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To Prof. Randelli and Prof. Perugia, founding fathers of the 
Italian Society for the Shoulder and Elbow Surgery. 

To Paul Grammont, inventor of the modern reverse shoulder 
prosthesis.
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The Italian Society of Shoulder and Elbow 
Surgery is to be congratulated for this excel-
lent work on the reverse shoulder replace-
ment. Professors Mario Randelli and 
Lamberto Perugia were able, by creating this 
society, to inspire Italian surgeons to dedicate 
themselves to subspecialization in shoulder 
surgery, thereby promoting Italy as a flagship 
nation in Europe and throughout the world.

Paolo Paladini, Stefano Gumina, and 
Federico Grassi  are the three engines that 
drive this new Italian generation. They have 
gathered around them the most active mem-
bers of their society to create a body of work 

that will permit all surgeons–new and veteran alike–to learn more about the 
reverse shoulder prosthesis. This prosthesis was invented by Paul Grammont, 
the Lyonnaise surgeon from the school of Professor Trillat, who spent his 
career as professor at the University of Dijon. In 1985, Paul Grammont 
designed his first prototype of the reverse prosthesis, which incorporated the 
critical idea of transferring the center of rotation of the glenohumeral joint to 
the glenoid surface in order to avoid component loosening. The second pro-
totype in 1987 and then the definitive Delta prosthesis in 1991 were not 
immediately recognized as the greatest advances in shoulder surgery of the 
twentieth century.

The lack of clinical evaluation and rigorous follow-up of patients operated 
on by Dr. Grammont and his team had long delayed the success of this pros-
thesis. Widely used in France and then in Italy after 1995, it would take nearly 
10 years for this prosthesis to gain its current recognition when it was finally 
authorized for use in the United States by the FDA (2004). For 15 years now, 
the reverse shoulder prosthesis has achieved the same level of success and 
acceptance in the world as has the anatomic prosthesis designed by C.S. Neer.

Neer and Grammont are and will remain two giants in the field of Shoulder 
and Elbow surgery, the fathers of the prosthetic surgery that has allowed thou-
sands of injured or debilitated patients to rediscover their shoulder function.

This truly excellent book perfectly analyzes the biomechanics of the 
reverse prosthesis and the etiologies that lead to its implantation. Initially 
proposed for the treatment of arthritis in the setting of massive rotator cuff 

Foreword
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tears, the excellent results obtained have led to the gradual expansion of 
 indications to include massive rotator cuff tears without concomitant arthritis, 
fractures of the proximal humerus in the elderly, fracture sequelae, treatment 
of rheumatoid arthritis, tumors, and to numerous other circumstances in 
which other satisfactory options are not available to relieve patients.

Preoperative planning, surgical technique, complications, and postopera-
tive rehabilitation are perfectly detailed and constitute a veritable bible for 
shoulder surgeons.

I encourage all shoulder surgeons to read this wonderful book and I con-
gratulate once more Paolo Paladini, Stefano Gumina, and Federico Grassi for 
this success.

Lyon, France Gilles Walch

Foreword
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In 1985, Paul Grammont proposed adapting the principle of medialization to 
the reverse design previously implanted a new prosthesis, during the 1970s. 
He called his prototype the “Trompette.” It was composed of a glenoid com-
ponent, consisting of 2/3 of a 44-mm-diameter sphere, with its COR set in a 
specific, medialized location facing the glenoid. This ceramic glenoid com-
ponent was cemented onto the glenoid. On the humeral side, a concave, 
monoblock polyethylene cone was also cemented. Deries tested this proto-
type; results were described in his graduate thesis in 1986.

Initially, reverse prosthesis was indicated for low demanding elderly 
patients with cuff tear arthropathy; nowadays it is commonly implanted in 
patients with irreparable cuff tear, glenohumeral arthropathy with healthy 
cuff, complex fractures of the humeral head, inflammatory arthropathies, fail-
ures of anatomical prosthesis and hemiarthroplasty, proximal humerus frac-
ture sequelae, humeral head neoplasm, and avascular necrosis of the proximal 
humerus. This expansion of the surgical indication, associated with good 
functional results, led the reverse to exceed 75% of all types of shoulder pros-
theses in many specialized centers.

In the last decade, the reverse prosthesis has passionate hundreds of shoul-
der surgeons who, with their studies, have tried to reduce possible complica-
tions, such as scapular notching and mobilization of the components, and to 
increase function and stability.

This book was written by experts and affirmed Italian shoulder surgeons; 
all members of the prestigious Italian Society for the Shoulder and Elbow 
Surgery, founded in 1992. The monograph is aimed at all the lovers of this 
subject, residents and young specialists who are passionate about this sector 
of surgery, and physiotherapists who will find useful indications to set up a 
proper rehabilitation program.

We are proud to see the realization of this monograph; it represents the 
result of passion, seriousness, and scientific rigor of our countrymen. 

Rome, Italy Stefano Gumina
Novara, Italy Federico Alberto Grassi
Cattolica, Italy Paolo Paladini

Preface
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History of Reverse Shoulder 
Arthroplasty

Giuseppe Fama and Assunta Pozzuoli

1.1  Introduction

Degenerative and traumatic shoulder arthro-
plasty, with combined massive and irreparable 
rotator cuff tear, may lead to a painful and 
pseudo-paralyzed shoulder. The management of 
these conditions has long been challenging. It has 
been well addressed with the use of an anatomi-
cal, non-constrained total shoulder arthroplasty 
but with limited functional results or even 
contraindications.

The first introduction of such implants was by 
Charles Neer [1]. However, the problem of dam-
aged or absent periarticular structures remained 
unsolved. Then, semi-constrained or constrained 
prostheses were tested in both anatomical and 
reverse types, but all these implants failed due to 
loosening of the glenoid component and poor 
functional outcomes [2, 3].

In 1985, Paul Grammont introduced a revolu-
tionary design of reverse prosthesis that replaced 
the traditional glenoid socket with a “gleno-
sphere” component fixed to the scapular neck 

and a small cup in the humeral component [4]. 
Grammont defined new biomechanical principles 
of medialization and lowering of the center of 
rotation. This medialization of the center of rota-
tion in reverse shoulder prosthesis was crucial in 
successfully overcoming implant failures of 
 previous designs mainly due to loosening.

The new ingenious idea of Paul Grammont 
has been decisive for all the next reverse shoulder 
arthroplasties in the treatment of degenerative 
arthropathies of the shoulder associated with an 
irreparable tear of the rotator cuff.

Since 1985, many new models, designed on 
the basis of Grammont reverse shoulder prosthe-
sis, are now available with good clinical 
outcomes.

In this chapter, we present a historical review 
of the evolution of reverse shoulder arthroplasty, 
the biomechanical variations and the complica-
tions from the early models, through the develop-
ment of Grammont’s prosthesis, to the more 
recent ideas and designs to face the controversies 
and challenges that still remain.

1.2  Historical Review

The first shoulder arthroplasty was performed in 
1893 by a French surgeon Jules Emile Péan to 
treat the tuberculous arthritis shoulder of a 
37-year-old baker. Jean Porter Michaels, a 
Parisian dentist, designed for him a prosthesis 

G. Fama (*) 
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of Padova, Padova, Italy
e-mail: giuseppe.fama@aopd.veneto.it 
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with the humeral stem made of platinum and 
leather and a head made of rubber coated with 
paraffin [3, 5, 6]. It had moderate and short-lived 
functional results because the prosthesis was 
removed 2 years later for a recurrence of the 
infection.

Then, no references to the shoulder prostheses 
were done until 1955 when Neer [7] performed 
the first non-constrained humeral prosthesis 
which was a one block implant made of Vitallium 
which reproduced the anatomy of the superior 
part of the humerus (Neer I). He treated seven 
patients with fracture-dislocations of the shoul-
der by replacement of the humeral head and 
repair of the avulsed tuberosities and five patients 
with old fractures of the humeral neck compli-
cated by avascular necrosis. He reported pain 
relief in 11 of 12 patients. In 1974, Neer [8] sub-
sequently extended the use of his proximal 
humeral arthroplasty for the treatment of gleno-
humeral osteoarthritis. He reported excellent and 
satisfactory clinician results in 40 of 44 patients. 
Although pain relief was reliably obtained with 
hemiarthroplasty, Neer [8] reported variable 
strength and function in patients with irreparable 
rotator cuff tears. Superior humeral head migra-
tion was often seen postoperatively in patients 
who had lost the stabilizing function of the rota-
tor cuff.

In fact, between 1950 and 1970, together with 
the widening of the indications for shoulder 
arthroplasty, many surgeons noticed poorer func-
tion in patients with a deficient rotator cuff. They 
recognized the stabilizing role of the rotator cuff 
and increased awareness that the development of 
glenohumeral prosthesis had to solve the chal-
lenges of balancing joint stability with the range 
of motion (ROM) impaired by tear and deficiency 
of the cuff [8–11].

Nevertheless, over the next years, a number of 
other studies followed reporting the use of hemi-
arthroplasty for traumatic and degenerative 
changes in the glenohumeral joint [8, 12–14].

However, the early attempts were unable to 
consistently alleviate pain and restore function in 
cases of rotator cuff tear arthropathy. Such unsat-
isfactory outcomes led surgeons to use designs 

that compensated for severe rotator cuff defi-
ciency with a convex glenoid and a concave 
humerus, replicating the biomechanical design of 
other weight-bearing joints [10, 15–18]. Inspired 
by the success of total hip arthroplasty, several 
subsequent shoulder implant designs attempted 
to increase the conformity and constraint of the 
prosthesis [19].

In 1972, Neer and Averill, RG [1] designed 
three different types of fixed-fulcrum arthro-
plasty. The first of these reversed shoul-
der  prostheses, Mark I (Fig.  1.1), included 
a  large anatomical glenoid used to stabilize 
the  prosthesis and prevent proximal humeral 
migration.

The second version, the Mark II, was modified 
to a smaller ball to allow rotator cuff repair but, 
unfortunately, with a decreased excursion and 
motion [20]. The Mark II and similar implants, 
including the English-MacNab prosthesis and 

Fig. 1.1 The Mark I system. A large glenoid implant to 
allow more motion and a large head (Reprinted with per-
mission from Flatow EL, Harrison AK.  A history of 
reverse total shoulder arthroplasty. Clin Orthop Relat Res. 
2011;469:2432–2439)

G. Fama and A. Pozzuoli
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the  DANA shoulder prosthesis, were quickly 
 abandoned, secondary to high rates of loosening 
of the glenoid component [18, 21].

The third version, the Mark III, was subse-
quently developed with a new design that allowed 
axial rotation between the humeral stem and the 
diaphysis to limit constraint and to improve ROM 
(Fig. 1.2) [22]. Dislocation, loosening, and scap-
ular fixation were still major concerns with this 
implant [23]. Therefore, Neer abandoned his 
constrained prosthesis designs, concluding that 
constraint alone cannot adequately compensate 
for a nonfunctional rotator cuff [22]. However, 
other surgeons continued to explore the reverse 
shoulder concepts.

In fact, new total shoulder arthroplasty 
designs in the 1970s reversed the normal anat-
omy by placing the socket in the proximal 
humerus and the prosthetic ball on the glenoid 
with different scapular fixations in order to 
improve motion and strength without increasing 
the risk of dislocation and loosening (Table 1.1) 
[4, 10, 18, 24–29].Fig. 1.2 The Mark III reverse prosthesis. Smaller ball 

and rotating metallic stem within a polyethylene sleeve 
(Reprinted with permission from Flatow EL, Harrison 
AK. A history of reverse total shoulder arthroplasty. Clin 
Orthop Relat Res. 2011;469:2432–2439)

Table 1.1 Reverse shoulder arthroplasty models pre-Grammont

Prosthesis name/author
Year of 
introduction Main characteristics

Mark I, Mark II, Mark 
III/Neer and Averill

1972 Reverse ball-and-socket joint with a fixed-fulcrum. Mark I with a 
oversized ball to allow increased motion. Mark II modified to a smaller 
ball to permit rotator cuff reconstruction. Mark III with a small ball and an 
axial rotation in the humeral stem to regain motion

Leeds/Reeves 1972 Glenoid component with a divergent threaded peg; center of rotation 
coinciding with the anatomic center

Gerard and 
Lannelongue

1972 A central screw with an articulating sphere was placed through a base plate 
along with two more screws

Kölbel and Friedebold 1973 The glenoid fixation was secured with a central screw and two plates with 
the screws directed to the base of the scapular spine

Kessel 1973 Fixation of the scapula with a single large central glenoid screw; center of 
rotation placed laterally; cemented humeral stem

Bayley-Walker 1973 Implant similar to Kessel design with a large hydroxyapatite-coated 
glenoid screw; the center of rotation placed medially and distally. 
“Snap-fit” components to enhance stability

Jefferson/Fenlin 1975 Large polyethylene glenosphere to improve deltoid function. The 
glenosphere articulated with a large cup on a metallic humeral stem

Liverpool/Beddow 1975 Similar to hip prosthesis. The glenoid component has a stem fixed into the 
scapular pillar to achieve a secure fixation. This model mimics the 
anatomic center of rotation outside the scapula

Buechel-Pappas- 
DePalma

1978 Double glenosphere decreased in size realizing a “floating fulcrum” that 
increases shoulder motion over the anatomic limits

Trispherical/Gristina 1978 Two small ball joints on both humeral and scapular sides articulating with 
a third larger central polyethylene sphere

1 History of Reverse Shoulder Arthroplasty
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1.2.1  1972: The Leeds/Reeves 
Prosthesis

This shoulder arthroplasty had the normal ana-
tomic center of rotation. The glenoid component 
was fixed with a divergent threaded peg. It 
 demonstrated higher pullout strength than other 
designs in in vitro testing. This implant was only 
experimental (Fig.1.3) [10, 29].

1.2.2  1972: The Gerard 
and Lannelongue Prosthesis

Gerard and Lannelongue reported in 2 papers 
the results of 22 cases, in which this model was 
used. This system showed many complications 
(four implant breakages, three dislocations, and 
two infections) not only related to the prosthesis 
design. In fact, the cases were particularly com-
plicated and challenging because they included 
reconstruction following tumor resection or 
post- traumatic and revision  surgery [17, 30].

1.2.3  1973: The Kölbel 
and Friedebold Prosthesis

This constrained implant was designed to reduce 
the marked bone removal from the glenoid vault 
for implantation of the glenoid component, char-
acteristic of the earlier constrained designs. 
Kölbel and Friedebold [18] introduced a new sys-
tem to improve scapular fixation with a flange 
bolted to the base of the scapular spine and func-
tioned in stress transfer. The glenoid implant was 
fixed with a central screw and two plates with the 
screws directed toward the coracoid process and/
or the base of the scapular spine (Fig. 1.4). It was 
especially used for the reconstruction of bone 
loss after tumor resection [18, 21, 31]. Its use was 
reported in six cases, for resection of malignancy 
from the humerus, the glenoid, or both.

1.2.4  1973: The Kessel Prosthesis

In this model the glenoid component was fixed to 
the glenoid by a large and single central screw 
which was placed laterally, while the humeral 
stem was cemented. Both components were 
snap-fit coupled (Fig. 1.5).

Fig. 1.3 The Leeds/Reeves reverse shoulder system. It 
included a divergent threaded peg glenoid component. It 
had an instant center of rotation that recreated the normal 
anatomic center (Reprinted with permission from Flatow 
EL, Harrison AK.  A history of reverse total shoulder 
arthroplasty. Clin Orthop Relat Res 469:2432–2439, 2011)

Fig. 1.4 The Kölbel reverse shoulder prosthesis. The gle-
noid component is fixed with a flange bolted to the base of 
the scapular spine (Reprinted with permission from Matsen 
FA, Rockwood CA, Wirth MA, Lippitt SB: Artropatia 
gleno-omerale e suo trattamento. In: Rockwood CA, Matsen 
FA. La Spalla. eds. Roma: Verduci; 2000:823–944)

G. Fama and A. Pozzuoli
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Bodey described decreased pain and some 
improvement in function [32].

Also, Broström et al. reported a series of 23 
shoulders (all with rheumatoid arthritis), with a 
follow-up of 87 months, in which pain relief was 
good in over 90%, but average gain in active 
elevation was poor (35%) and the reoperation 
rate was high (26%). Moreover, all shoulders 
had radiolucent lines around the glenoid screw 
within a year [33]. Seven years later, Wretenberg 
confirmed this finding on the same series of 
patients [34]. Of the 22 patients, 13 were not 
available for the study (11 died and 2 had serious 
illness), and 1 had revision surgery after 2 years. 

The remaining 8 patients had a low functional 
level but were able to manage daily hygiene. 
Five patients were pain-free. The radiographs 
showed no radiolucent zones around scapular 
components in two of eight patients. No radiolu-
cent zones were detected around the humeral 
components [34].

1.2.5  1973: The Bayley-Walker 
Prosthesis

In 1973, the Bayley-Walker system was devel-
oped on Kessel’s model improving both design 
and fixation. A central glenoid screw coated with 
hydroxyapatite was introduced to achieve a 
secure glenoid fixation without a concomitant 
increase in loosening. In this prosthesis the center 
of rotation was moved medially and distally to 
increase the abductor muscle lever arm. Ahir 
reported no loosening and radiolucencies after 
5 years of follow-up in 81 non-tumor cases and 
43 cases of malignancy [24].

1.2.6  1975: The Jefferson Prosthesis 
of Fenlin

Fenlin developed a new model of reverse shoul-
der arthroplasty to increase the deltoid function. 
He introduced a large glenosphere with an 
enlarged ball-and-socket construct to compensate 
the absent rotator cuff [27]. The glenosphere was 
made of polyethylene to lighten the implant 
weight, while the humeral cup was metallic 
(Fig. 1.6).

In 1975, Fenlin described the early satisfac-
tory results, and concluded that the right indica-
tion of this prosthesis was rotator cuff 
arthropathy [27]. However, in 1985 he reported 
implant mechanical breakage, prosthesis loos-
ening, and anterior instability in a long-term 
follow- up [35].

Fig. 1.5 The Kessel reverse shoulder prosthesis. The gle-
noid component is screwed to the glenoid, while the humeral 
stem is cemented (Reprinted with permission from Matsen 
FA, Rockwood CA, Wirth MA, Lippitt SB: Artropatia 
gleno-omerale e suo trattamento. In: Rockwood CA, Matsen 
FA. La Spalla. eds. Roma: Verduci; 2000:823–944)

1 History of Reverse Shoulder Arthroplasty
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1.2.7  1975: The Liverpool Prosthesis 
of Beddow

This prosthesis was initially designed in 1969 by 
Beddow and Elloy and was similar to a Charnley 
hip prosthesis (Fig. 1.7) [25]. The glenoid compo-
nent (ball diameter 20  mm) and the stem were 
fixed into the scapular pillar with the  polyethylene 
socket cemented into the proximal humerus. This 
design mimicked the anatomic center of rotation 
outside the scapula. Nineteen prostheses were 
implanted, and 16 had a 5-year follow-up; 11 
patients experienced almost pain-free, and 4 
patients showed loosening of the scapular compo-
nent [36].

1.2.8  1978: The Buechel-Pappas- 
DePalma Prosthesis

In 1978, Buechel et al. [26] designed a prosthe-
sis similar to the Neer Mark III (Fig. 1.8). This 
model was based on a supporting system with 
two spheres to realize a “floating fulcrum.” It 
was characterized by a small glenosphere artic-
ulated with a larger and mobile intermediate 
polyethylene cup and with the humeral head to 
allow supraphysiologic motion [26, 37]. The 
early results in few patients were promising. 
They reveal superior fixation strength of both 
glenoid and humeral components and functional 
adaptation of the prosthesis without fracture of 
fixturing bone or prosthetic dislocation [26]. 
However, Buechel et al. [26] hypothesized that, 
at a longer follow-up, the muscle forces across 
the glenohumeral joint would lead to loosening 
at the bone- cement or humerus-glenoid inter-
faces of the prosthesis.

Fig. 1.6 The Fenlin JM Jr. reverse shoulder prosthesis. 
It is characterized by a large polyethylene glenosphere 
to increase deltoid lever arm. A wedge is inserted to fix 
the scapula, and a column is placed along the axillary 
border of the scapula (Reprinted with permission from 
Matsen FA, Rockwood CA, Wirth MA, Lippitt SB: 
Artropatia gleno-omerale e suo trattamento. In: 
Rockwood CA, Matsen FA.  La Spalla. eds. Roma: 
Verduci; 2000:823–944)

Fig. 1.7 The Liverpool reverse shoulder prosthesis. The 
glenoid component has a stem fixed in the scapular pillar 
to a depth of about 50  mm and with the polyethylene 
socket cemented into the proximal humerus (Reprinted 
with permission from Boileau P, Walch G, et al. Shoulder 
Concepts. Reverse Shoulder Arthroplasty. eds. 
Montpellier: Sauramps Medical; 2016)

G. Fama and A. Pozzuoli
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1.2.9  1978: The Gristina Trispherical 
Prosthesis

In 1978, Gristina and Webb designed a system 
similar to Buechel’s prosthesis [28] (Fig.  1.9). 
The name “trispherical” was related to the pres-
ence of a unique double ball-and-socket config-
uration. These two small ball joints, on both 
humeral and scapular sides, are articulated with 
a central polyethylene sphere inserted in a sepa-
rate metallic socket [37]. This system was suc-
cessful in improving pain and ROM but 
experienced several dislocations of the humeral 
sphere and glenoid component fracture.

These previous constrained reverse shoulder 
prostheses (reverse ball-and-socket designs) 
tended to fail because their center of rotation was 
lateral to the scapula with limited motion and, 
thus, they produced excessive torque and shear 
forces at the glenoid component-bone interface 
leading to early loosening (Fig.1.7). In most 
cases, the functional active elevation was limited, 
less than 90 degrees, and especially related to 
scapulothoracic motion. Many models remained 
experimental and were abandoned because of the 
failures, particularly for the prosthetic instability 
and loosening [27, 33, 38–41].

Fig. 1.8 The Buechel reverse shoulder arthroplasty. This 
implant includes a supporting device with double spheres 
that functions as a “floating fulcrum.” This system allows 
shoulder motion over the anatomic limits (Reprinted with 
permission from Matsen FA, Rockwood CA, Wirth MA, 
Lippitt SB: Artropatia gleno-omerale e suo trattamento. 
In: Rockwood CA, Matsen FA.  La Spalla. eds. Roma: 
Verduci; 2000:823–944)

Fig. 1.9 The trispherical total shoulder of Gristina and 
Webb. It consisted of Vitallium humeral and glenoid small 
balls, both incorporated in a larger polyethylene sphere 
(Reprinted with permission from Matsen FA, Rockwood 
CA, Wirth MA, Lippitt SB: Artropatia gleno-omerale e 
suo trattamento. In: Rockwood CA, Matsen FA. La Spalla. 
eds. Roma: Verduci; 2000:823–944)

1 History of Reverse Shoulder Arthroplasty
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The challenge of finding a compromise among 
mobility, stability, mechanical efficiency, and 
resistance to loosening in the prosthesis design 
was considered impossible.

In 1985, Paul Grammont, unlike the previous 
reverse models, first introduced a new reverse 
shoulder prosthesis characterized by two major 
and revolutionary innovations: a large glenoid 
hemisphere without the neck and a small humeral 
cup almost horizontally inclined and covering 
less than half the hemisphere. In Grammont 
reverse prosthesis, the center of rotation was 
medialized and stabilized, minimizing torque on 
the glenoid component and recruiting more fibers 
of the anterior and posterior deltoid which led to 
an increase of the abduction force [39].

These innovations represent the main causes 
of the worldwide success of this prosthesis 
design.

1.3  Paul Grammont Biography

Paul Grammont was born on April 12, 1940  in 
Salins-les-Bains (Fig.  1.10). His father was a 
teacher and his mother was trained as a physicist. 
His father taught in different schools in Besançon, 
Alès, Quimper, Lons-le-Saunier, Troyes, and 
finally in Lyon, where Grammont took the bac-
calaureate in “Elementary Math,” in 1957. After 
graduating from secondary school, he began his 
medical studies in Lyon as a resident in general 
and osteoarticular surgery. In Lyon, he worked as 
a university assistant in Michel Latarjet’s anat-
omy laboratory from 1968 to 1971. From March 
1972 to April 1974, he was a fellow and then a 
senior registrar in Professor Albert Trillat’s ortho-
pedic department in Lyon specializing in knee 
and shoulder surgery. He did his military service 
in French Guiana where he treated many difficult 
cases. In 1974, when he was 34, he became an 
Associate Professor of Orthopedic Surgery and 
Traumatology (Fig. 1.11). Then, he became the 
Chairman of the Orthopedic Department of the 
University Hospital in Dijon, in September 1974. 
It was in Dijon that he began his biomechanical 
experiments on the knee and the shoulder in his 
own garage before having the opportunity to 

work in the anatomical and biomechanical labs in 
the Medical University of Dijon. Innovation was 
Paul-Marie Grammont’s keyword and he was 
really creative; besides developing the reverse 
shoulder prosthesis [4, 42], he also developed an 
early patellofemoral prosthesis [43] and one of 
the first nails with a self-advancing mechanism 
designed to lengthen long bones like the tibia and 

Fig. 1.10 Dr. Paul-Marie Grammont is shown in 2011 
(Reprinted with permission from Boileau P. Biographical 
Sketch. Clin Orthop Relat Res. 2011;469:2422–2423)

Fig. 1.11 Dr. Paul-Marie Grammont is shown about in 
1970 (Reprinted with permission from Boileau 
P.  Biographical Sketch. Clin Orthop Relat Res. 
2011;469:2422–2423)

G. Fama and A. Pozzuoli
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the femur (Albizia nail) [44]. The shoulder was 
the joint that he mostly studied. He firstly pro-
posed a procedure named “Bristow-Trillat” for 
the anterior instability explaining its biomechani-
cal rationale. But, his ingenious mind was devel-
oped in the degenerative pathology and prosthetic 
surgery of the shoulder. In 1985, Grammont 
designed a reverse prosthesis for arthritic shoul-
ders with insufficient rotator cuff. In 1987, he 
published his first paper on the reverse prosthesis 
in the French literature [4, 45]. Six years later, in 
1993, he summarized the results of his biome-
chanical studies in the English language [42].

In 1997, at 57 years old, he had a stroke with 
right hemiplegia and aphasia. Despite functional 
deficits, he continued his carpentry and plumbing 
activities in his home and became a painter using 
his left hand. Paul-Marie Grammont died on 
March 30, 2013 [45, 46].

1.4  The Principles of Grammont’s 
Reverse Prosthesis

In 1981, Professor Paul-Marie Grammont 
directed two engineers in a study with a theoreti-
cal and mathematical approach entitled Study of 
a Mechanical Model for a Shoulder Total 
Prosthesis: Realization of a Prototype [47]. 
Grammont observed that, when the cuff is 
absent, the solution is to intrinsically balance the 
middle deltoid to strengthen its abduction com-
ponent and lessen the elevation component 
responsible for loosening stress on the glenoid. 
Moreover, regarding the center of rotation, he 
said: “medializing the center of rotation of the 
scapulohumeral joint, and so increasing the del-
toid lever arm, will compensate for the lack of 
activity of the supraspinatus muscle. In this way, 
we would move the mobile joint against the 
scapula without allowing a change in the posi-
tion of the humerus in reference to the scapula. 
Indeed, if at the same time, we medialized the 
humerus itself, the deltoid lever arm would 
remain unchanged instead of being increased… 
In a first step, we’ll have to lower the center of 
rotation” [47]. This is the concept of medializing 
the center of rotation.

The above method of strengthening the deltoid 
abduction component was consistent with, and 
validated by, the experience of the translation- 
rotation- elevation osteotomy of the scapular 
spine, described in 1975 [48–51]. After all, the 
increase of the middle deltoid lever arm induced 
by the acromial lateralization through this osteot-
omy was measurable [50]. Therefore, the deltoid 
can be affected in the same way by two different 
means: lateralizing the acromion without moving 
the center of rotation or medializing the center of 
rotation without moving the acromion [52].

1.4.1  1985. The First Version 
of Grammont’s Arthroplasty, 
the Delta™ Reverse Prosthesis

This first model of Grammont’s prosthesis was 
the Delta™ reverse prosthesis (Delta for deltoid, 
the only motor of this design) as it relied solely 
on the strength of the deltoid muscle for both 
movement and stability [42, 53] (Table  1.2). It 
was designed by Grammont in 1985.

This prosthesis, also named “Trompette,” had 
only two components (Fig.  1.12). The glenoid 
component was a metallic or ceramic ball with-
out a neck, initially two-thirds of a sphere, and 
42 mm in diameter. It was designed to fit over the 
glenoid like a glove and fixed with cement. The 
humeral component was a polyethylene socket. 
Its concave surface was a third of a sphere, and its 
stem was trumpet-shaped for cementing into the 
humeral medullary canal. A “bell saw” was used 
to prepare the glenoid, and two broaches were 
used to prepare the different parts of the humerus, 
one for the epiphysis and one for the diaphysis. 
The initial Grammont reverse prosthesis was 
cemented on both humeral and glenoid sides.

The underlying principles which differentiate 
this prosthesis from the failed reverse semi- 
constrained designs of the past include (Fig. 1.5):

 1. A fixed center of rotation with congruent large 
joint surfaces (cup on sphere instead of sphere 
on a “flat” surface) to compensate for the defi-
cient rotator cuff muscles and increase 
stability

1 History of Reverse Shoulder Arthroplasty
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 2. A medialized center of rotation (so that it 
actually lies at the glenoid bone-prosthesis 
interface) in order to:
 (a) Increase the deltoid lever arm.
 (b) Reduce the torque at the point of fixation 

of the glenoid component.
 3. Lowering of the humerus relative to the gle-

noid to increase deltoid tension to overcome 
the weak/absent rotator cuff muscles

To achieve this, Grammont used a reverse 
ball-and-socket prosthesis, but he introduced two 
majors design innovations: (1) a large ball and no 
neck on the glenoid side and (2) a small cup, ori-
ented with a nonanatomical inclination of 155°, 
and that covers less than half of the hemisphere 
on the humeral side. Almost all reversed prosthe-
ses designed before the Delta had a small pros-
thetic head and a neck and/or a more vertically 

oriented and covering cup, which created a very 
different biomechanical environment [3, 8, 18, 
28, 34].

In 1987, Grammont et al. [54] reported a study 
on eight patients with his first design: three cases of 
post-radiotherapy necrosis, one case of inflamma-
tory osteoarthritis, and four revisions of failed pros-
theses. The mean age was 70 years, and cuff was 
absent or destroyed in all cases. The mean follow-
up was only 6 months. A transacromial approach 
(with osteotomy of the lateral acromion) was used 
in all but one case. Revision osteosynthesis of acro-
mial nonunion was required in three of these cases. 
All shoulders were pain-free, but mobility was 
variable. In three cases, active anterior elevation 
was 100–130°, but in the three other cases, it was 
less than 60°. Unsatisfied with these results, 
Grammont made further modifications to progress 
to the current design. Since he experienced several 

Table 1.2 Reverse shoulder prosthesis of Grammont and post-Grammont

Prosthesis name/author
Year of 
introduction Main characteristics

Grammont prostheses
First prototype 1985 The humeral component was a polyethylene socket with a trumpet shape; 

the glenoid component was metallic or ceramic ball with a press-fit central 
peg; center of rotation medialized but lateral to native glenoid surface

Delta III—first 
generation

1991 The glenoid components included a circular glenoid baseplate with a 
central peg for press-fit impaction, reinforced with two divergent screws to 
resist initial shear forces. The glenosphere was directly screwed onto the 
peripheral edge of the plate

Delta III—second 
generation

1991 Morse taper with a central countersunk screw

Delta III—third 
generation

1994 A diaphyseal stem screwed onto a modular metaphyseo-epiphyseal block; 
the polyethylene cup fitted over the epiphyseal end

Post- Grammont 
prostheses
Aequalis® reversed 1998 The metaglenoid is fixed with divergent locking screws and implanted 

lower on the glenoid with a small amount of inferior tilt
Encore Reverse®/
Frankle

1998 Placed less medially than the Delta prosthesis; the center of rotation was 
closer to its usual anatomic location

Duocentric® reverse 
prosthesis

2001 Inferior extension of the glenosphere to avoid scapular notching and 
fixation peg to preserve the glenoid bone stock

Universal
Arrow System

2002 Placed less medially than the Delta prosthesis; the COR is in the glenoid; 
the humeral cup has an inbuilt medial notch to avoid friction against the 
pillar of the scapula

Lima Corporate SMR™ 2003 The central peg is made of a Trabecular Titanium™ technology
TESS (Total Evolutive 
Shoulder 
System)—Biomet

2006 Uncemented glenoid baseplate secured by a full hydroxyapatite central peg 
with titanium plasma spray; the humeral implant is based on the short 
reverse corolla

Aequalis Ascend™ Flex 2012 Short, uncemented, and convertible humeral stem to preserve bone stock; 
145° angle to avoid scapular notching. Onlay design
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failures with the cemented glenoid component, he 
decided to change the glenoid to an uncemented 
system fixing the glenoid component with a central 
peg and some screws of divergent direction to 
counteract the initial shearing forces [53]. He also 
abandoned the idea of having two-thirds of a sphere 
and opted for a design based on half of a sphere in 
order to place the center of rotation directly in con-
tact with the glenoid surface, decreasing lateral off-
set at the glenohumeral articulation and thus 
decreasing shearing forces.

Later, Grammont and his collaborators 
observed loosening of the cemented large sphere 
(2/3 of sphere), and they moved to a press-fit gle-
noid baseplate with a smaller hemisphere [52]. 
However, some of these early Grammont reverse 
prostheses are still surviving at more than 15 years 

of follow-up. Notably, this Trompette prosthesis 
has been associated only with small and nonpro-
gressive notches on the scapular pillar [52].

1.4.2  1991: The Second Model 
of Grammont’s Prosthesis: 
The Delta III

The Delta III prosthesis came on the market in 
1991 and is still available.

The Delta III has five parts: the glenoid base-
plate (metaglenoid), the glenosphere, the poly-
ethylene humeral cup, the humeral neck, and the 
humeral stem (Fig. 1.13a, b).

In the first generation, the metaglenoid was a 
circular plate with a long and uncemented central 

Fig. 1.12 The first model of Grammont reverse prosthe-
sis named “Trompette,” designed by Grammont in 1985 
and first implanted in 1986. This prosthesis included a 
polyethylene humeral component and an alumina ceramic 

glenoid component with a volume equivalent to 2/3 of a 
sphere of 44 mm (Reprinted with permission from Boileau 
P, Walch G, et al. Shoulder Concepts. Reverse Shoulder 
Arthroplasty. eds. Montpellier: Sauramps Medical; 2016)

1 History of Reverse Shoulder Arthroplasty
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peg. It was fixed with two divergent 3.5  mm 
screws superiorly and inferiorly in order to resist 
to the shearing forces at the bone-implant inter-
face. The glenosphere was screwed directly onto 
the peripheral edge of the plate, but this periph-
eral screwing was abandoned due to secondary 
loosening of the screws [20].

In the second generation, the metaglenoid was 
conical and smooth in the periphery with a Morse 
taper effect. The metaglenoid was coated with 
hydroxyapatite on its deep surface to improve 
bony fixation. The center of the metaglenoid was 
hollow to securely fix the glenosphere with a cen-
tral screw. The humeral component was a mono-
bloc with a cup of standard thickness [20].

The third generation became available in 
1994 with a new humeral component. A diaphy-
seal stem was screwed on to a metaphyseo-
epiphyseal block of one of three available sizes 
in order to obtain a better fit. The polyethylene 
cup (a third of a sphere) was fitted over the 
epiphyseal end, but it was too small and rapidly 
deteriorated due to medial impingement. The 
cup was, therefore, replaced by a lateralized cup 
of two diameters of 36 mm and 42 mm. A metal-
lic wedge is available to allow correction of 

length problems in the cases with loss of metaph-
yseal bone. A retentive cup can be used in cases 
of major instability [20].

The choice of a large humeral stem came from 
the idea developed in hip arthroplasty of maxi-
mizing the contact area between the stem and the 
host bone [20].

The Delta III prosthesis (DePuy International 
Limited, Leeds, England) has been used for the 
last 20 years worldwide, and its results have been 
extensively reported [55–60]. In cases of pseudo- 
paralytic shoulders with massive irreparable cuff 
tears and glenohumeral arthritis, all series have 
shown a recovery of active abduction of between 
120 and 130 degrees.

1.4.3  Complications of Grammont 
Reverse TSA

The persistent problems and high complication 
rate with this procedure have been described 
extensively in the current literature with complica-
tions including [55, 59–62] hematoma formation 
[63], infection [55, 59, 63–66], scapular notching 
[59, 66–68], instability [63, 65, 66], acromial com-

a b

Fig.1.13 (a) The Delta ™ reverse prosthesis has five 
components: the glenoid baseplate (metaglenoid), the gle-
nosphere, the polyethylene cup, the humeral neck, and the 
humeral stem. (b) The change from a cemented to an 

uncemented glenoid with divergent screws to resist initial 
shear forces (Reprinted with permission from Boileau P, 
Walch G, et  al. Shoulder Concepts. Reverse Shoulder 
Arthroplasty. eds. Montpellier: Sauramps Medical; 2016)
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plications [63, 64], glenoid component failures 
(loosening, disassembly) [10, 28, 35, 59], intraop-
erative fractures, and neurological complications.

Deep infection has been reported in up to 
5.1% of primary reverse TSA.  This is likely 
related to the large subacromial “dead space” that 
allows the formation of a hematoma [69].

Scapular notching is a direct consequence of 
both the absence of a prosthetic neck of the gle-
nosphere and the horizontal orientation of the 
humeral cup. It is caused by the impingement of 
the medial aspect of the polyethylene humeral 
cup on the scapular neck inferiorly but also pos-
teriorly. This repetitive contact can lead to bone 
loss under the inferior aspect of the glenoid with 
incidence of up to 50–96% [58, 63, 67, 68] 
(Fig. 1.14a) and in polyethylene wear (Fig. 1.14b). 
Moreover, the polyethylene particle disease may 
cause local osteolysis with progression of the 
notch [60, 62, 70]. This is supported by the 

 finding of polyethylene particles in the pseudo-
membrane in the osteolytic area [71].

A series from Nice reported this complication 
in 74% of cases (45 cases) [55] and another from 
Sirveaux in 65% (77 cases) [59]. Gerber et  al. 
[72] studied the passive range of motion in pros-
thesis with superior fixation of the glenosphere. 
This confirmed previous reports [61, 62] that 
contact between the humeral cup and the pillar of 
the scapula is much more significant when the 
metaglenoid is fixed high on the glenoid.

Instability. Proper deltoid tensioning can be 
another source of complications with inadequate 
tension leading to instability [69].

Acromial complications like fracture are due 
to the high tensioning of the deltoid [69].

Glenoid loosening. Although intraoperative 
glenoid complications are uncommon, glenoid 
loosening has been observed in up to 4.1% of 
Grammont reverse prostheses [69].

a b

Fig. 1.14 The scapular notching. (a) The yellow arrow 
shows the scapular notching that results from a mechani-
cal conflict between the medial border of the humeral 
implant and the inferior rim of the glenoid. This conflict 
leads to a polyethylene wear of the glenoid component. 

(b) Retrieved glenoid component with polyethylene wear 
(Reprinted with permission from Boileau P, Walch G, 
et al. Shoulder Concepts. Reverse Shoulder Arthroplasty. 
eds. Montpellier: Sauramps Medical; 2016)
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A limited external rotation, despite the good 
elevation, achieved by the reverse shoulder pros-
thesis was reported due to the medialization of 
the humeral component that increases the medial 
impingement against the scapula. It also accounts 
for the medial notch [55, 61, 62].

Moreover, the medialization of the center of 
rotation reduces the strength of the posterior del-
toid fibers. Injury to the suprascapular nerve 
while fixing the metaglenoid may also be a cause 
of lack of external rotation [62].

Limitation of internal rotation was also 
noticed. It is caused by the prosthesis design, the 
medialization that reduces the strenght of the 
anterior fibers [30], and the state of the subscapu-
laris. Active medial rotation will be improved if 
part of subscapularis remains intact.

1.5  Post-Grammont Reverse 
Shoulder Arthroplasty

Several new models were developed based on 
Grammont’s principles [64, 73, 74] to overcome 
all the complications of the previous reverse 
shoulder prostheses (Table 1.2).

The Tornier Company (Montbonnot-Saint- 
Martin, France) has developed the Aequalis® 
reversed prosthesis, based on the biomechanical 
principles described by Grammont, but with 
some innovations. The metaglenoid is fixed with 
divergent locking screws. Wedges and 
 polyethylene cups of varying thickness are used 
to correct the tension of the deltoid and metaphy-
seal bone loss. Users of the Delta and Tornier 
prostheses, following the work of Gerber [72], 
have recommended that the metaglenoid be 
implanted lower on the glenoid with a small 
amount of inferior tilt (Fig. 1.15).

In 1998, Frankle designed the reverse prosthe-
sis (ENCORE Medical, Austin, Texas, USA) 
(Fig. 1.16). It was placed less medially than the 
Delta, and the center of rotation was closer to its 
usual anatomical location [64]. In his series of 60 
patients with more than 2 years follow-up, less 
abduction than in the Delta series was observed 
but with a better range of rotation. However, the 
design of the glenosphere, which was two-thirds 

of a sphere, increased shearing of the screwed 
metaglenoid. Several complications of the gle-
noid component were noted, including loosening 
(seven cases) and breakage of the platinum and 
screws. Frankle’s biomechanical studies 
 concluded that a concave metaglenoid was better 
than a flat one [74].

In 2001, the Duocentric® reverse prosthesis 
(Aston Medical) was designed and developed 
until a third generation based on the “Trompette” 
and Delta® (DePuy). It was first implanted in 
2003. This system was characterized by three 
main features: spherical inferior overhang to 
avoid scapular notching, fixation peg of various 

Fig. 1.15 The Aequalis reversed shoulder prosthesis ™ 
(Tornier Company, Montbonnot Saint Martin, France). 
The metaglenoid is fixed with divergent locking screws 
with inferior tilt (Reprinted with permission from Boileau 
P, Walch G, et al. Shoulder Concepts. Reverse Shoulder 
Arthroplasty. eds. Montpellier: Sauramps Medical; 2016)
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sizes to preserve the glenoid bone stock, and 
adjustable length to reinforce the fixation if 
needed (Fig. 1.17). After more improvements, the 
Duocentric® Expert reversed prosthesis became 
available in 2007 [75].

In 2002, the Universal Arrow System (FH 
orthopedics, Heimsbrunn, France) was developed 
in France and became available commercially in 
Europe. This model was based on Grammont’s 
principles with the center of rotation lying at the 
level of the glenoid unlike Encore reverse 
 prosthesis. The center of rotation was in the gle-
noid, and the prosthesis was placed less medially 
than the Delta prosthesis (Fig.  1.18). Thus, the 
range of rotation (poor in Grammont’s design) 
was improved, and the risk of medial impinge-
ment was eliminated. In addition, the humeral cup 
had an inbuilt medial notch to avoid friction 
against the pillar of the scapula. The metaglenoid 
was concave, adapting to the normal curvature of 
the glenoid fossa.

De Wilde [73] confirmed that medialization 
and lowering the implant affect the moment arm 
of the deltoid and improve the arc of rotation, 
which is essential in daily activities.

A retrospective study was presented at the 
French Congress of Orthopedic Surgery in Paris 
in November 2006 which compared the results of 
40 Delta and 40 Arrow prostheses. Radiologically, 
it was shown that Arrow System allowed for less 
medialization, but that the extent of humeral low-
ering was the same with both systems.

In 2003, Lima Corporate introduced a reverse 
shoulder prosthesis with a modular shoulder 
replacement system (SMR™) [76]. This system 
also allows the conversion to a reverse shoulder 
arthroplasty without changing the humeral stem, 
and the glenoid metal back avoids the risk of sac-
rificing the bone [77]. At a mean follow-up of 
32.3  months, all patients improved in terms of 
range of motion, and no signs of loosening of the 
implant were reported.

In the SMR Axioma TT Metal Back implant 
(Lima Corporate SMR™), a wide range of mod-
ular pegs are provided to manage bone deficiency. 
This system is made of a Trabecular Titanium™ 

Fig. 1.16 The Encore reverse prosthesis (Encore 
Medical, Austin, Texas, USA). The glenosphere is placed 
less medially than the Delta and the center of rotation is 
similar to the anatomical position (Reprinted with permis-
sion from Boileau P, Walch G, et al. Shoulder Concepts. 
Reverse Shoulder Arthroplasty. eds. Montpellier: 
Sauramps Medical; 2016)

Fig. 1.17 The Duocentric® reversed shoulder prosthesis 
with uncemented stem

1 History of Reverse Shoulder Arthroplasty



18

technology that provides significant osseointe-
gration with high bone ingrowth percentage both 
in cancellous and cortical bone in sheep model 
[78] (Fig. 1.19).

In 2012, Tornier Company designed a new 
reverse shoulder prosthesis with an onlay design, 
the Aequalis Ascend™ Flex (Tornier SAS-
Wright Medical Inc., Bloomington, MN, USA). 
It is characterized by a new short, uncemented, 
and convertible humeral stem to comply with 
these specifications: bone stock preservation 
with a short stem, avoiding scapular notching 
utilizing a 145° angle through a summation of 
the stem and polyethylene liner angles and 
 making the humeral revision easier. This angle 
has been shown to minimize scapular impinge-
ment while  optimizing elevation, internal, and 
external rotation through virtual implantation 
studies completed by Tornier, Inc. [79, 80] 
(Fig. 1.20). Goetzmann et al. presented the pre-
liminary results of 24 reversed shoulder arthro-

plasty at 2 years of follow- up. The average CS 
improved from 21 preoperatively to 63 postop-
eratively (P < 0.0001). Anterior active elevation 
and active external rotation improved from 79° 
and 10° preoperatively to 139° and 28° postop-
eratively. The mean active internal rotation 
improved significantly from the sacrum to L3 
(P < 0.0001). SSV improved from 34 to 73%. No 
mechanical complication (migration, fracture, 
instability, or loosening), loosening, and radiolu-
cent lines around the stem were reported [80].

Recently, new models of reverse shoulder 
prostheses without stem were proposed.

The TESS (Total Evolutive Shoulder 
System) (Biomet, Warsaw, IN, USA) has an 
uncemented glenoid baseplate secured by a full 

Fig. 1.18 The Universal Arrow System (FH Orthopedics, 
Heimsbrunn, France). This prosthesis is placed less medi-
ally than the Delta; the center of rotation is in the glenoid 
unlike Encore reverse prosthesis; the humeral cup has an 
inbuilt medial notch to avoid friction against the pillar of 
the scapula

Fig. 1.19 SMR Axioma TT Metal Back implant (Lima 
Corporate SMR™). The central peg is made of a 
Trabecular Titanium™ technology
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hydroxyapatite central peg with titanium 
plasma spray, as well as two superior and infe-
rior locked screws. The glenosphere is eccen-
tric, with a 3 mm lateralization, and is placed 
inferiorly. The humeral implant based on the 
short reverse corolla is an uncemented metaph-
yseal-epiphyseal implant, made of chrome 
cobalt, with a titanium plasma spray, and full 
hydroxyapatite coating. Six wings on the sur-
face of the reverse corolla optimize the rota-
tional stability. Teissier et al. found a significant 
improvement in pain relief, flexion, abduction, 
and external rotation, no infections or neuro-
logic lesions, no humeral loosening of the 
corolla despite the lack of a stem, as well as no 
component dissociation; scapular notching in 
medium-term follow-up study was about 19% 
[81] (Fig. 1.21).

In 2015, also Lima LTD produces a stemless 
reverse shoulder prosthesis, the Lima shoulder 
modular replacement (SMR)  stemless shoulder 
system. This is a convertible system with four 

parts for anatomic configuration (humeral core 
component, double male Morse taper, locking 
screw, and humeral head) and two parts for 
reverse configuration (humeral core component 
and reverse liner). The humeral core component 
is composed of Trabecular Titanium designed for 
bone ingrowth and is seated by impaction. When 
utilized in reverse configuration, a metallic 
reverse liner is impacted into the humeral core 
component. This metallic liner, manufactured out 
of CoCrMo, then articulates with an all- 
polyethylene glenosphere [82].

1.6  Indications 
and Contraindications

Reverse shoulder arthroplasty represents primary 
indication for elderly patients with cuff tear 
arthropathy and a cuff-deficient shoulder demon-
strating predictable outcomes [58, 83].

Fig. 1.20 The Aequalis Ascend™ Flex (Tornier SAS- 
Wright Medical Inc., Bloomington, MN, USA). This 
prosthesis has an onlay design and a short, uncemented, 
and convertible humeral stem to preserve bone stock; 
145° angle to avoid scapular notching

Fig. 1.21 TESS stemless reverse shoulder arthroplasty. 
Glenoid baseplate is uncemented and secured by a 
hydroxyapatite central peg with titanium plasma spray. 
The humeral implant is based on the anatomic RCo 
(Reprinted with permission from Boileau P, Walch G, 
et al. Shoulder Concepts. Reverse Shoulder Arthroplasty. 
eds. Montpellier: Sauramps Medical; 2016)

1 History of Reverse Shoulder Arthroplasty



20

As surgeons have acquired more experience, 
indications have been extended to include revi-
sion arthroplasty, proximal humeral nonunion 
[84], acute fractures [84, 85], pseudo-paralysis 
due to massive and irreparable cuff tear without 
arthritis [27, 53, 60], severe fracture sequelae 
(type 3 or type 4) with tuberosity migration and 
osteolysis [39, 56, 86], prosthetic revision in a 
cuff-deficient shoulder [39, 61, 87], and tumor 
surgery [88, 89].

There are two major contraindications for a 
reversed prosthesis: a history of previous infec-
tion and a nonfunctional deltoid muscle.

As the study of reverse shoulder arthroplasty 
has advanced and varying systems have devel-
oped, vibrant controversies have arisen. Debate 
exists over the medialization of the center of rota-
tion, with some proposing a more lateral offset 
pointing to a lower rate of scapular notching and 
an increase in impingment-free motion [89, 90]. 
Others suggest notching may also be minimized 
with appropriate positioning of the more medial 
glenoid component [68]. These issues require 
additional high-quality studies and must continue 
to be explored and debated [91].

1.7  Conclusion

The design of the reverse shoulder prosthesis was 
introduced about 50  years ago, but the initial 
models, introduced in the early 1970s, failed due 
to many complications, particularly instability 
and loosening of the glenoid component. To 
overcome these concerns, Paul Grammont first 
introduced two major revolutionary innovations 
in reverse shoulder prosthesis: a fixed and medi-
alized center of rotation minimizing torque on 
the glenoid component and a lowered humerus 
improving the power of the deltoid for elevation/
abduction. The pioneering concepts of Grammont 
and the development of the Delta III prosthesis 
have been fundamental to all subsequent shoul-
der arthroplasty systems. After more than 
20 years of follow-up of these reverse prostheses, 
glenoid loosening and impingement of the 
humeral cup on the scapular neck are still 
present.

Despite these problems, the Grammont reverse 
prosthesis is, today, the main available surgical 
option in severe shoulder pathologies where the 
rotator cuff and proximal humerus are destroyed 
or absent and have become an essential part of 
shoulder prosthetic surgery.

Actually, many designs of reverse shoulder 
prosthesis have been introduced on the market, 
all based on the innovative Grammont concepts.

Other studies will be necessary to improve 
and develop new designs of reverse shoulder 
prosthesis to minimize the complications associ-
ated to these prostheses.
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Shoulder Anatomy

Stefano Gumina, Vittorio Candela, Giovanni Ziveri, 
and Carlo Felice De Biase

2.1  Subacromial Space

This is the space delimited above by the cora-
coacromial arc (anterior-inferior margin of the 
acromion, coracoacromial ligament, apex, and 
distal third of the posterior surface of the cora-
coid) and below by the humeral head, by the ten-
dons of the rotator cuff, and of the long head of 
the biceps (Fig.  2.1a, b). The area between the 
tendons of the supraspinatus and the subscapu-
laris is called the rotator interval.

2.2  Coracoacromial Arc

2.2.1  Acromion

The acromion is flat in shape and extends later-
ally, then anterolaterally. We distinguish an upper 
surface, in close contact with the skin, bearing 
rough scores and vascular orifices; an inferior 

concavity, which forms the tip of the glenohu-
meral joint; a lateral margin, the bundles from 
which the deltoid muscle originates; and a medial 
margin where the surface of the acromioclavicu-
lar joint is.

In the last 30 years, the shape of the acromion 
has been the object/topic of several studies because 
it was considered the cause of predisposing ali-
ments such as subacromial impingement and rota-
tor cuff tendon tears [1]. In an anatomical study, 
Bigliani et al. [2] have classified the acromion as 
types I, II, and III based on the orientation and 
shape of their lower surface and identified the type 
likely to cause a reduction in the anatomical space 
between the acromion and the humeral head. 
According to this classification, the lower surface 
of the type I acromion is flat (flat acromion), while 
in the II and III acromion type, it is curvilinear 
(curved acromion) and hooked (hooked acro-
mion), respectively (Fig. 2.2a–c). Shoulders with a 
type III acromion are more prone to have a narrow 
subacromial space. Other studies have confirmed 
the correlation between subacromial impingement 
and rotator cuff tear [3–5].

In a study of ours, during which we examined 
500 dry scapulae belonging to Caucasians, we 
evaluated the shape (on the basis of the Bigliani’s 
classification) [2] and some morphometric fea-
tures of the acromion. The shape of the acromia 
was flat in 38.9%, curvilineous in 39.4%, and 
hooked in 21.7% of the scapulae examined. The 
percentage of hooked acromia was higher in the 
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scapulae of those aged over 60 (26%); thus, the 
hook-shaped acromion is currently considered as 
being acquired (ossification of the coracoacro-
mial ligament) and not as something that is 
genetically determined. This observation seems 
to be confirmed by the studies of Natsis et al. [6] 
and Schippinger et  al. [7] Other kinds of acro-
mion recently described are the type IV (convex) 
[8] and the chiglia-like [9]. In an anatomical 
study, Zuckerman et al. [10] have not been able to 
identify the three types of acromia described by 
Bigliani. The authors concluded that the correla-
tion between type of acromion and cuff tear is not 

clear and further studies are needed to support the 
role of extrinsic factors in the genesis of cuff tear 
[10]. Chang et al. [11], after having performed a 
three-dimensional analysis of the acromion with 
MRI, came to the conclusion that impingements 
of any kind caused by the acromion are not the 
primary cause of cuff tendon rupture.

In our study [12], the average thickness of the 
acromion was 8.5  mm; in addition, there was a 
direct linear correlation with the size of the  scapula 
[12]. The acromia of the scapulae as well as the type 
III acromion belonging to male subjects were sig-
nificantly thicker than those of females. The torsion 

a b

Fig. 2.1 (a–b) Lateral (a) and anterior (b) view of a left shoulder. The arrows indicate the subacromial space. *The 
long head biceps tendon. **Rotator cuff

a b c

Fig. 2.2 (a–c) (a) Type I (flat) acromion; (b) type II (curved) acromion; (c) type III (hooked) acromion
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angle of the acromion is between 0° and 40° that of 
inclination between 20° and 70° [13].

In another study we conducted on 200 dry 
scapulae [13], the acromia were distinguished on 
the basis of Edelson’s classification [14] that dif-
ferentiates them according to the position of the 
articular facet with respect to the acromioclavicu-
lar joint tip. In 33% of the acromia, the facet of 
the acromioclavicular joint was at a distance 
from the apex of the acromion (type “cobra 
head”), 22% were on the apex (type “squared”), 
and 45% in an intermediate position (such as 
“intermediate”) (Fig. 2.3a–c). The average length 
of the scapular facet of the acromioclavicular 
joint was 12.7 mm (range, 8–22 mm). Two forms 
of facet were identified: one to “drop” (31%) and 
“elliptical” (69%). The “drop” type belonged to 
elderly subjects; the edge of the veneer often pre-
sented degenerative changes. No dependency 
between the form and the spatial arrangement of 
the facet was discovered/found.

The lack of fusion of one or more growth cen-
ters located in the apex of the acromion (os acro-
mialis) occurs in about 8% of scapulae (Fig. 2.4) 
[15]. When the unfused core is found at the apex 
of the acromion, it is defined as preacromion; 
instead, when it is found more distally, it is named, 
respectively, mesacromion, metacromion, and 
basiacromion [16]. The correlation between os 
acromialis and subacromial impingement is still a 
matter of discussion [17–19]. A study of ours has 
shown that the longer the distance between the 
acromioclavicular joint and the apex of the acro-
mion, the higher the possibility that fusion of the 
growth nuclei will not occur [20].

Baechler and Kim [21] have observed that 
there is a relationship between the degree of 
humeral coverage by the lateral margin of the 

acromion and rupture of the rotator cuff. This 
association is thought to be due to the friction 
that is likely to occur during abduction. Nyffeler 
et  al. [22] consider that the sum of the forces 
brought to bear in flexion/abduction favors 
humeral proximal migration in cases of greater 
degrees of acromial coverage. Torrens et al. [23] 
observed that the prevalence of acromia with 
higher degrees of humeral coverage was greater 
in patients with cuff tears than in those belonging 
to the control group.

2.2.2  Coracoacromial 
Ligament (CAL)

It is located between the base of the coracoid and 
the inferomedial surface of the acromion 
(Fig. 2.5). It fits on top of the acromion, right in 
front of the acromioclavicular joint’s surface and 
along the entire lateral section of the coracoid. 
An artery (a branch of the suprascapular) is 

a b c

Fig. 2.3 (a–c) (a) Cobra head acromion; (b) squared acromion; (c) intermediate acromion

Fig. 2.4 MR scan of a left shoulder. Axial view. The 
arrow indicates the os acromialis
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constantly present on the posterior surface of the 
ligament. Macroscopically, it presents no homo-
geneous morphological characteristics.

An anatomic study revealed that 60% of the 
shoulders had a bipartite coracoacromial liga-
ment, a single ligament in 25%, and tripartite in 
15% of the cases [24]. In the latter case, the cora-
coid insertion of the third band was more medial 
and may not be visible until a resection of the 
lateral third of the clavicle is performed. 
Kesmezacar et al. [25] argued that there are five 
possible anatomical variants of the CAL (type I, 
Y-shape; type II, single broadband; type III, 
quadrangular; type IV, V-shape; and type V, mul-
tiband). The Y-shape inserts itself in a unique 
manner into the acromion. The two bands of the 
“Y”, which are inserted on the coracoid, are 
separated by a thin membrane. Of the two bands, 
one side is thicker and wider. The width of the 
two insertions of the single broadband variation 
(type II) is similar [26]. The ligament maintains 
its width along its entire extension. In type III, 
the width of the insertion on the coracoid is wider 
than that of type II. Type IV differs from type I 
because of the two arms that appear to be separate 
after the acromial insertion. Even in this case, the 
side of the higher band is thicker and wider. Type 
V does not present homogeneous morphological 
features. Of all the variants, the most common 
type is the “Y” (41%); the rarest are types IV and 
V (both 11%). For the authors, none of the 
variants predisposes rupture of the cuff more than 
the others. However, CALs with the greatest 

number of bands seem to have a significant 
association with the degeneration of the cuff. 
Kopuz et al. [27] conducted an anatomical study 
on neonatal CALs and observed that the variants 
at birth are simply three: square, single broadband, 
and “U.” This observation suggests that the final 
shape of the ligament is acquired over time. In 
rare cases, where the pectoralis minor muscle 
inserts on the capsule of the glenohumeral joint 
rather than on the coracoid, the tendon passes 
through the bands of the CAL [28].

In an anatomical study, Fremery et  al. [29] 
observed that shoulders with cuff tears have CAL 
bands shorter compared to those without tendon 
rupture and that the CAL changes its 
morphological and biomechanical features over 
time. The insertional areas are constituted by 
fibrocartilage [30]. With aging, the fibrocartilage 
is also present in the middle portion of the 
ligament [30].

It was observed [31] that the CAL contains 
four types of nerve endings: free, Pacinian 
corpuscles, and Ruffini and Golgi receptors. In 
addition to these typical endings, other “atypical” 
ones were observed. All these endings are equally 
distributed on the surface of the subacromial side 
of the ligament and in correspondence with the 
acromial and coracoid insertion [30, 31]. The 
number of nerve endings decreases in older 
subjects and in those with subacromial 
impingement. This observation suggests that in 
these two categories of persons, the proprioceptive 
activity of the shoulder is reduced.

With aging, the portion of the ligament that fits 
onto the acromion may experience ossification 
(enthesopathy) [30]. The new bone can modify 
the profile of the anteroinferior acromion, increas-
ing the downward curvature. This explains why 
the percentage of the hooked acromion increases 
with aging. In the case of two-part ligament 
(anterolateral and posteromedial band), spur for-
mations occur predominantly on the anterolateral 
band [32]. This has led to the hypothesis that of 
the two bands, the anterolateral is that subjected 
to greater functional stresses [32]. Ogata and 
Uhthoff [33] argued that the development of 
enthesopathy is the result of the transmission of 
tensile forces within the ligament and that the for-
mation of this spur determines transition from a 

Fig. 2.5 Cadaveric right shoulder. The arrow indicates 
the coracoacromial ligament
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dysfunctional syndrome to an organic stenosis. 
Kijima et  al. [34] observed that the modulus of 
elasticity of the CAL of patients with cuff tear is 
higher than that recorded in the ligaments of sub-
jects without tendon rupture. This shows that 
physiological tissue degeneration causes progres-
sive rigidity of the ligament. Even Sarkar [35] and 
Schiavone-Panni [36] observed that tissue disor-
ganization and loss of normal orientation of the 
collagen fibers are more common in the CAL of 
patients with subacromial impingement, espe-
cially in the deep layer of the ligament.

The CAL is perhaps the only ligament sub-
tended between two transverse processes belong-
ing to the same bone. It has been speculated that 
this reduces the movement which both the acro-
mion and the coracoid face during the action, 
respectively, of the deltoid and the conjoint 
tendons/pectoralis minor [37]. The CAL opposes 
the upward migration of the humeral head in the 
case of massive cuff tears [38, 39]. In a study of 
cadavers, Fagelman et  al. [40] have shown that 
reinsertion of the CAL prevents upper static 

instability and contributes to refocusing the 
humeral head inside the coracoacromial arch.

2.2.3  Coracoid

Anterior to the glenoid and lateral to the scapular 
notch, there is an apophysis that due to its shape, 
like a crow’s beak, was formerly called coracoid 
(χ ο ρ α ξ = chorax = crow).

The coracoid apophysis originates from the 
anterior-upper extremity of the neck of the scap-
ula and protrudes at first upward and forward 
from the side and subsequently arranges itself 
almost horizontally. The conjoint tendons (short 
head of the biceps and coracobrachialis) fit onto 
the anterior apex of the coracoid, further back 
and laterally onto the coracohumeral and the cor-
acoacromial ligament; medially, onto the tendon 
of the pectoralis minor muscle (Fig.  2.6a); and 
superiorly, onto a rough surface of the coracocla-
vicular ligaments (conoid and trapezoid) 
(Fig. 2.6b).

a b

Fig. 2.6 (a–b) (a) Left shoulder of a cadaver. cs coracoid process, pm pectoralis minor, ct conjoint tendons, cal cora-
coacromial ligament. (b) Right shoulder. cl conoid ligament, tl trapezoid ligament
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In a study conducted on 204 dry blades [41], 
we carried out measurements of the length of the 
coracoid (L) and the thickness of the coracoid tip 
(T), the apex of the coracoid prominence over the 
glenoid plane (cp), the minimum distance 
between the coracoid tip and the anterior-supe-
rior margin of the glenoid (cgd), the distance 
between the horizontal plane, tangential to the 
lower edge of the coracoid tip, and the horizontal 
plane tangential to the cranial glenoid (d). The 
inclination of the coracoid (cs) (Fig. 2.7a, b), in 
the cranial-caudal direction, was measured using 
Edelson and Taitz’s method [14]. Then, we ana-
lyzed the shape of the space delimited by the pos-
terolateral margin of the coracoid and the 
anterior-superior edge of the glenoid.

The range  , the mean, and the standard devia-
tion of L, T, cp, cs, cgd, and d were:

L 
(mm)

T 
(mm)

cp 
(mm)

cgd 
(mm) cs (°)

d 
(mm)

Max 50 10.2 22 22.1 42 12
Min 31 5 11 11.8 19 0.5
Mean 38.15 7.19 14.62 16.23 25.57 7.11
SD 3.97 1.04 1.96 1.7 4.71 1.23

Three types of configuration of the coraco- 
glenoid space were identified (Fig.2.8a–c). In the 
type I configuration, this space had a “round 
parenthesis” shape, while in types II and III, 
respectively, the shape was that of a “bracket” and 
a “hook.” The configuration of type I was observed 

in 45% of the shoulder blades and types II and III 
in 34% and 21%, respectively. The minimum 
 coraco-glenoid distance was found in the shoulder 
blades with a type I configuration. In a study of 
cadavers, Ferreira Neto et al. [42] observed that in 
females the distance between the apex of the cora-
coid and lesser tuberosity is lower than that mea-
sured in males. Therefore, women appear to be 
more likely to develop a syndrome of subcoracoid 
impingement. Richards et al. [43] availing of MRI 
scans measured the coracohumeral distance and 
observed that patients with a lesion of the sub-
scapularis present a significantly smaller distance 
than the people in the control group. The possible 
morphological and morphometric correlation 
between the coracoid and the subcoracoid 
impingement was challenged instead by Radas 
and Pieper [44] who correlate the development of 
this syndrome to anterior glenohumeral joint 
instability.

Schulz et al. [45] correlated the position of the 
apex coracoid to rupture of the rotator cuff. 
Employing true anteroposterior radiographs, the 
authors divided coracoids into two classes: those 
whose apex is projected into the lower half of the 
glenoid (type I) and those which project their 
peak into the mid-upper glenoid (type II). The 
study found that type I coracoids are more 
frequently found in patients with rupture of the 
supraspinatus, while those of type II are more 
frequently observed in patients with injury to the 
subscapularis tendon.

a b

Fig. 2.7 (a–b) Coracoid processes (right samples) with different inclination
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2.3  Humeral Tuberosities 
and Bicipital Groove

The greater tuberosity represents the posterolat-
eral region of the humeral head (Fig. 2.9). On it, 
there are three areas onto which the tendon of the 
supraspinatus, the infraspinatus, and the teres 
minor (see rotator cuff) may be fixed. The bone 
mineral density of the two tuberosities is an 
important factor in the surgical treatment of cuff 
lesions. Osteopenia of the greater tuberosity may, 
in fact, complicate surgical repair of the supra- 
and infraspinatus and hinder the healing of the 
two tendons. The tendon of the subscapularis 
muscle is inserted instead onto the lesser tuberos-
ity that is placed anteromedially. Along with the 
greater tuberosity, the lesser tuberosity helps to 
delimit the bicipital groove within which the ten-
don of the long head of the biceps brachii and the 
arcuate artery, a branch of the anterior humeral 
circumflex, slide (Fig. 2.9). Proximally, it is wide 
and deep and is lost, gradually, on the front face of 
the shaft, mingling with the roughness of the bone 
corresponding to the insertional area of the teres 
major. Data regarding the morphological and 
morphometric features of the groove emerging 
from studies of dry shoulders are mixed. This has 
been attributed to the extreme variability of the 
ethnogeographical origin and age of the samples 
examined (Fig.  2.10a–c). A radiographic study 
performed on 200 humeri [46], of which the sex 
and approximate age were known, showed that 
the average value of the opening angle (Fig. 2.11a) 
of the groove is 102° (extreme 28°–160°), while 
the medial angle (Fig. 2.11b) is 46° (range 16°–
78°). The depth and the average width of the 

groove are, respectively, 4.3 and 12.2  mm. 
Statistically significant differences between the 
sexes were found only for values   regarding the 
average width (M,13.1–F,10.2).

