare [3, 10]. Hypotension and bradycardia 
(Bezold-Jarisch reflex) are frequent and occur 
around 30 min after the block; hoarseness (4%) 
and Horner’s syndrome (7–50%) are minor events 
but can be distressing to the unwarned patient 
[10, 48]. Pneumothorax and local anesthetic sys-
temic toxicity (LAST), due to absorption or intra-
vascular injection, are rare events. ISB prevents 

patient’s neurologic function assessment after the 
surgical procedure [61]. There have been some 
case reports of catastrophic events associated with 
ISB [62]. Perineural catheters are associated with 
a high percentage of inadequate analgesia, wrong 
catheter placement and secondary block failure, 
dislodgement, knotting, migration, obstruction, 
leakage, bacterial colonization and risk of infec-
tion, dyspnea, lower lobe collapse, malfunction of 
the infusion device, myotoxicity, and LAST [20].

30.5.1.3  Strategies to Avoid Phrenic 
Nerve Block

Reducing LA dose and performing more dis-
tal blocks are important strategies [63] to avoid 
phrenic nerve paralysis (PNP). LA volume of 
10 mL reduces the incidence of PNP to 13–60% 
[64–66], and further reduction to ≤5 mL has an 
even better positive impact (33–45%) [65, 67]. 
There are reports of no PN involvement [15, 68] 
using 5 mL of LA at the posterior border of the 
superior trunk (ST).

Superior trunk (ST) block is performed 
proximal to the point where the suprascapular 
nerve dives deep to the omohyoid muscle and 
avoids PN involvment [69] (Fig. 30.5c, d). The 
transverse cervical artery may lie across and 
superficial to the ST at this level and its pres-
ence should always be excluded before needle 
insertion, using the color Doppler tool. Placing 
LA above the MSM when removing the needle 
blocks the supraclavicular nerves of the SCP 
(Fig.  30.5d). For more details, follow the link 
https://youtu.be/938F1O90S34.

Supraclavicular block (SCB) may be an 
alternative with less risk of neurological symp-
toms and same success rate [18, 48]. However, 
PNP incidence is similar to ISB, and there is 
the risk of missing a more proximally departing 
suprascapular nerve [10]. A recent review found 
similar analgesia, morphine consumption, and 
less adverse events compared to ISB [70].

Shoulder block—SSN and AxN blocks—com-
bined with GA is suitable for intra- and postopera-
tive analgesia [33, 58]. The main advantages are 
no motor block, no PNP, higher patient satisfaction 
[71], and suitable if ISB is contraindicated or failed 
(as a rescue block). The main disadvantages are the 
need for two separate nerve block punctures and 
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incomplete blockade of all shoulder nerves [3]. SSN 
block improved pain control after shoulder arthros-
copy, with minimal complications [18], compared 
to no nerve block but is less efficacious when com-
pared to ISB [72]. Proximal SSN block involves 
placing the LA under the omohyoid muscle at the 
sub- omohyoid space, tracking it as it leaves C5 
root (Fig. 30.6a). Distally, place the transducer at 
the suprascapular notch or across the supraspinous 
fossa [73] (Fig. 30.6b). As for the AxN, it can be 
reached anteriorly or posteriorly (Fig. 30.6c). The 
advantage of the anterior approach is to, theoreti-
cally, include more consistently the AxN articular 
branches and a better pain control [74]. The poste-
rior AxN approach reaches the nerve at the quad-
rangular space (Fig. 30.6c, c1) [73].

30.5.2  Superficial Cervical Plexus 
Block/Supraclavicular  
Nerve Block

The SCP (Fig. 30.5b) can be an attractive tech-
nique to numb the skin over the shoulder and/or 
place an interscalene catheter [3].

30.5.3  Other Regional Anesthesia 
Techniques

Liposomal bupivacaine (LB) consists of 
multivesicular liposomes containing bupiva-
caine that prolong the block duration of action 
and delay bupivacaine peak plasma concen-
tration due to a slow and controlled release 
from the liposomes [75]. LB can be used to 
block peripheral nerves and/or local infiltra-
tion by the surgeon. Several authors [76–79] 
found similar pain scores between standard 
ISB and LB infiltration, although ISB is better 
within 4  h after TSA [76], while LB infiltra-
tion group experienced significantly reduced 
rate of complications and hospital LOS after 
TSA. Associating LB infiltration with standard 
ISB resulted in better pain scores and reduced 
opioid for ARCR [80]. Reports of similar early 
block characteristics but significantly longer-
lasting analgesia with the ISB when LB was 
added to bupivacaine HCl, led to the food and 
Drug Administration Agency approval of LB 
for interscalene analgesia for major shoulder 
procedures, in 2018 [81].

a

b

a1 c

b1 c1

Fig. 30.6 Shoulder block: a and a1. SSN block anterior 
approach; patient is in supine or sitting position, and 
transducer is coronal oblique at the suprascapular fossa. 
Identify C5 root and track it caudally, looking for the SSN 
to branch with a latero-posterior trajectory, under the 
omohyoid muscle. b and b1. Posterior approach to the 
SSNB.  Place the transducer along the long axis of the 
supraspinatus muscle (SSM) deep to the trapezius muscle 
(Tra) and look for the SSN (N) on the floor of the lateral 

aspect of the supraspinous fossa. c and c1. Posterior 
approach of the axillary nerve (N). The patient is in sit-
ting, lateral decubitus, or supine position with upper limb 
adducted with the hand on the contralateral shoulder. The 
transducer is in plane with the humerus. Move the trans-
ducer cephalad; the AxN is close to the circumflex artery, 
under the deltoid muscle (DM) and inferior border of teres 
minor muscle (Tmi). Tric triceps muscle
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Subacromial/intra-articular infiltration 
analgesia is no longer recommended as a result 
of effectiveness ambiguity, a rise in popularity 
of peripheral nerve blockade and several reports 
of catastrophic glenohumeral chondrolysis in 
healthy young patients (all received high/pro-
longed doses of intra-articular bupivacaine) [3, 
33].

Erector spinae block (ESP) can be used for 
intra- and postoperative analgesia of shoulder 
arthroscopic [82] surgery, shoulder disarticula-
tion [83], or TSA [84]. Aiming the TP of T2 or 
C7 posterior tubercle, the LA spreads toward 
the nerve roots of the BP and intercostal 
nerves, preferentially blocking C fibers allow-
ing a motor- sparing block [82, 84]. There is a 
risk of vertebral artery injury or PNP, if aiming 
to the TP C7 [83].

30.5.4  Avoiding Wrong-Sided Block

Campaigns like “Stop Before You Block” [85] 
introduced a time-out before puncturing the 
patient, identifying the side to be blocked and pre-
venting blocking the wrong side. Nevertheless, 
the number of wrong-sided blocks did not 
decrease as expected. Preoperative involvement 
of both surgeon and anesthesiologist in the iden-
tification of the limb to be blocked while in the 
block room or preoperative area could have an 
important role in reducing this complication 
incidence.

30.5.5  Discharge Criteria and Limb 
Protection

The odds of bypassing the post-anesthesia care 
unit (PACU) is higher for patients using RA com-
pared to GA [34].

Patients discharged home with an insensate 
limb or a continuous block should receive clear, 
simple, easy-to-understand instructions, know 
when and how to contact the anesthesia staff 
member, and feel comfortable with the treatment 
plan [86]. Patient and caregiver should receive 
oral and written instructions on how to protect 

the numb limb, recognize possible complica-
tions, when to expect the block to recede and are 
strongly advised to take the systemic pain medi-
cation as prescribed before block resolution (usu-
ally the block wears off suddenly) [20]. If using 
catheters, explain how to stop the pump tempo-
rarily in case of excessive numbness, keep the 
catheter area clean, and observe signs of infec-
tion or leakage. Pain team should call daily for 
the duration of therapy.

Inpatients should be referred to the pain 
unit [34] for follow-up, evaluation, and therapy 
adjustments.

30.5.6  Patient Satisfaction 
and Regional Anesthesia

The discomfort and pain associated with placing 
a block can be improved with sedation [19] or 
music [87]. Patient satisfaction is proportional 
to the information received, interaction with 
the anesthesiologist, and comfort/painless block 
technique [88].

30.6  Main Strategies for a Good 
Outcome After Shoulder 
Surgery

30.6.1  Position

Avoid BCP if possible. Lateral decubitus position 
has less negative impact in hemodynamics and 
cerebral oximetry.

Use the lower degree of BCP elevation 
possible.

The head should be immobilized in a neutral 
position (no flexion, extension, rotation, or twist).

30.6.2  Respiratory

Avoid hyperventilation during GA as there is a 
linear relationship between ETCO2 and rScO2. 
In diabetic patients, this relation is attenu-
ated. However, hypoventilation can be harmful 
because hypercapnia worsens events of focal 
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cerebral ischemia as it potentiates intracerebral 
steal.

If possible, avoid positive pressure ventilation 
with GA (prefer spontaneous ventilation).

Use high O2 inspired fraction, especially in 
patients with basic low levels of rScO2.

30.6.3  Cardiovascular

Keep blood pressure close to baseline levels and 
use the contralateral upper arm to place the blood 
pressure cuff.

Ephedrine should be the drug of choice to treat 
hypotension and avoid cerebral desaturation.

Use intermittent lower limb compressive 
devices to avoid blood pooling and reduce 
hypotension.

30.6.4  Neurologic

Cerebral saturation level monitors (e.g., NIRS) 
can provide precious information and an oppor-
tunity to identify and treat cerebral ischemia 
before a catastrophic permanent event occurs.

Sudden low BIS levels and/or burst suppres-
sion might suggest cerebral ischemia.

Middle cerebral artery flow velocity can 
dynamically monitor cerebral perfusion.

30.6.5  Type of Anesthesia

Regional anesthesia with sedation has a better 
safety profile, as it decreases the cardiovascular 
consequences of BCP and associated adverse 
effects.

Regional anesthesia should play a major 
role on MMA regimens, as long as there are no 
contraindications.

ISB is the gold standard for shoulder proce-
dures as anesthesia and analgesia and recom-
mended for ARCR.  However, there are other 
techniques, associated with good analgesic 
control, patient satisfaction, and less compli-
cations as shoulder block and superior trunk 
block.

General anesthesia is associated with higher 
incidence of CDEs, especially with positive pres-
sure ventilation (and hypocapnia) and worse per-
formance on all neurobehavioral tests 24 h after 
surgery.

Ventilation strategy is more important for 
maintaining rScO2 than the anesthetic agents 
chosen. Hypercapnia is frequent with sedation, 
lowering the incidence of CDEs.

30.6.6  Postoperative Analgesia

Discuss with the patient and caregiver the anes-
thetic and analgesic care planned, especially 
when it involves awake surgery and/or ambula-
tory perineural catheters.

Provide adequate information and written 
instructions for the patient with an insensate limb.

Choose MMA regimens to reduce opioid con-
sumption and better pain control.

Perineural adjuvants can reduce opioid 
requirements and better pain management. 
Perineural catheters are suitable and recom-
mended for long-lasting severe pain procedures, 
as ARCR.

Strongly advise the patient to follow the MMA 
plan before the block wears off.
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31.1  Traumatic Rotator Cuff Tears

Pure traumatic rotator cuff tears (RCT) seem to 
be rare but they have been described in the litera-
ture [1, 2] which has also shown us that the fre-
quency of RCT increases with age [3, 4], so it 
seems consensual that even though trauma can 
have an important role in its aetiology, tendon 
degenerative changes predispose to it.

From the clinical point of view, degenerative/
chronic rotator cuff tears can exist in asymptom-
atic patients and in the majority of cases they 
should be initially managed conservatively even 
when they progress to become symptomatic, 
which usually occurs in a few years [5]. The same 
attitude for the remaining RCT can be followed 
but acute on chronic (enlargement of a tendon tear 
after trauma or a different rotator cuff tendon tear 
in the setting of a pre-existent one) [6] or pure 
traumatic RCT can be very painful and debilitat-
ing [3, 7–9] and in a young and active population 
they may cause significant losses in patient wages 
and long periods of work absence [7, 8, 10].

Basset [6] in its classical 1985 paper showed 
that acute repair (3< weeks from injury) afforded 

the best opportunity for maximal recovery of 
shoulder function, although pain control and gen-
eral satisfaction were achieved even if surgery 
was performed later. Other authors also showed 
that earlier repair was associated with better out-
comes [11, 12].

31.1.1  Definition

Taking into account the clinical, social and legal 
implications some authors tried to discriminate 
some characteristic features of traumatic tears, 
finding that they usually affect males with an 
average age of 54.7  years and that a fall in an 
outstretched arm is the most common injury 
mechanism. Over 75% of cases report to medium 
to large tears [10], frequently involving the sub-
scapularis and showing muscle edema (Fig. 31.1) 
[8, 10]. Tendon kinking (Fig. 31.2) also favours 
the acute setting while a positive tangent sign 
[13], muscle atrophy and moderate/severe fatty 
infiltration (>Stage 2) [14] were associated with 
chronic tears (Fig. 31.3).

31.2  The Problem

According to the previously mentioned litera-
ture, early surgical treatment for traumatic rota-
tor cuff tears seems acceptable because surgical 
delay may cause irreversible tendon retraction 

C. M. Dias (*) 
Hospital da Luz Lisboa / UCMA Fidelidade Lisboa / 
Hospital CUF Santarém, Lisboa, Portugal 

J. Sousa 
Centro Hospitalar do Oeste, Torres Vedras, Portugal 

T. P. Marques 
Hospital CUF Santarém, Santarém, Portugal

31

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61162-3_31&domain=pdf


290

and tear enlargement as well as muscle atrophy, 
fatty infiltration and tissue thinning that can 
compromise its repair and definitive healing [3, 
8, 15–17].

Unfortunately, rotator cuff tears often are asso-
ciated with some degree of stiffness, which can 
also be very debilitating, and trauma seems to be 

one of the risk factors for this association [18] as 
well as Diabetes mellitus [9, 19, 20]. Tear  pattern 
(bursal sided and full thickness) and direction 
(postero-superior) can also  correlate with the 
appearance of concomitant stiffness [18].

This can occur between 10.9 and 41.7% of 
cases [21–24] and has been a classical reason for 
surgical delay in these patients because RCT 
repair is considered a shoulder-tightening proce-

a b

Fig. 31.1 (a, b) Infraspinatus muscle edema in an acute rupture (a) SAG T2; (b) AX T2

Fig. 31.2 Supraspinatus tendon kinking (COR T2)

Fig. 31.3 Supraspinatus muscle atrophy, stage 3 fatty 
infiltration and positive tangent sign (SAG T1)
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dure with a postoperative rate of stiffness that can 
range from 4.9 to 32.7% [18, 25, 26] and there is 
data supporting preoperative stiffness as a risk 
factor for its development [20, 26, 27].

31.2.1  Defining Stiffness

When evaluating this difficult combination, one 
of the main problems lies in defining stiffness 
[28]. Different authors have different criteria 
(Table 31.1) and this may explain the discrepancy 
that is evident in the literature regarding pre- and 
postoperative stiffness rates in RCT. If reaching a 
definition is a problem then finding its causes and 
risk factors seems even harder, not to mention the 
fact that intra- and interrater variability in shoul-
der mobility assessment seems high [27].

Regarding its treatment, surgical intervention 
has not been shown to overcome conservative 
treatment and neither of them has shown to alter 
the natural history of the disease, so the mainstay 
of treatment is still initially conservative, includ-
ing home-based exercises, physical therapy, oral 
medication (NSAID, steroids) and injections (ste-
roids, HA), while capsular release and/or manipu-
lation under anaesthesia (MUA) is reserved for 

those cases that don’t respond adequately to con-
servative treatment [29]. This approach is in direct 
conflict with the previously mentioned one for 
acute traumatic RCT in which early surgical 
repair seems to offer better outcomes.

31.2.2  Treatment Paradox

Having had trouble defining stiffness and some-
times defining the type and chronicity of the tear, 
the surgeon may find difficult to establish the 
adequate treatment when both conditions occur 
at the same time.

In fact, treating RCT and stiffness simultane-
ously can be paradoxical in two features that are 
fundamental to establish a treatment plan: how 
and when to treat.

 – How: RCT repair is generally considered a 
shoulder-tightening procedure and as previously 
mentioned, postoperative stiffness is not uncom-
mon. Despite that fact, there seems to be some 
consensus that RCT repairs require a certain time 
of postoperative immobilization in order to 
potentiate tendon healing [30, 31] but this ini-
tially safer approach, while protecting tendon 

Table 31.1 Definition of shoulder stiffness in different papers

Study Definition
Seo et al. [18] Restriction of active and passive motion of 100° of elevation or less, less than 50% of external 

rotation and internal rotation only to the sacrum
C.H. Cho et al. [24] Passive forward flexion <120°, external rotation <30° or internal rotation at the back lower 

than L3
Chuang et al. [34] Passive forward flexion <135° and external rotation <45° in 90° of abduction
Park et al. [9] Passive forward flexion (FF) equal or less than 120° and ER at the side equal or less than 45°
Koorevar et al. [35] Painful restriction of active and passive movement, with passive movement limited to <100° 

elevation, <30° external rotation and internal rotation limited to L5 or less and external 
rotation <45° in 90° of abduction

Kim and Jung [21] Passive forward flexion equal or less than 120°, passive ER equal or less than 30° or passive 
IR equal or less than L3

Kim et al. [36] Forward flexion of less than 100° (maximum of 150°), external rotation of less than 45° 
(maximum of 90°) or internal rotation of a level where the thumb reaches lower than the first 
lumbar spine junction (maximum of T7 level)

Tauro [20] Exclusive evaluation of glenohumeral motion by stabilization of the scapulothoracic motion: 
Normal glenohumeral motion was 90° of forward flexion, external rotation, abduction and 
internal rotation
Loss of motion in these four basic movements was identified and then added together to 
calculate total range of motion deficit (TROMD)
If TROMD >25° and <70° there was moderate stiffness
If TROMD >70° there was severe stiffness
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repair and allowing lower retear rates, can induce, 
at least, transient  postoperative stiffness [30–32] 
that can  in fact be beneficial and  protective 
for tendon healing [26, 33]. Most of the times this 
loss of motion is transitory but in some cases it 
can persist and be very frustrating for both the 
surgeon and the patient, occasionally requiring a 
second surgical procedure in order to regain ade-
quate and functional ROM. This initial immobili-
zation period seems to be completely 
incompatible with the treatment needed for stiff-
ness that includes immediate and continuous 
mobilization that, as demonstrated, can preclude 
tendon healing [29–31].

 – The mentioned paradox led surgeons to delay 
surgery for rotator cuff repair until full ROM 
was achieved with an adequate conservative 
approach for shoulder stiffness (staged proce-
dure). Unfortunately a new treatment paradox 
appeared when the consequences of surgical 
delay in RCT became more evident. It was the 
When Paradox.

 – When: As previously shown, delaying rotator 
cuff repair may create a local biological 
impairment for tendon healing and tear pro-
gression seems inevitable, so the ideal treat-
ment for a symptomatic traumatic RCT would 
be surgical repair as soon as possible. The 
opposite is described for the treatment of stiff-
ness as initial conservative treatment is still 
the mainstay of treatment [29].

The staged procedure, despite acceptable, 
rises several issues:

 1. The cause for the stiffness may be the rotator 
cuff tear itself due to the pain, muscle contrac-
ture and weakness [18, 21, 36] which will not 
solve without adequate RCT treatment.

 2. Patient compliance to a painful, long and 
demanding rehabilitation process seems to be 
quite low [22, 23].

 3. There is no guarantee that conservative treat-
ment for stiffness  will be effective [36]. In 
fact, it seems that most ROM gains occur in 
scapulo-thoracic motion instead of glenohu-
meral [1] and if it fails, the surgeon may have 
partially jeopardized tendon healing.

 4. Long preoperative duration of symptoms 
seems to be associated with worse functional 
outcomes if single-stage surgery is delayed 
(especially after 6 months of symptoms) [22].

 5. Forceful mobilization has the risk of inducing 
intraarticular iatrogenic injuries [1, 34] and 
other conservative methods such as ste-
roids  with local anaesthetic usually used to 
treat shoulder stiffness can induce tenocyte 
cytotoxicity and apoptosis, besides decreasing 
tendon biomechanical properties [37].

Performing single-stage surgery (capsular 
release + MUA + rotator cuff repair) to address 
both conditions became progressively more 
acceptable, and recently Kim described that at 
least similar results could be achieved when com-
paring this approach with the staged approach 
concluding that surgical delay should be avoided 
as it didn’t show any advantage [36].

Others also provided sufficient evidence that 
when comparing single-stage surgery for both 
conditions with simple RCT repair in non-stiff 
shoulders, similar results could be achieved 
although ROM recovery was slower [16, 20–22, 
24, 34], which led the authors to conclude that 
this procedure is safe and perfectly acceptable.

It is important to state that capsular release has 
several clear advantages over isolated MUA, as it 
allows for a direct visual control of the capsular 
iatrogenic opening  while controlling bleeding 
and hemarthrosis, that can themselves  induce 
postoperative fibrosis and scarring, limiting the 
benefit  of the capsulotomy performed. Also, 
direct capsular release can avoid some of the 
described MUA complications such as humeral 
fractures, glenohumeral dislocations, chondral 
injuries, rotator cuff tear enlargement/creation 
and labral or SLAP tears [1, 38, 39].

Having solved the mentioned treatment para-
dox, some questions still remain unanswered:

 – What is the main cause of pain? Is it stiffness, 
the rotator cuff tear or other pathology?

 – How do we define stiffness?
 – What is the cause for stiffness?
 – Should different degrees of stiffness induce 

different treatment strategies?

C. M. Dias et al.
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Answers to these questions can only be given 
with future investigation and for now, only gen-
eral recommendations can be given.

31.3  Recommended Approach

In case of isolated stiffness (either idiopathic 
adhesive capsulitis or secondary nontraumatic 
stiffness), full-thickness RCT tears are rare [40], 
so treatment should focus in this condition which 
is beyond the focus of this chapter.

In case of trauma in which shoulder stiffness 
develops, one should always consider the pres-
ence of a rotator cuff tear [12, 41].

Because physical examination can be 
extremely difficult in this setting, MRI or arthro 
CT can be used to define the presence and char-
acteristics of a rotator cuff tear.

If an acute tendon tear is found it seems ade-
quate to offer immediate single-stage procedure 
for these patients, especially if they have severe 
stiffness or if they are diabetic [20]. In this sce-
nario, examination under anaesthesia is manda-
tory because if stiffness disappears, capsular 
release and MUA should be avoided. The oppo-
site can also happen if during the rotator cuff 
repair  of a moderately stiff patient  the surgeon 
finds a very thick and inflamed capsule, in which 
case a capsular release is recommended [20].

When performing single-stage surgery, two 
premises should be kept in mind: adequate cuff 
fixation and fast and safe recovery of passive 
ROM l. This approach allows the surgeon to 
address the treatment paradox in the safest way 
possible, trying to minimize the risk of both 
retear and post-operative stiffness. Immediate 
passive ROM exercises can be performed if ade-
quate fixation is achieved, as stiff patients tend to 
have a lower retear rate [21]. In some cases in 
which cuff repair isn’t fully satisfactory, the sur-
geon must bear in mind that postoperative stiff-
ness is a complication that can be addressed later 
on with good results but a retear is a failure that 
can bring catastrophic functional results, so in 
these scenarios, the author recommendation is to 
use a more conservative postoperative protocol, 
delaying passive ROM exercises and subse-
quently all the other stages of rehabilitation.

Nonetheless, a small trial (< than 6 weeks) of 
physical therapy and oral medication can also be 
used in patients with traumatic RCT and stiffness 
in order to clarify the symptoms. If the patient 
starts to increase his range of motion, delaying 
surgery can be an option for as long as the benefit 
from the delay surpasses its risk, but finding the 
correct balance can be very difficult and subjec-
tive.  Despite being  impossible to predict the 
future, in this setting the surgeon should always 
consider the type and direction of the tear, num-
ber of affected tendons and muscular and tendon 
quality as well as the severity of stiffness when 
choosing to maintain or abort conservative 
treatment.

When performing a staged procedure we do 
not recommend subacromial or intraarticular 
injections because of their theoretical biological 
disadvantages for the tendon, aggravating its con-
dition in an already difficult situation [37].

31.4  Single-Stage Surgical 
Procedure: Eight Key 
Surgical Steps

1.  Evaluate patient’s ROM under anesthesia
2.  If joint entering through the posterior portal is 

difficult, perform subacromial bursectomy, move to 
the anterior part of the shoulder and find the 
coracoid. Posterior and lateral to it is the rotator 
interval that can and should be safely opened 
allowing direct access to the joint. At that point a 
switching stick can be introduced from anterior to 
posterior, creating a posterior portal that can 
be used for visualization

3.  Open the rotator interval and debride it
4.  Perform anterior capsule release using a 

radiofrequency device through an antero-superior 
portal and go as distal as possible from anterior

5.  Move the scope to the antero-superior portal and 
perform a posterior and inferior capsule release 
using the radiofrequency in the posterior portal. 
Inferior access can be facilitated using a 7 o’clock 
posterior portal (Fig. 31.4)

6.  Always keep the radiofrequency tip facing the 
glenoid and close to it, especially during inferior 
release (to avoid axillary nerve injury)

7.  Perform manipulation under anesthesia after 
anterior, inferior and posterior capsular release

8.  Perform rotator cuff repair and include biceps 
tenotomy/tenodesis (it is usually pathologic and if 
kept in place it can be a source of pain)

31 Traumatic Rotator Cuff Tears with Shoulder Stiffness
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31.5  Conclusion

Traumatic rotator cuff tears and stiffness can 
occur simultaneously. Although treating both con-
ditions at the same time in a single-stage proce-
dure can appear paradoxical, no major advantage 
in surgical delay has been shown in the literature, 
although further investigation is required to estab-
lish which degree of stiffness is neglectable and 
which should be addressed through a simultane-
ous capsular release and RCT repair.

References

 1. Loew M, Heichel TO, Lehner B. Intraarticular lesions 
in primary frozen shoulder after manipulation under 
general anesthesia. J Shoulder Elb Surg. 2005;14:16–
21. https://doi.org/10.1016/j.jse.2004.04.004.

 2. Walcott ME, Daniels SD, Sinz NJ, et  al. Traumatic 
full-thickness transtendinous rotator cuff tears: a case 
series. J Shoulder Elb Surg. 2017;26:62–7. https://doi.
org/10.1016/j.jse.2016.04.023.

 3. Yamaguchi K, Ditsios K, Middleton WD, et al. The 
demographic and morphological features of rotator 
cuff disease. J Bone Joint Surg Am. 2006;88:1699–
704. https://doi.org/10.2106/jbjs.e.00835.

 4. Milgrom C, Schaffler M, Gilbert S, Holsbeeck 
MV.  Rotator-cuff changes in asymptomatic adults. 
The effect of age, hand dominance and gender. J 
Bone Joint Surg Br. 1995;77-B:296–8. https://doi.
org/10.1302/0301-620x.77b2.7706351.

 5. Mall NA, Kim HM, Keener JD.  Symptomatic pro-
gression of asymptomatic rotator cuff tears: a pro-
spective study of clinical and sonographic variables. 
J Bone Joint Surg Am. 2010;17:2623–33. https://doi.
org/10.2106/JBJS.I.00506.

 6. Bassett RW, Cofield RH.  Acute tears of the rota-
tor cuff. Clin Orthop Relat Res. 1983. https://doi.
org/10.1097/00003086-198305000-00003.

 7. Lazarides AL, Alentorn-Geli E, Choi JJ, et al. Rotator 
cuff tears in young patients: a different disease than 
rotator cuff tears in elderly patients. J Shoulder Elb 
Surg. 2015;24:1834–43. https://doi.org/10.1016/j.
jse.2015.05.031.

 8. Loew M, Magosch P, Lichtenberg S, et  al. How to 
discriminate between acute traumatic and chronic 
degenerative rotator cuff lesions: an analysis of spe-
cific criteria on radiography and magnetic resonance 
imaging. J Shoulder Elb Surg. 2015;24:1685–93. 
https://doi.org/10.1016/j.jse.2015.06.005.

 9. Park J-Y, Chung SW, Hassan Z, et  al. Effect 
of capsular release in the treatment of shoul-
der stiffness concomitant with rotator cuff repair. 
Am J Sports Med. 2014;42:840–50. https://doi.
org/10.1177/0363546513519326.

 10. Mall NA, Lee AS, Chahal J, et al. An evidenced-based 
examination of the epidemiology and outcomes of trau-
matic rotator cuff tears. Arthroscopy. 2013;29:366–
76. https://doi.org/10.1016/j.arthro.2012.06.024.

 11. Gerber C, Hersche O, Farron A.  Isolated rupture of 
the subscapularis tendon. Results of operative repair∗. 
J Bone Joint Surg Am. 1996;78:1015–23. https://doi.
org/10.2106/00004623-199607000-00005.

 12. Hantes ME, Karidakis GK, Vlychou M, et  al. A 
comparison of early versus delayed repair of trau-
matic rotator cuff tears. Knee Surg Sports Traumatol 
Arthrosc. 2011;19:1766–70. https://doi.org/10.1007/
s00167-011-1396-1.

 13. Zanetti M, Gerber C, Hodler J.  Quantitative assess-
ment of the muscles of the rotator cuff with magnetic 
resonance imaging. Invest Radiol. 1998;33:163–70. 
https://doi.org/10.1097/00004424-199803000-00006.

 14. Fuchs B, Weishaupt D, Zanetti M, et al. Fatty degen-
eration of the muscles of the rotator cuff: assessment 
by computed tomography versus magnetic resonance 
imaging. J Shoulder Elb Surg. 1999;8:599–605. 
https://doi.org/10.1016/s1058-2746(99)90097-6.

 15. Melis B, Defranco MJ, Chuinard C, Walch G. Natural 
history of fatty infiltration and atrophy of the supraspi-
natus muscle in rotator cuff tears. Clin Orthop Relat 
Res. 2010;468:1498–505. https://doi.org/10.1007/
s11999-009-1207-x.

 16. Oh JH, Kim SH, Lee HK, et al. Moderate preoperative 
shoulder stiffness does not Alter the clinical outcome 
of rotator cuff repair with arthroscopic release and 

Fig. 31.4 7 o’clock portal position (green arrow)

C. M. Dias et al.

https://doi.org/10.1016/j.jse.2004.04.004
https://doi.org/10.1016/j.jse.2016.04.023
https://doi.org/10.1016/j.jse.2016.04.023
https://doi.org/10.2106/jbjs.e.00835
https://doi.org/10.1302/0301-620x.77b2.7706351
https://doi.org/10.1302/0301-620x.77b2.7706351
https://doi.org/10.2106/JBJS.I.00506
https://doi.org/10.2106/JBJS.I.00506
https://doi.org/10.1097/00003086-198305000-00003
https://doi.org/10.1097/00003086-198305000-00003
https://doi.org/10.1016/j.jse.2015.05.031
https://doi.org/10.1016/j.jse.2015.05.031
https://doi.org/10.1016/j.jse.2015.06.005
https://doi.org/10.1177/0363546513519326
https://doi.org/10.1177/0363546513519326
https://doi.org/10.1016/j.arthro.2012.06.024
https://doi.org/10.2106/00004623-199607000-00005
https://doi.org/10.2106/00004623-199607000-00005
https://doi.org/10.1007/s00167-011-1396-1
https://doi.org/10.1007/s00167-011-1396-1
https://doi.org/10.1097/00004424-199803000-00006
https://doi.org/10.1016/s1058-2746(99)90097-6
https://doi.org/10.1007/s11999-009-1207-x
https://doi.org/10.1007/s11999-009-1207-x


295

manipulation. Arthroscopy. 2008;24:983–91. https://
doi.org/10.1016/j.arthro.2008.06.007.

 17. Goutallier D, Postel J-M, Gleyze P, et al. Influence of 
cuff muscle fatty degeneration on anatomic and func-
tional outcomes after simple suture of full-thickness 
tears. J Shoulder Elb Surg. 2003;12:550–4. https://
doi.org/10.1016/s1058-2746(03)00211-8.

 18. Seo S-S, Choi J-S, An K-C, et al. The factors affecting 
stiffness occurring with rotator cuff tear. J Shoulder 
Elb Surg. 2012;21:304–9. https://doi.org/10.1016/j.
jse.2011.04.011.

 19. Cho NS, Rhee YG.  Functional outcome of 
arthroscopic repair with concomitant manipu-
lation in rotator cuff tears with stiff shoulder. 
Am J Sports Med. 2008;36:1323–9. https://doi.
org/10.1177/0363546508314402.

 20. Tauro JC.  Stiffness and rotator cuff tears: inci-
dence, arthroscopic findings, and treatment 
results. Arthroscopy. 2006;22:581–6. https://doi.
org/10.1016/j.arthro.2006.03.004.

 21. Kim I-B, Jung D-W.  A rotator cuff tear concomi-
tant with shoulder stiffness is associated with a 
lower retear rate after 1-stage arthroscopic surgery. 
Am J Sports Med. 2018;46:1909–18. https://doi.
org/10.1177/0363546518768813.

 22. Chen Y, Chen S, Qiao Y, et  al. A long preopera-
tive duration of symptoms is associated with worse 
functional outcomes after 1-stage arthroscopic treat-
ment of rotator cuff tears with shoulder stiffness. 
Am J Sports Med. 2017;45:2336–44. https://doi.
org/10.1177/0363546517707202.

 23. Ho WP, Huang C-H, Chiu C-C. One-stage arthroscopic 
repair of rotator cuff tears with shoulder stiffness. 
Arthroscopy. 2013;29:1283–91.

 24. Cho C-H, Jang H-K, Bae K-C, et al. Clinical outcomes 
of rotator cuff repair with arthroscopic capsular release 
and manipulation for rotator cuff tear with stiffness: a 
matched-pair comparative study between patients with 
and without stiffness. Arthroscopy. 2015;31:482–7. 
https://doi.org/10.1016/j.arthro.2014.09.002.

 25. Vastamäki H, Vastamäki M. Postoperative stiff shoul-
der after open rotator cuff repair: a 3- to 20-year fol-
low-up study. Scand J Surg. 2014;103:263–70. https://
doi.org/10.1177/1457496913514383.

 26. Huberty DP, Schoolfield JD, Brady PC, et  al. 
Incidence and treatment of postoperative stiffness fol-
lowing arthroscopic rotator cuff repair. Arthroscopy. 
2009;25:880–90. https://doi.org/10.1016/j.
arthro.2009.01.018.

 27. Trenerry K, Walton JR, Murrell GAC.  Prevention 
of shoulder stiffness after rotator cuff repair. Clin 
Orthop Relat Res. 2005;(430):94–9. https://doi.
org/10.1097/01.blo.0000137564.27841.27.

 28. Audigé L, Blum R, Müller AM, et al. Complications 
following arthroscopic rotator cuff tear repair. Orthop 
J Sports Med. 2015;3:232596711558786. https://doi.
org/10.1177/2325967115587861.

 29. Yip M, Francis A-M, Roberts T, et  al. Treatment 
of adhesive capsulitis of the shoulder. JBJS 

Rev. 2018;6(6):e5. https://doi.org/10.2106/jbjs.
rvw.17.00165.

 30. Denard PJ, Lädermann A, Burkhart SS.  Prevention 
and management of stiffness after arthroscopic rota-
tor cuff repair: systematic review and implications 
for rotator cuff healing. Arthroscopy. 2011;27:842–8. 
https://doi.org/10.1016/j.arthro.2011.01.013.

 31. Thigpen CA, Shaffer MA, Gaunt BW, et al. The American 
Society of Shoulder and Elbow Therapists consensus 
statement on rehabilitation following arthroscopic rota-
tor cuff repair. J Shoulder Elb Surg. 2016;25:521–35. 
https://doi.org/10.1016/j.jse.2015.12.018.

 32. Arndt J, Clavert P, Mielcarek P, et  al. Immediate 
passive motion versus immobilization after endo-
scopic supraspinatus tendon repair: a prospective 
randomized study. Orthop Traumatol Surg Res. 
2012;98(6 Suppl):S131–8. https://doi.org/10.1016/j.
otsr.2012.05.003.

 33. Parsons BO, Gruson KI, Chen DD, et  al. Does 
slower rehabilitation after arthroscopic rotator cuff 
repair lead to long-term stiffness? J Shoulder Elb 
Surg. 2010;19:1034–9. https://doi.org/10.1016/j.
jse.2010.04.006.

 34. Chuang T-Y, Ho W-P, Chen C-H, et al. Arthroscopic 
treatment of rotator cuff tears with shoulder stiff-
ness. Am J Sports Med. 2012;40:2121–7. https://doi.
org/10.1177/0363546512453296.

 35. Koorevaar RCT, Riet EVT, Ipskamp M, Bulstra 
SK.  Incidence and prognostic factors for postop-
erative frozen shoulder after shoulder surgery: a 
prospective cohort study. Arch Orthop Trauma 
Surg. 2017;137:293–301. https://doi.org/10.1007/
s00402-016-2589-3.

 36. Kim Y-S, Lee H-J, Park I, et al. Are delayed opera-
tions effective for patients with rotator cuff tears and 
concomitant stiffness? An analysis of immediate 
versus delayed surgery on outcomes. Arthroscopy. 
2015;31:197–204. https://doi.org/10.1016/j.
arthro.2014.08.014.

 37. Honda H, Gotoh M, Kanazawa T, et  al. Effects of 
lidocaine on torn rotator cuff tendons. J Orthop Res. 
2016;34:1620–7. https://doi.org/10.1002/jor.23153.

 38. Weber M, Prim J, Bugglin R, et al. Long-term follow 
up of patients with frozen shoulder after mobilization 
under anesthesia, with special reference to the rotator 
cuff. Clin Rheumatol. 1995;14:686–91. https://doi.
org/10.1007/bf02207937.

 39. Atoun E, Funk L, Copeland S, et  al. The effect of 
shoulder manipulation on rotator cuff integrity. Acta 
Orthop Belg. 2013;79:255–9.

 40. Ueda Y, Sugaya H, Takahashi N, et  al. Rotator cuff 
lesions in patients with stiff shoulders. J Bone Joint 
Surg. 2015;97:1233–7. https://doi.org/10.2106/
jbjs.n.00910.

 41. Sørensen AK, Bak K, Krarup AL, et al. Acute rotator 
cuff tear: do we miss the early diagnosis? A prospective 
study showing a high incidence of rotator cuff tears after 
shoulder trauma. J Shoulder Elb Surg. 2007;16:174–
80. https://doi.org/10.1016/j.jse.2006.06.010.

31 Traumatic Rotator Cuff Tears with Shoulder Stiffness

https://doi.org/10.1016/j.arthro.2008.06.007
https://doi.org/10.1016/j.arthro.2008.06.007
https://doi.org/10.1016/s1058-2746(03)00211-8
https://doi.org/10.1016/s1058-2746(03)00211-8
https://doi.org/10.1016/j.jse.2011.04.011
https://doi.org/10.1016/j.jse.2011.04.011
https://doi.org/10.1177/0363546508314402
https://doi.org/10.1177/0363546508314402
https://doi.org/10.1016/j.arthro.2006.03.004
https://doi.org/10.1016/j.arthro.2006.03.004
https://doi.org/10.1177/0363546518768813
https://doi.org/10.1177/0363546518768813
https://doi.org/10.1177/0363546517707202
https://doi.org/10.1177/0363546517707202
https://doi.org/10.1016/j.arthro.2014.09.002
https://doi.org/10.1177/1457496913514383
https://doi.org/10.1177/1457496913514383
https://doi.org/10.1016/j.arthro.2009.01.018
https://doi.org/10.1016/j.arthro.2009.01.018
https://doi.org/10.1097/01.blo.0000137564.27841.27
https://doi.org/10.1097/01.blo.0000137564.27841.27
https://doi.org/10.1177/2325967115587861
https://doi.org/10.1177/2325967115587861
https://doi.org/10.2106/jbjs.rvw.17.00165
https://doi.org/10.2106/jbjs.rvw.17.00165
https://doi.org/10.1016/j.arthro.2011.01.013
https://doi.org/10.1016/j.jse.2015.12.018
https://doi.org/10.1016/j.otsr.2012.05.003
https://doi.org/10.1016/j.otsr.2012.05.003
https://doi.org/10.1016/j.jse.2010.04.006
https://doi.org/10.1016/j.jse.2010.04.006
https://doi.org/10.1177/0363546512453296
https://doi.org/10.1177/0363546512453296
https://doi.org/10.1007/s00402-016-2589-3
https://doi.org/10.1007/s00402-016-2589-3
https://doi.org/10.1016/j.arthro.2014.08.014
https://doi.org/10.1016/j.arthro.2014.08.014
https://doi.org/10.1002/jor.23153
https://doi.org/10.1007/bf02207937
https://doi.org/10.1007/bf02207937
https://doi.org/10.2106/jbjs.n.00910
https://doi.org/10.2106/jbjs.n.00910
https://doi.org/10.1016/j.jse.2006.06.010


297© ESSKA 2020 
N. Sampaio Gomes et al. (eds.), Massive and Irreparable Rotator Cuff Tears, 
https://doi.org/10.1007/978-3-662-61162-3_32

Failed Rotator Cuff Repair: 
Decision-Making Algorithm

Antonio Cartucho

32.1  Introduction

There are several factors that increase the risk 
of rotator cuff retear after surgical repair. Older 
age, larger tear size, thickness of the tear, greater 
muscle- tendon unit retraction and poor muscle 
quality have all seemed to negatively affect ten-
don healing [1–3]. Retear rates after surgical 
intervention for rotator cuff tear ranged from 20 
to 94% [4–6]. Retears, defined as a fluid-filled gap 
on MRI, occur mainly between 6 and 26 weeks 
after arthroscopic rotator cuff repair (RCR) with 
only a few occurring after this period. The “criti-
cal” interval for tear recurrence is considered 
between the 12 and the 26 weeks after repair [7]. 
Tear recurrence can be related to various factors 
such as: poor patient selection, inadequate ini-
tial repair, biological failure to heal, inappropri-
ate postoperative rehabilitation and poor patient 
compliance causing structural failure of the 
repair [8–10]. The retear is usually smaller than 
the original tear, and the structural failures may 
be well tolerated [11]. Although some patients 
with failure of healing exhibit poor outcomes and 
require revision surgery, others report pain relief 
and a return of function despite a lack of healing 
[12–15]. Nevertheless Namdari et al. found only 
54% of good clinical results in patients with rota-
tor cuff retear [16]. However, long-term outcome 

after structural failure of RCR has to be taken 
into consideration. Clinical outcome remains sig-
nificantly improved over the preoperative state in 
terms of pain, function, strength and patient satis-
faction over time. Overall, retears do not increase 
in size and the ones that are smaller than 400 mm2 
had the potential to heal [11]. This being said not 
all retears need to be approached and its clinical 
presentation may vary from a tolerable shoul-
der discomfort to a significant shoulder function 
impairment [11].

Management of failed RCRs must be con-
sidered as a clinical challenge. Decision on how 
to act must be supported on various factors: the 
degree of shoulder impairment, the reasons for 
structural failure, the type of structural failure and 
the tendon, bone and muscle conditions. Patient 
expectations must be assessed and controlled 
knowing that surgical results for cuff retear are 
inferior to the ones of the index procedure [16].

32.2  Causes of Failed Rotator Cuff 
Repair

Causes of failure of RCR are often multifacto-
rial and include poor patient selection and diag-
nostic errors, surgical complications, technical 
errors at the initial repair, failure to heal, addi-
tional traumatic event, inappropriate postopera-
tive  rehabilitation and poor patient compliance 
[8–10]. Determining the causes of failure and A. Cartucho (*) 
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correcting these factors, when possible, is impor-
tant when someone deal with failed RCR.

32.2.1  Poor Patient Selection 
and Diagnostic Errors

Patient age and comorbidities, tear size, tendon 
quality and retraction, muscle atrophy and fatty 
degeneration have been associated to poor clinical 
results [2, 10, 17, 18]. Also, incomplete diagnosis 
can lead to poor results after RCR. Supraspinatus 
tears may be associated with other lesions at the 
rotator interval, long head of the biceps (LHB) or 
subscapularis tendons [19].

32.2.2  Surgical Complications

Complications associated with open and 
arthroscopic RCR include disruption of the del-
toid origin, infection, foreign body reaction, stiff-
ness and neurologic injury. Deltoid injury being 
rare at arthroscopic procedures may be due to 
inadequate deltoid reattachment to the acromion, 
in open procedures, leading to poor cosmetics 
and deltoid impairment.

The most common infection after RCR is 
Cutibacterium acnes (former Propionibacterium 
acnes), affecting 50–86% of postoperative infec-
tions. Surgical irrigation and debridement and intra-
venous antibiotics are necessary to eradicate the 
infection. Even when properly treated, postoperative 
infection often results in stiffness, adhesions, failure 
of the repaired tissue and continued pain [20, 21].

Foreign body reactions are associated mainly 
with bioabsorbable materials but also to rigid 
sutures and metallic anchors. Loose anchors 
or sutures, due to the synovial reaction, might 
mimic an infection. Imaging diagnosis is diffi-
cult and sometimes these reactions are only diag-
nosed intraoperatively [22, 23].

Stiffness is a relatively frequent complication 
after RCR with an incidence ranging from 5 to 
10% [24, 25]. Risk factors are limited preopera-
tive range of motion (ROM), diabetes, hypothy-
roidism, partial rotator cuff tear and calcifying 
tendonitis. Poor patient compliance to demand-

ing postoperative rehabilitation may also contrib-
ute to the onset of shoulder stiffness [17]. Patient 
dissatisfaction after RCR might be due to restric-
tion of passive ROM and/or pain due to capsule 
inflammatory reaction. This being said, corti-
coid intra-articular injections and physiotherapy 
might reduce pain and recover ROM without the 
need of a new surgery [26].

Neurological complications are rare and most 
of the times transient, mostly due to nerve trac-
tion during the surgical procedure. Direct nerve 
damage is very uncommon. Nerves at risk are 
mainly the suprascapular nerve, the musculocu-
taneous and the axillary nerve [27].

32.2.3  Inadequate Initial Repair

Rotator cuff tear is a complex pathology and tears 
might be partial or complete and involve one or 
more tendons. These tendons might be more or 
less mobile and the geometry of the rupture might 
differ between V, anterior L, posterior L and cres-
cent like (Fig.  32.1) [28]. When the quality of 
the muscle is assessed, factors such as atrophy, 
retraction and fatty degeneration have been asso-
ciated with poor prognosis [10, 18]. Inadequate 
assessment of all these factors may lead to an 
attempted repair prone to failure. Structural fail-
ure might be due to poor anchor positioning, non- 

Fig. 32.1 Arthroscopic view on U-shaped retracted rota-
tor cuff tear
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use of tension relieving suture techniques (side 
by side or ripstop-like) and tendon overtension-
ing [29]. The location of structural failure may 
vary from tendon to bone interface to the muscle- 
tendon interface (Fig. 32.2). This fact is impor-
tant when considering a surgical review as the 
remaining tendon might not be long enough to 
permit a novel reattachment [30].

32.2.4  Failure to Heal

Failure to heal after surgical intervention for rotator 
cuff tear has ranged from 20 to 94%. The “critical” 
interval for tear recurrence is  considered between 
the 12 and the 26  weeks after repair. Even in a 
well-performed repair the tendon may fail to heal. 
Factors associated with non-healing environment 
are poor rotator cuff and greater tuberosity vascu-
larity and poor tendon and bone quality [14]. This 
last factor must be taken into consideration when 
choosing the revision RCR and the choice of a tran-
sosseous technique might be adequate [31, 32].

32.2.5  Traumatic Cause

Traumatic postoperative failure may occur before 
or after tendon healing due to direct trauma such 

as a fall or indirect trauma. Aggressive rehabilita-
tion or poor patient compliance plays an impor-
tant role at the early phase. Structural failure 
occurs at the suture-tissue interface as the suture 
cuts out through the tissue [30].

32.3  Diagnosis

Evaluation of the painful or weak shoulder 
after surgery for rotator cuff tear consists of 
a detailed history, physical examination and 
imaging. Clinical signs include persistent pain, 
weakness, loss of active ROM and sometimes 
stiffness that do not respond to appropriate post-
operative physical therapy. The goal of imaging 
studies is to confirm the existence and site of 
the recurrent tear, the type of failure (in conti-
nuity, muscle- tendon or tendon to bone inter-
face) and, if possible, its cause [26, 33]. MRI 
may not provide the same sensitivity in recur-
rent rotator cuff tear as in primary rotator cuff 
tear. Only 10% of reattached tendons generate 
a normal MRI signal. Thus, a common finding 
is the presence of an intermediate signal within 
the tendon indicating granulation tissue or of a 
low-intensity signal produced by fibrous tissue 
[34, 35]. These signal changes may persist for 
longer than 6 months, due to tissue remodelling, 
artefact, suture material and suture anchors. 
MRI in this setting has a reported accuracy of 
70–90% [36, 37]. One must have these facts 
into consideration when considering a structural 
failure. Correlation with clinical aspects is of 
upmost importance and MRI with intra-articular 
contrast may be used to increase the sensitivity 
of detection of recurrent rotator cuff tears [38]. 
Postoperative cuff healing and integrity might 
be assessed using the Sugaya classification with 
the type IV and V describing a partial retear and 
a complete retear, respectively (Fig. 32.3) [39]. 
Ultrasound has a 91% sensitivity, 86% specific-
ity and 89% accuracy regarding retear diagnosis 
with economic advantage but strongly relying 
on the operator [40]. CT  arthrogram can also be 
used to aid in the identification of recurrent rota-
tor cuff tears when neither ultrasound nor MRI 
is an option [41].

Fig. 32.2 Tendon to bone interface failure as seen in 
revision of rotator cuff repair
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32.4  Treatment Options

Addressing failed RCR numerous factors must 
be considered such as: patient age, comorbidities, 
patient expectations and functional demands, 
remaining rotator cuff tissue quality, tuberosity 
bone quality, muscle atrophy and fatty degenera-
tion and the existence of glenohumeral arthritis 
[42, 43]. The options to address failed rotator 
cuff tears that have been repaired include non- 
operative management, revising the primary 
repair, tendon transfer, biological augmentation 
or use of tissue-engineered grafts for reconstruc-
tion, interposition techniques and reverse shoul-
der arthroplasty [44].

32.4.1  Non-operative Management

Non-operative treatment of failed RCR consists 
in applying a protocol of physical therapy, which 
includes stretching and muscle strengthening (the 
remaining portions of the rotator cuff, deltoid 
and, especially, the periscapular musculature, 
lower trapezius and rhomboids), nonsteroidal 
anti-inflammatory medications and occasional 
corticosteroid injection [17]. Although conserva-
tive treatment of rotator cuff tears has been exten-
sively reported with good results in selected 
patients only a few series have been published 
regarding failed RCR [45, 46]. In these series 
good results were reported both in functional and 
subjective scores. Furthermore, these results 

were stable over time with minimum 2 years of 
follow-up [11, 16]. When considering non- 
operative treatment it is important to keep in 
mind the concept of functional and non- functional 
tear patterns. Active elevation was significantly 
decreased in patients with three tear patterns 
involved. Pseudoparalysis was described in 80% 
of the cases with supraspinatus and complete 
subscapularis tears and in 45% of the cases with 
tears involving the supraspinatus, infraspinatus 
and superior subscapularis. Loss of active exter-
nal rotation was related to tears involving the 
infraspinatus and teres minor; loss of active inter-
nal rotation was related to tears of the subscapu-
laris [47].

32.4.2  Surgical Options 
and Indications

Surgical options range from extensive debride-
ment, revising the primary repair with complete 
or partial repair, tendon transfer, biological aug-
mentation, use of tissue-engineered grafts for 
reconstruction and reverse shoulder arthroplasty.

Patient expectations should be assessed and 
the surgeon must be aware of the factors that can 
or cannot be changed when deciding on revision 
surgery. Risk factors for poorer postoperative 
results are patient age, female gender, surgery of 
the dominant arm, preoperative VAS greater than 
5 and poor preoperative ROM ranging from 90° 
to 140° depending on the authors [9, 48–50]. On 
the other hand, acromio-humeral distance infe-
rior to 7  mm and the impact of more than one 
previous surgery have not been proven to nega-
tively affect the outcome [49, 50].

32.4.2.1  Arthroscopic Extensive 
Debridement 
and Subacromial 
Decompression

Painful failed RCR may be due to foreign body 
reaction due to reabsorbable materials, loose 
anchors or sutures causing irritation of the sub-
acromial space. Arthroscopically addressing this 
factors the surgeon might address an acromial 
spur, assess and perform a tenotomy or tenode-

Fig. 32.3 Failed rotator cuff repair classified as Sugaya’s 
type V—complete retear
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sis of the long head of the biceps and debride a 
degenerative labrum lesion [44, 51]. This proce-
dure should be used in low-demand patients with 
pain as the predominant complaint.

32.4.2.2  Partial Repair
Based on the “suspension-bridge” principles 
and in the impossibility to fully repair the 
reteared cuff, a partial repair might be a good 
solution to diminish pain and to enhance shoul-
der performance (Fig. 32.4) [28]. Fatty infiltra-
tion of the teres minor has been described as a 
poor prognostic factor [52]. Studies comparing 
partial repair to debridement alone describe bet-
ter results regarding pain and functional scores 
for the partial repair despite a retear rate of 54% 
[53, 54].

32.4.2.3  Anatomic Repair
When possible, as the results are consistently 
better in the healed tendon group patients, but 
dependable of patient conditions, tendon, mus-
cle and bone quality, anatomic reconstruction 
of the rotator cuff retear should be performed. 
Mobilization of the tendons involved using 
anterior and posterior interval slide techniques, 
load- sharing suture techniques, double row or 
transosseous equivalent fixation methods have 
been associated with better healing results and 
consequently with better clinical results [6, 43, 

55]. Results in the literature show a higher retear 
rate compared to the primary intervention but a 
consistent improvement in pain scores with a less 
predictable improvement in ROM gain [50]. In 
the revision setting, pseudoparalysis was only 
reversed in 43% of patients, with a low rate 
(54%) of patient satisfaction [43]. This being 
said pseudoparalysis in a failed RCR scenario 
might be better addressed with a reverse shoulder 
arthroplasty [56].

32.4.2.4  Graft Augmentation 
and Graft Interposition

Grafts may be used to improve stability to the 
repaired tendon and enhance healing or as a sub-
stitute of the part of the missing lateral tendon. 
They may be derived from allografts, xenografts 
and synthetic materials. The commercially avail-
able tendon augmentation grafts are from human 
dermis, porcine small intestinal submucosa, 
bovine dermis and porcine dermis, may or not 
be cross-linked, have different processing meth-
ods and differ also on the number of layers and 
thickness. The selection depends on the tissue of 
origin, graft processing, cross linking of the mate-
rial, physical properties of the tissue and the sur-
geon selection based on previous experience [57].

Porcine submucosa subintestinal grafts were 
found to increase pain and lead to poorer ten-
don healing and may not be suitable for human 
RCR. These results are in contrast to the animal 
preclinical studies [58]. On the other hand, human 
dermis-derived grafts, used as scaffold augmen-
tation or as a bridging construct for irreparable 
rotator cuff, were reported to improve clinical 
outcomes at follow-up, with low incidence of 
complications and no cases of graft rejection [59].