2.4  Rotator Cuff

This consists of the supraspinatus, infraspinatus, 
teres minor, and subscapularis tendons (Fig. 2.12). 
The first three (external rotators) are fixed onto 
the greater tuberosity, the other (internal rotator) 

a b c

Fig. 2.8 (a–c) Three types of configuration of the coraco-glenoid space (arrows)

Fig. 2.9 Dry (right) humeral head. gt greater tuberosity, 
lt lesser tuberosity, bg bicipital groove
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on the lesser tuberosity. At about 15 mm from the 
insertion on the humerus, the external rotator ten-
dons are seemingly fused together, in particular 
those of the supra- and infraspinatus. However, if 
the coracohumeral ligament and connective tissue 
that overhang the two tendons near their insertion 
are removed, the front edge of the infraspinatus is 
more easily highlighted, and the boundary 
between the two muscles becomes more apparent. 
The front edge of the infraspinatus is slightly 
more prominent than that of the adjacent rear 
supraspinatus. This is because the front of the 

infraspinatus partially covers the portion of the 
posterolateral supraspinatus.

If the infraspinatus is removed, leaving the cap-
sule below intact, we note that the greater tuberos-
ity is constituted by three distinct areas (the higher, 
middle, and lower) [47]. Mochizuki et  al. [48] 
observed that the insertion of the infraspinatus 
occupies about half of the higher and the whole of 
the middle area. The anteriormost region of the 
humeral insertion of the infraspinatus almost 
reaches the anterior margin of the highest part of 
the greater tuberosity. Because the infraspinatus 

a b c

Fig. 2.10 (a–c) Dry humeri. Bicipital grooves with different depth and width

a b

Fig. 2.11 (a–b) Radiograms of dry humeri. Opening (a) and medial (b) angle of the bicipital groove
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fits laterally, it can be argued that it can also play 
an important role in abduction. These new acquisi-
tions concerning insertion of the infraspinatus sug-
gest that the frequent atrophy of the infraspinatus 
muscle, visible in MRI scans on the occasion of 
apparent isolated lesions of the supraspinatus, are 
not attributable to lesions of the suprascapular 
nerve (due to traction caused by supraspinatus 
retraction) [49] but to a direct involvement of the 
infraspinatus itself in the lesion.

Upon removing the supraspinatus, it can be 
noted that it fits onto the highest anteromedial 
part of the greater tuberosity.

The footprint of the supraspinatus is triangular 
in shape, with the longer side toward the articular 
surface; it is wider at the front and narrower at the 
back. The supraspinatus also fits onto the lesser 
tuberosity in 21% of cases. In these cases, the 
anteriormost part of the tendon covers the top of 
the bicipital groove.

Mochizuki et al. [48] measured the maximum 
length (from medial to lateral) and width (front to 

rear) of the footprints of the supra- and 
infraspinatus. That of the supraspinatus is 
triangular in shape. The maximum length was 
6.9 ± 1.4 mm. Instead, the maximum width of the 
medial margin was 12.6  ±  2.0  mm, while the 
lateral measured 1.3 ± 1.4 mm. The footprint of 
the infraspinatus is trapezoidal, wider laterally 
and medially. Its maximum length was 
10.2 ± 1.6 mm. The maximum medial width was 
20 ± 6.2 mm; the lateral was 32.7 ± 3.4 mm.

Previous studies assumed that the footprint of 
the supra- and infraspinatus was longer [50–52] 
probably because the joint capsule was included 
in the measurements.

The tendon of the supraspinatus is composed 
of two portions: the anterior half is long and thick 
and the posterior short and thin. Itoi et al. [53, 54] 
arbitrarily divided the tendon into three portions 
(anterior, middle, and posterior) and observed that 
the anterior third is significantly stronger and 
tougher than the other two portions. However, the 
anterior portion, which fits onto the greater tuber-

a

d

e

b c

Fig. 2.12 (a–e) Rotator cuff tendons. (a–b) Anterior 
views. (c–d) Lateral views; (e) posterior view; the scapu-
lar spine was removed. sbst, subscapularis tendon, sst 

supraspinatus tendon, ist infraspinatus tendon, tmt teres 
minor tendon, lhbt long head biceps tendon, ant anterior, 
post posterior
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osity for an extension corresponding to only 40% 
of the tendon insertion, bears proportionately 
higher mechanical stress, which makes it more 
vulnerable and predisposed to rupture [55, 56]. In 
view of these findings, during the repair of the 
supraspinatus tendon, considerable attention 
should be paid to reinsertion of the anterior 
portion.

The so-called critical zone of the supraspina-
tus tendon is that at about an inch from the inser-
tion of the middle third of the tendon [57]. 
Nakajima et al. [58] performed a histological and 
biomechanical study of tendons of the 
supraspinatus and identified four independent 
structural subunits. The “real tendon” extends 
from the myo-tendinous junction to about 2  in. 
from the insertion on the greater tuberosity. It 
consists of parallel collagen dossiers oriented 
along the stress axis. The “fibrocartilage” extends 
from the tendon to the greater tuberosity and is 
mainly composed of intertwined collagen fibers. 
The “rotator cable” extends from the 
coracohumeral ligament to the infraspinatus, 
lying between the surface layer and the depth of 
the true tendon. The “capsule” is composed of 
thin collagenous sheets, each consisting of fibers 
with the same orientation. The combination of 
these subunits provides the supraspinatus with 
dispersive load and compression stress resistance 
properties [59].

The term “cable” (Fig.  2.13) is commonly 
used to indicate the ropelike thickening consist-
ing of fibers oriented perpendicularly to the axis 
of the tendon of the supraspinatus; arthroscopi-
cally it becomes visible by pointing the camera 
lens at the intra-articular tendon insertion. Clark 
and Harryman [60] assumed the cable to be a 
deep extension of the coracohumeral ligament. It 
is believed that the task of this structure is to 
bypass the mechanical stresses to which the 
supraspinatus tendon insertion (crescent) would 
be subjected. This explains why, arthroscopi-
cally, it is possible to observe a kneeling of the 
cuff next to the insertional area in the presence of 
a well- represented cable. It has been suggested 
that some shoulders may be defined as “cable 
dominant,” others as “crescent dominant.” The 
former seems to preserve the tendon insertion 

from excessive mechanical stress; the others 
seem more prone, therefore, to tendon injuries. 
Burkhart [61] suggested that lesions of the 
crescent, in the presence of an intact and well- 
represented cable, might even be considered 
functional and therefore manageable by availing 
of conservative treatment.

Clark and Harryman [60] observed that the 
supra- and infraspinatus tendons are composed of 
five layers. The first (1  mm) is represented by 
fibrous expansions of the coracohumeral 
ligament; the second (3–5  mm), by bands of 
tendon fibers crossed by fine arterioles; and the 
third (3 mm) by bands formed by smaller tendon 
bundles arranged in a disorderly manner. The 
arterioles present in this layer have an even 
smaller diameter than those closer to the surface. 
The underlying layer (the fourth) is formed by 
connective tissue with thick collagen fibers lying 
on the surface layer of the articular capsule 
(therefore, they are extra-articular). Finally, the 
last layer (2 mm) is formed by the joint capsule.

The tendon of the teres minor runs obliquely, 
from the bottom upward, and is particularly 
adherent to the articular capsule of the 
glenohumeral joint. Much of the tendon is 
inserted into the so-called low area of the greater 
tuberosity; a small portion, instead, is inserted 
directly below this area.

Fig. 2.13 Right shoulder of a cadaver. C cable, sbst sub-
scapularis tendon, sst supraspinatus tendon, ist infraspina-
tus tendon, lhbt long head biceps tendon
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The tendon of the subscapularis is made up of 
tendon and collagenic bands arranged in a parallel 
fashion. Only close to the insertion on the lesser 
tuberosity, the bands differ in range. On the sur-
face, they are close to one another; deeper down 
(near the joint capsule), they are separated by abun-
dant connective tissue. Expansions of the subscap-
ularis rise to cover the greater tuberosity, between 
the first and third layer of the “fibrous plate” of the 
rotator interval, on the floor of the bicipital groove.

Cooper et al. [62] observed that the upper por-
tion of the subscapularis is intra-articular 
(IASS = intra-articular subscapularis). The IASS 
is only 86% of the sagittal diameter of the entire 
subscapularis and 25% of the upper part of the 
tendon [28–63]. The tendon inserts onto the 
lesser tuberosity forming a “comma.” The foot-
print has an average length of 40  mm (range 
35–55  mm) and an average width of 20  mm 
(range, 15–25) [50]. Like other tendons, with 
aging, the rotator cuff grows progressively 
thinner, with degeneration and reduction of its 
tensile properties. This predisposes to stress 
failure and progressively lower loads.

2.5  Rotator Cuff Muscles

The muscles of the rotator cuff of the shoulder 
are the supraspinatus, infraspinatus, teres minor, 
and subscapularis. The first three act predomi-

nantly as external rotators of the shoulder, while 
the subscapularis is an internal rotator. They are 
also dynamic stabilizers of the glenohumeral 
joint with other muscles of the shoulder [64]. In 
fact, the shoulder muscles because of their exten-
sive mutual connection and insertion generate 
rotational movements. If you wish to perform a 
movement without rotation, this requires a partial 
neutralization by other muscles. For example, to 
perform an internal rotation, the latissimus dorsi 
needs to be neutralized by the headset and the 
deltoid; otherwise this too would generate 
adduction.

Supraspinatus. It originates from the supraspi-
natus fossa of the scapula and extends anteriorly 
and laterally toward the greater tuberosity into 
which it fits with a tendon located between that of 
the infraspinatus (posterolateral) and the coraco-
humeral ligament (front) (Fig.  2.14). There are 
two muscular corpora: the first and forwardmost 
(anterior muscle belly) is essentially fusiform 
and originates entirely from the supraspinatus 
fossa. Along its front runs an intramuscular ten-
don (intramuscular core), the thickness of which 
increases progressively close to its insertion. The 
second muscle corpus (posterior muscle belly) is 
smaller, a single band devoid of intramuscular 
tendon cores. It originates mainly from the spine 
of the scapula and the neck of the glenoid.

The supraspinatus is innervated by the supra-
scapular nerve (C5–C6) which enters the muscle 

a b

Fig. 2.14 (a–b) (a) View from above of the right shoul-
der of a cadaver. The supraspinatus muscle was detached 
from the scapular supraspinatus fossa and overturned lat-

erally. Suprascapular nerve (ssn) as it passes through the 
scapular notch. (b) Particular of the nerve
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near the coracoid base, after passing through the 
scapular notch. The vascular supply is mainly 
ensured by the suprascapular artery, which passes 
over the notch and penetrates into the muscle in 
proximity to the homonymous nerve and, to a 
lesser extent, the scapular dorsal artery. The mus-
cle is involved in elevation movements of the 
shoulder [65, 66].

Infraspinatus. It originates from the infraspi-
natus fossa of the scapula (Fig. 2.15). It is a tri-
band muscle in 80% of cases and a double- single 
band one in the remaining 20%. The median raphe 
can easily be confused with a cleavage plane 
between the infraspinatus and the teres minor. It 
inserts onto the greater tuberosity, posteriorly and 
laterally to the tendon of the supraspinatus. Like 
the supraspinatus, it is innervated and vascular-
ized, respectively, by the suprascapular nerve and 
artery. An anatomical study, however, has also 
revealed a vascular supply from the dorsal artery 
and subscapular circumflex branch [67]. The 
nerve penetrates the muscle after passing the 
spino-glenoid notch of the scapula. Here, it can be 
pulled during movements of abduction and exter-
nal rotation and injured if this action is repeated 
sharply for professional reasons or sport. The 
muscle is predominantly an external rotator. It has 
been calculated that it produces 60% of the 
strength in cases of external rotation [65]. During 
internal rotation, it opposes posterior dislocation, 
while during abduction and external rotation, it 
opposes the anterior subluxation [68].

Teres minor. This muscle originates from the 
middle portion of the lateral margin of the scap-
ula and from the thick end of the infraspinatus 
(Fig.  2.16). It passes anterolaterally and inserts 
itself onto the lower part of the greater tuberosity. 
With its lower margin, the muscle belly delimi-
tates the quadrilateral space laterally and the tri-
angular one medially. It is innervated by the 
posterior branch of the axillary nerve (C5); the 
vascular supply is provided by several vessels, 
but the main contribution is provided by the pos-
terior humeral circumflex artery [67]. The teres 
minor is predominantly an external rotator (45% 
of the entire strength), and it opposes, along with 
the infraspinatus, anterior dislocation [65].

Subscapularis. The subscapularis constitutes 
the anterior portion of the rotator cuff and origi-
nates from the subscapularis fossa covering a 
large area (Fig. 2.17). It fits predominantly onto 
the lesser tuberosity and, with a small contingent 
of musculotendinous fibers, to the bottom of the 
lesser tuberosity. The subscapularis muscle is 
multi-branched and rich in collagen fibers 
arranged in parallel formation on the surface 
layer and in a disorderly manner in the deep one. 
The upper portion of the fibers of this layer is 
inserted along the groove of the biceps.

Anteriorly, the subscapularis is bounded by 
the axillary space and by the coracobrachialis 
pouch, above the coracoid. In depth with respect 
to the muscle, in the quadrilateral space, the axil-
lary nerve and the posterior humeral circumflex 

Fig. 2.15 Rear view of the right shoulder of a cadaver. 
Double band infraspinatus muscle (ism). an axillary nerve

Fig. 2.16 Rear view of the right shoulder of a cadaver. 
Teres minor muscle (tmm). an axillary nerve
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artery pass. In a more medial position within the 
triangular space, the circumflex artery of scapula 
starts. The subscapularis’ deeper surface covers 
the glenohumeral articulation joint. The relation-
ship with the capsule is such as to make it diffi-
cult to find a cleavage plane. The middle 
glenohumeral ligament begins near the upper 
end of the subscapularis; the anterior band of the 
inferior glenohumeral ligament is placed lower 
down.

The upper (C5) and lower (C5–C6) subscapu-
lar nerves innervate the upper and lower portion 
of the muscle, respectively. The vascular supply 
comes from the axillary artery and from the cir-
cumflex (subscapular artery branches) and dorsal 
scapula artery [67, 69, 70].

Due to its close relationships with the glenohu-
meral joint, the subscapularis is considered one of 
the passive stabilizers in cases of sub-dislocating 
stresses of the humeral head [71, 72]. It is pre-
dominantly an internal rotator, but it contributes, 
along with the deltoid, to the elevation of the 
shoulder. The upper musculotendinous portion 
withstands greater mechanical stresses than those 
recorded for the lower portion. This explains why 
lesions of the subscapularis most frequently 
involve the upper third of the tendon [73].

2.6  Deltoid

This muscle has a conical shape and is the widest 
of the scapulohumeral muscles (Fig. 2.18). The 
deltoid consists of three parts: the front, midway, 
and back. The first (mono-branched) originates 
from the lateral third of the clavicle, the 
 middle  part (multi-branched) and posterior 
 (mono- branched), respectively, from the acro-
mion and the spine of the scapula. The insertion 
of the three parts is located on the deltoid tuber-
osity of the humerus.

The three parts of the deltoid differ in their 
internal structure. The anterior and posterior have 
parallel fibers and a longer excursion; the middle 
section is multi-branched and stronger. Of the 
three portions, the medial has the highest 
collagenic content [28].

Medially, it is in contact with the edge of the 
pectoralis major muscle. The triangular space 
between the two muscles constitutes the 
deltopectoral interval through which the surgeon 
reaches the subscapularis tendon and the front 
face of the glenohumeral joint. The muscular 
interval contains the cephalic vein and smaller 
vessels from the thoracoacromial artery 
(Fig. 2.19).

Fig. 2.17 Front view of the left shoulder of a cadaver. 
Subscapularis muscle (sbsm). sbst subscapularis tendon, 
cp coracoid process

Fig. 2.18 Lateral view of the left shoulder of a cadaver. 
The deltoid muscle (dm) has been detached from the clav-
icle and scapula and lower overturned. an axillary nerve
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Deep down, a very thick band covers the mus-
cle belly; this structure must be reinserted neces-
sarily with the deltoid when detached from the 
acromion; otherwise, a subcutaneous depression 
which is accentuated and painful during abduc-
tion against resistance will appear.

The front and midway fibers ensure elevation 
movement on the scapular plane [74]. During 
abduction, the contribution of the anterior fibers 
decreases while that of the posterior fibers 
increases. The decrease implies the triple action 
of the front and midway fibers and combined 
fibers of the pectoralis major and the biceps. It 
has been calculated that the deltoid supplies 60% 
of all abduction force [65] and that the role of the 
deltoid in the stability of the glenohumeral joint 
is still a matter of debate. Motzkin et al. [75], in a 
study of cadavers, showed that the contribution 
made to lower stability of the shoulder by the del-
toid is irrelevant. The same conclusion was 
reached by Markhede et  al. [76] who observed 
that patients devoid of the deltoid due to deltoid 
cancer do not suffer from a severe impairment of 
the stability of the glenohumeral joint. A study by 
Kido et al. [77] has demonstrated, instead, how 
this muscle contributes toward the anterior 
stability of the shoulder. It has been hypothesized 

that contributions toward stability happen thanks 
to four mechanisms: tension produced by the 
muscle mass itself, compression due to the 
contraction of the muscle, ligament tension 
secondary to the movement, and a barrier effect 
caused by muscle contraction [78].

The deltoid is innervated by the axillary nerve 
(circumflex) (C5–C6) and vascularized by the 
posterior circumflex artery [79].

2.7  Long Head of the Biceps 
Tendon (LHBT)

The long head of the biceps tendon (LHBT) orig-
inates with different individual characteristics 
from the labrum (45%) and glenoid tuberculum 
(30%) (Fig. 2.20). In the remaining cases (25%), 
the tendon originates from both the labrum and 

Fig. 2.19 The cephalic vein

Fig. 2.20 Lateral view of the right shoulder of a cadaver. 
The arrow shows the long head of the biceps tendon inser-
tion and its continuity with the labrum. cp coracoid pro-
cess, gf glenoid fossa
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tuberculum [28, 80]. In a study of 100 shoulders, 
Vangsness et al. [81] divided insertion of the ten-
don into four types: posterior (22%), predomi-
nantly posterior (33%), central (37%), and 
anterior (8%). The thickness of the tendon is 
greatest close to the glenoid insertion. In an eco-
graphic study [82], it was observed that thickness 
depends on gender and on sporting activities. 
Near to the insertion, the average diameter is 
8.4 mm × 3.4 [83].

The intermediate section is the area with the 
lowest resistance to mechanical stresses. It runs 
obliquely downward and laterally as far as the 
entrance of the bicipital groove (Fig. 2.21), and 
thereafter, it passes in a straight line along the 
volar facet of the humerus. Its average length is 
10  cm (range, 9.0–14.5  cm, depending on the 
sex), with no major differences between the two 
limbs. It seems to be true that the taller the sub-
ject, the longer the tendons.

The CLB is intra-articular but extrasynovial; 
in fact, the synovial sheath is folded back on 
itself and covers the tendon. Classically, the CLB 
was divided into two parts: the intra-articular and 
that within the bicipital groove (Fig.  2.22). 
However, this classification is incorrect. It is 
known that the fibrocartilaginous shower slips 
onto the tendon and not vice versa; therefore, the 
extension of the intra-articular portion of the ten-
don varies depending on the position of the arm. 

The intra-articular portion of the tendon is high-
est when the arm adducts.

The CLB is maintained inside the groove 
thanks to the coracohumeral ligament, the supe-
rior glenohumeral ligament, and expansions of 
the supraspinatus and subscapularis tendon 
(Fig. 2.23). A mesotendon containing ascending 
branches of the anterior humeral circumflex 
artery constrains the CLB to shower in the proxi-
mal segment. Little is known, however, of the 
stabilizing function of the transverse ligament. A 
histological study [46] of ours showed that the 
surface layer of the transverse ligament is in con-
tact with the expansions of the subscapularis ten-
don and of the coracohumeral ligament that 
constitute the second layer of the lateral portion 
of the rotator interval (Fig. 2.24). For this reason, 
we believe that the transverse ligament is part of 
the ligament-tendinous complex of the rotator 
interval. After resection of the other stabilizers, 

Fig. 2.21 Right shoulder. Arthroscopic view of the long 
head of the biceps tendon (lhbt). hh humeral head

Fig. 2.22 Front view of the right shoulder of a cadaver. 
The long head of the biceps tendon (lhbt). cp coracoid 
process, sbst subscapularis tendon
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the transverse ligament is able to oppose the 
medial displacement of the CLB (Fig. 2.25a, b). 
Recently, MacDonald et al. [84] have suggested 
that the transverse ligament is not a distinct struc-
ture, but formed, rather, by the union of the fibers 
of the tendon of the subscapularis, supraspinatus, 
and pectoralis major. In an anatomical study of 
20 shoulders, Arai et al. [85] argued that to main-
tain a stable biceps tendon in its groove, the 
integrity of the superior glenohumeral ligament 
and of the upper portion of the subscapularis ten-
don is essential.

The function of the biceps is that of flexing and 
supinating the forearm. Recently, its role as 
depressor of the humeral head, through the long 
head, has been revised. Our studies of patients 
with inveterate rupture of the long head of the 
biceps have shown that the absence of the tendon 
does not prepare systematically for a rupture of 
the cuff due to secondary subacromial impinge-
ment [86]. The rupture of the long head results in 
a reduction of strength during supination, but this 
reduction is not felt by the patient.

The muscle is innervated by the musculocuta-
neous nerve (C5–C6) and vascularized mainly by 
the biceps branch of the brachial artery [47].

In case of rotator cuff tear, subacromial biceps 
stability is strongly compromised (Fig. 2.25c–e).

2.8 Interval Rotator

The interval rotator is the space between the front 
edge of the supraspinatus tendon and the upper 
end of the subscapularis. Fealy et al. [87] stated 
that this space is already observable in a 14-week- 
old fetus. The interval is triangular in shape 
(Fig. 2.26). The base of the triangle is formed by 
the coracoid and by the coraco-glenoid ligament; 
laterally, it is bounded by the bicipital groove, the 
transverse humeral ligament (assuming this liga-
ment as a structure distinct from the coracohu-
meral ligament), and the oblique fascicle. It is 
delimited above by the coracohumeral ligament 
and superior glenohumeral ligament and below by 
the middle glenohumeral ligament. Gohlke et al. 
[88] have pointed out that the capsular floor of the 
interval is composed of the coracohumeral and 
superior glenohumeral ligaments. Abe et al. [89] 
have suggested that the shape of the interval 
changes over time depending on the mechanical 
stresses it undergoes; thus, anatomical reconstruc-
tions after lesions of the anterior-superior cuff 
should take the specific individual requirements 
into due account.

Arthroscopically, this space is formed by the 
superior and the middle glenohumeral ligament 
and corresponds to that formerly known as 
Weitbrecht’s foramen. Therefore, in common 
practice, the term “rotator interval” may refer 

Fig. 2.23 Front view of the right shoulder of a cadaver. 
The arrow shows the medial vincula of the long head of 
the biceps tendon. They are mainly represented by the 
superior glenohumeral ligament and coracohumeral liga-
ment. Supraspinatus and subscapularis tendon expansions 
contribute to stabilize the tendon

Fig. 2.24 Histological study. Humeral transverse liga-
ment (htl) is in contact with the expansion of the subscap-
ularis tendon and of coracohumeral ligament (arrows). 
lhbt long head of the biceps tendon
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either to the tissue anatomically connecting the 
supraspinatus and the subscapularis (if we are 
treating an anterior-superior cuff tear) or the tri-

angular capsular space between the superior and 
middle glenohumeral ligaments (if we are deal-
ing with unstable glenohumeral joint).

a b

c

e

d

Fig. 2.25 (a–e) (a) The humeral transverse ligament is 
still able to maintain the stability of the biceps tendon 
alone even when coracohumeral ligament is detached. (b) 
In the absence of the transverse ligament, the medial trac-
tion of the tendon causes its dislocation. When the ante-

rior-superior cuff is torn (c) and the shoulder is flexed (d) 
or abducted (e), the unstable biceps tendon (lhbt) comes in 
contact with the lateral margin of the acromion (a) and 
with the coracoacromial ligament (cal), respectively
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During internal rotation of the arm, the inter-
val is the almost obliterated, while it is large dur-
ing external rotation.

Jost et al. [90] divided the rotator interval into 
two ends, lateral and medial, formed, respectively, 
by two to four layers. The surface layer of the 
lateral end is formed by fibers of the 
coracohumeral ligament that intersect with those 
of the supraspinatus and subscapularis tendons. 
Cross fibers of these tendons form the second 
layer. Through the bicipital groove, some fibers 
of the supraspinatus reach the lesser tuberosity 
insertion of the subscapularis, while others from 
the subscapularis arrive at the greater tuberosity. 
The third layer is formed by fibers of the 
coracohumeral ligament fitted predominantly 
onto the greater tuberosity and to a lesser extent 
onto the lesser tuberosity. The fourth layer 
consists of the glenohumeral ligament and the 
superior articular capsule. The two layers of the 
medial end are represented, respectively, by the 
coracohumeral ligament, closer to the surface, 
and by a combination of superior glenohumeral 
ligament and joint capsule, more in depth. The 
first three layers of the lateral end form the 
so-called fibrous plate which limits the external 
rotation when the arm is adducted. Instead, the 
medial end limits lower translation and external 
rotation. Neer et  al. [91] observed that the 

resection (in cadavers) of the coracohumeral 
ligament results in an average increase of 32° in 
external rotation.

Kolts et al. [92] conducted a study of cadavers 
and found that the range of the cuff is composed   
of three parts, each of which is represented by 
macroscopic anatomical structures. The lateral 
portion is reinforced by the presence of the 
semicircular humeral ligament (cable) and the 
anterior fibers of the supraspinatus. The mid- 
upper part is    composed of the coracohumeral 
and coraco-glenoid ligaments. The middle-lower 
portion is reinforced by the superior and middle 
glenohumeral ligament.

2.9  Bone Anatomy

2.9.1  Proximal Humerus

The proximal epiphysis of the humerus has a 
roundish shape and consists of a medial joint por-
tion and two tuberosities separated by an intertu-
berosity groove. The boundary between the 
articular surface and the tuberosities is delimited 
by the anatomical neck, which appears distinct in 
the upper anterior region (Figs. 2.9 and 2.12a).

Distal to the tuberosities, the surgical neck 
separates the head from the humeral diaphysis.

The articular portion represents about a third 
of a sphere; it appears flattened on the frontal 
plane and is covered by articular cartilage whose 
thickness decreases with age and is close to the 
tuberosities. With respect to the diaphyseal axis, 
it is inclined approximately 130°–150° (Fig. 2.9) 
[93], while the center of the sphere is located 
medially 6 and 3 mm posteriorly [93].

With the arm in anatomic position, the humeral 
head is 25°–30° retroverted with respect to the 
interepicondyloid axis. However, extremes of 18° 
and 40° of retroversion were found in anatomical 
studies [93, 94].

The greater tuberosity is placed posterolater-
ally. On it, three facets are recognized on which, 
from top to bottom, the tendons of the supraspina-
tus, infraspinatus, and teres minor are inserted. 
The tendon of the subscapularis muscle is inserted, 
instead, on the lesser tuberosity which is placed 

Fig. 2.26 Arthroscopic view from the posterior portal of 
a right shoulder. The rotator interval (ri) is defined by the 
labrum (l); long head of the biceps tendon (lhbt); and 
upper portion of the subscapularis tendon (sbst)
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anteromedially. Together with the greater tuberos-
ity, the lesser tuberosity delimits the bicipital 
groove, inside which the long head biceps tendon 
and the arched artery, branch of the anterior 
humeral circumflex artery, are present. It is broad 
and deep in the proximal part of the groove and is 
progressively lost on the anterior face of the diaph-
ysis, confusing itself with the bone roughness cor-
responding to the insertion area of the teres major. 
The data concerning morphological and morpho-
metric characteristics of the groove, obtained from 
studies on dry humerus, are contrasting. It was due 
to the extreme racial variability and age of the 
samples examined. A radiographic study [46] per-
formed on 200 dry humeri, of which gender was 
known and, roughly, the age, showed that the mean 
value of the total opening angle of the groove is 
102° (extremes 28° -160°) while that of the medial 
angle is 46° (extremes 16°–78°). The depth and 
average width of the groove are 4.3 and 12.2 mm, 
respectively. Statistically significant differences 
between the gender were detected according to the 
average width (13.1 M–10.2F) (see Figs. 2.10a–c 
and 2.11a, b).

2.9.2  Scapula

The scapula is a flat bone, placed against the pos-
terior and upper thorax; inappropriately this rela-
tionship is identified with the term “scapulothoracic 
joint.” Grossly, it has a triangular shape; therefore 
there are three margins, two faces, and three cor-
ners. Proximally, the scapula rises up until the first 
intercostal space; the lower angle corresponds to 
the seventh or eighth space.

The medial margin is on average 7 cm from 
the dorsal spine apophysis. It has a straight course 
in the tract corresponding to the three distal 
quarters and deviates laterally in the proximal 
quarter, near the spine of the scapula. The margin 
is bordered by a front and a back lip. On the first 
one, the serratus, the levator scapulae, and the 
rhomboid muscles insert and on the second, the 
supraspinatus and infraspinatus muscles.

The upper margin is delimited medially from 
the upper corner and laterally from the 
suprascapular notch. The latter is transformed 

into a hole by the suprascapular ligament, whose 
width is proportional to the size of the incision. 
Within the hole the suprascapular nerve and the 
transverse vein of the scapula run. The 
corresponding artery (transverse artery of the 
scapula) runs above the ligament; however, in 
rare cases, it can start with the vein and the nerve. 
An anatomical study [95–97] highlighted six 
possible configurations of the notch: in the first 
type the incision is wide and deep, and in the 
sixth the transverse ligament is ossified; therefore, 
the notch is transformed into a foramen. Together, 
types III and IV are found in over half of the 
population. The omohyoid muscle is inserted 
posteromedially to the notch.

The lateral margin is thin and has a vertical 
course in the upper half; in the lower one, 
however, it is medially oblique. It ends proximally 
with a triangular and wrinkled face on which the 
long portion of the triceps tendon is inserted.

The anterior face is concave, furrowed by two 
or three ridges with an oblique and ascending 
direction on which the subscapularis muscle is 
inserted, hence the name of “subscapular fossa.” 
This face is very thin and sometimes, in the center 
of the face, an irregularly shaped hole connects 
the infraspinous and subscapular fossae. Near the 
medial margin, two small triangular surfaces are 
designed for the insertion of some bundles of 
 serratus muscle.

The back face is convex. In correspondence 
with its upper quarter, the spine of the scapula 
emerges which divides the posterior face into two 
fossae: superior (supraspinous) and inferior 
(infraspinous). The spine of the scapula has a 
triangular shape. Therefore, two faces (upper and 
lower) and a rear edge are distinguished. The 
latter, broad and rough, consists of two lips: the 
upper one is the insertion of the trapezius muscle 
and the lower one of the posterior deltoid. 
Medially the spine assumes a triangular shape; its 
surface is smooth and gradually merges with the 
medial margin of the scapula. The infraspinous 
and supraspinous fossae are the insertion of the 
homonymous muscles. The lower one is further 
divided by a wrinkled crest, on which the teres 
minor and teres major are inserted. Laterally, the 
two fossae communicate widely through an 
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incised digging between the lateral edge of the 
spine and the posterior margin of the neck of the 
scapula. Through this spino-glenoid notch, the 
suprascapular nerve runs; due to the close 
proximity to the bone and to the particular course 
imposed by the shape of the notch, it can be 
crushed during the repeated movement of 
abduction and external rotation. From the lateral 
end of the spine of the scapula, the large acromial 
apophysis originates.

2.9.3  Glenoid Fossa

The glenoid cavity is connected to the scapular 
body by the neck. It has an oval or pear shape 
(inverted comma) and is slightly concave, due to 
the presence of two rough surfaces (supra-gle-
noid and infra-glenoid tubercles). The glenoid 
labrum, which is inserted for a large part of the 
entire glenoid circumference, contributes to 
increase the concavity (see Fig. 2.20). The gle-
noid surface is coated with articular cartilage 
whose thickness is very small in its center; its 
dimensions are lower than those of the humeral 
head; in fact the glenoid receives only a third or a 
quarter of the opposing articular surface. 
Anatomical and radiographic studies showed that 
the glenoid retroversion is about 4°–12° [98, 99].

Anterior to the glenoid cavity, an apophysis, 
which, due to its shape, similar to a crow’s beak, 
was formerly called coracoid, detaches.
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Reverse total shoulder arthroplasty (RTSA) is 
used to reduce pain and to improve function in 
cases of rotator cuff arthropathy, four-part 
proximal humeral fractures, inflammatory arthri-
tis, and revision shoulder arthroplasty [1–4]. This 
new design of total shoulder arthroplasty was 
introduced in the 1970s with a reversion of the 
normal anatomy by placing the socket in the 
proximal humerus and the prosthetic ball on the 
glenoid. Proponents for this design argued this 
change would allow improved motion and 
strength without the increased risk of dislocation 
and loosening. A number of reverse implant 
systems were designed beginning in the 1970s 
with variable designs for scapular fixation [5–7] 
(Table 3.1). These prostheses created a foundation 
for reverse shoulder arthroplasty and made 
important contributions to our understanding of 
the reverse concept.

Initial devices were constrained and had high 
rates of clinical failure, mostly from component 
loosening [8, 9]. These early failures led to the 
development of a semiconstrained prosthesis by 
Grammont and Baulot in 1985 [10] evolved in 
1991 to the Delta III prosthesis (DePuy 
International Ltd., Warsaw, IN) (Fig. 3.4) with a 
pain decrease and improvement in function [11]. 
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Table 3.1 Reverse shoulder arthroplasty designs

Prosthesis 
name Year Prosthesis features
Leeds 
shoulder/
Reeves et al.
Fig. 3.1

1972 Glenoid component with 
divergent threaded peg; anatomic 
center of rotation recreated

Kessel 1973 Single central glenoid screw; 
center of rotation placed laterally

Kolbel and 
Friedebold
Fig. 3.2

1973 Flange bolted glenoid 
component to scapular spine; 
designed to allow dislocation at 
lower forces

Bayley-
Walker

1973 Large hydroxyapatite-coated 
screw; center of rotation moved 
medially and distally

Fenlin
Fig. 3.3

1975 Glenosphere enlarged to increase 
deltoid lever arm

Liverpool/
Beddow and 
Elloy

1975 Glenoid component included a 
stem fixed into the scapular pillar 
to improve glenoid fixation

Buechel 
et al.

1978 A “floating fulcrum”; 
glenosphere decreased in size to 
increase shoulder motion

Trispherical/
Gristina and 
Webb

1978 A glenosphere and a small 
sphere on the humerus, both 
articulating in a larger 
polyethylene cup

Grammont 
Version 1

1985 Center of rotation medialized but 
remained lateral to native glenoid 
surface; glenoid baseplate had a 
press-fit central peg

Delta III/
Grammont
Fig. 3.4

1991 Center of rotation further 
medialized to the native glenoid 
face; glenoid baseplate coated 
with hydroxyapatite to improve 
fixation

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97743-0_3&domain=pdf


50

The Grammont’s prosthesis was based on four 
principles necessary to give stability and allow 
the deltoid to compensate an absent rotator cuff:

 – The center of rotation must be fixed, distal-
ized, and medialized to the level of the glenoid 
surface.

 – The prosthesis must be inherently stable.

Fig. 3.1 Reverse total shoulder system designed by 
Reeves

Fig. 3.2 Shoulder prosthesis designed by Kolbel

Fig. 3.4 Delta III prosthesis

Fig. 3.3 The prosthesis designed by John M. Fenlin

R. Russo et al.
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 – The lever arm of the deltoid must be effective 
from the start of movement.

 – The glenosphere must be large and the 
humeral cup small to create a semiconstrained 
articulation.

In the initial Grammont’s design, the center of 
rotation was medialized but remained lateral to 
the native glenoid surface, and in order to solve 
this problem in the Grammont’s second-genera-
tion prosthesis, the Delta III, the glenosphere was 
changed from two thirds of a sphere to a hemi-
sphere, the baseplate had a central press-fit peg 
and two divergent 3.5  mm screws specifically 
angled to resist the shear forces at the bone-
implant interface, and the humeral component 
featured a small cup, covering less than half of the 
glenosphere, oriented almost horizontally with a 
nonanatomic neck-shaft angle of 155° [10].

Following the four basic principles introduced 
by Grammont, there are eight important points to 
analyze in order to understand the biomechanics 
of this complex system:

 – Glenosphere position
 – Inclination
 – Lateral offset
 – Neck-shaft angle and humeral component 

version
 – Stability
 – Deltoid and teres minor function
 – Prosthesis design

The function of a native shoulder is character-
ized in a variable center of rotation throughout 
the arc of motion, and the movement of the 
humeral head on the glenoid is around two main 
centers of rotation [12] with a resultant force vec-
tor, composed of both compressive and shear 
forces, that varies throughout the range of motion 
but that consistently passes through the joint’s 
fixed center of rotation. Reverse total shoulder 
arthroplasty (RTSA) components create a new 
fixed center of rotation secondary to increased 
constraint and matched radii of curvature with a 
maximization of compressive forces and reduc-
tion of shear ones at the bone-implant interface. 
By creating a glenoid component shaped as a 
hemisphere, Grammont reduced the system’s 
center of rotation directly to the bone-implant 

interface, and the medialization of the joint’s cen-
ter of rotation stabilized the bone-implant inter-
face by converting the shear forces into 
compressive [13]. However, medialization of the 
shoulder’s center of rotation has been associated 
with scapular notching [14], the most common 
RTSA complication, caused by the mechanical 
impingement of the superomedial humeral pros-
thesis against the inferior scapular neck during 
adduction. More recently, notching has been rec-
ognized as a three-dimensional phenomenon, 
with acknowledgment of the possible rotational 
impingement that occurs between the liner and 
the scapular neck [15]. In order to reduce and 
avoid the incidence of scapular notching, there 
are some technical and biomechanical notes to 
follow during a glenosphere implant:

 (a) Eccentric (inferior) positioning: provides a 
space between the glenosphere and the 
scapular neck that may decrease notching 
and creates additional distance between the 
greater tuberosity and coracoacromial arch 
allowing greater impingement-free range of 
motion during abduction with an increased 
adduction deficit (11° to 39° of additional 
adduction) [16].

 (b) Inferior inclination: the advantages of infe-
rior inclination are still debated. In a cadav-
eric study by Nyffeler et  al., the glenoid 
components was implanted with an inferior 
inclination of 15°, and the results showed 
increased abduction and adduction 
impingement-free range of motion compared 
with a component placed in neutral position 
[17]. In a prospective randomized controlled 
trial of 42 patients, Edwards et al. compared 
cohorts with glenoid components implanted 
in either a neutral position or with a 10° infe-
rior inclination, and they reported no benefit 
of inferior inclination [18].

 (c) Lateral offset: lateralization relative to this 
new medialized center of rotation provides 
for a larger impingement-free range of motion 
but creates an additional destabilizing torque 
at the bone-implant interface. Grammont’s 
Delta III glenosphere was designed with 
19 mm of lateral offset. Harman et al. demon-
strated in  vitro that glenospheres with 
increased lateral offsets of 23 and 27  mm 
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generate 44% and 69% more torque, respec-
tively, at the baseplate interface [19, 20]. 
Lateralization may improve shoulder range of 
motion after RTSA, but the medialization of 
the shoulder’s center of rotation decreases the 
rotator cuff muscle tension with a reduction 
of their respective moment arms by as much 
as 36% [21]. Furthermore, limited shoulder 
rotation with RTSA may be, in part, related to 
the limited excursion of the cup around the 
medialized glenosphere as well as mechani-
cal impingement of the tuberosities against 
the coracoid process in internal rotation and 
the scapular spine in external rotation. 
However, lateralization may be less important 
if the glenosphere is placed in an eccentric 
(inferior) position as demonstrated by De 
Wilde et al. [15].

 (d) Humeral component version: the 155° pros-
thesis is certainly the most widely accepted 
inclination angle and has been essentially the 
only prosthesis used in Europe for more than 
10 years [22]. With increasing neck-shaft 
angle, the polyethylene cup is positioned in a 
more horizontal orientation [15], resulting in 
progressive mechanical conflict between the 
cup and inferior scapular neck as demon-
strated by Gutierrez [23]. To solve this prob-
lem, an increased humeral component could 
raise the amount of external rotation and 
decreases the amount of internal rotation 
before impingement [24]. Erickson et al. [25] 
reported in a systematic review that there is 
much more possibility of scapular notching 
with 155° inclination rather than 135° but no 
difference of instability. Boileau et  al. [26] 
attempted to decrease the rate of scapular 
notching in patients with a 155° prosthesis 
by lateralizing the glenoid using cancellous 
humeral head autograft. The study concluded 
that the rate of notching decreased (reported 
in the study at 19%) with bony lateralization 
without increasing torque on the glenoid 
component as is seen with more lateralized 
glenoid system.

 (e) Inherent stability: the normal shoulder stabil-
ity is characterized by two important factors: 
the balance stability angle defined as the max-

imal angle that the limit joint reaction force 
can form with the concavity before a disloca-
tion [27] and the stability ratio defined as the 
maximum allowable subluxation force/joint 
compression force (V.N. 0.5). Regarding the 
balance stability angle, a RTSA is able to tol-
erate a joint reaction force vector of up to 45° 
and has got a stability ratio > 2.0, four to five 
times more stable than a normal joint and two 
to three times more stable than a conventional 
total shoulder prosthesis [28]. Despite this, the 
semiconstrained design is susceptible to ante-
rior instability in the fully adducted position, a 
complication reported in 1.5 to 31% of 
patients, [29] and this problem is likely due to 
inferior impingement that can generate dis-
tractive forces. Increasing the humeral cup’s 
depth to radius ratio exponentially improves 
the inherent stability of the reverse prosthesis 
[30]. In contrast, varying glenosphere size has 
no notable effect on joint stability [23]. 
Stability also depends on glenosphere position 
that with a retroversion >20° has been shown 
to reduce anterior stability, while the arm is in 
the resting position [30]. In addition, placing 
the glenosphere in a position of inferior offset 
has been shown to increase stability by 
approximately 17% [31]. Humeral component 
version has little effect on stability. Although a 
noncadaveric shoulder simulator demon-
strated that version of the humeral component 
had a significant effect on stability, a conflict-
ing study using cadaveric shoulders, which 
provide an additional element of soft tissue 
constraint, showed that humeral component 
version did not significantly alter dislocation 
forces [28, 31].

 (f) Deltoid, teres minor, and rotator cuff func-
tion: the function of RTSA involved the del-
toid muscle because a medialized center of 
rotation increases the deltoid’s function by 
20–42% with additional anterior and 
posterior fibers as abductors [32], instead of 
flexor and extensor, respectively, as they 
work in a normal shoulder. In details the 
inferior-most portion of the anterior deltoid 
becomes a flexor-abductor and the posterior 
deltoid an extensor-abductor, and the middle 
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deltoid increases its abductor function [33]. 
The maximum deltoid fluctuation is reached 
at 90° of abduction that can compensate the 
deficiency of the supraspinatus [13], and the 
distalized center of rotation shortened the 
fibers with an improved muscle function by 
30% [34] and gives a less restricted range of 
motion. This “new” abductor muscle function 
is present from the start of movement due to 
a lower level of fibers from the RTSA with 
reduced forces of middle and anterior deltoid 
during the flexion [35]. Despite most 
patients’ improvement in flexion and 
abduction, active internal rotation and 
external rotation often remain unchanged or 
reduced [36] due to an absence or 
detensioning of the subscapularis tendon and 
teres minor [21]. The outcome of RTSA is 
influenced by the integrity of the external 
rotators, specifically the teres minor (TM) 
[37]. According to Grammont [10] and 
Boileau [14], a potential solution to improve 
active external rotation is to increase humeral 
retroversion to improve the mechanical 
advantage of the TM, when it is present. 
Berton et al. [30] showed that RTSA increases 
TM external rotation moment arms compared 
with a normal shoulder. Such increase is less 
pronounced in high degrees of arm abduction. 
At the same time, because of humeral 
medialization, RTSA decreases TM length, 
especially in low degrees of humeral 
abduction. They concluded that the 0° to 20° 
retroversion was the optimum compromise 
between sufficient TM length and moment 
arm with minimum impingement. In case of 
teres minor absence with a full rotator cuff 
deficiency, it could indicate to restore the 
external rotation a latissimus dorsi transfer 
associated to RTSA [38].

 (g) Prosthesis design: the planning of the reverse 
shoulder prosthesis is based on the idea of a 
fixed rotating center on the scapula and a cup 
on the humerus to create a fulcrum for the 
joint. This fixed fulcrum prevents the superior 
migration of the humeral head and allows the 
deltoid lift up the arm despite the absence of 
muscles of the rotating cuff. The planning has 

been tested to recreate the anatomical glenoi-
dal face rotation center with a highly con-
strained design. There are two current design: 
The first one is based on the original 
Grammont-style prosthesis, with a medial-
ized center of rotation at the baseplate-glenoid 
interface. The second design places the center 
of rotation more laterally within the gleno-
sphere. Despite the differing biomechanics, 
both prostheses allow for a greater deltoid 
lever arm, which enables arm elevation in the 
absence of a functioning rotator cuff. The 
 glenoid component can be a hemisphere with 
a diameter of 36 as in the original Grammont 
prosthesis, but in the last 10 years, many com-
panies created different sizes of glenosphere 
from 36 to 42 mm, creating a greater potential 
arc of motion [39]. Reverse shoulder patients 
with severe deficiency in the rotator cuff often 
demonstrate a lack of external rotation 
strength, particularly with the arm abducted. 
The deficiency is not typically due to physical 
limitations of the implant as many patients 
have good passive external rotation. The 
result of external rotation deficiency is the 
hand falls into internal rotation as the arm is 
elevated and stays in front of the face in a 
motion resembling a person holding a horn to 
their mouth, termed “hornblower’s sign.” The 
42  mm glenosphere, compared with the 
36  mm glenosphere, has been shown to 
increase average abduction amplitude by 
approximately 5° and to provide an additional 
22° of adduction before inferior impingement 
occurs [40] but can be difficult to demonstrate 
in the common practice because the mechani-
cal effect is not constant for all patients 
treated with 42 glenospheres. The humeral 
component’s neck-shaft angle is an important 
factor that affects the clinical range of motion. 
Grammont’s humeral component is designed 
with a nonanatomic humeral neck inclination 
of 155°; the polyethylene cup is positioned in 
a more horizontal orientation, resulting in 
progressive mechanical conflict between the 
cup and inferior scapular neck [16]. A retro-
spective review of 65 patients after RTSA 
compared 2 cohorts with varying neck-shaft 
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angles and glenoid offsets and showed that 
the group with a smaller neck-shaft angle 
(143° vs. 155°) and larger glenosphere offset 
(2.5 mm vs. 0 mm) had a significantly lower 
incidence of notching (16.2% vs. 60.7%) 
[23]. Stephenson et al., in a cadaveric study, 
showed that humeral retroversion between 
20° and 40° most closely restores a functional 
range of motion [24]. Placing the humeral 
component in neutral version or anteversion 
results in greater than physiologic internal 
rotation while increasing the risk of posterior 
notching. As the shoulder is abducted in the 
scapular plane, mechanical limitations on 
internal and external rotation diminish. At 60° 
of abduction, the humeral bearing is able to 
rotate unimpeded around the glenosphere; 
and at 90° of abduction, supraphysiologic 
internal rotation and external rotation are pos-
sible [41]. In the last years, a new short 
humeral stem design has been introduced in 
order to avoid complications related to the 
normal accounted for 10 to 20% such as peri-
prosthetic fracture, shaft perforation, disas-
sembly, and loosening [42]. Levy et al. [43] 
reported midterm good results in 102 patients 
using this new stem with an improved rota-
tional movements, low incidence of glenoid 
notching, and no implant loosening, subsid-
ence, or stress shielding. The baseplate screw 
fixation is the most important factor leading 
to long-term fixation through osseous integra-
tion [44], and it depends on the anatomy of 
scapula (the three-column concept), the bone 
quality and screw type, and location [45]. 
Locking screws create a more stable construct 
and reduce baseplate micromotion in  vitro 
compared with similar diameter nonlocking 
screws [46], and we can use four or two 
screws depending on a baseplate model with 
a central peg. In the screw placement, there is 
a risk of a soft tissue damage including the 
suprascapular nerve, the suprascapular artery, 
and the subscapularis muscle, and several 
studies have showed that the mean screw 
length should be 30  mm for the superior 
screw holes, 28  mm for the inferior screw 
holes, 13  mm for the anterior screw holes, 

and 15 mm for the posterior screw holes in 
order to avoid this problem [47]. About the 
screw position, it is important to keep in mind 
the safe zone of the glenoid during surgery 
that usually is identified with the vertical axis 
crossing the supraglenoid tubercle and the 
infraglenoid tubercle (Fig.  3.5). Screws 
placed anterior to this axis would be in the 
safe zone with a relatively low risk to the axil-
lary nerve; screws placed posterior to this 
axis would enter the danger zone and pose a 
risk to the suprascapular nerve and artery 
[48]. Glenoid deficiency and erosion (exces-
sive retroversion/inclination) must be cor-
rected in reverse shoulder arthroplasty (RSA) 
to avoid prosthetic notching or instability and 
to maximize function, range of motion, and 
prosthesis longevity [40]. Historically, 
options to address glenoid bone defects com-
bined eccentric reaming with glenoid bone 
grafting with an autograft iliac crest bone 
graft (ICBG) or allograft or augmented 

Fig. 3.5 Safe zone of glenoid. Hart ND, Clark JC, Wade 
Krause FR, Kissenberth MJ, Bragg WE, Hawkins 
RJ. Glenoid screw position in the encore reverse shoulder 
prosthesis: an anatomic dissection study of screw relation-
ship to surrounding structures. J Shoulder Elbow Surg. 
2013 Jun;22(6):814–20. doi: https://doi.org/10.1016/j.
jse.2012.08.013. Epub 2012 Nov 14
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 glenoid baseplates [49]. Since 2006, a new 
technique was described by Neyton et al. [50] 
based on the use of an autologous bone graft 
harvested from the humeral head to restore 
the glenoid bone stock and obtain correct 
alignment of the implant with minimal mor-
bidity (BIO-RSA). The humeral head auto-
graft may be symmetrical (BIO-RSA) for the 
type A and B1 glenoid  according to Walch 
classification [51] or asymmetrical (angled 
BIO-RSA) in the case of type B2/C glenoid. 
The results published by Jones et al. [52] on 
the BIO-RSA demonstrated a higher rate of 
graft incorporation in RSA for autografts 
compared with allografts (86% complete or 
partial incorporation for autografts vs. 66% 
for allografts); Boileau et  al. [53] recently 
published their results on the angled BIO-
RSA with 94% of complete radiographic 
incorporation of the graft, mild notching 
occurred in 25% of patients, and Constant-
Murley and subjective shoulder value assess-
ments increased from 31 to 68 and from 30% 
to 83%, respectively.

3.1  Reverse Shoulder 
Arthroplasty for Proximal 
Humeral Fractures

RSA has recently been applied to the treatment of 
acute four-part proximal humeral fractures [54]. 
This implant can provide reliable forward eleva-
tion, improve functional scores, and relieve pain 
in the carefully selected patient. Shoulder sur-
geons currently restrict its use to complex three- 
or four-part fractures in elderly patients because 
the longevity of this type of implant has yet to be 
determined. RSA has been used more frequently 
for these fractures because it is less reliant on a 
functioning rotator cuff and healing of the tuber-
osities. The management of the lesser and greater 
tuberosity for the RSA implant in these complex 
fracture is still debated, and few studies are pres-
ent on this topic. In the first cases, the tuberosities 
were removed based on the mechanical concept 
of the isolated deltoid action to supply the cuff 
deficiency, and the results [55] demonstrated high 

numbers of complication especially relative to the 
frequent instability and lack of extrarotation. 
Tuberosity fixation and implant positioning 
remain important for the RSA when used for frac-
ture. Recent evidence has shown that improved 
rotation may be obtained if the tuberosities are 
repaired anatomically to the RSA implant. 
Gallinet et  al. [56] treated elderly patients with 
proximal humeral fractures with RSA and found 
that patients with anatomic healing of the tuber-
osities had improved forward elevation (127.2° 
vs. 96.5°), external rotation at the side (19.7° vs. 
1.6°), and external rotation at 90° of abduction 
(49.4° vs. 10.3°) when compared with patients 
who had nonunion or malunion. Nonabsorbable 
sutures are placed through the bone-tendon junc-
tion of each fragment and can be placed before 
glenosphere placement because the implant may 
limit one’s ability to suture the greater tuberosity. 
Vertical sutures are also placed to secure the shaft 
to the tuberosities [57]. The humeral implant 
should be done with 0°–20° of retroversion and its 
height in relation with humeral calcar; it is the 
most important factor in minimizing postopera-
tive dislocation [58] and can be extremely chal-
lenging in cases of severe shaft comminution. 
About this topic, we have done a contribution by 
publishing a modified Brems’ technique [59] with 
BCAT (bone collar and tie) technique [60] in 
order to improve the bone quantity around the 
humeral prosthesis, especially in the case of com-
minuted greater tuberosity fractures, the bone 
healing, and the tension of teres minor with a 
more lateral tendon insertion. The B-CAT tech-
nique is made with a part of fractured humeral 
head, shaped, and placed as a collar around the 
prosthesis and under the great tuberosity [61] with 
an improved elevation and external rotation as 
reported in our results. A recent study of Hermann 
[21] demonstrated that a moment arms for 
humeral rotation are significantly smaller for the 
cranial segments of subscapularis muscle and all 
segments of teres minor in abduction angles of 
30° and above (p  ≤  0.05). Abduction moment 
arms were significantly decreased for all seg-
ments (p ≤  0.002). Origin to insertion distance 
was significantly smaller for all muscles at the 15° 
position (p ≤ 0.005), apart from the cranial SSC 
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segment. This study could confirm some aspects 
on the improving function in external rotation due 
to the improved tension of teres minor using the 
bone augmentation.The baseplate and gleno-
sphere position and fixation on the native glenoid 
are crucial to the success and longevity of the 
RSA, and several studies have been done on these 
aspects. The “three-column concept” of scapula 
fixation was introduced in 2008 [16], and based 
on this, shoulder surgeons have placed three to 
four screws in the glenoid baseplate to obtain 
good cortical fixation. Typically, one screw is 
aimed at the coracoid, one toward the scapular 
spine, and one down the lateral pillar. Recent 
studies have shown that the glenoid baseplate may 
only need two screws for adequate fixation. 
Parsons et al. [62] showed that longer screw fixa-
tion is obtained by aiming the inferior screw more 
parallel to the baseplate as opposed to aiming 
anteroinferiorly down the lateral pillar. There are 
a variety of RSA implants available today that 
limit the surgeon to two or four screws. Given this 
recent evidence, it is advisable to fix the baseplate 
with at least two locking screws and to aim the 
screws in such a manner as to obtain the largest 
amount of bone purchase. Proper tensioning of 
the RSA should be addressed to prevent postop-
erative instability. Shoulder surgeons often rely 
on the tension of the conjoined tendon and deltoid 
muscle to assist in the determination of the height 
of the implant. The implant should be stable 
before fixation of the tuberosities. Recently, 
Walch et  al. [63] proposed that lengthening the 
humerus with the RSA was associated with 
improved active anterior elevation. They deter-
mined that when the humerus was shortened, all 
of the patients had poorer functional results. 
Although the optimum lengthening of the arm 
was not determined in this study, they advised that 
the humerus should not be lengthened more than 
2.5 cm compared with the  opposite side.
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4.1  Introduction

Since the first documented shoulder arthroplasty 
in 1893 [1], there have been many advances in 
shoulder implants, particularly within the last 
two decades. Shoulder arthroplasty has become 
the established treatment for severe glenohu-
meral disease from rheumatoid arthritis (RA) to 
osteoarthritis (OA), severe fracture, avascular 
necrosis (AVN), and cuff tear arthropathy. 
Various implant designs have been developed 
over the past 20 years resulting in a large number 
of available implants. Due to increased life 
expectancy and greater demand from the aging 
society for optimal quality of life into advanced 
old age, shoulder arthroplasty has become more 
popular worldwide [2, 3]. The widespread of 
shoulder arthroplasty is more recent than that of 
hip and knee arthroplasty, the incidence is 7.5-
fold lower, and the range of disease indication is 
wider [4]. Hip and knee arthroplasty is more 
common (40% of patients) in non-elderly adult 
patients compared to shoulder arthroplasty, in 
which 30% of patients are non-elderly [5]. The 
occurrences of hip and knee arthroplasty are 
increasing faster among the middle-aged popula-
tion (45–64 years) than in the elderly population, 

while shoulder arthroplasty is a phenomenon that 
primarily affects the elderly [2]. The introduction 
of reverse total shoulder arthroplasty (rTSA) is 
one of the factors responsible for the predomi-
nance of elderly patients among those who are 
managed with TSA.  Currently, rTSA is recom-
mended predominantly for patients over 70 years 
old with disabling rotator cuff arthropathy [6]. 
However, a wider range of pathologies and com-
plications, such as revision of failed anatomic 
total shoulder arthroplasty (aTSA) or hemiarthro-
plasty (HA), are nowadays managed with 
rTSA. Therefore, the increase in rTSA cases may 
be due in part to broader emerging indications 
[2]. Identifying actual epidemiology and demo-
graphics of rTSA may be difficult because of the 
poor data available in literature studies. In fact, 
while hundreds of thousands of shoulder arthro-
plasties are performed each year around the 
world, data are available on very few of them. 
Most of the publications on shoulder arthroplasty 
procedure and outcomes are published by a rela-
tively small number of medical centers, which 
may not be representative of the situation on 
national or global scale [7].

Registries may thus provide the most reliable evi-
dence on rTSA epidemiology and demographics [7].
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4.2  Shoulder Arthroplasty 
Epidemiology Before rTSA 
Separate Coding in National 
Shoulder Arthroplasty 
Registers

Until recently, rTSA was coded as aTSA in dif-
ferent national registers. In the USA, the option 
for separate coding of rTSA and aTSA was 
implemented only in 2011 despite rTSA approval 
by the Food and Drug Administration (FDA) in 
2003. According to US data reported by Kim 
et  al. [2], in 1993 the total number of shoulder 
arthroplasties was 13,873, of which 7,545 
(54.4%) HA and 6292 (45.6%) TSA 
(rTSA + aTSA) [2]. In 2003 the total number of 
shoulder arthroplasties doubled to 25,948 cases, 
of which 15,290 (58.9%) HA and 10,658 (41.1%) 
TSA (rTSA and aTSA) [2]. In 2006, short after 
the approval of rTSA by the FDA (2003), the 
number of TSA cases in the USA (20,086) 
became higher than the HA cases (18,052) for the 
first time. In 2008, of 46,951 shoulder arthroplas-
ties implanted in the USA, 57% were TSA 
(26,773 cases) and 43% were HA (20,178 cases).

The number of shoulder arthroplasties per-
formed in the USA indicated a 2.5-fold increase 
over the decade between years 1998 (19,000 

cases) and 2008 (nearly 47,000) [8]. During this 
time, the elderly population increased approxi-
mately by 11%, and the number of surgeons 
implanting shoulder arthroplasties increased by 
24% [2]. However, the augmented number in 
shoulder arthroplasty cases was much steeper 
than the growth of the elderly population or the 
density of orthopedic surgeons in the USA, sug-
gesting that multiple other factors were respon-
sible for this result. Kim et al. [2] suggested that 
the abrupt increase in TSA but a steadily growing 
HA since 2003 was due to the FDA approval of 
rTSA in 2003 [2] (Fig. 4.1). The same trend can 
be noticed in the German experience [9]. In 
Germany, the option to code rTSA was intro-
duced in 2008. In 2005 the number of shoulder 
arthroplasties implanted was 7781, of which 
5460 (70.2%) were HA and 2321 (29.8%) were 
TSA (rTSA + aTSA). In 2007, of 10,268 shoul-
der arthroplasties, 6640 (64.7%) were HA, and 
628 (35.3%) were TSA (rTSA and aTSA). Since 
2008 the number of TSA cases exceeded that of 
the HA cases, reaching in 2012 a total number of 
HA of 5975 and TSA 21340. Moreover, in the 
period 2005–2012, HA number showed an 
increase until 2008 followed by a continuous 
decrease, while TSA number increased over the 
years [9].
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Fig. 4.1 Graphic illustrating annual implant rate for HA (hemiarthroplasty) and TSA (total shoulder arthroplasty) 
between 1993 and 2008 in the USA. Data from Kim et al. [2]
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4.3  Epidemiology 
and Demographics of rTSA 
in National Shoulder 
Arthroplasty Registers

In the USA, the option to code rTSA was intro-
duced in 2011 for the first time. Based on the 
Nationwide Inpatient Sample (NIS), 66,485 
patients underwent shoulder arthroplasty in the 
USA in 2011, respectively, 21,692 (32.6%) rTSA, 
29,359 (44%) aTSA, and 15,434 (23%) HA [10]. 
The incidence of shoulder arthroplasty nearly 
doubled in year 2011 (54.4/105 per year) com-
pared to year 2002 (24.5/105 per year) [10]. The 
number of HA decreased from 14.5/105 per year 
in 2002 to 12.6/105 per year in 2011. The number 
of aTSA increased from 14.5/105 per year in 2002 
to 24/105 per year in 2011 [10]. In 2011, the inci-
dence of rTSA was 17.8/105 per year [10].

The mean age of patients undergoing rTSA 
was 71 years, and females represented 63.68% of 
the patients [11]. The main pathologies leading to 
rTSA were osteoarthritis (43.67%), disorders of 
the bursae and tendons (14.03%), cuff tear 
arthropathy (11.83%), and fractures of the proxi-
mal humerus (9.36%).

The Australian national shoulder register 
started in 2004 but only in 2008 was widespread 
among all territories in Australia [12]. From 2008 
to 2015, the total number of rTSA implanted was 
12,362, with an increase of 2680 procedures in 
2015 compared to 2014. Primary rTSA increased 
from 43.3% of all shoulder arthroplasties in 2008 
to 64.1% in 2015. In 2012 there were more rTSA 
implanted than aTSA for the first time. Since 
2008 gender distribution had a minor change, 
with 65.9% of cases in females and 34.1% in 
males. The mean age was 75.8 years for females 
and 73.4  years for males. The percentage of 
patients over 75 years old declined from 61.4% in 
2010 to 51.9% in 2015. The main pathologies 
leading to rTSA were osteoarthritis (43.8%), 
rotator cuff arthropathy (34.1%), and fracture 
(14.6%). The diagnosis of osteoarthritis in rTSA 
declined from 57.8% in 2008 to 43.8% in 2015, 
while the diagnosis of rotator cuff arthropathy 

increased from 21% in 2008 to 34.1% in 2015. 
Regarding HA, the procedure had a drop from 
30% to 10% between 2008 and 2014.

Norway is the first country in which the 
shoulder arthroplasty register was introduced in 
1994 [11]. From 1994 to 2006, the total number 
of shoulder arthroplasties implanted was 2308, 
of which 301 (13%) were rTSA.  In 2010, the 
percentage of rTSA (140/490; 28.57%) doubled 
with respect to the period between 1994 and 
2001. Likely, in 2015 the percentage of rTSA 
reached 53.9% (377/700), reporting an increase 
in popularity of rTSA over the last 15  years. 
Conversely, HA number showed a significant 
decrease passing from 220 cases/year in 2006–
2012 to 150 cases/year in 2013–2014 [11] 
(Fig. 4.2). Reverse TSA was implanted as a pri-
mary procedure in the majority of cases through-
out the whole period considered. As far as 
surgical indication is concerned, from 1994 to 
2015, the main pathologies leading to rTSA 
implantation were (1) proximal humerus frac-
ture in 696 (33.6%) patients, (2) idiopathic 
osteoarthritis in 607 (29.3%) patients, (3) rheu-
matoid arthritis in 330 (15.9%) patients, and (4) 
rotator cuff arthropathy in 258 (12.4%) patients. 
There is no available data reported on the mean 
age and gender for rTSA on this registry 
(Fig. 4.3).

In the UK, data collection for the national 
shoulder arthroplasty registry began in 1 April 
2012 [13]. Since then 9968 (42.2%) rTSA have 
been implanted. The mean age of patients who 
received rTSA was 76 years. The vast majority of 
patients were females. The number of rTSA 
implants has increased from 806 (31.7%) 
reported in 2012 to 3015 (50.7%) in 2016 [13]. 
The main pathologies leading to rTSA were (1) 
rotator cuff arthropathy (50.5%), (2) osteoarthri-
tis (24.8%), (3) acute fractures of the proximal 
humerus (9.7%), (4) trauma sequelae (8%), and 
(5) inflammatory arthritis (3.4%) [13].

According to the New Zealand national shoul-
der arthroplasty registry, from January 2000 to 
December 2013 there were 5528 primary shoulder 
arthroplasties implanted, of which 1553 (28%) 
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were rTSA (63.75% females and 36.25% males) 
[14]. Lübbeke et al. [15] recently reported in New 
Zealand an increase of rTSA from 2% in 2002 to 
56% in 2012, although indications for surgery 
were not reported [15].

Germany has the highest incidence rate (34/105 
per year) of shoulder arthroplasty among countries 
with available national data (mean incidence 
13.3/105 per year) [15]. The option to code rTSA 
was introduced in 2008. Between January 2008 
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and December 2012, the number of rTSA 
implanted was 27,011, with a tremendous increase 
in the number of cases over the years from 2008 to 
2012. For example, in 2008 the number of rTSA 
implanted was 2935 while in 2012 was 8011, 
nearly a 273% increase. Women represented the 
vast majority of patients who underwent rTSA 
(75.5%). The main pathologies leading to rTSA 
were osteoarthritis (male 70.7%; female 58.97%), 
fracture of proximal humerus (male 18.5%; female 
33.93%), and cuff tear arthropathy (male 9.21%; 
female 5.22%). Due to inconclusive information 
regarding causative pathology, 20% of the patients 
were not assigned to an indication group. 
Differently from previously considered registries, 
the ratio of aTSA/rTSA is in favor of anatomic 
implants (65/35). Anyway, since 2008 this ratio 
has become less divergent because of a relative 
increase of rTSA [16].