When comparing clinical and structural 
results of cuff reconstruction with or without 
graft augmentation, authors presented better 
results with the graft augmentation [60–62]. 
Nevertheless, Ladermann et al. in a recent sys-
tematic review found no scientific data to sup-
port any systematic associated augmentation 
technique to rotator cuff repair [63]. Recently, 
Cai et  al. described a better healing rate but 
similar clinical outcome when comparing graft 
augmentation with repair alone [64].

Fig. 32.4 Partial rotator cuff repair with side to side 
sutures—margin convergence repair
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Graft augmentation, if considered, must be 
used in selected patients aiming to reinforce the 
cuff reconstruction to promote tendon healing 
and permit earlier rehabilitation.

32.4.2.5  Superior Capsule 
Reconstruction

Superior capsule reconstruction was first 
described by Mihata et al. [65] to approach irrep-
arable rotator cuff tears and consists on using fas-
cia lata autograft and more recently allograft, in 
order to reconstruct the superior capsule, between 
the superior glenoid and the great tuberosity 
using suture anchors (Fig. 32.5). The purpose of 
this construct is to avoid superior humeral head 
migration when the deltoid is actively contracting 
[66]. Only preliminary results with short follow-
 up are available and the authors present improve-
ment of functional scores, both using fascia lata 
and allograft [65, 67].

If these preliminary results pass the test of 
time, superior capsule reconstruction might 
be the choice for relatively young, motivated 
patients with high functional demands, suffering 
from a failed RCR, who are able to coop with a 
long rehabilitation time.

32.4.2.6  Tendon Transfers
The goal of tendon transfer is to achieve stable 
kinematic by restoring rotational strength and 

force coupling about the joint. The optimal indi-
cation for latissimus dorsi tendon transfer is an 
isolated loss off external rotation in a young 
patient with an irreparable infraspinatus tear and 
a teres minor deficiency [68]. The subscapularis 
tendon must be intact or have a repairable tear. 
Clinically these patients present a positive lag 
sign in external rotation and loss of active ele-
vation [69]. The procedure might be performed 
arthroscopically assisted [70]. The transferred 
tendon partially correcting the active external 
rotation deficit enables recovery of daily activities 
and reducing functional disability. Nevertheless, 
latissimus dorsi transfer does not correct lack of 
strength, which remains significant and is the 
main sequelae reported by patients [71–74].

Irreparable ruptures of subscapularis tendon 
may be addressed by pectoralis major transfer 
leading to improvement of shoulder function, 
strength and pain relief [75]. More recently, the 
use of latissimus dorsi to address subscapularis 
irreparable ruptures has been described [76]. 
Preliminary results showed that belly press test 
results were negative for 18 of 24 patients, and 
the lift-off test results were negative for 16 of 20 
patients. The authors concluded that latissimus 
dorsi transfer resulted in pain relief and restoration 
of shoulder range of motion and function [77].

32.4.2.7  Interposition Techniques
With the purpose to prevent impingement and 
promote humeral head centering during abduc-
tion thus producing a painless activation of the 
scapulohumeral musculature, some authors pro-
pose interposing a device in the subacromial 
space, which lowers the humeral head and pro-
vides an improved balance between the subscap-
ularis anteriorly and the infraspinatus posteriorly, 
permitting better deltoid activation and compen-
sation through the arc of motion. A biodegradable 
balloon meant for arthroscopic insertion into the 
subacromial space following bursa excision was 
used to achieve improvement in daily and nightly 
pain as well as ROM and ultimately strength in 
this preliminary prospective pilot study with 22 
patients with symptomatic MRCT and a mean 
3-year follow-up [78]. More recently the balloon 
has been also used to protect fragile repairs [79].

Fig. 32.5 Transosseous equivalent allograft fixation on 
greater tuberosity in superior capsular reconstruction
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32.4.2.8  Reverse Shoulder 
Arthroplasty

Reverse shoulder arthroplasty (RSA) may be 
used in failed RCR with pseudoparalysis in 
the absence of glenohumeral arthritis when 
it is impossible to restore cuff function [80]. 
Complication rates are relatively high specially 
in patients younger than 60  years old [81]. 
Nevertheless, results after reverse total shoulder 
arthroplasty to address massive rotator cuff tear 
arthropathy with long follow-up are good, dem-
onstrating pain relief and functional improve-
ment [82]. These results may also be achieved 
after a failed RCR with a high rate of patient sat-
isfaction [56].

Patients with irreparable unbalanced cuff 
tears with a concomitant teres minor insuffi-
ciency have a pseudoparalysis and lag sign in 
external rotation. Results of an isolated RSA are 
non- satisfactory as the patients continue to lack 
external rotation to perform daily living activi-
ties. An associated transfer of the latissimus dorsi 
using a modified L’Episcopo technique in order 
to restore active external rotation is proposed in 
this cases [83–85].

32.5  Conclusion

Retear or non-healing of rotator cuff tendons 
is rather frequent. Surgical treatment is rarely 
indicated as this condition is often well tol-

erated with marked clinical improvement in 
comparison with the preoperative state. In 
young, motivated patients in a post-traumatic 
scenario, a second repair must be considered 
taking into consideration tendon, muscle and 
bone status. The use of load-sharing techniques 
is recommended. Low- demand patients with 
pain as the major complaint may benefit from 
debridement and LHB tenotomy or tenodesis. 
Partial repair of the retear may produce good 
functional results if the “suspension cable” of 
the rotator cuff is restored. The use of biologi-
cal enhancement products or devices, such as 
grafts, might be used in selected cases. Tendon 
transfer of the latissimus dorsi should be used 
in patients with isolated loss of active exter-
nal rotation and this same tendon has recently 
been used to solve subscapularis deficiency. 
Interposition techniques such as superior cap-
sule reconstruction and the subacromial bal-
loon have only preliminary results but the first 
might be a solution for young patients where 
not even a partial repair is possible and the sec-
ond might be used to protect a fragile repair. 
For patients with pseudoparalysis after a cuff 
repair, RSA should be the choice as being the 
only predictable way to restore ROM. If a lag 
sign in external rotation is present, a concomi-
tant latissimus dorsi transfer is mandatory. A 
decision algorithm must be based on a balance 
taking into consideration all the facts presented 
in this chapter (Fig. 32.6).

Symptomatic failed RCR

Non repairableTraumatic in young patient

Total or partial repair

Pseudoparalisys
Lag sign

Interposition techniques

rotationInternalorExternal

Lat. Dorsi Tranfer Subscapularis tranfer

Fragile tendon

Good tendon

Load Sharing
Techniques

Balloon
Grafts

RSA

Rapairable

Fig. 32.6 Decision-making algorithm—management of failed rotator cuff repair
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How to Avoid Complications 
in Tendon Transfers
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33.1  Introduction

Tendon transfer is a well-documented procedure 
for treating irreparable rotator cuff tears. They 
provide good pain relief and improvement of 
shoulder function over a long-term follow-up 
period.

Thanks to tendon transfers, we can treat irrep-
arable tears of either posterosuperior or anterosu-
perior rotator cuff. Currently, based on long-term 
follow-up studies it seems like the right candi-
dates for this kind of procedure are relatively 
young patients with massive and irreparable tears 
and with preserved shoulder girdle muscles and 
preserved anteflexion. In addition, these proce-
dures are also useful during reverse total shoulder 
arthroplasty (rTSA) in case of the teres minor 
tear or inefficiency as the last chance to regain 
external rotation. Unfortunately, these operations 
are surgically challenging, and the effects may 
not meet the expectations neither for patients nor 
for surgeons.

There is also a challenging issue to clarify the 
definition of a massive and irreparable cuff tear. 
Massive tears have been described as tears larger 
than 5  cm in diameter [1] or as tears involving 

two or three tendons [2]. Moreover, a massive 
tear may be evaluated as irreparable preopera-
tively with a combination of tendon retraction 
to the glenoid edge and muscular atrophy on 
magnetic resonance imaging (stage 3 accord-
ing to Thomazeau’s classification) [3] and/or a 
muscle fatty infiltration (stages 3 and 4 on com-
puted tomography arthrography according to 
Goutallier’s classification) [4]. A tear may also 
be evaluated as irreparable intraoperatively when 
after extensive subacromial bursectomy and peri-
glenoidal capsulotomy the surgeon is not able to 
pull the supra- and/or the infraspinatus tendon to 
the edge of the greater tuberosity.

The purpose of the following chapter is to 
summarize current knowledge about the most 
commonly used tendon transfer procedures in 
massive, irreparable rotator cuff tears. Another 
objective is to provide valuable tips and tricks 
that could help to avoid complications and mini-
mize unsatisfactory postoperative results.

33.2  Transfers for Irreparable 
Posterosuperior Rotator  
Cuff Tears

33.2.1  Latissimus Dorsi Transfer

Latissimus dorsi transfer (LDT) is the best known 
and documented of all muscle transfers used in 
shoulder surgery. Originally developed by Gerber 
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in 1988 [5], it is used today with various modifi-
cations. The idea of this transfer is an attempt to 
recover external rotation in case of complete, 
irreparable posterosuperior rotator cuff tear by 
posterior force reconstitution. Another idea 
behind this transfer is an attempt to lower the 
humeral head and thus to reduce the risk of rota-
tor cuff arthropathy by acting latissimus dorsi 
muscle as the humeral head depressor.

LDT was initially used mainly in young men 
engaged in manual works, but the latest analyses 
did not confirm that factors such as gender, domi-
nant hand, or occupation have a significant 
impact on results [6]. Nonetheless, age is a con-
tentious issue, as Ianotti et al. [7] found a signifi-
cant influence of age and gender on results of 
LDT. They reported that four out of five dissatis-
fied patients were women with a mean age of 60. 
Eight of nine satisfied patients were men with a 
mean age of 52 [7].

There is also paucity of consensus about the 
influence of prior surgery on the outcome. Few 
authors proved that presence of prior rotator 
cuff repair has resulted in poorer patient out-
comes [8–12]. On the other hand, Weening and 
Willems [13] as weel as Debeer and De Smet 
found no difference in final outcome between 
LDT as a primary or revision procedure, found 
no difference between primary and revision pro-
cedures [14]. This reported lack of difference 
might be since most of the preoperative revision 
procedures were arthroscopic with no deltoid 
detachment.

Subscapularis tendon tear is a clear risk factor 
for failure of LDT [9, 13, 15, 16]. Gerber et al. 
conducted a biomechanical study which showed 
that a LDT after a complete subscapularis tear 
was responsible for a great imbalance of the 
shoulder joint with anterior dislocation forces 
[9]. However, small tears of the upper third of the 
subscapularis completely repaired during surgery 
do not affect the outcome [8, 12, 17].

The role of the teres minor (Tm) in LDT was 
recently highlighted, but it is not clearly under-
stood. Nové-Josserand et  al. [12] found that 
patients with severe atrophy of Tm had lower 
function than patients with no or moderate Tm 
atrophy; however, patients with severe Tm atro-

phy had greater increase in Constant score than 
patients with no or moderate atrophy.

Pseudoparalytic shoulder was criteria of 
exclusion for many authors [9, 17, 18], but in a 
study conducted by Valenti et  al. [17], patients 
with preoperative forward flexion lower than 80° 
had better increase of flexion than patients with 
preoperative anteflexion higher than 120°. 
However, in one study, in seven patients consid-
ered as pseudoparalytic, nonsignificant increase 
in forward flexion was gained [19].

Techniques for LDT are evolving. Habermeyer 
et  al. described a single-incision approach that 
uses a more posterior attachment of the transfer 
into the humeral head [20]. Currently, arthroscop-
ically assisted LTD is wide and results similar to 
those for traditional open technique [21]. Benefits 
of arthroscopic technique are related to reduced 
morbidity to the deltoid muscle and stronger 
resistance of the transferred tendon to traction 
due to fixation of the tendon in a bone tunnel.

The most common complications are hema-
toma (up to 14.3%) and secondary tendon graft 
rupture (up to 44%) [21].

33.2.2  Teres Major Transfer

Transfer of the latissimus dorsi is the most fre-
quent procedure for posterosuperior massive 
rotator cuff tears. Teres major transfer (TMT) has 
been advocated as an alternative with underlined 
potentially favorable orientation of muscle fibers, 
like better resembling the infraspinatus muscle 
[22, 23]. Patients qualified for the TMT proce-
dure usually have similar symptoms as with LDT, 
mainly the limitation of external rotation and for-
ward flexion. What determines the quality of 
muscle transfer is the durability of clinical 
improvements. In the case of the LDT, we have 
several studies assessing the good function of the 
transfer after years. In the case of TMT, there are 
few studies with long-term follow-up [24].

Kolk et al. [25] in their study proved improve-
ment in shoulder function and pain after TMT 
over the course of 10  years, and these results 
were comparable to long-term results of 
LDT. The authors stated that TMT transfer should 
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be a valid substitute for the infraspinatus muscle. 
Due to its orientation, TM should work as bio-
logical augmentation of the infraspinatus [25].

Indeed, it should be underlined that TMT is 
much more surgically demanding than 
LDT.  Lower subscapular nerve innervates the 
TM in over 85% of cases, with the difference 
supplied by the thoracodorsal nerve. The vas-
cular supply inserts directly into the muscle 
within 2 cm of the nearby nerves, in the middle 
of the muscle belly. Often shorter in length 
than local nerves, the vascular structures tend 
to be the limiting factor when performing a 
TMT [26]. What is more, the tendon is not as 
long as LD and detachment flush to the bone is 
necessary to avoid limitation of the tendon. 
Mansat et  al. described the following recom-
mendations for TMT: the patient should be 
under the age of 55 years with a proper under-
standing of the condition and treatment and an 
intact subscapularis and anterior supraspinatus 
cable [26, 27].

33.2.3  Lower Trapezius Transfer

Lower trapezius transfer (LTT) is a relatively 
novel transfer developed by Elhassan et  al. ini-
tially for patients with brachial plexus palsy [28]. 
After first promising results, this technique has 
been recently implemented for patients with 
irreparable tear of the posterosuperior rotator cuff 
[29]. In this technique, a two-incision approach is 
performed as well. The first incision is similar to 
that used for LDT. The second incision is based 
1 cm medial to the scapula. The lower trapezius 
attachment to the scapula is released and an 
Achilles allograft is used to augment for length. 
A subcutaneous tunnel is created from the medial 
incision to the lateral incision deep to the deltoid. 
The tendon is transferred to the footprint of the 
supraspinatus and upper part of the infraspinatus 
tendon.

In a cadaveric study, Omid et  al. concluded 
that the LTT was superior to LDT for restoration 
of GH mechanics and joint reaction forces [30]. 
Origin of the lower trapezius is cranial to the ori-
gin of the LD, just medial to the infraspinatus 

fossa, causing the line of pull of the lower trape-
zius to be more like the infraspinatus tendon [29].

Subscapularis tear is not a contraindication to 
the transfer due to the ease of training the trans-
fer, because the trapezius has been shown to con-
tract during shoulder external rotation [31].

Elhassan et  al. in their clinical study found 
that at an average follow-up of 47 months, 32 of 
the 33 patients who underwent LTT prolonged 
with Achilles tendon allograft experienced sig-
nificant improvement of pain and external rota-
tion and this improvement was higher in case of 
preserved forward flexion (>60°) [29].

33.3  Transfers for Irreparable 
Anterosuperior Rotator  
Cuff Tears

33.3.1  Pectoralis Major Transfer

The purpose of pectoralis major transfer (PMT) 
is to stand in for the subscapularis tear by exert-
ing an internal rotation centering force. Wirth 
and Rockwood originally described the PMT in 
1997 [32]. The PMT was performed anterior to 
the conjoined tendon and resulted in a high sat-
isfaction rate at 5-year follow-up. Resch et  al. 
[33] adapted this technique to transfer only the 
superior two-thirds of the tendon under the con-
joined tendon. Subsequently, Warner transferred 
the inferior sternal head attachment under the 
clavicular head but anterior to the conjoined 
tendon to avoid injury to the musculocutaneous 
nerve [34].

Biomechanically, subcoracoid placement of 
the transfer is better, but there have been no com-
parative studies to date. Galatz et al. [35] demon-
strated a subcoracoid PMT for irreparable rotator 
cuff tears with over 75% satisfaction at almost 
18-month follow-up with improved ASES and 
VAS scores. Elhassan et al. [36] evaluated patients 
treated with Warner’s technique and found that 
those with a preoperatively concentric humeral 
head had better outcomes. Other recommen-
dations include: age less than 65  years (ideally 
<40), intact or repairable posterosuperior rotator 
cuff, and minimal glenohumeral  osteoarthritis. It 
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was noted that if the subcoracoid transfer is suc-
cessful, external rotation loss up to 25° can be 
expected owing to a tenodesis effect [33].

33.3.2  Latissimus Dorsi Transfer 
and Teres Major Transfer

The most commonly reported procedure for 
irreparable subscapularis tears is PMT. LDT and 
TMT have been frequently reported as a com-
mon transfer performed for patients with mas-
sive irreparable posterosuperior rotator cuff 
tears. Anatomic feasibility of LDT or TMT or 
both to reconstruct an irreparable tear of the sub-
scapularis tendon was firstly performed by 
Elhassan et al. [37]. After cadaveric dissection of 
20 specimens they concluded that transfer of the 
LD and TM tendons as isolated single transfers, 
together but as separate transfers, or as a com-
bined transfer to different locations of the sub-
scapularis tendon insertion (inferior, middle, and 
superior third) is feasible. They proved also that 
risk of nerve compression, including the axillary, 
radial, and musculocutaneous nerves, is very low 
in most of these types of transfers excluded 
transfer of the TM to the proximal third of the SS 
tendon which may increase risk of compression 
of the axillary nerve. Because of the long tendi-
nous portion of the LD tendon compared with 
the TM tendon, transferring the LD tendon 
would be easier, with essentially no risk of nerve 
compression [37].

Clinical studies are needed to confirm the 
effectiveness of this transfer in reconstructing the 
function of subscapularis insufficiency.

33.4  Tendon Transfers for Reverse 
Total Shoulder Arthroplasty

In recent years, the indications for rTSA have 
been expanded and have become a therapeutic 
option for patients with a massive rotator cuff 
tear. Preoperative or postoperative external rota-
tion deficits may increase the need for additional 
tendon transfers to recover activities of daily liv-
ing and restore external rotation in case of posi-

tive external rotation lag sign. Gerber et al. [38] 
first reported benefits after rTSA with LDT for 
patients with external rotation deficits. In their 
study, survivorship of the transfer was excellent 
as well as function at midterm follow-up [38]. 
Subsequently, Boileau et al. [39] and Boughebri 
et  al. [40] published good results with external 
rotation regaining by modified L’Episcopo proce-
dures combined with rTSA.  In their studies, 
modification was performed by single incision 
and results at short follow-up were really 
encouraging.

33.5  Tips and Tricks to Avoid 
Complications with  
Tendon Transfers

33.5.1  Anchor Pullout

The most common reason for anchor pullout is 
improper mobilization of the muscles and ten-
dons. It concerns either muscle or tendon which 
is transferred during procedure and the deltoid 
muscle. Tendon must be mobilized as far as it’s 
possible with part of the muscle if necessary. 
What is more, for a more feasible passage of the 
transferred tendon, a wide release of the subcuta-
neous tissue from deltoid muscle should be 
accomplished. This is particularly important in 
case of combined LDT/TMT, where TM has a 
rather short tendinous part.

The second most common reason of anchor 
pullout is due to poor quality of cancellous bone 
of the humeral head. The best tip in this case is to 
replace the anchors with buttons (Fig. 33.1). The 
second good tip is to secure the anchor by threads 
from previously used anchor (e.g., for partial 
repair of anterior rotator cuff repair). In such situ-
ation, the surgeon can use the sutures from 
anchors for subscapularis repair to lock and 
secure the anchor used for fixation of transfer.

33.5.2  Tendon to Bone Friction

This is a very uncommon but severe complica-
tion and results from misdiagnosed and uncor-
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rected anterior subluxation of the humeral head. 
This subluxation is the result of a tear and insuf-
ficiency of the subscapularis tendon that leads to 
shoulder balance impairment. It is crucial to iden-
tify it either in preoperative MRI or at the clini-
cal examination. Anterior subluxation increases 
tendon-to-bone surface friction and finally leads 
to collapse of the tendon into the humeral head 
and loss of stability. The sequela of this condition 
is upper migration of the humeral head and sub-
sequent loss of the external rotation and forward 
flexion.

33.5.3  Infections

The risk of infection is enrolled into tendon 
transfer, because of the approach, localiza-
tion, and continuous exposition to skin bacte-
ria. Furthermore, traditional LDT relies on graft 
harvesting from extended approach that even 
increases this exposition.

One of the best but surgical challenging solu-
tions for reducing exposure time and risk of 
infection is to harvest the graft from an 
arthroscopic approach. For better visualization, 
additional anterior and anterolateral portals are 
created (Fig. 33.2). Afterward, graft can be pre-

pared arthroscopically before fixation (Fig. 33.3). 
Second solution is to not forget about suture con-
taminations by bacteria from skin and washing 
the threads very often.

33.5.4  Neurological Complications

Axillary nerve tensioning is a complication that 
surgeons traditionally concerned pendant tendon 

Fig. 33.1 Endobutton fixation for tendon transfer

Fig. 33.2 Additional portals for LD arthroscopic harvest-
ing. Suprapectoral portal is clearly visible

Fig. 33.3 Arthroscopic latissimus dorsi tendon harvest-
ing. Anterior view from anterosuperior portal, looking 
inferiorly in plane of humerus (right shoulder with patient 
in beach chair position). An electrode is in the suprapec-
toral portal. The superior part of the latissimus dorsi ten-
don insertion has just been released, with the inferior part 
still attached. Con conjoined tendon, PecM pectoralis 
major tendon, pLDT partially released latissimus dorsi 
tendon, Rn radial nerve, TBL biceps longus tendon, 3S 3 
sisters [anterior circumflex vessels], TM teres major 
muscle
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transfers, especially TMT and LDT. Teres major, 
because it is a bulky muscle with a small tendon, 
when transferred generally increases the risk of 
contact pressure between the transferred muscle 
and the axillary nerve. Some surgeons recom-
mend deltoid muscle excision to reduce the ten-
sion, but we disagree with that and recommend 
rather focusing on identification of the proper 
place for tendon passage (Fig.  33.4). Releasing 
the nerve arthroscopically before harvesting the 
tendon can be also helpful.
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Management of Bone Loss 
in Rotator Cuff Tear Arthropathy

Maristella F. Saccomanno, Alessandra Scaini, 
and Giuseppe Milano

34.1  Introduction

The cuff tear arthropathy (CTA) was first 
described by Neer in the early 1980s [1] as 
“degenerative changes of the glenohumeral joint 
consequent to a massive rotator cuff tear” and 
further defined by Jensen in 1999 [2] as a disease 
characterized by three main findings: (a) massive 
rotator cuff tear associated with shoulder pain, 
muscle atrophy, and loss of motion; (b) degen-
erative changes in the glenohumeral joint; and (c) 
upward migration of the humeral head observ-
able on x-rays in anteroposterior (AP) view.

Subsequent radiological classification aimed 
to define and correlate progressive stages of the 
disease and consequent treatment strategies [3, 4].

Interestingly, management of CTA has largely 
changed in the last decades in a way that prob-
ably nothing else did in orthopedics. At present, 
improved arthroscopic techniques and emerging 
technologies, such as superior capsule recon-
struction, may provide a possible treatment 
solution for certain stages [5]. However, when 
degenerative changes and bone loss occur, reverse 
shoulder arthroplasty (RSA) does remain the best 

treatment option. As imaging tools, design, and 
biomechanical rationale of RSA and surgical 
techniques improved, there have been expanding 
options in augmentation techniques and base-
plate fixation, which widens the opportunity to 
improve the functional outcomes even in the late 
stages of CTA.

The aim of the present chapter is to provide an 
overview on pathology, classification, and treat-
ment of CTA with bone loss.

34.2  Pathogenesis

From an epidemiological standpoint CTA has 
been reported to be more common in women, 
in the 6th–7th decades, particularly involving 
the dominant shoulder [6]. Several risk factors 
have been identified: rotator cuff tear, rheuma-
toid arthritis, crystalline-induced arthropathy, 
and hemorrhagic shoulder (hemophiliacs/anti-
coagulants) [6]. Recently, Gumina et  al. [7], 
based on the assumption that the instability 
consequent to massive cuff tear may worsen in 
patients with joint laxity and that joint laxity is 
notoriously more common in women, hypoth-
esized that generalized joint laxity could be a 
risk factor for development of CTA. However, 
the authors finally showed no correlation at 
all between joint laxity and glenohumeral 
osteoarthritis.
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Two main etiopathogenetic theories for CTA 
have been developed: (a) crystal mediated and (b) 
rotator cuff tear mediated.

In 1981, Halverson et al. [8] proposed a crystal- 
mediated theory at the origin of CTA.  They 
coined the term “Milwaukee shoulder syndrome” 
and hypothesized that the trigger point was an 
immunologic cascade activated by calcium phos-
phate-containing crystals in the synovial tissue. 
Subsequently, McCarty [9] showed that basic 
calcium phosphate crystal accumulation in the 
glenohumeral joint actually correlates with rota-
tor cuff deficiency. Synovial cells phagocytize 
the crystals, releasing prostaglandins and prote-
ases that destroy articular cartilage. A positive 
feedback cycle accelerates degeneration of the 
rotator cuff and biceps tendon, leading to gleno-
humeral joint degradation.

On the opposite, Neer et al. [1] hypothesized 
the rotator cuff theory, which involves both 
mechanical and nutritional factors. Rotator cuff 
tears are thought to produce at least two simulta-
neous negative effects:

• A muscle unbalance that, based on the force 
couple theory explained later on by Burkhart 
et  al. [10], leads to the upward migration of 
the humeral head and consequently to glenoid 
and acromial wear as well as eccentric humeral 
head motion and premature wear of the articu-
lar cartilage in the areas of higher glenohu-
meral compression

• Loss of the watertight effect (loss of nega-
tive pressure normally existing inside the 
glenohumeral joint), which allows extrava-
sation of the synovial fluid and, conse-
quently, leads to an impaired delivery of 
nutrients to the articular surface, so the carti-
lage is poorly nourished and would easily 
become atrophied.

Furthermore, pain associated to cuff tear and 
degenerative changes makes the shoulder range 
of motion (ROM) rather limited, leading by time 
to disuse osteoporosis and collapse of the sub-
chondral bone of the humeral head.

34.3  Clinical Features

Patients with CTA are typically elderly and usu-
ally describe classical symptoms and functional 
impairment related both to osteoarthritis and 
cuff disease. They have a history of progres-
sively worsening pain, accompanied by limited 
shoulder motion and stiffness. These symptoms 
may be precipitated by an acute, traumatic event. 
Patients with a diagnosis of rheumatoid arthritis 
or of another inflammatory arthropathy may also 
present with polyarthralgia and a prior history of 
medical treatment for their systemic disease [11].

The physical examination always starts with a 
global inspection of both shoulders. Any differ-
ence between shoulders in muscle atrophy should 
be noticed. Swelling as well as clinical evidence 
of anterosuperior escape of the humeral head are 
not uncommon and indicate a grossly deficiency 
of subscapularis and supraspinatus tendons.

Both active and passive ROM are usually very 
limited by weakness, pain, and stiffness, but at 
varying degrees. Tests for evaluation of cuff integ-
rity are positive both for pain and strength deficit.

Cervical spine disorders as well as complete 
deltoid deficiency and any sign of neurological 
disorders must be ruled out.