The study conducted by Bayona et al. [7] on 
national shoulder arthroplasty registers available 
concluded that shoulder arthroplasty indications 
have an important geographical variation that 
should be considered when comparing outcomes 
from different locations. Moreover, heterogene-
ity of information regarding diagnosis, age, gen-
der, and procedure type in different registries, 
together with variable length of data collection, 
might lead to unease registries comparison [8].

Lübbeke et al. compared data within registries 
and from different registries regarding aTSA and 
rTSA as well as HA at different points in time. 
Considering all the national and regional registers 
available, rTSA was most commonly used in 
Norway, Australia, and the UK, HA in Scandinavia, 
and aTSA in New Zealand, California, and 
Germany [10–15]. The use of rTSA over the last 
15 years in Norway and New Zealand increased 
from 12% to 52% and from 2% to 56%, respec-
tively, whereas in Sweden its use remained stable 
(6–10%) over the examined period [11, 14, 15].

The distinction of different disease indications 
for each implant in national registers begun in 
recent years (from 2008 on, with the exception of 
California and Denmark). To quantify how much 
the different procedures varied across registries, 
Lübbeke et al. used meta-analysis techniques and 
evaluated the three most common disease-implant 

combinations, which were OA-aTSA, cuff tear 
arthropathy-rTSA, and fracture-HA. [15]. In the 
study conducted by Lübbeke et al. [15] for rTSA 
in patients with cuff tear arthropathy, the com-
bined proportion was 77% (confidence interval 
60–91). The variability between registers was rel-
evant, and the prediction interval was from 13 to 
100% [15]. A similar wide variability in indica-
tions was noted also for the other disease-implant 
combinations [15]. This large variation for differ-
ent procedures could be related to the lack of 
long-term data and international guidelines.

4.4  Epidemiology 
and Demographics  
of TSA and rTSA in Italy

The national shoulder registry in Italy was intro-
duced in 2001, with aTSA and rTSA codified as 
the same procedure since then. Since 2001 the 
total number of shoulder arthroplasties has 
increased, from 1539 in 2001 to 6588  in 2015 
[17] (Fig.  4.4) (Table  4.1). During the last 
15 years, the number of HA has increased until 
2010 and has stabilized since then. The proportion 
of HA has rapidly decreased from 54.84% in 
2001 to 19.44% in 2014, while the total number 
of shoulder arthroplasty and the number of TSA 
has proportionally increased (Table 4.1).

In the Italian scenario, a regional shoulder 
arthroplasty register with a different coding for 
aTSA and rTSA can be found. In fact, in Emilia-
Romagna (a region of 4.5 million inhabitants in 
northeast Italy), separate coding was introduced 
in 2008 [17, 18] (Fig.  4.5). Between 2008 and 
2015, 2855 shoulder arthroplasties out of 4653 
(61.4%) were rTSA. Since 2008 the number of 
rTSA implanted has encountered a continuous 
increase, while HA is decreasing since 2011 
(Table  4.1). For rTSA, female gender prevails 
with 2208 implants (77.3%) versus 647 (22.7%). 
The mean age of patients at surgery was 
71.8 years for males and 74.1 for females.

The main disease indication for rTSA is 
eccentric osteoarthritis in 1495 cases (52.4%), 
proximal fracture management in 544 cases 
(19.1%), concentric osteoarthritis in 417 cases 
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(14.6%), cuff tear arthropathy in 82 cases 
(2.9%), sequelae of fractures in 78 cases 
(2.7%), and avascular necrosis of the humeral 
head in 67 cases (2.3%). The main indication 
for aTSA is concentric osteoarthritis, account-
ing for 80.9% of cases in the aTSA group. 
Conversely, the main indication for HA is frac-
ture, accounting for 63.4% of cases in the HA 
group [15, 18].

4.5  Conclusions

Shoulder arthroplasty has seen a rapid accelera-
tion in clinical application in the past two 
decades in the developed countries [2, 7, 15], 
although its incidence remains lower compared 
to hip and knee arthroplasty. The increase of 
rTSA implants seems to be at least partially 
responsible for this phenomenon [2, 7, 15]. 
Although reverse TSA has been primarily indi-
cated in patients with rotator cuff arthropathy, a 
recent broadening of clinical indications has 

been documented. These factors coupled with 
the progressive aging of the population could be 
an acceptable explanation for the increase of 
rTSA implantation [2]. Several differences in 
indications for rTSA and relative use of rTSA 
compared to other implants emerge from differ-
ent shoulder arthroplasty registers examinations. 
The steep increase in shoulder arthroplasty 
worldwide is not accompanied by a paired avail-
ability of published data. Outcomes published in 
the literature on shoulder arthroplasty are based 
on small series from a limited number of centers, 
nonreflecting the international practice. National 
shoulder registries can conversely provide 
important information on shoulder arthroplasty 
use in different countries, although they present 
some limitations especially regarding clinical 
indication for rTSA together with clinical and 
radiographic outcomes. Broadening of standard-
ized and nationally founded shoulder arthro-
plasty registers could provide a better overview 
on today’s practice and standardize shoulder 
arthroplasty indications in the future.
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Fig 4.4 Graphic illustrating annual variation in shoulder arthroplasty implant between 2007 and 2014 in Italy. Data 
from Italian arthroplasty registry (RIAP)
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Etiopathogenesis of Rotator  
Cuff Arthropathy

Vittorio Candela, Daniele Passaretti, 
and Stefano Gumina

5.1  Definition and Historical 
Review

In the early 1980s, Neer et al. [1, 2] have coined 
the term “rotator cuff arthropathy” to indicate a 
nosological condition characterized by arthritic 
degeneration of the glenohumeral joint conse-
quent to the massive posterosuperior rotator cuff 
tear. However, more than a century earlier, Adams 
[3], in his book on rheumatic gout, and Smith [4, 
5] had described cases of shoulder arthropathy 
characterized by erosion of the upper portion of 
the humeral head, of the acromion, of the distal 
third of the clavicle, and of the rotator cuff tear. 
Codman [6], in his monograph published in 1934, 
had described the case of a woman, 51 years old, 
whose shoulder underwent rotator cuff tear, gle-
nohumeral arthropathy, loose bodies, and swell-
ing for the abundant articular synovial fluid.

Further papers have not been published until 
the end of the 1950s when Galmiche and Deshayes 
[7], Burman et  al. [8], Banna and Hume [9], 

Shepard [10], and Snook [11] reported a total of 
30 cases of shoulder arthropathies, some of them 
with the characteristics of cuff tear arthropathy.

In 1968, De Seze [12] described the hemor-
rhagic shoulder of three elderly women whose 
clinical (blood streaked recurrent effusion; rotator 
cuff tear) and radiographical (severe degenerative 
glenohumeral humeral arthritis) characteristics 
suggested a rotator cuff arthropathy. One year 
later, Bauduin and Famaey [13] described an 
 analogous case.

Jensen et al. [14], in a prestigious publication 
of 1999, described the three main clinical and 
radiographical characteristics of the cuff arthropa-
thy: (a) massive tear of the rotator cuff, associated 
with shoulder pain, supra and infraspinatus atro-
phy, and loss of motion (Fig. 5.1a–c); (b) degen-
erative changes of the glenohumeral joint 
(Fig. 5.2a, b); (c) upward migration of the humeral 
head observable on AP view (Fig. 5.3a). Humeral 
head collapse (Fig.  5.3b), erosive changes of 
superior glenoid or acromion, periarticular soft 
tissue calcifications, and subdeltoid effusion are 
other possible features that may be present [15].

5.2  Etiopathogenesis

Mechanical theory. Neer et  al. [2] hypothesized 
that mechanical factors were at the origin of cuff 
arthropathy. According to this theory, loss of 
downward force performed by a healthy rotator 
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cuff on the humeral head would result in a supe-
rior migration of the humerus. This might 
 facilitate an erosion of the superior surface of the 
glenoid and of the anteroinferior aspect of the 
acromion. In addition, the upward migration of 
the humeral head could cause a joint instability, 
an eccentric work of the humeral head, and, con-
sequently, a premature wear of the articular carti-
lage in the areas of higher glenohumeral 
compression. Since 21 of the 26 patients cited in 
the paper had the rupture of the long head of the 

biceps tendon, Neer thought that this injury would 
help the upward migration of the humeral head.

Burkhart’s hypothesis [16] seems to support 
the mechanical theory. The author believes that 
the healthy inferior portion of the rotator cuff 
(below the center of rotation) creates a moment 
that must balance the deltoid moment (force 
coupling). Furthermore, the subscapularis is 
anteriorly balanced against the infraspinatus and 
teres minor posteriorly. Uncoupling of the essen-
tial force couples results in anterior superior 

a b c

Fig. 5.1 (a–c) Decrease in range of motion in a 75-year-old female patient with cuff tear arthropathy

a b

Fig. 5.2 MRI of a right shoulder of a 77-year-old male 
patient with Hamada 3 cuff tear arthropathy. (a) Coronal 
T2 fat suppressed FSE. Acromiohumeral distance <5 mm 

with acetabularization of acromion. (b) Axial PD fat 
suppressed FSE: Walch A1 glenoid morphology (humeral 
head centered with minimal erosion)

V. Candela et al.
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a b

Fig. 5.3 (a) True AP X-ray view of a right shoulder: Hamada 3 cuff tear arthropathy. (b) AP X-ray view of a right 
shoulder: Hamada 5 cuff tear arthropathy bony destruction-humeral head collapse after a cuff repair failure

translation of the humeral head with attempted 
elevation of the shoulder.

In 1997, Collins and Harryman [17] hypothe-
sized that cuff arthropathy was initially due to 
supraspinatus tear and later to the infraspinatus 
lesion; the complex tendon tear would cause the 
upward migration of the humeral head and, con-
sequently, the contact of articular cartilage of the 
humeral head against the anteroinferior margin 
of the acromion. Cartilage fragmentation results 
in particulate debris, which causes synovial 
thickening and effusion as well as calcium phos-
phate crystal formation. The enzymatic response 
to the crystals furthers the damage of the articular 
surfaces.

Concavity-compression mechanism, sug-
gested by Hurov [18], further corroborates the 
mechanical theory. According to the author, the 
healthy cuff compresses the convexity of the 
humeral head against the pseudo-concavity of the 
glenoid; therefore, the cuff, with other periscapu-
lar muscles, would act as an important dynamic 
stabilizer of the joint. This action may be even 
more important in the presence of severe laxity of 

the static stabilizers of the shoulder (capsule, 
labrum, and glenohumeral ligaments).

Oh et al. [19] identified that critical tear sizes 
responsible for disrupted joint kinematics are 
those with full-thickness supraspinatus tears and 
50% detachment of the infraspinatus.

Nutritional theory. Neer et al. [1, 2] have also 
suggested that the osteoarthritis could depend on 
the loss of the “water tight” effect (loss of nega-
tive pressure normally existing inside the shoul-
der joint in normal conditions) due to the cuff tear.

This would cause dispersion of synovial fluid, 
normally contained in the joint, in the subacromial 
space. The dispersion would make the diffusion of 
synovial fluid into the joint cartilage difficult; con-
sequently, the cartilage would be poorly nourished 
and would easily run into atrophy. Furthermore, 
diffusion of the fluid into the cartilage should be 
further hindered by the decrease in range of motion 
caused by the shoulder pain due to the cuff tear 
(loss of water and mucopolysaccharides content). 
In addition, decrease in mobility, resulting in pain, 
would lead the subchondral bone to be osteopo-
rotic and more exposed to possible collapse.

5 Etiopathogenesis of Rotator Cuff Arthropathy
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It is known that cytokine and catabolic enzyme 
concentration increases in the early phases of 
osteoarthritis. Many studies have also proved that 
the rotator cuff tear leads to an increased produc-
tion of interleukin 1β and TNF, which helps to 
explain the presence of pain and inflammation. It 
was also noted that the production of many carti-
lage matrix-specific matrix metalloproteinases 
(MMPs) increased, including MMP-1, MMP-2, 
MMP-3, MMP-8, and MMP-13 [20, 21]. The 
presence of MMP-3 is important because it is 
implicated in the proteolytic activation of the 
other MMPs. Yoshihara et al. [22] observed that 
there is a correlation between the concentration 
of these cytokines, collagenases, and aggrecana-
ses and accelerated cartilage degeneration after a 
cuff tear.

These observations redimension the nutri-
tional theory in the genesis of cuff tear arthropa-
thy. In fact, with the evacuation of a part of the 
synovial fluid through the tendon lesion, inflam-
mation factors and proteolytic enzymes should 
be removed, and, thus, health status of articular 
cartilage should be preserved.

In 2012, Reuter et  al. [23] sonographically 
assessed the articular surface of the glenohu-
meral joint in rats with a rotator cuff tear and 
observed a thickness decrease in the cartilage. 
Kramer et al. [24] histologically studied the gle-
nohumeral cartilage of rats, respectively, submit-
ted to detachment of the posterosuperior rotator 
cuff and to suprascapular nerve root transection 
passing through the trapezoid (joint capsule was 
kept intact). The animals were killed 12 weeks 
after surgery. In the first case, if there had been 
degenerative changes of the cartilage, it would 
have been attributed, in accordance with Neer’s 
hypotheses [1, 2], to the altered mechanical 
loading and to the nutritional theory, instead, in 
the second case, only to the mechanical hypoth-
esis. Surprisingly, the amount of cartilage degen-
eration was similar between the groups. This 
result suggests that aberrant mechanical forces 
are the primary causes of articular cartilage 
degeneration in the setting of cuff tear 
arthropathy.

Crystalline-induced arthritis of the shoulder 
theory. In orthopedic literature, almost 
simultaneously to Neer’s hypotheses, a nosologic 
entity similar to the cuff arthropathy has been 
described: the “Milwaukee syndrome” [25]. 
Although it is responsible for a clinical condition 
similar to that of the cuff arthropathy, this disease 
has been attributed to the presence in the synovial 
fluid of basic calcium phosphate crystals 
encapsulated into microspheroids without 
apparent inflammatory cell response. Indeed an 
altered capsular degenerated cartilage and 
synovium, possibly with a macrophage response 
and subsequent release of collagenase and neutral 
proteases, are associated with this condition, 
resulting in the attack and subsequent destruction 
of the joint.

In 1985, Dieppe and Watt [26] noted that basic 
calcium phosphate crystals could be found in 
arthritic and neuropathic joints and in apparently 
healthy joints of elderly subjects. In addition, the 
apatite crystals are found especially in the most 
destructive atrophic situations. Therefore, the 
authors hypothesized that the crystals are 
produced by the processes that are secondary to 
joint degeneration. This hypothesis redimensions 
the inflammatory theory and suggests that the 
syndrome is a form of cuff arthropathy.

Autoimmune rheumatic diseases. Cuff 
arthropathy could be considered an autoimmune 
rheumatic disease. As well as for scleroderma or 
systemic lupus erythematous, patients with cuff 
tear arthropathy are frequently females. No study 
has ever confirmed this hypothesis. We are 
conducting a study to verify the reliability of this 
hypothesis; however, available data do not allow 
us to formulate conclusions.

Idiopathic theory. It is possible that the cuff 
arthropathy is the result of a fortuitous 
coincidence between rotator cuff tear, which is 
frequently found in elderly patients [27, 28], and 
idiopathic glenohumeral arthropathy. In other 
words, arthropathy would occur regardless of 
cuff tear.

Upward migration of the humeral head conse-
quent to the cuff tear would only be responsible 

V. Candela et al.
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for the fast evolution of the arthritic process, and 
it would only cause a more precocious wear of 
the upper portion of the glenoid surface. If this 
hypothesis is correct, the cuff arthropathy should 
not have a clear preference for sex, and patients 
should have an average age similar to that of 
patients with concentric arthropathy; instead, the 
cuff arthropathy is predominantly found in 
females and in older patients.

Theory related to joint laxity. Since cuff tear 
arthropathy and youth joint laxity are significantly 
more frequent in females, we hypothesized that 
these two conditions are associated with each 
other. If the rotator cuff tear occurs in patients 
who have/had joint laxity, it is possible that the 
involved shoulder could develop a severe static 
instability that might be responsible for a 
premature wear of the cartilage of the superior 
glenoid. This assumption justifies the evident 
difference in the prevalence of cuff arthropathy 
due to gender.

In order to verify this theory, 133 consecutive 
patients with glenohumeral osteoarthritis [(48M, 
85F; mean age (SD): 72.32 (7.05)] were divided 
into 2 groups: Group I (patients with CTA) and 
Group II (patients with concentric shoulder arthrop-
athy) composed of 71 (22M–49F) and 62 (26M–
36F) patients, respectively. The presence of current 
or previous joints hypermobility in all participants 
was assessed by two standardized methodologies: 
the Beighton criteria/score and a 5-item self-report 
questionnaire [29, 30]. The questionnaire investi-
gates, using major and minor criteria, patient’s abil-
ity to perform uncommon activities, the presence of 
joint diseases, or the tendency to dislocation.

Beighton criteria led to a diagnosis of joint 
hypermobility in 16 patients (22.5%) in Group I 
and in 15 patients (24.2%) in Group II. According 
to the 5-item self-report questionnaire, juvenile 
joint laxity was diagnosed in 11 (15.5%) and 12 
(19.4%) patients belonging to Groups I and II, 
respectively. No significant association between 
the two groups and both Beighton criteria 
[χ2(1) = 0.051, p = 0.82] and 5-item self-report 
questionnaire [χ2(1) = 0.67, p = 0.41] was found.

Our data excluded this possible correlation. In 
fact, surprisingly, in the two groups, percentage of 
patients who, in juvenile period, have been con-
sidered subjects with joint hyperlaxity was the 
same (Group I, 16 pts. on 71 = 22:53%; Group II, 
14 pts. on 62 = 22:58%). Therefore, it is presum-
able that hyperlaxity condition runs out before the 
onset of tendon rupture and cannot enhance the 
joint instability consequent to cuff tear.

5.3  Clinical Presentation

Generally, patients with cuff tear arthropathy are 
older than 65. They refer shoulder pain; rarely 
pain intensity is marked. Patients typically are 
women with shoulder symptoms of long dura-
tion. The dominant side is most commonly 
affected. Usually, pain is distributed in the 
anterolateral region of the shoulder; rarely it is 
also at the neck base; it does not extend beyond 
the elbow; scapular region is not interested; pain 
is not accompanied by paresthesia. The pain 
characteristically interferes with sleep and inten-
sifies with activity.

Many patients experience audible crepitus. 
When these are present, it is easy to evocate them 
during the Jobe or the Full can test maneuvers.

In thin patients, it is sometimes possible to 
observe shoulder profile deformity, because of 
the humeral head upward migration. Occasionally 
the shoulder is swollen by the presence of 
abundant synovial fluid that is spread in the 
subacromial space and glenohumeral and acro-
mioclavicular joints.

Atrophy of infraspinatus and supraspinatus 
muscles is constantly observable. Weakness of 
the external rotators may be marked; generally 
Full can test and Patte test are positive. Very 
often, the lag signs are also positive.

In the vast majority of patients, the active and 
passive range of motion is severely limited 
because of soft tissue contractures or fixed 
glenohumeral subluxation [14]. Patients who 
maintain a stable core can keep mobility in 
flexion and abduction.

5 Etiopathogenesis of Rotator Cuff Arthropathy
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5.4  Differences Between 
Concentric and Eccentric 
Glenohumeral Arthritis

5.4.1  Histology

At our knowledge, no studies have been con-
ducted regarding histological differences 
between shoulder arthropathies with or without 
cuff tear. Actually, the vast majority of the stud-
ies have considered histological and ultrastruc-
tural characteristics of the idiopathic arthritis, 
assuming that there were no differences between 
the two conditions. In both, articular cartilage 
layer is thinned or, as in the areas submitted to 
higher mechanical stress, has deep and broad 
splits or is completely absent, leaving wide 
exposition of the subchondral bone. In the most 
severe cases, cells are arranged in clusters in the 
deeper layer of the cartilage; sometimes chon-
drocyte lacunae are empty, surrounded by thick-
ened collagen fibers [31]. The living cells are in 
intense activity and have well-developed cyto-
plasmic granules. They are enclosed in lacunae 
that contain numerous fibrils and mature colla-
gen fibers. Matrix is represented by thickened 
collagen fibers, arranged in all directions, often 
perpendicularly disposed with respect to articu-
lar surface. Colloidal iron staining shows the 
presence of mucopolysaccharides around the 
living chondrocytes.

Neer [2] histologically described 26 shoulders 
with cuff arthropathy. Authors observed three 
consistent findings: areas with atrophic cartilage 
and osteoporotic subchondral bone in the humeral 
head; areas where cartilage is denuded and 
subchondral bone is sclerotic; and fragments of 
articular cartilage in the subsynovial layer. A 
histological study performed by Jensen et al. [14] 
on specimens of patients with cuff arthropathy 
revealed foci of calcific deposits in synovial 
microvilli.

Kramer et al. [24] performed an elegant study 
on rats whose cuff tendons were previously 
excised. The histological analysis was per-
formed 12  months after surgery. Authors 

observed significant cartilage changes in the 
humeral head compared with the control side. 
Applying the modified Mankin score [32] 
(widely used for histologic evaluation of osteo-
arthritis), they obtained a value of 5.7 ± 1.9 in 
the involved shoulder and 2.0 ± 1.0 in the con-
trol side (P  <  0.001). The score considers the 
structure, cellularity, safranin O staining, and 
tidemark integrity. Analogously, glenoid values 
were, respectively, 5.1  ±  1.9 and 2.4  ±  0.8 
(P < 0.001).

CT studies [33–35] have demonstrated that 
bone density, below the superficial cartilaginous 
layer of the glenoid, varies with the different 
forms of arthropathy. In particular, the calcified 
cartilage layer, which is deeper than the noncal-
cified layer, is thicker in cuff arthropathy with 
respect to the concentric arthropathy; instead, 
the subchondral bone is thinner [35].

Kekatpure et al. [36] submitted to histopath-
ologic analysis the humeral head of nine women 
who underwent total shoulder arthroplasty for a 
rapidly destructive arthrosis (rapid collapse of 
the humeral head with no evidence of other 
nonseptic articular arthropathy). Of the nine 
cases, seven had a rotator cuff tear (however 
fatty infiltration of the rotator cuff muscles 
were not indicative of a chronic condition), 
whereas tendinosis in the supraspinatus ten-
dons was found in two cases. Analysis showed 
absence of articular cartilage. In the subchon-
dral zone, both fragmentation and regeneration 
of bone matrix, which represented fracture 
healing, were observed. There was no evidence 
of inflammatory changes, microorganisms, or 
crystal-induced arthropathy. Authors did not 
observe typical AVN findings in the marrow, 
medullary bone, and cortex.

5.4.2  Age and Gender

It is known that patients with cuff tear arthropa-
thy usually are older than those with concentric 
arthropathy and are very often females. To 
check the reliability of these data, we reviewed 
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all the scientific papers published in English 
from 2000 to date, relative to shoulder arthropa-
thy without rotator cuff tear. We excluded all the 
papers conducted on patients with rheumato-
logic diseases, traumas, infections, previous 
surgical treatments, and cohorts of less than 20 
patients. We were able to have demographic 
information on about 2761 patients with con-
centric arthropathy [37–45]. Data obtained were 
compared with those of a meta-analysis con-
ducted by Samitier et al. [46] in 2015 relative to 
patients with cuff tear arthropathy. This cohort 
consisted of 581 patients. Data were not statisti-
cally analyzed. The weighted average age of the 
2761 patients was 66.7  years while that of 
patients with cuff arthropathy was 72.0  years. 
These differences reflect my personal experi-
ence. In fact, in my series, the mean age of cuff 
intact arthropathy patients was 70.1 years while 
that of patients with cuff tear arthropathy was 
75.6 years. The different age justifies a different 
etiology.

Analyzing the 2761 patients with concentric 
shoulder arthropathy, the weighted percentage of 
females was 48.8%; that relative to cuff tear 
arthropathy was 74%. In my series, the 
percentages were 56% and 70.3%, respectively.

Literature data indicate that the prevalence of 
cuff tear does not vary between genders. These 
data reflect our experience. In our series of 586 
patients with different sized cuff tear, males and 
females were, respectively, 280 and 306 [47]. 
Nevertheless, cuff tear arthropathy is much more 
common in females. Different hypotheses may 
be formulated to explain this sexual 
predisposition:

(1) The percentage of females with joint 
hyperlaxity is higher than that of males [48–54]; 
therefore, in absence of cuff tendons and with 
less effective static stabilizers, the shoulder could 
result excessively unstable.

(2) Muscle mass in females is less represented 
[55]; also in this case, the shoulder, in absence of 
cuff tendons, could be less stable.

(3) Cuff tear arthropathy might be an autoim-
mune disease and therefore belong to those dis-

eases that notoriously are more frequent in 
females. In this case estrogens would play a pri-
mary role. In fact, estrogen receptors are present 
on cells of the immune system involved in the 
pathogenic mechanism of the autoimmune 
disease. 

(4) Genetics.
(5) Environmental factors and lifestyle.

5.4.3  Functional Evaluation

Absolute values of ASES and SST scores are 
lower in patients with cuff arthropathy than those 
reported for patients with concentric arthropathy 
(Table  5.1). This is partly due to the fact that 
patients with cuff arthropathy are older. However, 
the marked difference between the mean values 
of flexion, abduction, and external rotation 
recorded in the two groups of patients (Table 5.2) 
indicates an actual functional difference. In addi-
tion, patients with cuff arthropathy have a 
decrease in external rotation strength that further 
compromises shoulder function. Surprisingly, it 
shows no significant differences between the two 
groups when the shoulder function is evaluated 
with the constant score.

Table 5.1 Functional evaluation in patients with shoul-
der arthropathy

Concentric arthropathy

Cuff tear 
arthropathy
Data relative to 
581 patients [46]

Weighted average Weighted average
Constant 
score

27.9 (57 patients)  
[40, 44]
26.8 (210 patients) 
[56]
26.3 (41 patients) [57]
30.1 (41 patients) [57]
37.3 (62 patients) [58]

30.5

ASES 
score

39.3 (635 patients) 
[37, 42, 43, 45]

31.8

SST 3.3 (57 patients)  
[42, 45]

1.8

Comparison between concentric arthropathy and cuff tear 
arthropathy

5 Etiopathogenesis of Rotator Cuff Arthropathy



78

References

 1. Neer CS, Watson K, Stanton F. Recent experience in 
total shoulder replacement. J Bone Joint Surg Am. 
1982;64:319–37.

 2. Neer CS, Craig EV, Fukuda H. Cuff-tear arthropathy. 
J Bone Joint Surg Am. 1983;65:1232–1244J.

 3. Adams R.  A treatise on rheumatic gout or chronic 
rheumatic arthritis of all the joints. London: John 
Churcill & Sons; 1873. p. 91–175.

 4. Smith RW.  Observations upon chronic rheumatic 
arthritis of the shoulder (part I). Dublin Quart J Med 
Sci. 1853;15:1–16.

 5. Smith RW.  Observations upon chronic rheumatic 
arthritis of the shoulder (part II). Dublin Quart J Med 
Sci. 1853;15:343–58.

 6. Codman E. Rupture of the supraspinatus tendon and 
others lesions in or about the subacromiale bursa. In: 
Codman E, editor. The shoulder. Boston: Thomas 
Todd; 1934. p. 478–80.

 7. Galmiche P, Deshayes P.  Hemarthrose essentielle 
récidivante. Rev Rhumat. 1958;25:57–9.

 8. Burman M, Sutro C, Guariglia E. Spontaneous hem-
orrhage of bursae and joint in the elderly. Bull Hosp 
Joint Dis. 1964;25:217–39.

 9. Banna A, Hume KP. Spontaneous hemarthrosis of the 
shoulder joint. Ann Phys Med. 1964;7:180–4.

 10. Shephard E.  Swelling of the subacromial bursa: a 
report on 16 cases. Proc R Soc Med. 1963;56:162–3.

 11. Snook GA.  Pigmented villonodular synovitis 
with bony invasion. A report of two cases. JAMA. 
1963;184:424–5.

 12. DeSeze S, Hubault A, Rampon S.  L’épaule sénile 
hémorragique. L’actualité rhumatologique. Paris: 
Expansion Scientifique Francaise; 1967. p. 107–15.

 13. Bauduin MP, Famaey JP. A propos d’un cas d’épaule 
sénile hémorragique. Belge Rhum Med Phys. 
1969;24:135–40.

 14. Jensen KL, Williams GR Jr, Russell IJ, Rockwood 
CA Jr. Rotator cuff tear arthropathy. J Bone Joint Surg 
Am. 1999;81:1312–24.

 15. Ecklund KJ, Lee TQL, Tibone J, Gupta R.  Rotator 
cuff tear arthropathy. J Am Acad Orthop Surg. 
2007;15:340–9.

 16. Burkhart SS.  Fluoroscopic comparison of kine-
matic patterns in massive rotator cuff tears. A sus-
pension bridge model. Clin Orthop Relat Res. 
1992;284:144–52.

 17. Collins DN, Harryman DT II. Arthroplasty for arthri-
tis and rotator cuff deficiency. Orthop Clin North Am. 
1997;28:225–39.

 18. Hurov J.  Anatomy and mechanics of the shoul-
der: review of current concepts. J Hand Ther. 
2009;22:328–42.

 19. Oh JH, Jun BJ, McGarry MH, Lee TQ. Does a critical 
rotator cuff tear stage exist?: a biomechanical study of 
rotator cuff tear progression in human cadaver shoul-
ders. J Bone Joint Surg Am. 2011;93:2100–9.

 20. Gotoh M, Hamada K, Yamakawa H, Nakamura 
M, Yamazaki H, Ueyama Y, Tamaoki N, Inoue A, 
Fukuda H. Perforation of rotator cuff increases inter-
leukin 1beta production in the synovium of gleno-
humeral joint in rotator cuff diseases. J Rheumatol. 
2000;27:2886–92.

 21. Osawa T, Shinozaki T, Takagishi K. Multivariate anal-
ysis of biochemical markers in synovial fluid from 
the shoulder joint for diagnosis of rotator cuff tears. 
Rheumatol Int. 2005;25:436–41.

 22. Yoshihara Y, Hamada K, Nakajima T, Fujikawa K, 
Fukuda H. Biochemical markers in the synovial fluid 
of glenohumeral joints from patients with rotator cuff 
tear. J Orthop Res. 2001;19:573–9.

 23. Reuther KE, Sarver JJ, Schultz SM, Lee CS, Sehgal 
CM, Glaser DL, Soslowsky LJ.  Glenoid cartilage 
mechanical properties decrease after rotator cuff tears 
in a rat model. J Orthop Res. 2012;30:1435–9.

 24. Kramer EJ, Bodendorfer BM, Laron D, Wong J, Kim 
HT, Liu X, Feeley BT. Evaluation of cartilage degen-
eration in a rat model of rotator cuff tear arthropathy. 
J Shoulder Elb Surg. 2013;22:1702–9.

 25. Halverson PB, Cheung HS, McCarty DJ, Garancis 
J, Mandel N. “Milwaukee shoulder”—association of 
microspheroids containing hydroxyapatite crystals, 
active collagenase, and neutral protease with rota-
tor cuff defects. II.  Synovial fluid studies. Arthritis 
Rheum. 1981;24:474–83.

 26. Dieppe P, Watt I.  Crystal deposition in osteoar-
thritis: an opportunistic event? Clin Rheum Dis. 
1985;11:367–92.

 27. Fukuda H, Mikasa M, Ogawa K, Yamanaka K, 
Hamada K.  The partial thickness tear of the rotator 
cuff. Orthop Trans. 1983;11:237–8.

 28. Minagawa H, Yamamoto N, Abe H, Fukuda M, Seki 
N, Kikuchi K, Kijima H, Itoi E. Prevalence of symp-
tomatic and asymptomatic rotator cuff tears in the 
general population: from mass-screening in one vil-
lage. J Orthop. 2013;10:8–12.

Table 5.2 Range of motion in patients with shoulder 
arthropathy

Concentric 
arthropathy

Cuff tear 
arthropathy
Data relative to 
581 patients [46]

Weighted average Weighted average
Forward 
flexion

90.1° (771 patients) 
[37, 38, 42–45]

63.7°

Abduction 76.2° (488 patients) 
[43–45]

51.2°

External 
rotation

21.8° (771 patients) 
[37, 38, 42–45]

12.5°

Comparison between concentric arthropathy and cuff tear 
arthropathy

V. Candela et al.



79

 29. Hakim AJ, Grahame R.  A simple questionnaire to 
detect hypermobility: an adjunct to the assessment of 
patients with diffuse musculoskeletal pain. Int J Clin 
Pract. 2003;57:163–6.

 30. Hakim A, Grahame R. Joint hypermobility. Best Pract 
Res Clin Rheumatol. 2003;17:989–1004.

 31. Postacchini F, Gumina S. Ultrastructural and histochem-
ical aspects of osteoarthritic cartilage. In:  Osteoarthritis. 
Florence: OIC Medical Press; 1992. p. 189–201.

 32. Mankin HJ, Dorfman H, Lippiello L, Zarins A. A bio-
chemical and metabolic abnormalities in articular car-
tilage from osteo-arthritic human hip II. Correlation 
of morphology with biochemical and metabolic data. 
J Bone Joint Surg Am. 1971;53:523–37.

 33. von Eisenhart-Rothe R, Müller-Gerbl M, Wiedemann 
E, Englmeier KH, Graichen H. Functional malcenter-
ing of the humeral head and asymmetric long-term 
stress on the glenoid: potential reasons for glenoid 
loosening in total shoulder arthroplasty. J Shoulder 
Elb Surg. 2008;17:695–702.

 34. Knowles NK, Athwal GS, Keener JD, Ferreira 
LM. Regional bone density variations in osteoarthritic 
glenoids: a comparison of symmetric to asymmet-
ric (type B2) erosion patterns. J Shoulder Elb Surg. 
2015;24:425–32.

 35. Simon P, Gupta A, Pappou I, Hussey MM, Santoni 
BG, Inoue N, Frankle MA. Glenoid subchondral bone 
density distribution in male total shoulder arthro-
plasty subjects with eccentric and concentric wear. J 
Shoulder Elb Surg. 2015;24:416–24.

 36. Kekatpure AL, Sun JH, Sim GB, Chun JM, Jeon 
IH.  Rapidly destructive arthrosis of the shoulder 
joints: radiographic, magnetic resonance imaging, 
and histopathologic findings. J Shoulder Elb Surg. 
2015;24:922–7.

 37. Gartsman GM, Roddey TS, Hammerman 
SM. Shoulder arthroplasty with or without resurfac-
ing of the glenoid in patients who have osteoarthritis. 
J Bone Joint Surg Am. 2000;82:26–34.

 38. Bryant D, Litchfield R, Sandow M, Gartsman G, 
Guyatt G, Kirkley A. A comparison of pain, strength, 
range of motion, and functional outcomes after 
hemiarthroplasty and total shoulder arthroplasty in 
patients with osteoarthritis of the shoulder: a system-
atic review and meta-analysis. J Bone Joint Surg Am. 
2005;87:1947–56.

 39. Radnay CS, Setter KJ, Chambers L, Levine WN, 
Bigliani LU, Ahmad CS.  Total shoulder replace-
ment compared with humeral head replacement 
for the treatment of primary glenohumeral osteo-
arthritis: a systematic review. J Shoulder Elb Surg. 
2007;16:396–402.

 40. Sandow MJ, David H, Bentall SJ. Hemiarthroplasty 
vs total shoulder replacement for rotator cuff intact 
osteoarthritis: how do they fare after a decade? J 
Shoulder Elb Surg. 2013;22:877–85.

 41. Smith T, Gettmann A, Wellmann M, Pastor F, Struck 
M.  Humeral surface replacement for osteoarthritis. 
Acta Orthop. 2013;84:468–72.

 42. Cvetanovich GL, Chalmers PN, Streit JJ, Romeo 
AA, Nicholson GP. Patients undergoing total shoul-
der arthroplasty on the dominant extremity attain 
greater postoperative ROM.  Clin Orthop Relat Res. 
2015;473(10):3221–5. [Epub ahead of print].

 43. Hussey MM, Steen BM, Cusick MC, Cox JL, 
Marberry ST, Simon P, Cottrell BJ, Santoni BG, 
Frankle MA.  The effects of glenoid wear patterns 
on patients with osteoarthritis in total shoulder 
arthroplasty: an assessment of outcomes and value. 
J Shoulder Elb Surg. 2015;24:682–90.

 44. Maier MW, Lauer S, Wolf SI, Dreher T, Klotz MC, 
Zeifang F, Rickert M. Low preoperative constant score 
is a negative predictive factor for postoperative pro-
prioception after total shoulder arthroplasty in osteoar-
thritis. Arch Orthop Trauma Surg. 2015;135:171–7.

 45. Steen BM, Cabezas AF, Santoni BG, Hussey MM, 
Cusick MC, Kumar AG, Frankle MA. Outcome and 
value of reverse shoulder arthroplasty for treatment 
of glenohumeral osteoarthritis: a matched cohort. 
J Shoulder Elbow Surg. 2015;24(9):1433–41. pii: 
S1058-2746(15)00043-9.

 46. Samitier G, Alentorn-Geli E, Torrens C, Wright 
TW.  Reverse shoulder arthroplasty. Part 1: system-
atic review of clinical and functional outcomes. Int J 
Shoulder Surg. 2015;9:24–31.

 47. Gumina S, Carbone S, Campagna V, Candela V, 
Sacchetti FM, Giannicola G.  The impact of aging 
on rotator cuff tear size. Musculoskelet Surg. 
2013;97(Suppl 1):69–72.

 48. Al-Rawi ZS, Al-Aszawi AJ, Al-Chalabi T.  Joint 
mobility among university students in Iraq. Br J 
Rheumatol. 1985;24:326–31.

 49. Larsson LG, Baum J, Mudholkar GS. Hypermobility: 
features and differential incidence between the sexes. 
Arthritis Rheum. 1987;30:1426–30.

 50. Didia BC, Dapper DV, Boboye SB. Joint hypermobil-
ity syndrome among undergraduate students. East Afr 
Med J. 2002;79:80–1.

 51. Seçkin U, Tur BS, Yilmaz O, et  al. The prevalence 
of joint hypermobility among high school students. 
Rheumatol Int. 2005;25:260–3.

 52. Quatman CE, Ford KR, Myer GD, Paterno MV, 
Hewett TE.  The effects of gender and pubertal sta-
tus on generalized joint laxity in young athletes. J Sci 
Med Sport. 2008;11:257–63.

 53. Cameron KL, Duffey ML, DeBerardino TM, 
Stoneman PD, Jones CJ, Owens BD.  Association 
of generalized joint hypermobility with a his-
tory of glenohumeral joint instability. J Athl Train. 
2010;45:253–8.

 54. Wolf JM, Schreier S, Tomsick S, Williams A, Petersen 
B. Radiographic laxity of the trapeziometacarpal joint 
is correlated with generalized joint hypermobility. 
J Hand Surg Am. 2011;36:1165–9.

 55. Kasper DL, Braunwald E, Fauci AS, Hauser SL, 
Longo DL, Jameson JL.  Harrison’s principles of 
internal medicine., 16th/e. Part 1: 33–38. ISBN: 
978883863929-6. New York: McGraw Hill; 2005.

5 Etiopathogenesis of Rotator Cuff Arthropathy



80

 56. Young A, Walch G, Boileau P, Favard L, Gohlke 
F, Loew M, Molé D.  A multicentre study of the 
long- term results of using a flat-back polyethylene 
glenoid component in shoulder replacement for pri-
mary osteoarthritis. J Bone Joint Surg Br. 2011;93: 
210–6.

 57. Berth A, Pap G. Stemless shoulder prosthesis versus 
conventional anatomic shoulder prosthesis in patients 

with osteoarthritis: a comparison of the functional 
outcome after a minimum of two years follow-up. 
J Orthop Traumatol. 2013;14:31–7.

 58. Montoya F, Magosch P, Scheiderer B, Lichtenberg S, 
Melean P, Habermeyer P. Midterm results of a total 
shoulder prosthesis fixed with a cementless glenoid 
component. J Shoulder Elb Surg. 2013;22:628–35.

V. Candela et al.



81© Springer Nature Switzerland AG 2019 
S. Gumina et al. (eds.), Reverse Shoulder Arthroplasty, 
https://doi.org/10.1007/978-3-319-97743-0_6

Cuff Tear Arthropathy:  
Classifications

Vincenzo Campagna, Vittorio Candela, 
and Stefano Gumina

6.1  Introduction

Rotator cuff tear arthropathy is a term coined by 
Neer in 1983, and it encompasses a broad spec-
trum of pathology [1]. All patients with rotator 
cuff tear arthropathy possess at least three critical 
features: (1) rotator cuff insufficiency, (2) degen-
erative changes of the glenohumeral joint, and (3) 
superior migration of the humeral head [2].

The glenohumeral joint lacks substantial intrin-
sic osseous restraints, and thus the joint’s stability 
relies heavily on the rotator cuff’s ability to center 
the humeral head within the glenoid fossa [3, 4]. 
This key concept has been coined concavity-com-
pression. Through this mechanism, the shoulder 
musculature—including the rotator cuff—becomes 
the primary stabilizer of the glenohumeral joint as 
the arm moves through positions in which the cap-
sule ligamentous structures are lax [3, 5].

Patients with a massive rotator cuff tear may 
present with a clinical pattern of combined loss 
of active elevation and external rotation (CLEER) 
[6]. Their daily activities may be reversely  limited 
due to a muscle imbalance in both the horizontal 
and vertical planes.

In particular, activities involving external rota-
tion (eating, drinking, brushing teeth, etc.) may be 
impossible and lead to a severe handicap in daily 
life. In such situation, the absence of the rotator 
cuff causes the head of the humerus to ride upward.

The definition of an irreparable rotator cuff 
varies widely. At one extreme some surgeons 
argue that all rotator cuff tears are reparable. 
Others consider tears with a chronic acromiohum-
eral distance (AHD) less than 7 mm [7] or atrophy 
greater than grade 2 [8] irreparable. Fatty degen-
eration is irreversible even with repair and leads to 
reduced function of the rotator cuff musculature 
[9]. If associated with preoperative supraspinatus 
tendon length of less than 15 mm, MRCT (mas-
sive rotator cuff tear) with Goutallier Stages 2 to 3 
MRCT fails to completely heal in up to 92% of 
cases [10]. Acetabularization of the acromion and 
femoralization of the humeral head are preopera-
tive factors reflecting significant chronic static 
instability and are a contraindication for repair.

Once a MRCT is identified, it can be further 
classified according to Collin et al. [11]. In this 
classification, the rotator cuff is divided into 
five components: supraspinatus, superior sub-
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scapularis, inferior subscapularis, infraspina-
tus, and teres minor (Fig. 6.1).

Rotator cuff tear patterns can then be classified 
into five types: type A, supraspinatus and superior 

subscapularis tears; type B, supraspinatus and 
entire subscapularis tears; type C, supraspinatus, 
superior subscapularis, and infraspinatus tears; 
type D, supraspinatus and infraspinatus tears; and 
type E, supraspinatus, infraspinatus, and teres 
minor tears (Fig. 6.2) [11].

This classification not only subclassifies 
massive tears but has also been linked to func-
tion, particularly the maintenance of active 
 elevation [11].

6.2  Cuff Tear Arthropathy 
Classification

A concise definition of cuff tear arthropathy 
would probably be glenohumeral osteoarthritis 
with a concomitant massive rotator cuff tear and 
rotator cuff dysfunction. The spectrum of cuff 
tear arthropathy ranges from superior migration 
of the humeral head with only regional chondro-
malacia to collapse of the humeral head with full-
thickness cartilage defects. Numerous radiologic 
classification schemes have been proposed [12].

superior
subscapularis

supraspinatus

infraspinatus

teres minor inferior
subscapularis

Fig. 6.1 The rotator cuff is divided into five components: 
supraspinatus, superior subscapularis, inferior subscapu-
laris, infraspinatus, and teres minor (Reproduced from 
Collin P, Matsumura N, Lädermann A, Denard PJ, Walch 
G (2014). Relationship between massive chronic rotator 
cuff tear pattern and loss of active shoulder range of 
motion. J Shoulder Elbow Surg 23(8):1195–202. 
doi:https://doi.org/10.1016/j.jse.2013.11.019)

Type A Type B

Type D Type E

Type C

Fig. 6.2 Rotator cuff tears classified by the involved 
components: type A, supraspinatus and superior subscap-
ularis tears; type B, supraspinatus and entire subscapularis 
tears; type C, supraspinatus, superior subscapularis, and 
infraspinatus tears; type D, supraspinatus and infraspina-
tus tears; and type E, supraspinatus, infraspinatus, and 

teres minor tears (Reproduced from: Collin P, Matsumura 
N, Lädermann A, Denard PJ, Walch G (2014). Relationship 
between massive chronic rotator cuff tear pattern and loss 
of active shoulder range of motion. J Shoulder Elbow 
Surg 23(8):1195–202. doi:https://doi.org/10.1016/j.
jse.2013.11.019)
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Classification systems applicable to rotator 
cuff tear arthropathy include the Hamada system 
[13] and the Seebauer system [14].

• The Hamada classification [13] grades the 
acromion humeral distance, morphologic 
alterations of the acromion and humeral head, 
and glenohumeral joint space narrowing. This 
system divides massive rotator cuff tears into 
five radiographic stages, with successive 
stages demonstrating findings consistent with 
progression of the rotator cuff tear arthropa-
thy. In Stage 1, the acromiohumeral interval is 
>6 mm. In Stage 2, the acromiohumeral inter-
val is <5 mm. In Stage 3, the acromiohumeral 
interval is <5 mm and acetabulization of the 
coracoacromial arch is present. In Stage 4, the 
glenohumeral joint is narrowed, either without 
acetabulization (Stage 4a) or with acetabuliza-
tion (Stage 4b). In Stage 5, humeral head 
osteonecrosis results in collapse (Fig. 6.3).

• The Seebauer classification system [15] is a 
biomechanical description of rotator cuff tear 

arthropathy, in which each type is distin-
guished on the basis of the degree of superior 
migration from the center of rotation and the 
amount of instability. The amount of decen-
tralization seen on radiographs is dependent 
on “the extent of the rotator cuff tear, the 
integrity of the coracoacromial arch, and the 
degree and direction of the glenoid bone ero-
sion,” and thus this classification system is 
intended to be a radiographic correlate of the 
underlying pathology seen in rotator cuff tear 
arthropathy (Fig. 6.4).

• The Favard classification of cuff tear arthrop-
athy is shown in Fig. 6.5.
 – Group 1: this group is characterized by 

upward migration of the humeral head, 
superior glenohumeral joint space narrow-
ing, an acromion changed in shape due to 
the imprint of the humeral head and sub-
acromial arthritis.

 – Group 2: this group is characterized by 
central glenohumeral joint space narrow-
ing and with little alteration in the shape of 

Fig. 6.3 Hamada classification system according to the 
acromiohumeral interval and progression of arthropathy 
(Reproduced from Hamada K, Fukuda H, Mikasa M, 

Kobayashi Y.  Roentgenographic findings in massive 
rotator cuff tears. A long-term observation. Clin Orthop 
Relat Res. 1990; 254:92–6)
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Type IA-
centered

stsble

• Intact anterior
  restraints

• Minimal superior
  migration

• Dynamic joint
  stabilization

• Intact anterior
  restraints
   -force couple
    intact/compensated

• Minimal superior
  migration

• Compromised dynam-
   ic joint stabilization

• Acetabularization
  of ca arch and
  femoralization of
  humeral head

• Medial erosion of
  the glenoid, acetabu-
  larization of ca
  arch, and femoral-
  ization of humeral
  head

• Compromised
   anterior restraints-
  compromised force
  couple.

•  Superior translation

•  Insufficient dynamic
   joint stabilization

• Minimum stabilization
  by ca arch,
  superior-medial erosion 
  and extensive
  acetabularization of ca
  arch and femoralization
  of humeral head

• Incompetent
  anterior structures

•  Anterior superior
   escape

•  Absent dynamic
   joint stabilization
   

• No stabilization by
  ca arch-deficient
  anterior structures

Type IB-
centered

medialized

Type IIA-
decentered

limited stable

Type IIIA-
decentered

unstable

Fig. 6.4 The Seebauer classification system is a biome-
chanical description of rotator cuff tear arthropathy based 
on clinical and radiographic parameters (Reproduced 
from Visotsky JL, Basamania C, Seebauer L, Rockwood 

CA, Jensen KL. Cuff tear arthropathy: pathogenesis, clas-
sification, and algorithm for treatment. J Bone Joint Surg 
Am. 2004;86)

a b c

Fig. 6.5 Favard classification of cuff tear arthropathy (Reproduced from Favard et al., OA with massive RCT: the limi-
tations of its current definitions. In: The Cuff, edited by Gazielly D, Elsevier, 1997)
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the acromion which does not have a 
humeral head imprint.

 – Group 3: this group 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 a humeral head imprint. Glenohumeral 
joint space narrowing is either minimal or 
nonexistent.

Classification of glenoid erosion in glenohu-
meral osteoarthritis with massive rupture of the 
cuff according to Sirveaux [16]: the authors 
defined four types of glenoid erosion. In type E0, 
the head of the humerus migrated upward with-
out 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 part of the 
glenoid, and in type E3 the erosion extended to 
the inferior part of the glenoid (Fig. 6.6).

There is no general agreement as to which 
classification system should be used. No com-
parison of radiographic classification schemes of 
cuff tear arthropathy has been attempted yet, nor 
has their reliability been determined yet. A clas-
sification scheme specifically for cuff tear 
arthropathy has to display three core characteris-
tics: it has to be valid and to preferably allow 
treatment strategies to be derived from the stage 
of disease determined by the classification. In 
addition, it has to possess at least comparable 
reliability to classification schemes that were not 
specifically designed for cuff tear arthropathy.

Moreover, an improved understanding of the 
risk factors for radiographic progression of cuff 
tears may improve treatment paradigms for 
patients with degenerative cuff tears. Keener 
et al. [14] performed an analysis of risk factors 
for proximal humeral migration. These authors 
found it to be significantly greater in tears with 
symptoms, tears with involvement of the infra-
spinatus, and tears with larger size. In multivari-
ate analysis, tear size was the strongest predictor 

E0 E1 E2 E3

Fig. 6.6 Sirveaux classification of glenoid erosion in cuff 
tear arthropathy (Reproduced from Sirveaux F, Favard L, 
Oudet D, Huquet D, Walch G, Mole D.  Grammont 
inverted total shoulder arthroplasty in the treatment of 

glenohumeral osteoarthritis with massive rupture of the 
cuff. Results of a multicentre study of 80 shoulders. J 
Bone Joint Surg Br 2004;86:388–95 (PMID 15125127))

6 Cuff Tear Arthropathy: Classifications



86

of migration. Patients with small or medium size 
tears and minimal arthritic changes had low risk 
for arthritic progression. Those patients who 
present with larger tears and more advanced 
arthritic changes may have more accelerated 
progression.

Paxton et  al. [17] reported no correlation 
between tear characteristics or clinical findings 
and the progression of rotator cuff tear arthropa-
thy, although non-comparative series have sug-
gested that large, irreparable recurrent tears have 
rapid progression rates.
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Natural History

Eraclio Siuni

The anatomopathological aspects of the glenohu-
meral arthropathy associated with the massive 
rupture of the rotator cuff were already described 
in the nineteenth century.

R.  W. Smith, a professor of surgery in the 
University of Dublin, in the original communica-
tions section published in the Quarterly Journal 
of Medical Science in Dublin in February 1853 
[1, 2], described the case of a man of about 60 
years of age where a chronic rheumatic arthritis 
had been established in the shoulder joint.

He wrote “Upon the right side, the head of the 
humerus, placed much farther back than natural, 
and elevated so as to be in contact with the under 
surface of the acromion process”….“it was found 
that no articular surface existed in the normal situ-
ation of the glenoid cavity, but upon the external 
aspect of the neck of the scapula, there had been 
formed a glenoid-shaped, concave surface, for the 
reception of the head of the humerus”….“The 
head of the humerus had lost completely the glob-
ular form which it possesses in the normal state; it 
was flattened from within outwards.”

Adams, a Regius Professor of surgery at the 
University of Dublin, explained in his A Treatise 
on Rheumatic Gout, or Chronic Rheumatic 
Arthritis of All the Joints published in 1873 [3] a 
localized form of chronic rheumatoid arthritis 

involving the shoulder, characterized by biceps 
tendon rupture and rotator cuff tear, erosion of 
the upper portion of the humeral head, and ero-
sion of the undersurface of the acromion process 
and of the distal third of the clavicle.

Codman, in his text The Shoulder published in 
1934 [4], described the case of a 51-year-old 
woman suffering from a traumatic rotator cuff 
tear resulting from a fall. At the time of the inter-
vention, 6 years after the traumatic event, he 
found a major defect in the rotator cuff associated 
with an atrophy of the surrounding muscle, a 
severe glenohumeral arthropathy, intra-articular 
loose bodies, a chronic synovitis, and effusion of 
the bursa or joint. He attributed the pathological 
changes to the mechanical forces acting on the 
shoulder joint as a result of the functional insuf-
ficiency of a chronically neglected large rotator 
cuff tear.

In the 1950s and 1960s of the last century, sev-
eral authors, Galmiche and Deshayes [5] in 1958, 
Shephard [6] and Snook [7] in 1963, Burman [8] 
and Banna [9] in 1964, and Bauduin and Famaey 
[10] in 1969, have published numerous cases of 
elderly patients with supraspinatus tendon tears 
and shoulder arthropathy associated with recur-
rent spontaneous hemorrhage into the subdeltoid 
bursa and glenohumeral joint.

DeSeze [11] in 1968 exposed “l’épaule sénile 
hémorragique” characterized by a chronic rup-
ture of the rotator cuff, associated with recurrent 
hemorrhage of the shoulder and severe 
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 arthropathy. Also referring to previous reports in 
the literature, he then studied this clinical entity 
in three elderly women who did not have a  history 
of trauma.

Lamboley [12] in 1977 presented a report of 
nine cases of elderly women who suffered from 
recurrent painful swelling on the shoulder and 
identified an association between rotator cuff tear 
and glenohumeral arthropathy and arthritis of the 
knee joint.

Charles S. Neer in 1977 [13] then introduced, 
for the first time, the term “cuff tear arthropathy” 
to describe degenerative changes in the glenohu-
meral joint associated with a chronic cuff tear, 
including erosion of the articular surfaces, 
restricted shoulder motion, osteopenia, and col-
lapse of the humeral head.

Halverson et  al. in 1981 [14–16] coined the 
term “Milwaukee shoulder” to describe the con-
dition of elderly women who had chronic rotator 
cuff tear with recurrent bilateral shoulder effu-
sions and radiographic destructive changes of the 
glenohumeral joints. They found out that basic 
calcium phosphate (BCP) crystals, such as 
hydroxyapatite, accumulate in elevated levels, in 
the synovial tissue and fluid of shoulders with 
rotator cuff deficiency and arthropathy.

They then suggested the so-called inflamma-
tory-mediated theory to explain the arthropathy 
associated with the rotator cuff tear and hypoth-
esized that the basic calcium phosphate crystals 
such as hydroxyapatite initiate a cascade of 
events. The resulting phagocytosis of these crys-
tals by macrophages would induce the release of 
proteolytic enzymes such as collagenases and 
proteases that would cause degradation of carti-
lage matrix components and periarticular and 
articular structures [17–19].

Tissue damage involves an additional release 
of crystals in the synovial fluid by triggering a 
vicious circle and resulting in an accelerated 
degeneration of the rotator cuff and biceps ten-
don, leading to glenohumeral joint destruction 
[20, 21].

Dieppe et al. in 1984 [22] introduced the term 
“apatite-associated destructive arthritis,” and in 
1985 [23], after noticing that the basic calcium 
phosphate crystals were found in osteoarthritis, 

neuropathic joints, and joint tissue of healthy 
elderly patients, they argued that BCP crystals 
were actually the product of the wear and destruc-
tion of the articular surfaces and not the trigger-
ing cause. In 1988 [24] they later proposed the 
term “idiopathic destructive arthritis” to describe 
the arthropathy of the shoulder associated with 
rotator cuff tear.

In contrast, Neer et al. hypothesized in 1983 
[25] that a massive rotator cuff tear was the incit-
ing event in the development of rotator cuff tear 
arthropathy and that both mechanical and nutri-
tional factors contributed to the subsequent pro-
gression of the arthropathy.

The scapulohumeral cingulum muscles, the 
rotator cuff, and the deltoid muscle act synergisti-
cally to maintain the balance of the shoulder joint 
on both the coronal and the transverse plane.

The mechanical theory suggests that the gleno-
humeral arthropathy was due to the deficient rota-
tor cuff because without the superior stabilizing 
effect of the supraspinatus tendon, the humeral 
head for the action of the deltoid muscle tends to 
subluxate superiorly (Fig. 7.1a, b). The deteriora-
tion of the articular cartilage is a direct result of 
abnormal physical stresses imparted to the 
humeral head, leading to erosion of the upper por-
tion of the humeral head (Fig. 7.2a, b, c), the supe-
rior glenoid fossa, and undersurface of the 
acromion (Fig. 7.3a, b) and erosion of the acro-
mioclavicular joint and the coracoid (Fig. 7.4a, b).

The rotator cuff acts in the dynamic stability of 
the shoulder with balance between the subscapu-
laris anteriorly and infraspinatus and teres minor 
posteriorly. A massive rotator cuff tear extends 
posteriorly with infraspinatus, and teres minor 
involvement entails an imbalance of this “force 
couples” (Burkhart 1992) resulting in further 
wear on the articular surfaces and acromion [26].

The concept of “concavity-compression” was 
coined by Hurov in 2009 [27], to explain the role 
of the rotator cuff in the dynamic stabilization of 
the shoulder by centering the convex humeral 
head on the concave glenoid fossa in all direc-
tions of movement.

A massive rotator cuff tear and rupture or dis-
location of the long head of the biceps leads to 
unbalanced force coupling and loss of the con-
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cavity-compression mechanism which ultimately 
result in altered glenohumeral joint biomechanics 
[28–30]. In a study on eight cadaver shoulders 
performed by Ho et al. in 2011 [31], it was noted 
that biomechanical alterations in the shoulder 
develop after a full-thickness supraspinatus tear 
and at least 50% of the infraspinatus.

Neer, in 1983, also described the nutritional 
theory that, in association with alteration of the 
shoulder joint kinematic due to the massive full-
thickness rotator cuff tear, leads to the develop-
ment of the cuff tear arthropathy. The defect of the 
rotator cuff results in the loss of normal negative 

pressure within the joint space and the consequent 
spread of the synovial fluid in the surrounding tis-
sues with loss of regular nutrition of articular car-
tilaginous surfaces. The defect of the rotator cuff 
also involves the reduction of joint movement and 
function, resulting in biochemical alteration of the 
synovial fluid and glycosaminoglycan content of 
cartilage, osteoporosis, cartilage atrophy and sub-
chondral collapse (Fig. 7.5a, b), and the develop-
ment of arthropathy cuff tear.

Collins and Harryman in 1997 [32] have sug-
gested the combination of mechanical, nutri-
tional, and biological concepts. The repeated 

a b

Fig. 7.1 (a, b) The humeral head, for the action of the deltoid muscle, tends to subluxate superiorly

a b c

Fig. 7.2 (a–c) The deterioration of the articular cartilage is a direct result of abnormal physical stresses imparted to the 
humeral head, leading to erosion of the upper portion of the humeral head
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microtrauma created by the humeral head resting 
on the acromion leads to a fragmentation of the 
cartilage and particulate debris. Something that 
not only induces an enzymatic response, always 
associated with the pain and loss of movement, 
but also leads to further damage to the articular 
cartilage surface.

Nutrition theory has been questioned by 
some studies showing an increase in cartilage 
matrix metalloproteinase and both the correla-
tion between the cytokine concentration and 
catabolic enzymes and the deterioration of artic-
ular cartilage after a massive rotator cuff tear 
[33–35].

a b

Fig. 7.3 (a, b) Erosion of the superior glenoid fossa and undersurface of the acromion

a b

Fig. 7.4 (a, b) Erosion of the acromion and acromioclavicular joint
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Kramer et al. in 2013 [36] performed a histo-
logical study on the shoulder joint cartilage of 
two rat groups, one with an induced rotator cuff 
tear and another with suprascapular nerve injury 
and intact rotator cuff. The results obtained over 
time have shown that cartilage deterioration was 
similar in the two groups. It must have been 
thought that perhaps the wear of the cartilage was 
due to the loss of balance of the mechanical 
forces acting on the glenohumeral joint.

Literature data [37, 38] indicates that rotator 
cuff injuries increase with age progression and 
that the percentage evolves from an average of 
10.7% between the ages of 50 and 59 to 36.6% in 
the age from 80 to 89 years, with no significant 
differences between male and female subject [39]. 
Already Tempelhof et  al. [40] in an ultrasound 
study published in 1999 highlighted the preva-
lence of 51% of full-thickness rotator cuff tears in 
asymptomatic patients over the age of 80 years.

However, a recent study published in 2016 
[41] on the ultrasound examination of 486 volun-
teers showed contrasting results, with a preva-
lence of 11.1% of full-thickness rotator cuff tears 
in asymptomatic patients over the age of 70 years.

From the literature we gather that a rotator 
cuff tear, not subjected to surgical repair, though 

asymptomatic, can evolve toward a massive tear 
[42–45].

In a recent study published in 2017 [46], 69 
patients were evaluated, of whom 45 with partial-
thickness tears (PTT) and 24 with full-thickness 
tears (FTT), undergoing acromioplasty without 
tendon repair. It has been observed in a 22-year 
long-term evaluation that 74% of patients with 
FTT had developed X-ray cuff tear arthropathy 
>2° according to the Hamada classification and 
87% had increased the tear size with ultrasonic 
examination. These authors stated that patients 
with full-thickness cuff tear and undergoing 
acromioplasty without cuff repair have, after 
22  years, a high frequency of tear progression 
and cuff tear arthropathy. They concluded that 
only full thickness was a significant variable.

Several authors [29, 46, 47] also analyzed risk 
factors such as advanced age, sex, cuff tendon 
and biceps tendon status, trauma, high shoulder 
activity and manual labor, and their possible 
influence on the onset of cuff tear arthropathy for 
the progression of the tear rotator cuff. 
Nevertheless, other risk factors, such as hyper-
cholesterolemia [48], hypertension [49, 50], and 
smoking [51, 52], only studied to evaluate the 
evolutionary rotator cuff tear on a degenerative 

a b

Fig. 7.5 (a, b) Cartilage atrophy and subchondral collapse of the humeral head
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basis could also be cited for possible influences 
on the arthropathy cuff tear.

Neer et al. [25] reported that the arthropathy 
cuff tear would only develop in 4% of patients 
suffering from a complete tear of the rotator cuff.

It can be therefore stated that the progressive 
worsening of rotator cuff tear toward arthropathy 
is quite difficult to predict.

In a recent study [53] of 138 subjects, evalu-
ated with 8-year radiographic and ultrasound 
examination, 24% of whom were control patients 
and 28% had partial-thickness and 49% full-
thickness rotator cuff tears, it was showed that 
the magnitude of radiographic progression in 
Hamada grade is not influenced by the tear sever-
ity or enlargement. The size of rotator cuff dam-
age alone does not seem to be associated with the 
development of typical alterations of the cuff tear 
arthropathy. Other individual, biological, or 
genetic factors may interfere with the natural pro-
gression to this severe and disabling pathology of 
the shoulder [37].

Cuff tear arthropathy is more common in 
elderly women [19, 29, 54–56] and dominant 
shoulder [55].

To explain the reason as to why arthropathy 
cuff tear is more common in female patients, 
Gumina et al. in 2017 [56] hypothesized both an 
autoimmune theory and a theory related to joint 
hyperlaxity, as the two pathological conditions 
are more frequent in women. In the first hypoth-
esis, estrogens may interfere with the autoim-
mune mechanism seen that estrogen receptors are 
also present in the immune system complex. In 
the second theory, static stabilizers may be less 
effective and therefore conditions for an unstable 
shoulder in patients with massive rotator cuff 
tear. Unfortunately the available data did not 
allow the authors to make any valid conclusions.

In recent years, numerous studies have been 
conducted to investigate the etiopathogenesis, but 
several aspects that would better define patients 
with massive rotator cuff tears that may face an 
arthropathy still remain unknown.

Being able to identify and fully understand the 
risk factors related to rotator cuff disease, but 
above all to progression to the cuff tear arthropa-
thy, would be crucial to implement a prevention 
strategy aimed at avoiding this severe disabling 
disease (Fig. 7.6a–d).

a b

Fig. 7.6 (a–d) Active preoperative range of movement in woman patient with a cuff tear arthropathy: severe disabling 
disease
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Rotator Cuff Tear Arthropathy: 
Clinical Evaluation

Alessandro Marinelli, Marco Cavallo, Alice Ritali, 
and Roberto Rotini

Rotator cuff tear arthropathy (RCTA) includes a 
wide spectrum of clinical signs and symptoms 
caused by the contemporary presence of three 
main features: rotator cuff insufficiency, degener-
ative changes of the glenohumeral joint, and supe-
rior migration of the humeral head. Consequently, 
the severity of the symptoms complained by the 
patients can be different, depending on the sever-
ity of the glenohumeral joint arthritis, the possible 
compensation of the residual rotator cuff tendons 
and deltoid muscle, the severity of the joint effu-
sion, and finally the pain. In end-stage arthropa-
thy, RCTA can be severely painful and debilitating, 
affecting the shoulder function and the patient’s 
quality of life. Patients with rotator cuff tear 
arthropathy are typically elderly, usually in their 
70s, more commonly female with the dominant 
side involved. Bilateral RCTA involvement is 
reported up to 60% of the cases [1].

Medical History: For a complete clinical exam-
ination, it is important to collect a complete record 
of the patient, investigating the past medical his-
tory and the current general conditions. Age, 
comorbidities, medical therapy, previous surger-
ies, occupation, activity level, and functional 
requests are essential for addressing the treatment. 

Regarding the shoulder, the past medical history 
must consider all the previous attempted treat-
ments that most of the times include multiple cor-
ticosteroid injections and previous surgeries, like 
acromioplasty or rotator cuff repair.

Patients affected by RCTA typically complain 
a long-standing pain (often worse at night and 
increasing with shoulder activity), progressive 
loss of motion, and chronic joint effusion, with 
recurrent and painful swelling episodes.

• Pain: Typically, patients refer a history of pro-
gressively worsening pain, which is perceived 
over the lateral and posterior side of the shoulder, 
with arm irradiation. The pain usually worsens at 
night and with the use of the shoulder, improving 
with rest and, sometimes, with local ice applica-
tion. The scale of pain can range from mild and 
tolerable ache, generated only by forced shoulder 
movement, to sharp and constant pain, severely 
affecting the patient’s quality of life.

• Loss of motion: A progressive loss of motion, 
causing a significant limitation in activities, is 
typical in patients affected by RCTA. Different 
degrees of muscle weakness, pain, and stiff-
ness can influence the shoulder functions. In 
presence of a relative stable fulcrum of motion, 
the deltoid is still able to elevate and abduct the 
arm even without the rotator cuff action, so 
that, thanks to the compensation performed by 
the deltoid muscle, some patients demonstrate 
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an acceptable range of active shoulder motion 
[2]. Others, the majority, will show a pseudo-
paralysis, consisting in a complete inability to 
actively move the shoulder: attempting to 
abduct and forward flex the shoulder, a supe-
rior migration of the humeral head is easily 
noticed. Deficiencies in the active range of 
motion are also evident in external rotation, 
where the deltoid compensation possibilities 
are even lower.

• Joint effusion: Most of the patients report 
chronic shoulder swelling, with episodes of 
recurrent worsening, often associated to pain 
increase and function decrease (Fig. 8.1).

Physical Examination: A comprehensive sys-
temic examination, including bilateral entire 
upper extremities and cervical region evaluation, 
should be undertaken. It is mandatory to 
investigate associated cervical disorders on 
patient’s complains.

Initially the patient should be visited in a sit-
ting position over the examination table. Both 
shoulders, back, and neck, both front and back 
sides, should be undressed and accessible for 
clinician’s inspection. Many preliminary 
information can be obtained by observing the 
patient taking off his/her clothes: difficulties, 
compensation movement, functionality of the 
contralateral shoulder, and pain.

• Inspection: The initial physical examination 
starts with the inspection, focused on the 
shoulder and the scapular region. Typically, in 
patients affected by RCTA, it is possible to 
detect the following:
 – Shoulder swelling (Fig. 8.1).
 – Muscular atrophy of the supraspinatus and 

infraspinatus.
 – A “Popeye” biceps sign can be present, in 

cases when the long head of the biceps is 
already spontaneously ruptured. This sign 
is more evident in skinny patients where 
the biceps muscle is covered by a thin layer 
of subcutaneous fat.

 – A geyser sign: in case of a long-standing 
massive rotator cuff tear and advanced 
degenerative change of the shoulder, the 
glenohumeral joint fluid can herniate supe-
riorly through the acromioclavicular (AC) 
interval, causing a subcutaneous pseudotu-
mor, causing both symptoms and cosmetic 
impairment to the patient (Fig. 8.2).

• Palpation: By palpation, the perception of 
fluid collection around the shoulder joint can 
be easily confirmed (Fig. 8.1).

• During passive rotational movements of the 
shoulder, palpable crepitation is easily 
perceived. Tenderness and pain at the level of 
the long head of the biceps (if present and not 
already torn) are easily evoked, expression of 
a synovitis of the tendon sheet. Pain and 
contracture at the level of the trapezius muscle 
are frequently associated.

• Motion: Both active and passive glenohumeral 
range of motion should be assessed. A patient 
with cuff tear arthropathy may present varying 
degrees of active range of motion: if the gle-
nohumeral fulcrum is compensated by a pre-
served deltoid muscle, a functional movement 
can be preserved. However, in the majority of 
severe cases, a pseudoparalysis, in abduction 
and forward flexion, is present. In these cases, 
the attempt of active shoulder abduction or 
elevation reveals the typical superior sublux-
ation or escape [1, 3–7] of the humeral head 
(Fig. 8.3).

Fig. 8.1 Shoulder swelling, caused by synovial and/or 
hemorrhagic joint effusion
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• In case of concomitant severe subscapularis 
tendon, the escape of the humeral head from 
the glenoid fossa is frankly anterosuperior.

• After active shoulder movement evaluation, it 
is important to inspect the passive range of 
motion, to evaluate the severity of the shoul-
der stiffness. To reduce the possible spine 
compensation movements, the passive ROM 
examination can be better performed with the 
patient in a supine position.

• Resistive movements: After the evaluation of 
the active and passive motion of the shoulder, 
some tests should be performed on both shoul-
ders, in order to carefully evaluate the residual 
presence of any rotator cuff muscle activity 
and to assess the validity of the other muscles 
around the shoulder.

• The Jobe test allows to evaluate the posterosu-
perior cuff strength. It was performed by 
applying downward force by 90° in shoulder 

Fig. 8.2 Geyser sign above the AC joint. It is a pseudotu-
mor caused by the synovial fluid passing from the gleno-
humeral to the AC joint that creates a one-way valve 

mechanism, entrapping the liquid in the soft tissues in the 
upper part of the shoulder

a b c

Fig. 8.3 A pseudoparalysis of the right shoulder is shown. (a, b) Typical anterior escape of the humeral head during 
active abduction and elevation attempt; (c) significant external rotation deficiency
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abduction, internal rotation, and elbow exten-
sion: this test usually cannot be performed, 
because of pain and stiffness, being the major-
ity of the patients unable to reach the 90° of 
abduction required.

• The Patte test evaluates the external rotation 
strength. It can be measured with the 0° arm 
adduction and 90° elbow flexion.

• External rotation lag sign: the inability to 
maintain the externally rotated position with 
the elbow leaning to the chest is a sign of 
severe posterior and superior rotator cuff 
damage. If the lesion involves also the teres 
minor fibers, causing a complete active 
external rotation deficiency, the patient is 
forced to abduct the shoulder to bring the 
hand to the mouth: this pathognomonic sign 
has been called the “Hornblower sign” by 
Walch [8].

• The Napoleon test allows to evaluate the sub-
scapularis muscle. The lift-off test, described 
by Gerber to analyze the subscapularis mus-
cle, is usually too difficult and painful to be 
performed in patients affected by CTA.

• It is mandatory to assess the deltoid muscle 
function, in order to eventually consider the 
reverse prosthesis replacement as a possible 
surgical solution.

With an accurate clinical examination, com-
pleted by the medical history and a correct imag-
ing (X-rays, MRI, and/or CT scan), it is possible 
to point out all the needed elements to address the 
patient to the more appropriate treatment.
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CTA: Instrumental Evaluation

Domiziano Coppacchioli, Giacomo Ponte, 
and Tony Mangano

9.1  Standard Radiography 
and Ultrasound

The first cases of glenohumeral arthritis occurring 
with tears of the rotator cuff were described by 
Adams and Smith in the 1850s [1]. In 1983 Neer 
described a massive rotator cuff tear as the initial 
event in the development of degenerative arthritis, 
with a final spectrum of this condition ranging 
from superior migration of the humeral head with 
only regional chondromalacia to collapse of the 
humeral head with full-thickness cartilage defects. 
Neer defined this condition “cuff tear arthropa-
thy” (CTA) and identified the diagnostic hall-
marks in the superior humeral migration and 
diminished acromiohumeral distance, erosion of 
the great tuberosity (“femoralization”) and of the 
inferior aspect of the acromion (“acetabulariza-
tion”), joint space narrowing, and other arthritic 
changes at the glenohumeral joint [2]. All of these 
features have been variably considered by the his-
torical works upon CTA, especially those dealing 

with the radiographic classifications, and have 
been widely accepted as the hallmarks not only of 
the diagnosis but also of the natural evolution 
itself of this pathology.

As the term itself suggests, however, cuff tear 
arthropathy is the final expression of a pathologi-
cal mechanism that affects bone, cartilage, and 
soft tissues and therefore needs specific imaging 
methods for the study of such structures. All of 
these methods should not be exclusive but inclu-
sive and complementary in order to give the 
orthopedic surgeon the few but essential struc-
tural informations he needs for a proper clinical 
framing.

Standard radiography (SR) still remains the 
most often performed imaging examination of 
the shoulder girdle anatomical region. The main 
advantages of SR are easy accessibility, low cost, 
panoramic view, and short time of examination. 
Further, the basic findings provided by radiogra-
phy are well known and familiar both to radiolo-
gists and clinicians.

For these reasons, SR should always be the 
first technique to be used and especially if a CTA 
is suspected; a simple projection (if properly 
performed!) allows to obtain most of the neces-
sary informations, through direct and indirect 
signs of pathology: the anteroposterior (AP) tan-
gential view.

When obtaining an AP tangential view 
(Fig. 9.1), the X-ray beam is directed tangential 
to the glenohumeral joint and to the subacromial 
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space. The patient is standing in a 40° posterior 
oblique position with the shoulder to be exam-
ined in contact with the examining table. In this 
position the scapula lies parallel to the cassette 
and allows an optimal tangential view of the 
glenohumeral joint. The articular surface of the 
glenoid cavity is seen from a lateral sight and, in 
normal conditions, no overlap of the glenoid 
cavity and humeral head is observed. Additional 
craniocaudal angulation (10–20°) of the beam 
leads to excellent visualization of the subacromial 
space. Since the orientation of the scapula, as 
well as the obliquity of the acromial arch, can 
vary between patients, fluoroscopic control can 
be used to achieve accurate positioning of the 

patient and correct tilting of the X-ray beam. 
Three radiographs are obtained with the arm in 
different rotations (neutral, internal, and 
external). After each rotation of the humerus, the 
obliquity of the patient, as well as the correct 
visualization of the subacromial space, must be 
checked since changes in the rotation of the arm 
are frequently associated with changes in the 
position of the patient. The coracoid process 
overlies the medial aspect of the humeral head. 
Due to the tangential orientation of the beam, the 
inferior surface of the acromion appears as a 
regular cortical line, and the anterior and posterior 
rims of the glenoid fossa are superimposed. The 
glenohumeral joint space width can be accurately 

Fig. 9.1 AP tangential view and examination technique 
with corresponding radiographs. Radiographs obtained 
with (a–d) internal, (b–e) neutral, and (c–f) external 
rotation of the arm. The views allow optimal assessment 
of the glenohumeral joint and the subacromial space. Note 
superposition of the anterior and posterior glenoid rim 
(black arrow) and the sharply defined cortical line 
corresponding to the inferior surface of the acromion 
(white arrow). The gothic arc is indicated with the red line 

in d. The coracoid process overly the medial aspect of the 
humeral head (arrowhead). The different rotations of the 
arm lead to en face and en profile view of the greater 
tuberosity (white asterisk) and lesser tuberosity (black 
asterisk). (Modified from “Imaging of the Shoulder—
Techniques and Applications,” Springer Ed., Chap. 1: 
Shoulder Radiology, Bianchi S. et  al. With permission 
from the authors)

a
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evaluated and reflects the thickness of both the 
humeral and glenoid cartilages (Fig. 9.1).

Finally, this radiological projection allows the 
evaluation of the glenohumeral joint congruency 
by measuring the distance between the limiters, 
inversely proportional to the cartilage wear 
condition, by analyzing the gothic arch continuity 
(Fig.  9.1d, red line), and by directly evaluating 
the state of the articular bony limiters (sclerosis, 
erosions, etc.). Through the careful study of this 
single X-ray projection, we can therefore define 
the arthropathy degree and severity.

Several classification systems based on stan-
dard radiography have been developed to define 
the bone changes that occur in CTA and its evolu-
tion as well. Although the main features of these 
systems often overlap, each system focuses on a 
different set of findings associated with the disor-
der. The classification schemes of Visotzky-
Seebauer [3] and Hamada-Fukuda [4] respect 
both the glenoid and the humerus and have been 
recommended as highly reliable [5].

The Visotzky-Seebauer classification system 
separates CTA into four distinct types: IA, IB, 
IIA, and IIB.  Each type is characterized by a 
massive rotator cuff tear, a distinctive level of 
joint instability, humeral head translation, and 
articular surface erosion. This classification 
system is a biomechanical description of CTA, in 
which each subtype is distinguished on the basis 
of the degree of superior migration of the humeral 
head from the center of rotation and the amount 
of instability. The extent of decentralization seen 
on radiographs depends on the size of the rotator 
cuff tear, the integrity of the coracoacromial arch, 
and the degree and direction of glenoid bone 
erosion (Fig. 9.2).

The Hamada classification system (Fig. 9.3) 
describes structural changes within the cora-
coacromial arch and changes in the acromio-
humeral interval (AHI) on anteroposterior 
radiographs as the basis for classification. This 
system divides massive rotator cuff tears into 
five radiographic stages, with consecutive stages 
indicating disease progression. The following 
table shows the main features of each stage in 
this classification system:

Grade 1: AHI > 6mm
Grade 2: AHI 5 mm or less
Grade 3: Grade 2 with acetabularization of 

acromion (concave deformity of acromion 
undersurface)

Grade 4A: Glenohumeral arthritis with narrowing of 
glenohumeral joint, without 
acetabularization

Grade 4B: Glenohumeral arthritis with narrowing of 
glenohumeral joint, with acetabularization

Grade 5: Bony destruction—humeral head collapse

The AP tangential view also allows to quan-
tify some more structural and biomechanical 
parameters, like the acromial index (AI) and the 
critical shoulder angle (CSA), useful in order to 
gain further predictive estimations around the 
shoulder [6]. The AI relies on the gleno-acromial 
and glenohumeral distances (Fig. 9.4) and shows 
a direct correlation to progression in large-to-
massive rotator cuff tears. The CSA represents a 
morphological parameter that accounts for both 
glenoid inclination and lateral extension of the 
acromion (Fig.  9.5): larger CSA requires more 
rotator cuff activity to preserve joint stability. 
The intuitive biomechanical basis of this rela-
tionship is that the lateral extension of the acro-
mion leads to a more vertical line of action of the 
deltoid and therefore promotes a trend toward a 
superior dislocation of the humeral head. Despite 
the speculative appeal of this hypothesis, how-
ever, recent studies seem to agree on noncorrela-
tion of this parameter with tear size or tear 
progression [7]. On the contrary, an indirect cor-
relation between CSA and glenohumeral osteo-
arthritis (OA) has been observed and confirmed 
[8]: the lower the value of the CSA, the greater 
the thickness of the rotator cuff tendons and their 
ability to maintain the humeral head centered in 
the glenoid, with relative facilitation in OA 
progression.

In the same way that an expert radiology tech-
nician is required to obtain, through a cost-effec-
tive and easily accessible method, a projection full 
of information for CTA diagnosis, similarly he 
must be experienced the radiologist that completes 
the diagnostic process through an equally inex-
pensive method like ultrasound (US) for the 
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study of soft tissues, always remembering that 
“you look, what you know”.

Ultrasound analysis is a cheap and easy acces-
sibility study method, equally to SR but not 
involving exposure to X-rays; it allows an 
excellent full soft tissues study, while offering a 
further possibility for dynamic testing.

As shown in the images, the US method owns a 
high intrinsic resolution on tendon structures, 
allowing to accurately evaluate the fibrillary struc-
ture of the tendons of the rotator cuff (Fig. 9.6) and 
the acromion-humeral interval as well (Fig. 9.7). 
Further, it can show the eventual retraction of the 
myotendinous junction and the quality of the 

Fig. 9.2 Examples of types of rotator cuff tear arthropa-
thy according to Visotzky-Seebauer classification system. 
Type IA is characterized as centered and stable. Imaging 
findings are intact anterior restraints, minimal superior 
migration, femoralization, and acetabularization. Type IB 
is characterized as centered and medialized. Imaging 
findings are intact anterior restraints, minimal superior 
migration, and medial erosion of glenoid bone. Type IIA 

is characterized as decentered, limited, and stable. 
Imaging findings are compromised anterior restraints, 
superior translation, minimal stabilization by 
coracoacromial arch, and superior and medial erosions of 
glenoid bone. Type IIB is characterized as decentered and 
unstable. Imaging findings are incompetent anterior 
structures, anterior-superior escape, and no stabilization 
by coracoacromial arch
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Fig. 9.3 The Hamada-Fukuda classification system. See text for description

Fig. 9.4 The acromion index (AI) = GA/GH. GA is the 
gleno-acromial distance, GH is the glenohumeral distance. 
See text for description

Fig. 9.5 Critical shoulder angle (CSA) (asterisk). It is a 
morphological parameter that accounts for both glenoid 
inclination and lateral extension of the acromion
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a b

c d

Fig. 9.6 Fibrillary structure and thickness of the supra-
spinatus tendon. On the left (a–c): preserved fibrillary 
structure and thickness of supraspinatus tendon. On the 

right (b–d): subtotal lesion of supraspinatus tendon with 
no more residual thickness

a b

c d

Fig. 9.7 The acromiohumeral interval as seen in US. On the left (a–c): preserved acromiohumeral interval. On the right 
(b–d): lower acromiohumeral interval in RCTA
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 muscular trophic condition, with the final ability to 
calculate thickness and muscle volume and its 
eventual adipose infiltration, that progressively 
increases echogenicity (Figs. 9.8 and 9.9).

In the setting of the same examination, it is 
possible to make a dynamic study to evaluate the 
behavior under biomechanical stress of the same 
structure first examined under static conditions 
(the only possible study condition for other meth-
ods such as X-ray, CT, and MRI). The classic 
example is the long head of the biceps tendon 
(Fig. 9.10) [9, 10].

US can provide detailed accessory informa-
tions such as those regarding the status of the 
subacromial-subdeltoid (SASD) bursa and joint 
recesses. In particular, regarding the SASD bursa 
one can evaluate parietal thickness, synovial 
hyperplasia and hyperemia (thanks to the com-
plementary color-Doppler module), and amount 
and type of contained fluid (Fig. 9.11).

US analysis combined with X-ray AP tangential 
view result in a perfect couple for CTA first-line 
diagnostic workup and framing, both for the quality/ 

quantity of the information obtained and for the 
easy accessibility of these radiographic facilities, 
thanks to capillary territorial distribution.

9.2  Magnetic Resonance 
Imaging

As previously described, standard radiography and 
ultrasound examination should represent the first-
line instrumental studies for a correct CTA diag-
nostic workup, together with accurate anamnestic 
interview and clinical examination. Despite widely 
diffused and often abused, magnetic resonance 
imaging (MRI) should be considered as a second-
line analysis, being its true utility exerted in the 
surgical planning (i.e., after surgical treatment has 
been already identified as the next therapeutical 
step), and specially if a cuff tear reconstruction is 
hypothesized. MRI is extremely useful in soft tis-
sue characterization and in the visualization and 
description of soft tissue traumatic and degenera-
tive alterations [11]. It is then mostly indicated in 

a b

c d

Fig. 9.8 Muscular trophism as seen in US. On the left (a–c): preserved muscular trophism and volume of supraspina-
tus. On the right (b–d): reduced muscular trophism with adipose infiltration (hyperechogenicity)
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a b

c d

Fig. 9.9 Muscular trophism as seen in US.  On the left 
(a–c): preserved muscular trophism and volume of 
infraspinatus and teres minor. On the right (b–d): reduced 

muscular trophism with adipose infiltration of 
infraspinatus, while the teres minor still shows trophic 
muscular features

a b

c d

Fig. 9.10 Long head of the biceps brachii (LHBB) ten-
don position. On the left (a–c): LHBB maintains the phys-
iological position and structure. On the right (b–d): LHBB 

presents increased volume by tendinosis and is medially 
dislocated behind the subscapularis tendon
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the setting of cuff tear severity definition, as well as 
in the pathology of the long head of the biceps bra-
chii (LHBB), allowing a more adequate choice of 
the correct surgical treatment [12, 13]. On the con-
trary, magnetic resonance arthrography (MRA) 
represents a useful examination for partial thick-
ness tears of the rotator cuff, and shoulder instabil-
ity as well, very important pathologies in terms of 
incidence and prevalence in the general population, 
but not related to CTA and not included in the 
 present work.

The shoulder MRI exam generally involves a 
three-spatial-planes study (Fig. 9.12). In the axial 
plane, perpendicular to the glenoid fossa, the ten-
dons and the muscle bellies of the subscapularis, 
infraspinatus, and teres minor are studied, and 
LHBB and the acromioclavicular joint as well. In 
the coronal oblique plane it is possible to identify 
and study the supraspinatus tendon and the upper 
part of the infraspinatus tendon, the subacromial 
space and bursa, and the acromioclavicular joint. 
Finally, in the sagittal oblique plane, parallel to 
the glenoid fossa, the rotator cuff insertion 
and  eventual muscle atrophy/degeneration are 

 studied  [13]. It is currently possible the choice 
between high (1.5–3T)- and low (0.3–0.5T)-field 
MRI.  The high-field MRI is generally appreci-
ated for the more precise spatial resolution and 
minor rate of movement artifacts, while the low-
field MRI is someway more comfortable for the 
patient because of the open gantry, avoiding 
claustrophobic reactions. If the high-field MRI is 
then useful for a precise anatomical study before 
rotator cuff surgery, a low-field MRI could often 
be sufficient in order to define major cuff tear and 
muscle degeneration in the setting of CTA 
(Fig. 9.13), if the scan in the sagittal plane is cor-
rectly extended to include the scapular “Y.” 
Depending on the specific used sequences (i.e., 
T1 or T2 weighted, fat suppression, etc.), differ-
ent anatomical structures are highlighted, with 
eventual alterations due to inflammatory, trau-
matic, or degenerative processes. Particularly in 
the setting of rotator cuff pathology, a rotator cuff 
tear is easily identified as well as the specific ten-
don involved, the dimensions of the tear, the 
retraction of the tendon, and the fatty degenera-
tion and atrophy of the relative muscle belly. 

a b

c d

Fig. 9.11 SASD bursa status. On the left (a–c): no parietal thickening and no fluid content in the SASD bursa. On the 
right (b–d): parietal thickening with fluid content of SASD bursa; also visible are synovial hyperplasia nodules (x)
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All of these are important structural features of 
the tear, first of all defining the reparability of the 
lesion and greatly influencing, then, the final sur-
gical choice. In this sense, several classification 
systems have been developed, based on the mor-
phostructural parameters of the muscles and ten-
dons, allowing a plausible predictability on the 
clinical and biological results of a reconstructive 
surgery. Snyder developed and published in 2003 
a comprehensive classification to describe the 
extent of the tear, the location, and the size [14]. 
The location of the tear is classified as articular 

(A), bursal (B), or complete (C) thickness tears. 
Full-thickness tears are classified as: C1, small 
complete tear, pinhole sized; C2, moderate 
tear < 2 cm of only one tendon without retraction; 
C3, large complete tear with an entire tendon 
with minimal retraction usually 3–4  cm; C4, 
massive rotator cuff tear involving two or more 
rotator cuff tendon with associated retraction and 
scarring of the remaining tendon. This classifica-
tion system was originally described as based on 
arthroscopic findings; nevertheless, it can at least 
partially be utilized in preoperative MRI studies, 

a

c

b

Fig. 9.12 Three spatial planes study with MRI. (a) Axial plane scan; (b) coronal plane scan; and (c) sagittal plane scan. 
See text for description
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where T2-weighted sequences are mainly used, 
showing the bright liquid signal in substitution of 
the tendon signal in case of tendon tear. Despite a 
noncomplete interobserver agreement, this is a 
useful classification system giving solid informa-
tion about type of surgery, technical difficulties, 
and prognosis [15]. Due to some intrinsic limita-
tions of the Snyder classification, essentially 
involving the lack of consideration for tendon 
and muscle degeneration, however, a further clas-
sification system is commonly used by the 
authors. Goutallier introduced a classification of 
fatty infiltration of the supraspinatus based on the 
presence of fatty streaks within the muscle belly 
using CT images [16, 17]. Fuchs has subse-
quently published a similar classification using 
MRI, essentially based on T1-weighted sequences 
highlighting the fat signal [18]. In the Goutallier-
Fuchs system, the grade 0 is normal muscle; 
grade I describes muscle with some fatty streaks; 
in grade II fatty infiltration is important, but there 
is still more muscle than fat; in grade III there is 
as much fat as muscle; and in grade IV more fat 
than muscle is present (Fig. 9.14).

If tendon retraction allows a confident evalua-
tion of the reparability of the torn tendon itself, 
the muscle atrophy and fatty degeneration are 
equally important in order to allow some degree 

of predictability about the biologic healing of the 
repaired tendon and final functional results as 
well [19–21]. In summary, the higher the degree 
of fatty degeneration, the lower the probability of 
tendon healing after surgical repair. With a mod-
erate to good interobserver agreement, the 
Goutallier-Fuchs score have shown a substantial 
prognostic utility and is often used to guide treat-
ment. Indeed, despite a technically repairable 
tendon tear, the concomitance of grade II or supe-
rior Goutallier-Fuchs score represents a progres-
sively poorer prognostic factor for surgical 
tendon suture. In such cases, alternative solutions 
should be considered, like tendon transfer or joint 
substitution with reverse shoulder arthroplasty, 
depending on patient-related factors and clinical 
and instrumental severity of the pathology.

9.3  Computed Tomography

With respect to MRI, the computed tomography 
(CT) analysis is generally preferred for the study 
of the bony component of a joint. In the shoulder 
district, CT reveals a great diagnostic utility in 
the traumatic and oncologic pathology, and in the 
shoulder instability chapter as well. Furthermore, 
in the setting of degenerative conditions such as 

a b

Fig. 9.13 High-field and low-field MRI. High-field MRI (a) and low-field MRI (b) coronal views of similar small tears 
of the supraspinatus tendon (T2-weighted sequences)
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primary osteoarthritis and CTA, CT represents a 
second-line exam, very useful for the precise 
definition of the glenoid morphology and version 
and for the study of the proximal humeral struc-
ture as well. Its importance is then widely 
accepted in the preoperative planning, essentially 
when a prosthetic substitution is already planned.

Despite the easy accessibility and the short 
time needed for the exam, CT presents some dis-
advantages, just like consistent exposure to ion-
izing radiations and low sensibility for soft tissue 
structures (i.e., rotator cuff, LHB).

The CT exam is conducted with the patient in 
supine position, with the arm at the side and 
shoulder in neutral rotation. A series of acquisi-
tions is obtained from the superior margin of the 
clavicle down to the inferior margin of the gle-
noid fossa, with axial scanning perpendicular to 
the glenoid surface. Further image reconstruc-
tions are obtained in the coronal and sagittal 
planes and 3D reconstructions as well. CT scan 
has become the gold standard exam for studying 

traumatic lesions of the humerus and the glenoid, 
with particular importance in the setting of insta-
bility-related glenoid lesions [22]. The ability of 
precisely defining the glenoid bone defect drove 
up the CT scan to be the key examination in the 
decision process for shoulder surgical stabiliza-
tion, allowing the correct choice between 
arthroscopic capsuloplasty and open or 
arthroscopic coracoid transposition or other 
bone-block procedures [23].

When dealing with degenerative shoulder dis-
ease, a prosthetic solution involving partial or 
total anatomic prosthesis or reverse total shoul-
der arthroplasty is often considered. In this par-
ticular setting, CT scan represents a fundamental 
step in the surgical planning, more than in the 
diagnostic workup. The glenoid surface shows a 
normal retroversion angle varying between 0 and 
7 degrees. The bony wear generally linked to 
glenohumeral arthropathy could determine an 
increased retroversion angle, with eventual 
 surface asymmetry (Fig. 9.15). Walch classified 

a b

Fig. 9.14 Muscular trophism as seen in MRI. (a) Normal 
trophism of the rotator cuff muscle bellies as seen in 
T1-weighted sagittal view of the scapular “Y”; (b) severe 
fatty infiltration of the supraspinatus and infraspinatus 

bellies (Goutallier-Fuchs stage IV), with almost com-
pletely conserved trophism of subscapularis (stage I) and 
teres minor (stage 0)
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 glenoid bone defects into three groups [24]. The 
A type glenoid is characterized by an equal bal-
ancing of the loads acting on the glenoid plane: 
the A1 subtype shows a moderate concentric 
wear, while the A2 subtype has a major glenoid 
wear, with concave glenoid surface. The B-type 
glenoid, on the contrary, is characterized by an 
asymmetric balancing of the loads acting on the 

glenoid plane: the B1 subtype shows a posterior 
joint space narrowing with subchondral sclero-
sis, while the B2 subtype shows a retroverted 
biconcave glenoid with posterior rim erosion. 
Finally, the C-type glenoid is a retroverted gle-
noid with more than 25° of retroversion, regard-
less of erosion, and normally related to a 
dysplastic condition. More recently, the B3 type, 
with posteriorly worn monoconcave morphol-
ogy, and the D type or anteverted glenoid have 
been added to this classification (Fig. 9.16) [25]. 
Both the CT study of the glenoid and the humeral 
morphology are key steps in the surgical plan-
ning, allowing a correct choice and placing of 
the prosthetic components and eventually avoid-
ing possible major complications (e.g., intraop-
erative fractures, post-operative component 
mobilization or implant instability).

A limited role is currently reserved to the 
CT-arthrogram, with intra-articular contrasto-
graphic fluid. Despite the historical and current 
value in the study of instability-related lesions of 
the shoulder, no clear utility is actually recog-
nized to this procedure in the setting of degenera-
tive shoulder disease, with the exception for 
patients not analyzable with MRI or MRA (e.g., 
pacemaker owners, presence of metallic bodies 
of metallic vascular sutures, claustrophobic 
patients).

Fig. 9.16 The Walch 
classification system. 
See text for description. 
(Modified from Bercik 
et al., Ref. [25], with 
permission from the 
authors)

Fig. 9.15 Glenoid bone morphology. CT axial scan of a 
degenerated glenoid, with severe retroversion and promi-
nent posterior osteophyte. Omitting this kind of analysis 
could easily lead to glenoid component malposition or gle-
noid intraoperative fracture in such a case
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Introduction and Classifications

Mario Borroni, Giacomo Delle Rose, 
and Alessandro Castagna

10.1  Introduction

Proximal humeral fractures are very common and 
incidence is very different considering the age.

In children, they are less than 1% of all the 
fractures, but as they never required a treatment 
with reverse shoulder arthroplasty, they will not 
be treated in this chapter.

Incidence rate of proximal humeral fracture in 
adults rates from 4 to 5% of all fractures, and in 
patients older than 40  years, they account for 
over 75% of humerus fractures [1, 2].

Women have a much higher incidence than 
men, probably because of postmenopausal osteo-
porosis, whereas in patients younger than 
50 years, the main cause of this kind of fracture is 
a high-energy trauma [3, 4].

Classification should help orthopedic sur-
geons to characterize a problem, to suggest a 
prognosis, and to offer the optimal treatment for 
a particular pathology.

Understanding the particular fracture pattern 
in each case is complicated, especially when 
poorly positioned radiographs are the only avail-
able studies. Most well-accepted classification 
systems were developed based on radiographs 
complemented by intraoperative findings.

10.2  Historical Classifications

As in other districts, many different classifica-
tions have been proposed, starting with Kocher’s 
classification based on different anatomic levels 
of fracture: anatomic neck, epiphyseal region, 
and surgical neck [5].

This classification is quite simple and repro-
ducible, but do not consider the presence of frac-
ture at multiple levels, the degree of fracture 
displacement, and the present of dislocations.

In 1934 Codman presented a modification of 
Kocher’s classification, based on the epiphyseal 
region of the proximal humerus, and identified 
four possible fracture fragments: greater tuberos-
ity, lesser tuberosity, anatomic head, and shaft [6].

10.3  Neer Classification

This classification was used till 1970, when Neer 
proposed his classification that is still the most 
used in clinical practice [7] (Fig. 10.1).

This system is based on the anatomic relation-
ship of the four main anatomic parts (greater 
tuberosity, lesser tuberosity, proximal shaft, and 
humeral head) and on the grade of displacement 
of the fragments.

In this classification the main issue is the pres-
ence of displacement of one or more segments 
and not only the presence of a line of fractures.
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A segment was considered displaced if it 
angulated more than 45 degrees from its anatomic 
position or if it’s displaced more than 1 cm.

The most common fracture (85% of all proxi-
mal humeral fractures) is a one-part non-dis-
placed or minimally displaced fracture even if 
these fractures have multiple fractures lines, 
because the fragments don’t fulfill the criteria for 
displacement as stated by Neer [8].

Displaced fracture includes two-part fractures, 
characterized by displacement of one of the four-
fragment, three-part fractures, in which there is a 
displacement of two fragments, and four-part 
fractures, where there is a displacement of all 
four segments.

So we could have four different two-fragment 
fractures (anatomic neck, surgical neck, greater 
tuberosity, or lesser tuberosity), two different 
three-fragment fractures (greater tuberosity and 
shaft or lesser tuberosity and shaft), and one four-
fragment fracture.

Neer also introduced fracture dislocations 
which are displaced fractures (two-, three-, or 
four-part fractures) associated with anterior or 
posterior dislocations: so we could have six 
different types of fracture dislocations.

In the end Neer also introduced articular 
 surface fractures dividing them into two 
types:  impression fractures and head-splitting 
fractures.

DISPLACED FRACTURES

2
Part

I
Minimal

displacement

II
Anatomical

neck

III
Surgical

neck

IV
Greater

tuberosity

V
Lesser

tuberosity

VI
Fracture-

dislocation

Anterior
Posterior

3
Part

4
Part

Articular
surface

Fig. 10.1 The Neer 
classification of 
proximal humeral 
fractures [7]
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Neer classification is the most widely used 
classification system for proximal humerus 
fractures [9]; however reliability of this 
classification has been discussed in many studies.

Radiographs of 50 proximal humerus frac-
tures [10] were reviewed by an orthopedic shoul-
der specialist, an orthopedic traumatologist, a 
skeletal radiologist, an orthopedic resident in 
fifth year of training, and an orthopedic resident 
in second year of training.

These exams were reviewed two times at 
6  months of interval, and the results showed a 
“moderate” level of reliability and the mean 
intra-observer reliability was 0.65.

This point is really important because a frac-
ture could be classified as minimally displaced or 
as a three-part fracture by two different orthope-
dic surgeons leading to two different treatments 
[11].

10.4  AO Classification

The AO group proposed another classification 
based on risk of osteonecrosis due to modification 
of vascular supply (Fig. 10.2).

The fractures of the proximal humerus are 
divided in three types: extraarticular unifocal, 
extraarticular bifocal, and articular; each of these 
groups is further divided into three different 
groups based on presence of impaction and asso-
ciated dislocation.

Type A fractures are extraarticular unifocal 
and A1 are the tuberosities fractures, A2 are 

impacted metaphyseal fractures, and A3 are non-
impacted metaphyseal fractures.

Type B group includes extraarticular bifocal 
fractures involving both tuberosities with a con-
comitant metaphyseal fracture or glenohumeral 
dislocations: B1 fractures are the fractures associ-
ated with an impacted metaphyseal fracture, B2 are 
nonimpacted metaphyseal fractures, and B3 are 
fractures associated to a glenohumeral dislocation.

Type C fractures are articular and involve vas-
cular isolation: C1 are fractures with slight dis-
placement, C2 are fractures impacted with 
marked displacement, and C3 are fractures asso-
ciated with dislocation.

Each subgroup is divided in three different 
options according to alignment, degree, and 
direction of the displacement.

The risk of avascular necrosis is rare in type A, 
low in type B, and high in type C.

This classification seems to be more complex 
compared to the Neer classification, even if it 
should allow a more detailed guideline for treat-
ment, but its interobserver reliability has not shown 
it to be better than Neer’s classification [12].

10.5  LEGO System and HGLS 
Classification

Hertel [13] more recently developed a “binary 
system” (LEGO system). Emphasis was given to 
the location of fracture planes, rather than the 
nature of the fractured fragments. The system pic-
torially represented the four parts of the proximal 

Fig. 10.2 The AO classification of proximal humeral fractures (https://www2.aofoundation.org)
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humerus (head, greater and lesser tuberosities, 
and shaft) using LEGO blocks (Lego Group, 
Billund, Denmark). The absence of a bond 
between any of the four parts represents the loca-
tion of a fracture plane. For a full fracture descrip-
tion, five yes-or-no questions had to be answered 
concerning the five basic fracture planes: (1) Is 
there a fracture plane between the head and 
greater tuberosity? (2) Is there a fracture plane 
between the greater tuberosity and shaft? (3) Is 
there a fracture plane between the head and lesser 
tuberosity? (4) Is there a fracture plane between 
the lesser tuberosity and shaft? (5) Is there a frac-
ture plane between the greater tuberosity and 
lesser tuberosity? Thinking in fracture planes, not 
in fracture fragments, represented the change of 
paradigm. A number was then assigned to each 
fracture permutation (Fig. 10.3).

In addition, the following accessory criteria 
were determined (Figs.  10.2, 10.3, and 10.4): 
length of the posteromedial metaphyseal head 
extension; displacement of the shaft with respect 
to the head (the maximal displacement was mea-
sured between the posteromedial edge of the 
head and the posteromedial shaft fracture line); 
whether the shaft is displaced medially or later-
ally; displacement of the tuberosities (maximum 

displacement of either the greater or the lesser 
tuberosity); amount of angular displacement of 
the head, varus, or valgus; whether there is a gle-
nohumeral dislocation (anterior or posterior); 
whether there is a head impression fracture (ante-
rior or posterior); and whether there is a head-
split component (>20% of head involvement) 
with one or two intraarticular fracture planes 
(Figs. 10.4 and 10.5).

The main purpose of this classification was to 
predict humeral head perfusion in proximal 
humeral fractures in order to identify the optimal 
treatment; the results were that specific fracture 
plane combinations (types 2, 7, 8, 9, 10, and 12) 
were associated with impaired head perfusion and 
that additional elements, such as the length of the 
posteromedial metaphyseal head extension and 
the integrity of the medial hinge, were the key ele-
ments for occurrence of vascular disruption.

However, despite validating this system well 
with intraoperative direct observation, the 
numerical coding of individual fracture patterns 
was considered difficult to remember and 
therefore likely to contribute to categorization 
error and poor reliability.

So, this classification was modified adopting 
an alphabetic-based “pictogram” that clearly 

1 2 3 4

5

6

78910

11

12

Fig. 10.3 The LEGO 
system classification of 
proximal humeral 
fractures (Ref. [13])
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Fig. 10.4 First additional criterion: length of the medial 
metaphyseal head extension. The longer the extension, the 
more likely the head is perfused. Hertel, R., Hempfing, A., 

Stiehler, M., & Leunig, M. (2004). Predictors of humeral 
head ischemia after intracapsular fracture of the proximal 
humerus. J Shoulder Elbow Surg, 13, 427-33

Fig. 10.5 Second additional criterion: integrity of the 
medial hinge. Integrity of the hinge is a predictor of both 
ischemia and practical feasibility of reduction. Hertel, R., 
Hempfing, A., Stiehler, M., & Leunig, M. (2004). 

Predictors of humeral head ischemia after intracapsular 
fracture of the proximal humerus. J Shoulder Elbow Surg, 
13, 427-33
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defines the four anatomic parts of the proximal 
humerus and the location of a fracture plane(s) 
between these parts. This system is named the 
HGLS classification (Fig. 10.6).

In this classification, the proximal humerus is 
divided into four topographic parts: head (H), 
greater tuberosity (G), lesser tuberosity (L), and 
shaft (S). The line of fracture is symbolized by a 
hyphen (−) and represents a cortical interruption 
between two parts regardless of displacement and 
angulation. So a fracture of the greater tuberosity 
is documented as HLS-G and a fracture of the sur-
gical neck (with tuberosities attached to the 
humeral head) is documented as HGL-S and so on.

In case of dislocation, a prefixed “d” must be 
inserted before H; furthermore, calcar length (so 
important for prediction of humeral head isch-
emia) is identified by bracketing the letter “c” 
followed by the length of the intact calcar seg-
ment in mm.

Comparing Neer, AO, and HGLS classifica-
tions, it seems that HGLS classification has a bet-
ter intra- and interobserver reliability [14].

As previously stated, the aim of a classifica-
tion should be to characterize the problem and 
offer the optimal treatment.

If the first issue has been satisfied by Neer 
and, more recently, by Hertel, the second one is 

still pending because even if the reliability of the 
classification system is quite high, there is not a 
unique treatment according to the classification 
itself.

In fact, whatever is the system used, the treat-
ment may be different: analyzing 229 displaced 
humeral fractures classified with the most uti-
lized system (Neer and AO), only 58.8% of the 
four-part Neer fractures and 67.7% type-C AO 
classified were surgically treated [15].

Maybe it could be due to the different cultures 
of each surgeon and/or the unpredictability of the 
outcome either of the conservative or surgical 
treatment [16].
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Instrumental Evaluation: X-Ray 
and CT
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The first step in the evaluation of a fracture is 
 represented by the exact definition deriving from 
the instrumental examinations that, allowing us 
to classify, represents a useful guide for the thera-
peutic decision [1].

In the proximal humerus, as in other anatomi-
cal districts, conventional radiology plays a major 
role as it is a readily available, fast and low-cost 
exam.

The simple radiographic examination (X-ray) 
is a useful tool in the diagnosis of the proximal 
humerus fractures, providing important 
information regarding the extent of the fracture, 
the number of fragments, their possible 
decomposition and the articular surface’s 
involvement. Indirect signs such as the presence, 
in an anteroposterior radiogram performed in an 
upright position, of adipose tissue and blood in 
the articular capsule with the characteristic FBI 
(fat-blood interface) sign indicating an intra- 
articular extension of the fracture (Fig. 11.1) can 
help [2].

However, there are several studies that high-
light the difficulty in repeatability and reproduc-
ibility of a radiogram reading among different 
observers. Moreover, the quality of the slabs car-
ried out under emergency conditions is often 
poor, both due to the poor collaboration of the 
patient suffering from the fractured event and to 
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Fig. 11.1 An anteroposterior radiogram performed in an 
upright position with the characteristic FBI (fat-blood 
interface) sign, indicating an intra-articular extension of 
the fracture
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the difficulty in obtaining an accurate execution 
of standardized series of shoulder radiographs 
always under emergency conditions (trauma 
series). Furthermore, performing a correct radio-
graphic examination cannot disregard an ade-
quate knowledge of the shoulder’s anatomy. It 
must be remembered that the scapula does not lie 
on the frontal plane of the chest but is inclined 
about 45° with respect to it; it follows that the 
anteroposterior radiographs on the frontal plane 
of the chest provide oblique images of the gleno-
humeral joint (Fig.  11.2a). An incomplete and 
inadequate X-ray examination because of the 
non-execution of some radiographic projections 
or a poor execution of the same can prevent a cor-
rect classification of the fracture and therefore 
induce to undertake a treatment, conservative or 
surgical, which is not the most suitable for that 
determined fracture or even, at worst, to make a 

fracture or a glenohumeral dislocation misunder-
stood [3]. Today, the trauma series remains the 
gold standard as a first-level examination when 
there is shoulder trauma [1]. It includes a true 
anteroposterior radiograph on the scapula plane 
which provides us with a real anteroposterior 
image of the glenohumeral joint, a lateral projec-
tion onto the scapula plane or a Y-projection of 
the scapula and an axial projection. The goal is to 
carry out an examination that altogether describes 
the fracture picture through the three floors of the 
space at best in order to obtain a description that 
is the most realistic and complete.

The two projections onto the scapula plane, 
anteroposterior and Y-lateral, can be performed 
keeping the traumatized limb in the bandage, 
thus avoiding its mobilization. This is a 
considerable advantage in particular for the 
patient, who avoids an accentuation of the algic 

a b

Fig. 11.2 (a) The anteroposterior radiograph on the fron-
tal plane of the chest provides oblique images of the gle-
nohumeral joint. (b) The anteroposterior projection on the 
scapula plane allows a visualization of the glenoid profile 

and thus allows the two articular components, the humeral 
head and the glenoid cavity, to be clearly seen at least in 
physiological conditions
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symptomatology, and consequently also for the 
radiographic examination correct execution 
requiring a minor collaboration of the patient 
himself. The anteroposterior projection on the 
scapula plane can be performed in orthostatics or 
in supine position and in particular is carried out 
positioning the radiographic cassette posteriorly 
to the shoulder to be examined and inclining the 
contralateral shoulder with a forward angle of 
about 35°–45° so that the body of the scapula is 
positioned parallel to the sensitive plane. The 
radiating beam will thus be orthogonal to the sen-
sitive plane and to the body of the scapula, 
inclined about 40° from the frontal plane in the 
mid-lateral direction and aimed at the centre of 
the scapula itself, approximately 5 cm below the 
coracoid process (Fig. 11.3). This allows a visu-
alization of the glenoid profile and thus allows 
the two articular components, the humeral head 
and the glenoid cavity, to be clearly seen at least 
in physiological conditions (Fig. 11.2b).

On the contrary, if there is an anterior or poste-
rior glenohumeral dislocation, the two structures 
will appear overlapped. However, the evaluation 

of the acromion, of the acromion- clavicular joint 
and of the clavicle’s lateral portion appears more 
difficult with this projection rather than with the 
standard anteroposterior one.

The Y-lateral projection of the scapula [4] also 
known as projection of the defile of the supraspi-
natus, trans-scapular or lateral tangential can be 
performed with patient in orthostatics or sitting 
and, as the previous projection, can be performed 
without mobilizing the limb and maintaining it in 
the bandage or in the support. To perform the 
examination, the anterior region of the shoulder 
affected by the trauma lies on the X-ray cassette, 
while the contralateral shoulder is inclined for-
ward approximately by 30°–45°. The radiating 
beam transits tangentially through the posterolat-
eral chest wall and parallel with the spine of the 
scapula up to the radiographic cassette. The cen-
tral ray’s point of incidence must coincide with 
the centre of the median edge of the scapula. The 
radiological image must show the two median 
and lateral margins of the scapula perfectly over-
lapped to represent the stem of a “Y”, whose 
arms are instead represented anteriorly by the 

Fig. 11.3 The anteroposterior projection on the scapula 
plane is carried out, positioning the radiographic cassette 
posteriorly to the shoulder to be examined and inclining 

the contralateral shoulder with a forward angle of about 
35°–45° so that the body of the scapula is positioned 
parallel to the sensitive plane

11 Instrumental Evaluation: X-Ray and CT
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base of the coracoid process and posteriorly by 
the base of the acromial process. This projection 
is crucial to the study of the articular relation-
ships between the humeral head and the glena. In 
physiological conditions, the head of the humerus 
is at the centre of the so-formed “Y”, while it is 
forward or backward in the case of anterior or 
posterior dislocation, respectively. The Y-lateral 
projection is also particularly useful for the eval-
uation of the decomposition of the trochitis’s 
possible fracture. It can help in the diagnosis of 
fractures of the coracoid process and of the acro-
mial process and for the evaluation of the acro-
mion’s inferior margin, while it does not allow a 
careful study of the glena’s anterior and posterior 
edges (Fig. 11.4).

The lateral axillary projection was first 
described by Lawrence [5], and it involves the 
90° abduction, and it is a great method for the 
assessment of the anterior or posterior glenohu-
meral dislocation and for the detection of Bony 
Bankart involving the anterior glenoid fissure. 

The lateral axillary projection can be performed 
by the patient to a supine or upright position. The 
X-ray cassette is placed on the patient’s shoulder 
and as close to the neck as possible, while the 
X-ray tube is placed slightly below the patient 
with the radiogenic beam directed inferior-supe-
riorly and centred at the axillary cavity. Compared 
to the original projection, some variants in the 
literature have been described, providing a lower 
abduction angle so that this projection could be 
carried out even in traumatized patients, unable 
to reach that degree of abduction due to pain 
symptoms. In the technique described by Cleaves, 
the patient’s limb, supine or seated, is abducted 
just enough to allow placement of the X-ray cas-
sette below the shoulder [6]. If, because of the 
algic symptoms reported by the patient for the 
fracture, it’s impossible to abduct the limb for 
correct execution of the axial, or in any case it is 
preferred not to remove the bandage to avoid any 
decomposition of the fracture, it is possible to 
make a Velpeau’s axial [3, 7] (Fig. 11.5).

Fig. 11.4 In the Y-lateral projection of the scapula, the 
anterior region of the shoulder affected by the trauma lies 
on the X-ray cassette, while the contralateral shoulder is 
inclined forward approximately by 30°–45°. The radiating 
beam transits tangentially through the posterolateral chest 
wall and parallel with the spine of the scapula up to the 
radiographic cassette. The radiological image must show 
the two median and lateral margins of the scapula perfectly 

overlapped to represent the stem of a “Y”, whose arms are 
instead represented anteriorly by the base of the coracoid 
process and posteriorly by the base of the acromial 
process. In physiological conditions, the head of the 
humerus is at the centre of the so-formed “Y”, while it is 
forward or backward in the case of anterior or posterior 
dislocation, respectively

R. Lupo et al.



129

This projection allows maintaining the limb 
immobilized and adducted to the chest and can be 
performed by the patient into an upright or sitting 
position. Specifically, the patient positions him-
self at the end of the radiological table by bend-
ing the thorax backwards by about 20–30°. The 
X-ray cassette is placed directly below the shoul-
der, while the X-ray tube is placed above. It fol-
lows that the X-ray beam is vertical and 
perpendicular to the table in the cranio-caudal 
sense, with incidence on the clavicle’s lateral end 
(Fig.  11.6). Although the glenohumeral joint 
appears enlarged and the humeral diaphysis 
shortened, the joint relationships can be assessed. 
Further axillary projections have been described 
such as the trans-humeral axillary projection 
described by Tietge and Ciullo in 1982 [8], which 
can be carried out by keeping the immobilized 
arm in the bandage, like the previous ones, but it 
can be performed by the patient into a supine 
position.

The upper limb is anteriorly flexed by about 
20° by placing a support below the elbow, and the 
radiological cassette is placed on the shoulder, 
perpendicular to the table. The X-ray beam will 
be horizontally directed following the cauda- 
cranial sense and incident towards the armpit. 
The axillary projections allow to evaluate the 

 glenohumeral joint relationships, the glenoid’s 
articular surface and the presence of potential 
Bony Bankart and glenoid fractures and allow an 
accurate study of the tuberosities and in particu-
lar of the decomposition degree of their potential 
fracture [9].

It is not always possible with simple radio-
graphic examination to come to a correct classifi-
cation of the fracture in order to plan the most 
suitable therapy. In recent years, thanks also to 
the technological development of diagnostic 
equipment, it is more and more frequent to resort 
to computed tomography (CT) for the assessment 
of proximal humerus fractures, especially when 

Fig. 11.5 In Velpeau’s axial projection, the joint relation-
ships can be assessed, although the glenohumeral joint 
appears enlarged and the humeral diaphysis shortened

Fig. 11.6 Velpeau’s axial projection allows maintaining 
the limb immobilized and adducted to the chest. The 
patient positions himself at the end of the radiological 
table by bending the thorax backwards by about 20°–30°. 
The X-ray cassette is placed directly below the shoulder, 
while the X-ray tube is placed above
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we decide to undertake the surgical treatment in 
such a way to carry out a pre-planning operation 
as accurately as possible and to have an idea as 
realistic as possible about what the intraoperative 
situation to be faced will be [10, 11]. As the com-
mon radiographic investigations, the CT is based 
upon the production by an X-ray tube of an X-ray 
beam whose attenuation is measured by some 
fixed detectors placed upon the stand at the 
machine that is named “gantry”. During the rota-
tion of the X-ray tube, the bed where the patient 
is placed moves along the horizontal axis, thus 
determining the reproduction by a software of the 

selected body volume, obtaining body sections of 
less than a millimetre (in modern equipment) 
which will allow us to have in addition to the tra-
ditional axial plane images some 2D multiplanar 
reconstructions (MPR, multiplanar reformation) 
on the coronal, sagittal and axial plane of the 
space and some 3D reconstructions (VR, volume 
rendering), thanks also to the contribution of 
modern equipment that allow us to obtain an iso-
tropic voxel or an element characterized by the 
same dimensions on the three planes of the space 
with consequent, equal, spatial resolution in the 

a b

c d

Fig. 11.7 CT scan: 2D multiplanar reconstructions (MPR, multiplanar reformation) on the axial (a) and coronal (b) 
plane of the space; 3D reconstructions (VR, volume rendering) (c–d)
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reconstructions that we will carry out [12–14] 
(Fig.11.7).

The different X-rays’ attenuation by the vari-
ous anatomical structures will allow us to differ-
entiate them within the images obtained [15]. 
The latest generation equipment (multidetector) 
allows us to acquire large body volumes in a few 
seconds, thus drastically reducing the time 
required to perform the examination and, there-
fore, any technical motion artefacts that affect it.

In the traumatic pathology of the proximal 
humerus, CT is extremely useful to define the 
presence and extent of the fracture or of a disloca-
tion, to evaluate various intra-articular anomalies, 
to define the number and exact location of the 
fragments and to evaluate the adjacent soft tis-
sues, in order to plan a conservative or, in alterna-
tive, a surgical treatment [16, 17].

CT is of particular importance in detecting 
small bone fragments located at the joint due to 
a trauma. The CT’s advantage compared to con-
ventional radiology is its ability to exceed the 
radiographic limits due to the overlap of several 
anatomical structures, providing great contrast 
resolution, to measure accurately the tissue 
attenuation coefficient and to obtain direct axial 
images. Multiplanar reconstructions (MPR) can 
be carried out on all floors of the space, thus 
offering greater diagnostic accuracy and ade-
quate preoperative planning [18]. The three- 
dimensional images (VR) processed by the 
routinely used post-processing software allow 
the creation of a plastic model to the area in 
question, thus facilitating the operative planning 
and allowing a trial for complex reconstructive 
procedures’ surgery [1, 19, 20]. The CT’s disad-
vantages are related to the high radiant dose 
compared to common radiographic investiga-
tions and to a lower contrast resolution to the 
study of muscle-tendon structures compared 
with other imaging methods such as magnetic 
resonance, which, however, does not provide 
further information with respect to the TC for the 
bone study, and it is not usually indicated for 
patients with fracture of the proximal epiphysis 
of the humerus [21, 22].
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Fix or Replace?
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12.1  Introduction

Proximal humeral fractures account for about 
10% of all fractures [1, 2], and the incidence is 
increasing [3]. The majority of minimally dis-
placed fractures are successfully treated nonop-
eratively [4], but the optimal management of 
displaced or complex fracture remains controver-
sial. Devascularization of the humeral head, asso-
ciated injury to the rotator cuff, and the high 
prevalence of osteoporosis in elderly patients 
make the decision-making and the treatment very 
challenging. Current evidences are not able to 
give a useful guideline among prosthetic replace-
ments, intramedullary nails, fixed angle locked 
plates, and conservative methods [5, 6]. Different 
classifications, based on fragment number and 
displacement, have been proposed for these dif-
ficult fractures [7–10]. This topic has been widely 
described in a previous chapter (2f—Borroni). 
However, no system can predict the ideal treat-
ment option, and all ones have poor intra-and 
interobserver variability [11, 12]. Understanding 
the vascular supply of the humeral head is 

 mandatory when planning surgical treatment. 
Arthroplasty surgery should be more useful in a 
fracture pattern in which the humeral head is at 
risk of avascular necrosis, while internal fixation 
should be better in a fracture pattern, whereby the 
risk of devascularization is low. The principal 
blood supply to the head has been shown to origi-
nate from the anterior humeral circumflex artery 
through the arcuate branch [13] with a helpful 
role by the posterior humeral circumflex [12]. 
Different fracture patterns have been associated 
with a higher risk of humeral head necrosis: 
medial metaphyseal head extension more than 8 
millimeters, disruption of the posteromedial 
hinge, and any fracture disrupting the anatomical 
humeral head [12]. The presence of any of these 
features should prompt the clinician to consider 
arthroplasty surgery as a more reliable treatment 
option.

12.2  Non-operative Treatment

The most part of patients with proximal humeral 
fractures can be managed nonoperatively [14] 
with a high union rate [15, 16]. The treatment 
would involve 2 or 3 weeks of immobilization 
 followed by progressive mobility under the guid-
ance of a physiotherapist. Retrospective studies 
have reported high rates of patients with good or 
excellent outcome [4, 14], with an average of 
 111–120° of forward flexion and 100–106° of 
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abduction [15, 16]. The decision to proceed toward 
a surgical intervention is based on four factors: 
age, bone quality, fracture pattern, and timing of 
surgery [17]. The combination of a clinical history, 
examination findings, and radiographic investiga-
tions plays a critical role in decision-making pro-
cess. Main elements of the history are patient age, 
date of injury, hand dominance, preinjury func-
tional level, comorbidities, cognition, social status, 
and compliance to rehabilitation. Clinical exami-
nation should confirm the integrity of the axillary 
nerve, brachial plexus, and axillary artery.

12.3  Operative Treatment

Preoperative plain radiographs should include the 
complete shoulder series: anterior-posterior view 
of the glenohumeral joint and axillary and lateral 
views. Imaging studies should demonstrate the 
congruity of the glenohumeral joint, the number 
of fracture fragments, the degree of fracture dis-
placement, and the presence of risk factors for a 
future humeral head necrosis. Computed tomog-
raphy (CT) scanning with three-dimensional 
reconstructions is mandatory when planning 
internal fixation or prosthesis implant [12].

12.4  Plate Fixation

Surgical fixation should preserve articular sur-
face congruency, alignment, and vascularity to 
the humeral head. It is mandatory to achieve an 
accurate reduction and to restore the medial 
calcar support [18, 19]. Screws should engage 
into the subchondral bone where the bone quality 
is greatest and should include inferior-medial 
screws [20]. The plate should be positioned at 
least 5 mm distal to the greater tuberosity to avoid 
impingement during abduction [21]. Reduction 
and fixation of the tuberosities can be done using 
screws but more commonly with sutures onto the 
plate. Intraoperative evaluation of the passive 
movement is necessary to check stability and to 
program the correct postoperative rehabilitation. 

Passive rehabilitation should start after few days 
from surgery. The surgical approach is performed 
through a deltopectoral or lateral deltoid splitting 
approach depending upon surgeon preference. 
The dissection may increase the risk of necrosis 
of the humeral head [22], and the plate use in 
three- and four-part fractures is uncertain 
especially in elderly patients. In young patients, 
where three- or four-part fractures can be reduced 
and the bone quality is adequate, a plate fixation 
can be performed. In elderly patients, when the 
bone is of poor quality, the articular surface 
damaged, and the blood supply compromised, 
then a prosthesis implant should be considered 
[23]. If the patient is under 60 years of age, open 
reduction and internal fixation should be 
considered even for complex cases. In these 
cases, a perfect tuberosity reduction should be 
searched, because, even if avascular necrosis 
occurs, the anatomic union of tuberosities will be 
advantageous for future arthroplasty surgery. In 
these cases, if plate fixation fails, salvage 
prosthesis implant is possible, but reported 
outcomes are poorer than in cases of primary 
hemiarthroplasty [24, 25].

12.5  Intramedullary Nailing

Usually intramedullary nailing has been used to 
treat humeral shaft fractures. To give more sta-
bility to the proximal part, nails with polyaxial 
screws were developed. This gives a valid option 
for the management of proximal humeral frac-
tures. Two-part fractures are more eligible to be 
treated with intramedullary nails with respect to 
three- or four-part fractures. The advantage of 
the intramedullary devices is that less soft tissue 
disruption is required at the fracture site lessen-
ing the risk of humeral head necrosis. The entry 
point violates the rotator cuff often leading to 
residual shoulder pain [26, 27]. The complica-
tion rate is high with 10% developing impinge-
ment, 31% requiring removal of metal work, 
12% developing AVN, and 4% requiring early 
revision [28, 29].
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12.6  Hemiarthroplasty

The use of hemiarthroplasty for proximal humeral 
fractures was first described by Neer with 98% of 
satisfactory outcomes [30, 31]. At the present 
time, its ability to restore normal shoulder kine-
matics and function is still debated [32]. 
Indications for hemiarthroplasty are fracture dis-
locations and humeral head splitting fractures 
[33]. Hemiarthroplasty implant, in the manage-
ment of these complex fractures, is difficult and 
still controversial depending on fracture features 
and patient’s compliances. Elderly patients with 
low functional requirements, high comorbidities, 
and poor bone quality are more likely to benefit 
from hemiarthroplasty, but in these cases reverse 
shoulder prosthesis seems to be more effective in 
outcomes. Comminuted fractures, severely dis-
placed, with features associated with avascular 
necrosis would be candidates to hemiarthroplasty. 
Tuberosity malunion or resorption returns to 
impaired functional outcome. A proper rehabilita-
tion program is needed for achieving good out-
comes [34]. Usually this will involve 4 weeks of 
shoulder support with pendulum and passive 
movement with active movement starting, in a 
pool, from 6 weeks. Complications as tuberosity 
non-union (11%), heterotopic ossification (9%), 
proximal migration of the prosthesis (6.8%), 
infection (2%), and nerve injury can affect the 
outcomes [32]. In addition, the glenoid can suffer 
for the pressure of the humeral head implant that 
can lead to glenoid wear causing pain and future 
revision surgery [35].

12.7  Reverse Arthroplasty

Reverse shoulder arthroplasty was dedicated and 
used for cuff tear arthropathy (CTA). The reverse 
arthroplasty medializes and lowers the center of 
rotation of the glenohumeral joint. This increases 
the torque force of the deltoid, by increasing 
tension and recruiting more muscle fibers, and 
allows greater shoulder elevation independent of 
the rotator cuff [36, 37]. The use of reverse 

shoulder athroplasty (RSA) was enlarged to treat 
complex proximal humerus fractures to restore 
function not taking into account the tuberosity 
healing which is extremely difficult in elderly 
patients with poor-quality tuberosities and with 
comminution of the bone fragment. It is 
mandatory to evaluate the right function of the 
axillary nerve because the denervation of the 
deltoid would result in a not recovered function. 
The use of RSA is recommended for patients 
over 75  years with complex fractures of the 
proximal humerus. This device usually provides 
similar pain relief to hemiarthroplasty and a 
better function in most of the cases even with 
tuberosity resorption in this elderly group [37]. 
Despite the good outcomes, there is a high 
complication rate with nerve palsy (11.6%), 
reflex sympathetic dystrophy (7%), prosthesis 
dislocation (2.3%), resorption and displacement 
of tuberosities (44.2%), and scapular notching 
(23.2%) [38]. Long-term follow-up showed 
radiographic evidence of glenoid loosening [39].

12.8  Discussion

The most part of proximal humeral fractures are 
minimally displaced and should be successfully 
managed conservatively. However, the treatment 
of displaced fractures remains controversial [5, 
6], and it is still unclear when surgical intervention 
is necessary and with which surgical technique. 
The lack of adequately powered randomized 
controlled trials (RCT) precludes definitive 
conclusions over the optimal treatments.

Network meta-analysis (NMA) is a compara-
tively new evidence-based technique in medical 
disciplines which compares the relative benefits 
associated with multiple interventions and 
obtains hierarchies of these interventions for var-
ious treatment options. Chen et al. [40] evaluated 
the effectiveness and safety of open reduction 
and internal fixation (ORIF), hemiarthroplasty 
(HA), reverse shoulder arthroplasty (RSA), intra-
medullary nailing (IN), and nonoperative treat-
ment (NOT) of displaced proximal humeral 
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fractures in adults. RSA resulted in a lower inci-
dence of additional surgery than ORIF and 
IN. The rank of treatments in terms of high con-
stant score was RSA, ORIF, IN, NOT, and 
HA. The rank for reduction in total incidence of 
complications was RSA, NOT, HA, IN, and 
ORIF. For lowering the risk of additional surgery, 
the rank was RSA, NOT, HA, IN, and ORIF. RSA 
had the highest probability for improving func-
tional outcome and reduction in the total inci-
dence of complications and requiring additional 
surgery among the five interventions for treating 
adults with displaced proximal humeral fracture.

One RCT comparing hemiarthroplasty and 
locking plate fixation for four-part fractures has 
reported no significant difference in functional 
outcomes between the groups [41]. Systematic 
reviews have reported comparable functional 
results with reverse arthroplasty and hemiarthro-
plasty [37, 42]. The reverse arthroplasty is receiv-
ing increasing support due to its ability to restore 
function independent of tuberosity union. The 
problem of treatment of complex three- and four-
part proximal humeral fractures with hemiarthro-
plasty in elderly patients has yielded mixed 
clinical results. Reverse shoulder arthroplasty has 
emerged as a treatment option for comminuted 
proximal humeral fractures for these patients. 
Reverse shoulder arthroplasty resulted in better 
clinical outcomes and a similar complication rate 
compared with hemiarthroplasty for the treatment 
of comminuted proximal humeral fractures in the 
elderly. The clinical outcomes and range of 
motion values of these elderly patients who were 
treated with a hemiarthroplasty for an acute com-
minuted proximal humeral fracture exhibited a 
bimodal distribution of good outcomes if tuberos-
ity healing occurred or poor outcomes if their 
tuberosities underwent resorption. In comparison, 
the patients who underwent reverse shoulder 
arthroplasty had more consistent and superior 
results irrespective of tuberosity healing [43]. In a 
nationwide registry-based cohort study compar-
ing patients undergoing primary RSA with 
patients undergoing primary hemiarthroplasty for 
acute proximal humeral fractures, RSA appeared 
to produce functionally superior results to hemiar-
throplasty at 5  years postoperatively [44]. 

Theoretical advantages include relative indepen-
dence from relying on a functioning supraspina-
tus for active elevation, potential rapid recovery, 
and reduced need for postoperative rehabilitation 
[45, 46]. Studies to date have demonstrated that 
RTSA provides predictable pain relief with reli-
able functional gains, especially with tuberosity 
healing. However, complication rates up to 
50–68% have been

reported, including hematoma formation, 
scapular notching, loosening of the glenoid 
component, instability, and component 
dissociation [37, 38, 47, 48]. RTSA appears to 
provide range of motion superior to that of HA 
and ORIF.  RTSA predictably restored active 
elevation over horizontal plane in all patients 
within 4 months. RTSA realized even significant 
cost savings compared with ORIF and HA [45].

12.9  Conclusion

Summarizing, the elderly patients treated with 
reverse shoulder arthroplasty had better clinical 
outcomes, better forward elevation, higher 
tuberosity healing rates, and a lower rate of 
revision surgery compared with those who had 
hemiarthroplasty and open reduction and internal 
fixation for the treatment of a comminuted proxi-
mal humeral fracture.
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13.1  Introduction

Rotator cuff tears (RCT) are one of the most 
commonly treated orthopaedic pathologies. It is 
present in 20.7% of the general population, and 
the prevalence increases with age [1, 2]. The rate 
of patients with symptoms related to the shoulder 
affected by a cuff lesion is 36% in the general 
population, whereas 16.9% of the subjects with-
out symptoms also had RCT. RCTs in the general 
population occur most commonly in elderly 
patients, male patients, the dominant arm, 
patients engaged in heavy labour, or patients hav-
ing a history of trauma [2]. When conservative 
treatment fails, operative treatment is an option to 
improve patient condition [3, 4]. Most surgeons 
agree that an acute painful tear in young people 
should be treated operatively in order to decrease 
pain and provide satisfactory long-term function. 
However, great controversy exists with regard to 
tears that are large, chronic in nature, and not 
tractable to repair by standard means. These 
tears, considered “irreparable” or “massive”, 

 provide an ongoing challenge for the orthopaedic 
surgeon. Authors have attempted to classify these 
tears based on their size and location [5]. Others 
consider a massive rotator cuff tear to be one 
involving two or more tendons. A massive tear is 
not necessarily irreparable, and an irreparable 
tear does not mean it is massive in size. However, 
an irreparable tear can be defined surgically as a 
tear in which direct tendon-to-bone repair and 
healing are not possible. An irreparable tear was 
described by Warner and Parsons [6] as “the 
inability to achieve a direct repair of the native 
tendon to the humerus despite mobilizing the soft 
tissues”. Small chronic tears in contradistinction 
to massive tears may be small and friable and 
unable to be repaired primarily to bone. 
Irreparable rotator cuff tears are usually large and 
retracted with nonfunctional muscle bellies and 
severe fatty degeneration. The true determination 
of an irreparable cuff tear, however, is definitively 
performed under direct visualization under the 
surgery.