34.4  Imaging

Diagnosis of CTA is essentially clinical and 
radiographic, as standard x-rays in the AP and 
axillary views may demonstrate characteristic 
findings. Magnetic resonance (MR) could be 
helpful in evaluation of cuff tendons and muscle 
status. A computed tomography (CT) scan is 
mandatory for preoperative planning especially 
in the setting of bone loss.

34.4.1  X-Rays

A true AP and axillary views are enough. No spe-
cific views are required either for CTA diagnosis 
or for preoperative planning.
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Pathognomonic radiographic signs of CTA are 
as follows:

• Superior migration of the humeral head, repre-
sented by decreased acromiohumeral distance

• Femoralization of the humeral head, which 
means erosion of the greater tuberosity

• Acetabularization of the acromion, repre-
sented by a thinning of the coracoacromial 
arch and superior glenoid erosion

• Posterior glenoid erosion
• Glenohumeral subluxation as a result of rota-

tor cuff insufficiency
• Osteopenia in both the proximal aspect of the 

humerus and the glenoid

Joint space narrowing and osteophytes are 
common findings in CTA as well as in primary 
osteoarthritis (Fig. 34.1).

CTA has been classified on radiographic imag-
ing according to Hamada [3] and Seebauer [4].

The Hamada classification [3] (Fig.  34.2) 
depicts the process of progressive superior migra-
tion of the humeral head:

• Stage 1, the acromiohumeral interval is 
>6 mm

• Stage 2, the acromiohumeral interval is 
<5 mm

• Stage 3, the acromiohumeral interval is 
<5 mm and acetabularization of the coracoac-
romial arch is present

• Stage 4, the glenohumeral joint is narrowed, 
either without acetabularization (stage 4a) or 
with acetabularization (stage 4b)

• Stage 5, humeral head osteonecrosis results in 
collapse

The Seebauer classification [4] is quite 
more complicated and therefore less wide-
spread in clinical practice. It is a biomechani-
cal description of CTA, in which each type 
is distinguished according to the amount of 
upward migration of the humeral head from 
the center of rotation and the amount of insta-
bility. The amount of decentralization seen on 
radiographs is dependent on “the extent of the 
rotator cuff tear, the integrity of the coracoac-
romial arch, and the degree and direction of the 
glenoid bone erosion” [4].

Plain radiographs have also been employed 
as a tool for preoperative planning. Several clas-
sifications have been proposed to assess glenoid 
wear [12–15]. As a matter of fact, it is impor-
tant to highlight that bone loss is always multi-
planar; therefore assessing glenoid wear means 
a comprehensive evaluation of glenoid version 
[12], inclination [13, 14], and medialization [15]. 
Glenoid version is usually evaluated on axillary 
view, whereas inclination can be evaluated on a 
true AP view and medialization has been classi-
fied on AP and axial views.

Nyffeler et al. [12], after comparing measure-
ment of glenoid version on x-rays and CT scans, 
actually showed that glenoid retroversion can be 
overestimated on x-rays in up to 86% of cases; 
therefore up to now CT scan is the modality of 
choice for the estimate of glenoid version.

On the contrary, radiographic classification 
systems for glenoid inclination and medialization 
are still valid.

Fig. 34.1 Anteroposterior x-ray view of a right shoulder 
with some pathognomonic radiographic signs of cuff tear 
arthropathy (CTA)
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Anatomically, the angle of inclination of the 
glenoid is equivalent to the amount of glenoid 
tilt in the coronal plane and defines the position 
of the humeral head relative to the subacromial 
space. The normal glenoid tilt in the coronal 
plane has been reported to range from −8° to 
15.8° (average, 4° to 5°) [16]. Two classification 
systems are available [13, 14].

Sirveaux et al. [14] defined four types of gle-
noid in order to describe the progression of supe-
rior erosion:

• Type E0, the head of the humerus migrated 
upward without erosion of the glenoid

• Type E1, concentric erosion of the glenoid
• Type E2, erosion of the superior part of the 

glenoid
• Type E3, erosion extended to the inferior part 

of the glenoid

Conversely, Habermeyer et  al. [13] depicted 
the evolution of eccentric inferior glenoid wear. 
The glenoid inclination angle was measured with 

use of one line drawn along the superior and infe-
rior glenoid rim (the glenoid line) and another 
line drawn along the lateral base of the coracoid 
process (the coracoid base line) from the superior 
glenoid rim perpendicular to the bottom margin 
of the radiograph. Four types of glenoid were 
identified:

• Type 0, normal glenoid, in which the coracoid 
base line and the glenoid line run parallel

• Type 1, the coracoid base line and the glenoid 
line intersect below the inferior glenoid rim

• Type 2, the coracoid base line and the glenoid 
line intersect between the inferior glenoid rim 
and the center of the glenoid

• Type 3, the coracoid base line and the glenoid 
line intersect above the coracoid base

Very high interobserver reliability was found 
by the authors [13].

Classification of glenoid medialization has 
been recently described by Kocsis et al. [15] on 
AP and axial views. Two anatomical reference 

Stage I Stage II Stage III

Stage IVa Stage IVb Stage V

Fig. 34.2 Radiographic classification of CTA according to Hamada [2]
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points were used to define limits of three zones: 
the most medial point of the spinoglenoid notch 
and the most lateral edge of the base of the cora-
coid. Three types have been recognized:

• Type 1: the most medial (or lowest) point of 
the intact glenoid articular surface is at the 
level of or lateral to the base of the coracoid 
(zone 1)

• Type 2: the most medial (or lowest) point of the 
intact glenoid articular surface falls between 
the base of the coracoid and the most medial 
point of the spinoglenoid notch (zone 2)

• Type 3: the most medial (or lowest) point of 
the glenoid articular surface reaches the level 
of the spinoglenoid notch or is medial to it 
(zone 3)

Excellent inter-method reliability, interob-
server, and test-retest reliability were reported by 
the authors [15].

34.4.2  Magnetic Resonance

Although not essential for diagnosis, MR is use-
ful for assessing the extension of the rotator cuff 
tear and, even more, muscle atrophy and fatty 

infiltration (Fig.  34.3). Recent studies showed 
that degree of rotator cuff muscle fatty infiltration 
is associated with glenoid type [17]. Moreover, 
Donohue et al. [18] showed that high-grade fatty 
infiltration of rotator cuff muscle is associated 
to increased pathologic glenoid retroversion and 
increased joint-line medialization.

34.4.3  Computed Tomography

CT scan evaluation is paramount for the preoper-
ative planning. It provides accurate visualization 
and quantification of glenoid bone stock as well 
as detecting competence of the coracoacromial 
arch and/or eventual presence of an acromial 
stress fracture.

As already mentioned, CT scan is up to now 
considered the gold standard for definition of gle-
noid version. Unfortunately, assumptions about 
how much of the measured glenoid version is 
physiologic and how much is pathologic in any 
one patient are quite complicated due to the fact 
that native glenoid version has been reported to 
vary over a 25° range from −14° (retroversion) to 
+12° (anteversion) [16, 19].

Walch et al. [20] first developed a classifica-
tion system to describe glenoid version in cases 

a b

Fig. 34.3 MR is useful for assessing the extension of the rotator cuff tear (a) and, even more, muscle atrophy and fatty 
infiltration (b)
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of primary glenohumeral osteoarthritis by using 
two-dimensional (2D) CT scan. It includes five 
categories of glenoid patterns:

• A1, centered humeral head, minor erosion
• A2, centered humeral head, major central gle-

noid erosion
• B1, posterior subluxated head, no bony erosion
• B2 posterior subluxated head, posterior ero-

sion with biconcavity of the glenoid
• C, dysplastic glenoid with at least 25° of retro-

version regardless of erosion

Recently, the original Walch’s classification 
system was modified by adding new glenoid sub-
types [21, 22]. Bercik et al. [21] added the fol-
lowing subtypes (Fig. 34.4):

• B3, monoconcave glenoid and posteriorly 
worn, with at least 15° of retroversion or at 
least 70% posterior humeral head subluxation, 
or both

• D, glenoid with any level of anteversion or 
with humeral head subluxation of less than 
40% (i.e., anterior subluxation)

• A more precise definition of the A2 glenoid: 
“cupula” describes a glenoid in which a line 
drawn from the anterior to posterior rims of 
the native glenoid transects the humeral head

Intra- and interobserver reliability were also 
successfully proved [21].

Davis et  al. [22] described the C2 glenoid: 
a glenoid with greater than 25% of retrover-
sion in addition to posterior subluxation of the 
humeral head with respect to the glenoid face 
(Fig. 34.5).

In both studies glenoid was evaluated by using 
three-dimensional (3D) CT scan reconstructions. 
It has been proven that 3D CT reconstructions 
portray glenoid version more reliably than 2D 
CT because 3D reconstructions allow reorienta-
tion of the scapula as a free body [19, 23–26] 
(Fig. 34.6).

a1 b1 c

a2 b2 d

b3

Fig. 34.4 Classification of glenoid version according to Walch et al. [20] modified by Bercik et al. [21]
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Advancement in 3D CT reconstruction soft-
ware and awareness of the wide range of ana-
tomic variations in glenoid version led to define 
a new 3D glenoid vault model [27]. The inter-
nal architecture of the glenoid vault was found 
to have a reproducible triangular morphology, 
defined by the endosteal surfaces of the vault. 
This technique has been first applied to the con-

tralateral, normal glenoid as a template for ini-
tial model orientation [27], but subsequently it 
has been shown that when placed in the best-fit 
position, the vault model could be used to esti-
mate the physiologic glenoid version in an indi-
vidual with severe glenoid disease, independent 
of knowledge of the contralateral glenoid version 
[28, 29]. Besides the glenoid vault model, several 

a1 b1 c

a2 b2 c2

a1 b1 c

a2 b2 c2

Fig. 34.5 Classification of glenoid version according to Walch et al. [20] modified by Davis et al. [22]

a b

Fig. 34.6 2D CT reconstructions (a) are less reliable than 3D CT reconstructions (b) in estimating the true glenoid 
version
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commercial software able to quantify volume, 
severity, and morphology of glenoid bone loss, 
with or without the assistance of patient-specific 
instrumentation (PSI), have been recently devel-
oped in order to improve surgeon’s ability to 
place the glenoid implant in the desired location 
or to understand preoperatively when a standard 
implant cannot be used [30–33].

34.5  Addressing Glenoid Wear 
in CTA

Managing severe glenoid bone loss in CTA 
poses a unique surgical challenge. Historically, 
these patients were treated with hemiarthroplasty 
avoiding glenoid implantation. However, clini-
cal studies showed uncertain pain relief and poor 
functional outcomes [34, 35]. Therefore, up to 
now, RSA is the best and only treatment option 
in stage IVb and V CTA according to Hamada’s 
classification [3]. Moreover, a recent systematic 
review analyzed the indications to RSA across the 
world, questioning that, although the number of 
RSA performed has steadily increased over the 
past 20  years, there is a lack information about 
the similarities and differences in surgical indi-
cations in various parts of the world [36]. The 
authors found out that CTA is the most common 
indication to RSA across North America, Europe, 
Asia, and Australia accounting for 52% of all 
RSA implanted [36]. Shoulder arthroplasty is one 
of the fastest growing fields in orthopedic surgery. 
The goal of glenoid implantation is to correct the 
glenoid version and use the glenoid vault anatomy 
to maximize fixation and minimize medialization 
[29]. Based on size and morphology of glenoid 
wear, different strategies have been developed.

34.5.1  Asymmetric Reaming

Eccentric reaming prior to glenoid compo-
nent insertion is a common technique used to 
improve excessive glenoid retroversion. From a 
technical standpoint it is quite easy to perform, 
requiring only attention to the direction of the 
reamer in order to avoid worsening of the defect. 

Cannulated reaming systems allow placement of 
a guide pin to assess planned version correction 
before reaming.

Indeed, it has been shown that aggressive 
reaming can reduce the subchondral bone avail-
able for implant support, medialize the joint line, 
and allow cortical perforation of the polyethyl-
ene implant [37]. Studies that have attempted to 
define the limits of eccentric reaming in order to 
minimize the removal of subchondral bone while 
maximizing version correction showed that cor-
rection of 10° resulted in a significant decrease 
in anteroposterior glenoid diameter and correc-
tion of 15° of retroversion led to either implant 
peg penetration or inadequate bone support, 
which means high risk of implant loosening [38, 
39]. Although biomechanical studies showed no 
micromotion when at least 50% of the baseplate 
is supported by glenoid bone [40, 41], based on 
clinical studies it is safer to limit eccentric ream-
ing to mild defects with no more than 10°–15° of 
glenoid retroversion [42].

34.5.2  Bone Grafting

Bone grafting provides a biologic solution in 
cases of severe bone loss that do not guarantee 
secure seating of a glenoid component and that 
are not amenable to adequate correction of gle-
noid version by standard methods, such as asym-
metric reaming or small changes in glenoid or 
humeral component version.

Indications for bone grafting, based on the 
previously described radiological features, can 
be summarized as follows:

• >15° of retroversion (B2-B3-C-C2 glenoid) 
[21, 22]

• Superior tilt (E3 glenoid) [14]
• Excessive medialization (Type 2-3) [15]
• Loss of depth: 10–15 mm (axial CT) [33]

Basing treatment on bone loss classifica-
tions allows meaningful evaluation of surgical 
options [43].

Theoretically, advantages of bone grafting in 
the setting of glenoid wear include: preservation 
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of available glenoid bone stock, maintenance of 
a quite normal joint line that avoids altered joint 
kinematics secondary to shortening of the gle-
noid vault, and a permanent restorative solution 
by biological osseous integration. On the other 
hand, concerns have also been raised, due to the 
risk of nonunion, resorption, fixation failure, or 
subsidence [42, 44]. Moreover, differently from 
an eccentric reaming, bone grafting is a techni-
cally demanding procedure.

Multiple graft sources have been proposed, 
including humeral head autograft [45, 46], iliac 
crest autograft [43, 47], cancellous autograft 
[48, 49], cancellous allograft [50], femoral 
neck allograft [48], and femoral head allograft 
[51, 52].

In 2011, Boileau et  al. [45] popularized a 
standardized technique, which required a specific 
instrumentation for graft harvesting, preparation, 
and implantation, called “bony increased offset 
reverse shoulder arthroplasty” (BIO-RSA; Wright 
Med Group, Memphis, TN, USA). Recently, the 
BIO-RSA technique has been updated by intro-
ducing the angled BIO-RSA, an asymmetric 
BIO-RSA which adds more flexibility in man-
aging multiplanar defects by using a trapezoidal 
bone graft in order to correct not only version and 

medialization but also the superior tilt [53], based 
on the assumption that uncorrected superior gle-
noid erosion (E2, E3 glenoid) [14] can lead to 
superior tilt of the baseplate which can result 
in increased scapular impingement, instability, 
inferior scapular notching, and medial polyeth-
ylene wear [54, 55]. At the same time, several 
companies designed their own instrumentation 
for symmetrical and asymmetrical bone grafting 
(Fig. 34.7).

Bateman et al. [48], in order to maximize inte-
gration and stability, also proposed a hybrid graft 
glenoid reconstruction by using a peripherally 
seated cortical femoral neck allograft acting as 
a sleeve bushing to provide a stable ring under 
compression in which to house impacted cancel-
lous autograft centrally for early incorporation 
and ingrowth.

Applying the principles of BIO-RSA (sym-
metric and asymmetric), it is authors’ preference 
to use distal tibial allograft as a bone graft source, 
when the autologous humeral head is not avail-
able (e.g., osteoporosis, humeral head collapse, 
revision cases) (Fig.  34.8). Distal tibial allograft 
has been recently introduced as a viable treatment 
option for glenoid bone loss in anterior and poste-
rior shoulder instability [56, 57]. Main advantages 

a b

Fig. 34.7 Instrumentation for bone grafting from the humeral head (a). Asymmetrical bone graft (b)
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over other bone grafts are mainly related to the 
radius of curvature of the lateral aspect of the distal 
tibia, which resembles that of the native glenoid, 
thus providing a more anatomical reconstruction. 
Besides, the graft contains a cartilaginous layer, so 
the subchondral bone is thick and dense and acts 
as adequate support for baseplate fixation [58].

However, very large glenoid defects still pres-
ent a great challenge. Although rare in primary 
cases, even when a meticulous preoperative plan-
ning has been carried out, intraoperative findings 
can somehow leave the surgeon some unpleasant 
surprises and make him/her wondering if a two- 
stage procedure could be worth it. Therefore, a 
further classification system guiding intraopera-
tive decision-making for the management of the 
glenoid defects, regardless its primary etiology, 
has been proposed [59]. The authors aimed to 
provide a sort of “golden rules” for a success-
ful single-stage procedure which attempts to get: 
restoration of the 3D glenoid anatomy, stable 
reconstruction of the bone defect, and secure fix-
ation of the glenoid baseplate. Based on Antuna’s 
classification [60], the defects were broadly clas-
sified as centric and eccentric. Centric contained 
defects were further subclassified as follows:

• C1: Shallow (depth <50% of AP glenoid 
diameter)

• C2: Deep (depth >50% of AP glenoid diame-
ter + stable vault)

• C3: Cavitary (C2 + unstable vault)
• C4: Destructive (significant destruction of the 

glenoid and vault)

Eccentric uncontained defects were sub-
classified, based on size and location. Size was 
assessed as follows:

• E1: small or shallow
• E2: medium (<30% of the glenoid bone stock)
• E3: large (30–60% of the glenoid bone stock)
• E4: massive (>60% of the glenoid bone stock)

Location was broadly defined as: anterior (A), 
posterior (P), inferior (I), superior (S), and further 
subcategorized based on the direction in which 
the defect extended (e.g., anterior-inferior, Ai).

The authors suggested a single-stage implanta-
tion only when the so-called 50% rule could be 
met: (1) a minimum of 30–50% of the baseplate or 
the baseplate bone graft composite which should 
be resting on the native glenoid vault, (2) 50% of 

a b

Fig. 34.8 Distal tibia allograft for treating large glenoid bone defects (a, b)
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central peg in native scapula, and (3) minimum 
of two opposite locking screws in native scapula. 
Therefore, when C3 and C4 as well as E3 and E4 
defects are encountered, a two-stage procedure 
should be considered as it is more stable and safer.

A recent systematic review summarized the 
results of glenoid bone grafting in RSA [61]. 
Eleven studies were included. The pooled union 
rate of glenoid bone graft was 95%, but it reached 
97% when an autograft bone was preferred and 
100% if a concentric defect was addressed. On the 
other hand, eccentric grafts also showed high, but 
lower union rates compared to concentric defects. 
They showed an overall union rate of 92%, which 
reached 94% when using autograft bone. The over-
all pooled mean complication rate was 18%. Of 
these, 8% were considered major complications, 
such as glenoid component failure, migration, and 
loosening, whereas 10% were considered minor 
complications, mainly related to imaging find-
ings, such as: heterotopic ossifications or proximal 
humeral bone resorption without loosening.

However, although pooled results showed 
by Paul et al. [61] seem encouraging, it must be 
taken into account that included studies were 
mainly retrospective cohort studies; therefore 
optimal graft source and technique for placement 
and stabilization remain controversial, since dif-
ferent grafting techniques, implants, and uncon-
trolled confounding patient-related variables 
were pooled all together.

34.5.3  Augmented Baseplate

New prosthetic solutions to glenoid bone loss have 
been proposed to overcome concerns raised about 
previously described options. However, similarly 
to bone grafting, augmented glenoid baseplate 
implantation is a technically demanding procedure 
that requires precise creation of a glenoid bone bed 
to seat the augmented component in order to avoid 
micromotion and risk of loosening [42].

Literature is still lacking on this topic, even if 
encouraging results in very small case series have 
been reported [62–65]. Different designs with 
various degrees of version and thickness have 
been described, such as: wedged glenoid, usable 

with or without bone grafting, which allows mul-
tiplanar correction of glenoid wear [65], or a 
customized porous tantalum augment in order to 
improve lateralization [62].

Finite element studies comparing bone graft-
ing versus augmented baseplate implantation 
showed that bony lateralization increases stress 
and displacement to a greater degree than pros-
thetic lateralization [66, 67]. Particularly, Denard 
et al. [66] showed that bony lateralization is not 
advisable if more than 5 mm is required. Clinical 
studies are needed.

34.5.4  Custom-Made Implants

Custom-made implants should be considered a 
salvage option in CTA or in revision after failed 
RSA with severe bone loss.

First examples were CAD/CAM (computer- 
assisted design/computer-assisted manufacture) 
shoulder replacement resembling a total hip pros-
thesis [68–70]. Subsequently, more suitable designs, 
helped by PSI technology, have been proposed to 
treat massive glenoid defects [71] (Fig. 34.9).

However, further studies are needed before 
drawing any conclusion on actual results.

Fig. 34.9 Custom-made implants should be considered a 
salvage option in CTA or in revision after failed RSA with 
severe bone loss
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Arthroplasty
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35.1  Introduction

Periprosthetic joint infection (PJI) of the shoul-
der joint is a rare but a major complication of 
shoulder arthroplasties. The mean incidence has 
been reported to be 1.1%; after reverse arthro-
plasty it can be 3.8% and can reach to 10% in 
the subgroup of male, young patients operated 
on with a reverse prosthesis [1–4]. PJI is also the 
most common reason for revisions of shoulder 
prosthesis made necessary by pain, stiffness, or 
loosening [5].

Risk factors associated with periprosthetic 
shoulder infections are posttraumatic osteoarthri-

tis, previous surgery, repeated cortisone injec-
tions, systemic corticosteroid treatment and other 
immunosuppressive medicaments, rheumatoid 
arthritis, and diabetes mellitus [1, 6, 7]. Richards 
et  al. [5] studied 4258 patients with shoulder 
prostheses and found that males were 2.59 times 
more at risk for infection than females and that 
reverse total shoulder arthroplasty was associ-
ated with a 6.11 higher risk of infection than ana-
tomical shoulder arthroplasty. Trauma-associated 
prostheses were associated with a 2.98 greater 
risk of infection.

The microorganisms most commonly associ-
ated with shoulder PJI belong to the normal skin 
flora such as Staphylococci and Cutibacterium 
acnes (formerly known as Propionibacterium 
acnes). Recent studies have shown that the 
Cutibacterium acnes is associated with between 
31 and 70% of all periprosthetic shoulder infec-
tions and causes many more periprosthetic infec-
tions in the shoulder than in other joints, probably 
because of the proximity of the surgical site to the 
axillary region [5, 6, 8, 9].

Most patients with infected shoulder pros-
thesis refer pain and/or limited range of motion. 
However, clear signs and symptoms of infection 
are not always present especially in chronic cases. 
Therefore each painful shoulder joint should be 
considered as potentially infected, especially in 
early failures or humeral stem loosening [10].

However there is still open debate on what 
the exact diagnostic strategy or specific cutoff(s) 
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for diagnostic test interpretation in the shoulder 
should be. Once a diagnosis has been reached, 
the best chance for a favorable outcome is to 
follow a rationale and evidence-based treatment 
approach. Although many of the surgical and 
medical treatment principles can be extrapolated 
from what has been learned on the more com-
mon hip and knee PJI, specific aspects for the 
treatment of shoulder PJI are still lacking robust 
evidence.

35.2  Diagnosis

Although a number of different definitions of 
periprosthetic joint infection have been pro-
posed over the past few years [11–14], none of 
them have been specifically developed for shoul-
der PJI.  What they all have in common is the 
acknowledgment that diagnosis is not always 
easy and there is no real diagnostic gold standard. 
Therefore, final diagnosis must rely on a combi-
nation of clinical features, laboratory tests (with 
a special focus on synovial fluid interpretation), 
microbiological and histological results, and to a 
lesser degree radiological investigation, such as 
conventional radiography or scintigraphy.

The principles involved in the diagnosis of 
a shoulder PJI do not differ from those used to 
investigate hip or knee arthroplasties. As such, 
much of the experience gained from them can 
be used directly for developing shoulder-specific 
diagnostic tools.

In the recent 2018 International Consensus 
Meeting (ICM) on Musculoskeletal Infection a 
study grouped focused specifically on shoulder 
PJI diagnosis and proposed a new set of crite-
ria [15]. Meeting one of the following criteria 
is diagnostic of definite periprosthetic shoulder 
infection:

• A sinus tract communicating with the prosthe-
sis is present

• Gross intra-articular pus
• Two positive cultures with phenotypically 

identical virulent organisms

Weighted values for all positive tests per-
formed as part of the diagnostic evaluation 
of a failed shoulder arthroplasty are summed 
(Table 35.1):

• Six or greater with identified organism = prob-
able PJI

• Six or greater without identified organ-
ism = possible PJI

• Six or less:
 – Single positive culture for virulent organ-

ism = possible PJI
 – Two positive cultures for low-virulence 

organism = possible PJI
 – Negative cultures or only single positive 

culture for low virulent organism  =  PJI 
unlikely

To further test the definition, clinical scenarios 
were proposed and evaluated with the definition 
(Table 35.2).

Table 35.1 Weighted values for all positive tests per-
formed as part of the diagnostic evaluation of a failed 
shoulder arthroplasty

Minor criteria Weight
Unexpected wound drainage 4
Single positive tissue culture (virulent 
organism)

3

Single positive tissue culture (low-virulence 
organism)

1

Second positive tissue culture (identical 
low-virulence organism)

3

Humeral loosening 3
Positive frozen section (five PMN in at least 
five high-power fields)

3

Positive preoperative aspirate culture (low or 
high virulence)

3

Elevated synovial neutrophil percentage 
(>80%)a

2

Elevated Synovial WBC (>3000 cells/μL)a 2
Elevated ESR (>30 mm/h)a 2
Elevated CRP (>10 mg/L)a 2
Elevated synovial alpha-defensin 2
Cloudy fluid 2

PMN polymorphonuclear leukocyte, WBC white blood 
cell, ESR erythrocyte sedimentation rate, CRP C-reactive 
protein
aBeyond 6 weeks from recent surgery
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35.2.1  History, Physical Examination, 
and X-Ray

PJI can manifest itself as a myriad of different 
clinical scenarios. The mode of presentation 
relates to the pathogenesis and microbial etiology 
of the infection. Only by taking into consider-
ation the bacterial biofilm paradigm is one able to 
understand the full spectrum of PJI presentations.

Patients’ symptoms may vary from acute, 
rapid-onset joint pain along with frank inflam-

matory signs and wound purulence with or 
without systemic features of infection in the 
case of acute infections to chronic pain or dis-
comfort, decreased range of motion with or 
without sinus formation in chronic infections. 
Even acute postoperative infection can pres-
ent as subtle prolonged wound discharge. The 
presence of a sinus tract is the only clinical 
sign that can be considered highly specific for 
shoulder PJI.

Patients should be evaluated with high-qual-
ity radiographs, in anteroposterior and axillary 
lateral projections to rule out different causes 
of shoulder pain and dysfunctions that can 
mimic or coexist with periprosthetic shoulder 
infection. Radiographic findings concerning 
for shoulder PJI include component loosen-
ing or migration, radiolucent lines, and oste-
olysis. Specifically, humeral loosening or early 
implant loosening or osteolysis (2–3 years after 
the operation) should significantly raise the 
suspicion for shoulder PJI [16].

CT scans are often used in revision shoulder 
arthroplasty for evaluation of the remaining 
bone stock, implant position and loosening, 
glenoid component wear, soft tissue swell-
ing, fluid collection, and rotator cuff tendon 
and muscle pathology. However, the value of 
CT scan as a direct diagnostic modality for 
infection is limited. MRI is of little value in 
the diagnosis of infection because of metal 
artifact from implants and is rarely used. 
Ultrasonography can be used to detect sur-
rounding abscesses or (more commonly) to 
guide arthrocentesis and synovial fluid gather-
ing for subsequent testing.