Irreparable RCTs may occur through different 
mechanisms including acute (i.e. traumatic), 
acute on chronic, and chronic (i.e. degenerative) 
tears. Generally, acute massive tears greater than 
5 cm are reparable, assuming fatty degeneration 
is minimal. Gerber et  al. [7] showed that fatty 
infiltration in a sheep model of rotator cuff tears 
is a necessary consequence following macro-
architectural change rather than degenerative 
process. As the tendon tears and the muscle 
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retracts, the pennation angle of the muscle 
decreases, enabling the space between individual 
muscle fibres to become replaced with fat. As the 
muscle retracts and becomes filled with fat, it 
becomes stiffer and less compliant and has less 
strength.

The muscles of the rotator cuff provide 
dynamic stability to the shoulder. Burkhart 
described the force-couple concept of the rotator 
cuff after performing fluoroscopic evaluations of 
patients with massive rotator cuff tears. He stated 
that normal shoulder function is possible as long 
as there are balanced forces between the two 
force couples, i.e. the first force couple in the 
transverse plane and the second force couple in 
the coronal plane [8]. When this force couple is 
intact (or reparable), the shoulder moves perfectly 
without pain.

13.2  Clinical Evaluation 
and Imaging

We know that irreparable rotator cuff tears are 
unpredictable with respect to their clinical 
presentation. The spectrum of pain and functional 
disability varies widely. A shoulder may function 
well in the setting of a painless tear, whereas a 
small painful tear may result in substantial 
shoulder dysfunction and disability.

The physical examination should begin with 
inspection of both upper extremities with the 
shoulders exposed. The supraspinatus and 
infraspinatus fosse should be closely examined 
for signs of atrophy. Massive tears involving the 
infraspinatus will typically present with increases 
in passive internal rotation as well as an external 
rotation lag sign. Similarly, massive tears 
involving the subscapularis will often present 
with an increase in passive external rotation and 
an internal rotation lag sign. Further, supraspinatus 
tears may demonstrate a drop-arm sign.

Palpation of the long head of the biceps (LHB) 
tendon within the bicipital groove is essential 
during the examination, as lesions to the LHB are 
strongly associated with rotator cuff tears. The 
surgeon must also assess for concomitant 
symptomatic acromioclavicular joint arthritis 

through palpation as well as by assessing for pain 
with cross-body adduction.

Strength testing of all rotator cuff muscles is 
imperative. Posterosuperior cuff tears are associ-
ated with a positive lag sign when the patient is 
unable to maintain the shoulder externally rotated 
at 90° of abduction and adducted to the side.

Furthermore, special attention should be paid 
to the subscapularis, of which lesions to the upper 
part of the tendon are often correlated with biceps 
tendon lesions and LHBT instability. Tests for the 
subscapularis include the belly press test, the lift-
off test, and the bear-hug test [9–11].

The imaging of the shoulder should include a 
standard set of three X-rays: true anteroposterior, 
axillary lateral, and outlet (scapular Y). Although 
plain radiographs will not clearly identify soft 
tissue, they are highly valuable in elucidating the 
chronicity of massive tears as well as identifying 
the presence of glenohumeral arthritis or rotator 
cuff arthropathy. The outlet view is used to assess 
the acromial morphology.

The magnetic resonance imaging is the pre-
ferred method to evaluate the structural integrity 
of the rotator cuff. Magnetic resonance imaging 
can be used to assess the size and location of the 
tear, the quality of the tendon, and the chronicity 
of the tear. The sagittal T2 image may show atro-
phy or fatty infiltration of the involved muscula-
ture, which can highlight the chronicity of the 
tear and also provide prognostic information 
(Fig.  13.1) [12]. Axial views can evaluate the 
integrity of the subscapularis as well as associ-
ated LHBT tendinosis, tears, or static instability.

13.3  Management Options

13.3.1  Nonsurgical Treatment

Nonsurgical treatment for patients with an irrepa-
rable RCT is generally reserved for low-demand 
patients who are not experiencing significant 
pain. The mainstay of nonoperative management 
is physical therapy, subacromial injections, and 
non-steroidal anti-inflammatory drug (NSAIDs).

Physical therapy focuses to strengthen the 
intact portion of the rotator cuff and deltoid as 
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well as the periscapular musculature. 
Strengthening the intact rotator cuff and scapular 
stabilizers, in theory, should offload the tear 
edges and provide a strong foundation for 
maintenance of a strong force couple to prevent 
progressive rotator cuff arthropathy [13–15].

13.3.2  Surgical Treatment

This chapter does not describe the use of reverse 
shoulder arthroplasty in the treatment of 
irreparable rotator cuff tears.

When patients have failed nonsurgical man-
agement, surgical treatment should be consid-
ered. According to the AAOS guidelines, the only 
recommendation regarding irreparable rotator 
cuff tears was for partial repair when possible, 
debridement, or tendon transfers which all earned 
a weak recommendation [16].

Many operative techniques have been 
described for the treatment of massive RCTs with 
severe retraction where anatomic repair is not 
possible, such as arthroscopic debridement and/
or biceps tenotomy, tendon transfers and grafting, 

partial repair of the remaining rotator cuff 
tendons, and a superior capsular reconstruction 
(SCR) [17].

13.4  Partial Repair, Margin 
Convergence

Burkhart et al. [18] first introduced the concept of 
functional repair of the cuff to restore the force 
couple of the humeral head and to increase the 
acromion-humeral distance (AHD). In these 
arthroscopic procedures, complete closure of the 
defect was not considered to be essential to 
restore the normal cuff and shoulder biomechanics 
[19]. In margin convergence technique, the free 
margin of the tear converges towards the greater 
tuberosity as side-to-side repair progresses 
(Fig. 13.2).

As the margin converges, the strain at the free 
edge of the cuff is reduced significantly, leaving 
an almost tension-free converged cuff margin 
overlying the humeral bone bed for partial or 
anatomic repair. Side-to-side closure of two-
thirds of a U- or V-shaped tear reduces the strain 
at the cuff margin to one-sixth of the strain that 
existed at the pre-converged cuff margin. This 
strategy gives a lower probability of failure of 
fixation to bone. If the supraspinatus tendon 
retraction made direct reinsertion of tendon to 
bone not possible, the infraspinatus can be 
sutured to the bone in an attempt to cover its 
anatomic footprint. The technique allows repair 
of the peripheral margins of the tear to restore the 
force couples, anterior and posterior, and the 
“suspension bridge” system of force transmission 
in the shoulder. Clinical outcomes are obviously 
lesser than after complete rotator cuff repair [18–
20] but remain stable for AHD even at medium-
term follow-up [21].

Previous authors have introduced the radio-
graphic evaluation of the AHD as a standard tech-
nique in routine orthopaedic treatment. 
A  decreased AHD is the most reliable radio-
graphic finding for RCTs [22–25], and in particu-
lar an AHD < 6 mm is a sign of rotator cuff rupture 
almost systematically involving long-standing 
total infraspinatus tear, not always amenable to 

Fig. 13.1 Sagittal magnetic resonance image T2 
weighted of a shoulder demonstrating a fatty infiltration 
of the supraspinatus and infraspinatus muscles. IS 
infraspinatus muscle, SS supraspinatus muscle, Sub 
subscapularis muscle, TM teres minor
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suture repair due to advanced fatty degeneration 
[26, 27]. AHD equal to or greater than 6 mm is of 
no diagnostic relevance and in no way indicates 
whether there is subscapularis tear and, if so, 
whether suture repair is feasible (Fig. 13.3).

Porcellini et  al. [28] support the assumption 
that partial repair of a massive RCT may improve 
the biomechanics of the shoulder while 
re-establishing the shoulder’s essential force 
couples, thus converting a “dysfunctional 
symptomatic” RCT into a “functional tear”. This 
study indicates that, in cases of massive RCT 
with no subscapularis tear test, long-term results 
of partial repair of the posterior cuff with covering 
of the infraspinatus footprint showed improved 
outcome scores. In addition, AHD increased min-

imally and was stable at final follow-up. These 
results are superior to those of arthroscopic 
debridement alone in active patients. The ideal 
patient for partial repair of the cuff has good cuff 
balancing without signs of complete disruption 
of the posterior cuff (automatic internal recall), 
with no drop-arm or Hornblower sign, and with 
good function of the subscapularis. Postoperative 
outcomes of this investigation are comparable 
with those of the available literature. In a study 
on 24 patients with massive rotator cuff tear 
undergoing partial repair, Duralde et al. reported 
that 67% of patients showed good to excellent 
results at ASES score and 92% of patients were 
subjectively satisfied after this surgery [17].

Berth et al. reported good or satisfactory out-
comes after partial rotator cuff repair, and regard-
less of the high rates of structural failure, the 
results of arthroscopic partial rotator cuff repair 
showed slightly better functional outcome than 
debridement [29]. In a study by Franceschi et al., 
patients with massive rotator cuff tear 
received  either debridement or a partial repair. 
Postoperatively, both groups demonstrated highly 
significant improvements compared with preop-
erative values, and all scores in the partial repair 
group were superior to the outcome of the 
 debridement group. These differences may be due 
to the ability of the partial repair to restore the 
functional anatomy of the shoulder, allowing a 
near-to-normal arc of movement, strength, and 

a

b

Fig. 13.2 (a) Massive superior and posterior RCT in a 
right shoulder observed with the scope through the lateral 
portal. A lateral anchor is placed on the greater tuberosity 
and is used after a margin convergence. (b) Same shoulder 
after that two latero-lateral nonabsorbable sutures are 
passed (margin convergence technique)

Fig. 13.3 X-ray in AP view of a right shoulder in a 
67-year-old male patient with a degenerative massive 
rotator cuff tear. The measured AHD in this case in less 
than 6 mm indicating a not completely reparable RCT
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function [30]. Kim et al. in a recent report com-
paring pre- to postoperative results in a case series 
of 27 patients undergoing partial repair showed 
that all shoulder scores (simple shoulder test, 
Constant, and UCLA) had a significant improve-
ment [31]. Arrigoni et al., recently, also showed 
similar clinical results in their case series [32].

In a cadaver laboratory study, Lee et al. [33] 
confirmed that if complete repair of massive cuff 
tear is not possible, posterior cuff (infraspinatus) 
repair is necessary to restore abnormal glenohu-
meral kinematics, and margin convergence anteri-
orly is recommended to decrease gap formation of 
the repaired tendon edge, which may provide a 
better biomechanical environment for healing. In 
2012 Burkhart et al. demonstrated that repair of 
massive rotator cuff tears with advanced mobili-
zation techniques can lead to reversal of preopera-
tive pseudoparalysis in 90% of patients who have 
not had previous surgery. In these patients func-
tional improvement can be obtained with a low 
rate of complications. However, in the setting of a 
revision and pseudoparalysis, only 43% of 
patients regained FF above 90° [34].

13.5  Debridement and LHB 
Tenotomy/Tenodesis

When partial repair is not possible because of the 
size, retraction, or fatty infiltration of the cuff, 
one can perform other palliative treatments for 
RCTs such as arthroscopic debridement or 
tenotomy/tenodesis of the LHB [35, 36]. There 
exists some strong evidence that the satisfactory 
results with debridement deteriorate during long-
term follow-up [37]. For instance, Zvijac et  al. 
[38] found a significant decrease in pain 
assessment and shoulder function at 3–6 years’ 
follow-up in patients treated with arthroscopic 
subacromial decompression for irreparable 
RCT.  Lee et  al. [39] reported on 32 patients 
treated with arthroscopic decompression and 
tuberoplasty showing significant improvement in 
postoperative Constant and UCLA shoulder 
scores. The advantages of arthroscopic 
subacromial decompression and rotator cuff 
debridement include a short operative time, an 

accelerated rehabilitation program, and lower 
reported complication rates compared with the 
more extensive reconstructive procedures [37].

Lesions of the biceps tendon are frequently 
associated with RCT and have been identified as a 
source of persistent pain that can resolve with 
spontaneous rupture. This has led to the introduc-
tion of biceps tenotomy as a treatment option for 
patients with massive and/or irreparable RCTs. So 
far, discussions concerning this procedure have 
noted longevity of pain relief and a possible pro-
gression of arthritic changes in the glenohumeral 
joint. In addition, function of the biceps tendon in 
terms of generating elbow flexion strength is often 
a concern for patients who are presented with the 
option of cutting the LHB. After spontaneous rup-
ture, loss of elbow flexion strength is found to be 
up to 16%. Arthroscopic biceps tenotomy in the 
treatment of RCTs in selected patients yields 
good objective improvement and a high degree of 
patient satisfaction. Despite these improvements, 
arthroscopic tenotomy or tenodesis can increase 
superior translation of the humeral head during 
active abduction of the shoulder in the scapular 
plane [40] and does not appear to alter the pro-
gressive radiographic changes that occur with 
long-standing RCT [41]. Walch et al. [42] reported 
the long-term results of 307 biceps tenotomies, 
110 of which were performed with a concomitant 
acromioplasty, as palliative treatment for RCTs. 
At a mean of 57 months postoperatively, 87% of 
the patients were satisfied or very satisfied, and 
the mean Constant score had improved to 67.6 
points, compared with 48 points preoperatively. 
As expected, active external rotation was not 
improved after the surgery.

Boileau et al. [43] evaluated the clinical and 
radiographic outcomes of isolated arthroscopic 
biceps tenotomy or tenodesis as treatment for 
irreparable RCT associated with a biceps lesion. 
They found a significant decrease in AHD by 
1.1 mm, but only one patient progressed to a full 
RCT arthropathy, and they concluded that 
pseudoparalysis of the shoulder and severe 
rotator cuff arthropathy are contraindications to 
this procedure. Klinger et al. [44] compared the 
results of arthroscopic debridement in massive, 
irreparable RCTs with and without tenotomy of 
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the LHB in 41 cases. They concluded that 
additional LHB tenotomy did not significantly 
influence the postoperative results at the latest 
follow-up, and they did not note significant 
humeral head migration or developing rotator 
cuff arthropathy after surgery. Recently, Su et al. 
[45] in a cadaveric study investigated the 
biomechanical effects of posterosuperior RCT 
size and loading the LHB tendon in the presence 
of various sized RCTs. They showed that if the 
inferior infraspinatus remained intact, there was 
no significant difference in glenohumeral 
translation for any different load studied. Once 
the supraspinatus and the entire infraspinatus 
were released, 50 N of load led to significantly 
increased translation in both directions: superior 
and anterosuperior. For intact specimens and for 
all sizes of RCTs, biceps loading led to a 
significant decrease in glenohumeral translation.

We postulate that these biomechanical data 
can justify the preventive role of partial repair on 
CTA development in cases of a good functional 
repair of the infraspinatus tendon on the original 
footprint, as recently demonstrated [46]. The 
good results of infraspinatus tendon repair can 
be indirectly shown by maintenance of the AHD 
at long-term follow-up for the well-known 
decrease in AHD with widening of the size of the 
cuff tear [28].

Some authors proposed the use of biodegrad-
able spacer in case of massive irreparable RCT 
[47]. This spacer can be utilized alone or associ-
ated with a partial rotator cuff repair. The ratio-
nale using this device is to create a space between 
the acromion and humeral head by lowering and 
recentring the humeral head itself. In this manner 
the remaining rotator cuff can work in a better 
angle so to improve shoulder function.

13.6  Augmentation

All open and arthroscopic techniques have their 
limitations in treating this problem, and a number 
of different treatment options depending on 
patient age, activity level, and degree of disability 
have been proposed. The biceps tendon 
interposition technique for massive RCT offers a 

possible improvement in clinical outcomes and is 
comparable to that of conventional repair. In 
addition, the augmentation technique using the 
biceps as a potential graft for RCT is particularly 
useful in bridging the gap in immobile massive 
RCTs with posterior defects and retraction. In an 
effort to augment the deficient rotator cuff tissue 
while maintaining the anatomic integrity of the 
shoulder, some surgeons are incorporating 
biologic tissue scaffolds into the cuff deficiency 
[48–51].

Graft augmentation provides stability for torn 
tendons and increases the rate of healing. Tissue 
autografts and tendon transfers are subject to 
donor-site morbidity. Tendon augmentation 
grafts are derived from allografts, xenografts, or 
synthetic materials. Selection of augmentation 
grafts depends on the tissue of origin, graft 
processing, cross-linking of the material, surgeon 
experience, and physical properties of the tissue.

Augmentation grafts can provide strength by 
acting as conductive scaffolding for tissue 
ingrowth and provide a collagen reservoir for 
fibroblasts. Compared to tendon alone, augmenta-
tion grafts provide higher resistance to failure and 
minimize stress shielding [52]. Biomechanically, 
the stress-strain curve of each augmentation graft 
varies, depending on its origin and production 
process [53]. Further variation depends on the 
surgical method (e.g. whether the graft is interpo-
sitional or an on-lay device). Augmentation grafts 
increase stiffness [54] with strength approaching 
that of native tendons [55]. Some loss of mechani-
cal properties is expected, as the augmentation 
graft integrates and remodels with the native tis-
sue. One concern with using allografts or xeno-
grafts is the host-tissue morphological response. 
Cellular response depends on both the origin of 
the graft and the processing techniques and the 
host-tissue medium. Enhancing mechanical prop-
erties through over-chemical cross-linking may 
result in a foreign body response by the host tis-
sue. Therefore, a balance of the biomechanical 
and biocompatibility properties of the grafts is 
needed. Chemical and physical properties of syn-
thetic grafts can be controlled, but the trade-off is 
a lack of biocompatibility, which is usually being 
nonabsorbable by the tissue. A high rate of 
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immune and inflammatory response has been 
reported [56]. A porcine submucosa subintestinal 
graft named Restore (DePuy, USA) was found to 
increase pain and lead to poorer tendon healing. 
Its clinical outcome was in contrast to the out-
come of many preclinical animal studies. This 
suggests that Restore may not be suitable for 
human rotator cuff repair [57]. GraftJacket 
(Wright Medical Group, USA) is derived from 
human dermis and has been studied as interposi-
tional graft in case of massive and not reparable 
RCT (Fig.  13.4). An improvement in UCLA 
shoulder scores at the 2-year follow-up has been 
demonstrated. Furthermore, magnetic resonance 
imaging demonstrated tissue incorporation into 
the graft [58].

Augmentation grafts can deliver cells and bio-
active molecules. Repairing the supraspinatus of 
rabbits with mesenchymal stem cell-impregnated 
alginate beads enabled production of more well- 
organized tendon fibres and a higher ultimate 
failure load after 12 weeks [59]. Augmenting the 
infraspinatus of sheep with bovine type I colla-
gen containing rhPDG-BB improved biomechan-
ical strength and anatomic appearance, compared 
to controls [60]. Using a platelet-rich fibrin 
matrix suture construct in patients with rotator 
cuff tears enabled a lower retear rate (despite not 
being clinically significant) [61].

Mori et  al. compared the arthroscopic patch 
graft procedure and partial repair for irreparable 

large or massive rotator cuff tears (RCTs) in 
shoulders with low-grade fatty degeneration of 
the infraspinatus (stage 1 or 2 according to 
Goutallier et  al.) in terms of the functional and 
structural outcomes. The patch graft procedure 
showed an 8.3% retear rate for the repaired ISP 
with both improved clinical scores and recovery 
of muscle strength, whereas the partial repair had 
a retear rate of 41.7% [62].

13.7  Tendon Transfer

Tendon transfers of the latissimus dorsi [63–65], 
pectoralis major [66], and the pectoralis minor 
[67] have also been described to improve pain 
and function, usually in young and active patients 
with irreparable RCTs [68, 69]. Patients without 
glenohumeral arthritis but with marked weak-
ness and pain in the setting of a massive, irrepa-
rable rotator cuff tear can benefit from a tendon 
transfer [70].

Latissimus dorsi transfer to reconstruct a mas-
sive posterosuperior rotator cuff tear was origi-
nally developed by Gerber et  al. [71]. Patients 
with functional impairment who may also have 
loss of external rotation strength can be consid-
ered for this procedure if they do not have pseu-
doparalysis. The transferred latissimus dorsi was 
postulated to act as an effective depressor in 
restricting cranial migration of the humeral head. 
However, postoperative radiographs showed 
minimal or no depression, especially in the 
neutral or externally rotated position. With 
internal rotation, 9 of 14 treated patients showed 
slightly improved positioning of the humeral 
head in relation to the glenoid [68, 69]. Iannotti 
et  al. [72] found that preoperative shoulder 
function and general strength influence the 
outcome after latissimus dorsi transfer. In their 
study of 14 patients undergoing latissimus dorsi 
transfer for massive rotator cuff tear, women with 
poor shoulder function had a greater probability 
of a poor result. The investigators reported that 
the most significant predictors of outcome were 
preoperative active range of motion and strength 
in forward flexion and external rotation. The 
transfer does not overcome pseudoparalysis.

Fig. 13.4 Right shoulder observed through a lateral por-
tal. A graft jacket patch is used to bridge the cuff defect in 
this massive RCT (Courtesy by SJ Snyder MD)
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Recently a systematic review of the literature 
was performed via a search of electronic data-
bases. Ten studies that fulfilled all inclusion and 
exclusion criteria were included. The frequency-
weighted mean age was 58.7 years. Patients were 
followed for a frequency-weighted mean of 
45.5 months (range, 24–126 months). Patients had 
a frequency-weighted mean adjusted Constant 
score of 45.9 preoperatively compared with 73.2 
postoperatively (p  <  0.001). The frequency-
weighted mean active forward elevation improved 
from 101.9° preoperatively to 137.4° postopera-
tively (p  <  0.001), and the frequency-weighted 
mean active external rotation improved from 16.8° 
to 26.7° (p < 0.001). Subscapularis muscle insuf-
ficiency, advanced teres minor muscle atrophy, 
and the need for revision surgery were correlated 
with poor functional outcomes in some studies 
[73]. Recently transfer of the latissimus dorsi ten-
don has been reported to yield good-to-excellent 
long-term results in well-selected patients, with 
substantial and durable improvements in shoulder 
function and pain relief. Shoulders with fatty infil-
tration of the teres minor muscle and insuffi-
ciency of the subscapularis muscle tended to 
have inferior results, as did those with a large 
critical shoulder angle [71]. It remains unclear 
whether the clinical results of this technique are 
achieved either by active muscle contractions or 
by a passive tenodesis effect of the transfer. 
Henseler et al. evaluated the muscle activity with 
surface electromyography (EMG) and the clini-
cal outcome of the latissimus dorsi transfer in 
selected patients. They demonstrated that latissi-
mus dorsi has synergistic muscle activity after 
transfer. Apart from a tenodesis effect, directional 
muscle activity seems relevant for improved clin-
ical outcome and pain relief. A specific gain was 
observed for external rotation in elevated arm 
positions, a motion essential for daily living 
tasks. The transfer remained active in all cases, as 
reflected by increased latissimus dorsi EMG 
activity and shifted from preoperative antagonis-
tic co-activation in adduction to synergistic acti-
vation in abduction [74, 75]. In conclusion a 
majority of authors found less favourable results 
for revision cases besides detachment and/or atro-
phy of the anterior deltoid which seemed to be a 

major risk factor for postoperative lower results, 
whereas less aggressive previous surgery like 
arthroscopic debridement, acromioplasty, or LHB 
tenotomy might be more favourable. Those results 
may suggest that preserving deltoid muscle is 
important for success in a LD tendon transfer sur-
gery [76–78]. A thorough examination of the lit-
erature on LD tendon transfer for irreparable 
posterosuperior tears and our own clinical experi-
ence showed that with correct indications this sur-
gical procedure gives significant improvement in 
terms of pain, active elevation, active external 
rotation, and function of the shoulder. Strength is 
usually improved but not always in a statistically 
significant manner. LD tendon transfer does not 
seem to stop osteoarthritis progression or superior 
humeral head migration although those two issues 
have had no influence on postoperative subjective 
and objective results of the procedure so far. EMG 
analysis of the LD muscle after the transfer shows 
muscle activity mostly in active external rotation 
suggesting an active effect and not only a tenode-
sis effect to explain the new balance of the shoul-
der. In our opinion, this technique is the only 
solution in non-pseudoparalytic young patients 
who have no osteoarthritis after failure of a previ-
ous treatment for massive posterosuperior cuff 
tears to allow restoration of active external rota-
tion. Recent advances in the technique with assis-
tance of arthroscopy and tubularization are clearly 
a benefit as there are less danger for the deltoid 
muscle and stronger resistance of the transferred 
tendon to traction. Longer follow-up will be 
needed to determinate in which clinical situations 
LD tendon transfer will be the best surgical option 
[79, 80].

13.8  Superior Capsular 
Reconstruction

Mihata et  al. [81] described a novel tech-
nique termed arthroscopic superior capsule recon-
struction (ASCR) to restore stability of the 
glenohumeral joint after irreparable RCT [81]. 
A patch graft was used to reconstruct the  superior 
capsule of the glenohumeral joint (Fig.  13.5); 
medially the graft is attached to the superior gle-
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noid (Fig. 13.6) and laterally attached to the greater 
tuberosity. The graft demonstrated biomechanical 
evidence to decrease subacromial contact pressures 
[82]. In a clinical study of 24 patients with large or 
massive irreparable RCT, ASES scores improved 
from 23.5 to 92.9 postoperatively, and 84% of 
patients were free from graft tear at a mean of 

34  month follow-up [82], even though Burkhart 
(et  al.) concludes in a recent publication: 
“arthroscopic SCR using dermal allograft provides 
a successful outcome in approximately 70% of 
cases in an initial experience. The preliminary 
results are encouraging in this difficult to manage 
patient population, but precise indications are 
important and graft healing is low in our initial 
experience” [83].

13.9  Conclusion

Irreparable rotator cuff tears can be a challeng-
ing task for the orthopaedic surgeon. Treatment 
depends on patient functional status as well as 
the skill of the surgeon. Tendon transfer has 
become more recently popularized, with lower 
trapezius tendon transfer on the horizon. Salvage 
options for continued pain and decreased func-
tion include reverse total shoulder arthroplasty 
and hemiarthroplasty. Dermal allograft augmen-
tation has shown some promise in small clinical 
and biomechanical series; however, larger long-
term studies need to be done before definitive 
conclusions can be made.
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Glenohumeral Arthropathy 
in Patients with Healthy Rotator 
Cuff
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and Lorenzo Proietti

Sequelae of fractures of the proximal humerus, as 
first described by Neer, represent some of the 
most difficult situations to treat in shoulder 
reconstruction. Historically, a good functional 
result has been difficult to achieve [1].

As a consequence, a complex management 
decision is often due to the frequent bone loss, 
deformity, and periarticular soft tissue damages 
that come along with these types of fractures; 
moreover the affected patients are frequently 
elderly (mean age 75.5  years) with significant 
medical comorbidities. At this age, patients usu-
ally present a severe deficiency of the rotator cuff 
(RC) due to fatty degeneration or muscle atrophy 
[2]. Despite they have been traditionally treated 
with hemiarthroplasty (HA), the use of reverse 
shoulder arthroplasty (RSA) has been recently 
introduced [3].

In the last decade, the use of RSA, initially 
developed to manage massive and irreparable RC 
tears in old patients with or without glenohu-
meral arthritis and failed hemiarthroplasty, has 
been extended to trauma (acute proximal humeral 
fractures and management of fracture sequelae).

Patients who develop nonunion or malunion 
typically report pain, stiffness, and disability 
associated with shoulder dysfunction. The deci-

sion to perform unconstrained arthroplasty (hemi-
arthroplasty, total shoulder arthroplasty) is 
dependent on the degree of osteopenia, the viabil-
ity of the humeral head, tuberosity integrity, and 
the functional status of the rotator cuff [4]. Total 
shoulder replacement is considered in the setting 
of concomitant glenohumeral arthritis with a 
functional rotator cuff. RSA is a treatment option 
in proximal humerus, nonunion or malunion with 
humeral head collapse, and/or a nonfunctioning 
RC [5]. However, experience with treating proxi-
mal humerus fracture sequelae with reverse total 
shoulder arthroplasty is limited, and its benefit 
has not been clearly established yet.

Because of the lack of a precedent valid clas-
sification, in 2006 Boileau et al. proposed a new 
classification for late sequelae of proximal 
humeral fractures [6]. They have classified these 
fracture sequelae in two categories and four 
types.

Fracture sequelae of Category I are related to 
intracapsular impacted fracture: usually there is 
no important distortion between tuberosities and 
humeral head. In this Category I, there are 
impacted fractures with humeral head collapse or 
necrosis (type 1) and locked dislocations or frac-
ture-dislocations (type 2).

Fracture sequelae of Category II are related to 
extracapsular dis-impacted fracture with gross 
distortion between the tuberosities and the 
humeral head. In this Category II, there are 
 nonunions of the surgical neck (type 3) and 
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severe tuberosity malunions or nonunions (type 
4) (Fig. 14.1).

About surgical indication, in the same paper 
the author proposed different treatments for every 
type of sequelae. Fundamental criteria to take into 
consideration are (1) distortion of the proximal 
humeral anatomy, (2) tuberosity-diaphysis conti-
nuity, (3) potential need of a greater tuberosity 
osteotomy, and (4) quality of bone stock, status of 
the rotator cuff, and muscle trophicity. In case of 
moderate distortion of the anatomy and tuberos-
ity-diaphysis continuity (types 1 and 2 sequelae), 
non-constrained shoulder prosthesis can be 
 performed without greater tuberosity osteotomy, 
with good functional results expected. The pros-
thesis and technique should be modified to 
 accommodate the distorted anatomy. If the rotator 
cuff has been involved with muscle atrophy, a 

RSA can be discussed in older patients. If there 
is  tuberosity-diaphysis discontinuity (type 3 
sequelae) and/or a severe distortion of the anat-
omy (type 4 sequelae), a greater tuberosity oste-
otomy is needed, with predictably poor functional 
results with a non-constrained shoulder replace-
ment. Therefore, for type 3 sequelae, intramedul-
lary bone graft with osteosynthesis can also be 
performed. Fracture prosthesis can also be 
 indicated if the head cavitation is severe or if there 
is severe osteoarthritis. A reverse prosthesis is rec-
ommended for type 4 sequelae.

Results of shoulder arthroplasties (NCA) for 
old trauma are much less favourable than those of 
primary osteoarthritis or hemiarthroplasties per-
formed for acute fractures. On the basis of a lit-
erature review, satisfactory results may be 

Intra-capsular,
impacted

fracture sequelae

Cephalic collapse or
necrosis

Surgical neck
nonunions

Severe tuberosity
malunions

Locked dislocation or
fracture-dislocations

Type 1 Type 2

Type 3 Type 4

No greater tuberosity
osteotomy

Good and predictable
results

Extra-capsular,
disimpacted

fracture sequelae

Tuberosity
osteotomy

Poor and unpredictable
results

Fig. 14.1 Surgical classification of late sequelae of proximal humeral fractures described by Boileau in 2006 [6]
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expected in 15–72% of the cases, with pain relief 
in more than 85% [7].

Poor results have been reported in 33–50% of 
patients with sequelae of the proximal humerus 
treated by hemiarthroplasty or total shoulder 
arthroplasty.

However, the use of RSA may be a better option 
than hemiarthroplasty for fracture sequelae given 
the trend towards a significantly better total 
Constant score and a significantly lower number of 
complications requiring revision of prosthesis [3].

Greater tuberosity osteotomy was the most 
important reason for poor and unpredictable 
results because of the high incidence of tuberos-
ity nonunion or resorption. It is clear that RSA 
can improve range of movement and function fol-
lowing proximal humerus fracture sequelae. 
However, there is a risk of significant complica-
tions including dislocation (16.7%), infection 
(6.7%), intraoperative fracture (3%), and neuro-
logical injury (2.6%) [8].

Dislocation is widely considered the most 
important complication in this type of surgery: 
there are several factors that increase the risk for 
postoperative dislocation. The amount of soft tis-
sues released and needed to implant the prosthesis 
is very important. In some cases there are pauci-
ties of tendons such as the subscapularis or infra-
spinatus and bone loss of the glenoid or proximal 
humerus: this makes the procedure more compli-
cated because in these cases an allograft might be 
needed and the correct position and appropriate 
height of the prosthesis is difficult of calculate. 
This can result in poor muscular control and insta-
bility of the prosthesis [9].

Further additional issue in the sequelae setting 
is the biologic environment for bone healing. In 
the setting of secondary RSA for failed hemiar-
throplasty, nonoperative treatment, or ORIF, the 
greater tuberosity is often malunited, non-united, 
and/or migrated or has undergone resorption 
making reduction and repair difficult or even 
impossible. Recent studies have also shown how 
RSA, hemiarthroplasty, and anatomic shoulder 
arthroplasty performed with unsatisfactory 
reduction or a malunion of the greater tuberosity 
leads to poor results [10, 11]. While both acute 

and secondary RSA for the treatment of proximal 
humerus fractures can yield successful clinical 
outcomes, acute RSA results in improved exter-
nal rotation motion and decreased rate of compli-
cations in regard to scapular notching. The 
improved external rotation is likely related to the 
easiness of reducing and repairing the greater 
tuberosity when RSA is performed in the acute 
setting.

Comparing HA to RSA in the sequelae setting 
scenario, Kilic et  al. [12] in 2010 reviewed the 
results of 55 patients with secondary fracture 
prostheses due to sequelae of fractures of the 
humeral head, 36 cases with unconstrained 
arthroplasty (NCA), and 19 with a RSA.  In the 
NCA group, 32 had type 1 or 2 sequelae and 4 a 
type 3 or 4. In the RSA group, 2 patients had type 
1 or 2 sequelae and 17 a type 3 or 4. After NCA 
the mean Constant scores improved from 19 to 
68 points for fracture sequelae types 1 and 2 and 
from 9 to 47.5 points after RSA for fracture 
sequelae types 3 and 4. The authors confirmed 
the results and indications proposed by Boileau 
and Neyton. In fracture sequelae types 1 and 2, 
the NCA is the best choice; however, in fracture 
sequelae types 3 and 4 with severe deformities, 
the RSA is clearly superior to NCA.

Alentorn-Geli et  al. [3] in their paper pub-
lished in 2014 reported no significant differences 
in any of the preoperative parameters of the 
Constant score between the HA and RSA groups 
but a significantly different number of postopera-
tive complications and reoperations between the 
two groups: in fact, while there were no compli-
cations in the RSA group requiring further sur-
gery, in their cases there were three complications 
in the HA which required revision of the HA.

In conclusion despite the limitations and com-
plications reported in literature, RSA seems to 
improve range of movement and functional 
 outcome following proximal humerus fracture 
sequelae compared to unconstrained arthroplasty 
and also seems the best surgical treatment in 
patients with healthy rotator cuff. With this tech-
nique, it is possible to reduce the worsening 
effects of tuberosity malunions or nonunions suc-
ceeding cuff deficiency.

14 Glenohumeral Arthropathy in Patients with Healthy Rotator Cuff
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Proximal Humerus Neoplasia: 
Revision of the Literature

Silvana De Giorgi, Francesco Maruccia, 
Vito Belviso, and Biagio Moretti

The shoulder girdle, consisting of the proximal 
humerus, scapula, 1/3 lateral clavicle, and the 
surrounding soft tissue, is the third most common 
site of predilection for bone tumors [1]. In the 
shoulder girdle, the proximal humerus is the most 
common site, followed in descending order by 
scapula and clavicle.

15.1  Benign Humeral Neoplasms

The classification of bone tumors follows the his-
tological findings. Benign bone tumors are oste-
oid osteoma which classically presents with night 
pain that disappears with salicylates. It is gener-
ally located in the cortical bone of diaphysis [2].

Osteoid osteoma generally occurs between 5 
and 25 years old. In the upper limb, the elbow is 
generally interested. If the humerus is affected, 
the distal third of the bone is generally interested. 
Radiologically it presents with a radiotransparent 
nidus surrounded by a sclerotic ridge of bone. 
Osteoid osteoma requires a symptomatological 
therapy, but it often spontaneously regresses.

Tumors resulting from cartilaginous tissue are 
called chondroid osteoma or osteocartilaginous 

exostosis if benign and chondrosarcoma if 
malign.

Chondroid osteoma is the most frequent 
benign lesion. Generally it affects the knee, but 
it can be observed in the proximal humeral 
epiphysis, too. Radiologically a peduncle can be 
observed. If it is a single lesion, the chance to a 
malign conversion is less than 1%. A CT scan or 
an IRM may be fundamental for defining the 
features and dimensions of the cartilaginous 
coats [3].

Enchondroma is a lesion formed by well-dif-
ferentiated cartilage, which affects the proximal 
humeral epiphysis in 7% of cases. It is often 
asymptomatic and, generally, it is casually diag-
nosed. In long bones it generally affects the 
metaphysis with calcific spots [4].

Chondroblastoma in contrast with enchon-
droma is a benign lesion of immature cartilagi-
nous cells which generally affects the epiphysis 
of long bones in a not-mature skeleton. The most 
involved area is the distal femur and the proximal 
tibia but also the proximal epiphysis of the femur. 
It is a rare lesion and represents <1% of bone 
tumors. At the X-rays, it appears as a lytic lesion 
with sharp and well-defined sclerotic edges. 
Microscopically, chondroblasts are fused with 
thin calcific deposits [5].

Non-osseous fibroma is the commonest fibrous 
tumor, but it rarely involves the proximal 
humerus. The commonest area is the humeral 
shaft in young subjects with not-fused physis. 
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Similarly, fibrous dysplasia in the humeral 
diaphysis is very rare, but it is more common in 
the tibia or femur.

In the proximal humerus, a solitary bone 
cyst is very common. It is generally observed 
between 3 and 14  years old, with a double 
involvement of male sex [6]. The cyst is filled 
with liquid. Generally, there are no particular 
symptoms, but a certain deformity of the bone 
profile can appear. At the X-rays, a radiotrans-
parent area with a thin profile can be observed. 
If diagnosed in a mature bone, the solitary bone 
cyst can remain inside the physis of the bone. 
This lesion has to be differentiated from the 
fibrous dysplasia and aneurysmal bone cyst. 
The latter is multilobated, filled with blood, and 
locally destruent. It rearly interests the humerus 
and generally appears in the tibia, femur, or 
spine in the second decade of life. Solitary bone 
cysts (SBC) are benign, tumorlike lesions, 
which most frequently occur in the proximal 
metaphyseal-diaphyseal region of the humerus 
and femur of children and adolescents [7]. The 
lack of a clear pathoetiology has impeded the 
development of treatment strategies. Up to date, 
there is no consensus or official guideline for 
when and how to treat SBC [8]. Different tech-
niques have been used dependent of the site of 
lesion, dimension, medical history, and activity 
status. Steroid injection remains a reliable 
method for treating solitary bone cysts owing to 
its low invasiveness [8]. To prevent fractures 
and allow a full weight bearing, internal fixa-
tion in combination with methylprednisolone 
acetate injections seems to be the most favor-
able in weight bearing bones [9]. Traub et  al. 
reported no significant difference between the 
treatment groups with respect to secondary 
fractures, function, pain, or complications. In 
the individual groups, the failure rate after ini-
tial treatment was 36.6% with steroids, 50% 
with intramedullary nailing, 21.4% with intra-
medullary nailing plus steroids, and none in the 
remaining group [8].

15.2  Malign Humeral Tumors

Primitive malignant bone tumors are rare, while 
metastasis is much more frequent.

Bone tumors are classified by the following:

• Clinical features
• Histology
• Genetics
• Diagnosis
• Therapy
• Prognosis

The most used classification is the histologi-
cal one, proposed by Schajowicz in 1972, which 
divides the tumors following the biological fea-
tures (benign, low and high degree of malig-
nity) and the histological one (fibrous and 
histiocytic, cartilaginous, bone, vascular, ner-
vous, hemopoietic, epithelial, embryonal deriv-
ing from the notochord). Low-grade malignant 
neoplasms do not have a rapid growth, but it is 
more accelerated than benign lesions. They are 
classified as grade 1 or 2 following the histo-
logical classification by Broder. They can 
acquire a more aggressive behavior with time, 
thus becoming high malignant tumors, grade 3 
or 4  in Broder’s classification. In these cases 
the tumor has a very rapid growth and a sprout-
ing development. It is really fundamental to 
study and well define a neoplasm. The most 
used system was proposed by Enneking in 
1980. Its aim is to describe a bone lesion, fol-
lowing its extension and the natural frontiers it 
has to pass during its growth. The invasion of 
the cortical bone, the articular cartilage, fascia 
and tendons, the capsule, interstitial and fat tis-
sues, and nervous and vascular structures has to 
be well described. In this classification three 
parameters are considered:

 1. G: histological grade
 2. T: local anatomical extension
 3. M: presence of metastasis

S. De Giorgi et al.
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The commonest primitive bone malign tumor 
is the plasmacytoma, but it is a bone marrow dis-
ease which affects the whole skeleton. Therefore, 
the commonest bone malign tumors are osteosar-
coma, Ewing’s sarcoma, and chondrosarcoma.

Sarcomas are classified according to:

Stage I (low grade of malignity): G1, M0
Stage II (high grade of malignity): G2, M0
Stage III (with metastasis): all kind of G, M1

Tumors can also be divided in A and B consid-
ering if it is intracompartmental (T1) or extra-
compartmental (T2).

Classical osteosarcoma is one of the most 
common primary malignant bone tumors in chil-
dren and adolescents [10]. It more frequently 
occurs in the area of the highest growth plate pro-
liferation: limb long bones particularly in the dis-
tal femur (30%), proximal tibia (15%), and 
proximal humerus (15%). In the long bones, the 
tumor is located usually in the metaphysis (90%), 
less frequently in the diaphysis (9%), and very 
rarely in the epiphysis. Osteosarcomas arising in 
the proximal femur, humerus, and tibia appear to 
have poorer outcomes than those arising in distal 
long bones [11]. However, the strength of this 
association is uncertain, particularly in light of 
other prognostic factors. Osteosarcoma is a malig-
nant tumor formed by mesenchymal cells produc-
ing not-mature bone and osteoid matrix. It can be 
distinguished in classic- high degree, periosteal, 
and intramedullary low degree. Classic osteosar-
coma is very rare. Its incidence is of two to three 
cases/million each year. The most involved areas 
are distal femur, humerus, and proximal tibia. It is 
related to the more rapid growing area. Generally 
at the diagnosis, the tumor is at IIB stage; only in 
5% of cases, it is IIA stage.

X-ray is fundamental for diagnosis. The neo-
plasm initially is inside the bone canal, and then 
it reaches the cortical bones and surrounding soft 
tissues. The lesion can appear in a dense way or 
in a transparent one, while invasion of soft tissue 

is characterized by irregular radiodensity areas. 
Therapy is based on neoadjuvant chemotherapy, 
surgical exeresis, and adjuvant chemotherapy. 
The periosteal form rarely interests the humerus, 
while it is more frequently diagnosed in the fem-
oral or tibial diaphysis. Parosteal sarcoma inter-
ests the metaphysis area of long bones, producing 
anaplastic dense bone. A typical area is the poste-
rior side of the distal femur but also the humerus 
can be involved. On the X-rays a dense lobulated 
mass can appear, with a wide base of implant 
near to the cortical bone [12].

Ewing’s sarcoma is one of the most common 
primary bone tumors of childhood. The tumor is 
almost always metaphyseal or diaphyseal, within 
long bones. In children, lesions of the epiphysis 
are often benign, with the most common diagnosis 
being chondroblastoma. Rarely, 1–2% of Ewing’s 
sarcomas may involve epiphysis [13]. Therefore, 
the diagnosis should be considered for pediatric 
epiphyseal lesions. It has been genetically corre-
lated to the peripheral neuroectodermal tumor and 
to Askin’s tumor. It is formed by small and round 
cells with a low grade of differentiation. Its growth 
is fast and aggressive, and it can easily cause pul-
monary, bone, or lymph nodal metastasis. It can 
affect the whole skeleton between 5 and 25 years 
old. In long bones, the diaphysis is often inter-
ested. Pain, swelling, and fever can be present. At 
the X-rays, it appears as an osteolytic lesion with a 
periosteal reaction. Patients are treated with sys-
temic chemotherapy and eventually surgery or 
pharmacotherapy. There are no studies showing 
the superiority of each choice, so far.

Chondrosarcoma is a lesion producing carti-
lage with a mesenchymal origin. There are differ-
ent subgroups:

• Peripheral chondrosarcomas: they start from 
the bone surface.

• Central chondrosarcomas: they are in the mar-
row canal.

• Extraosseous chondrosarcomas: they appear 
in soft tissues.

15 Proximal Humerus Neoplasia: Revision of the Literature
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Central chondrosarcoma is generally located 
in the proximal part of the femur and pelvis, even 
if humeral cases are described. Males are 
generally interested between 20 and 50 years old. 
The lesion derives from exostosis with a 
malignant evolution. At the X-rays a wide 
cartilaginous coat often appears, suggesting the 
high malignant grade. It can rarely form 
metastasis, and surgery is the definitive therapy, 
even if recurrences can later appear.

Central chondrosarcoma generally interests 
adult population (between 30 and 70 years old) 
and is located in the proximal femur, proximal 
humerus, pelvis, and scapula. The main symptom 
is pain. The histological diagnosis is difficult, 
because different grades can be present; thus 
therapy and prognosis could be difficult to 
describe, too. Low malignant forms do not 
generally produce metastasis. The target organ 
for metastasis is the lung, with bone lesions that 
can occur even after several years. The therapy of 
the primitive lesion is surgery.

Zheng et al. reported a case with chondrosar-
coma of the proximal humerus secondary to 
Ollier disease with treatment of wide resection of 
the tumor and a prosthetic replacement of the 
proximal humerus. So far an 8-year follow-up 
has been done for the patient, and the patient 
remains well with normal daily living and occu-
pational activities [14].

Between intramedullary sarcomas, malignant 
fibrous histiocytoma generally interests the 
metaphysis of femur, humerus, or tibia. It can 
involve all ages, but not childhood. It is an 
osteolytic tumor, which generally does not have 
specific symptoms; therefore the diagnosis can 
be often made after a pathological fracture.

15.3  Treatment of Proximal 
Humerus Tumors

The treatment of malignant or invasive benign 
bone tumors of the shoulder girdle is a great 
challenge to orthopedic oncologists. As a result, 
before the 1970s, the forequarter amputation and 
shoulder disarticulation were the main treatment 
for malignant bone tumors of the shoulder girdle. 

With better understanding of the biological 
behavior of musculoskeletal tumors, application 
of effective adjuvant therapy, and the development 
of bone defect reconstruction, 80–90% of 
malignant tumors of the shoulder girdle can be 
safely resected through some limb-salvage 
procedures.

It is really important to describe the extension 
of the tumor mass and the behavior of the 
surrounding soft tissues. In massive lesions a 
resection of the whole humeral head is 
recommended with a later chemotherapy. During 
surgery, the features of rotator cuff and axillary 
nerve must be observed.

In this area, the most frequent neoplasia is a 
metastatic lesion. If the surgical neck of the 
humerus or the diaphysis is interested, rush or 
locked nails could be used. They can be inserted 
in a retrograde way (trans-tricipital), or in an 
anterograde way, with a deltopectoral approach.

In the anterograde approach, there is the risk 
of a cuff lesion and, in case of a prospicient nail, 
the risk of an axillary nerve lesion, during this 
approach.

Nails are rigid devices and can support bend-
ing forces, while proximal and distal screws can 
avoid torsion stresses.

This procedure of osteosynthesis can guaran-
tee a high resistance and stability; it is tissue 
sparing with low invasiveness. Plates and screws, 
with PMMA, can be a solid construct after the 
curettage of the tumor. The disadvantage of this 
technique is the risk of fractures above and under 
the plate. To prevent it, an accurate evaluation of 
the tumor extension by an IRM (fast spin-echo 
inversion recovery sequences) is mandatory [15].

Bone tumors of the shoulder girdle can be 
treated mainly with various limb-salvage 
procedures, including prosthetic replacement, 
osteoarticular auto- or allograft, devitalization 
and replantation, and the Tikhoff-Linberg 
procedure that is safe and reliable. Meticulous 
evaluation and planning of the extent of resection 
and mode of reconstruction are mandatory. Local 
tumor control, stable and painless shoulder 
reconstruction, and good function of elbow and 
hand can be achieved in the majority of patients.

S. De Giorgi et al.
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The treatment of proximal humerus tumors 
with reverse shoulder arthroplasty with allograft 
augmentation is still controversial. A tumor 
prosthesis represents a proven solution for such 
osseous defects [16]. Functionally satisfying 
results and a stable shoulder can be achieved by 
reverse shoulder arthroplasty without the need 
for an allograft. An intact abductor mechanism 
with a shorter resection humerus length produced 
good results. The treatment of malignant 
proximal humerus tumors with RSTP is an 
alternative that minimizes surgery time and 
complexity.

Reverse shoulder arthroplasty (RSA) provides 
an alternative for shoulder girdle reconstruction 
after wide transarticular resection of the proximal 
humerus for malignant tumors.

Use of RSA after resection of a malignant 
tumor of the proximal humerus seems to be an 
acceptable option to preserve function. However, 
radiographic evolution is worrisome, and long-
term study remains necessary to validate this 
therapeutic option with follow-up [17].

Proximal humerus reconstructions after resec-
tion of tumors are challenging. Early success of 
the reverse shoulder arthroplasty for reconstruc-
tions has recently been reported. The reverse 
allograft-prosthetic composite offers the advan-
tage of improved glenohumeral stability com-
pared with hemiarthroplasty for proximal 
humeral reconstructions as it uses the deltoid for 
stability. Reverse allograft-prosthetic composites 
are a promising option for proximal humeral 
reconstructions, although nonunion of the 
allograft-host bone junction continues to be a 
challenge for this technique [18].

Scapula and proximal humerus are the most 
frequent site of primary bone tumors of upper 
limb. Surgical reconstruction after resection 
aimed to obtain a stable painful limb and active 
motion of the shoulder. Three major key points 
can affect functional results: intra- or extra-artic-
ular resection, ability to offer a strength fixation 
of rotator cuff tendons, and remaining function of 
the deltoid muscle after resection. When most of 
the deltoid muscle is active and there is an intra-
articular resection, recent results of reversed 
prosthesis are very promising in terms of active 

motion. For other cases, conventional or tumor 
prosthesis can be proposed, but failure of rotator 
cuff tendons fixation on a prosthesis leads to very 
poor restoration of active motion.

Arthrodesis is an attractive option in this situa-
tion for young patients. In all cases, impairment 
of the shoulder function is the rule after resection, 
complication rate is high, and long-term deterio-
ration of the reconstruction is frequent. Moreover, 
cosmetic results are always poor [19].

Patients with intra-articular resection and 
endoprosthetic replacement of the proximal 
humerus who have a preserved axillary nerve, 
rotator cuff, and deltoid and who chose synthetic 
mesh for reconstruction have better shoulder 
function, greater active shoulder ROM, and more 
joint stability than patients who did not choose to 
have synthetic mesh reconstructions [20]. The 
difference in outcome may be attributable to 
better soft tissue ingrowth in the synthetic mesh, 
patient motivation, surgical technique, or some 
combination of these factors. Therefore, a mesh 
reconstruction for these patients who have a 
preserved glenoid, axillary nerve, deltoid muscle, 
and rotator cuff is routinely used.

The optimal method for reconstructing the 
proximal humerus in patients with tumors is con-
troversial. To determine functional outcomes and 
complication rates after different types of recon-
structions, Potter et  al. reviewed a consecutive 
series of 49 patients who underwent proximal 
humerus resection and osteoarticular allograft (17 
patients), allograft-prosthetic composite (16), or 
endoprosthetic (16) reconstruction [21]. Operative 
indications included primary malignancies (24 
patients), metastatic disease (19), and benign 
aggressive disease (6). Implant revision was more 
common after osteoarticular reconstruction (five 
of 17) than after allograft-prosthetic composite 
(one of 16) or endoprosthetic (zero of 16) recon-
structions. At a minimum follow-up of 24 months 
(median, 98  months; range, 24–214  months) in 
surviving patients, Musculoskeletal Tumor 
Society functional scores averaged 79% for the 
allograft-prosthetic composite, 71% for the osteo-
articular allograft, and 69% for the endoprosthetic 
reconstruction cohorts. Shoulder instability was 
associated with abductor mechanism compromise 
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and was more common after endoprosthetic 
reconstruction. Allograft fractures occurred in 
53% of patients receiving osteoarticular allografts. 
The authors recommend  allograft-prosthetic com-
posite reconstruction for younger patients with 
primary tumors of bone and endoprosthetic recon-
struction for older patients with metastatic dis-
ease. Because of the unacceptable complication 
rate, they do not recommend osteoarticular 
allograft reconstruction for routine use in the 
proximal humerus [21].

Shoulder function is often limited after tumor 
resection and endoprosthetic replacement of the 
proximal humerus. This is partly attributable to 
the inability to reliably reattach rotator cuff 
tendons to the prosthesis and achieve adequate 
shoulder capsule repair with a metallic prosthesis. 
An option to attain these goals is to use synthetic 
mesh for the reconstruction, although the value 
of this method has not been well documented in 
the literature.

Patients with intra-articular resection and 
endoprosthetic replacement of the proximal 
humerus with reconstruction that included 
synthetic mesh had better shoulder function and 
ROM and more stable joints than patients who 
had reconstruction without synthetic mesh [20]. 
This result supports prior observations by others, 
and it remains to be shown whether use of the 
ligament advanced reconstruction system is 
superior to other types of mesh or other types of 
reconstructions. Using mesh should therefore be 
considered for patients with tumor resection and 
endoprosthetic replacement of the proximal 
humerus.

Tumors of the appendicular skeleton com-
monly affect the proximal humerus, but there is 
no consensus regarding the best reconstructive 
technique after proximal humerus resection for 
tumors of the shoulder. Several studies reported 
on reconstruction with prosthesis, osteoarticular 
allografts, and allograft-prosthesis composites.

They observed a higher fracture rate for osteo-
articular allografts, but other specific complica-
tion rates were similar. The authors stated that 
allograft-prosthesis composites and prosthesis 
seem to have similar functional outcome and sur-

vival rates, and both seem to avoid fractures that 
are observed with osteoarticular allografts [22].

A patient with a malignant tumor of the proxi-
mal end of the humerus or glenoid may be treated 
with limb-sparing resection or with amputation. 
Although the oncologic and functional character-
istics of shoulder amputations have been docu-
mented, little has been written comparing 
reconstructive options following limb salvage 
and amputation about the shoulder [23].

Resection of malignant tumors of the proxi-
mal humerus often requires dissection of the 
rotator cuffs and the deltoid muscle. There is no 
consensus on the ideal method for shoulder 
reconstruction. Viehweger et  al. reported the 
functional outcome in a homogeneous series of 
eight patients treated by arthrodesis, using a 
vascularized free fibular flap [24]. All had an 
aggressive tumor of the upper humerus. Tumor 
resection was associated with a rotator cuff and 
deltoid muscle resection, in all patients. All 
patients then underwent shoulder arthrodesis, 
using a free vascularized fibular flap, fixed with a 
plate. The cosmetic outcome was considered 
poor by all patients. Radiographically, bone 
healing was achieved at last follow-up in all 
patients, but there was one case of failed fusion 
between the fibular graft and the scapula, which 
required secondary iliac grafting. Mean fibular 
graft hypertrophy was 32.8% at last follow-up. 
Two reconstruction methods have been described 
for patients, who require tumor resection of the 
upper humerus: reconstruction with preservation 
of glenohumeral joint function and shoulder 
arthrodesis. Many techniques have been described 
for each method. It is however difficult to 
compare the different series reported in the 
literature, because rotator cuff and deltoid muscle 
resection was not systematically performed and 
reconstruction methods varied between patients. 
An analysis of the literature shows that 
preservation of motion of the scapular glenoid 
joint can give good functional results, when the 
rotator cuff and deltoid muscle can be preserved. 
If they cannot, results favor shoulder arthrodesis, 
which provides the patient with very satisfactory 
upper limb function. Use of a vascularized fibular 
flap has provided very good arthrodesis results. 
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The patient must however be informed of the 
probable poor final cosmetic result.

Techniques available for shoulder reconstruc-
tion after resection of a tumor of the proximal 
humerus include scapulohumeral arthrodesis, 
humerus prosthesis with or without an allograft, 
inverted prostheses, and massive allografts.

Resection of the upper portion of the humerus 
should be performed to achieve cancerologically 
satisfactory tumor resection and enable shoulder 
resection, if possible, with preservation of a 
viable and functional abductor system. The 
functional outcome after such reconstruction 
depends on the type of bony resection but also on 
the sacrifice of the rotator cuff and the deltoid 
muscle [25]. In light of their experience and 
results in the literature, the authors advocate, for 
the different reconstructions, the following 
decision-making algorithm after resection of the 
proximal humerus without joint invasion: when 
the resection removes the rotator cuff and the 
deltoid (or the axillary nerve), there are two 
options – scapulohumeral arthrodesis or massive 
humerus prosthesis for patients who do not desire 
a complex therapy with a long postoperative 
period. When the resection preserves the rotator 
cuff and/or the deltoid muscle, reconstruction can 
be achieved with a composite (inverted or not) 
prosthesis with suture of the cuff tendons. The 
authors prefer the inverted composite prosthesis; 
if the deltoid muscle can be preserved but not the 
rotator cuff, the composite inverted prosthesis 
appears to be the most logical solution, but 
scapulohumeral arthrodesis can be proposed in 
selected cases.

Limb salvage following resection of a tumor 
in the proximal part of the humerus poses many 
challenges. Reconstructive options are limited, 
because of the loss of periarticular soft tissue 
stabilizers of the glenohumeral joint, in addition 
to the loss of bone and articular cartilage. Abdeen 
et  al. stated that extra-articular resections were 
associated with lower Musculoskeletal Tumor 
Society scores [26]. All patients had either mild 
or no pain and normal hand function at the time 
of final follow-up. The overall estimated rate of 
survival of the construct, with revision as the end 
point, was 88% at 10 years. There were three 

failures due to progressive prosthetic loosening 
that necessitated removal of the construct. Four 
patients required an additional bone-grafting 
procedure to treat a delayed union of the 
osteosynthesis site. An allograft-prosthesis 
composite used for limb salvage following tumor 
resection in the proximal part of the humerus is a 
durable construct, associated with an acceptable 
complication rate. Deltoid preservation and intra-
articular resection are associated with a greater 
range of shoulder motion and a superior 
functional outcome, respectively.

Getty et al. evaluated the functional outcome 
and the complications of reconstruction with an 
osteoarticular allograft in patients who had intra-
articular resection of the proximal aspect of the 
humerus [27]. At a median of 47 months (range, 
14–130  months) after the operation, 14 of the 
patients in the study group were free of disease, 
and 2 had died of disease. No patient had local 
recurrence or nonunion. Late complications 
included four fractures of the allograft and one 
infection of the graft. A Kaplan-Meier survival 
curve demonstrated a 68% rate of survival of the 
allograft at 5 years. Instability of the glenohumeral 
joint in the form of ptosis and anterior subluxation 
was noted in three patients, and dislocation of the 
glenohumeral joint was seen in eight patients. On 
the basis of the modified Musculoskeletal Tumor 
Society functional evaluation, the mean score at 
the most recent follow-up evaluation (at a mean 
of 34 months) was 70%. This score was lower 
than the mean score of 81% at a mean of 
14 months. All patients had normal manual dex-
terity and had mild or no pain at the most recent 
follow-up evaluation. However, all had restriction 
of recreational activities or partial disability in 
addition to limitations with regard to placement 
of the hand and the ability to lift. Reconstruction 
of the proximal aspect of the humerus with an 
osteoarticular allograft is an option that provides 
good relief of pain and preserves manual 
dexterity. There was an extremely high rate of 
complications, including joint instability, fracture 
of the allograft, and infection of the allograft. The 
authors no longer routinely perform this recon-
struction at their institution [27].
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Humeral Head Nonunion

Stefano Di Fabio and Corrado D’Antimo

16.1  Introduction

Proximal humerus fractures are common inju-
ries, accounting for about 5% of all fractures of 
the appendicular skeleton. The majority of these 
fractures (approximately 85%) occur as the result 
of a low-energy injury and are non-displaced or 
minimally displaced fractures. Such fractures 
heal without surgical intervention, but those that 
progress to nonunion have a negative effect on 
overall glenohumeral function and the ability to 
perform activities of daily living [1–6].

The incidence of nonunion of the proximal 
humerus fracture is quite rare ranging from 
1 to 10%.

A large single-center clinical study performed 
by Court-Brown and McQueen [7] reported a 
nonunion rate of 1.1% in their prospective study 
of patients treated nonsurgically for proximal 
humerus fractures.

Hanson et al. [8] prospectively followed 124 
patients with proximal humerus fractures that 
were managed nonsurgically. At 1-year follow-
up, only 3% required surgery for fracture 
nonunion.

Iyengar et al. [9] performed a meta-analysis of 
12 studies with a total of 650 patients who under-
went non-operative treatment of their proximal 

humerus fracture and found a 2% incidence of 
nonunion (range 0–7%).

The etiology of a proximal humerus nonunion 
is multifactorial. There is an interaction between 
fracture-related issues, the medical conditions, 
and habits of the patients.

Fracture characteristics including translation 
and metaphyseal comminution can increase the 
risk of nonunion.

Several studies have identified two-part surgi-
cal neck fracture as the most common fracture 
pattern associated with fracture nonunion [10–
12] probably due to the disruption of the medial 
soft tissues and blood supply that are important 
for fracture healing.

Court-Brown and McQueen [7] found an 8% 
rate of nonunion in patients with metaphyseal 
comminution and a 10% rate in patients with sur-
gical neck translation between 33 and 100%. It is 
unclear if greater amount of comminution and 
translation increase the risk of nonunion because 
of decreased bone contact area or disruption of 
blood supply.

The authors of the largest prospective review 
of proximal humerus nonunion were not able to 
define predictive criteria for the development of 
nonunion due to the very low incidence of this 
pathology that should require studies with unre-
alistically large number of patients.

Interposed soft tissues between fracture frag-
ments may also represent a crucial factor in non-
union development. Nayak et  al. [13] in their 
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retrospective analysis found that interposed 
structures (especially the long head of biceps) 
blocked healing in 8 of 17 cases of nonunion 
(47%). Duralde et al. [14] reviewed 20 patients 
surgically treated for proximal humerus nonunion 
and found soft tissue interposition in 8 of 12 
cases (67%) initially treated non-operatively.

Inadequate initial immobilization of humerus 
fracture after surgical operation or in patients 
treated conservatively may also compromise the 
bone healing process.

Nutritional deficiencies and metabolic bone 
disease (e.g., diabetes, osteopenia, obesity) are 
recognized as contributors to delayed unions or 
nonunions and should be identified with appro-
priate laboratory markers [10]. Persons who 
smoke are at 5.5 times higher risk than nonsmok-
ers for developing nonunion [8].

16.2  Patient Evaluation

Patients with proximal humerus nonunion typi-
cally report pain, stiffness, and disability associ-
ated with shoulder dysfunction. The pain is 
usually absent or moderate at rest and increases 
during shoulder activities. Physical examination 
usually reveals diminished shoulder range of 
motion due to soft tissue contracture, with or 
without disuse atrophy of the deltoid and 
periscapular muscles. Axillary nerve function 
must be assessed, and electromyography is 
mandatory if neurologic injury is suspected. 
Integrity of rotator cuff should also be evaluated 
with a MRI scan.

Court-Brown and McQueen [7] measured the 
shoulder range of motion of patients following 
proximal humerus fractures that achieved union 
comparing to patients who developed nonunions 
at 6, 13, 26, and 52  weeks. They found that, 
instead of linear increasing of shoulder motion, 
patients with proximal humerus nonunion had 
less mobility with lost motion in all directions 
except external rotation after 26 weeks.

Radiographic evaluation of proximal humerus 
nonunion includes true AP view taken in the 
scapular plane with the shoulder in neutral, 
internal rotation, and external rotation. Outlet 

and axillary radiographs should also be made in 
the radiographic series.

The type of nonunion (e.g., hypertrophic ver-
sus atrophic) should be defined. Radiographically, 
hypertrophic nonunions are characterized by 
hypertrophic and sclerotic bone ends with frac-
ture callus that failed to bridge the fracture site 
having the appearance of an “elephant’s foot,” 
whereas atrophic nonunions appear osteopenic 
with the absence of callus. In general, hypertro-
phic nonunions develop when insufficient 
mechanical stability and/or axial alignment exists 
and the vascularity and biologic environment for 
fracture healing are preserved. With atrophic 
nonunion, vascularity and the biologic environ-
ment are often compromised, which causes an 
inadequate fracture healing response. Lytic or 
mixed lytic and blastic lesions can be signs of 
underlying pathologic or metastatic processes. 
Signs of a sequestrum or involucrum are pathog-
nomonic for infection.

Radiographs also should be evaluated for evi-
dence of osteonecrosis of the humeral head and 
extent of bone loss. Comparison views of the 
contralateral shoulder may be helpful. In case of 
unclear diagnosis of nonunion, a CT scan should 
be performed with two- and three-dimensional 
reconstructions allowing better evaluation of 
tuberosity malunions, head cavitation, intra-artic-
ular extensions, and glenohumeral arthritic 
changes.

Nuclear imaging exams may offer additional 
information by evaluating callus vascularity and 
metabolic activity and presence of acute or 
chronic infection at nonunion sites.

Laboratory analysis in patients affected by 
proximal humerus nonunion can help to deter-
mine the cause of failure and the factors that 
should be corrected to allow bone healing. If 
infection is suspected, preoperative laboratory 
exams should include an erythrocyte sedimenta-
tion rate and C-reactive protein level, which are 
nonspecific markers of systemic inflammatory 
response. A white blood cell count may show leu-
kocytosis with increased percentages of polymor-
phonuclear cells. However the gold standard for 
diagnosing infection is cultures taken from the 
nonunion fracture site.
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Other endocrine markers should be assessed 
in patients affected by nonunion. Brinker et  al. 
[15] founded that thyroid function, vitamin D, 
and calcium levels were altered in 37 patients 
with unexplained nonunion despite adequate 
reduction and stabilization or in case of history of 
multiple low-energy fractures with at least one 
progressing to nonunion or in non-displaced 
fracture of the pubic rami or sacral ala not healed, 
demonstrating that metabolic and endocrine 
abnormalities may be associated with nonunion.

When proximal humerus fracture nonunion is 
established, a descriptive classification should be 
used in order to compare the results from different 
studies and try to underline prognostic elements.

Checchia et  al. [16] proposed a descriptive 
classification system based on their retrospective 
review of 21 cases.

They divided nonunions in four groups. High 
two-part nonunions include nonunions secondary 
to two-part fractures of the surgical neck of the 
humerus with very small proximal fragment and 
three-part fractures where the greater and lesser 
tuberosity is consolidated. Low two-part non-
unions are also related to two-part fractures of the 
surgical neck, but nonunion occurs between the 
lesser tuberosity and the insertion of the pectoralis 
major tendon, and the proximal fragment is larger 
than in the previous group. Complex nonunions 
describe three-part, four-part, or head-splitting 
fractures where the surgical neck nonunion is 
associated with tuberosity nonunion that is dis-
placed more than 5  mm. Finally lost fragment 
nonunion includes a scenario with a large degree 
of bone loss after open fractures and/or post-trau-
matic osteomyelitis.

Checchia classification has not widely been uti-
lized in other studies, and therefore no treatment 
algorithms were performed basing on this system.

16.3  Timing of Surgery

Nonunion is typically diagnosed 6–9 months fol-
lowing injury [10]. The median time to union or 
bridging callus of nonsurgically managed proxi-
mal humerus fractures is 13–14  weeks, and an 
appropriate workup should be performed at that 

time in the absence of healing [7, 8]. The diagno-
sis of nonunion in the proximal humerus can be 
made when there is lack of callus formation on 
two consecutive radiographs taken 6 to 
8–10 weeks after injury. Moreover, poor shoulder 
function and increasing pain should alert the 
physician about a nonunion risk.

Surgical management is recommended at 
approximately 3–6 months following injury if an 
impending nonunion is suspected, because 
wasting time increases soft tissue contractures at 
glenohumeral joint with predictable poor results 
after revision surgery.

Beredjiklian et al. [17] reviewed the results of 
39 patients and noted significant difference in 
outcomes among patients who underwent late 
surgical management (after 1 year) of proximal 
humerus malunion. This was ascribed to more 
capsular contractures, muscle atrophy, and 
irreparable rotator cuff tear.

Intervening at this time (within 6 months) may 
help to prevent disabling glenohumeral dysfunc-
tion that is always associated with chronic proxi-
mal humerus nonunions in order to optimize the 
outcome.

16.4  Nonsurgical Management

Patients affected by symptomatic proximal 
humerus nonunion are commonly elderly with 
medical comorbidities. Moreover, surgical man-
agement of this pathology is technically challeng-
ing, and the postoperative course requires 
compliance and family assistance networks. 
Therefore surgical option is reserved for highly 
motivated patients with low medical comorbidi-
ties that place them at an acceptable risk for surgi-
cal management. Patients with minimal pain and 
mild shoulder function disability may be appro-
priate candidates for nonsurgical management 
[18]. Some authors consider a nonfunctional 
 deltoid muscle a contraindication for operative 
treatment [16].

A few studies [13, 19] reported that up to 50% 
of patients affected by proximal humerus 
nonunion are minimally symptomatic with 
acceptable shoulder function.

16 Humeral Head Nonunion
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A comprehensive conversation should be 
undertaken with patients in order to assess their 
pain and shoulder impairment and to elucidate 
them about the risks of surgical treatment and the 
duration of post-op rehabilitation program.

16.5  Surgical Management

16.5.1  ORIF

Many techniques have been described for surgi-
cal management of proximal humerus nonunion. 
Regardless of the implant used, the critical step is 
the preparation of the nonunion site with 
meticulously resection of scar, fibrous tissue, and 
avascular bone.

The aim of the therapy consists of an opti-
mized combination of biological and biomechan-
ical factors [10, 20–22].

Osteosynthesis using locking plate fixation 
techniques is preferred in the presence of good 
bone quality without significant medial calcar 
comminution or osteopenia that may compro-
mise adequate fixation [23–28]. Clinical and 
radiographic assessment of function and integrity 
of tuberosity is mandatory in deciding whether or 
not osteosynthesis is the appropriate treatment. In 
case of surgical neck nonunion, rigid fixation can 
be achieved with a variety of plates, including 
3.5- and 4.5-mm plates made for the proximal 
humerus, blade plates, and 4.5-mm  T-plates. 
Fixed-angle locking or blade plates provide a 
biomechanically stable construct in the setting of 
osteoporotic bone [29, 30].

Isolated greater and lesser tuberosity non-
unions are less common than surgical neck non-
unions. The bone quality of the tuberosity 
fragment and rotator cuff function are critical 
components in determining the most appropriate 
surgical option. In patients with large tuberosity 
fragments and a viable and functional rotator 
cuff, osteosynthesis may be achieved with 
buttress plating with autogenous bone graft. 
Tension band techniques, transosseous suture 
fixation, or current suture anchor configurations 
used in modern rotator cuff repair techniques that 
provide compression across the fracture site with 
autogenous bone grafting augmentation can be 

used for comminuted tuberosity fragments, only 
if rotator cuff is intact without fatty degeneration. 
A deltoid-splitting or deltopectoral approach can 
be used for greater tuberosity osteosynthesis. 
A deltopectoral approach is suggested for lesser 
tuberosity nonunions. Arthroscopic techniques 
have also been described for managing greater 
tuberosity nonunions [31].

Autogenous or allograft bone augmentation is 
recommended to facilitate osteosynthesis. Large 
amounts of cancellous bone allograft can be 
obtained from the iliac crest, but the patient must 
be advised of the possibility of donor site pain. 
The alternative choice is using allograft if donor 
site morbidity is unacceptable [10].

Free vascularized fibular allograft may be 
considered for patients who need significant 
biologic augmentation along with mechanical 
support.

Healy et al. [32] retrospectively reviewed their 
experience and reported union in 12 of 13 patients 
following ORIF with bone graft in patients 
affected by proximal humerus nonunions. Ring 
et  al. [33] reviewed 25 patients with proximal 
humerus fracture nonunion treated with blade 
plate and autogenous iliac crest cancellous bone 
graft. Fracture union was achieved in 23 patients 
(92%), and functional results were classified as 
good to excellent in 20 (80%). Two patients had 
complications due to iliac crest harvest. Allende 
and Allende [30] reported union in all seven 
patients treated with a locking 90° blade plate 
(average follow-up, 22  months). The average 
time to union was 5.9 months. At latest follow-up 
average DASH score was 25 points, and Constant 
score was 72.7 points.

The use of intramedullary peg graft with 
fixed-angle locked plating was first described by 
Walch et  al. [34] that treated 20 patients with 
pseudarthrosis of the proximal humerus with 
6–10  cm corticocancellous autogenous bone 
graft (11 iliac crest, 6 anterior tibial crest, and 3 
middle-third of the fibula). The stability of the 
fracture site was obtained by T-plate 
osteosynthesis. Although a 96% union rate was 
achieved, donor site morbidity was high with 
50% of patients developing a pathological 
fracture after harvesting from the anterior tibial 
crest. Other authors have strictly used iliac crest 
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bone graft; however incidence of persistent pain 
postoperatively remains substantial.

Badman et al. [18] described the technique of 
using fibular strut allograft as an intramedullary 
implant that allows to maintain the humeral head 
in the correct position and to improve the stability 
of the implant (fixed-angle plate), without the 
morbidity of graft donor site. Badman and 
Mighell [35] reported 94% rate of union at an 
average of 5.4  months. Complications involved 
two posterior cord brachial plexus palsies that 
improved within 3  months and two cases of 
adhesive capsulitis treated with arthroscopic 
capsular release.

Fibular strut allograft has several advantages. 
It provides additional biologic and structural 
support to the poor-quality bone found at the 
proximal humerus, it is mechanically stronger 
than cancellous bone allograft or allograft, and it 
avoids the donor site morbidity. This technique 
is useful in both the acute proximal humerus 
fracture scenario and chronic nonunion scenario 
when medial calcar support is  compromised 

 secondary to significant medial calcar comminu-
tion or osteopenia (Figs.  16.1, 16.2a, b, and 
16.3a, b).

Fig. 16.1 Proximal humerus nonunion of surgical neck 
in 54-year-old patient (With permission of M. Fontana)

a b

Fig. 16.2 (a) Intraoperative view of fibular allograft 
locked into humerus diaphysis with humeral head trans-
lated (With permission of M. Fontana). (b) Intraoperative 

view of reduced fracture with fixed-angled locked plate in 
place (With permission of M. Fontana)

16 Humeral Head Nonunion



168

Another option of treatment is represented by 
the third generation of interlocked intramedullary 
nails. Historically, results were disappointing fol-
lowing intramedullary nailing to manage proxi-
mal humerus nonunion. Early mobilization of 
intramedullary devices with subsequent subacro-
mial impingement necessitated a second surgery 
following union for nail removal. Most patients, 

however, progressed to union and regained good 
shoulder function [10].

Recently, Yamane et al. [11] published encour-
aging results with the use of interlocking intra-
medullary nails to manage proximal humerus 
fracture nonunion in 13 patients. The average 
follow-up was 37.8 months. All patients achieved 
union. All patients were satisfied with the results 
and had improved shoulder range of motion post-
operatively. It is important to know that 11 of 13 
patients treated in this study had no previous sur-
gical operation and the other two were treated 
with percutaneous pinning or intramedullary 
nailing.

In addition to bone graft and hardware fixa-
tion, in case of proximal humerus nonunion, the 
human bone morphogenetic proteins (i.e., 
rhBMP-2) could be used combined with bone 
graft due to their important role in physiological 
fracture healing and bone regeneration [36].

The current literature supports the use of BMP 
only for tibial nonunion [37] and in general for 
long bone nonunion, but no studies were per-
formed on its use in proximal humerus nonunion. 
A Cochrane review of BMP use for fracture non-
union in adults concluded that there is a paucity 
of data available and its role remains unclear. 
Therefore, the use of biologic augments such as 
rhBMP-2 has to be considered “off label” for the 
treatment of proximal humerus nonunion and is 
not approved by FDA.

16.6  Surgical Management

16.6.1  Shoulder Replacement

Proximal humerus nonunion with severe head 
cavitation, poor bone stock inadequate to achieve 
solid internal fixation, and glenohumeral osteoar-
thritis should be treated with an arthroplasty.

The decision to perform unconstrained arthro-
plasty (i.e., hemiarthroplasty, total shoulder 
arthroplasty) to manage proximal humerus 
nonunion depends in part on the quality of bone 
stock, the viability of the humeral head, and, 
most important, tuberosity integrity and position 

a

b

Fig. 16.3 (a, b) AP and axial view of healed proximal 
humerus nonunion treated with fibular allograft and fixed-
angled locked plate (With permission of M. Fontana)
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as well as rotator cuff functional status. Total 
shoulder replacement is considered in the setting 
of concomitant glenohumeral osteoarthritis with 
a functional and intact rotator cuff.

In case of tuberosity diaphysis discontinuity 
and/or severe distortion of the anatomy, a greater 
tuberosity osteotomy is needed, with predictable 
poor functional results of an unconstrained 
shoulder replacement.

When rotator cuff has been involved with 
muscle atrophy and/or tuberosity is absent, a 
reverse shoulder arthroplasty can be considered 
in older patients.

Boileau et al. [38] investigated factors impor-
tant to successful patient selection for uncon-
strained arthroplasty (i.e., hemiarthroplasty, total 
shoulder arthroplasty) in the setting of proximal 
humerus malunion or nonunion. They retrospec-
tively reviewed 203 consecutive patients with 
sequelae of proximal humerus fractures that had 
been managed with unconstrained glenohumeral 
arthroplasty. Of the unconstrained arthroplasties 
performed, 59% were hemiarthroplasty. Total 
shoulder arthroplasty was indicated for patients 
with preexisting pain secondary to glenohumeral 
osteoarthrosis or glenoid erosions noted at the time 
of surgery. The authors suggested that tuberosity 
integrity and anatomic position are critical for a 
good functional outcome following unconstrained 
arthroplasty. Furthermore, they recommended 
reverse total shoulder arthroplasty in cases of 
tuberosity osteotomy. Although arthroplasty has 
been shown to reliably relieve pain in patients with 
proximal humerus nonunion, return to preinjury 
function is less predictable [11, 14]. Nayak et al. 
[13] retrospectively reviewed seven patients who 
underwent hemiarthroplasty for proximal humerus 
nonunion. All patients were able to perform activi-
ties of daily living and had less pain as well as 
increased function and range of motion. However, 
no patients returned to their preinjury level of 
activity. Antuña et al. [12] published the results of 
25 shoulders managed with unconstrained arthro-
plasty (mean follow-up, 6  years). Twenty-one 
patients underwent hemiarthroplasty and four total 
shoulder replacement. Twenty of 25 patients con-
sidered themselves better than preoperatively with 

variable Neer functional score (13 unsatisfactory 
results). Anatomic or near anatomic union of the 
tuberosity was a significant factor in achieving 
greater active forward elevation (P  =  0.02). The 
authors pointed out the importance of using heavy 
no absorbable sutures, bone graft to fill gaps 
between the tuberosities and the diaphysis, and 
restricting post-op rehabilitation program to mini-
mize the risk of complications.

Dunquin and all [39] reviewed the Mayo 
Clinic experience treating 67 proximal humerus 
nonunion with unconstrained shoulder 
replacement. Their results were similar to those 
published by Antuna: patient satisfaction in terms 
of pain was high, but motion was less predictable, 
with average elevation of 104° and external 
rotation of 50°. Active elevation was significantly 
decreased in patients with tuberosity nonunions, 
but this did not influence the pain level. Bone 
grafting did not prevent tuberosity nonunions. 
Other complications included 11 severe 
subluxations or dislocations, 2 deep infections, 
and 1 late periprosthetic fracture.

The strong relationship between postoperative 
range of motion and tuberosity healing has led 
some authors to suggest reverse total shoulder 
replacement as a viable alternative to uncon-
strained arthroplasty.

Reverse total shoulder arthroplasty is a viable 
option in the setting of proximal humerus non-
union with humeral head collapse, nonfunctional 
rotator cuff, and muscle atrophy and/or radio-
graphic evidence of severe tuberosity malunion or 
resorption (Fig. 16.4a, b). Reverse implant relies 
on the deltoid muscle to achieve elevation and 
abduction, so it is crucial to perform electromyog-
raphy in case of concerns about deltoid function. 
Otherwise reverse shoulder replacement requires 
tuberosity healing for optimum function espe-
cially to regain rotational movement and decrease 
post-op complications.

In a study of 18 patients treated with reverse 
total shoulder arthroplasty for proximal humerus 
nonunion, Martinez et al. [27] reported significant 
improvements in average active forward elevation 
(35–90°; P < 0.0001), external rotation (15–30°; 
P  <  0.0001), and internal rotation (25–55°; 
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P < 0.0001) at an average follow-up of 28 months. 
Fourteen patients were either satisfied or very sat-
isfied with the result of the operation. 
Complications included one transient axillary 
nerve palsy, two deep infections, and two disloca-
tions. Zafra et al. [40] published a prospective, 
multicentre study of 35 patients (mean follow-up 
of 51 months) who underwent a reverse total 
shoulder replacement for the treatment of proxi-
mal humerus nonunion. They reported a signifi-
cant decrease of pain and significant improvement 
of range of motion and Costant score but a total of 
nine complications in seven patients: six disloca-
tions, one glenoid loosening in a patient who had 
previously suffered dislocation, one transitory 
paresis of the axillary nerve and one infection. 

16.7  Conclusions

Proximal humerus fractures are common, and the 
majority of them healed without any surgical pro-
cedure. A small percentage develop into non-
union, but the small study size available in the 
literature causes difficulty in determining the true 
rate. Nonunion of proximal humerus represents a 
big challenge due to biological problems from 
the initial injury and previous surgeries, poor 
bone stock, humeral head cavitation, soft tissue 
contracture, and infection.

Patients developing nonunions present 
restricted range of motion, pain, and greater 
problems to perform activities of daily living. 
Once nonunion has been identified, every effort 

a b

Fig. 16.4 (a) Long-lasting proximal humerus nonunion 
of surgical neck with resorption of tuberosity, relevant 
osteopenia, and glenohumeral osteoarthritis in 79-year-

old patient (b) treated with reverse shoulder arthroplasty 
(With permission of H.R. Block)
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should be made to treat the problem before 6 
months after the initial injury in order to prevent 
the formation of soft tissue contractures.

Treatment options include nonsurgical man-
agement for minimally symptomatic patients 
with medical comorbidities. Surgical options 
range from osteosynthesis with standard, fixed-
angle, or locked plate and interlocked intramed-
ullary implants to arthroplasty using hemi-, total, 
or reverse shoulder replacement.

Surgery may provide for the use of augments 
such as cancellous allograft and allograft or 
structural grafts to increase rate of bone healing. 
When union is achieved with internal fixation, 
the results in terms of range of motion and 
Constant scores are significantly higher com-
pared to arthroplasty options. Positive prognostic 
factors include simpler fracture patterns, better 
bone stock, and intact vascularity. Younger age 
and less medical comorbidity may also play a 
role in improving functional outcome. Moreover 
technological advances in locking plate and inter-
locking design had enlarged the indication for 
osteosynthesis in proximal humerus nonunion.

In case of head cavitation, poor bone quality, 
and glenohumeral osteoarthritis, shoulder 
arthroplasty offers favorable results in terms of 
pain control but less predictable functional 
outcome, which seems to be correlated with 
tuberosity healing.

Reverse shoulder replacement offers the theo-
retical advantage of decreased dependence on 
tuberosity union, but only one small study reviewed 
the results of this implant in treating proximal 
humerus nonunion. Therefore more studies are 
needed to better understand the role of inverse 
implant in treating this challenging pathology.
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Operating Room Setting

Eugenio Savarese

The chapter describes operating room setup for 
shoulder arthroplasty.

17.1  Patient Position and 
Preparation

The operating suite has one main entrance for 
the patient and a secondary door for sterilization 
area; during the surgery, the main door should be 
closed to minimize the staff traffic. Anesthesia 
equipment is located at the head of the patient; 
power source, cautery generator, and tubing for 
suction are located at the foot of the patient. Two 
Mayo stands, which contain the most commonly 
used instrument, and other one table, for the spe-
cific prosthetic equipment, are positioned on the 
operative side (Fig. 17.1). The main light is posi-
tioned above the left shoulder of the surgeon and 
the secondary light on the right shoulder of the 
surgeon but more on the head of patient.

17.2  Operating Room

Is placed in the modified beach chair position, 
with the knees of patient flexed at 80–90° 
(Fig. 17.2) and the back of the patient at 45–60° 
relative to the floor. The head of patient should 
be in neutral alignment and secured on the 
table. The patient is positioned laterally on the 
operating table to increase adduction helping 
humeral preparation (Fig. 17.3). Generally, we 
used the hydraulic arm assistant (Fig.  17.4). 
The epilation is recommended a day before sur-
gery to avoid skin irritation; after patient posi-
tioning on operating table, precleaning is 
performed with povidone-iodine (Betadine); if 
patient is allergic to Betadine, the scrub is per-
formed with 4% chlorhexidine gluconate solu-
tion. Draping is initiated from the hand of 
patient with an impermeable tubular knitted to 
over the elbow joint secured with an elastic 
wrap. An impermeable reinforced “U” drape is 
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Fig. 17.2 Patient in the beach chair position Fig. 17.3 Patient is positioned laterally with the arm out 
of the operating table

Fig. 17.1 Operating room setting

Mayo

Mayo

Assistant

Power source
Cautery generator
Suction

Scrub
tech

Prosthetic
instrument

Anesthesia
equipment

Anesthe
siologist

Surgeon

E. Savarese



177

placed inferiorly and superiorly; finally, a 
Betadine-impregnated adhesive drape is placed 
to cover completely the skin.

17.3  Staff Position

The anesthesiologist is located at the head of the 
operating table, the surgeon stands facing the 
patient’s axilla, the assistant stands behind the 
shoulder, and the surgical technician stands on 
the operative side of the patient, between the sur-
geon and assistant (Fig. 17.1).

17.4  Surgical Instrumentation

Generally used two Mayo tables there are the 
most commonly instrument to performed a shoul-
der prosthesis (List 1)

List 1: Knife, Mayo needle holder, forceps, 
scissors, retractors, clamps, saw and drill, osteo-
tome, rongeur, syringe, and mallet (Fig. 17.5a, b)

On the second Mayo table, there are specific 
prosthetic equipment (List 2).

List 2: Humeral lateralization set (Fig. 17.6a) 
and glenoid set (Fig. 17.6b) Equinoxe

Humeral without lateralization set (Fig. 17.7a, b) 
and glenoid set (Fig. 17.7c) (Johnson & Johnson)

Fig. 17.4 Arm assistant 
helping during surgery
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a

b

Fig. 17.5 Arrangement of instruments on the Mayo table
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a

b

Fig. 17.6 Arrangement 
of lateralization 
prosthetic equipment
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Fig. 17.7 Arrangement of non lateralization prosthetic equipment

a

b
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c

Fig. 17.7 (continued)
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Anesthesiological Techniques

Fabrizio Fattorini and Alessandro Rocco

The association of general “light” anesthesia and 
the peripheral brachial plexus block seems to be 
the most suitable anesthesiological technique 
during shoulder prosthesis, both for patients’ 
needs and surgeon requirements. Even if 
locoregional anesthesia potentially allows the 
surgical intervention by itself, its application is 
likely to be limited by several factors. The 
intraoperative position assumed by the patient—
beach chair or lateral—associated with a 
prolonged surgical procedure often causes a 
discomfort that can sometimes require the switch 
to general anesthesia during intervention. Being 
general anesthesia for shoulder surgical 
interventions not different from that adopted in 
other types of surgery, only locoregional 
anesthesiological procedures will be described in 
this chapter.

18.1  Locoregional Anesthesia

In the last decades, locoregional anesthesia under-
went a progressive development, especially in 
orthopedic surgery: a better safety and analgesia 
are improved, especially during surgical interven-
tions performed in day surgery setting. Several 

clinical studies demonstrate the efficacy of periph-
eral blocks not only for their effective control of 
intra- and postoperative acute pain but also for 
their use during the rehabilitation and functional 
recovery [1, 2]. It is in fact possible to prolong the 
analgesic effect of peripheral block during post-
operative period (continuous nervous blocks) by 
continuous perineural infusion of local anesthet-
ics. Furthermore, the introduction of ultrasonog-
raphy to identify nerves makes the peripheral 
blocks more selective and safer.

Locoregional anesthesia is based on the phar-
macological action of specific drugs (local anes-
thetics) able to temporarily block the conduction 
of nervous impulse. This effect can be obtained 
in each region of the body in which nerves can be 
reached by percutaneous injection. In orthopedic 
surgery locoregional anesthesia is widely used, 
as it guarantees both intraoperative anesthesia 
and postoperative analgesia. Before performing 
any locoregional technique, the patient must be 
evaluated with the same accuracy that is used for 
general anesthesia. Any absolute contraindica-
tion (documented allergy to topical anesthetics, 
infection in the treated region) must be excluded, 
and any relative contraindication (hemorrhagic 
diathesis, systemic clinically stable neurological 
diseases, and local nervous damage) must be 
carefully considered in terms of risk/benefit ratio. 
Lastly, an informed consent concerning the 
planned anesthesiological technique must be 
signed by the patient [3, 4].
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The electroneurostimulator (ENS) is a direct 
current generator that permits to localize a nerve 
by releasing tunable current, applied to an explor-
atory needle. ENS determines the depolarization 
of the motor component of afferent muscles 
(myoclonic) when the needle is near to the ner-
vous fiber. Maximal muscle contraction obtained 
with minimal current intensity indicates the maxi-
mal proximity between the nerve and needle.

ENS allows:

 (a) Low risk of nervous lesions
 (b) Reduced amount of required local anesthetic
 (c) Performing selective blocks
 (d) Performing blocks on non-collaborative 

patients

The introduction of ENS made the peripheral 
block techniques easy to perform and safe and 
usable. However, it should be considered that 
searching nerves with ENS is a blind technique 
that is error-prone and may cause neurological 
damages. Indeed, the electroneurostimulation 
sometimes results in false negatives: the needle is 
correctly located in the perineural space without 
eliciting muscle contraction. This results in a use-
less needle redirection, with an increased risk of 
nerve lesions and discomfort for patient.

Moreover, locoregional anesthesia of the 
superior arm has been profoundly influenced by 
the use of ultrasounds. Beyond showing nerves, 
echography shows also vessels, muscles, pleura, 
and all the structures that have to be identified to 
perform blocks. As well, echography shows ana-
tomical individual variations—not assessed by 
ENS alone—that could make difficult perform-
ing blocks [5].

Echography (or ultrasonography) is an 
extremely user-friendly procedure since it does 
not use ionizing radiations, is not invasive, is 
repeatable, and allows a real-time imaging of 
anatomical structures closely following the diag-
nostic and therapeutic procedures. Linear high-
frequency probes can be used for imaging 
superficial structures, such as in the interscalenic, 
supraclavear, and axillary approaches to brachial 
plexus. The propagation of sound waves shows 

different echogenicity in relation to density of tis-
sue that it encounters. Therefore, the higher is the 
intensity of reflection, the higher is the brightness 
(hyperechogenicity). On the other hand, the 
higher the absorbance by tissues, the lower the 
brightness of echo on the screen (hypoecho-
genicity). A structure totally lacking of echoes is 
defined as anechogenic. At roots (e.g., brachial 
plexus), nerves are hypoechogenic. When nerves 
progressively approach periphery, they become 
hyperechogenic (“aspect of honeycomb”) due to 
a higher level of myelination. The anatomy of 
involved structures (nerves, blood vessels) can be 
studied by two levels of scanning: longitudinal 
(long axis) and transversal (short axis). The rela-
tionship between visualized anatomic structures 
and the exploratory needle is the function of the 
reciprocal position of the probe and the needle. 
This latter is entirely visible if it is parallel to the 
long axis of the probe (IN-PLANE technique); 
on the other hand, only the tip is visible if the 
needle is introduced perpen dicularly to the probe 
(OUT-OF-PLANE technique) [6].

Echography brought a revolution in  locore-
gional anesthetic procedures, since it permits to:

• Directly visualize various nerves, also those 
exclusively sensitive.

• Follow the needle movement, thus reducing 
the risk of nervous lesions.

• Observe the spread of the anesthetic around 
the nerve, thus minimizing the risk of 
intravascular and/or pneumothorax injection.

• Guide the positioning of perineural catheter.
• Have a quicker onset time and a longer dura-

tion of action.
• Perform the block without pain due to muscle 

contraction (particularly discomforting when 
fractures are present).

• Reduce the dose and volume of local anesthet-
ics (30–40% less than those with ENS tech-
nique), thus reducing the risk of adverse 
reactions [7].

• Reduce the incidence of complications and 
increase the number of success.

• Perform the block also in the presence of seri-
ous anatomic abnormalities.
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However, we think that echography does not 
substitute neurostimulation, but rather integrates 
it and helps to increase both success rate and 
safety.

18.2  Blocks for Shoulder Surgery

18.2.1  Interscalene Block (Fig. 18.1)

The interscalene brachial plexus block represents 
the gold standard of shoulder anesthesia, since it 
involves the lateral two-thirds of the clavicle, 
proximal humerus, and glenohumeral joint. With 
this procedure, the brachial plexus is reached in 
correspondence of its roots, thus delivering the 
local anesthetic to C5–C6 or the superior trunk. 
Depending on the amount of anesthetic used, also 
the roots of C7 and C8 can be involved, while 
ulnar roots are mainly saved (C8 and T1) [8, 9]. 
The block can be performed by a single injection 
(single shot) or continuous block, both assisted 
by ENS and echograph.

The patient is positioned supine with the head 
rotated controlaterally to the side of the block and 
the arm in neutral position along the body. An 
echographic probe at high frequency regulated at 
12–18  MHz and stimulating 50  mm needles 
(22 G) are used. The brachial plexus can be easily 
visualized by ultrasounds in correspondence of 

the posterior interscalene space. The search for 
the brachial plexus starts laterally to the larynx, 
passing through the thyroid, carotid artery, and 
internal jugular vein. Then, moving the probe 
more externally and downward along the lateral 
edge of the sternocleidomastoid muscle, the 
nervous structures become visible in transversal 
vision as oval or circular hypoechogenic areas 
are delimited by the anterior and medium scalene 
muscles. The roots of brachial plexus (C5, C6, 
and C7) are located immediately behind the 
anterior scalene muscle and appear as round 
hypoechogenic structures, sometimes “traffic 
light-shaped” [10]. By ultrasonography, both the 
needle movement through the interscalene space 
and the diffusion of the local anesthetic can be 
monitored. Most complications associated with 
the block of brachial plexus, continuous or not, 
are transient and do not have any consequence; 
however, extreme caution should be given during 
the procedure due to the proximity between the 
exploratory needle and neurovascular structures. 
Common complications of the interscalene 
brachial plexus block include the block of homo-
lateral phrenic nervous (consensual hemi-dia-
phragmatic paralysis), Horner’s syndrome due to 
the block of stellate ganglion (enophthalmos, pal-
pebral ptosis), recurrent block of laryngeal nerve 
(dysphonia), and vascular cut (hematomas). Rare 
complications, but potentially severe, are carotid 
and intervertebral cuts, pneumothorax, subarach-
noidal or intraforaminal cut (cause of spinal 
anesthesia and cervical epidural, respectively), 
and direct nervous lesion. In continuous blocks, 
perineural catheters can infect, kneel, tie, or 
become imprisoned [11, 12].

18.2.2  Supraclavear Block

The use of ultrasounds allows to easily perform 
anesthetic procedures which were associated 
with a high risk up to date. This is the case of 
supraclavear block that was progressively 
neglected in clinical practice due to the high 
incidence of pneumothorax dependent on close 
relationship between neurovascular structures 

Fig. 18.1 Interscalene block: clinical approach and 
echographic aspect of brachial plexus (“traffic 
light-shaped”)
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and the lung. The introduction of echography 
has drastically reduced those risks, making this 
block feasible also in pediatric patients [13]. In 
patients who are not eligible to general anesthe-
sia—even if light—the association of supracla-
vear and interscalene blocks allows the 
intervention on shoulder in totally conscious 
patient. The patient is positioned supine with the 
head rotated controlaterally to the side of the 
block and the arm in neutral position along the 
body. An echographic probe at high frequency 
set between 12 and 18  MHz is positioned into 
the supraclavear groove, in parallel to the third 
medium of clavicle and with the ultrasound 
beam in caudal direction. Then, the probe is lat-
erally and medially slid to search for the subcla-
vian artery that will appear, over the short axis, 
as a hypoechogenic and pulsatile structure; color 
Doppler can be used to confirm the vascular 
nature (especially when the anatomy is abnor-
mal). The subclavian vein is more superficial and 
medially located with respect to the artery. 
Behind the artery, the surface of the first rib will 
appear as a hyperechogenic line with an underly-
ing hypoanechogenic shadow, since the bone 
surface totally reflects ultrasounds. The first rib 
and its posterior shadow interrupt the continuity 
of an underlying hyperechogenic line which rep-
resents the parietal pleura that—unlike the rib—
is passed by ultrasounds, thus generating 
reflection artifacts. These artifacts, defined as 
“comet tail,” are typical of the tissue-air inter-
face that represents pulmonary parenchyma. The 
patient may be asked to take a deep breath in 
order to show the sliding of layers of parietal and 
visceral pleura. In most patients, the skin-pleura 
distance at supraclavear level is far less than 
3 cm. The plexus is identified laterally, behind, 
and in cephalic position with respect to the 
artery. When it is visualized over the short axis, 
it appears as a complex of hypoechogenic, round, 
and oval structures in a number ranging 2–12 
(according to patients’ characteristics and the 
level of analysis). The most superficial nerves 
usually innervate the proximal extremity of the 

superior limb (shoulder and proximal part of the 
arm), while the deepest nerves, near to the first 
rib, innervate the distal part (elbow, forearm, 
hand). A lateral-medial approach is usually pre-
ferred over medial-lateral approaches, since with 
this approach it is possible to avoid the subcla-
vian vein that alternatively could collapse 
because of probe pressure and lead to a missing 
identification of the intravascular injection. In 
our opinion, for a supraclavear block, the in-
plane approach is more suitable, thanks to its 
safety (the needle should be always followed to 
reduce the risk of pneumothorax). After skin dis-
infection, the probe is positioned to the image of 
the artery in the center of the screen. Then, the 
needle is inserted using the in-plane approach 
and slowly moves to contact the sheath that 
envelops nerves. After this, the band is pierced 
by slightly pressing the needle. In this way, it is 
possible to enter into the virtual space that hosts 
nervous structures. When the desired location is 
reached, the needle can be connected to the ENS 
in order to have a further confirmation of its 
exact position. After aspiration, a local anes-
thetic solution is injected, and its diffusion 
around nervous structures is observed. When the 
diffusion of the anesthetic cannot be observed, 
the procedure should be suspended and the nee-
dle repositioned. The correct position is con-
firmed by the anesthetic spread around the nerve 
(sign of “ring-shaped cake”) (Fig. 18.2).

18.2.3  Continuous Interscalene Block

The advantages of interscalene block are likely to 
be prolonged onward natural duration of single-
shot anesthetics by positioning a catheter nearby 
plexus roots. Shoulder surgery is associated with 
moderate to severe pain, and good analgesia is 
very important for functional recovery of the 
patients and for early discharge [14, 15]. 
Prospective randomized study comparing con-
tinuous interscalene and continuous subacromial 
infusion for arthroscopic rotator cuff repair 
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showed better analgesia in the interscalene group. 
There are various approaches for interscalene 
catheters (anterior, anterolateral, and posterior). 
The use of ultrasound has been shown to be asso-
ciated with improved success rate and less num-
ber of needle passes. For shoulder surgery it is 
really important the catheter is placed near C5/6 
root (superior trunk) and use of ultrasound facili-
tates this. In a randomized controlled study, com-
paring catheter placement with ultrasound and 
neurostimulation showed the former is associated 
with improved success [16]. The patient is supine 
or semi-sitting with the head facing away from 
the side to be blocked. It is often easier to per-
form the procedure standing behind the patient at 
the head end. It is important all equipment is pre-
pared in advance as any small movement will 
easily dislodge the needle. The Tuohy needle 
insertion may be in-plane or out-of-plane. In the 
in-plane technique, it is important to visualize the 
whole length of the needle when advancing. The 
out-of-plane technique is preferred for the place-
ment of nerve catheter. The needle is advanced 
by hydrodissection with 0.5–1 mL of local anes-
thetic to open the fascial plane. The local anes-
thetic should spread anteriorly and posteriorly to 
the nerve structures and surround them as dough-
nut-shaped hypoechoic areas. Injection up to 
10 mL of local anesthetic distends the intersca-
lene groove in order to facilitate the advancement 
of catheter. The catheter is advanced at least 

3–5 cm beyond the tip of the needle, and the nee-
dle is carefully withdrawn as the catheter can eas-
ily dislodge being superficial [17, 18].

18.3  Comparison Between 
Echographic and ENS 
Approaches

Echography provides an anatomical visualiza-
tion, reduces complications, increases the suc-
cess rate of blocks, and limits anesthetic doses. 
However, interscalene block performed by ENS 
is an established technique, with high success 
rate, low complication rate, more rapid, and less 
expensive than echography. In a prospective ran-
domized study on 230 patients, Liu demon-
strated that ENS reduces the duration of the 
anesthetic procedure and the onset of the block. 
Moreover, no difference was shown between the 
two techniques with respect to the incidence of 
block failure, patient satisfaction, or severity of 
postoperative neurological symptoms [19]. In a 
similar trial on 160 patients, Kapral reported a 
surgical anesthetic rate of 99%, in an echo-
guided group in comparison to the 91% reported 
in the ENS group (p < 0.01). Sensitive and motor 
extension appears higher in the first group [20]. 
According to available evidence and our experi-
ence, the gold standard approach to perineural 
blocks is represented by echographic imaging 

a b

Fig. 18.2 Supraclavear block: clinical approach and echogenic aspect (BP brachial plexus, SA subclavian artery)
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with the exploratory needle connected to ENS 
and a parallel evocation of muscle twitch.

18.4  Local Anesthetics

Several local anesthetics are currently available; 
each drug presents advantages and disadvantages 
due to its specific pharmacokinetic and pharmaco-
dynamic characteristics. Some of these (lidocaine, 
mepivacaine) have a short onset of action (and a 
shorter duration of action, as well) and others 
 longer onset, but with prolonged duration of 
action  (bupivacaine, levobupivacaine, ropiva-
caine). Bupivacaine is poorly used in blocks for its 
high cardiotoxicity. For a continuous block, only 
local anesthetics with long-term action are used 
(ropivacaine and levobupivacaine) (Table 18.1).
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Table 18.1 Local anesthetics: dosages and concentrations

Anesthetic (for 
interscalene or 
supraclavear block)

Single-shot 
block 
concentration 
(0.3–0.4 mL/kg)

Continuous 
block 
concentration 
(5–7 mL/h)

Lidocaine 1.5–2%
Mepivacaine 1.5–2%
Ropivacaine 0.5–0.75% 0.2%
Levobupivacaine 0.5% 0.125%
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What Do the Companies Propose?

Celeste Bertone and Dario Petriccioli

19.1  Introduction

The history of shoulder arthroplasty was revolu-
tionized by Paul Grammont in 1985 with his new 
semiconstrained “ball and socket” implant [1]. 
While this modern widely accepted reverse 
shoulder arthroplasty (RSA) is relatively recent, 
the concept of RSA is not new as several RSA 
devices were originally developed in the early 
1970s. These devices did not gain widespread 
acceptance, and only limited case studies or book 
chapters are reported in the literature [2–6]. To 
this day none of these devices are on the market 
with the exception of the Bayley-Walker prosthe-
sis, a modified version of the original Kessel 
design [6, 7].

The two major innovations introduced in the 
RSA by Paul Grammont were a large glenoid 
hemisphere with no neck and a small almost hori-
zontally inclined (155°) humeral component cov-
ering less than half of the hemisphere [8, 9].

Fundamental biomechanical advantages of 
this reverse prosthesis are as follows: (1) the large 
ball offers greater arc motion and more stability 
than a small ball, (2) the small lateral offset 

(absence of neck) places the center of rotation 
directly in contact with the glenoid surface and 
reduces the torque at the point of fixation of the 
glenoid component, (3) medializing the center of 
rotation recruits more deltoid fibers for elevation 
or abduction, and (4) lowering the humerus 
increases tension on the deltoid. These biome-
chanical properties may lead to better function-
ing of the deltoid by an increase of its lever arm 
and action moment, compensating for rotator 
cuff deficiency [1, 8, 9].

Since Grammont’s first RSA prototype com-
posed of a ceramic cemented two-thirds of a 
sphere for the glenosphere and an inverted poly-
ethylene cemented humeral stem (Fig.  19.1), 
numerous parameter design modifications have 
been executed in order to optimize the clinical 
results and minimize complications [1, 10–14]. 
While RSA has been utilized primarily in elderly 
patients with cuff tear arthropathy (Fig.  19.2), 
there is an expansion in indications including 
acute proximal humeral fractures in the older 
patients with poor bone or cuff quality, fracture 
sequelae with tuberosity nonunion or irreparable 
rotator cuff tear, tumors, and revision shoulder 
arthroplasty. Due to widespread use, in 2017 not 
less than 30 model designs are currently available 
on the market [15, 16].

The aim of this chapter is to compare different 
prosthetic designs in order to analyze those 
parameters that can influence biomechanic and 
kinematic of the RSAs. To evaluate the numerous 

C. Bertone (*) · D. Petriccioli 
Gruppo Ospedaliero San Donato, Istituti Ospedalieri 
Bresciani, Milano, Italy

Istituto Clinico Sant’Anna, Brescia, Italy

UO Ortopedia, Chirurgia della Spalla e del Gomito, 
Brescia, Italy

19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97743-0_19&domain=pdf


190

design parameters defining the RSA geometry, 
we identify four separate prosthetic elements: 
baseplate, glenosphere, polyethylene, and 
humeral component.

19.2  Baseplate

Multiple manufacturers have developed different 
RSA glenoid designs over the past decade. 
Although many share similar characteristics, the 
baseplates available on the market can be 
differentiated according to:

 – Shape: oval or circular
 – Backside geometry: flat or convex
 – Type of fixation: pegged or screwed baseplate
 – Surface finish to improve bone ingrowth (sec-

ondary stability)
 – Thickness: standard or augmented

Since Grammont’s introduction, the com-
monly used baseplate had a circular shape with a 
29-mm diameter [9] (Fig. 19.3). During the RSA 
procedure, because of glenoid wear or small gle-
noid size, glenoid surface area could be insuffi-
cient to fix the commonly used 29-mm-diameter 
baseplate. In small glenoids, the standard glenoid 
implant (29 mm) is larger than glenoid bone 

Fig. 19.1 The reverse shoulder prosthesis “Trompette” 
designed by Paul Grammont in 1985 (Dijon, France)

Fig. 19.2 Glenohumeral eccentric osteoarthritis with 
acromial acetabularization (Hamada and Fukuda stage 4b) 
(Hamada K., Fukuda H., Mikasa M., Kobayashi 
Y.  Roentgenographic findings in massive rotator cuff 
tears. A long-term observation. Clin Orthop Relat Res 
1990;254:92–6)

Fig. 19.3 Based on Grammont’s original design, a 
29-mm-diameter circular glenoid baseplate with a central 
peg and three circumferential adjustable screws
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stock, which results in insufficient screw fixation 
in anterior or posterior aspect of glenoid itself 
[17]. Facing this uncertainty, some manufactur-
ers have developed baseplates with a smaller 
diameter (25  mm), and their use is increasing 
especially among small females and Asian 
patients [18, 19]. Chae et al. stated that the use of 
a smaller baseplate (25  mm) is beneficial in 
improving initial stability of glenoid component 
fixation and thereby increasing impingement-
free range of motion in small glenoids, compared 
with the commonly used baseplate (29 mm) [18].

Other companies have developed oval base-
plates (Fig. 19.4). Roche et al. tested, in vitro, the 
fixation strength of four generic baseplates, 
attached to a low-density bone-substitute 
polyurethane substrate model. They suggested 
that oval baseplates (25  ×  34  mm) show better 
fixation characteristics than circular ones 
(25  mm) [20]. A round baseplate, on the other 
hand, has the advantage of simplifying the 
surgical technique because a reamer with a 

smaller diameter can be used and the longitudinal 
axis of the glenoid does not have to be defined.

Middernacht et al. also suggested the use of a 
circular baseplate with a smaller radius than 
currently used to avoid scapular notching, 
considering the varied size of the infraglenoid 
tubercle. They recommended using a smaller 
baseplate in order to move the center of rotation 
even lower on the glenoid face [21, 22] (Fig. 19.5).

Despite several authors suggesting the use of a 
smaller baseplate to reduce scapular notching or 
to manage a small glenoid, oval baseplates are 
currently available with an inferior extension to 
protect the inferior part of the scapula as a shield 
[23] (Fig. 19.6).

An ideal glenoid baseplate implant must 
match the size, shape, and congruity of the 
glenoid surface. A perfect fit between the 
congruity of implant and glenoid improves load 
transfer and reduces deformation and 
displacement of the implant. The backside of a 
baseplate can be flat or convex. Curved back 
components have a biomechanical advantage 
over flat glenoids with a larger contact area and a 
better spreading of pressure [24, 25] (Fig. 19.7).

Fig. 19.4 Equinoxe® oval glenoid baseplate (Exactech; 
Gainesville, FL, USA). An oval design increases the 
surface contact area and the number of screw option 
positions from four to six to provide surgeons with 
additional intraoperative flexibility

Fig. 19.5 DELTA XTEND® implant design (Depuy 
Synthes; Warsaw, IN, USA) offers a smaller circular 
baseplate diameter (27  mm) allowing the surgeon to 
position the metaglene axis as lower as possible to prevent 
scapular notching
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As a consequence flat and convex reamers can 
be used to prepare the glenoid. Flat reaming will 
remove more bone than convex reaming in uni-
concave glenoids (type A2 according to Walch 
classification). In contrast, flat reaming removes 
less bone in biconcave glenoids (type B2 accord-
ing to Walch classification). However, this differ-
ence is minimal [26–28]. Careful reaming of the 
glenoid surface is critical; Sutton et  al. reported 
that 5 mm of reaming decreases glenoid surface 
area by 28% and the amount of the glenoid in con-
tact with the baseplate by 27% [29].

Other differences can be found in terms of gle-
noid preparing. There are systems with pin- 
guided reamers, as well as systems using a 
nipple-guided technique. A recent study showed 
that both techniques are equally accurate [26]. 
Furthermore, a reduced reamer diameter could 

facilitate the reaming process, although scientific 
evidence is not yet available for this.

Regarding the type of fixation, there are screwed 
(Fig.  19.8) single or double pegged baseplates. 
Most implants use peg fixation, usually central; in 
other implants the peg is above center (Fig. 19.7); 
some have two pegs or a blade. The choice of an 
eccentric glenoid peg was therefore made to 
provide better positioning of the glenoid baseplate 

Fig. 19.6 The Duocentric® prosthesis glenoid baseplate 
(Aston Medical, Saint-Étienne, France) presents a 
spherical inferior integrated overhang that places a 
protective resurfacing shield over the scapular pillar

Fig. 19.7 Equinoxe® glenoid baseplate (Exactech; 
Gainesville, FL, USA) has curved back surface preserving 
the glenoid bone stock and increasing cortical bone 
contact to maximize baseplate support. It is designed with 
an eccentric single cage peg that fills the central bone 
defect left by an explanted glenoid implant in case of 
revision

Fig. 19.8 The Biomet Comprehensive® RSA baseplate 
(Zimmer Biomet; Warsaw, IN, USA) has a large central 
hole to accommodate a modular 6.5-mm screw for rigid 
compression into the glenoid vault
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while still enabling the distal translation of the gle-
noid sphere. There is yet no scientific evidence for 
a difference in stability or fixation between these 
different types of baseplates. According to the lit-
erature, baseplate fixation is multifactorial, with 
screw fixation playing the most important role; to 
obtain a stable fixation, the peg should be anchored 
as deeply as possible into the native scapula bone 
stock [30–32]. Frankle et al. suggest that baseplates 
with a central screw have better primary stability 
than pegged ones do to the compressive forces 
between the bone and the baseplate; this primary 
stability represents an ideal environment for osse-
ous integration (secondary stability) [33].

All current baseplates offer the possibility of 
positioning extra screws for fixation. These 
screws can be locking or non-locking screws. 
There are no studies promoting the use of variable 
angle locking screws, although this does seem to 
be useful for baseplate fixation. James et  al. 
investigated the number of screws needed for ini-
tial stability [31] and suggested that only two 
locking screws provide sufficient stability and 
extra screws have no added value. These extra 
screws become more important when the depth 
of the central peg anchorage is reduced. If 
possible, four metaglene screws should be used 
in those cases of uncontained bone loss to guar-
antee the highest stability [32].

The backside coating is crucial for baseplate 
osseous ingrowth for secondary stabilization. 
Most of the available components have a rough-
ened hydroxyapatite-coated surface. A difference 
can be made between regrowth of bone on pros-
thesis surface or ingrowth of bone into the pros-
thesis. This latter form can be expected to be 
more stable but may complicate potential revi-
sion surgery in the future (Fig. 19.9).

The mediolateral length of the glenoid com-
ponents (baseplate + glenosphere) represents a 
crucial point in RSA design. This parameter, 
with the neck-shaft angle of the humeral com-
ponent, determines the center of rotation and 
ultimately influences the final position of the 
humerus [34]. In adduction, a more medial 
rotation center may allow the medial aspect of 
the polyethylene socket to impinge on the infe-
rior portion of the scapular neck (scapular 

notching). Some implants are designed with a 
thicker baseplate in order to lateralize the cen-
ter of rotation and reduce the risk of notching 
by creating a longer scapular neck but poten-
tially increase shear stresses at the bone-pros-
thesis interface and thus the risk of loosening 
[35–37].

Finally, there are also augmented baseplates, 
specially developed for bony defects of the 
glenoid. These should make it possible to place 
the baseplate in a correct position, ideally 
perpendicular to the scapular plane, even in 
difficult cases: i.e., glenoid with superior erosion, 
type E2 or E3, according to Levigne and Favard 
classification [38, 39] (Fig. 19.10).

For these difficult cases, baseplates with a 
long peg are available; the central peg must be 
long enough for native glenoid bone anchorage. 
If necessary these options can all be combined 
with bone grafting to overcome bony defects 
(Fig. 19.11a–c).

19.3  Glenosphere

The glenosphere morphology may be character-
ized by several different parameters. The gleno-
sphere can be designed as:

Fig. 19.9 The Zimmer Trabecular Metal® RSA baseplate 
(Zimmer Biomet; Warsaw, IN, USA) has a highly porous 
tantalum structure to support bony ingrowth
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 – Hemisphere, but it can also be more or less 
than half sphere

 – Concentric or eccentric

A glenosphere of more than half sphere will 
allow a lateralization of the rotation center. This 
morphology (lateral offset) would restore the del-
toid contour and tension the remaining rotator 
cuff muscles [40–42]. Using a virtual computer 
simulation, Werner et al. have shown that lower 
humeral neck-shaft angle and glenoid lateraliza-
tion are effective for improvement in range of 
motion after onlay design RSA. The use of the 
135° model with 5 mm of glenoid lateralization 
provided the best results in impingement-free 
range of motion, except for abduction [43]. In 
adduction, the lateral offset would reduce 
impingement on the inferior scapular neck, 
thereby reducing scapular notching. Based on a 
systematic literature review, Lawrence et  al. 
demonstrated that scapular notching rates were 
higher in the traditional Grammont-style implant 
group compared to the lateralized group. In their 

conclusions, the authors stated that these differ-
ences could be the result of different morpholo-
gies of the polyethylene component, different 
humeral stem neck-shaft angles, and differences 
in glenosphere offset as well patient factors such 
as body mass index. It is important also to under-
line that Grammont systems evaluated in this sys-
tematic review were designed with a 155° 
neck-shaft angle, whereas the lateralized prosthe-
sis had a 135° neck-shaft angle, which could also 
explain the higher rates of notching in the tradi-
tional group [44].

Further, there are also eccentric glenospheres 
that are placed in a lowered, off-centered position, 
in order to reduce the incidence of scapular 
notching [45]. An increased lateral offset and an 
inferior glenosphere overhang of >3.5  mm 
prevented notching, but there will be a greater 
stress on the baseplate in this position with a 
higher probability of loosening [45–47] 
(Fig. 19.12). The maximum stress that occurs at 
the base of the inferior screw elucidates the direct 
contact failure mode in the middle of the inferior 
screw. The use of an eccentric glenosphere or a 
low position of the glenosphere in the vertical 
plane allows satisfactory deltoid re-tensioning.

The prevalence of peripheral nerve lesions 
following primary RSA is thus common, but 
most lesions are subclinical, and most clinically 
apparent lesions are temporary [48]. A cadav-
eric study examined the relationship of the axil-
lary nerve in RSA. The axillary nerve is not in 
close proximity to the glenosphere, with a dis-
tance between the nerve and the glenosphere 
that was systematically greater than 15  mm. 
Inferior glenosphere overhanging did not appear 
to decrease the distance to the axillary nerve. 
Rather, it seems that lengthening of the arm 
after a RSA leads to a lowering and lateraliza-
tion of the nerve and protects it from impinge-
ment with the glenosphere component. 
Therefore, the position of the glenosphere in the 
vertical plane is probably not related to the 
development of a neurological lesion due to 
direct contact, but it is rather related to the prox-
imity of the axillary nerve to the posterior 
metaphysis or humeral implant [49].

As far as the importance of the size of the 
 glenosphere, it has been shown that a larger 

Fig. 19.10 X-ray showing a case of superior augmented 
baseplate using the Equinoxe® RSA (Exactech; 
Gainesville, FL, USA)
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Fig. 19.11 (a) Severe central glenoid bone defect accord-
ing to Antuna classification (Antuna SA, Sperling JW, 
Cofield RH, Rowland CM Glenoid revision surgery after 
total shoulder arthroplasty. J Shoulder Elbow Surg. 2001 

May–Jun;10(3):217–24). (b) Tricortical iliac crest bone 
graft implanted on a longer central peg baseplate. (c) In 
RSA with glenoid bone grafting, it’s crucial to ensure that 
the baseplate fixation extends into the native glenoid
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 glenosphere increases the range of motion and 
prevents inferior scapular notching [50–52]. A 
disadvantage of a larger glenosphere is that it 
complicates the surgery because it is techni-
cally more difficult to put in place. Gerber et al. 
[53] showed in laboratory environment that 
reverse shoulder prostheses with small gleno-
spheres would be more stable. In vivo, however, 
stability of the prosthesis is a multifactorial 
concept. Deltoid function, localization of the 
rotation center, soft tissue stiffness, and gleno-
sphere size are influencing factors for stability 
of the prosthetic joint [53]. Although several 

biomechanical studies show that increasing the 
glenosphere diameter significantly increases 
the joint load and deltoid force, the clinical 
impact of these changes is presently unclear.

Inferior tilting of the glenosphere is also 
known to help preventing scapular notching [54–
56]. Simovitch et al. validated the importance of 
glenosphere inferior position in clinical practice, 
providing the rational for glenosphere designs 
with a small amount of inferior tilt or offset [57]. 
Following this principle, Duocentric prosthesis 
(Aston Medical, Saint-Étienne, France), which 
was developed by the engineers of the Delta III 
prosthesis and the successors of Grammont, has a 
glenosphere with a built-in inferior inclination of 
10°. This configuration should lead less 
impingement, though this has not yet been 
proven. This varus tilt also ensures that less 
subchondral bone will be removed at the glenoid 
when a slight varus position is the goal. If a 
built-in varus tilt is implanted, the surgeon needs 
to realize that this lateralizes the center of rotation 
and thus increases the loads on the glenoid 
component [10].

Finally, glenospheres with an inferior exten-
sion are available. This extension could prevent 
inferior impingement. However, a lateralized and 
lowered center of rotation resulting in off-axis 
shear forces across the bone- prosthesis interface 
may compromise the fixation of the glenoid base-
plate [46].

The type of glenosphere (size and eccentric-
ity) allows adjustment of arm length by only sev-
eral millimeters, about 1% of arm length defined 
as the length from the acromion to the epicondy-
lar axis (humeral length plus acromiohumeral 
distance). Consequently, the key factors for arm 
length are the height of the stem, type of stem, 
polyethylene thickness, and the use of an augment 
or spacer. Collectively, these factors allow arm 
lengthening by up to several centimeters (about 
10% of arm length) [48, 49].

There are a few ways to fix the glenosphere on 
to the baseplate. Due to the failures with threaded 
glenospheres (Fig.  19.13), fixation of the 
glenosphere on the metaglene is generally 
obtained with a Morse taper [9]. Very often 

Fig. 19.12 X-ray showing a case of an eccentric gleno-
sphere using the Promos® RSA (Smith and Nephew, 
Andover, MA, USA). An eccentric glenosphere places the 
inferior aspect of the sphere below the lateral pillar of the 
scapula and glenoid neck, reducing the chance of scapular 
notching
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loosening was seen after time with this type of 
fixation. Today most companies obtain the fixa-
tion with a Morse taper, after prior axial screw-
ing, or with direct impaction. As this connection 
is made in vivo, it is important to avoid soft tissue 
interposition. Glenosphere disengagement, using 
a correct technique, fortunately is rare (1.7–5%) 
[22–58]. The use of a central screw should ease 
the placement of the glenosphere in the optimal 
position and can be used without damaging the 
humeral polyethylene [58].

Regarding the material of the glenosphere, 
different options are available: polished Cr-Co-Ni 
alloy, all-polyethylene, or titanium (nickel-free 
solution for allergic patients). Some companies 
reversed the materials and manufactured a poly-
ethylene glenosphere and a metallic cup (Affinis 
reversed, Mathys Ltd., Bettlach, Switzerland; 
SMR Lima, Villanova di San Daniele del Friuli, 
Italy) (Fig.  19.14). This modification did not 
solve the mechanical conflict, but a polyethylene 
glenosphere combined with a metal or ceramic 
humeral liner has the advantage that it creates 
less polyethylene debris when scapular notching 
would occur. Theoretically, this will induce less 
active osteolysis [59–62]. However, this remains 
to be proven in long-term clinical studies.

19.4  Polyethylene Insert

Regarding the polyethylene insert of the humeral 
component, several variations can be found. It is 
important to underline that the stability of the 
prosthesis depends on the amount of surface of 
the glenosphere that is in contact with the poly-
ethylene inlay [15, 52, 53, 63].

Some companies make a distinction between 
an inlay with minimal contact surface (high- 
mobility) and intermediate and maximal contact 
(constraint or retentive). High-mobility polyethyl-
ene insert offers reduced polyethylene cup depth 
in order to improve the range of motion in any 
direction (adduction, abduction, and internal and 

Fig. 19.13 X-ray showing a glenosphere disengagement 
in a non-Morse taper RSA design

Fig. 19.14 The SMR® Reverse Shoulder System (Lima 
Ltd., Villanova di San Daniele del Friuli, Italy) provides a 
new design solution to avoid the impingement of the 
polyliner and the consequent debris generating osteolysis: 
the inversion of the materials. The solution consists in the 
creation of a polyethylene glenosphere articulating with a 
metal liner
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external rotation). It has been shown that a reduc-
tion of 3  mm in the depth of the polyethylene 
inlay results in a gain of range of motion of 12° 
[64]. This design option slightly reduces the sta-
bility and should only be used if the correct joint 
stability is achieved during intraoperative trials.

The use of different thickness polyethylene 
insert could help to achieve optimal stability and 
lateralization, but the surgeon should take care 
not to overstuff the joint creating negative effects 
on deltoid force and joint loading [41]. There is 
interadaptibility available so that most sizes of 
humeral components can be combined with most 
sizes of glenospheres.

If implant instability occurs during intraopera-
tive trials, a constrained insert could also be used. 
The advantage of the deeper socket is improved 
stability by increasing the translational force nec-
essary to dislocate the glenosphere from the 
socket. However, it results in medialization of the 
humeral component and less lateral offset, thereby 
increasing the potential for subsequent polyethyl-
ene wear-induced aseptic loosening [63, 65] 
(Fig.  19.15). In a computer-simulated model, 
Gutiérrez et al. established a hierarchy of surgi-
cal- and implant- related factors for impingement-
free abduction and adduction following RSA [65, 
66]. The hierarchy of factors associated with 

increased impingement-free abduction were lat-
eral offset, glenosphere inferior placement and 
tilt, humeral neck-shaft angle, and prosthetic size. 
With respect to impingement-free adduction, the 
factors were neck-shaft angle, glenosphere infe-
rior placement and size, and lateral offset [65, 66].

Knowing that inferior rim damage is the pre-
dominant cause of polyethylene wear and that 
this wear can induce mechanical loosening of the 
glenoid component [67], a polyethylene insert 
with a notch between 3 and 9 o’clock may lead to 
decreased contact between the humeral cup and 
the scapula neck or the inferior glenoid screw, 
although this has not yet been clinically proven 
[68] (Fig. 19.16).

19.5  Humeral Component

RSA requires placement of a polyethylene socket 
on a well-fixed humeral stem. A variety of proxi-
mal implant geometries has been developed to 
achieve this goal. The original Grammont- style 
humeral implants typically have a more valgus 
(155°; horizontal) metaphyseal inclination (neck-
shaft angle) than the native humerus, thereby 
optimizing stability [9]. However, this larger 
neck-shaft angle is associated with greater 
humeral medialization that leads to impingement 

Fig. 19.15 Photograph of a retrieved RSA (implantation 
time: 7 years); retentive polyethylene humeral insert rim 
damage due to bony scapular impingement or screw 
contact

Fig. 19.16 Arthroscopic view from posterior portal 
showing (on the right) a blunt polyethylene humeral insert
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between the humeral liner and scapula neck. In 
order to reduce adduction impingement, scapular 
notching, and polyethylene wear, many recent 
systems have a more varus (vertical) metaphyseal 
inclination [63, 66, 68, 69].

A reduction of the inclination to 135° in an 
onlay configuration also lateralizes the humerus, 
optimizing the muscle tension and range of 
motion [70, 71]. These advantages have to be 
weighed out to the loss of stability in the initial 
abduction, as confirmed in laboratory conditions 
by Oh et al. [72]. For designs with an inclination 
of 155°, this study describes an increased inci-
dence of scapulohumeral conflict but a higher 
stability in internal rotation (the most critical 
position for anterior stability) [72].

However, the recent introduction of the plat-
form systems allowing a conversion from an ana-
tomical to a reverse prosthesis opens up the 
discussion concerning the optimal neck-shaft 
angle inclination. Revision from hemiarthro-
plasty or total shoulder arthroplasty to RSA is 
occasionally necessary. The humeral stem is 
frequently well-fixed in these patients, and its 
removal is the most common source of 
intraoperative complications [73]. To avoid these 
complications, humeral stems without removal of 
their fixed portion have been developed [74–77].

The ideal humeral metaphyseal stem inclina-
tion for RSA is still under discussion. Therefore, 
platform stems must include modularity that 
optimizes the implant position for both arthro-
plasty designs, anatomic and reverse. Recently 
Tornier, Inc., has developed a modular system 
that reduces scapular notching by utilizing a fixed 
145° angle by summation of the stem and poly-
ethylene liner angles. This angle has been shown 
to minimize scapular impingement while opti-
mizing elevation and internal and external rota-
tion through virtual implantation studies [78] 
(Fig. 19.17).

The humeral component can be stemmed, 
short stemmed, or stemless [69]. The series with 
stemless prostheses present equal results as the 
stemmed ones [79–85]. Advantages of short 
stemmed or stemless implants include a potential 
reduction in the risk of periprosthetic fracture, 
preservation of proximal humeral bone, and the 

uncoupling of implant location and diaphyseal 
endosteal canal location. The latter issue may be 
particularly relevant in patients with proximal 
humeral deformity (Fig.  19.18), existing hard-
ware, and extreme anatomic variants.

Stemless implants render the concept of neck- 
shaft angle essentially a surgical technical prob-
lem. Because these implants are placed without 
reference to the diaphyseal canal, it is possible for 
a less experienced surgeon to place the implant in 
a position that is widely divergent from the 
required position [79, 83]. Implant manufacturers 
have developed short-stemmed implants as a 
compromise between stemless and standard 

Fig. 19.17 X-ray showing the Aequalis Ascend Flex 
RSA (Wright Tornier Inc., Memphis, TN, USA) onset 
design with 145° neck-shaft angle
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stemmed implants, but limited evidence is avail-
able regarding these devices [80–82, 84, 85].

Stemmed implants continue to be specifically 
indicated instead of stemless or short stemmed in 
patients with proximal humeral bone loss as in 
fracture cases. In these scenarios, a windowed 
dedicated trauma stem could be an option and 
seems to enhance the ingrowth of the tuberosities 
[86–90].

With stemmed prostheses, the surgeon can 
choose between monoblock and modular humeral 
devices. Monoblocks should prevent dissociation 
of the prosthetic components (Fig.  19.19) in 
patients where no reconstruction of a viable bony 
proximal humerus can be expected [70]. In this 
situation additional modularity could be a poten-
tial site of fretting, metallosis, and implant break-
age (Figs. 19.20 and 19.21).

Stemmed prostheses can be press-fit or 
cemented. Both provide similar radiographic and 
functional outcomes [91]. The most recent press- fit 
humeral component has a proximal metaphyseal 
fixation; advantages include better vascularity 
potentially allowing more rapid ingrowth, easier 
stem removal during revision, reduced stress shield-
ing rate and incidence of periprosthetic fractures, 
and lower rates of radiographic loosening [74–92].

In patients where the bone stock cannot pro-
vide adequate stability (e.g., fractures, elderly), a 

Fig. 19.18 A short humeral stem allows freedom of 
implant position aside from intramedullary restrictions as 
in fracture sequelae

Fig. 19.19 X-ray showing humeral stem disassembly in 
a shoulder modular prosthesis
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cemented prosthesis may be necessary. In case of 
revision, if the humeral component removal is 
required, a cemented stem will create more bone 
loss than can be expected for a press- fit humeral 
component [93] (Fig. 19.22a, b).

At the level of the epiphysis, it is possible to 
place an epiphyseal component with or without 
offset. An eccentric component allows to center 
the reverse epiphysis in the middle of the humeral 
head osteotomy, preserving the anterior cortical 
bone of the humerus. Positioning the humeral 

tray with posterior offset offers a biomechanical 
advantage by increasing the internal rotational 
moment arm of the subscapularis, without 
creating inferior impingement [94, 95]. However, 
Onstot et  al. observed that a posterior offset 
reverse shoulder was to have more impingement 
than the non-offset design. The authors suggested 
that a posterior-superior offset RSA design may 
provide better teres minor function and rotational 
strength and may decrease the incidence of 
acromial stress fractures relative to the non-offset 
design [96].

19.6  Conclusions

RSA design has changed considerably as a result 
of increased understanding of the biomechanics 
of the prosthesis. Implants have evolved in order 
to limit the rate of all complications reported in 
early designs.

The original monoblock Grammont design 
has changed in new modular implants, with 
numerous variable components and the possibility 
to convert an anatomic implant in a reverse one.

Surgeons experience plays a significant role in 
decreasing perioperative and postoperative 
problems, along with careful selection of the 
ideal implant for all the evolving applications. In 
this scenario, computerized planning software 
and patient-specific instruments could help the 
surgeons in the next future. Investigations into 
computer planning for RSA are in the early 
stages. Stubing et  al. reported in a cadaveric 
study that glenoid baseplate positioning in the 
axial plane was improved by the use of three- 
dimensional navigation, with a mean deviation of 
1.6° in the navigated procedure and 11.5° using 
conventional methods. However, they did not 
find a significant difference in the coronal plane 
[97]. Similarly in a cadaveric study, Venne et al. 
showed that computer planning and navigation 
allowed improved accuracy and precision of 
screw and baseplate placement [98].

One of the main challenges currently with three-
dimensional planning or templating for RSA is 
understanding how conventional two- dimensional 

Fig. 19.20 Retrieved RSA implanted in a 73-year-old 
female with rotator cuff insufficiency, revised after 4 years 
for humeral stem loosening. Damage of the modular 
humeral junction consisted of mild to moderate fretting of 
the stem

Fig. 19.21 Intraoperative image of the case in Fig. 19.20. 
Extensive metallosis was found with blackening of intra- 
articular tissues
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measurements correlate with three- dimensional 
measurements. The development of three-dimen-
sional imaging techniques and computerized plan-
ning for shoulder arthroplasty helps surgeons with 
planning for surgery; however, the development of 
patient-specific instrumentation has been intro-
duced to optimize surgical procedure.