Nuclear medicine testing is not a first-line 
imaging technique. Scintigraphy is not useful 
in the first postoperative year because of false- 
positive results due to physiological adaptation 
processes of the bone to the implant. Although 
the technique using combined leucocyte and bone 
marrow scintigraphy has been validated for hip 
and knee arthroplasty [17], little is known about 
its diagnostic accuracy for chronic periprosthetic 
shoulder joint infection.

Table 35.2 Clinical scenarios of the ICM diagnostic 
criteria in practice

# Scenario Definition
1 Painful shoulder arthroplasty:

•  Positive aspirate culture (C. acnes): 3 
points

•  1/5 intraoperative cultures positive 
(C. acnes): 1 point

•  Humeral loosening: 3 points

Probable 
PJI

2 Painful shoulder arthroplasty:
•  No aspirate completed
•  Persistent unexpected wound 

drainage: 4 points
•  2/5 intraoperative cultures positive 

(C. acnes): 1 + 3 = 4 points

Probable 
PJI

3 Painful shoulder arthroplasty:
•  Dry aspirate
•  2/5 intraoperative cultures positive 

(MSSA)
•  Elevated ESR
•  Elevated CRP

Definite 
PJI

4 Painful shoulder arthroplasty:
•  Well-fixed components
•  2/5 intraoperative cultures positive 

(C. acnes): 1 + 3 = 4 points
•  All other tests negative

Possible 
PJI

5 Painful shoulder arthroplasty:
•  Persistent unexpected wound 

drainage: 4 points
•  1/5 intraoperative cultures positive 

(C. acnes): 1 point
•  All other tests negative

Unlikely 
PJI

6 Painful shoulder arthroplasty:
•  Persistent unexpected wound 

drainage: 4 points
•  1/5 intraoperative cultures positive 

(MSSA): 3 points
•  All other tests negative

Probable 
PJI

CRP C-reactive protein, ESR erythrocyte sedimentation 
rate, MSSA methicillin-sensitive S. aureus
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35.2.2  Laboratory Tests

Serological inflammatory markers are often used 
as an initial screening test in a variety of sus-
pected implant related or otherwise musculoskel-
etal infections [18]. Although they are nonspecific 
they are also inexpensive and can be performed 
with minimal inconvenience. Peripheral leuco-
cyte count is usually within normal range, as is 
the neutrophil cell distribution. ESR and CRP 
should be critically evaluated, since they are 
often not elevated in case of low-grade microor-
ganism such as Cutibacterium acnes infection. 
The CRP value in the blood as a nonspecific test 
is below 10 mg/L in many cases of periprosthetic 
infections. Dodson et al. [19] found CRP values 
higher than 10  mg/L in only 72% of peripros-
thetic shoulder infections. IL-6 has been shown 
to be specific but not sensitive for PJI [20]. Thus, 
it is necessary to use other diagnostic methods in 
order to prove or exclude the existence of a peri-
prosthetic infection before a revision arthroplasty 
is carried out.

As a rule, in case of a high clinical suspect for 
deep infection, aspiration of glenohumeral joint 
should be performed. Synovial fluid analysis 
should include not only gram stain and cultures 
(including aerobes, anaerobes, fungi, and myco-
bacteria) but also cell count with differential and 
a number of different biomarkers currently avail-
able [21].

The determination of the cell count in the aspi-
rate is the workhorse of preoperative diagnosis. A 
number of different cutoffs have been proposed 
and the 3000 cells/μL have been widely adopted 
in the past few years [14] but most studies include 
very limited number of shoulder arthroplasties. 
Moroder et al. [16] established that a cell count 
of more than 2000/μL and/or more than 70% of 
polymorph nuclear leucocytes is indicating a late 
PJI of the shoulder.

Another simple and inexpensive test is the 
leucocyte esterase strip test. For diagnosis of 
PJI of total knee and hip arthroplasties, the sen-
sitivity was between 69 and 81% and the speci-
ficity between 93 and 100% [22–25]. However, 
17–30% of the test are nonreadable because of 
blood contamination of the aspirate [22–25] and 

regarding the shoulder specifically there is not 
enough available experience to really consider it 
as a useful tool.

A new very promising biomarker is alpha- 
defensin which is released by leukocytes follow-
ing contact with bacteria and acts as autogenic 
antimicrobial agent. Alpha-defensin has the 
potential advantage of not being affected by 
systemic inflammatory diseases or previous 
antibiotic administration [26]. Sensitivity and 
specificity of the laboratory immunoassay have 
been reported to be extremely high. However one 
should not extrapolate these results directly to the 
commercially available lateral flow test that has 
been suggested to have significantly lower sen-
sitivity [27, 28]. Regarding total shoulder arthro-
plasty specifically, Frangiamore et  al. [29] also 
found results to be less favorable than for THA 
or TKA (63% sensitivity; 95% specificity). These 
results advise caution in its use.

35.2.3  Microbiology

Traditional cultures of aspirated joint fluid 
remain an important feature of preoperative diag-
nosis and should not be disregarded. Ince et al. 
[30] reported a sensitivity of 81.2% in the diag-
nosis of PJI of the shoulder. Nevertheless, it is far 
from being the ideal diagnostic tool to exclude 
infection. Many studies have demonstrated the 
failure of culture of the aspirated fluid to provide 
accurate diagnosis of PJI, especially low sensitiv-
ity [31–34].

Obtaining a causative pathogen is not only 
indicative of infection but it also may help guide 
treatment choices. It is useful to obtain an exact 
differentiation of the pathogen and its resistance 
pattern so that a systemic antibiotic therapy can 
be planned preoperatively. This information will 
also enable the addition of specific antibiotics to 
the cement used in a one-stage or two-stage revi-
sion arthroplasty that are tailored to the patho-
gen concerned. In this way, local and systemic 
antibiotic treatments can be devised according to 
the identity and resistance pattern of the infecting 
pathogen and so avoid the unnecessary, nonspe-
cific use of broad-spectrum antibiotics with all its 
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disadvantages. In addition, this will also reduce 
the development of resistance to the antibiotics.

Given its importance, if no synovial fluid is 
available, an alternative strategy may involve 
taking biopsies of periprosthetic tissue. Here, the 
biopsied material is obtained via arthroscopic 
access. At least five samples should be taken for 
bacteriological cultivation and should be added 
by additional samples for histological examina-
tion or frozen sections [9].

It is essential to incubate the synovial fluid 
and biopsy tissue samples for a sufficiently long 
period, at least 14 days. This extended incubation 
time is necessary because the bacteria causing 
the periprosthetic infection occur at a very low 
concentration in the biofilm and are often sessile; 
these properties lead to a very low growth rate. 
Especially, Cutibacterium acnes (in 31–70% of 
the cases the responsible microorganism for PJI 
of shoulder arthroplasties) is a very slow- growing 
bacterium and needs a long incubation period for 
its detection [35–37]. The synovial tissue can 
also be analyzed using PCR methods to detect the 
microorganism. The advantage of PCR is that the 
result is available after few hours and PCR tech-
nique can now detect most antibiotic resistances. 
A disadvantage is the quite high percentage of 
false-positive results due to the detection of not 
only living bacteria [35, 38].

The advantage of biopsy is the possibility of 
combining the different diagnostic methods of 
cultivation and histological examination on sev-
eral tissue samples. Dilisio et al. [39] studied 41 
shoulder arthroplasties and found that biopsy 
is more reliable than aspiration of the synovial 
fluid and could accurately confirm or rule out the 
presence of an infection. The biopsy method was 

associated with a sensitivity of 100%, a specific-
ity of 100%, a positive predictive value of 100%, 
and a negative predictive value of 100%, whereas 
the aspiration method was found to have a sen-
sitivity of only 16.7%, a specificity of 100%, a 
positive predictive value of 100%, and a negative 
predictive value of 58.3%. Therefore, we suggest 
synovial biopsy in cases where the other indirect 
and direct diagnostic methods did not lead to a 
clear decision on periprosthetic infection and 
could not identify the microorganism.

35.3  Treatment

Time of onset of clinical signs of infection is 
extremely relevant as it will greatly influence 
treatment choice. We believe a simple infection 
classification scheme as proposed by Segawa 
et al. is a good crude guide in selecting the most 
appropriate treatment choice [40] (Table 35.3).

35.3.1  Debridement, Antibiotics, 
and Implant Retention

In most cases, debridement, antibiotics, and 
implant retention (DAIR) is the first-line treat-
ment alternative for acute postoperative and 
hematogenous periprosthetic infections. In addi-
tion to a short duration of symptoms, it is impera-
tive that the prosthesis is stable. Correct antibiotic 
therapy with special emphasis on “antibiofilm” 
drug(s) is also critical [41].

Surgery should include aggressive debride-
ment of the periprosthetic tissue and radical 
synovectomy. Mobile part exchange has also 

Table 35.3 Treatment strategy concerning PJI presentation

Type Presentation Definition First-line treatment strategy
I Acute postoperative 

infection
Acute infection in the first 4 weeks 
after surgery

Debridement, antibiotics, and implant 
retention

II Chronic infection Chronic indolent infection after the 
fourth week

Exchange revision surgery (one- or 
two-stage)

III Acute hematogenous 
infection

Acute onset on a previously well 
prosthesis

Debridement, antibiotics, and implant 
retention

IV Positive intraoperative 
cultures

At least two positive intraoperative 
cultures

Subsequent antibiotics
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been shown to greatly improve success rates and 
should be performed whenever possible. This is 
then followed by a thorough irrigation (also with 
antiseptic fluids). Some papers find no significant 
difference in outcome between acute postopera-
tive and hematogenous infections [42, 43]. The 
problem in clinical practice is how to be sure that 
a hematogenous infection is really an acute infec-
tion and not an exacerbation of a chronic infec-
tion and this may explain why some have found 
late acute hematogenous infections to be associ-
ated with a worse outcome [44].

Bacteria causing these infections are mostly 
unknown at the time of surgery. Therefore broad- 
spectrum empirical antibiotic treatment is started 
after surgical debridement and microbiologi-
cal sample gathering. Once the microorganism 
is identified, specific antibiotic therapy can be 
adapted to the susceptibility of the microorgan-
ism. The use of “antibiofilm” drug(s) such as 
rifampicin for staphylococci [43, 45–52] and 
ciprofloxacin for Gram-negative bacteria [50, 
53–55] should be adopted whenever possible.

There is little or no published information on 
what the duration of antibiotic therapy should 
actually be. Despite some conflicting evidence, 
extending therapy for 3 months seems to be suf-
ficient for the majority of cases [48–51, 55]. 
Firstly, there is no evidence that a prolonged anti-
biotic treatment has a positive effect on retention 
of the prosthesis. Secondly, a prolonged antibi-
otic therapy is more likely to lead to a masking 
of the infection and a delay in identifying a treat-
ment failure than to prevent it. Thirdly, the level 
of resistance to the antibiotic is increased when 
treatment failure occurs after a prolonged anti-
biotic administration. There is no literature that 
supports the maintenance of antibiotic therapy 
until the inflammation parameters have normal-
ized [56–58].

35.3.2  Exchange Revision Surgery

Chronic PJI cases and cases where DAIR is not 
indicated are often treated with exchange revi-
sion surgery. This can be performed as a one- or 
two-stage procedure.

Two-stage exchange consists of debridement, 
resection of infected implants, and usually tem-
porary placement of an antibiotic-impregnated 
cement spacer before reimplantation of a new 
prosthesis. It is still the most common method 
for treating an infected shoulder prosthesis as 
it offers a good compromise between a reliable 
infection eradication and a satisfying functional 
outcome. A general advantage of the two-stage 
concept is that surgical debridement is carried out 
twice, whereby the second operation enables the 
eradication of residual organisms remaining after 
the initial debridement.

The antibiotic-loaded cement spacer serves a 
dual purpose of carrying high local doses of anti-
biotics and reducing soft tissue contractures, arm 
shortening, and instability. As such, mobilization 
becomes easier and reimplantation less demand-
ing. However, it is important to consider the risk of 
recurrent infections and postoperative complica-
tions in this challenging patient population. Most 
studies use gentamicin mixed into the cement pro-
vided in the industrially preformed spacer [59]. 
Some authors use vancomycin and tobramycin as 
local antibiotics on a regular basis because they 
have a broader spectrum of activity [60]. Dual 
antibiotic spacers seem to offer better infection 
eradication [61]. However, not all bacteria can be 
successfully treated with these agents (e.g., some 
Gram-negative organisms) and in some cases cus-
tom-made cement spacer mixed with proper anti-
biotics directed to a specific agent is needed.

After the first surgery antibiotic therapy is 
customized to the microorganism(s) isolated in 
microbiology samples and is usually extended 
for 6  weeks. After infection is deemed to be 
cured the second stage may be performed. Since 
the rotator cuff is often insufficient following 
debridement, reverse shoulder prosthesis is often 
chosen in the second stage.

The advantage of the one-stage exchange is 
obvious: only one operation is required eliminat-
ing the morbidity associated with the time inter-
val between stages; and the problems associated 
with the spacer such as fracture, abraded cement 
particles, or bone resorption can be avoided.

Some conditions must be met for a one-stage 
exchange to be considered: (1) it is manda-
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tory to know the pathogens and their antibiotic 
susceptibility profile must be favorable; (2) it 
is  mandatory that soft tissues are favorable and 
allow for correct closure; (3) infection must be 
fully debridable, without dissecting functional 
muscles, tendons, or neurovascular structures. 
Only then can one expect good local infection 
control with specific antibiotic mixture being 
added to the bone cement to enable good local 
antibiotic therapy and good postoperative “anti-
biofilm” antibiotic therapy. Recent studies using 
this concept have achieved infection-free survival 
of between 90 and 100% [1, 30, 62]. Nelson et al. 
[63] and Cuff et al. [64] did not observe any dif-
ference in the level of eradication observed after 
one-stage and two-stage revisions. Nevertheless, 
retrospective comparisons should be interpreted 
with caution as a selection bias to treat more 
complex cases with a two-stage approach and 
more straightforward cases with a one-stage pro-
tocol is always present.

The functional outcomes of one-stage revi-
sions depend on the integrity of the rotator cuff 
following debridement and the type of prosthesis 
used. Klatte et  al. [62] showed that the reverse 
shoulder prosthesis, with a Constant score of 61, 
was very much better than the bipolar head pros-
thesis with a Constant score of 56 or a hemiar-
throplasty with a Constant score of 43. A study 
of one-stage revision by Beekman et al. [1] also 
support for these data with a Constant score of 
55.6%. George et al. [65] presented a systematic 
review of relevant publications and found sig-
nificantly better clinical outcomes after one-stage 
revisions (mean Constant score of 51) than after 

two-stage revisions (mean Constant score of 44). 
The rates of eradication of infection were similar 
for all four procedures (86.7% for the resection 
arthroplasty, 94.7% for the one-stage revision, 
90.8% for the two-stage revision, and 95.6% for 
the permanent spacer). These results support the 
concept of the one-stage revision if the pathogen 
has been characterized.

35.3.3  Salvage Procedures

Interestingly, implantation of a spacer after 
removal of the infected prosthesis often results in 
a significant clinical improvement and that is why 
some authors advocate to leave in the implanted 
spacer. Permanent antibiotic spacer may also be 
a viable alternative in shoulder PJI, more so than 
hip or knee arthroplasty, as it has been shown to 
result in high success rate in infection treatment 
and acceptable functional outcomes particularly 
in low-demanding elderly or high-risk patients 
not eligible for complex revision surgeries [66] 
(Fig. 35.1).

Simple removal of the infected prosthesis and 
conversion to a resection arthroplasty resulted in 
an improved reinfection rate of 30% according 
to Coste et al. [67] and even of 0% as reported 
by Romano et  al. [68]. However, joint function 
following resection arthroplasty is considered to 
be poor.

Suppressive antibiotic therapy is medical 
treatment alternative that may be considered 
in very high-risk surgical patients, especially 
if infection is localized and with no significant 

Fig. 35.1 Case of a 56-year-old man. PJI of hemiarthroplasty of right shoulder. Permanent spacer
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systemic implications. Although it does not offer 
a real chance for infection eradication it can 
improve the patient’s quality of life. This option 
depends on having a susceptible microorganism 
a patient able to endure chronic antibiotic therapy 
and should always be appropriately managed by 
a dedicated infectious diseases expert.

35.4  Conclusion

PJI is an important complication after shoulder 
arthroplasty and is often associated to high mor-
bidity. It offers a great burden to the patient and 
a significant technical challenge to the surgeon. 
Patients with a painful shoulder or limited range 
of motion should be carefully investigated to rule 
out a possible infection. While some investiga-
tors reported good results with one-stage revi-
sions, more reproducible results have been shown 
with the two-stage revision. Diagnostic criteria 
and identification of organisms prior to explant 
are mandatory to achieve better results.
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36.1  Introduction

The cuff tear arthropathy is the most common 
indication for reverse shoulder arthroplasty 
(RSA) [1]. The first RSA prostheses were devel-
oped in the 1970s. Because the reverse biome-
chanics were poorly understood, component 
loosening, insufficiency fractures, and instability 
were the common complications. Position, 
dimension, and fixation of the glenoid compo-
nent were the major concern of early designs.

Second-generation prostheses were developed 
by Grammont et al. in 1985 [2]. Biomechanical 
features aimed to medialize the center of rotation 
by changing the dimensions of the glenosphere 
from 2/3 sphere to 1/2 sphere (Fig.  36.1) [2]. 
Because glenoid component loosening was a 
common cause of failure in the first-generation 
prostheses, more medialized glenosphere was 
designed to reduce the lever arm; concurrently 
baseplate fixation was done with a central peg 
and two divergent screws to improve stability. 
However, scapular notching of the inferior border 
of the glenoid and limited external rotation 
became the new complications.

The current modern RSAs employ the follow-
ing biomechanical properties:

 1. To adapt individual patient needs and anat-
omy, altering the components on either side of 
the joint (modular design).

 2. A large glenoid component with no neck to 
facilitate medialization of the center of rota-
tion and reduced torque on glenoid 
component.

 3. A humeral implant with a valgus angle moves 
the center of rotation to distal, thereby maxi-
mizing the tension of the deltoid muscle to 
make it a more efficient abductor, as well as 
increasing stability.

 4. A greater impingement-free shoulder range of 
motion (ROM).

36.2  Biomechanical Etiology 
of Failure

The reported overall complication rate of RSA 
(for all indications, not only cuff tear arthropa-
thy) is approximately 15%. Complications 
related to biomechanical factors are instability, 
scapular notching, fractures in association with 
deltoid overtensioning, implant loosening, and 
component dissociation.

36.2.1  Instability

Despite the semiconstrained structure of RSA, 
dislocation of humeral component from the 
 glenosphere is an important problem. Instability 
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after RSA in cuff tear arthropathy patients has a 
low rate of 2–3.4% [3, 4]. Insufficient deltoid ten-
sion and incorrect component position or version 
are mostly the reasons for instability. Mechanical 
impingement between polyethylene onlay and 
inferior glenoid might be the reason as well. 
Anterior instability is the most common, with a 
mechanism of extension, adduction, and internal 
rotation.

RSA with a medialized center of rotation 
changes the pulling direction of the deltoid, caus-
ing a dislocating effect on the joint [5]. In the 
native shoulder, the anterior fibers of deltoid are 
primarily flexor, the middle fibers are abductor, 
and the posterior fibers are extensor. However, 
after RSA, all three fibers become primary abduc-
tors [6].

Smaller glenosphere size is another risk factor 
for instability [7]. Langohr et al. showed that in 
RSAs, larger glenospheres require much more 
forces to dislocate in both medialized and rela-
tively lateralized center of rotation in a cadaver 
model [8]. About the effect of medialized or later-
alized center of rotation, Henninger et al. found 
that lateralizing the glenoid resulted in increase in 
forces required for anterior dislocation, but with a 

potential risk of acromial stress fracture because 
of deltoid overtensioning [9]. Opposing the find-
ings of Langohr et al. about the glenosphere size, 
Gutierrez et al. demonstrated that increasing the 
ratio of the depth of the humeral implant socket to 
the radius of the glenosphere has a more notable 
effect rather than glenosphere size alone [10].

Inferior eccentric positioning of the glenoid 
component, creating an overhang, is shown to be 
an important factor to prevent adduction impinge-
ment and scapular notching, and it has been 
shown to increase stability by 17% [11].

Ladermann et  al. demonstrated a correlation 
between shortened humeral length and instability 
[12]. It is known that both glenosphere lateraliza-
tion and humeral lengthening improve stability, 
but with a cost of deltoid overtension and its pos-
sible complications. Humeral lateralization, 
which aims to increase the soft tissue tension 
without tightening the deltoid, seems to be a good 
option to prevent instability (Fig. 36.2) [13].

The version of the glenoid and humeral com-
ponents have an effect on stability as well. Favre 
et  al. demonstrated that 10° change in glenoid 
and humeral version affected the stability ratio on 
average by 15% and 27%, respectively [14].

C
C

Fc

Fv
Fs

C
Fc

Fv
Fs

a b c

Fig. 36.1 Native shoulder (a) has a center of rotation 
which is in the middle of the humeral head and also a nor-
mal tension on deltoid. In RSA, center of rotation is medi-
alized; deltoid muscle is tight, causing a compressive load 
on glenoid. There are two forces on bone-implant inter-

face of glenoid: compressive (Fc) and shear (Fs) forces. 
While resultant force (Fv) has a more shear component in 
the second-generation designs (b), modern designs (c) 
with medialized center of rotation have a more compres-
sive force on glenoid
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The effect of subscapularis repair on stabil-
ity is a matter of debate. Although subscapularis 
muscle is an important dynamic barrier against 
anterior instability in RSA, several studies con-
tradict its importance. Oh et  al. showed that 
repair of the subscapularis requires an increased 
load for dislocation [15]. Edwards et al. found an 
increased risk of instability with an unrepaired 
subscapularis tendon [16]. However, other stud-
ies have shown that whether the subscapularis is 
repaired or not, the instability rates do not differ 
[17, 18].

36.2.2  Deltoid Overtension 
(Acromion and Scapular 
Fracture)

Acromion and spine of scapula are the regions 
where deltoid origins. Overtension of the muscle 
might have multiple reasons: humeral lengthen-
ing, glenoid component lateralization, etc. Tight 
deltoid fibers may cause fatigue fractures in dif-
ferent parts of the scapular bone. These fractures 
are classified into three patterns:

• Type I: If the fracture occurs in anterior 
acromion

• Type II: If the fracture occurs posterior to the 
acromioclavicular joint line

• Type III: If the fracture occurs in the scapular 
spine

36.2.3  Scapular Notching

Notching is the most common reported complica-
tion in RSA [19]. The mechanism is erosion of the 
inferior border of the scapular neck related to 
repetitive mechanical irritation of the medial rim 
of the humeral component during adduction of the 
shoulder. Scapular notching is classified according 
to the Nerot-Sirveaux grading system (Fig. 36.3).

a bFig. 36.2 Humeral 
component lateralization 
(a) increases the soft 
tissue tension without 
tightening the deltoid 
and decreases the risk of 
notching when 
compared to medialized 
humeral component (b)

1 2
3
4

Fig. 36.3 Diagram of the Nerot-Sirveaux classification 
of scapular notching
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Factors that may affect the degree of notching 
are as follows:

 1. Center of rotation: Lateralizing the center of 
rotation reduces the incidence of notching. A 
lateralized center of rotation by lateral offset 
either with a bone graft or metal augment is 
closer to physiologic center of rotation. A sys-
tematic review by Lawrence et al. showed that 
scapular notching occurred in only 5.4% of 
patients with lateral offset, whereas in 45% of 
patients with second-generation Grammont- 
style prostheses [20].

 2. Humeral neck-shaft angle: Anatomic neck- 
shaft angle of proximal humerus is 135°; early 
designs had a nonanatomic angle of 155°. 
Greater nonanatomic angles contribute to 
scapular notching and deficits in adduction, 
but they are more stable. To decrease the risk 
of instability, an angle close to anatomic val-
ues (~132.5°) with a larger or lateralized gle-
nosphere is advised.

 3. Glenoid component position, tilt, and size: 
Hsu et al. advocated an inferior placement of 
the glenoid baseplate with inferior inclination 
to reduce the incidence of scapular notching 
[21]. However, excessive inferior placement 
of the glenoid component may compromise 
glenoid fixation, increase tension in deltoid, 
and force the surgeon to increase humeral 
resection. Gutiérrez demonstrated that infe-
rior tilt resulted in least amount of notching, 
followed by inferior position of the compo-
nent and lateral offset [22]. Superior tilt has 
been shown to increase failure rates for nearly 
all designs and clinical scenarios. Glenosphere 
size is another factor; it is shown that larger 
glenospheres are more stable, improve 
impingement-free ROM, and decrease notch-
ing [23–26].

36.2.4  Glenoid Baseplate Loosening

Implant loosening is the most reported complica-
tion requiring revision surgery [27]. Glenoid 
baseplate loosening is more common than 
humeral implant loosening and has been reported 

with both medialized and lateralized RSA to be 
2.6% and 12%, respectively [28, 29]. This com-
plication can be secondary to prosthetic design, 
fixation and implantation technique (superior 
position, superior tilt, anterosuperior approach), 
and scapular notching.

Although lateralizing the center of rotation 
results in better function (increased deltoid func-
tion and force) [30], early designs with a more 
lateral center of rotation had high failure rates 
because of the increase in shear forces on the gle-
noid baseplate (Fig.  36.1). Current implant 
designs have a medialized center of rotation. 
Superior fixation properties (central post screw 
and peripheral locking screws) and porous coated 
baseplate to promote osteointegration that 
increases the baseplate stability [31]. In medial-
ized center of rotation systems, the main biome-
chanical advantage is reduced torque secondary 
to no neck on glenosphere. The addition of mul-
tiple 5  mm peripheral screws significantly 
reduced the rate of baseplate failure [31]. James 
et al. showed that reduced amount of screws (two 
instead of four) are sufficient for baseplate fixa-
tion with no significant negative effect on overall 
implant baseplate motion [32]. In a recent study 
by Bitzer et  al., it is shown that use of smaller 
size (3.5 mm) non-locking peripheral screws is a 
major risk factor for baseplate failure [33]. They 
also showed that bone grafting to address defi-
ciencies in bony support beneath the baseplate is 
the other major risk factor [33].

Roche et  al. compared the biomechanical 
response of four generic RSA glenoid baseplates: 
oval/curved back, oval/flat back, circular/curved 
back, and circular/flat back, to shear forces. They 
showed that baseplate shape and size affects fixa-
tion strength more than backside geometry [34]. 
Oval baseplates showed better fixation character-
istics than circular counterparts [34].

Because lateralization of the center of rota-
tion has superior biomechanical results, implant 
designs encourage surgeons to increase the lat-
eral offset of the glenosphere which also increase 
the rate of baseplate loosening. Boileau et  al. 
described using 10  mm ring-shaped autograft 
harvested from humeral head as a bony solution 
to increase the lateralization of the center of 
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rotation [35]. They named this procedure BIO-
RSA (bony increased offset-reversed shoulder 
arthroplasty), which increased lateral offset, 
with only 19% scapular notching on CT scan, 
98% healing rate of graft to native glenoid bone, 
and without any reported instability [35].

Recently, Lädermann et  al. investigated how 
the glenoid configurations can lead to changes in 
parameters like: humeral offset, acromiohumeral 
distance, range of motion, and rotator cuff mus-
cle length [36]. With a 145° onlay humeral stem 
and a 36 mm sized and 2 mm inferior eccentric 
glenosphere, optimum ROM and minimal scapu-
lar notching results are found [36].

36.2.5  Component Dissociation

Because the RSA components are often modular 
and loaded in different directions that can chal-
lenge the baseplate and glenosphere, there is a 
risk of dissociation with impact loading. Cusick 
et al. reported this complication on 13 patients, 
and they found that increasing the size of glenoid 
was the reason for component dissociation [37]. 
RSAs with 40 mm and 44 mm size glenospheres 
showed a higher rate of glenosphere dissociation. 
They explained this relationship to the larger 
exposed surface area and potential for soft tissue 
or bony impingement [37].