In RSA, the evidence for patient-specific 
instrumentation is limited to cadaveric anatomic 
studies. Levy et al. used patient-specific guides in 
15 cadaveric shoulders for glenoid baseplate 
placement and found them to be very accurate at 
reproducing a three-dimensional preoperative 
plan. However, they did not compare this to 
standard instrumentation [99]. Throckmorton 
et al. randomized cadaver shoulders to standard 
versus patient-specific guides and found no 
significant difference in guide pin position 
between the groups [100].

Currently, there are several companies that 
provide tools for preoperatively planning and 
then create patient-specific instrumentation to 
direct implantation. Most systems require a CT 
scan of certain specifications to be performed, 
and then three-dimensional reconstruction can be 
rendered for planning.

Despite the theoretical benefits of improved 
accuracy of implant placement, clinical data 

supporting improved patient-reported outcomes 
and implant survivorship over the long term are 
lacking. Further study is needed to confirm cost- 
benefit analysis and to determine whether this 
technology should be widely adopted or whether 
it should be reserved for selected patients with 
major severe deformity.

In conclusion, in both the planning and execu-
tion phase of the process, the role of the surgeon 
remains crucial and cannot be replaced by tech-
nology. Preoperative planning using computer 
software requires surgical experience that cannot 
be outsourced. The intraoperative execution 
using patient-specific instruments cannot com-
pletely control the variability, and the surgeon’s 
intuition remains cardinal in the preparation and 
final component implantation.
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Prior to surgical intervention, a thorough his-
tory and physical exam should be performed. 
Particular attention must be paid to previous 
or remote history of infection, prior shoul-
der surgery, and medical comorbidities which 
may contribute to a suboptimal outcome for 
the patient. The physical exam should focus on 
evaluation of the soft tissue envelope, integrity 
of the deltoid and teres minor, and coexisting 
cervical spine issues which may affect the abil-
ity to achieve pain relief and improved function 
after reverse shoulder arthroplasty. Appropriate 
imaging with plain radiographs and CT 
scan will allow for preoperative templating 
(Fig.  20.1a, b). Unless otherwise contraindi-
cated, all anticoagulant and antiplatelet therapy 
should be discontinued at least 5–7 days prior 
to intervention. Glycemic control should be 
optimized to reduce the risk of postoperative 
infection. Perioperative IV antibiotics such as 
a first-generation cephalosporin or vancomycin 

(for patients allergic to penicillin) are adminis-
tered within an hour of intervention.

The patient after induction is placed in the 
Semi-Fowler position on the operative table uti-
lizing a commercially available beach chair posi-
tioner that permits unencumbered access to the 
shoulder (Fig. 20.2). The operative extremity is 
prepped and draped free for the intervention 
(Fig. 20.3).

A majority of surgeons utilize the delto- 
pectoral approach, though the European experi-
ence has demonstrated viability with the 
superior-lateral technique. Each approach has its 
proponents, opponents, advantages, and disad-
vantages. With regard to the superior-lateral 
approach, the subscapularis remains intact as the 
deltoid is split to gain access to the glenohumeral 
joint through a probable massive rotator cuff tear. 
Some reports have indicated reduced risk of ante-
rior instability with this approach due to the intact 
subscapularis. Opponents cite difficulty with gle-
noid visualization, decreased postoperative exter-
nal rotation, and an inability to address revision 
scenarios that require component extraction, ten-
don transfers, and bone grafting [1]. Our prefer-
ence is the delto-pectoral approach, as this 
exposure may be extended for revision cases and 
allows for improved visualization of the glenoid 
and identification and safeguarding of the axil-
lary nerve.

The skin incision begins from the inferior bor-
der of the clavicle and transverses over the cora-
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coid process and toward the deltoid insertion 
(Fig.  20.4). The subcutaneous tissue planes are 
elevated to identify the cephalic vein which is 
mobilized laterally in a majority of cases. Incise 
the clavipectoral fascia from the coracoacromial 
ligament to the superior border of the pectoralis 
major insertion (Fig. 20.5a, b). Humeroscapular 
interface will need to be released with careful 
blunt and sharp dissection. Adhesions posterior 
to the conjoint tendon should also be carefully 
released and the musculocutaneous nerve identi-
fied. Palpate the axillary nerve at the anterior- 
inferior border of the subscapularis. Intermittent 
reassessment of the nerve should be performed to 
confirm its integrity. The anterior humeral cir-
cumflex vessels should be ligated with electro-
cautery (Fig. 20.6).

The subscapularis is either tenotomized or 
“peeled” from the lesser tuberosity and later reap-

proximated or allowed to medialize without reat-
tachment. Advocates of repair cite improved 
internal rotation and reduced incidence of anterior 
instability [2]. However, Mole and Favard in their 
multicenter study of 484 patients who had under-

Fig. 20.1 (a, b) AP radiograph demonstrating stereotypi-
cal changes of rotator cuff arthropathy with proximal 
humeral head migration, femoralization of the humeral 
head, acetabularization of the acromion

Fig. 20.2 A commercially available beach chair positioner 
allows for safe positioning of the neck and head, as well as 
facile access to the shoulder during shoulder arthroplasty

Fig. 20.3 The operative shoulder is draped free for the 
procedure. Surgical preference dictates whether a padded 
Mayo stand or commercially available arm positioner is 
utilized during the intervention
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gone reverse total shoulder arthroplasty did not 
demonstrate statistically different outcomes when 
comparing subscapularis repair versus tenotomy 
without repair [3]. Additionally, Clark and  
coauthors performed a retrospective cohort study of 
120 patients, of which 55 underwent repair of the 
subscapularis during reverse total shoulder arthro-
plasty. They concluded that reattachment of the sub-
scapularis did not have any positive effect on 

complication rate, dislocation rate, pain relief, and 
range of motion gains [4]. Despite these reports, we 
currently advocate primary repair of the subscapu-
laris when technically feasible to reduce the poten-
tial risk of anterior instability and improve the 
potential for internal rotation.

A Darrach retractor is placed inferiorly at the 
humeral insertion of the capsule. A fishtail eleva-
tor and knife are used to release the capsule to the 
6 o’clock position. The humeral head should be 
easily dislocated with gentle extension and 
adduction of the arm (Fig. 20.7). With the shoul-
der dislocated, position the starting reamer at the 
most superior-lateral location, and create a pilot 
hole to gain intramedullary access to the humerus 
(Fig. 20.8).

The tendon of the long head of the biceps ten-
don is tenodesed adjacent to the pectoralis major 
tendon insertion.

The humeral head is generally osteotomized in 
neutral to slight retroversion to preserve internal 
rotation. More recent studies have suggested 
resecting the humeral head in native version for 
the patient to maximize active external rotation 
[5]. The humeral head resection is performed with 

Fig. 20.4 Delto-pectoral approach: the skin incision 
begins from the inferior border of the clavicle and trans-
verses over the coracoid process and toward the deltoid 
insertion

a b

Fig. 20.5 (a, b) After identification of the cephalic vein, 
the deltoid muscle is mobilized laterally, allowing for 
visualization of the pectoralis major tendon insertion. At 
this point, the clavipectoral fascia is incised and the 

biceps tendon transected or tenodesed adjacent to the 
pectoralis major tendon insertion (a). The pectoralis 
major insertion may require partial release for exposure 
purposes screws (b)
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a sagittal saw (Fig. 20.9a–c). Neck-shaft inclina-
tion varies depending upon the implant system 
with Grammont-based implants reliant upon the 
155° angle [6]. A metallic cover plate is then 
placed to protect the osteotomy site (Fig. 20.10).

Glenoid exposure is of paramount impor-
tance for proper positioning of the glenosphere. 
The remaining labrum and biceps tendon ori-
gin are excised sharply (Fig.  20.11). A 360° 
release of the subscapularis, if intact, is per-
formed. The posterior, inferior, and superior 
capsule are released with careful attention paid 
to the location of the axillary nerve at all times.  
To adequately visualize the lateral pillar of the 
glenoid, the origin of the long head of the tri-
ceps tendon may be partially released. A forked 
retractor or modified Sonnabend is then utilized 
to displace the proximal humerus (Fig. 20.12). 
All  osteophytes may be removed with small 
osteotomes or small rongeur. Metaglene posi-
tion should be chosen to obtain adequate gle-
noid fixation while minimizing the risk of 

mechanical impingement. Careful attention 
must be paid to the native version of the gle-
noid and the amount of glenoid vault available 
for baseplate fixation. Some systems require 
placement of a central guidewire from which 
glenoid reaming is based. It is critical to avoid 

Fig. 20.6 Gentle digital or blunt dissection should occur 
posterior to the conjoint tendon taking care to identify and 
protect the musculocutaneous nerve. The anterior circum-
flex vessels are encountered and will need to be ligated or 
cauterized prior to release of the subscapularis. The axil-
lary nerve should be routinely visualized and palpated 
prior to release of the subscapularis

Fig. 20.7 Following release of the subscapularis and 
capsule, the humeral head should be readily dislocated 
with gentle extension and adduction of the arm screws

Fig. 20.8 With the shoulder dislocated, position the start-
ing reamer at the most superior-lateral location, and create 
a pilot hole to gain intramedullary access to the humerus. 
Do not use power to ream the humeral canal to avoid iat-
rogenic injury
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excessive medialization, superior tilt, and ver-
sion (anterior or posterior) of the glenoid during 
the reaming step. Some authors have advocated 
inferior tilt with baseplate positioning to reduce 
the incidence of scapular notching, whereas 
others have indicated minimal benefit with this 
technique and similar patient outcomes with or 
without inferior tilt of the glenoid component 
[7–10]. Most surgeons agree that the baseplate 
must be placed as inferior as possible on the 
glenoid face, but not beyond the glenoid rim, to 
minimize notching and to allow for improved 
adduction of the arm.

a

c

b

Fig. 20.9 The humeral head is osteotomized using an 
intramedullary guide in native version (a). The osteotomy 
is completed without the guide (b, c). We generally place 

the humeral component in neutral version to preserve 
internal rotation

Fig. 20.10 A metallic cover plate is then placed to pro-
tect the osteotomy site
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The metaglene central peg ought to be posi-
tioned posterior and inferior to the intersection 
of the glenoid axis. Particular attention should  
be given to pain to glenoid morphology on pre-
operative imaging studies, as metaglene position 
will need to be adjusted based upon adequacy 
and screw and postfixation. The metaglene posi-
tioner is placed flush with the inferior glenoid 
rim, and a guide pin is advanced perpendicular 
to the glenoid face. Avoid superior tilt of the pin 
placement which may result in suboptimal posi-

tioning of the metaglene and glenosphere 
(Fig.  20.13a, b). A two-step reaming process 
allows for appropriate preparation of the glenoid 
followed by a central cannulated drill bit to pre-
pare for the metaglene post (Fig.  20.14a, b). 
Implant the final metaglene into position using 
autograft to address minor deficiencies in the 
glenoid surface. The metaglene rotation should 
be positioned to allow for inferior screw place-
ment within the scapular neck and superior 
screw placement within the coracoid base [11] 
(Fig. 20.15a, b). We will generally place the final 
glenosphere which comes from 36–38  mm to 
40–42  mm diameters and standard/eccentric 
sphericities (Fig. 20.16a, b). The 40 mm gleno-
sphere provides improved range of motion and 
stability, but may not be feasible to use in patients 
with smaller glenoids.

Correct positioning of the glenoid compo-
nent, however, can be challenging because of 
variable scapular anatomy and glenoid bone 
loss. Three- dimensional preoperative planning 
and patient- specific instrumentation have been 
introduced for shoulder arthroplasty to better 
deal with glenoid deformity and bone loss. 
Before surgery, patients undergo a preoperative 
thin-cut CT scan of the shoulder. The two-
dimensional images in the digital imaging and 
communications in medicine format are loaded 
in a 3D image processing software system and 
are reformatted into accurate 3D models of the 
scapulae. The scapular plane is defined by three 
points: the glenoid center point, the scapula tri-
gonum, and the inferior angle of the scapula. 
This patient-specific 3D model of the scapula is 
then uploaded into an interactive surgical plan-
ning software program, enabling the surgeon to 
virtually preoperatively plan the ideal position of 
the glenoid component. From this surgical plan, 
patient-specific polyamide guides were manu-
factured to intraoperatively control the position 
and orientation of the central glenoid guide pin. 
In addition to this glenoid guide, a patient-spe-
cific glenoid replica was also created to allow the 
 surgeon to visualize the optimal guide position 
during the surgery.

Fig. 20.11 The remaining labrum and biceps tendon ori-
gin are excised in order to achieve an adequate glenoid 
exposure

Fig. 20.12 Sequential capsular releases should afford an 
appropriate view of the glenoid face for metaglene and 
glenosphere placement. Common retractors include a 
forked retractor or modified Sonnabend, Hohmann, and 
anterior glenoid retractor
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After final glenosphere implantation, the 
shoulder is re-dislocated for proximal humerus 
preparation. The humeral side is reamed, 
broached, and prepared for humeral component 
implantation (Fig.  20.17a–d). Modern reverse 

shoulder arthroplasty designs demonstrate mod-
ularity that allows for press-fit reconstruction. 
Controversy remains regarding the amount of 
version necessary to maximize range of motion 
and functional outcome. Mole and Favard’s study 

a b

Fig. 20.13 (a, b) The metaglene guide pin should be 
placed slightly inferior and posterior to the intersection of 
the glenoid axes (a). The correct version is confirmed 

intraoperatively by palpating the anterior surface of the 
scapula neck (b)

a b

Fig. 20.14 (a, b) A two-step reaming process (a) allows for appropriate preparation of the glenoid followed by a cen-
tral cannulated drill bit to prepare for the metaglene post (b)
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in 2007 recommended neutral version based upon 
better outcomes involving activities of daily liv-
ing, strength, Constant scores, and implant failure 
rate [3]. More recently, Favard et al. noted dimin-
ished inferior impingement and scapular notching 
rates with near anatomic version of the humerus. 

The authors cautioned regarding the adoption of 
this technique as the effects on external rotation, 
internal rotation, and anterior- posterior impinge-
ment have not been clearly defined [5]. Humeral 
cup liner depths vary based upon implant systems, 
but most allow for multiple thicknesses, degrees 

a b

Fig. 20.15 The metaglene rotation should be positioned to allow for inferior screw placement within the scapular neck 
and superior screw placement within the coracoid base (a, b)

a b

Fig. 20.16 (a, b) The glenosphere is initially advanced 
over a central guide wire (a). Clockwise rotation with 
intermittent impaction will result in locking of the Morse 

taper. The scapula should begin to rotate when the gleno-
sphere has seated completely (b)

S. Gumina et al.
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of constraint, and metallic spacers for revision 
situations. Intraoperative reduction is generally 
accomplished by gentle longitudinal traction and 
downward push on the humerus. Stability and 
assessment of soft tissue tensioning remain a qual-
itative analysis. We will generally perform the fol-
lowing assessments to assure appropriate stability 
of the construct: the conjoint tendon should dem-
onstrate increased but not excessive tension (i.e., 
bowstring); dislocation with abduction and inter-

nal rotation of the arm should not occur; minimal 
gapping should occur with adduction of the arm; 
and humeral cup glenosphere dissociation should 
not occur with longitudinal traction of the arm. If 
subluxation or frank instability occurs with any of 
these steps, stability may be improved by increas-
ing humeral cup liner depth, removing soft tissue 
or osseous structures that cause impingement, 
changing to a 42–44 mm glenosphere or use of 
the humeral spacer.

a b

c d

Fig. 20.17 (a–d) Preparation of the humeral component implant
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Once satisfied with the stability of the con-
struct, the final humeral cup liner is inserted 
followed by glenohumeral reduction 
(Fig. 20.18a, b). In the event that the subscapu-
laris can be repaired, we will place three to four 
drill holes through the proximal humerus 
approximately 1 cm below the osteotomy level 
for suture management purposes (Fig.  20.19). 
The subscapularis is reapproximated to the 
remaining portion of the lesser tuberosity with 
the previously placed #2 nonabsorbable sutures. 
The axillary nerve’s integrity is reconfirmed. 
The soft tissues are closed in layers over a suc-
tion drain to reduce the risk of hematoma 
formation.

The patient’s operative extremity is immobi-
lized in a sling or similar device. Active elbow, 
wrist, and digital exercises are allowed postoper-
ative day 1. Pendulum, passive forward flexion, 
and passive abduction exercises are permitted at 
2 weeks postoperatively. Active range of motion 
exercises, including isometrics, are allowed at 
6 weeks. The patient should be cautioned to avoid 
internal rotation and “push-off” activities for the 
first 6 weeks to reduce the risk of an instability 
event. The patient should additionally understand 
that shoulder function is highly dependent on 

compliance with therapy protocols and to expect 
incremental functional improvement for up to 1 
year after surgery.

a b

Fig. 20.18 (a, b) Humeral cap liner has been tested (a) so that shoulder could be reduced by gentle longitudinal trac-
tion and downward push on the humerus (b) and the assessment to assure appropriate stability starts

Fig. 20.19 The subscapularis is repaired with the use of 
drill holes and nonabsorbable passing sutures through the 
proximal humerus approximately 1 cm distal to the oste-
otomy site

S. Gumina et al.
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20.1  Indications for Concomitant 
Latissimus and Teres Major 
Tendon Transfers

Several authors have advocated latissimus and 
teres major tendon transfers in the setting of 
reverse shoulder arthroplasty for rotator cuff 
arthropathy associated with loss of external 
rotation [12–14]. The loss of external rotation 
may be due to structural or functional defi-
ciency of the infraspinatus and teres minor. 
Simovitch and coauthors demonstrated lower 
Constant scores and negative external rotation 
arcs in patients who underwent reverse shoul-
der arthroplasty with preoperative evidence of 
teres minor fatty atrophy [15]. Boileau et  al. 
demonstrated improved forward flexion and 
external rotation in a series of 17 patients 
through a single delto- pectoral approach [14]. 
More recently, Gerber and others demonstrated 
durability of the combined transfer at a mean 
follow-up of 53 months in the setting of reverse 
shoulder arthroplasty. One of us has utilized the 
single delto-pectoral approach as described by 
Boileau in patients undergoing reverse shoulder 
arthroplasty with a preoperative external lag 
sign or hornblower’s sign. The delto-pectoral 
approach affords direct access to the combined 
insertion of the latissimus and teres major, once 
the proximal portion of the pectoralis major 
tendon is released. Careful dissection should 
allow adequate visualization and protection of 
the radial and axillary nerves. Subperiosteal 
detachment of the combined insertion is fol-
lowed by gentle release of adhesions in a lat-
eral to medial direction, not to exceed 6  cm. 
Boileau and coauthors have estimated 3–5 cm 
of tendon excursion with this technique [14]. 
The tendon ends are tagged with #5 nonabsorb-
able suture (Fig.  20.20a–d). The final gleno-
sphere has already been implanted. The trial 
humeral stem is dislocated, and the tendons are 
transferred to the remaining greater tuberosity 
or humeral shaft through a soft tissue window 
posterior to the humeral diaphysis. Drill holes 
are placed in the humeral diaphysis at the same 
level of the native latissimus and teres major 

tendon insertions. The drill holes are directed 
from the bicipital groove toward the posterolat-
eral humeral cortex. One suture limb is deliv-
ered from posterior to anterior and hand tied to 
the corresponding suture partner (Fig. 20.21a–
c). As an alternative, commercially available 
suture anchors may be utilized rather than bone 
tunnels for reapproximation of the transferred 
tendon complex. The final humeral implant and 
liner are impacted into appropriate position. 
The pectoralis major tendon is repaired, and the 
subscapularis is reapproximated in a manner 
previously described. Layered wound closure is 
performed over a drain.

Postoperatively, the patient is placed into an 
abduction-external rotation brace. For the first 6 
weeks, only elbow, wrist, and digital exercises 
are permitted. The patient then begins physician- 
directed therapy with a focus on passive forward 
flexion, abduction, and external rotation. Internal 
rotation is restricted to neutral rotation for 6–9 
weeks and to the greater trochanter from weeks 9 
to 12. At 3 months, the strengthening may be 
allowed. Maintenance exercises should be per-
formed for 6–12 months after surgery.

20.1.1  Posterior Glenoid Bone Loss

Rotator cuff tears can alter glenohumeral 
mechanics and predispose the glenoid to abnor-
mal wear patterns [16]. The technical aspect of 
joint replacement increases in complexity with 
increasing bone loss and posterior glenohumeral 
subluxation [17–19], especially in cases of type 
B glenoid morphology according to Walch’s clas-
sification (Fig. 20.22) [20].

Assessing the preoperative glenoid morphol-
ogy and correcting it are fundamental for the sur-
gical procedure since posterior glenoid erosion is 
not only a risk factor for glenoid loosening, but 
also it results in worse function outcomes and 
pain [21–23]. In this situation, the theoretical 
goal of shoulder surgeons performing an arthro-
plasty is to restore native joint biomechanics by 
improving glenoid version and maintaining or 
restoring the glenohumeral joint line.
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20.1.1.1  Biomechanics of Glenoid 
Retroversion and Posterior 
Bone Loss

Shoulder biomechanics is inevitably altered by 
glenoid bone loss, resulting in humeral head 
displacement and eccentric stresses placed on 
the glenoid component leading to polyethylene 
wear, component loosening, or instability. 
Posterior glenoid bone loss results in altered net 

humeral joint reaction forces which pass outside 
the effective glenoid arc, creating joint instabil-
ity (Fig. 20.23). Bryce et  al. [24] studying the 
relationship between glenoid wear and humeral 
head subluxation in their cadaveric biomechani-
cal model demonstrated that subluxation is 
steadily present already with 2.5° of glenoid ret-
roversion. The degree of bone loss and glenoid 
retroversion directly influence both glenohu-

a b

c d

Fig. 20.20 (a–d) A portion of the pectoralis major inser-
tion must be released to visualize the latissimus dorsi and 
teres major tendons (a); identification of the axillary and 
radial nerves is required prior to release of the latissimus 
and teres major tendon complex (b); adhesions are 
released bluntly under direct vision to gain excursion of 
the released tendons (c); the tendon complex is then cap-

tured with a modified Mason-Allen or equivalent suture 
configuration using large caliber nonabsorbable suture (d) 
(Reproduced, with permission from Elsevier, from: 
Boileau P, Rumian AP, Zumstein MA. Reversed shoulder 
arthroplasty with modified L’Episcopo for combined loss 
of active elevation and external rotation. J Shoulder Elbow 
Surg 2010;19: 20–30)
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meral forces and humeral head displacement; 
every 4° increase in retroversion resulted in a 2° 
shift of joint reactive forces away from the gle-
noid midline [23]. This condition causes 
approximately 0.5  mm of posterior humeral 
head displacement for every corresponding 
degree of glenoid retroversion. Altered joint 
forces cause humeral head subluxation which 
can lead to eccentric loading of the glenoid 
component, mechanism described as “rocking 
horse,” and be associated with high tensile 
forces across the glenoid component-bone inter-
face [24, 25].

Farron et  al. [26] using three-dimensional 
finite element analysis stated that retroversion 

of 20° created a posterior contact point on the 
glenoid, increasing stresses within the cement 
mantle and glenoid bone by 326% and 162%, 
respectively. Retroversion of just 10° resulted in 
an increase in micromotion at the bone-cement 
interface of >700%, and they concluded that ret-
roversion beyond this point should be corrected. 
Placing the glenoid implant in 15° of retrover-
sion (in cadaveric shoulders), Shapiro et al. [27] 
evaluated the effects of a glenoid component 
version on joint biomechanics. This procedure 
significantly decreased the glenohumeral con-
tact area, increased contact pressures, and 
decreased inferior and posterior glenohumeral 
forces.

a

c

b

Fig. 20.21 (a–c) The tendon complex is passed posterior 
to the dislocated proximal humerus at the meta-diaphyseal 
region (a); drill holes are placed just lateral to the bicipital 
groove with the arm internally rotated to allow for exit at 
the desired location for the tendon transfer (b); one suture 
limb from each pair is brought through the drill hole, 
whereas the corresponding limb travels posterior to the 

proximal humerus. Sutures are tied with the arm in slight 
internal rotation (c) (Reproduced, with permission from 
Elsevier, from Boileau P, Rumian AP, Zumstein 
MA.  Reversed shoulder arthroplasty with modified 
L’Episcopo for combined loss of active elevation and 
external rotation. J Shoulder Elbow Surg 2010;19: 20–30)
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20.2  Treatment Options

20.2.1  Eccentric Reaming

Eccentric reaming is a common procedure per-
formed prior to component insertion with the aim 
to improve excessive glenoid retroversion. An 

excessive reaming can reduce the subchondral 
bone available for implant support, medialize the 
joint line, and allow cortical perforation of the 
polyethylene implant.

Walch et al. [28] found that motorized ream-
ing was significantly associated with glenoid 
loosening for both subsidence and posterior tilt 

Type A1 Type A2

Type B1

Type C

Type B2

Fig. 20.22 Glenoid morphology according to Walch’s classification [20]
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and so suggested that subchondral bone be pre-
served to provide sufficient osseous support to 
withstand the stresses experienced by the glenoid 
implant.

Many studies have been performed with the 
aim to define the limits of eccentric reaming in 
order to minimize the removal of subchondral 
bone while maximizing version correction. 
Attempting to correct 15° of retroversion, 
Gillespie et al. [29] found implant peg penetra-
tion or inadequate bone support in four of eight 
cadaveric specimens studied. Correcting even 
10° of version, a significant decrease in antero-
posterior glenoid diameter was found. Clavert 
et al. [30] reamed to neutral version five cadav-
eric scapulae in which they have previously cre-
ated posterior glenoid defects and placed a 
pegged glenoid component. The result was one 
peg perforation in all five specimens and one 
fracture of the anterior glenoid rim leading the 
authors to conclude that if version exceeds 15°, 
the surgeon should consider alternatives to ream-
ing the anterior aspect of the glenoid, such as 
posterior deficiency bone grafting.

Computer software has allowed investigators 
to simulate the effect that reaming has on glenoid 
component implantation.

Iannotti et al. [31], using a three-dimensional 
surgical simulator, compared ideal versus actual 
retroversion correction and joined the conclusion 

that retroversion of >19° would have been associ-
ated to peg perforation if ideal component place-
ment had been performed.

Nowak et al. [32] considered a version <12° as 
optimal to implant a standard glenoid compo-
nent, while version of >18° resulted in peg pene-
tration. However, it is important to note that 
glenoid perforation after a short-term follow-up 
period is not correlated to adverse clinical effects 
or radiographic findings, lacking the literature of 
long-term follow-up studies.

In summary, an eccentric reaming is restricted 
by the available bone stock and should be limited 
to mild defects with no more than 10–15° of gle-
noid retroversion; an excessive reaming should 
be avoided to reduce the risk of loss of subchon-
dral bone support, cortical perforation, and con-
sequent implant loosening.

20.2.2  Glenoid Bone Grafts

When posterior glenoid bone loss is too exces-
sive, bone grafting is a valid method to improve 
version, reestablish the joint line, and restore gle-
noid bone deficiency with the potential for bio-
logic incorporation.

Bone grafting is a valid method when there is 
insufficient bone stock for component fixation or 
an inability to correct component position with 
glenoid reaming as it would result in an incorrect 
glenoid implant in cases of retroversion >15° 
[33–35]. The aim of bone grafting is that of 
improving version, reestablishing the joint line, 
and restoring glenoid bone deficiency with the 
potential for biologic incorporation. Problems 
connected to this procedure are nonunion, 
resorption, or subsidence, in addition to the tech-
nical demand of graft placement and fixation 
[34, 36, 37].

Few studies evaluated the clinical and radio-
logical outcomes of reverse shoulder arthroplasty 
using bone grafting for excessive glenoid 
retroversion.

Mizuno et al. [38] studied 27 reverse shoul-
der replacements performed for the treatment of 
primary glenohumeral osteoarthritis with a 
biconcave glenoid; retroversion (mean, 32°) and 
humeral head subluxation (mean, 87%) were 

Glenoid
center line

Labrum

Cartilage

Balance
stability
angle

Effective
glenoid arc

Glenoid
bone

Fig. 20.23 Principles of biomechanics in the absence of 
posterior glenoid bone loss. From Rockwood CA, et al.: 
The shoulder, ed. 4, Philadelphia, 2010, Saunders
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not such as to be corrected by asymmetric ream-
ing. Ten patients required a bone graft if version 
could not be corrected to within 10° of neutral 
or when the baseplate surface contact was 
<80%. Constant score increased from 31 to 76 
points (p < 0.0001). In 4 (15%) of 27 patients, a 
complication occurred, with 3 patients having 
neurologic issues and 1 patient having early gle-
noid loosening. At the latest follow-up evalua-
tion (mean FU, 44 months), 25 patients (93%) 
were either very satisfied or satisfied with their 
results. No radiolucent lines were observed 
around the central peg or screws; no recurrence 
of posterior instability was found. The authors 
concluded that reverse shoulder arthroplasty 
offers a viable solution for the treatment of 
severe static posterior glenohumeral instability 
and severe glenoid erosion. Wall et al. reviewed 
the results of reverse total shoulder arthroplasty 
in 240 patients (mean age, 72 years) according 
to different surgical indication [39]. Of those 
patients, 33 underwent reverse total shoulder 
arthroplasty because of severe posterior glenoid 
bone loss and posterior humeral head sublux-
ation. The mean Constant score after a mean FU 
of 38  months passed from 24.7 to 65.1 points 
and mean shoulder flexion from 77° to 115°. A 
rapid loosening of both the graft and implant 
was found, and this patient needed surgery for 
conversion to a cuff tear arthroplasty.

20.2.3  Our Experience

In our practice, each patient submitted to reverse 
shoulder prosthesis undergoes preoperative 
evaluation with standard Rx examination (true 
AP and axillary view) and CT scan (with 3D 
reconstructions) in order to obtain a detailed sur-
gical planning. In case of glenoid retroversion 
<15°, we perform an eccentric reaming in order 
to restore a correct joint congruity and the right 
glenoid version. If retroversion is >15°, we uti-
lize a bone grafting using the humeral head bone 
(Fig. 20.24a–d).

20.2.4  Augmented Glenoid 
Components

As an alternative to eccentric reaming and bone 
grafting, augmented glenoid components were 
designed.

Clinical and radiological outcomes regarding 
this technique are controversial. Rice et al. [40] 
reviewing 14 shoulders treated with an asymmet-
ric wedge-shaped posteriorly augmented glenoid 
component (mean FU, 60 months) found only 2 
clinical unsatisfactory results. However, more 
than half of the glenoid components demon-
strated radiolucent lines, and one-third demon-
strated moderate or severe posterior glenohumeral 
subluxation, although no revision surgery was 
performed.

Rice et al. concluded that the contribution of 
the modified glenoid component to overall cor-
rection of glenoid bone wear and humeral sub-
luxation seemed marginal, and the use of this 
implant was discontinued.

In the last years, we have seen the devel-
opment of a stepped, posteriorly augmented 
glenoid design that places the component per-
pendicular to the vector of joint forces and 
allows for improved biomechanical properties 
[41–43]. Iannotti et al. [43] compared the resis-
tance to anterior glenoid lift-off of four different 
all- polyethylene augmentation designs, under 
both compressive and eccentric loads. The 
stepped glenoid resulted in having lower ini-
tial and final lift-off values compared with the 
augmentation designs, although not all reached 
significance.

Glenoid implant augmentation can improve 
glenoid version while preventing implant per-
foration, joint line medialization, and subchon-
dral bone loss. However, more clinical studies 
are needed. Furthermore, augmented glenoid 
implantation is technically a demanding proce-
dure; a precise creation of a glenoid bone bed to 
seat the augmented component is essential. High 
rate of micromotion and the risk of loosening are 
reported [44].
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Fig. 20.24 (a–d) Bone grafting using the humeral head bone. Intraoperative phases (a–d)

a

c

b

d

20.2.5  Lateralization of the Center 
of Rotation in Reverse 
Shoulder Prosthesis

The Grammont-style reverse shoulder prosthe-
sis had two biomechanical principles: medial-
ization of the glenohumeral center of rotation 
and the lowering of the humerus [45]. These 
principles reduce torque on the glenoid com-

ponent and increase the deltoid lever arm, 
overcoming the weakness or the absence of 
rotator cuff tendons [5, 46].

Many studies reported problems and compli-
cations attributed to this design [2, 47–51]. The 
scapular notching is the most frequent, ranging 
from 50% to 96% in post-op radiograms [25–
28] (Fig. 20.25). It consists of the inferomedial 
impingement of the humeral component against 
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the scapular neck during arm adduction and 
rotation responsible for bone erosion and poly-
ethylene wear. Prosthetic instability is a further 
complication consequent to humeral medial-
ization because of glenohumeral impingement 
and the poor soft tissue tension; it has been 
observed in 3–6% of cases [2, 5, 52]. Finally, 
patients submitted to reverse shoulder prosthe-
sis complain of cosmetic concerns, related to 
the loss of their normal shoulder contour [5, 45] 
(Fig. 20.26).

With the attempt to overcome these prob-
lems, many authors have proposed different 
surgical techniques to obtain an increased-
offset RSA. Metallic lateralization, increasing 
the offset of the glenosphere and/or baseplate, 
is an option. Historically, experience with 
lateralized offset prostheses led to unsatisfac-
tory outcomes, because of high rate of gle-
noid loosening and screw breakage due to the 
increasing torque or shear force applied to the 
glenoid component [53, 54]. More recently, 
Frankle et  al. [55] have demonstrated the 
beneficial results of metallic lateralization in 
reducing the scapular notching. However, in 
their study, they reported 12% rate of glenoid 
loosening after a mean follow-up of 21 months, 
all requiring revision. Biomechanical studies 
demonstrated the greater risk of baseplate- 
related complications after increased-offset 
reversed prostheses [56]. Harman et  al. [56] 
observed that, during eccentric loading, the 
motion of a +7-mm increased-offset baseplate 
was four times greater than that observed 
with the Grammont-medialized prosthesis. 
The results of both clinical and biomechani-
cal studies led Frankle et  al. to modify their 
initial lateral offset design, using 5-mm lock-
ing screws to increase baseplate stability and 
enhance glenoid component fixation. Cuff 
et al. [57] reported encouraging early clinical 
results using such design.

Boileau et al. obtained the lateralization using 
bony increased-offset reverse shoulder arthro-
plasty (BIO-RSA) [58]. According to this tech-

nique, the lateralization is obtained by placing an 
autogenous bone graft harvested from the 
humeral head on a specifically designed base-
plate with a long central peg.

Once the bone graft has healed to the native 
scapula, the articular center of rotation is main-
tained at the bone-prosthesis interface. In 2011, 
Boileau et  al. [58] published the clinical and 

Fig. 20.25 Reverse shoulder arthroplasty: scapular 
notching

Fig. 20.26 Loss of the normal shoulder contour in a male 
patient submitted to a left reverse shoulder arthroplasty
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radiological outcomes of a series of 42 patients 
submitted to BIO-RSA. Outcomes were equiva-
lent to or even better than those reported with the 
standard medialized Grammont RSA for cuff tear 
arthropathy (Fig. 20.27) [2, 39, 59, 60].

The effect of lateralization on shoulder motion is 
still a motive for discussion. In their biomechanical 
study, Costantini et al. [61] stated that lateralization 
of the center of rotation leads to an increase in the 
overall joint contact forces across the glenosphere. 
Most of this increased loading occurred through 
compression, although increases in anterior-poste-
rior and superior- inferior shear were also observed. 
Moment arms of the deltoid consistently decreased, 
and bending moments at the implant interface 
increased with lateralization. Progressive lateraliza-
tion resulted in improved stability. Greiner et al. [62] 
stated that in patients with lateralized RSA, the sub-
scapularis and teres minor maintained their length 
and rotational moment arms; their flexion forces 
were increased and abduction capability decreased 
explaining why in their series they found improved 
rotation in lateralized RSA compared with standard 
implant.

Scapular notching remains the most frequent 
complication associated to RSA. For this reason, 
19% rate of Boileau’s series [58] is not entirely 
satisfactory. Recently, De Wilde et al. [63] have 
evaluated which is the optimal way to overcome 
the scapular notching during an RSA implanta-
tion choosing among six different solutions 
(change of the angle of humeral neck-shaft incli-
nation, change in the depth of the polyethylene 
cup, lateralization of the center of rotation, down-
ward glenoid inclination, increase in glenosphere 
radius, creation of an inferior prosthetic overhang 
to the glenoid bone). The authors concluded that 
a prosthetic overhang of about 2.5  mm created 
the biggest gain in notch angle.

In our surgical practice, the optimal configura-
tion to reduce the rate of scapular notching and to 
produce favorable compressive forces on the gle-
noid bone graft is the lateralization of the implant 
(Fig. 20.28a–h) together with the positioning of 
the glenosphere flush to the inferior glenoid mar-
gin associated to an inferior tilt, sometimes 
through the help of an asymmetrical reaming 
and/or the use of asymmetrical bone graft.

Comparison between Grammont and BIO-RSA
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Fig. 20.28 (a–h) Right BIO-RSA in a 71-year-old female. Intraoperative phases (a–c); radiological (d) and clinical 
(e–h) outcomes

a b

c

d
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Fig. 20.28 (continued)
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RSA for Proximal Humeral 
Fractures

Federico A. Grassi

During the last decade, reverse shoulder arthro-
plasty (RSA) has gained popularity for the surgi-
cal treatment of proximal humeral fractures, and 
its use is projected to increase steadily in the next 
years.

Fractures of the proximal humerus are com-
mon injuries, especially among the elderly popu-
lation with osteopenia. Most of these injuries are 
successfully treated with conservative methods, 
but a remarkable number of fractures require sur-
gery in order to prevent shoulder pain and loss of 
function.

Several treatment options are available, and the 
choice should be tailored according to fracture pat-
tern as well as to patients’ conditions and needs.

Shoulder replacement for proximal humeral 
fractures was popularized by Neer in the 1950s 
[1]. He reported satisfactory clinical outcomes 
with anatomic hemiarthroplasty (HA), and his 
experience was decisive for the acceptance of this 
technique as an alternative to conservative treat-
ment or fixation for complex fractures. However, 
subsequent clinical experiences could not unani-
mously reproduce Neer’s results [2].

In the majority of elderly patients, the loss of 
shoulder function after HA is common, because 
of the coexistence of negative prognostic factors, 

such as tuberosity comminution, rotator cuff 
degeneration and tears, low compliance and/or 
lack of logistic support for performing adequate 
rehabilitation.

RSA was proposed as an alternative option to 
overcome the limits of HA [3, 4]. The main advan-
tages provided by RSA for fracture include the 
fixed fulcrum mechanics of the glenohumeral joint, 
in case of tuberosity or cuff failure, and the less 
demanding rehabilitation program after surgery.

Several clinical studies and literature reviews 
have been carried out to compare RSA and HA 
for the treatment of proximal humeral fractures, 
and most of the collected data are now in favor of 
RSA [5]. Biomechanical research, surgical expe-
rience, and improvement in implant designs were 
critical factors for the worldwide success of RSA 
for fracture.

Data indicating the superiority of RSA on HA 
need to be interpreted with caution in order to 
avoid over-indications of RSA in patients that can 
be successfully treated with alternative methods. 
Table  21.1 summarizes the author’s indications 
for RSA in patients with fractures of the proximal 
humerus requiring shoulder replacement.

Loss of tuberosities invariably leads to poor 
functional outcomes with HA [6], while results 
with RSA are less dependent on tuberosity posi-
tion and healing. Nonetheless, it has been reported 
that improved function with RSA, especially with 
regard to external rotation, is observed when con-
solidation of the tuberosities occurs [7].
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While reconstruction of the greater tuberosity/
posterior cuff should always be performed for 
preserving external rotation, there is no consensus 
about the necessity of repairing the lesser 
tuberosity with the subscapularis tendon [8].

Even though subscapularis repair might play 
a stabilizing role for the prosthesis, it might also 
have biomechanical drawbacks on RSA, espe-
cially for the potential loss of external rotation 
[9]. Owing to humeral lowering in RSA, the 
anterior tension resulting from reconstruction of 
the lesser tuberosity/subscapularis can jeopar-
dize recovery of external rotation in elderly 
patients, who already exhibit muscular weak-
ness if not extensive rotator cuff tears. The role 
of subscapularis repair in RSA for fracture 
should be brought into focus by randomized 
controlled trials.

Complications of RSA for fracture do not dif-
fer from those observed in RSA implanted for 
other conditions. The rate of complications varies 
considerably among studies published in litera-
ture, with instability being the most common 
major complication, followed by infection. 
Correct positioning of RSA is crucial for avoid-
ing specific complications of this implant, such 
as scapular notching (whose long-term conse-
quences are still not clear) and acromial or scapu-
lar spine fractures (mainly related to excessive 
tensioning of RSA).

21.1  Surgical Technique

The surgical technique of RSA for fracture is vari-
able from surgeon to surgeon. The main differ-
ences are related to the surgical approach (anterior 
deltopectoral vs. anterosuperior transdeltoid), the 
management of the subscapularis tendon, the ver-
sion of the humeral component, and soft tissue 
tension after reduction.

For the majority of orthopedic surgeons, the 
deltopectoral is the standard approach to the 
shoulder. It provides excellent exposure of 
proximal humerus and glenoid and can be easily 
extended distally in case of need. Some 
difficulties with this approach may arise from 
exposure and reduction of the greater tuberosity.

The anterosuperior approach requires detach-
ment of the deltoid from the acromion as well as 
particular care to avoid axillary nerve injuries 
with distal split of the muscle. Potential advan-
tages include the easier access to the greater 
tuberosity and more favorable working condi-
tions for periprosthetic reconstruction of the 
tuberosities.

Even though the choice of the exposure influ-
ences some steps of the surgical procedure, the 
technique of implantation does not differ substan-
tially between the two surgical approaches. In the 
author’s experience, the preferred technique uses a 
deltopectoral approach and is described hereafter.

The printed figures refer to a 78-year-old lady, 
who suffered a four-part valgus impacted fracture 
of the right humerus following an accidental fall 
(Figs. 21.1 and 21.2). Noteworthy features of this 
injury included significant osteopenia with 
comminution of the greater tuberosity and a 
concomitant tear of the supraspinatus tendon.

The patient is placed in the beach chair posi-
tion with the head firmly secured. The superior 
limb is included in the operative field and over-
hangs the edge of the table to allow extension and 
adduction of the shoulder. The arm must be easily 

Table 21.1 Author’s indications for RSA in patients with 
proximal humerus fractures requiring shoulder 
replacement

Elderly 
patients

♀ > 65–70 (osteopenia)
♂ > 70–75

Patients ≥ 60 – Large rotator cuff tear
–  Comminuted tuberosities and/or poor 

blood supply (diabetes, smoking)
–  Need to replace the glenoid 

(Fx-dislocations, osteoarthritis)
– Limited functional demands
– Low compliance for rehabilitation
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mobilized by an assistant or a mechanical posi-
tioner throughout the procedure. The shoulder is 
covered by an adhesive surgical drape with 
iodine. The skin incision starts at the coracoid tip 
and runs distally and laterally for about 10 cm in 
the direction of deltoid insertion (Fig. 21.3).

A standard deltopectoral approach is used for 
exposing the fracture site. The cephalic vein is 
retracted laterally along with the deltoid muscle, 
which is separated from the pectoralis major 
(Fig.  21.4). The deep layer of the deltoid is 

released from the underlying subacromial bursa 
and rotator cuff tendons with a Cobb elevator.

The deep aspect of the conjoined muscle ten-
don unit is palpated in order to prepare a site for 
retraction as well as to identify the position of the 
musculocutaneous nerve. A self-retaining retrac-
tor can be placed between the deltoid and the 
conjoined tendon. The coracoacromial ligament 
can be sectioned to improve surgical exposure of 
the subacromial space (Fig. 21.4).

The tendon of the long head of the biceps 
(LHB) is identified and can be tenodesed at the 
level of the pectoralis major tendon.

The LHB is an excellent landmark and can be 
followed proximally to identity the rotator 
interval and separate the subscapularis from the 
supraspinatus tendon (Fig.  21.5). This incision 
gives access to the articular space. The portion of 
LHB proximal to the tenodesis is resected. The 
anterior circumflex vessels are ligated or 
cauterized in order to avoid bleeding.

Stay sutures are passed through the subscapu-
laris tendon (Fig. 21.5). If the subscapularis is not 
repaired at the end of the procedure, as routinely 
done by the author, it can be resected with the 
lesser tuberosity and anterior capsule. Once the 
anterior tissues are removed, the glenohumeral 
joint and the remaining fracture fragments of the 
proximal humerus are easily exposed.

The humeral head is disengaged and removed 
through the created gap (Fig. 21.6). It is important 
to check the complete removal of the articular 
surface: any residual portion of the articular 
surface still attached to either tuberosity must be 
removed.

The supraspinatus tendon is resected to avoid 
superior pull on the tuberosity fragment. Strong 
nonabsorbable sutures are passed at the tendon- 
bone posteriorly (greater tuberosity/infraspinatus) 
(Fig. 21.6). If tuberosity comminution is present, 
the sutures are firmly secured to the tendons.

Fig. 21.1 Anteroposterior radiograph of the right shoul-
der: four-part valgus impacted fracture of the proximal 
humerus
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The glenoid components of the reverse pros-
thesis are implanted according to the standard 
technique. The labrum is removed from the 
glenoid rim by sharp dissection, and the inferior 
capsule is released to palpate the long head of the 
triceps and the lateral pillar of the scapula. 
Retractors (Hohmann or Rowe’s “dinner fork”) 
are placed on the anterior, posterior, and inferior 
aspect of the scapular neck in order to achieve 
perfect visualization of the glenoid (Fig. 21.7).

After having determined the correct position 
of the baseplate, a centering pin is inserted in the 
glenoid as a guide for reaming (Fig.  21.7). As 
well known, superior placement and superior tilt 
of the baseplate must be imperatively avoided. 

Since the glenoid is well preserved in most 
proximal humeral fractures, this step is not 
particularly challenging.

The glenoid is reamed, and the baseplate is 
implanted and fixed with at least two screws 
according to the system used (Figs.  21.8, 21.9, 
and 21.10). The glenosphere is assembled 
securely on the baseplate (Fig.  21.11). The 
author’s preference is to use a glenosphere size 
that matches patient’s dimensions (most com-
monly a 38-mm diameter).

Keeping the arm adducted and extended, the 
humeral canal is reamed manually until a delicate 
bite is felt on the inner wall of the humeral shaft 
(Fig. 21.12). This allows to provide an adequate 

ant lat post

Fig. 21.2 CT imaging of the fracture. Axial scans show 
posterior comminution of the greater tuberosity (arrows) 
and separation of the lesser tuberosity with bicipital 

groove and anterior part of the greater tuberosity (dotted 
arrow). Three-dimensional reconstructions better define 
fracture pattern in different viewpoints
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cement mantle if a cemented stem is used; alter-
native reaming technique can be adopted if a 
cementless stem is used. In the author’s opinion, 
the use of a cemented stem is advisable because 
cementation helps in achieving a correct implant 
position minimizing the risk of intraoperative 
fractures of the humeral shaft in osteopenic 
patients. Some authors suggest the use of 
antibiotic loaded cement for humeral component 
fixation in RSA, but there are no definitive data in 
support of this choice.

Two 2-mm holes are drilled in the humeral 
shaft laterally to the bicipital groove (Fig. 21.12): 
strong nonabsorbable sutures are passed through 
these holes for vertical fixation of the greater 
tuberosity at the time of reconstruction. If also 
the lesser tuberosity is repaired, additional two 
holes are drilled medially to the bicipital groove.

There is no consensus about the degree of 
retroversion of the humeral component. Some 

surgeons prefer to implant the humeral compo-
nent in neutral version, as described originally 
by Grammont, while others reproduce the ana-
tomical retroversion. Using the deltopectoral 
approach, the author suggests to place the 
implant in 20° of retroversion, using the forearm 
axis as landmark for orientation (Fig.  21.13). 
Most RSA implants have ancillary instruments 
that hold alignment rods to provide a reference 
with the forearm.

Restoration of proper humeral length is a criti-
cal factor for preventing RSA dislocation. This 
step can be challenging in fractures with severe 
shaft comminution.

The criteria described in literature for estab-
lishing the correct height of the humeral compo-
nent in HA rely on pectoralis major tendon 
insertion (approximately 5.6 cm caudal to the top 
of the humeral head) [10] or on anatomical 
matching of the tuberosity fragments on the 

a b

Fig. 21.3 (a) Patient covered by surgical drapes in the 
beach chair position. The upper limb overhangs the table 
edge so that the shoulder can be easily extended. 

(b) Close-up of skin incision running from the coracoid to 
the middle portion of the deltoid
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a b

Fig. 21.4 (a) Deltopectoral approach with the cephalic vein retracted laterally. (b) The coracoacromial ligament is 
sectioned with electrocautery at the coracoid insertion (arrow) for improving visualization of the subacromial space

a b c

Fig. 21.5 (a) The tendon of the long head of the biceps 
(LHB) is identified distally to the intertubercular groove 
(arrow). The rotator interval is cut with scissors, following 
the LHB course within the glenohumeral joint, in order to 
separate the subscapularis from the supraspinatus tendon. 
(b) The anterior tuberosity fragment: a full-thickness tear 

(arrow) of the supraspinatus tendon (asterisk) is present. 
The subscapularis tendon (dotted arrow) pulls the frag-
ment anteriorly and medially. (c) The subscapularis ten-
don (dotted arrow) is detached from the bone fragment, 
and stay sutures are passed through it
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a b c

Fig. 21.6 (a) The humeral head fragment is disengaged 
and removed. (b) Posterior fragments of the greater tuber-
osity (asterisk) are identified. (c) Strong nonabsorbable 

sutures are passed at the bone-tendon junction of the pos-
terior cuff for subsequent periprosthetic reconstruction

a b

Fig. 21.7 (a) Exposure of the glenoid with electrocau-
tery markings showing supero-inferior diameter and base 
of the coracoid at “1 o’clock” (arrow). In left shoulders, 

the base of the coracoid is at “11 o’clock.” (b) Centering 
pin for guided preparation of the glenoid

21 RSA for Proximal Humeral Fractures



242

a b c d

Fig. 21.8 (a) Cannulated reamer for the glenoid. (b) Glenoid reaming. (c) Cannulated 7.5-mm drill for the glenoid. 
(d) Hole drilling for the central peg of the glenoid component

a b c

Fig. 21.9 (a) Glenoid appearance before baseplate 
implantation. (b) Baseplate (metaglene) mounted to the 
holder driver for insertion. (c) Positioning of the baseplate: 

the superior hole is directed toward the base of the 
coracoid (arrow) for optimal bone purchase of the superior 
screw
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a b c

Fig. 21.10 (a) Drilling of the superior screw hole into the base of the coracoid. (b) Insertion of the superior screw. (c) 
Final fixation of the baseplate with four screws

a b

Fig. 21.11 (a) Glenosphere mounted to the screwdriver for insertion. (b) Final appearance of the glenoid component 
of the reverse prosthesis
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diaphysis. These criteria can be helpful in 
RSA, too.

Radiograms of the opposite humerus with 
radiographic markers can also assist the surgeon 
in determining height. However, many surgeons 
rely on the subjective assessment of the reduced 
trial for establishing the final position: tension of 
the conjoined tendon and deltoid muscle can be 
evaluated as well as joint stability and mobility.

RSA must be stable before tuberosity recon-
struction, but overlengthening (>2.5 cm) should 
be avoided in order to decrease the risk of postop-
erative complications (acromial or spine frac-
tures, neurological injuries).

In the technique adopted by the author, the 
position of the humeral component is assessed 
empirically during the surgical procedure by 
means of an extramedullary jig that firmly 

a b

Fig. 21.12 (a) Manual reaming of the humeral canal. 
Gentle bite of the canal indicates the correct size of the 
stem: it is useless to risk potential iatrogenic fractures 
with aggressive reaming, considering that this stem will 

be cemented. (b) Drilling of 2-mm holes at the proximal 
end of the diaphyseal fragment for subsequent fixation of 
the tuberosity with vertical sutures
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 stabilizes the trial implant to the diaphysis 
(Fig. 21.13) [11]. Without performing any addi-
tional dissection, it is possible to reduce the trial 
prosthesis and evaluate shoulder stability, 
mobility, and soft tissue tension before implant-
ing the definitive stem. After removal of the trial 
humeral component, the jig is left in place in 
order to allow a precise reproduction of the pre-
defined position with the final implant 
(Fig. 21.14). If a cemented stem is used, the jig 
is useful for preventing accidental displacement 
of the humeral component while cement is 
polymerizing. It also allows to remove excess 
cement at the proximal end of the diaphyseal 
fragment (Fig. 21.14).

After humeral insert assembly and joint reduc-
tion (Fig.  21.15), secure tuberosity and cuff 
reconstruction around the humeral stem must be 
achieved. Autologous graft retrieved from the 
humeral head is placed at the interface between 
the tuberosities and the shaft to enhance bone 
healing (Fig. 21.16).

The reconstruction technique reproduces the 
pattern of horizontal and vertical sutures nor-
mally adopted for HA [12]. The transverse 
sutures passed at the tendon-bone junction of the 
tuberosities are tied around the implant and to 
each other (horizontal sutures). The sutures 
passed in the holes drilled in the humeral shaft 
are passed through the respective tuberosities/

a b c

Fig. 21.13 (a) Application of a positioning jig that 
assists the surgeon in implanting the humeral component. 
The alignment of the screwdriver with the forearm axis 
determines the degree of retroversion (in this case 
retroversion is set at 20°). (b) The trial component is 
inserted in the canal and fixed to the jig. A sliding 

mechanism (double arrow) allows to modify the height of 
the humeral component. (c) Once retroversion and height 
are decided, the trial prosthesis is reduced with the jig in 
place. Mobility and stability can be assessed before 
implanting the definitive component
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a b c

Fig. 21.14 (a) Cement is inserted in the humeral canal. 
(b) The humeral component is inserted in the humeral 
canal: the jig allows to reproduce the exact position 

(arrow) of the previously tested trial. (c) Excess cement is 
removed at the proximal end of the diaphysis

a b c

Fig. 21.15 (a) The jig is removed after cement polymerization. (b) The polyethylene humeral cup is assembled into 
the stem. (c) Final reduction of the prosthesis
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tendons and then tied (vertical sutures). Some 
variants of this general scheme can be adopted 
according to individual conditions and implant 
designs.

If the subscapularis is not repaired, as in the 
author’s technique, horizontal and vertical sutures 
are placed for exclusive fixation of the greater 
tuberosity and posterior cuff (Fig. 21.16).

Once reconstruction is completed, the shoul-
der is mobilized in forward elevation and external 
rotation for verifying strut strength and joint 
mobility.

A suction drain is placed deeply under the del-
toid before wound closure and is removed 
24–48 h after surgery (Fig. 21.17). Postoperative 
radiograms are taken to verify the position of 

prosthetic components and tuberosity fragments 
(Fig. 21.18).

In the postoperative period, the arm is kept in 
a sling (or in a brace in 30° of abduction and neu-
tral rotation) for 1 month in order to protect heal-
ing of the tuberosities. Assisted passive 
mobilization of the shoulder (elevation on the 
scapular plane and external rotation) is usually 
started 2 weeks after surgery. Active shoulder 
motion for light daily activities (eating, personal 
care) below shoulder level is allowed after 
3 weeks. At 1 month, X-rays are taken, and the 
patient is encouraged to use the arm as tolerated. 
Rehabilitation is focused on recovery of active 
shoulder motion with a normal scapulohumeral 
rhythm (i.e., correction of scapular dyskinesia).

a b

Fig. 21.16 (a) Autologous bone chips (arrow) retrieved 
from the humeral head are placed at the proximal end 
of  the diaphysis to enhance tuberosity healing. 
(b)  Periprosthetic repair of greater tuberosity fragments 

and posterior cuff (asterisk) is carried out by means of 
horizontal and vertical sutures. Since the lesser tuberosity 
and subscapularis tendon are not repaired, there is not any 
coverage of the anterior aspect of the prosthesis
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Scapular Notching in Reverse 
Shoulder Arthroplasty
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and Filippo Castoldi

22.1  Introduction

Initially described by Grammont in 1987, reverse 
total shoulder arthroplasty was proposed in patients 
with cuff tear arthropathy, failed total shoulder 
arthroplasty, and sequelae of trauma in order to 
improve function and pain relief. The satisfactory 
clinical results and advances in technology have 
led to an expansion of the indications such as in 
proximal humerus fractures in the elderly and in 
reconstruction after tumor resection.

Since its introduction, many modifications of 
the original reverse shoulder prosthetic design have 
been proposed, focusing mainly on the positioning 
of the glenoid baseplate, on both vertical and hori-
zontal plane, its tilt, and the humeral socket inclina-
tion. These variations modified the stability of the 
glenoid implant and the range of movement of the 
shoulder. However, there are a number of concerns 
regarding the design, and the ideal implantation 
technique still remains controversial.

Furthermore, the complication rate associated 
with reverse shoulder arthroplasty has been 

decreasing since its introduction but still remains 
significant and includes scapular notching. 
Scapular notching is actually considered one of 
the most frequent complications after reverse 
total shoulder arthroplasty, occurring in 44–96% 
of patients, particularly within the first few 
months [1, 2]. In a recent systematic analysis of 
complications in reverse shoulder arthroplasty, 
scapular notching accounted for 52% of all com-
plications [3].

22.2  Definition

Firstly described by Sirveaux in 1997, it has been 
defined as the glenoid neck erosion resulting 
from the repeated contact of the humeral stem 
with the inferior scapular neck during the adduc-
tion of the arm. This is the so-called abutment-
type impingement [1].

The same author proposed a classification sys-
tem based on the radiographic evidence of bone 
loss (Table 22.1 and Fig. 22.1).

Furthermore, the following studies presented 
scapular notching also as the effect of a rotational 
friction during internal and external rotation: this 
mechanism has been called “frictional impinge-
ment” [4]. Nyffeler, in 2004, demonstrated how 
this recurrent contact between the humeral stem 
and the scapular neck might cause polyethylene 
wear and scapular notching as a consequence: the 
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released fragments induce inflammation of the 
joint capsule with granulomatous cells and oste-
olysis [5].

The clinical consequences of scapular notch-
ing still appear controversial: for some authors [3, 
6], the radiographic image does not have any sig-
nificant clinical effect; for other physicians [7–9] 
on the contrary, it is related to reduced strength, 
reduced range of motion, implant loosening, and 
possible joint instability. Boileau, in a retrospec-
tive study about revision arthroplasty after failed 
rotator cuff surgery, observed notching in 74% of 
cases, but neither the presence nor the size of the 
notching influenced the clinical scores after 4 
years of follow-up [10]. Sirveaux analyzed the 
clinical results obtained after 80 TSA followed for 
a mean period of 44 months: in 63% of patients, 
scapular notching was diagnosed, and it signifi-
cantly affected the Constant score when it was 
grade 4 or extensive, according to the classifica-
tion proposed by the same author [1].

Levigne et al. [11] did not find any correlation 
between scapular notching and pain; nevertheless, 
a significant reduction in strength and in passive 
and active anterior elevation was observed.

Despite the small numbers of patients included 
in Delloye’s case report, a correlation was 
observed between notching and glenoid base-
plate loosening at 6 years of follow-up [12].

Similarly, there is no consensus on the pro-
gression of the erosion: in some studies [6, 7], the 
radiographic evolution of notching seemed to 
reach a plateau (Werner followed his patients for 
1 year after the operation; at that time, 79% of 
patients did not show any progression); other 
authors [11, 13, 14] found that bone erosion after 
TSA could worsen with the length of follow-up.

22.3  Risk Factors

Among the factors associated with the develop-
ment of notching, there are prosthetic design, sur-
gical approach, positioning of the glenosphere, 
preoperative diagnosis, and the possible pattern 
of the glenoid wear occurring during the degen-
erative process [15].

22.3.1  Preoperative Phase

Regarding preoperative factors, it seems that E2 
glenoid morphology (Favard’s classification) and 
a shorter scapular neck have a higher risk of 
notching [11]. Similarly, a higher grade of infra-
spinatus muscle atrophy, according to the 
Goutallier classification, has been associated to 
Sirveaux grade 3 and 4 scapular neck erosion 
[16]. Furthermore, the diagnosis affects signifi-
cantly the incidence of notching: an eccentric 
osteoarthritis with cuff tear arthropathy has been 
related to a higher risk of scapular notching.

22.3.2  Intraoperative Phase

The anterolateral approach has been demon-
strated to lead to a higher risk of notching (86% 
of notching compared to 56% with the deltopec-
toral approach). The anterolateral approach 

Table 22.1 Sirveaux’s scapular notching classification

Grade 1 Bone defect within the inferior pillar of the 
scapular neck

Grade 2 Bone defect under the level of the 
glenosphere baseplate inferior screw

Grade 3 Bone loss over the inferior fixation screw
Grade 4 Bone defect at the level of the central peg

Fig. 22.1 Sirveaux’s classification on a shoulder AP 
radiograph
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implies the deltoid splitting and offers a poorer 
exposure of the glenoid surface, the posterior 
structures, and the humerus, leading potentially 
to an incorrect baseplate position and an exces-
sive humeral resection.

22.4  How to Avoid Scapular 
Notching

22.4.1  Glenoid Reaming 
and Baseplate Positioning

One of the main factors that have been demon-
strated to influence the risk of scapular notching, 
as well the stability of the implant, is the glenoid 
baseplate positioning and inclination.

In 2005, Nyffler et al. [17] demonstrated a sig-
nificant improvement in the adduction and abduc-
tion range of motion and a reduction of notching 
when the metaglene was positioned flushed with 
the inferior rim: in this case, the glenosphere 
extended almost 4 mm beyond the scapular neck. 
Moreover, these authors underlined the inferior 
position of the glenoid as the most important fac-
tor preventing notching.

After Nyffler, several studies obtained similar 
results. In 2008, Kelly et al. [18] proposed a pre-
cise CT-guided measurement for the correct 
metaglene position during surgery: the central 
peg, in their opinion, was to be placed 12  mm 
above the inferior rim of the unreamed glenoid. 
As underlined in their study, this measure can be 
considered effective only with a specifically 
designed baseplate, and another possible limita-
tion is the need of CT-templating softwares.

In our experience, the easiest method to place 
the metaglene flushed with the inferior rim con-
sists initially in the release of the long head of the 
triceps, in order to obtain a full exposure of the 
inferior pole of the glenoid. Afterward, the gle-
noid bone is reamed until the surface of cancel-
lous bone becomes flat. The center of the reamed 
surface is then marked with electrocautery, and 
the central peg is placed slightly inferior to it, in 
the middle of the inferior radius of curvature. The 
glenoid version is chosen according to the scapu-
lar neck anatomy that needs to be previously 
checked.

If preoperative glenoid inclination is directed 
inferiorly, because of inferior erosion or constitu-
tional inferior tilt, the baseplate is placed without 
attempting to change the orientation. Otherwise, 
if preoperative glenoid inclination is directed 
superiorly, preferential reaming is performed 
inferiorly to restore a more vertical glenoid incli-
nation. The inferior “smile sign” after reaming 
confirms the correct tilt (Fig. 22.2).

In order to gain a better stability of the meta-
glene, screw fixation is recommended. Some 
authors believe in the “three-column theory” pro-
posed by Humphrey and colleagues [19]: an opti-
mal fixation can be achieved if screws are 
oriented in the three areas of thicker bone. These 
areas are represented by the coracoid process 
(first column), the scapular spine (second col-
umn), and, inferiorly, the scapular pillar (third 
column). The area between these columns, in 
fact, is thinner, and this theory can be easily 
applicable with variable-angle locking screws.

Fig. 22.2 The inferior “smile sign” after reaming con-
firms the correct tilt
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Concerning the neutral or inferior tilting of 
the baseplate, results appear to be controver-
sial: several studies [11, 20] seem to support 
inferior tilted implants, with a demonstrated 
significant reduction in scapular notching rates 
compared to neutral or superiorly tilted base-
plates. In their retrospective study, Huri et  al. 
[21] found how, for each degree of increase in 
the angle of glenoid inclination, there was a 7% 
reduction in the risk of developing notching. 
Furthermore, for each millimeter of increase 
between the PEG and the inferior margin of the 
rimmed glenoid, the risk of scapular notching 
rose by 34%.

In addition, it has been demonstrated that with 
a slight inclination, compressive forces under the 
baseplate are higher; therefore, the amount of 
micro-movements is inferior. Gutièrrez et al. [20] 
underlined how the inferior tilt offers the most 
even distribution of forces directed on the base-
plate and a greater impingement-free arc of 
motion, if the glenoid implant has a concentric-
PEG design; with an eccentric-PEG design, on 
the contrary, the inferior inclination might be 
counterproductive in terms of stability.

On the other hand, however, there are few 
authors [7, 22, 23] who did not find significant 
differences in scapular notching frequency 
between neutral and inferior tilting. Moreover, in 
some studies on prosthesis biomechanics, it 
seems that the inferior placement of the gleno-
sphere was even more effective than the inferior 
tilting in reducing the risk of scapular notching 
[17, 24]. Finally, Chae et al. analyzed the micro-
movement rates of the baseplate between a neu-
tral and a 10° inferior tilting, obtaining opposite 
results to the ones of Gutièrrez et al., assuming 
therefore that tilting could affect the longevity of 
the prosthesis [25].

22.4.2  Prosthesis Design

In 1985, Grammont altered the widely endorsed 
idea of shoulder arthroplasty proposing a new 
prosthetic model whose functioning was based 
on the deltoid muscle action, overcoming the 
rotator cuff deficiency.

In a normal shoulder, the rotator cuff stabilizes 
the joint by compressing the humeral head 
against the glenoid: the torque created by internal 
and external rotators acts as a resistance to the 
upward shear force generated by the deltoid.

Consequently, in a rotator cuff-deficient 
shoulder, the deltoid action led the humeral head 
to migrate superiorly.

The distance between the center of rotation 
and the bone-implant interface is equal to a lever 
arm through which destabilizing forces act on the 
glenosphere to create a torque. In Grammont’s 
model, the absence of a neck in the glenoid com-
ponent, its hemisphere shape, and the humeral 
cut ensured a medialization of the center of rota-
tion, as well as its lowering (Fig. 22.3).

This modifies both the length of the deltoid arm 
and the recruitment of its anterior and posterior 
fibers, improving, as a result, the shoulder elevation 
and abduction and reducing the muscular effort for 
movement such as lifting and pushing [26].

Despite the remarkable innovation of this design 
and the reduction in glenoid loosening due to 
mechanical stress, in the following years, the medi-
alized reverse arthroplasty was linked to complica-
tions such as acromial and scapular fractures, 
reduction in internal and external rotation, and 
shoulder instability, as well as scapular notching.

Regarding scapular notching, with the aim of 
reducing its incidence, several authors have pro-
posed new prosthetic models.