36.3  Summary

Despite experiences and better understanding of 
basic biomechanical properties of RSA, compli-
cations still occur. With ongoing studies, design 
of the components is evolving. Lateral offset with 
inferior overhang of the glenosphere provides the 
greatest reduction in notching, the most common 
complication. The use of bone augmentation for 
a more lateral center of rotation, lateralized 
humeral implant, and optimal glenoid tilt are 
emerging areas of interest to minimize the risk. 
Surgeons should consider all biomechanical prin-
ciples in each RSA patient to prevent and manage 
these challenging problems.

References

 1. Wall B, Nové-Josserand L, O’Connor DP, Edwards 
TB, Walch G. Reverse total shoulder arthroplasty: a 
review of results according to etiology. J Bone Joint 
Surg Am. 2007;89:1476–85.

 2. Grammont P, Trouilloud P, Laffay J, et  al. Concept 
study and realization of a new total shoulder prosthe-
sis. Rhumatologie. 1987;39:407–18.

 3. Nolan BM, Ankerson E, Wiater JM.  Reverse 
total shoulder arthroplasty improves function 
in cuff tear arthropathy. Clin Orthop Relat Res. 
2011;469:2476–82.

 4. Naveed MA, Kitson J, Bunker TD.  The Delta III 
reverse shoulder replacement for cuff tear arthropa-
thy: a single-centre study of 50 consecutive proce-
dures. J Bone Joint Surg Br. 2011;93:57–61.

 5. Boileau P, Watkinson DJ, Hatzidakis AM, Balg 
F. Grammont reverse prosthesis: design, rationale, and 
biomechanics. J Shoulder Elb Surg. 2005;14(Suppl 
S):147–61.

 6. Berliner JL, Regalado-Magdos A, Ma CB, Feeley 
BT.  Biomechanics of reverse total shoulder arthro-
plasty. J Shoulder Elb Surg. 2015;24:150–60.

 7. Trappey GJ, O’Connor DP, Edwards TB.  What 
are the instability and infection rates after reverse 
shoulder arthroplasty? Clin Orthop Relat Res. 
2011;469:2505–11.

 8. Langohr GDG, Giles JW, Athwal GS, Johnson 
JA.  The effect of glenosphere diameter in reverse 
shoulder arthroplasty on muscle force, joint 
load, and range of motion. J Shoulder Elb Surg. 
2015;24:972–9.

 9. Henninger HB, Barg A, Anderson AE, Bachus 
KN, Burks RT, Tashjian RZ.  Effect of lateral offset 
center of rotation in reverse total shoulder arthro-
plasty: a biomechanical study. J Shoulder Elb Surg. 
2012;21:1128–35.

 10. Gutiérrez S, Keller TS, Levy JC, Lee WE, Luo 
ZP. Hierarchy of stability factors in reverse shoulder 
arthroplasty. Clin Orthop Relat Res. 2008;466:670–6.

 11. Clouthier AL, Hetzler MA, Fedorak G, Bryant JT, 
Deluzio KJ, Bicknell RT. Factors affecting the stabil-
ity of reverse shoulder arthroplasty: a biomechanical 
study. J Shoulder Elb Surg. 2013;22:439–44.

 12. Lädermann A, Williams MD, Melis B, Hoffmeyer 
P, Walch G.  Objective evaluation of lengthening in 
reverse shoulder arthroplasty. J Shoulder Elb Surg. 
2009;18:588–95.

 13. Giles JW, Langohr GDG, Johnson JA, Athwal 
GS. Implant design variations in reverse total shoul-
der arthroplasty influence the required deltoid force 
and resultant joint load. Clin Orthop Relat Res. 
2015;473:3615–26.

 14. Favre P, Sussmann PS, Gerber C.  The effect of 
component positioning on intrinsic stability of the 
reverse shoulder arthroplasty. J Shoulder Elb Surg. 
2010;19:550–6.

36 Biomechanics of Failure of Reverse Shoulder Arthroplasty in Rotator Cuff Tear Arthropathy



344

 15. Oh JH, Shin SJ, McGarry MH, Scott JH, Heckmann 
N, Lee TQ. Biomechanical effects of humeral neck- 
shaft angle and subscapularis integrity in reverse 
total shoulder arthroplasty. J Shoulder Elb Surg. 
2014;23:1091–8.

 16. Edwards TB, Williams MD, Labriola JE, Elkousy 
HA, Gartsman GM, O’Connor DP.  Subscapularis 
insufficiency and the risk of shoulder dislocation after 
reverse shoulder arthroplasty. J Shoulder Elb Surg. 
2009;18:892–6.

 17. Clark JC, Ritchie J, Song FS, Kissenberth MJ, Tolan 
SJ, Hart ND, Hawkins RJ. Complication rates, dislo-
cation, pain, and postoperative range of motion after 
reverse shoulder arthroplasty in patients with and 
without repair of the subscapularis. J Shoulder Elb 
Surg. 2012;21:36–41.

 18. Friedman RJ, Flurin PH, Wright TW, Zuckerman 
JD, Roche CP. Comparison of reverse total shoulder 
arthroplasty outcomes with and without subscapularis 
repair. J Shoulder Elb Surg. 2017;26:662–8.

 19. Farshad M, Gerber C. Reverse total shoulder arthro-
plasty from the most to the least common complica-
tion. Int Orthop. 2010;34:1075–82.

 20. Lawrence C, Williams GR, Namdari S.  Influence of 
glenosphere design on outcomes and complications of 
reverse arthroplasty: a systematic review. Clin Orthop 
Surg. 2016;8:288–97.

 21. Hsu SH, Greiwe RM, Saifi C, Ahmad CS.  Reverse 
total shoulder arthroplasty-biomechanics and ratio-
nale. Oper Tech Orthop. 2011;21:52–9.

 22. Gutiérrez S, Levy JC, Frankle MA, Cuff D, Keller TS, 
Pupello DR, Lee WE 3rd. Evaluation of abduction 
range of motion and avoidance of inferior scapular 
impingement in a reverse shoulder model. J Shoulder 
Elb Surg. 2008;17:608–15.

 23. Mollon B, Mahure SA, Roche CP, Zuckerman 
JD. Impact of glenosphere size on clinical outcomes 
after reverse total shoulder arthroplasty: an analysis of 
297 shoulders. J Shoulder Elb Surg. 2016;25:763–71.

 24. Langohr GD, Willing R, Medley JB, Athwal GS, 
Johnson JA.  Contact mechanics of reverse total 
shoulder arthroplasty during abduction: the effect of 
neck-shaft angle, humeral cup depth, and glenosphere 
diameter. J Shoulder Elb Surg. 2016;25:589–97.

 25. Berhouet J, Garaud P, Favard L.  Evaluation of the 
role of glenosphere design and humeral component 
retroversion in avoiding scapular notching during 
reverse shoulder arthroplasty. J Shoulder Elb Surg. 
2014;23:151–8.

 26. Torrens C, Guirro P, Miquel J, Santana F.  Influence 
of glenosphere size on the development of scapular 
notching: a prospective randomized study. J Shoulder 
Elb Surg. 2016;25:1735–41.

 27. Fevang BT, Lie SA, Havelin LI, Skredderstuen A, 
Furnes O.  Risk factors for revision after shoulder 
arthroplasty: 1,825 shoulder arthroplasties from 
the Norwegian Arthroplasty Register. Acta Orthop. 
2009;80:83–91.

 28. Frankle M, Siegal S, Pupello D, Saleem A, Mighell 
M, Vasey M.  The Reverse Shoulder Prosthesis for 
glenohumeral arthritis associated with severe rota-
tor cuff deficiency. A minimum two-year follow-
 up study of sixty patients. J Bone Joint Surg Am. 
2005;87:1697–705.

 29. Alentorn-Geli E, Guirro P, Santana F, Torrens 
C.  Treatment of fracture sequelae of the proximal 
humerus: comparison of hemiarthroplasty and reverse 
total shoulder arthroplasty. Arch Orthop Trauma Surg. 
2014;134:1545–50.

 30. Gutierrez S, Levy JC, Lee WE 3rd, Keller TS, 
Maitland ME.  Center of rotation affects abduction 
range of motion of reverse shoulder arthroplasty. Clin 
Orthop Relat Res. 2007;458:78–82.

 31. Mulieri P, Dunning P, Klein S, Pupello D, Frankle 
M.  Reverse shoulder arthroplasty for the treat-
ment of irreparable rotator cuff tear without 
glenohumeral arthritis. J Bone Joint Surg Am. 
2010;92:2544–56.

 32. James J, Allison MA, Werner FW, McBride DE, 
Basu NN, Sutton LG, Nanavati VN.  Reverse shoul-
der arthroplasty glenoid fixation: is there a benefit 
in using four instead of two screws? J Shoulder Elb 
Surg. 2013;22:1030–6.

 33. Bitzer A, Rojas J, Patten IS, Joseph J, McFarland 
EG.  Incidence and risk factors for aseptic baseplate 
loosening of reverse total shoulder arthroplasty. J 
Shoulder Elb Surg. 2018;27:2145–52.

 34. Roche CP, Stroud NJ, Flurin PH, Wright TW, 
Zuckerman JD, DiPaola MJ. Reverse shoulder glenoid 
baseplate fixation: a comparison of flat-back versus 
curved-back designs and oval versus circular designs 
with 2 different offset glenospheres. J Shoulder Elb 
Surg. 2014;23:1388–94.

 35. Boileau P, Moineau G, Rousanne Y, O’Shea 
K.  Bony increased offset reversed shoulder arthro-
plasty: minimizing scapular impingement while 
 mazimizing glenoid fixation. Clin Orthop Relat Res. 
2011;469:2558–67.

 36. Lädermann A, Denard PJ, Boileau P, Farron A, 
Deransart P, Walch G. What is the best glenoid con-
figuration in onlay reverse shoulder arthroplasty? Int 
Orthop. 2018;42:1339–46.

 37. Cusick MC, Hussey MM, Steen BM, Hartzler RU, 
Clark RE, Cuff DJ, Cabezas AF, Santoni BG, Frankle 
MA. Glenosphere dissociation after reverse shoulder 
arthroplasty. J Shoulder Elb Surg. 2015;24:1061–8.

S. Ergün et al.



345© ESSKA 2020 
N. Sampaio Gomes et al. (eds.), Massive and Irreparable Rotator Cuff Tears, 
https://doi.org/10.1007/978-3-662-61162-3_37

Revision of Reverse Total Shoulder 
Arthroplasty: Humeral Component

Jean Kany

37.1  Introduction

Reverse total shoulder arthroplasty (RTSA) has 
dramatically altered the field of shoulder recon-
struction. The success of RTSA in improving 
function in the absence of a functioning rotator 
cuff has led to a broad range of applications, 
including massive rotator cuff tear (pseudoparal-
ysis), failed hemi- and anatomic total shoulder 
arthroplasty (TSA), fractures and their sequelae, 
rheumatoid arthritis, and tumor reconstruction 
[1–3]. Enthusiasm for this technique has been 
tempered by the highly reported complication 
rate with subsequent drastic increase in the num-
ber of revisions [4]. Early reported RTSA com-
plication rates ranged widely from 0 to 75% with 
revision rates varying from 2 to 10% [4]. The 
complication and reoperation rates tend to be 
higher in the revision setting with up to 22% of 
RTSA performed in the revision setting requiring 
further revision [4–6]. Revision of a failed RTSA 
can be technically demanding because of bone 
loss, soft tissue deficiency, or combined causes 
such as infection. Overall, the clinical results in a 
revision RTSA are inferior to those for a primary 
RTSA [7, 8]. In some cases, a new RTSA cannot 
be placed because of insufficient or low-quality 
bone stock, infection, or refractory instability. In 

these cases salvage surgery is required as conver-
sion to hemiarthroplasty, spacer, or resection 
arthroplasty. Although poorer than those follow-
ing primary RTSA, the outcomes following revi-
sion RTSA are superior to alternative salvage 
strategies [9–11].

Even if glenoid loosening should be the main 
cause for TSA revisions [12], on the contrary in 
RTSA complications seem to be more frequent 
on the humeral side such as instability due to 
malpositioned humeral implant.

The purpose of this study is to focus on the 
humeral side revisions after failed RTSA with 
special interest in instability, as it is the main 
cause for complications and revisions.

37.2  Reverse Shoulder 
Arthroplasty: Revision 
on the Humeral Side

We will consider the main postoperative compli-
cations after RTSA requiring revision and the 
surgical strategies for revision reported in the 
literature.

37.2.1  Preoperative Evaluation 
and Planning

A thorough preoperative evaluation is crucial 
when considering revision RTSA since  associated 
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complications tend to be underestimated such as 
implant loosening and infection, implant instabil-
ity, and humeral shortening due to bone loss and 
implant instability. Preoperative evaluation 
should include diagnostic imaging as the follow-
ing: comparative AP shoulder radiographs which 
include the entire prosthesis in neutral rotation, 
looking for implant loosening and/or medializa-
tion, comparative humeral radiographs with mil-
limeter scale to quantify bone defect and humeral 
shortening by measuring the two humeri follow-
ing Läderman et al. [13], and CT scan to assess 
the orientation of implants in the axial plane, gle-
noid, and humeral bone stock and fatty infiltra-
tion of the rotator cuff muscles. Furthermore, 
preoperative evaluation should include also bio-
logical assessment, with blood count, erythrocyte 
sedimentation rate (ESR), and C-reactive protein 
(CRP) to screen for associated latent infection or 
an unexpected positive culture. Finally, bone 
scintigraphy and/or joint aspiration may be 
obtained to rule out any concomitant infection 
even if there are lots of false-negative results. 
Subscapularis deficiency can be very difficult to 
diagnose either with arthro-CT scan (as there is a 
neo-capsule around the prosthesis preventing 
leak) or even with MRI (as there are some arti-
facts). Electromyography and nerve conduction 
studies are relevant when there is a concern for 
axillary nerve injury. It is important to determine 
the exact prosthesis that is being revised, which 
often requires obtaining the operative note from 
the primary surgery. All the instruments and 
implants from the manufacturer for both the pros-
thesis to be revised and the planned new prosthe-
sis should be obtained. Revision instruments 
should be available at surgery especially if either 
a humeral “window” or a “sarcophagi” technique 
is needed to remove the humeral stem. Often, 
bone graft is required and the patient should be 
consented for both autograft and allograft.

37.2.2  Causes of RSA Instability

Prosthetic instability after RTSA is the main 
cause for re-intervention [4, 14–16]. It is the most 
difficult complication to manage, as seen from 

the high rate of recurrence. Implant malposition-
ing in the horizontal plane (humeral version on 
CT) and/or in the vertical plane (humeral compo-
nent too high) is/are the most frequent error. 
Overlooking or ignoring any of the abovemen-
tioned details can lead to malpositioning of the 
new implants and to failure in restoring humeral 
length and lateralization, with risk of recurrent 
instability and multiple re-interventions. Special 
concerns must be taken in the case of shortened 
humerus due to a proximal bone loss secondary 
to implant migration, greater tuberosity lysis, 
bone resection secondary to acute fracture or 
fracture sequelae, and humeral resection for 
tumor. A “cam effect” mediated by posterior 
scared soft tissue or distal glenoid ossification 
spikes inducing a leverage effect. Soft tissue defi-
ciency such as subscapularis tear and/or deltoid 
atrophy due to axillary palsy may also induce 
instability.

37.2.2.1  Why Does the Humerus 
Length Influence the RSA 
Stability?

The tensioned deltoid provides the stable fulcrum 
essential for prosthesis stability. The failure to 
restore sufficient deltoid tension may result in 
prosthetic instability [13]. A shortening of the 
arm and thus a lack of retensioning of the deltoid 
constantly lead to a potential cause of instability. 
This situation may be accounted for by relative 
humeral shortening compared to the contralateral 
side. Läderman et al. found out a strong correla-
tion between humeral length and incidence of 
dislocation [17]. Shortening of the humerus post-
operatively compared to preoperatively or short-
ening compared to the contralateral humeral 
length was observed in all cases of dislocation. 
When sufficient deltoid tension was not restored, 
a significantly higher risk of instability 
(p < 0.0001) was reported. Deltoid tension pro-
duced by the lowered humerus increases muscle 
fiber recruitment of the anterior and posterior 
deltoid that makes up for a deficient rotator cuff. 
However excessive lengthening is not advisable 
because it could increase the risk of complica-
tions such as neurologic damage [17], permanent 
arm abduction [1], or acromial fracture [17].
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37.2.2.2  Preoperative Humerus 
Length Assessment  
Is Mandatory

Recommendations are numerous to assess the 
intraoperative prosthetic stability: difficulty to 
reduce the implanted prosthesis, pistoning with 
axial traction on the arm, looking for a “cam 
effect” throughout a full range of motions [18], 
tensioning the conjoint tendon after reduction 
with the arm at the side and the elbow extended 
[1], and free glenohumeral motion without 
scapula- thoracic motion between 0 and 60° 
of abduction [19]. Nevertheless intraoperative 
assessment of deltoid tension can be difficult 
because those criteria are evaluated in the patient 
under general and/or locoregional anesthesia. 
Läderman et  al. showed that bilateral scaled 
humeri X-rays and preoperative templating help 
the surgeon to assess the correct length and del-
toid tension especially in cases of revision surgery 
or fracture sequelae [13]. Boileau has published 
a discussion using preoperative and postoperative 
external measurements to describe retensioning 
of the deltoid [1].

One of the limits of the bilateral scaled humeri 
X-rays is presence of fibrosis, scar, and retraction 
of soft tissue. Indeed, after extensive release of 
the retracted soft tissue and adequate correction 
of the humerus length, care must be taken of the 
muscle (deltoid), tendon (subscapularis), and 
skin closure. This must be anticipated at the time 
of the incision to plan any flap for tissue recon-
struction if needed.

37.2.2.3  How to Correct 
an Inadequate  
Humerus Length

Influence of the Prosthesis Design
It is critically important to know the differ-
ent combinations of design parameters that 
influence biomechanical changes. Each pros-
thesis design has got its own principles and 
must be understood. Here are some general 
considerations.

The humeral offset is defined as the horizontal 
distance between the intramedullary canal and 
the humeral stem axis to the center of the humeral 

liner. This humeral offset depends on the prosthe-
sis design but can be modified by an additional 
humeral spacer component to prevent any recur-
rent instability (Figs. 37.1 and 37.2).

A glenosphere with a center of rotation (CoR) 
of 5  mm or less lateral to the glenoid face is 
regarded as a medialized glenoid (MG), and a 
glenosphere with a CoR greater than 5 mm lat-
eral to the glenoid face is regarded as a lateralized 
glenoid (LG). MG designs are associated with 
less deltoid wrapping, which reduces the hori-
zontal stabilizing compressive force vector of the 
deltoid and may increase the risk of dislocation if 
not addressed on the humeral side. As a result of 
preoperative glenoid bone erosion, all the down-
sides of MG devices can be further exaggerated 
with instability. The glenosphere thickness is 
directly related to the lateralization of the CoR 
relative to the glenoid face.

Fig. 37.1 This additional implant lengthens and lateral-
izes the humerus. Therefore it modifies both the humeral 
offset and the deltoid wrap angle
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Indeed the acromiohumeral distance depends 
on the thickness of the polyethylene insert, the 
size of the implant, the use of an eccentric gleno-
sphere, and the position of the glenosphere in the 
vertical plane. The more lateral the humeral com-
ponent, the greater the deltoid wrapping and also 
the more anatomic rotator cuff muscle tensioning 
(Fig. 37.3).

Therefore the effective treatment of disloca-
tions may consist in adding a metallic extension 
to the humeral neck (with or without any 
humeral offset modification) (Figs.  37.1 and 
37.2), an enlarged polyethylene liner compo-
nent, a larger diameter or eccentric glenosphere, 
or combined procedures to improve the tension 
of the deltoid [17].

Original Grammont humeral stems have an 
intraosseous metal inlay that medializes the 

humerus [18]. In changing prosthesis, humeral 
length and lateralization can be increased by 
changing from inlay to onlay.

Influence of the Technique
The use of a structural humerus allograft can be 
put forward to lower the humerus and to reten-
sion the deltoid in case of significant bone loss to 
maximize the long stem fixation and to prevent 
any loosening or rotation (Fig.  37.4a, b). This 
option retensions the deltoid (by restoring its 
wrapping angle) as well as the remaining cuff 
and increases the stability and the compressive 
forces.

37.2.3  Revision Technique

37.2.3.1  Exposure
The typical approach for revision RTSA is a del-
topectoral approach, which may be extended dis-
tally to expose the humeral shaft in case of 
window, osteotomy, or even sarcophagi to remove 
the prosthesis followed by cerclage reconstruc-
tion. Antibiotics, after multidisciplinary discus-
sion, are held in all revision cases until 
intraoperative specimens are obtained to prevent 
unexpected positive cultures. Cultures should be 
held for 2–3  weeks to rule out Cutibacterium 
acnes infection [20, 21]. It is often difficult to 
establish tissue planes in revision surgery. The 
subscapularis tendon, if present, is either peeled 
or divided, or the lesser tuberosity insertion is 
osteotomized to gain access to the glenohumeral 
joint. The axillary nerve should be palpated and 
preserved throughout the approach. This step is 
mandatory as neurological lesions are one of the 
main complications after RTSA revision. Once 
the glenohumeral joint is entered, the prosthesis 
is exposed and assessed for position and stability. 
When unstable, inappropriately positioned, or 
infected the stem does require removal. Bone 
resection should be minimized. Thin osteotomes 
can be used to break up the implant-bone or 
bone-cement interface within the metaphysis. If 
the stem cannot be dislodged, a humerotomy is 
performed stopping just short of the stem tip 
behind the bicipital groove using a motorized 

Fig. 37.2 This additional implant lengthens but does not 
lateralize the humerus. Therefore it modifies neither the 
humeral offset nor the deltoid wrap angle
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saw. Multiple techniques have been described in 
the literature for stem removal. We are used to 
performing a full, retractable cortical sarcophagi 
along the length of the stem by an extended trans-
versally osteotomy pediculated with the pectora-
lis major/latissimus dorsi and teres major: the 
idea is to split the bone from cement and open the 
cortical bone to free the implant [22]. With revi-
sions of infected cemented stems, the cement 
mantle must be removed in its entirety. If nonin-
fected, the cement mantle can sometimes be pre-
served and the revision (smaller) implant may be 

cemented into the existing cement mantle stem 
with the correct level and version. Cerclage wires 
or cables are carefully placed around the osteot-
omy or sarcophagi site to recreate an intact cylin-
der prior to reaming and/or placement of the 
revision implant. The radial nerve should be pro-
tected during the passage of cerclage wires/
cables. Allograft struts may be added for thin or 
deficient diaphyseal humeral bone. The revision 
stem should be extended 2.5 cortical diameters 
distal to the osteotomy site and may be longer 
than the revised one.

Fig. 37.3 The deltoid wrap angle depends on the prosthesis design: the more lateral the humeral component, the 
greater the deltoid wrapping
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37.2.3.2  Management of Humeral 
Shortening

When shortening is less than ±15  mm (this 
depends on the company implant designs) and if 
there is no humeral malpositioning or loosening, 
humeral height can be restored by adding a 
thicker humeral baseplate without changing 
implants. When shortening exceeds ±15 mm, the 
humeral implant may need to be replaced and 
positioned at “the correct height,” based on mea-
surement of the length of the contralateral 
humerus. When shortening exceeds 5 cm, struc-
tural humeral bone graft (or massive reconstruc-
tion prosthesis) can improve shoulder stability 
and prevent loosening [20, 23–27]. The long- 
stemmed humeral implant is often cemented into 
the proximal humeral graft and then fixed distally 
by press fit or cement. Rotational stress should be 
neutralized by a “step cut” between graft and 
shaft (Fig.  37.4a, b). When proximal humeral 
resection is substantial, we opt for an uncemented 
humeral implant locked by screws to neutralize 
rotational force.

Reinsertion of the subscapularis tendon can 
improve internal rotation and RTSA stability. 
Unfortunately most of the time this reinsertion is 
not possible, this being either due to the absence 
of soft tissue or to the implant lateralization that 
increases the tension with high risk of rupture. 
We do not recommend any latissimus dorsi 
muscle- tendon transfer on the humeral allograft 
in case of external rotator deficit, as there is a 
high risk of instability recurrence due to absence 
of efficient subscapularis.

37.2.3.3  Management of a Chronic 
Infected RTSA

RTSA instability can be combined with infection 
with or without preoperative evidence. Implant 
replacement is the attitude of choice but involves 
advanced surgery due to possible intra- and post-
operative complications. The technical difficulty 
lies in removing the implant because of frequent 
absence of loosening with risk of humeral frac-
ture and bone defect. One-step replacement 
(humeral component fixed with antibiotic- 

a b

Allograft

Connected
long stem

Fig. 37.4 (a, b) The 
use of a structural 
humerus allograft can be 
useful in case of 
significant bone loss to 
maximize the long stem 
fixation and to prevent 
any loosening or rotation
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bearing cement) gives better functional results, 
with lower rates of morbidity and complications 
without any greater risks of recurrent infection 
especially if the implicated bacteria are known in 
advance, which is a very rare situation [28–30]. 
Most of the time infection is either a preoperative 
finding (fluid inside) or a 3-week postoperative 
period diagnosis, thanks to unexpected positive 
cultures. This is the reason why we recommend a 
systematic double antibiotherapy for 3  weeks 
until results of culture samples.

In very uncommon situations a two-step proce-
dure could be preferable, despite greater morbid-
ity, with insertion of an antibiotic-bearing cement 
spacer to fill the resulting space and provide local 
antibiotic therapy for 6–8  weeks. We routinely 
use a custom made spherical spacer (“tennis ball” 
shape) in two-stage revisions as a temporary inter-
position, but in certain cases they can be a perma-
nent solution if the patient is unable or unwilling 
to be subjected to another surgical operation [9]. 
This special shape allows a double mobility of the 
shoulder but may be unstable. It is our impression 
that shoulder comfort and mobility can be 
enhanced by tensioning of the deltoid and lateral-
ization of the humeral shaft, thanks to a spacer.

Prosthesis removal alone (resection arthro-
plasty without permanent spacer) could be a sal-
vage option too and should be considered in 
low-demanding and fragile patients, resistant 
infection, or after failure of other surgical tech-
niques [10]. Most authors agree on the fact that 
resection arthroplasty is a valid therapeutic 
option: those patients get reliable pain relief but 
outcomes concerning function cannot be always 
predicted if compared to those when the implant 
is conserved or replaced [11, 31, 32].

37.3  Proximal Humeral Bone Loss: 
Algorithm

Gohlke and Werner in 2006 defined five different 
humerus zones in case of inadequate length: the 
metaphyseal bone loss (zone 1), the rotator cuff 
(zone 2), above the deltoid insertion (pectoralis 

major, latissimus dorsi, and the teres major) 
(zone 3), beyond the deltoid insertion, and close 
to the elbow joint (Fig. 37.5) [32].

 1. Zones 1 and 2 (Proximal Metaphysis Bone 
Loss)

On the glenoid side, a greater glenosphere 
with an inferior tilt and a thicker baseplate 
with a metallic spacer on the humeral side can 
lower the humerus about 15  mm. A glenoid 
bone graft (bio-RSA) will lateralize the 
humerus and will restore the deltoid wrapping 
angle.

 2. Zones 3 and 4 (Proximal Diaphysis Bone 
Loss)

A longer and more proud humeral stem 
will be mandatory with a structural humeral 
allograft to prevent any possible loosening.

1

2

3

4

5

Fig. 37.5 The five different humerus zones described by 
Gohlke and Werner [32]. Beyond the zone 2, a structural 
humeral allograft is recommended to prevent a possible 
stem loosening
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37.4  Conclusion

The indications and usage of reverse shoulder 
arthroplasty keep on expanding, with revision of 
RTSA occurring more often. The most common 
indications for humeral component revision of 
RTSA are instability, infection, and loosening. 
All those causes can be combined. Surgical chal-
lenges include proximal humeral bone loss and 
unexpected positive cultures.

Failing to tension of the deltoid may result in 
prosthetic instability recurrence and iterative revi-
sion. A preoperative deficit humeral length (verti-
cal imbalance) must be evaluated with bilateral 
scaled humeri X-rays. Different combinations of 
design parameters influence biomechanical 
changes (vertical and horizontal imbalance) and 
are specific to prosthesis for proximal metaphysis 
bone loss. Structural humeral allograft seems 
mandatory for proximal diaphysis bone loss. 
Intraoperative stability assessment searching for 
an inferior or posterior impingement is important 
(came effect). Care must be taken of regarding 
soft tissue since lengthening and lateralizing the 
humerus may make the closure difficult. Finally, 
failing to adequately diagnose associated low-
grade infection can be prevented, thanks to a 
3-week postoperative period antibiotherapy. In 
some cases where revision components cannot be 
implanted, salvage options, including resection 
arthroplasty, can provide good pain relief but lim-
ited function.
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Case Example 1: Failure of Rotator 
Cuff Repair

Roger Hackney

38.1  Introduction

Failure of rotator cuff repairs is more common 
than we like to think. There are studies which 
have shown up to a 94% failure rate in repairing 
very large and massive tears [1]. Even moderate 
tears of the rotator cuff were found to have a 40% 
recurrence rate in the UKUFF trial, a figure not 
different from much of the literature [2]. Of 
course, the recurrence rate does depend upon 
how hard you look for tears. Some studies have 
used arthrographic techniques, where any leak-
age into the subacromial space counts as a recur-
rence; some studies use ultrasound scan [3, 4]. 
However, my radiology colleagues tell me it can 
actually be very difficult to determine whether 
the changes seen are post-surgical artefact or 
truly recurrence of the tendon tear. The same 
applies to MRI scan. The literature does not sup-
ply data on whether there has been a complete 
recurrence of the original tear or just a small fail-
ure of complete closure. A non-watertight repair 
of a large to massive tear is not necessarily a poor 
procedure. This may be why the literature also 
suggests that, certainly for the first year or two, 
there is very little difference in outcome between 
the two groups [5].

In clinical practice we see patients in whom 
the repair simply pulls apart. The rotator cuff ten-
don has lost its capacity for healing, the muscle 
does not recover and function is never regained 
or is lost. The risk factors for recurrence of tear 
include quality of tendon, tension of the repair, 
number of tendons involved (size of tear) and the 
fatty degeneration index (FDI) [6, 7].

The scenario of complete recurrence of tear is 
undoubtedly more likely when dealing with large 
to massive tears. What are the options for this cat-
egory of patient?

I describe two patients with different causes of 
recurrence where a synthetic patch was used to 
effect the revision repair of otherwise non- 
repairable rotator cuff tendons.

Case Example 1
Mr. DS is a 69-year right arm dominant retired 
man who initially presented with a typical history 
of a painful shoulder due to rotator cuff disease. 
He complained of pain with overhead activity, an 
inability to lie on his shoulder at night with sleep 
disturbance, difficulty dressing and undressing 
but, most importantly for him, pain on playing 
golf. Mr. DS is an avid golfer who plays several 
times a week when fit, but was struggling to play 
a full round without severe pain.

Examination revealed pain and mild weakness 
on stressing supraspinatus. Investigation with 
dynamic ultrasound scanning revealed a moderate- 
sized tear of the rotator cuff. He had failed to ben-
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efit from physiotherapy and elected to undergo an 
arthroscopic repair of his rotator cuff.

At surgery a moderate tear of supraspinatus 
measuring just over 1 cm longitudinally and 1 cm 
transversely was found. A simple single-row 
repair using a single anchor was performed. The 
repair was watertight at the end of the procedure. 
Standard protocol following this is to spend 
4 weeks in a sling with passive range of motion 
rehabilitation only.

At the end of 4  weeks he represented with a 
painful swelling of the shoulder, with some pain. 
He had discomfort on moving the shoulder. The 
appearances were of a low-grade infection. This 
appeared to be superficial on initial examination 
and a course of antibiotics (flucloxacillin) was pre-
scribed. There were no signs of joint infection, 
with a full passive range of motion achievable with 
minimal pain. However, after 2 weeks, the swell-
ing had not settled and the wound looked worse.

Surgical exploration of the wound was under-
taken. The findings were of significant fatty necro-
sis and fluid extending through to the joint. The 
rotator cuff repair had come apart and had signifi-
cantly increased in size. A surgical debridement 
was performed and all foreign material removed. 
The wound was not closed and required two fur-
ther open debridements to remove recurrent infec-
tion. The wound was subsequently closed when 
all tissues appeared free of infection.

Prolonged cultures grew Propionibacterium 
acnes. He was treated according to advice from 
the microbiology team with 6 weeks teicoplanin, 
intravenously, via a long line.

Mr. DS continued to receive physiotherapy 
and 4 months later had regained some overhead 
activity. However, his arm felt weak and he was 
unable to return to golf without pain. Oxford 
Shoulder Score was 17. He expressed a wish to 
undergo revision repair.

An MRI scan showed a tear of 3 × 1.5 cm with 
significant loss of bulk of supraspinatus.

Advice from the microbiologists was that a 
6-week course of teicoplanin should have 
removed any intra-articular P. acnes and that nor-
mal prophylaxis was all that would be required. 
Nonetheless Mr. DS was counselled on the risks 
of recurrent infection.

He elected to undergo revision. With large 
recurrent tears it is my practice to consent patients 
to an arthroscopic repair if the tendon quality is 
good and the tendon can be mobilised to allow a 
repair without undue tension.

At shoulder arthroscopy the tear was found to 
be large to massive with a large area of uncovered 
humeral head. The quality of the tendon was poor 
and arthroscopic mobilisation of the tendon failed 
to bring the edges of the tendon together without 
significant tension for even a partial repair.

Mr. DS had several risk factors for recurrence 
of tear. The Goutallier score for supraspinatus 
was 3, the size of the tear was large (two tendons 
were involved), the quality of tendon was poor 
and high tension would have been present with a 
conventional repair.

The risk of recurrent tear for this patient from a 
standard arthroscopic repair was very high. The 
author’s experience with patch augmentation using 
the Leeds-Kuff Patch in revision surgery is that the 
risk of re-recurrence is dramatically reduced.

Mr. DS underwent an open repair augmented 
with the Leeds-Kuff Patch. A lateral deltoid 
splitting approach is used peeling the deltoid 
from the anterolateral acromion. The arm is held 
in a shoulder holder, allowing stable access to 
the rotator cuff. The tendon was not completely 
repairable despite extensive mobilisation using 
both arthroscopic and open techniques. At open 
surgery the tendon is mobilised using stay or 
traction sutures with number two Ethibond 
sutures. A partial repair was performed using the 
traction sutures and Orthocord to the apex of the 
repair. A Leeds- Kuff Patch was applied, the gap 
bridged by the patch material which was sutured 
over the repair using the Ethibond sutures with 
additional interrupted Orthocord sutures. A 
meticulous closure of deltoid was performed 
using one Ethibond sutures to reattach the del-
toid muscle into its anatomical position. A sub-
cuticular closure is used for excellent cosmesis.

As is often the case, he reported that the repair 
felt stronger and more secure than following his 
initial arthroscopic repair. At 2 months following 
his revision repair with patch he had lost all the 
aching he had prior to surgery and was progress-
ing well with supervised rehabilitation. He had 
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regained full overhead activity. He was able to 
start to play golf again after 3 months, much to 
his delight. At 6-month review Mr. DS’ Oxford 
Shoulder Score had improved from 17 to 48, a 
normal pain-free shoulder, and he was able to 
return to playing golf.

Although the patch repair is undoubtedly 
stronger than a conventional repair my practice is 
to follow my standard protocol until evidence can 
be gained that it is safe to undergo accelerated 
rehabilitation.

Case Example 2
Mr. IG is a right-handed electrician who worked 
for a local museum. He is a very large man with a 
moderate-sized tear of the left rotator cuff that was 
causing pain and weakness with overhead activity. 
He was struggling at work. Examination revealed a 
reluctance to move beyond 60° forward flexion of 
abduction because of pain. Supraspinatus was 
weak but infraspinatus was nearly flail or pseudo-
paralytic. An ultrasound scan revealed only a mod-
erate-sized tear of the rotator cuff. He had 
undergone a course of physiotherapy prior to refer-
ral and chose the option of repair of his rotator cuff.

He underwent an arthroscopic repair of his 
rotator cuff. An small os acromiale was noted, 
and an arthritic, painful acromio-clavicular joint 
was excised. He progressed remarkably quickly 
but unfortunately the physiotherapist supervising 
him commenced lifting with weights 2  months 
after his repair, against the standard protocol. Mr. 
IG felt a sudden pull in his shoulder with loss of 
function. A further ultrasound scan revealed a 
recurrence of tear measuring at 3 × 1.7 cm. He 
failed to improve with further physiotherapy. It 
was elected to redo the surgery with a low thresh-
old for patch augmentation. At arthroscopy the 
tendon was found to be significantly more tendi-
nopathic than had been recognised on the ultra-
sound scans or at the time of the previous repair. 
Poor quality of tendon probably explained the 
failure of the original repair, and patch augmenta-
tion was determined to be the best option.

An open repair was performed with partial 
repair of the tendon achievable without undue 
tension on the repair. A patch was applied over 
the repair, bridging a moderate sized defect.

Mr. IG underwent a standard rehabilitation 
protocol. At 6 months his Oxford Shoulder Score 
had improved from 20 to 48 with normal shoul-
der function. He returned to full duties at work 
without any pain. He had full power with over-
head activity and was able to perform all his 
duties as an electrician.

38.2  Summary

The UKUFF trial [2] produced a recurrence rate 
of 40% for moderate tears of the rotator cuff 
repaired either arthroscopically, mini-open or 
open. The literature indicates that not all recur-
rences of tear become symptomatic during early 
follow up, but clinical practice suggests that 
over a longer period a significant number of 
patients return with symptoms attributable to a 
recurrent tear.

When patients represent with symptoms, the 
tears are often increased in size; there is a 
greater degree of muscle atrophy. My anecdotal 
experience suggests that it is patients with more 
tendinopathic rotator cuff tendons and particu-
larly those where a suture has pulled out of the 
tendon during the initial repair that are more 
likely to fail.

It seems evident that it is not the method of 
repair, whether it single or double row or open 
that is the concern, but the biology of the tendon 
itself. The healing potential for such tendons is 
poor. When recurrence of tear occurs, it is there-
fore illogical to try and repeat the same procedure 
in the expectation of a different outcome—a defi-
nition of madness often attributed to Einstein.

Patch augmentation alters the biology. An ideal 
patch will allow native tissue to grow into the 
patch; be strong enough to withstand traction from 
sutures during repair, even allowing early mobilisa-
tion; and produce a strong, complete rotator cuff. 
The material must not produce any adverse tissue 
reactions/histological response. This has been the 
case with xenografts, where outcomes have not 
been very successful. Human skin shows very little 
native tissue ingrowth. Where the patch is used to 
bridge large defects, the patch must retain its 
strength during the period of tissue ingrowth, or the 
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repair will fail. This was my experience with 
Artelon, which did not produce sufficient tissue 
ingrowth to bridge large gaps. The strength of the 
graft was not sufficient to hold the rotator cuff 
repair intact once the patch material biodegrades.

The Leeds-Kuff Patch is not biodegradable. 
The pull-out strength is equivalent to triple thick-
ness of dermal graft. The tendon would fail before 
this is reached. The patch allows excellent tissue 
ingrowth and can bridge reasonably large defects 
with a successful outcome. What is not yet known 
is whether muscle atrophy with a Goutallier score 
of 3 or more is recoverable. A patient of mine who 
had an arthroscopic repair of a tear which recurred 
worked as a joiner. He underwent a patch repair 
with the Leeds-Kuff Patch but took 18 months to 
regain full power in overhead activity.

Where recurrences of tears occur, it is the 
author’s opinion and experience that augmenta-
tion with a synthetic patch, the Leeds-Kuff Patch, 
dramatically reduces the risk of recurrence and 
can lead to full recovery (Figs. 38.1, 38.2, 38.3, 
38.4, 38.5, and 38.6).

Fig. 38.1 Initial view of retraction of the rotator cuff. A 
49-year-old painter and decorator with a massive tear of 
the rotator cuff. The tendon can be seen lying behind the 
glenoid, but is of good thickness and quality

Fig. 38.2 Post-mobilisation of rotator cuff tendon. After 
aggressive arthroscopic mobilisation the rotator cuff could 
be mobilised to partly cover the humeral head, but the ten-
don was not fully repairable

Fig. 38.3 Intra-articular view following release. Post- 
operatively he developed stiffness and this failed to 
resolve. At 6 months post-repair he underwent an elec-
tive capsular release of the rotator interval and clearance 
of adhesions in the subacromial space. The patch mate-
rial has been completely encased in native tissue. The 
damage to the superior surface of the humeral head 
from abrasion against the acromion prior to repair can 
still be seen
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Disclosure The author receives royalties for the Leeds- 
Kuff Patch not implanted by himself.
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Case Example 2: Combined 
Massive Rotator Cuff Tear 
and Recurrent Shoulder Instability

Benjamin Marjanovič, Marko Nabergoj, 
and Boris Poberaj

39.1  Introduction

Recurrent shoulder instability which results from 
a massive rotator cuff tear is uncommon [1]. 
Massive rotator cuff tear is defined as a complete 
detachment of at least two tendons [2]. The term 
shoulder instability is used to refer to the inability 
to maintain the humeral head in the glenoid fossa. 
Glenohumeral joint is the most mobile joint in 
our body. Its significant range of motion is 
achieved due to the lack of bony constraints 
which sets the stage for pathologic instability. 
This balance between shoulder mobility and sta-
bility is related to a complex combination of 
dynamic and static stabilizers around the shoul-
der joint.

Static stabilizers are as follows:

 1. Vacuum effect provided by intracapsular neg-
ative pressure, suction effect of the glenoid 
labrum against humeral head, and adhesion- 
cohesion effect between two wet surfaces.

 2. Bonny geometry: Normally the glenoid is 
anteverted in relation to the humerus which 
prevents posterior instability. A loss of that 

physiological version may affect the stability 
as we see in glenoid dysplasia.

 3. Glenoid labrum increases the glenoid surface, 
serves as attachment for the glenohumeral 
ligaments and the long head of biceps, and 
prevents translation of the humeral head.

 4. Glenohumeral capsule works as a socket. 
Together with glenohumeral ligaments it sta-
bilizes the humeral head in all directions.

Dynamic stabilizers are as follows:

 1. Proprioception: Glenohumeral capsule with 
its receptors sends information to periscapular 
muscles. In case of stretching of the capsule, 
the periscapular muscles contract, which pre-
vents dislocation.

 2. Rotator cuff (RC) creates concavity compres-
sion mechanism which maintains the center of 
rotation and stabilizes the shoulder at middle 
range of motion (ROM) when the ligamentous 
structures are lax and at terminal ROM through 
muscle activity that limits motion and decreases 
strain on the glenohumeral ligaments [3].

Disruption of the balance between dynamic 
and static stabilizers due to their loss of integrity 
may lead to instability.

Case Example
A 63-year-old female patient presented to our 
outpatient department was complaining of a right 
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shoulder pain lasting for a year, which has been 
worsened after a fall directly on the shoulder 
6 days prior. The injury was managed initially by 
another institution. On the day of the injury she 
was examined in the emergency department 
where fracture of the injured shoulder was 
excluded on plain radiographs. On examination 
in our hospital she complained of inability to use 
her right upper limb in everyday activities. She 
complained of shoulder instability. She had up to 
five shoulder dislocations per day after the injury. 
The dislocated shoulder was relocated by herself. 
Before the injury she had a feeling of instability 
but no dislocations. Pain was present in every 
movement of the affected arm. She complained 
of a shoulder pain at night, which frequently 
woke her up. Before the recent injury she per-
formed one cycle of physiotherapy (hydro- 
gymnastics, laser therapy, exercises for the 
shoulder, diadynamic therapy) prescribed by her 
physiatrist, which was unsuccessful. Four months 
prior she had an ultrasound examination of her 

right shoulder, which showed a complete rupture 
of the supraspinatus tendon with subacromial 
bursitis. During the examination of her shoulder 
an atrophy of the supraspinatus muscle region 
was present. Active anteflexion and abduction 
was up to 90° but very painful, active retroflexion 
up to 20°. Jobe test, belly-press test, infraspinatus 
test, anterior apprehension test, and sulcus sign 
test were positive. Function of the axillary nerve 
was intact; no motor or sensory deficits were 
identified during neurological examination. The 
neck was well movable and painless. X-ray of the 
right shoulder was performed (Fig. 39.1).

Computed tomography arthrography (CTA) 
of her right shoulder showed medium-sized Hill- 
Sachs lesion, Bankart lesion with continuation 
along the anterior labrum into a minor superior 
labrum anterior to posterior (SLAP) lesion, com-
plete rupture of supraspinatus (SSP) tendon with 
retraction about 1.5 cm laterally from the acro-
mioclavicular joint, partial rupture of infraspina-
tus (ISP) tendon, moderate atrophy of the SSP 

a b

Fig. 39.1 X-ray of the right shoulder with AP view (a) and Y view (b): A slight cranial translation of the humeral head 
without glenohumeral arthrosis is seen
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and ISP muscle, and absence of glenohumeral 
joint arthrosis (Fig. 39.2).

Due to the evidence of gross instability both 
an arthroscopic stabilization and RC reconstruc-
tion of the injured shoulder was advised. We 
decided not to implant a reverse total shoulder 
prosthesis due to the absence of glenohumeral 
joint arthrosis. Arthroscopy of the shoulder con-
firmed the radiologically identified pathological 
lesions and additional finding was a rupture of 
the upper part of the subscapularis tendon, medi-
ally subluxated long head of the biceps tendon, 
and not a partial but a complete rupture of ISP 
tendon. During the surgery we performed an 
arthroscopic Bankart repair, remplissage and 
reconstruction of the ISP to the footprint, recon-
struction of subscapularis, SSP, and long head of 

the biceps tenotomy. After the surgery the patient 
started with rehabilitation. Six months postopera-
tively the patient was satisfied with the result. 
She had no feeling of instability, no pain in her 
shoulder with a very good range of motion 
(Fig. 39.3).

39.2  Discussion

The prevalence of traumatic anterior shoulder 
dislocations in the elderly population has been 
increasing due to prolonged life expectancy [1, 
4]. Shoulder dislocations in the elderly have a 
different pathological spectrum with specific sur-
gical implications compared to the younger pop-
ulation. Especially the RC tears have been the 

a b

c d

Fig. 39.2 CTA of the right shoulder: Coronal reconstruction shows a minor SLAP lesion (a) and a SSP lesion with 
cranial translation (b). On transverse reconstruction a Bankart lesion (c) and a Hill-Sachs lesion (d) were seen
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predominant pathological lesion that induce 
shoulder instability in the elderly population [1]. 
Robinson et  al. have shown that a massive RC 
tear is one of the most important risk factors for 
early re-dislocation within a week after a first- 
time anterior traumatic dislocation [5].

As described earlier one of the main dynamic 
stabilizers is represented by the RC through con-
cavity compression mechanism. Pouliart et  al. 
have shown in a cadaveric study that smaller cap-
suloligamentous lesions were needed to lead to 
dislocation in the presence of RC deficient model 
[6]. Rowe found similar rates of shoulder dislo-
cations among patients younger or older than 
45 years of age [7]. Gumina and Postacchini have 
reported an incidence of shoulder instability in 
patients above 60 years of age to be up to 20% of 

acute anterior dislocations [8]. One of the major 
differences between shoulder instability in 
younger and elderly patients is the low recur-
rence rate in the elderly compared to the high 
recurrence rate in young population. The percent-
age of recurrent shoulder dislocations in patients 
bellow the age of 20 is reported to be between 68 
and 95%, whereas in patients older than 60 years 
between 11 and 31% [9–11].

Shoulder dislocation may result in a RC tear, 
both in younger sportsmen or older patients with 
age-related degenerative tendinopathy. Shoulder 
dislocations in elderly are more commonly asso-
ciated with neurovascular injuries, fractures, and 
RC tears. In younger patients, it is thought that 
anterior dislocation often causes more damage to 
the anterior capsulolabral support structures. 

Fig. 39.3 Patient and her ROM 6 months postoperatively
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Whereas in elderly, it has been considered that 
dislocation results more in a disruption of the pos-
terior support structures such as the posterosupe-
rior RC, while it rarely affects the anterior glenoid 
labrum and/or capsular structures [12]. Craig 
popularized the posterior mechanism of instabil-
ity in a reported series of three patients older than 
60 years who had suffered a RC tear combined 
with recurrent instability after an anterior disloca-
tion. He proposed that recurrent anterior instabil-
ity may be a result of posterior RC failure [13].

The prevalence of RC tears after an anterior 
shoulder dislocation is estimated to be between 7 
and 32% and is more common with advancing 
age. The percentage of elderly patients with this 
comorbidity is 34–100% [1]. This age-related 
pathophysiology of anterior shoulder dislocation 
is attributed to deterioration of the structure and 
mechanical properties of RC tendons [14]. A 
cadaveric study by Lehman et al. has shown an 
age-related increase in full-thickness RC tears. In 
cadavers aged under 60 years the incidence of RC 
tears was 6% whereas in those above 60 years of 
age the incidence rose to 30% [15]. Gombera 
et  al. postulated in their systematic review that 
pain and weakness persisting for up to 3 weeks 
after an anterior dislocation should set a high sus-
picion for a RC tear and further investigations 
should be taken [16].

Once the patient is diagnosed with a combina-
tion of shoulder instability and RC lesion, treat-
ment options must be considered. If a patient has a 
balanced RC lesion, minimal pain and absence of 
recurrent instability conservative treatment may be 
considered [17]. However, in patients who con-
tinue to suffer from persistent pain and shoulder 
dysfunction due to recurrent dislocations, surgery 
may result in less pain and improved function [16].

There is no clear consensus as to whether 
either the RC tear or the anterior capsulolabral 
complex injury or both should be treated surgi-
cally if they occur simultaneously in a patient 
with recurrent anterior dislocation of the shoul-
der. Itoi and Tabata reported a satisfactory out-
come in 8 out of 11 (73%) patients when only 
the RC tear was repaired while the Bankart 
lesion was left unrepaired [18]. On the other 
hand, Gumina and Postacchini argued that both 

RC tear and Bankart lesion must be repaired to 
achieve satisfactory result [8]. Shin et  al. sug-
gested that since massive RC tears alone can 
induce shoulder joint instability, their repair is 
sufficient to stabilize the joint, while the Bankart 
lesion is left unrepaired [19]. In this cases ante-
rior capsulolabral repair does not affect the sta-
bility of the joint [1]. However, when the size of 
RC tear was small to medium, Bankart repair 
should be performed as well, since small RC tear 
alone is insufficient to induce instability of the 
shoulder, which in this case appears to be in a 
large part caused by the anterior capsulolabral 
lesion [19].

39.3  Summary

Rotator cuff plays an important role in prevent-
ing glenohumeral instability as it stabilizes and 
centers the humeral head in the glenoid fossa 
through concavity compression mechanism. 
Capsulolabral lesion is a very common finding 
in a dislocated shoulder but a single disloca-
tion event may also disrupt a rotator cuff, which 
is already weakened from overuse injury in 
younger athletes and from age-related degenera-
tion in elderly. We must be careful in assessing 
a patient with persisting pain and weakness up 
to 3 weeks after an anterior shoulder dislocation 
and consider further investigations to exclude a 
rotator cuff injury. Surgical repair of either the 
rotator cuff, the capsulolabral structure, or both 
has been proposed in patients with recurrent ante-
rior shoulder dislocation. Currently, there are no 
definitive answers on which surgical treatments 
bring the best clinical results.
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Case Example 3: Reverse 
Arthroplasty Versus Other 
Treatment Options

Pascal Gleyze, Nikos Tzanakakis, 
and Konstantina Moraiti

40.1  Introduction

In certain cases, the indications for shoulder sur-
gery have never been clear [1–12]. They have 
been described as “cuff arthropathy and other 
clinical cases with a variable combination of 
arthropathy and cuff lesions.” These terms refer 
to complex and intercorrelated lesions between 
cuff, cartilage, and impaired shoulder function 
which lead to a huge variety of consequences.

The analysis of these factors is an important 
point that we must focus on, in order to set the 
appropriate surgical treatment. This necessitates 
the profound understanding of how multiple fac-
tors are cumulated to create and contribute to the 
evolution of (1) the anatomical lesion, (2) the 
clinical status, and (3) the natural history.

Before decision making and proposing a 
reverse shoulder arthroplasty (RSA) versus other 
treatment options, we have to evaluate, for each 
patient, the actual staging of the lesions and the 
functional demands of the patient and estimate 
what could be the evolution for each of the com-
ponents of this complex pathology: (1) the cuff, 
(2) the cartilage, and (3) the shoulder function.

This process takes time, it demands a lot of 
thinking and experience, and at the end it may be 
difficult to make the right decision, especially if 
we choose a treatment without immediate and 
spectacular results like the reverse shoulder 
arthroplasty. We are living in a time of “limited 
efforts” from the patients who are asking for 
immediate and perfect results [13–15]. Surgeons 
are also seeking for a great reputation of effi-
ciency and they need to preserve their “image” by 
all means, while, at the same time, they have to 
confront the influence of industrial and commer-
cial pressure.

Under all these circumstances, we note now-
adays an “overindication” of reverse shoulder 
arthroplasty. The significant augmentation of 
the rate of reverse shoulder arthroplasty is not 
normal according to the population health evo-
lution (from 15 to 64% in France in less than 
10 years) [16].

We do think that initially all patients should go 
through a period of rehabilitation and a cuff 
repair when possible [4, 17–20]. In addition, all 
traumatic cases or cases with degenerative 
arthropathies with preserved cuff should be 
treated with an anatomic shoulder arthroplasty 
even if a limited cuff repair should be performed 
at the same time. 

This chapter tries to demonstrate, through 
several clinical cases, the importance of a thor-
ough clinical examination, with special atten-
tion to muscle equilibrium among the shoulder, 
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the scapula, and the “cervical-to-shoulder zone.” 
This encounter with the patient is of paramount 
importance for decision making and it also 
serves the opportunity to give clear explanation 
about all the different options that we can pro-
pose to him. This sharing time with the patient 
is precious, especially when the clinical exami-
nation and history are not clear, with potential 
hidden problems that could influence our deci-
sion [20].

40.2  Practical Guideline 
for Decision Making 
and Treatment Options

 1. What has to be checked as fundamental 
criteria:
 (a) Age, activity, and activity level of the 

patient (active or not): Actual and in the 
future.

 (b) Muscles:
• “Shoulder”: Cuff and deltoid muscles, 

history (sport, hard workers, etc.), state 
at examination, actual and in the future

• “Regional compensation”: Trapezius 
muscle, paracervical muscles, scapula 
stabilizers, etc.

 (c) Cartilage of glenohumeral joint but also 
acromioclavicular joint.

 (d) Clinical examination:
• Mechanic/inflammatory pain
• Active/passive range of motion
• Handicap
• Clear clinical conflict (precise painful 

point in adduction internal rotation 
test)

• Analytic muscular testing
 2. What can we propose to the patient accord-

ing to the combination of anatomical state, 
age, and activity level?
 (a) Nothing, if no pain, no functional 

limitation, and no danger for future 
degeneration

 (b) Rehabilitation and self-rehabilitation 
exercises with precise, intensive, and real-
istic protocol

 (c) Acromioplasty with or without partial or 
complete cuff repair

 (d) Patch, graft, or spacer techniques
 (e) Surface, anatomic, or reverse arthroplasty

A precise analysis of mentioned factors, giv-
ing the time needed to propose and explain to the 
patient the benefits and risks for each treatment 
option, and of course mastering all of the possi-
ble surgical techniques are fundamental for a 
good medical practice and decision making. 
Proposing in every case a RSA will only mask 
our deficiency.

RSA for everybody will give satisfaction to all 
but the price will be paid later on. Specifically, 
the biomechanical constrain of the prosthesis 
design, the definitive sacrifice of residual cuff, 
and the bone capital lost will make easy to jump 
from heaven to hell if anything during and/or 
after the procedure fails and especially if the 
functional demand of the patient is over the lim-
ited biomechanical service given by the implant.

Irreparable cuff tear with severe arthropathy 
for patient with limited functional demand is 
the actual absolute indication for RSA as 
defined by scientific societies and should be 
followed.

40.3  Clinical Case 1: When We Do 
Think We Have No Choice

 1. Presentation of the case:
 (a) Profile: Male, 66 years old
 (b) Medical history: 2-year evolution with 

suspected limited cuff rupture (supra-
spinatus) and 4  months limited active 
ROM/pain medium/important handicap/
constant score (36/100). Pseudoparalytic 
shoulder

 (c) Prior treatment: Rehabilitation 4 months
 (d) Clinical examination:

• Pain: Limited during the day/no pain at 
night

• Handicap: Major handicap
• Active range of forward flexion: 70°
• Passive range of forward flexion: 170°
• Clinical anterior superior conflict: No
• Muscular testing:

 – Supraspinatus: OK (deltoid com-
pensation)
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 – Infraspinatus: OK
 – Subscapularis: OK

 (e) Muscles:
• Cuff and deltoid: Massive rotator cuff 

tear of supraspinatus (fatty infiltration 
stage 3)  +  infraspinatus (fatty degen-
eration stage 2)  +  subscapularis (no 
fatty degeneration)

• Regional compensation: Major com-
pensation, trapezius, and paracervical 
(permanent contraction/trumpet sign 
and pain on the muscular bodies)

 (f) Cartilage: No arthropathy, centered, 
not medialized/limited superior transla-
tion (Visotsky 1A/Hamada 1/Samilson/
Sirveaux E0)

 (g) Synthesis of the case: Pain, limited func-
tion, major compensation, no arthrosis. 
Failure of rehabilitation

 (h) Arthro-CT scanner (Fig. 40.1)

 2. Therapeutic options:
 (a) Rehabilitation and intensive self- 

rehabilitation (2–3 h a day)
 (b) Acromioplasty ± partial repair
 (c) Reverse shoulder arthroplasty

 3. Therapeutic decision:
 (a) My first decision: Continuing rehabilita-

tion with addition of intensive self- 
rehabilitation/3 months (more than 2 h a 
day reported on special following docu-
ment). However, failure of this first 
option: absolutely no improvement on 
pain, handicap, ROM.

 (b) My second decision after those 3 months 
of intensive self-rehabilitation and phys-
iotherapy: Acromioplasty and partial 
repair. Unfortunately, no partial repair 
was possible during the procedure. Only 
acromioplasty was performed. Results: 
Stiffness and no pain at 3 months, com-

Fig. 40.1 Case 1; CT arthrogram of the patient showing massive rotator cuff tear with reduced acromiohumeral 
distance

40 Case Example 3: Reverse Arthroplasty Versus Other Treatment Options



370

plete passive range of motion at 6 months, 
no pain but still pseudoparalytic shoulder 
with major trapezius compensation.

 (c) My third decision 9 months after acromio-
plasty: Reversed shoulder prosthesis, no 
operative difficulty (Fig. 40.2).

 4. Final results: the clinical outcome in 
3 months = 6 months = revisions ⇒ bad result. 
Moderate/no pain night and day with an active 
ROM below 70° with still a major regional 
compensation and important handicap. Ten 
points of Constant score improvement. The 
clinical examination was equivalent as it was 
the first time the patient came (Fig. 40.3).

 5. Analysis:
 (a) The initial clinical image was due to a 

massive cuff tear with a permanent and 
major compensation. Antalgic reflex 
position create “regional muscle compen-
sation” and is always present when shoul-
der pain after trauma, recent cuff rupture, 
or other etiology but should disappear 

with the use of the shoulder, rehabilita-
tion protocols, self-control of the trape-
zius, and over time. Sometimes it persists 
and becomes part of the spontaneous 
using of the shoulder as new “corporeal 
image.”

 (b) This “compensation” reflex stabilizes the 
shoulder and blocks the function of the 
residual cuff muscles and deltoid. Forward 
flexion and abduction are not possible when 
trapezius and paracervical muscles are con-
tracted because the shoulder moves into the 
scapulothoracic joint and oblige to spine 
adaptation. The “trumpet sign” shows this 
regional compensation. This clinical sign is 
a consequence of the massive cuff tear but 
can also be a causality of the impossible 
active range of motion when this reflex is 
maintained by the patient as a systematic 
antalgic reflex day after day.

 (c) This explains why the patient’s shoulder 
was stiff, why it was not moving before 

Fig. 40.2 Case 1; x-ray of the shoulder after surgical treatment with reverse shoulder arthroplasty
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the prosthesis, and why its function was 
not improved after treatment: it was just 
due to the persistence of this antalgic 
reflex.

 (d) We can state that RSA for this patient was 
not a good option because he had no 
arthropathy and because the handicap and 
limited function was only due to the 
“compensation reflex” and not to absence 
of the cuff. Acromioplasty was not a good 
option either because he had no clinical 
conflict either because the endoscopic 
reparation during the procedure was not 
possible.

 (e) What could help us make the right deci-
sion? The key point is to know the exact 
potential of the residual cuff and deltoid. 
This can be done by evaluating the physi-

ologic age of the patient and the status of 
the muscles (trophicity and fatty degen-
eration) [12, 17, 21]. A combination of 
MRI or CT scan imaging with a precise 
description of the fatty degeneration of 
each muscle is vital specially when it is 
possible to individualize the state of the 
superior and inferior part of the infraspi-
natus. The fatty degeneration of the infe-
rior part of the infraspinatus will 
determine the “red line frontier.” If it is 
preserved, the patient should be able to 
move full ROM specially if he has no sig-
nificant arthropathy. From a biomechani-
cal point of view, the preserved inferior 
part of the infraspinatus in combination 
with an efficient subscapularis and a good 
deltoid is enough to have full range of 

Fig. 40.3 Case 1; final clinical examination 18  months after surgical treatment with reverse shoulder arthroplasty 
showing the same range of motion as preoperatively
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motion in most cases. Further posterior 
extension of the rupture can be accepted 
as the limit that will give us the decision 
for RSA.

 6. Conclusion: No arthropathy with a residual 
inferior part of the infraspinatus and a good 
deltoid should be able to allow to the patient 
full range of motion with no pain or limited 
pain and no handicap or limited handicap.
 (a) If a clear clinical conflict sign is present 

and can explain the pain, acromioplasty 
with  ±  partial cuff repair could be 
proposed.

 (b) If there is no pain, the educational control 
of the compensation should be enough to 
make this shoulder recover without pain, 
full range of motion, and limited handicap 
in correlation with limited muscular 
forces.

 (c) Natural evolution of this patient’s pathol-
ogy will be a progressive severe cuff 
arthropathy. But due to the fact that it is 
difficult to precisely know and explain to 
the patient when and how this cuff 
arthropathy will oblige him to a RSA, the 
only solution is to have regular follow-ups 
and to propose RSA when the time comes, 
which can be in 10 years’ time. This will 
then be a justified surgical procedure with 

an adequate benefit risk ratio. Prevention 
arthroplasty is not acceptable [22].

 (d) In the case presented, this is no hope 
for favorable evolution for the glenohu-
meral joint, with or without arthroplasty, 
if the corporeal image of the patient is 
to lock the shoulder before starting any 
movement.

40.4  How to Define the “Red Line 
Criteria” for RSA Indication

 1. Case 2: Good result with rehabilitation
Male, 72 years old, active profile.
Well-known old cuff tear (supraspinatus) 

for 4 years. Fall on the shoulder 4 months ago 
and pseudoparalytic shoulder, “trumpet sign,” 
and limited stiffness in forward flexion (130°) 
and external rotation (20°). On arthro-CT scan 
a diagnosis of massive cuff tear was made 
with fatty degeneration grade 3 for supraspi-
natus and with a preserved posterior part of 
infraspinatus. Eccentric arthropathy was pres-
ent as well (Fig. 40.4).

The patient already had three proposals of 
RSA. At the time of the first consultation, he 
had already lost his faith in regaining his 
shoulder function.

Fig. 40.4 Case 2; x-ray 
of the shoulder and CT 
arthrogram 
preoperatively
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 (a) We proposed intensive rehabilitation and 
self-stretching over the pain limits. The 
patient has followed this protocol with 
more than 2 h per day over the pain limits: 
pain-free and complete recover after 
3 months with a preserved perfect clinical 
result and no arthropathy evolution 
5 years after (Fig. 40.5).

 (b) This clinical case is exactly the same as 
the prior case except that he had arthropa-
thy, but the results are finally very good 
because the patient achieved a good 
shoulder mobility.

 2. Case 3: Temporally limited results due to 
insufficiency of the rehabilitation and self- 
rehabilitation exercises

Female, 66 years old, not an active profile, 
no stiffness, limited centered arthropathy, pain 
night and day, and important handicap.

No compensation but no real self- 
rehabilitation work, bad results after 3 months, 
and still in depressed psychological condition. 
What to do?
 (a) We asked her to continue the rehabilita-

tion protocol and we explained to her that 
she was in good progress and that she had 
only to pass horizontal elevation.

 (b) In general, if the patient is able to main-
tain the arm over horizontal level, he 
should be able to gain full active range of 
motion if he works hard on rehabilitation 
and self-rehabilitation. Our patient, 
6 weeks after the consultation, recovered 
full ROM and had no pain night and day. 
This good clinical result is still preserved, 
after 2 years (Fig. 40.6).

 3. Case 4: No need of a doctor, don’t touch me
Male, 75 years old, very active profile.

 Before

After

Fig. 40.5 Case 2; clinical examination of the patient before treatment and after 3  months following intensive 
rehabilitation
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Massive cuff tear involving the posterior 
part of the infraspinatus. Eccentric arthropa-
thy. Limited passive ROM.
 (a) No pain, no handicap (as described by the 

patient). “No doctors needed”; the patient 
consulted for the knee. So, no treatment 
and a happy active guy (Fig. 40.7).

 4. Case 5: Acromioplasty and partial repair of 
post part of infraspinatus

Male, 68  years old, active, rupture of the 
supraspinatus more than 5  years ago. Due 

to an excessive effort 3 months ago, he pre-
sented a complete supra- and infraspinatus 
rupture (no fatty degeneration of the infraspi-
natus). Eccentric arthropathy. Pseudoparalytic 
shoulder.
 (a) The patient had acromioplasty and repair 

of the infraspinatus, no repair of the supra-
spinatus (fatty degeneration).

 (b) Clinical result at 3 months, no pain, full 
ROM, and limited force in external rota-
tion (Fig. 40.8).

Fig. 40.6 Case 3; clinical presentation of the patient at first follow-up at 6  weeks following self-rehabilitation 
protocol
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Fig. 40.7 Case 4; patient with massive rotator cuff tear but preserved shoulder function and without pain

Fig. 40.8 Case 5; 
clinical result in a 
patient with massive 
rotator cuff tear and 
eccentric arthropathy 
3 months after treatment 
with partial repair, 
subacromial 
debridement, and 
acromioplasty
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40.5  Summary

We must never propose any surgical solution 
before we are sure that we have reached the far 
end of what nature can give. This means that we 
have to insist on muscle reinforcement, stretch-
ing, self-exercise, and physiotherapy on a very 
intensive way for a minimum of 4 weeks before 
making the decision of RSA or not. And we 
should be aware of the compensation reflex which 
may mask the real potential of the shoulder.
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Case Example 4: Massive Rotator 
Cuff Tear and Patient-Specific 
Rehabilitation in Sportsmen

Ettore Taverna, Vincenzo Guarrella, Baldo Arcuri, 
and Marianna Vitale

41.1  Case Report

An otherwise healthy 40-year-old right-hand- 
dominant male, agonist climber, came to our 
attention complaining about weakness and pain 
in his right shoulder due to fall on an outstretched 
hand while climbing 1 month before. He noted 
pain in the anterior and superior aspect of his 
dominant right shoulder exacerbated with over-
head activity. He denied previous trauma, insta-
bility, or associated symptoms. Radiographs that 
were made after the injury were negative for bone 
fracture.

Clinical examination revealed an active range 
of motion (ROM) significantly decreased with a 
painful forward elevation of 100°, painful abduc-
tion of 100°, internal rotation of L5, and external 
rotation with the elbow at the side of 20°. Passive 
ROM was complete. Rotator cuff testing showed 
severe weakness on Jobe and Whipple tests and 
lift-off and belly-press tests were also positives. 
No signs of glenohumeral instability were 
detected. Neck evaluation showed a pain-free 
complete range of motion. Patient’s posture eval-
uation pointed a thoracic kyphotic posture and 
forward head posture.

MRI discloses a high-grade, full-thickness 
tear of supraspinatus tendon without gross 
retraction, diffuse enlargement, and edema of 
subscapularis tendon consistent with tendinosis 
(Figs. 41.1 and 41.2). AC joint synovitis narrow-
ing the subacromial space was also detected.

The patient was initially managed conser-
vatively (analgesics, anti-inflammatory drugs, 
rehabilitation, and subacromial corticosteroid 
injections); nevertheless, the symptoms failed 
to resolve and the patient continued to complain 
weakness and pain in the involved shoulder. 
Therefore, surgical repair was offered, which was 
subsequently performed.
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Fig. 41.1 MRI in coronal plane showing full-thickness 
tear of supraspinatus tendon without marked retraction
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41.2  Surgical Treatment

Glenohumeral examination through standard 
arthroscopic portals showed a large rotator cuff 
lesion involving the supraspinatus with the upper 
part of the subscapularis tendon involvement 
(Fig. 41.3). A titanium double-loaded anchor was 
inserted into the lesser tuberosity and the sutures 
were passed through the subscapularis tendon 
which was repaired with lasso loop knots (Fig. 41.4). 
Tenodesis of the long head of the biceps that appears 
medially subluxated was also performed. No other 
intra-articular lesions were detected.

Subacromial examination showed signs of 
subacromial impingement in the presence of 
reactive bursitis. Partial bursectomy with radio 
frequency and motorized shaver was performed. 
A minimal anterolateral acromioplasty with a 
burr was also performed.

Full-thickness rupture of the supraspinatus 
was shown (Fig.  41.5). After tendon and foot 
print preparation the superior cuff was repaired 
with two triple-loaded titanium anchors inserted 
on the greater tuberosity and sliding knots 
(Fig. 41.6).

The dynamic test showed the good coverage 
of the humeral head. After portal closure and 
medication an abduction sling was positioned.

41.3  Rehabilitation

Before surgery, the patient was informed in 
details about the duration, structure, and content 
of the rehabilitation measure.

Basically, the rehabilitation process of the 
shoulder was divided into different phases 

Fig. 41.2 MRI in transverse plane showing enlargement 
and edema of subscapularis tendon consistent with 
tendinosis

Fig. 41.3 Arthroscopic view through standard 
arthroscopic portal showing a large rotator cuff lesion 
involving the supraspinatus and the upper part of the sub-
scapularis tendon

Fig. 41.4 Subscapularis repair on a titanium double- 
loaded anchor with lasso loop knots
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depending on the functional limitations and the 
degree of soft tissue irritation. In the course of 
these phases, a consistent medical examination of 
the current state of the patient was performed in 
order to adapt the rehabilitation measures accord-
ing to the healing process. Rehabilitation should 
always be pain-free [4].

41.3.1  Phase 1, Acute Phase

In the acute phase, which begins the day after 
surgery and lasts 3 weeks, the arm was kept in a 
20° abduction sling and the patient was instructed 
not to start physiotherapy to lower the risk of cuff 
retear. Elbow, hand, and wrist motion was per-
mitted immediately after surgery and performed 
independently at home. Pain management was 
based on cryotherapy and oral analgesics.

Two weeks postoperatively, the wound was 
considered well healed without signs or symp-
toms of infection. Cutaneous stiches were 
removed at this stage. In order to avoid contrac-
tures and adhesions, the patient was advised to 
start gentle passive pendulum exercises but was 
still kept in the abduction sling.

41.3.2  Phase 2, Early Convalescence 
Phase

In this phase, the target of our protocol was full 
regain of passive range of motion. The abduction 
sling was removed. The physiotherapist initiated 
gentle manual resistance for scapular protraction- 
retraction and elevation-depression and gentle, 
submaximal glenohumeral isometrics in all 
planes. By 8 weeks from surgery, the athlete had 
achieved a passive range of motion of 140° of 
forward flexion (Fig.  41.7), 130° of abduction, 
80° of external rotation with the elbow at the 
side, and L5 of internal rotation (Fig. 41.8). The 
athlete still complained of anterior shoulder pain, 
typically at end range of motion of internal 
rotation.

41.3.3  Phase 3, Late Convalescence 
Phase

In the late convalescence phase, the focus is on 
active mobilization, improvement of coordina-
tion, and strengthening. From the 8th to 12th 
week, closed kinematic chain exercises started 
with glenohumeral centering and stabilization 
through careful concentric and eccentric exer-
cises. It was emphasized the rebuilding and 

Fig. 41.5 Full-thickness rupture of the supraspinatus. 
Tendon and foot print are prepared, anchor is inserted in 
greater tuberosity, and sutures are passed through 
tendon

Fig. 41.6 Final view on rotator cuff—supraspinatus 
repair with two triple-loaded titanium anchors inserted on 
the greater tuberosity and sliding knots

41 Case Example 4: Massive Rotator Cuff Tear and Patient-Specific Rehabilitation in Sportsmen
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strengthening of the trunk muscles (mm. trans-
versus abdominis, multifidi, and rotatores) as 
well as the progressive isotonic muscle building 
within the framework of the kinetic chain. By the 
end of this phase the patient was pain-free in nor-
mal daily activities.

41.3.4  Phase 4, Functional Phase

After 3 months the functional phase of rehabilita-
tion was started. Sports-specific exercises were 
planned; the endurance was trained by increasing 
the repetitions against lower resistances. At 
6 months the patient had a complete active and 
passive range of motion, could perform sports- 
specific activities without symptoms, and recov-
ered about 90% of normal strength. Return to 
sport was allowed at this stage.

41.4  Conclusion

Tendon healing requires a few months to occur, 
especially in case of large or massive rotator cuff 
tears; therefore aggressive rehabilitation proto-
cols are not indicated even in case of young 
sportsman patients. In this kind of patients sport- 
specific exercises can be started between the 
fourth and fifth months postoperatively. If possi-
ble, avoid anti-inflammatory drugs in the first 
2 months to not interfere with normal inflamma-
tory process.
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Case Example 5: Revision 
Arthroscopic Rotator Cuff Repair
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42.1  Introduction

Repair of rotator cuff tears has become one of the 
most common orthopedic procedures performed 
worldwide. Scientific literature about repair tech-
niques and prognostic factors that influence out-
comes is abundant. However, there are no clear 
guidelines on how to manage its main complica-
tion: the recurrence of the tear.

There have been published few reports about 
revision arthroscopic rotator cuff repairs and the 
outcomes are mainly unpredictable [1, 2]. While it 
has been demonstrated that advanced age, tear size, 
and fatty degeneration are important prognostic 
factors for re-tear after primary repair, the variables 
that affect results after revision repairs are in debate 
[3, 4]. These facts contribute to make revision rota-
tor cuff repairs a big challenge for surgeons, so its 
indication has to be done with huge caution.

It is crucial to identify the reason why the cuff 
re-tears. An inadequate previous surgical tech-
nique can be corrected during revision surgery. 
However, a biological failure in the healing pro-
cess is difficult to solve. A new attempt to repair 
the cuff should be avoided if the surgeon foresees 
low potential of healing, though we do not know 
which factors would predict it.

42.2  Case Presentation

We present the case of a 56-year-old male patient, 
builder, who suffered a complete traumatic rota-
tor cuff tear on his right dominant shoulder after 
falling from 1.5  m height while working. No 
medical comorbidities were present.

A repair was performed 1  month later in 
another center. An isolated torn supraspinatus 
tendon was found with 2  cm medial retraction 
and sized 1  cm from anterior to posterior. A 
double- row-configuration repair was performed 
using double-loaded PEEK anchors, one medial 
and one lateral. Acromioplasty was done and the 
long head of biceps tendon was left intact. He was 
immobilized after surgery with a 30° abduction 
brace. Passive motion and pendulum exercises 
were allowed at week 6 after surgery. Active eleva-
tion and rotations were delayed until week 10, and 
different exercises were allowed progressively.

The evolution was correct until week 8, when 
he started suffering some discomfort during reha-
bilitation exercises that did not impede its com-
pletion. The symptoms evolved to pain with 
exercises and during nights with no influence on 
range of motion (ROM).

The patient arrived to our office 13  months 
after primary surgery with moderate pain at rest 
and severe during movements. He had limited last 
degrees of active ROM because of pain, reaching 
155° forward flexion, 140° abduction, 70° of 
external rotation at 0° of abduction, 60° of exter-
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nal rotation at 90° of abduction, and reaching L5 
on internal rotation. Passive ROM was complete. 
Lag tests for all rotator cuff tendons were nega-
tive. Strength reached 4/5 on Daniel’s scale for 
forward flexion, abduction, and external rotation 
at 0° of abduction. Acromioclavicular joint was 
not painful, but palpation of bicipital groove was.

Plain radiographs showed no upper migration 
of the humeral head nor glenohumeral joint 
osteoarthritis (Fig.  42.1). Magnetic resonance 

imaging (MRI) demonstrated a type II retear 
according to Cho et al. [5], involving supra- and 
infraspinatus tendons (Fig.  42.2). Maximum 
medial-to-lateral retraction of the edge of the ten-
don stump to the footprint was 4 cm; the anterior- 
to- posterior size was 3  cm. Fatty infiltration of 
the supraspinatus muscle belly was Goutallier 
stage 2; muscle atrophy was stage 1.

Decision on treating the patient with a new 
rotator cuff repair was made for several reasons: 
first, he was a young patient; second, he was a 
manual worker who required adequate strength 
to perform his job properly; third, the quality of 
the tissues and retraction of the edges of the ten-
dons could allow anatomical reduction, stable 
fixation, and reasonable healing potential 
although the tear seemed to be on the musculo-
tendinous junction; and forth, the patient had 
showed in the past excellent adherence to reha-
bilitation programs.

42.3  Surgical Technique

A shoulder arthroscopy was performed under 
general anesthesia and interscalene nerve block-
ade in lateral decubitus position. During intra- 

Fig. 42.1 X-ray showing no upper migration of the 
humeral head

Fig. 42.2 MRI: (left) no intense fatty degeneration of supraspinatus muscle belly; (right) retear at the musculotendi-
nous junction
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articular inspection no chondral injuries were 
visible and biceps tenotomy was done. The 
scope was then placed at the subacromial space. 
The bursa was excised and extensive debride-
ment was carried out until obtaining full visual-
ization of the acromioclavicular joint, the 
trapezoid ligament, and the base of the coracoid 
process anteriorly and the spine of the scapula 
posteriorly. These anatomic landmarks would 
be used posteriorly as references to obtain 
proper orientation. A large medial-to-lateral and 
anterior-to- posterior sized tear was observed 
with no tendinous tissue remaining on the foot-
print (Fig.  42.3). Previous knots were cut and 
the lateral anchor from primary repair was 
extracted. Enough bony surface on the cuff foot-
print was prepared to place more anchors 
(Fig.  42.4). Mobility of the tendon edges was 
assessed with a grasper and complete coverage 
of the footprint without tension was observed 
after erasing adherences between the cuff ten-
dons and the bony surfaces of the scapula. The 
liberation reached posteriorly the base of the 
spine of the scapula. At this point, the shaver 
was exclusively used in order to avoid damage 
of the suprascapular nerve when it passes under 
the spinoglenoid ligament. No anterior or poste-
rior interval-slide technique was necessary to 
obtain full mobilization of the tendon. Then the 

scope was placed at the anterolateral portal for 
full visualization of the anterior edge of the tear. 
A Neviaser portal was used for suture passing 
through the tendon with direct graspers. Once 
passed, the limbs were retrieved trough the ante-
rior or posterior portals and progressively tied. 
A double-row configuration repair was used, 
with two double-loaded anchors of PEEK medi-
ally and two laterally, tied from lateral to medial 
and from posterior to anterior. Full coverage of 
the footprint was obtained (Fig. 42.5).

The arm was placed on a sling and gentle 
pendulum and auto-passive flexion exercises 
were allowed from the beginning. Passive rota-
tions and active flexion were permitted at the 
eighth week with progression to full active 
ROM.  Resisted exercises were allowed at the 
16th week and return to work at 6 months. At the 
end of the 1-year follow-up, the patient was pain- 
free and able to complete his daily life activities 
and job. Active ROM was almost completely 
restored, reaching 170° of forward flexion, 160° 
of abduction, 80° of external rotation with arm 
placed at 0° of abduction, 75° of external rotation 
with 90° of abduction of the arm, and touching 
L1 on internal rotation. Strength was 5/5 at all 
movements and slightly inferior compared to the 
contralateral side. The patient was satisfied and 
would recommend the treatment.

Fig. 42.3 (Left) Retear of the cuff with no tendon stumps at the footprint; (right) previous knots cut
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42.4  Discussion

Healing of the tendon is surgeon’s main concern 
when the decision of repairing a re-tear of the 
rotator cuff is taken. Failure after primary repair 
usually happens during the first months without 
any traumatic event what demonstrates a biologi-
cal deficit on the healing process [6]. Identifying 

factors that may lead to non-healing of the tendon 
is the key to make a correct indication when a 
retear appears.

In this case, we found several good prognostic 
factors that made us choosing a new repair of the 
cuff. The absence of intense fatty degeneration, 
atrophy, and retraction of the edge of the tendon 
encouraged us to repair it again. Gentle manage of 

Fig. 42.4 Design of the repair: (left) location of the Neviaser and the posterior portals; the spine of the scapula acts as 
landmark; (right) cuff footprint once extracted the lateral anchor from previous repair

Fig. 42.5 (Left) Suture limbs passing through the tendon in double-row configuration, view from the anterolateral 
portal; (right) final repair

Á. Calvo Díaz et al.
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soft tissues, extensive debridement of the foot-
print, and obtaining a tension-free stable repair 
were the surgeon-dependent factors to obtain 
proper healing. However, we assumed that a high 
probability of failure existed as happened at first 
repair.

Revision rotator cuff repairs are, in general, 
safe procedures that allow good functional out-
comes though inferior than those obtained with 
primary repairs [2, 7]. Moreover, the rate of fail-
ure in these situations remains high enough to 
consider other treatment options [8]. Other alter-
natives, as the addition of grafts reinforcing the 
repair or bridging the gap, have been proposed to 
improve clinical outcomes and enhance healing 
of the tendon to the footprint, with promising 
results [9].

In conclusion, revision repair of rotator cuff 
retear is a valid option in young patients in the 
absence of bad prognostic factors for tendon 
healing.
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