Frankle et  al. proposed a lateralized gleno-
sphere design with a metal-bone interface at the 
scapular neck: moving the joint center of rotation 
laterally creates a greater impingement-free 
adduction movement; on the other side, higher 
rates of glenoid loosening have been observed, 
due to increased shear forces at bone-implant 
interface [27–29] (Fig. 22.3).

Boileau et  al. [30] studied prosthetic models 
with biologic tissue at the glenoid baseplate in 
order to reduce both notching and implant loos-
ening: in the BIO-RSA (bony increased offset), 
the humeral head removed during surgery is used 
again to create an autologous graft plate in which 
a longer baseplate peg is inserted.

There are still disagreements about the com-
parison of clinical results between medialized 
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prosthesis and lateralized models: authors in 
favor of a medialized center of rotation gleno-
sphere design point out the decreased forces on 
the glenoid baseplate and therefore the con-
comitant decreased rates of glenosphere loos-
ening. They dismiss the scapular notching as 
largely avoidable with a lower baseplate place-
ment, as well as questioning the actual clinical 
relevance of notching. On the other hand, 
authors preferring a lateralized design have 
underlined the greater impingement-free range 
of motion and the lower baseplate loosening 
rates obtained with locking screw fixation. 
Finally, advocates for the BIO-RSA have 
pointed out the high rate of graft incorporation 
and favorable bone-implant forces but must 
concede that this approach is more recent and 
has less supporting data in literature.

Nevertheless, the scientific community agrees 
in underlining the reduction of notching with the 
lateralized models.

In a recent systematic review by Lawrence 
et  al., published in 2016, scapular notching 
was revealed in 44.9% of patients where a tra-
ditional 155° head-shaft angle was used, com-
pared to 5.4% of patients where a more 
lateralized 135° head-shaft angle was used. 
However, the same authors claimed that the 
rate of clinically  significant glenoid loosening 
was 1.8% in the traditional group and 8.8% 
with the lateralized implant. Finally, active 
external rotation was significantly increased in 
the lateralized group compared to the tradi-
tional group [29].

A possible alternative to the lateralization of 
the center of rotation, in order to avoid the risk of 

a b

Fig. 22.3 (a) The resultant force vector (Fv) is obtained 
with both compressive (Fc) and shear (Fs) forces, all of 
them acting on the center of rotation located at the bone-
implant interface on the surface of the glenoid [24]. (b) 
The lateralization of the center of rotation results in a 

reduction in compressive forces, a longer lever arm for 
destabilizing shear forces, and a new moment (M) at the 
bone-implant interface. Lateralization also provides for a 
larger impingement-free range of motion (Illustrations by 
Julianne Ho)
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shear stress on the glenoid implant, consists in 
the humeral lateralization. Humeral lateralization 
has been defined as the difference between the 
humeral pivot point and the diaphyseal axis.

As Walch et  al. [31] underlined, the humeral 
lateralization depends on elements like the shape 
of the humeral stem, the neck-shaft angle, and the 
onlay or inlay of the polyethylene spacer. The aim 
of the introduction of these new implants was the 
reduction of the notching, as well as the reduction 
of tuberosity and metaphyseal bone resorption.

Firstly, the humeral offset with a curved stem 
is increased compared to a straight stem, and this 
leads to an increase in the adduction range of 
movement.

Moreover, it has been well demonstrated that 
valgus implant designs, with a 155° neck-shaft 
angle, were related with a higher incidence of 
scapular notching compared to more varus neck-
shaft angles, ranging from 135° to 143° [22, 32–
34]; this effect may be increased by using thicker 
polyethylene insert. Finally, Walch obtained a 
higher lateralization construct with an outlay 
polyethylene, located outside the humerus (above 
the humerus cut): because of the height of the 
liner and the collar of the tray, in fact, a minimum 
6 mm of lateralization is achieved.

In all these conditions, the center of rotation is 
shifted inferiorly, increasing, as a result, the 
adduction range of movement.

The glenosphere diameter may also contribute 
to humeral lateralization, to adduction improve-
ment, and therefore to a reduction of the inci-
dence of scapular notching. Although Gutièrrez 
et al. [35] demonstrated its minor role compared 

to the offset of the center of rotation and the gle-
noid position, the same authors established how 
larger glenospheres allow better range of motion 
without worsening the risk of dislocation. In fact, 
the jumping distance and the dislocation force do 
not increase as the diameter grows, as demon-
strated through mechanical measurements. 
Therefore, the use of larger glenosphere can rep-
resent a valuable option to obtain better joint sta-
bility and reduce scapular notching.

Although we also use this option in our cur-
rent practice, the major disadvantage of the 
humeral lateralization lies on the loss of the 
abduction range of motion due to acromial 
impingement.

22.5  Conclusion

The scientific community generally agrees on 
how the rate of complication after reverse shoul-
der arthroplasty relies on a correct surgical indi-
cation at first and afterward on the surgical 
technique.

Medialized and lateralized implants have 
demonstrated both advantages and disadvan-
tages; the choice of implant therefore must 
depend on the patient clinical status, his everyday 
activities, and his expectations.

Biomechanical analysis [33, 36] has demon-
strated that both humeral neck-shaft angle and 
glenosphere placement play the most important 
role in the reduction of scapular notching inci-
dence and the increase of the range of motion in 
adduction (Fig. 22.4).

Procedures Possible risks

Lateralization of the center of rotation Increased glenoid loosening

Lateralization of the
humerus 

Stem design 

Baseplate inferior positioning

Glenosphere inferior tilting Reduce the longevity of the
prosthesis 

Increased Glenosphere diameter 

Reducing humeral neck-shaft
angles

Fig. 22.4 Possible procedures to adopt in order to decrease the risk of scapular notching. Biomechanical analysis has 
demonstrated that both humeral neck-shaft angle and glenosphere placement play the most important role
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There is still no consensus in literature on the 
correlation between scapular notching and poorer 
clinical results, as demonstrated by a systematic 
review published in 2015 [37, 38]. Nevertheless, 
the lack of studies with long-term follow-up 
makes further researches essential.
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Fractures Sequelae

Chiara Fossati, Alessandra Menon, 
Nicolò Cosmelli, and Pietro Randelli

23.1  Fractures Sequelae

Glenohumeral fractures, depending on the 
patient’s general and local clinical situation, may 
hesitate in numerous complications.

They have different incidence and different 
clinical impact and consequently may involve 
different types of treatment.

23.1.1  Stiffness

Stiffness is the most frequent complication after a 
glenohumeral fracture mainly due to several 
combined factors, such as capsular contracture, 
mal-union, mechanical impingement or rotator 
cuff tears [1].

In capsular contracture pattern, the clinical 
situation might resemble a “frozen shoulder”, 
and rotation and abduction are usually the most 
limited movements [1].

23.1.2  Avascular Necrosis (AVN)

Osteonecrosis, also called avascular necrosis 
(AVN), is an infarction of bone marrow and bone 
tissue. It may be idiopathic or secondary. 
Secondary AVN is divided in traumatic and 
atraumatic, according to the aetiology. Post-
traumatic AVN, which usually occurs in the 
humeral head, is a rare condition closely associ-
ated to multifragmentary fractures of the proxi-
mal humerus, and its presence may affect the 
functional recovery after such injuries [2]. In any 
case, AVN is caused by an impairment of the 
physiological blood supply.

The blood supply to the proximal humerus is 
guaranteed by the circumflexed anterior and pos-
terior arteries. Most of the humeral head is vascu-
larized by the arcuate artery, continuation of the 
falling branch of the anterior circumflex artery.

Post-traumatic AVN may also occur in the 
tuberosities which can “disappear” on an X-ray. 
The vascularization of the fractured tuberosities 
is guaranteed by the periosteal flow and by the 
rotator cuff attachments.

Immunocompromission, use of corticoste-
roids, heavy tobacco use and alcohol abuse are the 
principle predisposing factors for this disease.

Hertel et al. have shown that different fracture 
patterns are related to the possibility of developing 
AVN. In particular, they identify two anatomical 
criteria of fracture that have a high prognostic sig-
nificance on necrosis: the length of the  metaphysial 
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calcar attached to the fractured head (bad if less 
than 8 mm) and the integrity of the medial hinge. 
The possibility of necrosis in complex fractures 
can reach 60%; therefore consider carefully 
whether reconstructing a complex fracture or pro-
ceeding with a primary prosthetic replacement [3].

In undisplaced fractures in valgus, where the 
medial hinge is, at least, partially preserved, 
osteosynthesis procedures are better tolerated 
with less chance of AVN [4].

Operative fixation of proximal humerus frac-
tures (PHFs), compared to conservative treat-
ment, has a significantly higher risk of 
development of AVN than conservative treatment 
[5]. The clinical features of AVN usually are 
functional impairment, pain and stiffness after a 
“latent period”. The diagnosis is confirmed radio-
logically: collapse and resorption of the humeral 
head are usually shown with standard X-rays, 
but, in most of the cases, further investigations 

with magnetic resonance imaging (MRI) and 
computed tomography (CT) scans are needed.

It is possible to diagnose AVN when it is 
still asymptomatic and with initial radiological 
findings.

23.1.3  Positioning/Mobilization 
of Implants

In patients with poor bone quality, implant loos-
ening is quite frequent. Modern systems with 
angular stability surely have advantages, but the 
correct position and length of implanted compo-
nents (in particular screws in the humeral head) 
should always be very carefully checked intraop-
eratively using image intensifier (Fig. 23.1).

Factors that predispose the mobilization of 
the implant are osteoporosis and Parkinson’s 
disease [1].

a b

Fig. 23.1 Mobilization of the screws of the humeral head due to head collapse: preoperative (a) and postoperative (b) 
X-rays
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An effective and rapid system for assessing 
bone quality was proposed by Tingart et al. They 
observed how the sum of medial and lateral 
humerus cortical thicknesses is significantly cor-
related to the degree of osteoporosis. A total 
thickness of less than 4 mm is a highly predictive 
of a low bone density value [6].

23.1.4  Nonunion

Nonunion is defined as a mobile fracture site 
4–6 months post-injury. This complication is a 
rare occurrence at the proximal humerus level, 
but the presence of predisposing factors includ-
ing immunocompromission, rheumatoid arthri-
tis (RA), tumour malignancies, therapy with 
corticosteroids, heavy tobacco use and alcohol 
abuse can increase the risk of developing this 
sequelae [7].

Clinically, the shoulder is “pseudoparalytic”, 
the range of motion (ROM) is painful, and, radio-
logically, there is an area of resorption at the level 
of the fracture line.

23.1.5  Mal-union

Mal-union after multifragmentary PHF results 
from both nonoperative and operative treatments. 
It is important to underline that a certain degree 
of displacement is a common finding after con-
servative treatment [7].

Two types of scenarios are the most common 
mal-union complications:

 1. Mal-union of the head on the shaft: the epiph-
ysis might heal impacted, angulated or trans-
lated. This pattern is usually well tolerated, 
and it is seldom a cause of secondary surgical 
intervention.

 2. Mal-union of the tuberosities: the forces gen-
erated by the rotator cuff muscles are the cause 
of displaced healing of PHFs involving the 
tuberosities. Old patients usually well tolerate 
such extra-articular mal-unions unlike young 
subjects.

Stronger muscles lead to malposition of the 
tuberosities during the healing process, hesi-
tating in pain and functional impairments.

23.1.6  Nerve Lesions

The circumflexed (or axillary) nerve is the most 
frequently damaged nervous structure at this 
anatomical level, both for traumatic anterior 
dislocations and for intraoperative manoeuvring.

It innervates the deltoid muscles, the skin cov-
ering it and the teres minor. Its path is anterior 
and inferior to the margin of the glenoid. For this 
reason, it can often be involved during glenohu-
meral fracture-luxation. According to Visser 
et al., the incidence rises from 59% in composite 
fractures to 82% in displaced fractures. 
Fortunately, only few fractures result in perma-
nent nerve damage, while in most of the other 
cases, nerve recovery is usually expected [8].

23.1.7  Infections

Peri-implant infections at the shoulder level are 
rare because vascularization of this area is good 
and the implants are deep, under generous soft 
tissues. An infection is even rarer in a patient who 
has been treated conservatively.

Diabetes, rheumatoid arthritis, corticoste-
roids, immunosuppression and metastatic 
tumours are the main predisposing factors [1, 7].

23.2  Treatment Options 
for Fractures Sequelae

As we saw above, fractures sequelae include 
many clinical scenarios and, consequently, many 
therapeutic options.

Treatment options for stiffness are multiple, from 
stretching to implant removal and from mobilization 
in narcosis to arthroscopic release. Manipulations 
under anaesthesia should be performed in a very 
gentle way in order to avoid humerus fractures, bra-
chial plexus palsies and rotator cuff tears.
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In case of peri-prosthetic infections, charac-
terized by pathogens organized in biofilm, ther-
apy should be aggressive. Removal of the 
implanted components, accurate debridement, 
intraoperative culture swabs, empirical antibiotic 
therapy and subsequent targeted antibiotic ther-
apy are the basic steps in the treatment of peri-
implant infections. Eventually, infection on the 
prosthetic implant can be treated in either one-
stage or two-stage surgeries depending on the 
clinical case (Fig. 23.2).

Boileau et  al. analysed the major complica-
tions and associated them to the most correct sur-
gical option (Table 23.1) [9].

In the event of AVN of the humeral head iso-
lated without loss of bone stock in the glenoid and 
with a functioning rotator cuff, if the conservative 
approach (the use of bisphosphonates, anticoagu-
lants and vasodilators, hyperbaric therapy, core 

decompression, etc.) fails, the first surgical choice 
is an anatomical total shoulder prosthesis.

The spectrum of treatment in mal-unions is 
wide, and, for older patients, a conservative 
treatment with physiotherapy and pain 
management is often preferred.

When the surgical treatment is necessary, non-
unions are usually treated with open reduction 
and internal fixation (ORIF) and eventually bone 
grafts if:

• An infection is excluded.
• There is adequate humeral head bone stock.
• There is no severe tuberosity mal-union.
• There are no signs of degenerative changes/

collapse of the humeral articular surface.

In patients with insufficient bone stock and 
signs of osteoarthritis, a reverse shoulder arthro-
plasty (RSA) needs to be studied with appropri-
ate preoperative planning [10].

When evaluating replacement, careful evalua-
tion of the fracture and sequelae pattern is essen-
tial to predict the proper functioning of the rotator 
cuff [11].

Its correct behaviour is strictly necessary in 
a well-functioning anatomical total shoulder 
arthroplasty. Therefore, when there is the non-
union/mal-union of the head tuberosity, it is 
necessary to use a RSA in order to bypass the 
rotator cuff which is usually damaged at its 
insertion on the tuberosities (Figs.  23.3 and 
23.4) [12–15].

a c d eb

Fig. 23.2 Infection of the implant: X-rays of the (a) com-
plex fracture of the proximal humerus with the head frag-
ment dislocation, (b) failure of the fixation with k-wires, 
(c) infection of hemiarthroplasty, (d) two-stage treatment 

of the infection with spacer added with antibiotics and (e) 
final revision with RSA.  RSA: reverse shoulder 
arthroplasty

Table 23.1 Classification of complications of PHFs and 
their recommended treatment [9]

Grade Description
Recommended 
treatment

I Osteonecrosis of the 
humeral head

Conventional 
arthroplasty

II Neglected (locked) 
fracture dislocation

Conventional 
arthroplasty

III Nonunion of the 
head-neck segment

Plate/bone graft if 
possible or RSA

IV Head-tuberosity 
nonunion/mal-union

RSA

PHF proximal humerus fractures, RSA reverse shoulder 
arthroplasty
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a b

Fig. 23.3 Nonunion and avascular necrosis of the humeral head and tuberosities: preoperative (a) and postoperative (b) 
X-rays

a b

Fig. 23.4 Mal-union of the head and tuberosities: preoperative (a) and postoperative (b) X-rays
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23.3  Reverse Shoulder 
Arthroplasty in Glenohumeral 
Fractures Sequelae

23.3.1  Imaging and Planning

For a correct approach to RSA in the treatment of 
sequelae, an accurate customized preoperative 
planning is extremely important.

Therefore, the radiological investigations 
must include:

• Standard X-rays: calculation of angles of defor-
mity and the evaluation of the glenohumeral 
arthritis. It is suggested to obtain a scaled X-ray 
of both shoulders in order to analyse shorten-
ings or medialization of bone fragments.

• MRI: a careful evaluation of the rotator cuff.
• CT: assessment of possible bone loss with 3D 

reconstructions.

An appropriate bone stock is not always guar-
anteed, and failing to address glenoid bone loss 
may complicate the execution of surgery, result-
ing in later dislocation or scapular notching [16].

Some authors described humeral bone defects 
as a predictor of revision RSA outcome. Patients 
with great metaphyseal bone loss (>3 cm) had a 
significant lower Constant score. These findings 
were correlated to degenerative conditions of the 
teres minor muscle [17].

In order to prevent malalignment and loosen-
ing of the prosthetic components, bone grafts can 
be used [18]. In the vast majority of cases, RSA 
and bone grafting are performed as a single one-
stage procedure.

The surgeon may choose between several 
options:

 1. Autograft
• Humeral head: the addition of this bone 

graft to the implant is named the “bio-
RSA”. It is used in the majority of cases 
with good results [16]. The obvious advan-
tages are no additional incisions or sources 
of pain and short surgical time loss. It is not 
advisable to harvest the humeral head in an 
AVN setting for obvious reasons [16, 18].

• Tricortical iliac crest: The technique of 
harvesting this autograft has been 
described by Norris et al. It is advised to 
implant the baseplate directly on the 
crest obtaining an immediate solid fixa-
tion of the implant on the graft. The graft 
is harvested, and, subsequently, both 
implant and graft are fixated to the scap-
ula [19]. Local iliac pain after the oste-
otomy is the main disadvantage to this 
procedure.

 2. Allograft
If the surgeon faces large bone defects and 

humeral head quality is poor or when it is 
advisable to avoid iliac crest autograft mor-
bidity, allografts can be used. The femoral 
neck is one of the preferred options due to its 
anatomical similarity to native glenoid [20].

23.3.2  Surgical Approach

There are mainly two surgical approaches for 
RSA surgery: the antero-superior and the delto-
pectoral approach.

There is no unanimous consensus on the effect 
that the approach can have on the prosthetic 
implant in terms of baseline positioning or 
scapular notching [21].

In the authors’ experience, the delto-pectoral 
approach guarantees a better control on the 
glenoid version while preserving the deltoid 
muscle, the main actor in the RSA functioning.

23.3.3  Positioning

The patient is placed in beach-chair decubitus, 
with the trunk raised at 30° and hips and knees 
flexed at 45°. The head is slightly inclined 
towards the opposite side and the upper limb is 
free [21].

23.3.4  Anaesthesia

Surgery is usually performed under a general 
anaesthetic with an interscalene block.
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23.3.5  Surgical Technique

The incision is vertical, starting from the apex of 
the coracoid process and reaching to the anterior 
axillary angle. In the case of a previous surgical 
scar, we suggest to use the same surgical route.

Cicatricial adhesions may alter the physiolog-
ical surgical findings described below. It is 
important to perform a wide lysis of scar tissue, 
proceeding with caution in order to avoid damage 
of axillary nerve.

After haemostasis, the deltoid-pectoral sulcus 
is identified. It is easier to identify in the upper 
part of the incision due to the different path of 
muscle fibres.

Cephalic vein can be either moved or bound, 
preferring to do so at the proximal level, before 
its anastomosis with axillary vein (authors prefer 
to move it laterally).

The incision of the clavi-pectoral fascia is per-
formed along the lateral edge of the conjoint ten-
don which is retracted medially.

The subscapularis tendon is highlighted, and 
by placing the limb in external rotation, the upper 
and lower margins are identified.

Along the lower margin, you should pay atten-
tion to the anterior circumflex arteries along the 
lower edge, which must be tied and cauterized in 
order to avoid acute and delayed bleeding.

The subscapular tendon is cut at about 1  cm 
from its insertion on the small tuberosity, with ver-
tical incision. A vertical anterior capsulotomy is 
performed, paying attention to the axillary nerve.

With a gentle external rotation and extension, 
the front humeral head can be displaced.

For the cutting guide positioning, the bicipital 
groove or the transepicondylar axis can be used 
as a reference point.

Perform a retroversion calculation according 
to the preoperative planning on CT imaging and 
surgeon’s preferences.

Diaphysis is prepared with progressive cutters.
One challenging aspect of the humeral prepa-

ration in sequelae secondary surgeries is the 
tuberosities condition. As previously described, 
there might be a selective AVN of the tuberosities 
or a consistent mal-union, and the normal ana-
tomical references can be altered.

In order to perform the correct humeral cuts, it 
is advisable to take accurate measures on the 
X-ray of the contralateral side.

The glenoid is accurately exposed with 
debridement of osteophytes and is prepared with 
special cutters.

We proceed with the metaglene and gleno-
sphere implant, and then it’s back to the humeral 
side where a proof stem is implanted.

The stability of the implant is challenging due 
to a lack of anatomical references and is often 
link to the sensibility and experience of the 
surgeon. We suggest to choose the final stem and 
tray with an evaluating of the conjoint tendon 
tension, with an “index test” (the capacity of 
implant dislocation with the surgeon index finger) 
and with the shoulder ROM.

The ROM is tested mimicking the move-
ments of patient daily activity, as combing 
(abduction and extra-rotation) and performing 
intimate hygiene (adduction, extension and 
intra-rotation).

The sutures, which are to be used to reattach 
the tuberosities, are inserted at the supraspinatus 
tendo-osseous junction or through the greater 
tuberosity fragment before the insertion of the 
humeral implant.

Excessive tightening when fixing the tuberosi-
ties must be avoided in order to prevent limitation 
of external or internal rotation which might result 
from over-reduction of, respectively, lesser or 
greater tuberosities.

After the implant of definitive stem and tray, 
new stability and movement tests are performed. 
Authors suggest to carefully suture the tendon of 
subscapularis with non-absorbable sutures. At 
the end of the procedure, a drain is placed and 
usually removed the day after surgery.

23.3.6  Postoperative Management

We performed a standard postoperative protocol 
with a shoulder immobilization for 28 days in 30° 
abduction with early mobilization of the elbow, 
wrist, hand and scapula-thoracic plane. 
Antithrombotic and antibiotic prophylaxis is 
administered postoperatively.
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Gentle passive physiotherapy starts after 
28  days, while active exercises of the shoulder 
start after 2  months. Clinical examination and 
imaging examination are taken at 2 and 6 months 
of follow-up.

23.4  Conclusions

The management of glenohumeral fractures 
(GHFs) is complicated, and the clinical outcomes 
might be not satisfying for both patient and 
physician.

The sequelae are different and must be faced 
with an accurate customized surgical plan which 
must include extensive imaging examinations.

RSA is certainly a valid option in the treatment 
of GHF complications. It allows to solve the most 
difficult cases in different clinical situations, such 
as post-traumatic arthritis in rotator cuff failure, 
AVN and nonunions/mal-unions [22].

Current literature is focusing on the timing of 
RSA for GHFs, comparing acute/primary 
arthroplasty for fracture management and late/
secondary arthroplasty for sequelae.

Even if both “acute” and “late” RSA can 
obtain a postoperative pain relief and significant 
functional improvement compared with their 
preoperative condition, late RSA shows lower 
functional scores and higher complication rates 
[23, 24]. In particular, secondary RSA results in 
higher rates of scapular notching and in worse 
active external rotation motion [25]. These 
different results can be explained by the fact that 
an easier and more accurate great tuberosity 
reconstruction is obtainable in acute RSA [26].
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Proximal Humerus Neoplasia

Raimondo Piana, Nicola Ratto, Andrea Ferro, 
and Michele Boffano

24.1  Introduction

The reconstruction of the proximal humerus fol-
lowing a tumor resection remains a big challenge 
for the orthopedic surgeon. The glenohumeral 
joint functionality depends on a complex stabiliza-
tion system both static and dynamic including the 
periarticular soft tissues that are often sacrificed 
during the resection because it is invaded by the 
tumor. As a result, the joint function is impaired by 
a limitation of the articular range of motion and an 
increased instability of the shoulder. The purpose 
is obviously different depending on tumor malig-
nancy: in primary bone sarcomas, the oncological 
outcome prevails over the function, and an ampu-
tation rate of about 5% has already been a great 
achievement in recent years [1].

On the other side, when soft tissue tumors 
invade the bone in the upper extremity as 
anywhere else in the body, they require a bone 
resection to obtain clear margins, according to 
Enneking’s principles [2]; therefore, in a 
simplified way from a surgical point of view, they 
could be considered as bone sarcomas with soft 
tissue invasion.

The proximal humerus is also a very common 
site of metastasis for carcinomas. Following US 
and Canadian surveys, metastatic bone disease 

involves 50% of all patients with a primitive can-
cer and 30% of patients with a new diagnosis of 
carcinoma along their life [3, 4]. Most metastatic 
patients require nonsurgical or minimally inva-
sive surgical treatments. Nevertheless, an early 
cancer diagnosis and new chemotherapy proto-
cols determine an improvement in overall long-
term survival, sometimes obtaining a 
chronicization of the oncologic disease with a 
subsequent need for surgical interventions to 
guarantee an acceptable quality of life. Extensive 
bone resections comparable to those for primitive 
bone tumors are increasingly performed in 
patients with solitary metastatic lesions to reduce 
the tumor burden and improve survival [5]. As a 
general rule for metastatic surgery, “the recon-
struction should survive the patient” because it is 
always very difficult to revise an implant after 
several years, in an older patient, with a probable 
progression of disease.

The age and comorbidities of the patient are 
other factors influencing the choice of the 
treatment.

Many different options have been described to 
reconstruct the shoulder after a proximal humerus 
resection, and these should respect the following 
goals:

 – Stability of the glenohumeral joint, allowing 
the functionality of the elbow and the hand

 – Pain control
 – Restoration of passive and active mobility
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In some cases, an allograft or an autograft 
arthrodesis is preferred, because even though it 
cannot grant a wide arch of mobility, it restores a 
stable shoulder, allowing a satisfactory elbow 
and hand function for the common daily activities.

The restoration of a mobile joint can be 
obtained with endoprosthetic replacements 
(EPR  – tumor prosthesis), osteoarticular 
allografts, and allograft-prosthetic compos-
ites. Although all of these reconstructive meth-
ods are in use and there are some situations 
where only one approach might be appropriate 
for a particular patient, there are many scenar-
ios in which all of them are potential options.

While there is still no consensus about the best 
technique of the proximal humerus reconstruction, 
the use of a reverse shoulder arthroplasty (RSA) 
associated or not to an allograft seems to provide 
the best functional results [6, 7]. However, 
sometimes the residual anatomy after the tumor 
resection can help in the decision process for the 
reconstruction.

24.2  Anatomical Considerations

The main problem for the surgeon facing a prox-
imal humerus tumor is the complex anatomy of 
the shoulder. To obtain an adequate resection 
with wide margins, the resection of the rotator 
cuff and/or deltoid muscles and the axillary 
nerve is often necessary. A detailed physical pre-
operative examination and an accurate imaging 
study assist the surgeon to establish the best 
planning for both resection and reconstruction 
phases. The physical examination may suggest a 
neurovascular involvement or compression by 
abnormal neurovascular findings or by a 
decreased pulse and an involvement of the gle-
nohumeral joint by the presence of pain or by a 
reduced range of motion.

A complete imaging study includes standard 
radiographs, a computed tomography (CT), and 
a magnetic resonance imaging (MRI). While 
MRI is useful to determine the soft tissue 
involvement and the tumor extension into the 
joint, CT scan is preferred to evaluate cortical 
bone changes, invasion, or destruction. Tc99 

bone scan or FDG PET/CT may help to evaluate 
the intraosseous tumor extension and to detect 
other bone or visceral metastases. Although ves-
sels can be well visualized using MRI, an arteri-
ography or even better a CT angiography is 
essential to study the relationship between the 
tumor and the main vessels and whether or not 
they are included in the neoplasm. For example, 
the extension of a bone sarcoma in the axillary 
fossa and the involvement of the major vascular-
nerve axes impose a shoulder disarticulation or a 
forequarter amputation in order to obtain ade-
quate margins.

On the other hand, a tumor that spreads from 
the lower part of the capsule and from the humeral 
neck may frequently invade or involve the 
posterior circumflex branch and the axillary 
nerve, and consequently the resection would 
cause a loss of function of the deltoid muscle.

An accurate study of the bone and the articu-
lar surfaces of the glenohumeral joint is manda-
tory during preoperative planning and allows to 
classify the lesion according to the surgical sys-
tem described by Malawer [8]. According to his 
classification, the humeral head is always 
resected in bone tumors of the shoulder joint. 
However, it is important to know if the tumor 
invades the joint. In these cases, an en bloc 
resection of the proximal humerus, the joint 
capsule, and the glenoid, called extra-compart-
mental resection (type V resection according to 
Malawer’s classification), is necessary. When 
there is no joint extension of the tumor and the 
scapular glenoid can be spared, an intra-com-
partmental resection can be performed (type I 
resection). Obviously, in an extra-compartmen-
tal resection, the remaining scapula prevents the 
implantation of a glenoid component and the 
possibility of a functional reconstruction.

Finally, it is necessary to evaluate the exten-
sion of the neoplasm in the soft tissues. The artic-
ular capsule and the rotator cuff muscle tendons, 
which ensure joint stability and allow active 
shoulder mobility, are often sacrificed. The 
excision of most of the deltoid muscle affects the 
glenohumeral joint function and questions the 
indication to RSA.
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24.3  Principles of Reconstruction

The reconstruction of the shoulder after tumor 
resection takes into account the bone, the joint, 
and the periarticular soft tissues.

The bone can be replaced with a modular or 
one-block custom-made prosthesis or with a mas-
sive humeral allograft from the local musculoskel-
etal bone bank. A recycled autograft (autoclave, 
nitrogen cryotherapy, external irradiation) is now-
adays seldom used in the Western countries.

Different options are described for the recon-
struction of the glenohumeral joint. The key fac-
tors, which influence the choice, are the 
preservation of the rotator cuff tendons and/or the 
axillary nerve, as shown in Fig. 24.1.

A completely biological reconstruction is per-
formed with an osteoarticular allograft including 
the articular cartilage, allowing the direct suture 
of the capsule and the donor tendons to the soft 
tissue around the shoulder. However, the observed 
early cartilage degeneration over time dealt to a 
gradual dismissal of this exclusive technique [9].

The current trend is to use the allograft associ-
ated with a resurfacing prosthesis or a conven-
tional long-stemmed endoprosthesis to fix the 
allograft to the residual bone. This solution called 
allograft-prosthetic composite (APC) combines a 
more durable reconstruction of the articular sur-
faces with a prosthesis and allows to reattach the 
patient’s tendons.

As well as in patients with irreparable rotator 
cuff degenerative tears, in patients with excision 
of the rotator cuff for oncologic margins, the pre-
ferred functional solution is a RSA.

This mechanical concept in contrast to the 
normal anatomy provides a degree of stability 
even in the absence of soft tissue reconstruction 
and an active motility by means of the deltoid 
muscle even in the absence of rotator cuff. To 
guarantee a functional RSA reconstruction, the 
resection should be intra-compartmental and 
preserve the circumflex nerve and a relevant 
amount of the deltoid muscle.

A RSA can be implanted as a proximal 
humerus endoprosthetic replacement or in 
association with an allograft forming an APC.

The lack of function of deltoid muscle is not 
an absolute contraindication. The partial resec-
tion of the anterior part of the axillary nerve 
leads to the loss of the only anterior muscle 
fibers resulting in loss of active forward flexion, 
but maintaining good function on the other 
planes.

Streitbuerger obtained a better function in 
patients with RSA and partial deltoid function 
than in patients with a conventional anatomical 
prosthesis and intact deltoid function [10].

In selected cases the complete absence of the 
deltoid muscle may be supplied with a latissi-
mus dorsi muscle transfer either pedicled or as a 
free flap.

Proximal
humerus
resection

Preservation of
rotator cuff and
circumflex nerve

Sacrifice of the
rotator cuff

Sacrifice of the
circumflex nerve

Allograft +
humeral head

resurfacing

Modular
prosthesis or

APC with RSA

Anatomical
modular

prosthesis

RSA with
latissimus dorsi

flap

Fig. 24.1 Schematic 
diagram representing the 
possible reconstructive 
solutions based on the 
type of resection and 
surrounding soft tissue 
involvement
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When a RSA is not indicated, an anatomical 
prosthesis can be implanted as an endoprosthetic 
replacement or as an APC with a conventional 
long-stemmed prosthesis. In the first case, the 
shoulder function is similar to a spacer and 
limited because the reinsertion of rotator cuff 
tendons at the prosthesis does not represent an 
efficient and durable reconstruction [11].

The tendons and the capsule can be sutured in 
an anatomical APC, but usually the abduction is 
limited to a maximum of 70° [12].

24.4  Surgical Technique 
for Reverse Prostheses

The first surgical step in orthopedic oncology is 
the biopsy. Although often underestimated, the 
biopsy is crucial, because its tract must be care-
fully excised with the tumor at the time of the 
definitive surgery. Following the general biopsy 
principles, the deltopectoral interval should not 
be used for the risk to contaminate two different 
anatomical compartments. An approach through 
the anterior fibers of the deltoid muscle is usually 
used. To prevent the removal of a large portion of 
the deltoid and therefore allow a good residual 
functionality, the biopsy should be through the 
deltoid muscle but as near as possible to the del-
topectoral interval.

As already mentioned, a preoperative com-
plete imaging study is mandatory to evaluate the 
extension of the tumor. A coronal image of the 
entire humerus is necessary to determinate the 
correct length of the bone and soft tissue 
resection.

Proximally the incision generally begins from 
the acromioclavicular joint area continuing 
distally to include the biopsy tract. The skin 
incision should be extended till the area of the 
distal bone resection. The dissection continues 
through the deltoid muscle, which is always split, 
leaving the contaminated tissue with the resected 
tumor and preserving the cephalic vein.

Each tumor has its own localization and 
expansion, which makes each intervention 
different from the other.

The major vascular-nerve bundle should 
always be under surgeon’s control to guarantee 
an accurate dissection (adventitia and perineurium 
are generally excellent barriers to tumor 
extension) and to avoid an excessive stretching 
during tumor removal or prosthesis implantation.

In an intra-compartmental resection, the artic-
ular surface is reached after the dissection of the 
subscapularis muscle, the pectoralis muscles, and 
the anterior capsule, leaving a safe margin from 
the humerus and the tumor. Similarly a conserva-
tive capsulotomy should be completed; the rota-
tor cuff and the posterior portion of the latissimus 
dorsi and teres major muscles should be dis-
sected, leaving a safe margin but preserving the 
maximum possible length. The tendons and the 
capsule portions are singularly armored with 
nonabsorbable stitches before their sectioning. If 
it is planned to use a RSA, the axillary nerve 
should be identified and protected along the infe-
rior edge of the subscapularis muscle. After sepa-
rating the humerus from the glenoid, the 
dissection proceeds distally to isolate the humerus 
and the tumor by ensuring wide margins. The 
goal is to preserve as much as possible muscular 
tissue and all the vascular and nerve structures. If 
the humerus resection is distal to the insertion of 
the deltoid muscles, its tendinous insertion should 
be spared for later repair. Then, the humerus is 
resected distally as planned with preoperative 
imaging, carefully protecting the radial nerve and 
the vascular structures. A frozen histological 
examination of the distal bone marrow could be 
performed to confirm the absence of pathological 
tissue and consequently the right extension of 
resection. At this point, the tumor is excised en 
bloc and sent for pathology and the reconstructive 
phase may start.

Differently if an extra-compartmental articu-
lar resection is needed, the capsule should be 
excised entirely, and the glenohumeral joint 
should not be opened. The proximal surgical 
access is prolonged medially to identify the neck 
of the scapula and the coracoid process. One or 
two Hohmann retractors are placed on the neck 
of the scapula, and the scapular resection is per-
formed. A particular attention should be paid to 
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the major neurovascular structures at the base of 
the coracoid: the axillary nerve, the axillary 
artery, and the lateral cord of the brachial plexus.

The reconstruction can start either distally on 
the residual humeral shaft or proximally on the 
scapula.

The most used modular prostheses can switch 
from a reverse to an anatomical proximal compo-
nent any time during surgery according to the 
intrinsic stability and the spared muscular struc-
tures. If the surgeon is in doubt on which recon-
struction to perform, it would be better to start 
with the distal humerus preparation. The humeral 
shaft is reamed with progressively growing man-
ual or motorized rasps according to the available 
instrumentation till the desired diameter to 
implant the right size of a cemented or an unce-
mented stem. The usual length of the stem of a 
proximal humerus tumor prosthesis ranges from 8 
to 10 cm. Some modular prostheses used to have 
an external flange plate to increase the fixation 
with one or two screws going from the plate to the 
other cortex passing through the stem.

If an APC reconstruction is performed, the dis-
tal humerus is prepared or not according to the 
preferred fixation whether with the distal portion 
of a long-stemmed prosthesis or a plate. On a sep-
arate table, the humeral allograft is prepared by 
cutting the humeral head in a standard way and 
resecting the humeral shaft at least 1 cm longer 
than the measured resection. The humeral length-
ening allows a better pretension of the deltoid 
muscle, but if necessary a distal recut is still pos-
sible. The allograft and the host bone osteotomies 
have to match accurately. This junction can be 
either represented by two transverse plain sur-
faces or a proper dovetail connection. A dovetail 
technique is recently preferred because of its 
intrinsic increased stability.

An osteosynthesis with plate and a humeral 
short-stemmed implant is more prone to end with 
a mechanical failure due to the torsional forces as 
described in the clinical case in Fig. 24.2.

The use of a long stem that goes beyond the 
host bone-allograft junction ensures greater sta-
bility. In this case, the humeral allograft and the 
distal native canal are sequentially reamed and 

then broached, before testing with the trial com-
ponents. The allograft is usually over-reamed 
compared with the native humerus to allow a 
better fit at the host bone-allograft junction. 
Once the stability and the soft tissue tension 
appear to be appropriate, the definitive recon-
struction of the proximal humerus is carried out 
by maintaining the correct retroversion. The 
prosthesis stem is usually cemented both in the 
allograft and in the host bone shafts, as shown in 
the clinical case presented in Fig.  24.3. Some 
authors add a unicortical plate while the cement 
is hardening in order to neutralize the rotational 
forces and enhance compression at the host 
bone-allograft junction [13].

The glenoid implant is similar to any conven-
tional RSA facilitated by a wider exposure due to 
the absence of the resected proximal humerus. 
Every prosthesis has its instrumentation to guide 
the implantation of the glenoid component usu-
ally fixed into the bone with a peg and one or two 
screws. The use of a lateralized glenosphere is 
more advisable in case of partial deltoid muscle 
loss or any concern for deltoid dysfunction. The 
lateralization of the glenosphere will change the 
natural humeral center of rotation, but creating a 
more compressive force from the deltoid.

When a modular EPR is implanted, the choice 
between a cemented and an uncemented stem 
depends on the age and the bone quality of the 
patient but often on the surgeon’s beliefs and 
habits. A modular implant allows to change the 
stem whether cemented or uncemented and the 
reconstruction length according not only to the 
resection but also to the right tension of the soft 
tissues. If the EPR is custom-made, the choice of 
the stem and the length must be decided 
3–4 weeks preoperatively, and no intraoperative 
changes are possible.

After the implantation of the definitive pros-
thesis, all the muscular tendons, which have been 
spared, should be singularly reattached. The rota-
tor cuff and the deltoid tendons may be sutured to 
the corresponding allograft tendon insertions 
using nonabsorbable suture wires. In orthopedic 
oncology, the posterior components of the rotator 
cuff are easier to reattach than in standard RSA, 
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thanks to the wide exposure for tumor excision. If 
the tendons should be attached to the prostheses, 
it can be performed directly to the prosthesis or 
through an attachment tube. Several prostheses 
are provided with holes to pass the suture wires 
to anchor the tendons or with special porous sur-

faces (e.g., Trabecular Metal™) and an overlying 
fixation plate. Synthetic attachment tubes, usu-
ally made by polyethylene terephthalate, are 
available off the shelves to be fixed on the pros-
thetic shaft to allow the tendon fixation and to 
increase the implant stability by a capsular suture.

a b c

d e f

Fig. 24.2 A 41-year-old woman treated several years 
before for a central chondrosarcoma of the proximal 
humerus. (a) X-ray of the lesion. (b) On the left the 
specimen of the tumor resection, on the right the proximal 
humerus allograft. (c, d) The osteochondral reconstruction 
failed due to the bone reabsorption. The deformity of the 
humeral head caused a progressive arm dysfunction 

requiring a conversion to a RSA after about 3 years from 
the first implant. (e) The use of a short stem led to a new 
failure after only 1 year. (f) The last picture shows X-ray 
control at 8 years from revision prosthetic reconstruction 
resulting in a fair function of the upper limb during daily 
life activities over the years
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As reported above, the partial or complete 
loss of function of deltoid muscle is not an abso-
lute contraindication to implant a RSA.  In fact 
the only resection of the anterior branch of the 
axillary nerve leads to the loss of the anterior 
muscle fibers resulting in a loss of strength in the 
active forward flexion, but maintaining good 

function on the other planes. It is reported a bet-
ter function in patients with RSA and incomplete 
deltoid function than in patients with a conven-
tional anatomical prosthesis and intact deltoid 
function [10]. In selected cases the complete 
absence of the deltoid muscle may be supplied 
by a latissimus dorsi (LD) muscle transfer either 

a

d e

b c

Fig. 24.3 A 64-year-old woman treated for an undiffer-
entiated pleomorphic sarcoma after preoperative chemo-
therapy and radiotherapy. (a, b) The lesion starting from 
the soft tissues is close to the proximal humerus, requiring 
a bone resection to obtain clear margins. (c) Intraoperative 
pictures showing a long-stemmed humeral component of 

a RSA previously cemented to an allograft and then to the 
host bone. (d) The transposition of a latissimus dorsi flap 
completes the reconstruction, since the circumflex nerve 
has been sacrificed. (e) At the last follow-up after almost 
10  years, the functionality is moderately limited but 
painless
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pedicled or as a free flap. Good results were 
recently reported in non-oncological cases of 
RSA with LD transfer. A consistent improve-
ment of the active external rotation and an 
acceptable complication rate have been demon-
strated [14, 15].

In limb-sparing surgery, the latissimus dorsi 
transfer is very useful and could be intended 
either to restore an acceptable shoulder function 
or to have a free or pedicled myocutaneous flap to 
cover the implant after the deltoid muscle 
resection.

The use of this technique is still debated in 
oncological orthopedics because the surgeon 
needs to balance a prolonged surgical time and 
more potential complications compared to a 
supposed best functional outcome in a group of 
patients where the life expectancy is sometimes 
poor and the residual function is not the primary 
aim. Probably a more complex surgery could be 
proposed in young or high-demand patients with 
a good long-term prognosis.

Postoperative rehabilitation protocol cannot 
be the same for all patients, but it is adapted to the 
type of reconstruction. Usually after a RSA 
implantation, the patients maintain an UltraSling 
in abduction 60° for 4  weeks allowing sling 
removal to promote hygiene and elbow active 
and passive movements. An early careful passive 
mobilization of the shoulder is recommended but 
after at least 2 weeks of immobilization. Active 
range of motion is forbidden until 6–8  weeks 
followed by an intense physiotherapist-assisted 
rehabilitation program.

24.5  Advantages of RSA 
and Potential Complications

It is difficult to assess which is the best approach 
in terms of functional outcome, implant survival, 
or complications, because there are no prospective 
or randomized trials and there are generally no 
long-term results. Bone and soft tissue sarcomas 
are rare tumors, as well as metastatic lesions 
undergoing a resection and reconstruction. 
Therefore few reference centers deal with these 

surgical procedures, and the numbers of treated 
cases are limited.

First of all the oncologic results, in terms of 
survival and local recurrence, are comparable to 
those of the conventional prosthesis, as they 
obviously depend on the quality of tumor excision 
with adequate margins and on the response to 
chemotherapy and radiotherapy [16].

There is also no evidence for specific periop-
erative complications, like major blood loss, or 
increased surgical time among the different 
reconstructive options [10].

The reconstruction with a RSA after proximal 
humerus resection is a safe procedure with an 
acceptable rate of postoperative complications [17].

In particular, according to the published litera-
ture, the rate of instability in RSA is lower than in 
hemiarthroplasty or total shoulder arthroplasty. 
While higher rates of instability ranging from 28 
to 80% are reported for anatomic shoulder recon-
structions, a dislocation rate of up to 30% is 
reported for RSA.

The most significant advantages from the use 
of RSA after the resection of the proximal 
humerus tumors regard the functional results.

De Wilde et  al. reported one of the first and 
largest series of RSA in orthopedic oncology [6].

In this series of 14 patients, excellent results 
were observed using a composite irradiated auto-
graft. The average active abduction was of 157° 
after a mean follow-up of 7.7 years. The Authors 
concluded that RSA has low morbidity and 
reduces the impairment in the activities of daily 
living. However the results are much better, com-
pared to other studies, because the detachment of 
the deltoid muscle was necessary only in two 
cases. In fact, the resection length itself is not a 
significant parameter on functional outcome. But 
the longer the resection, the more muscles should 
be detached, leading to worse functional results. 
In their case series composed both of ten patients, 
Guven et al. [18] described a mean active forward 
flexion of 96° and a mean active abduction of 88°, 
while Bonneville et al. [19] reported a mean for-
ward active elevation of 122°.

Both these manuscripts showed worst results 
in patients after a resection involving the “V” 
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deltoid insertion that was necessary in the major-
ity of these cases.

However, a RSA allows better functional out-
comes compared to a conventional anatomical 
prosthesis. A large series of 83 patients presents a 
mean active abduction of 41° and a mean active 
forward flexion of 42° using a conventional pros-
thesis in patients with the integrity of the axillary 
nerve [11]. Even patients with a RSA and partial 
deltoid function show a better function than patients 
undergoing the implantation of an anatomic pros-
thesis with intact deltoid function. Therefore, the 
use of a RSA is recommended in all the patients 
after a resection with a preservation of the axillary 
nerve and the deltoid muscle. The deltoid muscle 
function helps to achieve a wider active range of 
motion available in the shoulder joint.

The effective joint function is also supported 
by satisfactory results of functional evaluation 
scales. Among the different scores examined, the 
mean Constant-Murley score is ranging from 52 
to 80%, the mean Disabilities of the Arm, 
Shoulder, and Hand (DASH) score is ranging 
from 26 to 30 points, while the mean 
Musculoskeletal Tumor Society (MSTS) score is 
ranging from 67.5 to 80% [10, 18, 19]. However, 
these values are similar for other types of recon-
struction. In a study of 38 consecutive proximal 
humeral reconstructions using osteoarticular 
allograft or an endoprosthetic reconstruction, the 
mean MSTS score is 75.5% [16]. The results of 
these scores do not reflect the improved function 
and the increased ability in active abduction, ele-
vation, and rotation. The potential reason is that 
people compensate with the elbow and hand func-
tion that are regularly intact, providing a proper 
use of the arm in daily activities.

Although functional results are satisfactory, 
complications are frequent. The greater complex-
ity of the oncologic surgery increases the compli-
cation rate compared to non-oncologic RSAs. 
Most of the postoperative complications after the 
excision of proximal humerus tumor are related to 
the type of reconstruction of the humerus.

In general, comparing osteoarticular allografts, 
allograft-prosthesis composites, and endoprosthe-
ses, it has been shown that the use of allografts leads 

to higher revision rates, but the biologic tendon 
repair is superior in terms of functional results and 
stability [20]. This technique is therefore less suit-
able for patients with low life expectancy and with 
low functional demands. In both cases, the risk of 
infection is very high, due to the long duration of 
surgery and the presence of huge non-biological 
components. Often patients undergo these surgical 
procedures after chemotherapy or radiotherapy, with 
immunodepression and skin closure problems. In 
addition, antibiotic therapy alone is poorly effective, 
and complex revisions are often necessary. New 
coatings (silver-based, iodine) have been recently 
available to decrease the infection rate, while an 
accurate soft tissue coverage of the allograft or the 
prosthesis limits the risk of infection.

Other specific complications associated with 
APC reconstructions are the possibility of early 
allograft resorption, the risk of fracture or non-
union between the allograft and the bone host. De 
Wilde reported radiographic graft resorption in 13 
out of 14 patients treated with composite RSA, 
with the humeral stem suspended with cement 
alone at the proximal part as a final result [6].

Prosthetic reconstructions generally have more 
long-term complications associated with pros-
thetic wear, loosening of the humeral stem, and 
periprosthetic fractures. Kassab et al. revised two 
RSAs out of seven for stem fracture or stem loos-
ening after resection of the proximal humerus for 
tumor at an average follow-up of 85 months [21].

The main complication in oncological recon-
struction of the proximal humerus with RSA is the 
instability. De Wilde et al. reported a rate of 14% 
of dislocation [6], while other authors reported an 
instability ranging from 10 to 30% [19, 22]. Guven 
obtained similar results, with 20% of open reduc-
tion for prosthetic dislocation [18].

The rate of instability is certainly higher than 
in revisions of traditional RSAs [23]. However it 
remains lower compared to oncological 
reconstructions using hemiarthroplasty or total 
shoulder arthroplasty. The main reasons for the 
predisposition to dislocate are the loss of large 
segments of the bone and the loss of parts of 
shoulder musculature and their tendons. These 
factors often lead to shorter bone reconstructions 
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and consequently to a low tension of the 
surrounding soft tissues. According to several 
Authors, the humeral lengthening from 0 to 2 cm, 
compared to the contralateral arm, looks like the 
ideal solution to gain a correct pretension of 
shoulder soft tissues and in particular of the 
deltoid muscle [24].

This procedure allows to reduce the disloca-
tion rate and to improve the functional outcome. 
On the other hand, a higher lengthening should 
be avoided in order not to cause nerve palsies.

The lateralization of the center of rotation is 
another solution to achieve shoulder stability 
increasing the compression of the humeral 
component on the glenosphere and at the same 
time reducing the risk of impingement.

The use of a synthetic attachment tube associ-
ated to an endoprosthesis or a RSA reconstruc-
tion is described in several studies as useful to 
improve joint stability [10, 25].

In particular, when there is a defect of the ante-
rior part of the deltoid, a subscapularis repair is 
important to avoid anterior instability. The syn-
thetic tube allows the reattachment and the subse-
quent scar tissue formation even if only a part of 
the tendon is saved. In addition, the possibility of 
an easier attachment of the tendons compared to a 
non-smooth surface such as the prosthesis pro-
vides better function of the rotator cuff muscles, 
in particular recovering the external rotation [18].

24.6  Conclusions

The heterogeneity of clinical patterns makes dif-
ficult to define general rules for the surgical treat-
ment of all oncologic patients. The quality of 
tumor excision is crucial, as it affects patient 
survival. Advances in surgical techniques, 
chemotherapy, and radiotherapy have helped to 
develop more innovative surgical solutions, 
allowing important improvements in the quality 
of life and functionality of the operated upper 
limb. RSA currently represents the most reliable 
and safe solution for glenohumeral reconstruction. 
The modern trend is to use RSA when the deltoid 
muscle and the axillary nerve are saved during 
the tumor resection. Promising results have been 

recently described with the use of RSA after the 
resection of the deltoid muscle and/or the axillary 
nerve recreating the abduction movement with a 
latissimus dorsi flap.
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Failed Total Shoulder Arthroplasty

Giuseppe Porcellini, Azad Sait, Giovanni Merolla, 
and Paolo Paladini

25.1  Introduction

In the last few decades, the advancement in tri-
bology and prosthetic joint design has led to a 
proliferation in arthroplasties performed all over 
the world. The number of total shoulder arthro-
plasties (TSA) performed annually shows a pro-
portionate increase with other major joint 
arthroplasties. With increasing primary arthro-
plasty, the need for revision also increases [1, 2]. 
An intact rotator cuff is essential for a well-func-
tioning TSA.  TSA mimics the normal shoulder 
joint biomechanics in patients with a functioning 
rotator cuff by generating a balanced force cou-
ple that centres the humeral head in the glenoid 
throughout the range of motion. In the axial 
plane, the interplay between subscapularis and 
infraspinatus balances the shoulder joint, while in 
the coronal plane, supraspinatus counteracts the 
deltoid vector, thereby maintaining a stable cen-
tre of rotation. The success of a total shoulder 
arthroplasty depends on achieving such a stable 
centre of rotation that aids the deltoid moment 

arm to function efficiently [3]. Nonetheless, age-
related atrophy, fatty infiltration, tear and subse-
quent rotator cuff dysfunction are common [4]. 
This grossly alters the joint biomechanics 
(Fig. 25.1), thereby placing an eccentric load on 
the prosthetic joint leading to painful dysfunction 
and failure.

A proper understanding of the causes of fail-
ure of TSA is essential to plan a successful revi-
sion. The failed TSA may be grouped broadly 
into two major categories: aseptic failures and 
septic failures. Kalandiak et al. have previously 
classified the complications of TSA leading to 
failure under three broad categories: (1) failures 
involving soft tissue problems like instability, 
stiffness, cuff tear, etc., (2) failure of humeral 
component and (3) failure of glenoid component 
[1]. One cause may be complimentary to the 
other or as a result of another cause; hence, in 
most cases they are multifactorial. For example, 
overstuffing of the component may lead to rotator 
cuff tear. Rotator cuff deficiency may lead to 
superior instability, which in turn may cause 
eccentric loading of glenoid and subsequent wear 
and loosening. However, this anatomical cate-
gorisation can be utilised to address the failure in 
TSA while performing a revision.

Nevertheless, revision of a failed TSA is dif-
ficult and challenging. Approximately 11% of 
TSA ends up in revision [5, 6]. Reverse total 
shoulder arthroplasty (RTSA) is frequently 
employed as a salvage for failed TSA. RTSA in a 
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revision setting is complex owing to the fre-
quently encountered humeral and glenoid bone 
defects as well as the compromised soft tissue 
around the joint. Although the results of RTSA in 
a revision setting are inferior to primary RTSA, it 
predictably decreases the pain and disability and 
improves function [7, 8].

25.2  Preoperative Planning 
in Failed TSA

A careful preoperative work-up focused on cer-
tain imperative points is essential in planning a 
revision, which involves a detailed clinical evalu-
ation, imaging and laboratory investigations.

Clinical evaluation in a revision setting is 
aimed at evaluating the patient’s current disability 
and functional demands. A subjective pain 
scoring may be recorded by using the visual 
analogue scale (VAS). A functional scoring using 
any one of the established standard scoring 
systems such as Constant score, UCLA, ASES or 
SST may be done preoperatively [9–12]. This 
helps to understand the present disability better 
and may be used in the follow-ups to record the 
functional improvement. One should specifically 
look for signs of infection such as an actively 
draining sinus (Fig.  25.2a), erythema and 
tenderness, although in most cases the 
presentation is non-specific with complaints of 
excessive pain in the shoulder. The functioning of 
deltoid muscle needs to be ensured through 
examination (Fig.  25.2b). It may be difficult in 
painful shoulders to grade the power of deltoid, 
but one can feel for the contraction of deltoid on 
attempted shoulder abduction. Deltoid 
dysfunction may be due to excessive muscle 
detachment or secondary to neural injury like 
axillary nerve palsy or brachial plexus palsy 
during the previous surgery. The reported 
incidence of neurologic injury is approximately 
2% in primary TSA [13]. In the context of a non-
functioning deltoid, RTSA also ceases as an 
option, although theoretically it is possible to 
combine RTSA with pedicled pectoralis major 
and trapezius transfers [14]. Whenever in doubt, 
an electromyography may be obtained to 
ascertain the deltoid function. The shoulder may 
be examined for any instability in all directions. 
Although RTSA with its semi-constrained feature 
compensates for instability to some extent, the 
surgeon can be prepared with more constraint 
designs with offset options for the humeral socket 
during revision. Preoperative active and passive 
range of movements should be recorded. 
Although active elevation can be improved by 
increasing the deltoid moment arm, one should 
plan for an implant with lateral offset that tensions 
posterior deltoid or a concomitant latissimus 
dorsi and teres major transfer which is suitable 
for such a condition where the patient’s functional 
improvement demands increased external 
rotation with arms by the side of the chest.

Fig. 25.1 Age-related rotator cuff dysfunction alters the 
prosthetic joint biomechanics. Note the superior migration 
of humeral head and decreased acromio-humeral distance
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A detailed interpretation of preoperative 
images is essential in planning a revision. A 
routine plain anteroposterior and axillary view 
radiographs of the shoulder may be obtained. A 
rough assessment of bone quality and available 
bone stock for revision fixation may be obtained 
from the plain radiographs. The humeral 
metaphyseal and cortical bone thickness in the 
radiographs throws light on the stress shielding 
and possibility of uncemented revision. Plain 
radiographs can give information regarding the 
direction of instability. Superior migration of the 
centre of rotation signifies functional inefficiency 
of the cuff and may be assessed by the decrease 
in the acromio-humeral distance (Fig.  25.1). 
Seebauer classified the degree of superior 
instability into four groups ranging from minimal 
superior migration to anterosuperior escape [15]. 
Anterior or posterior subluxation may be assessed 
in axillary views.

Each component may be separately assessed 
for the type and quality of fixation, type of 
implant, component position (version and rota-
tion) and loosening. The humeral component may 

be a surface replacement prosthesis or a stemmed 
prosthesis. The stemmed prosthesis can be 
cemented or uncemented types. Uncemented 
stems are press-fit stems, and the stem lengths 
vary from mini stems that rely only on metaphy-
seal fixation to long stems which depend on distal 
fixation (Fig. 25.3). The presence of radiolucent 
lines (RLL) around the humeral component is 
common in press-fit stems, and this mere pres-
ence of RLL doesn’t signify component loosen-
ing or easy component extraction [16, 17]. 
Sperling et al. defined radiographic ‘at-risk’ signs 
of humeral component as subsidence, tilt or 2-mm 
RLL around the implant (Figs. 25.4 and 25.13a) 
[18]. Removal of a well-fixed humeral component 
is likely to necessitate an osteotomy of the 
humeral shaft. The length required for the possi-
ble osteotomy shall be calculated by the distal 
level of stem fixation. The removal of the distal 
cement mantle with the cement restrictor has the 
possibility to additionally demand a cortical win-
dow. The length required for the revision stem, its 
diameter and type of fixation are perhaps planned 
accordingly. Not infrequently, the cause of 

a b

Fig. 25.2 The presence of erythema around the scar and sinus (a) suggests the possibility of infection. Functioning of 
deltoid muscle should be ascertained especially in cases with multiple and unusual scars (b)
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Fig. 25.3 Humeral prosthesis can be surface replacement (a), mini stem (b), standard uncemented (c) or cemented (d)

a b

c d
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 revision can be a periprosthetic fracture. The risk 
of periprosthetic humeral fractures increases with 
age [19]. Based on fracture location in relation to 
the humeral stem, Wright and Cofield have classi-
fied periprosthetic humeral fractures into three 
types: (1) type A, spiral fracture centred around 
the tip of the prosthesis with an extension of more 
than one third of the humeral stem; (2) type B, 
fracture centred around the humeral stem with an 
extension of less than one third of the humeral 
stem; and (3) type C, fracture well distal to the tip 
of the prosthesis extending to the distal humeral 
metaphysis [20]. Worland proposed a classifica-
tion system taking implant stability also into con-
sideration along with fracture type and location, 
which is similar to Vancouver classification for 
periprosthetic femoral fractures in total hip arthro-
plasty: (1) type A, fracture around the tuberosi-
ties; (2) type B, fracture around the stem; and (3) 
type C, fracture well distal to the tip of the stem 
[21]. Type B fractures are subclassified into B1, 
spiral fracture with stable implant; B2, transverse 
or short oblique fracture about the tip of the stem 
with stable implant; and B3, fracture around the 
stem with unstable implant. B2 and B3 fractures 
require revision to a long-stem prosthesis. In the 
case of pre-existent rotator cuff dysfunction and 
preserved glenoid bone stock, revision to a long-
stem RTSA should improve shoulder function 
(Fig. 25.5).

Fig. 25.4 Note the RLL all around the cement-bone 
interface

a b

Fig. 25.5 Worland type B2 periprosthetic fracture (a) in a patient with rotator cuff dysfunction revised to long-stem 
RTSA (b)
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The type of glenoid component can be made 
out from plain radiographs which may vary from 
metal-backed component for uncemented fixation 
to all poly glenoid with either pegs or keel for 
cemented fixation. Metal-backed components are 
reported to have higher failure rates and 
progression of RLL.  Osteolysis of the glenoid, 
dislocation of polyethylene component, glenoid 
tray fracture and screw breakage are the other 
reported failures associated with metal-backed 
glenoid components which may be looked for in 
the radiographs (Fig. 25.6) [22, 23]. RLL at the 
cement-bone interface is found in nearly 80% of 
all polyethylene glenoid components on follow-
up radiographs [1]. Component migration, tilt or 
complete RLL > 1.5 mm, indicates definite loos-
ening of the glenoid component [23]. RLL in 
immediate post-operative radiographs is com-
monly found in keeled implants and may be 

attributed to an incomplete seating of this implant 
design [24]. The radiolucency about both the 
keeled and pegged implants shall be graded from 
0 (no lucency) to 5 (gross loosening), and the 
component seating may be graded from A (com-
plete seating) to E (>50% incomplete contact) 
based on the study by Lazarus et al. [24]. One can 
compare the initial post-TSA radiographs with 
the pre-revision radiographs to assess the prog-
ress of these grades. Improper version or rotation 
of the components can predispose to instability, 
although it is assessed better in CT scans. The 
role of CT scan is mainly meant to determine the 
glenoid version and bone defect in anticipation of 
the need for bone grafting. Prosthetic glenoid 
version may be measured in a way that is similar 
for arthritic shoulder by using Friedman’s method 
from an axial CT slice at the tip of the coracoid, 
which is the angle subtended between a line 

a

d e

b c

Fig. 25.6 Metal-backed humeral components are associ-
ated with higher failure rates. Note the osteolysis in the 
coronal slice CT (a) and glenoid tray loosening with retro-
version in the axial slice CT (b). Intraoperative pictures 

show metallosis (c) and polyethylene breakage (d). Post-
operative radiographs after revision to RTSA (e). Note the 
structural bone graft under the glenoid baseplate used to 
lateralise the glenoid component
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 joining the anterior and posterior margins of the 
glenoid bone immediately below the prosthesis 
and the perpendicular line to the scapular axis 
(Fig.  25.6b) [25]. In the setting of posterior or 
superior glenoid defect, an eccentric reaming can 
be planned for obtaining proper version and incli-
nation of the glenoid baseplate during the revi-
sion [26]. If the glenoid erosion has approached 
too medial near the coracoid, a structural bone 
graft-baseplate composite needs to be planned to 
lateralise the baseplate. Over-medialisation of the 
centre of rotation increases the lateral pull by the 
deltoid and may predispose to dislocation [3].

Laboratory investigations assume importance 
in the setting of revision of an infected TSA and 
fall in line with those for the other major pros-
thetic joint infections [1]. Blood investigations 
include total and differential WBC count, ESR, 
CRP and blood cultures. Joint fluid aspirate anal-
ysis and culture also may be done. This will help 
the surgeon to be prepared with culture-sensitive 
antibiotics that can be loaded in the cement 
spacer for a two-staged revision. In certain 
doubtful situations, a nuclear imaging could be 
done to differentiate between septic and aseptic 
loosening [27].

25.3  Surgical Procedure

Surgery is performed in a beach chair position 
under general anaesthesia. Typically, a 
deltopectoral approach incorporating the previous 
surgical scar is utilised which should be extended 
distally to expose the humeral shaft in case a 
vertical humeral osteotomy is planned. The tissue 
planes are likely to be fibrosed and scarred, which 
brings in the need for a meticulous dissection. 
Cephalic vein if present guides to the correct 
interval, but might have been sacrificed in the 
previous surgery. The direction of the muscles 
gives an approximate idea of the proper plane. 
After retracting the deltoid and pectoralis major, 
identification of coracoid guides further surgical 
dissection. The conjoint tendon is retracted after 
clearing its adhesions from the subscapularis. 
The subdeltoid plane is cleared off all the 
adhesions to facilitate deltoid retraction. Rotator 

interval is identified, and the subscapularis may 
be peeled free or osteotomised with a thin sliver 
of lesser tuberosity. This exposes the prosthetic 
joint adequately. The subscapularis is then 
mobilised medially clearing all the adhesions 
below it. Axillary nerve is palpated and protected 
during this step.

The humeral component is delivered into the 
wound by adduction, extension and external 
rotation of the arm. The abundant capsular scar 
tissue may be released all around to facilitate this. 
Visible metal and polyethylene debris need to be 
thoroughly cleared off (Fig.  25.6c). After 
extracting the humeral head in the case of 
modular implants, the arm should be flexed 
slightly and teethed Hoffman’s retractors be 
placed anterior and posterior to the glenoid. Scar 
tissues and capsular remnants are to be 
circumferentially released around the glenoid to 
facilitate component removal.

25.4  Humeral Component 
Revision

It is important to identify the type of humeral 
stem while planning the revision. Some systems 
have the versatile humeral stem common for both 
total and reverse prostheses. In such cases, if the 
stem is well fixed, the humeral head only needs to 
be changed for humeral socket. This helps to 
preserve the humeral bone stock.

Prosthesis Extraction: In case of septic or 
aseptic loosening, the component extraction may 
not pose a major challenge. After removing the 
humeral head, any metaphyseal adhesions are 
cleared. A mallet used on the bone punch or 
impactor placed under the medial neck of the 
prosthesis facilitates its extraction. The removal 
of a well-fixed humeral component seems 
difficult by this method. The aim of humeral 
component removal should be to preserve as 
much bone stock as possible to support the new 
prosthesis. A vertical humeral osteotomy (VHO) 
described by Van Theil et al. may be utilised for 
extraction of a well-fixed press-fit stem as well as 
cemented stem [28]. Humeral shaft is exposed 
between the pectoralis major tendon and deltoid 
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attachment as far distally as needed. The proxi-
mal implant/cement-bone interface is interrupted 
all around using a small thin osteotome. This is 
to prevent the fracture of the thin tuberosity bone 
while removing the component. A vertical uni-
cortical osteotomy starting just lateral to the 
bicipital groove is extended distally up to the tip 
of the prosthesis. The osteotomy may be per-
formed using a thin power saw to a depth where 
it touches the implant. The VHO is wedged open 
by passing multiple osteotomes along the oste-
otomy track, taking care not to fracture the 
medial cortex. This ‘open book’ manoeuvre 
allows breakage of the bone-implant/cement 
interface and physical removal of the ingrowth/
cement. Additionally, high-speed bone burrs 
may also be used to debond the interface. Once 
the implant is sufficiently debonded, it can be 
hammered out as previously described. It is not 
uncommon to face difficulty in extracting the 
humeral stem even after VHO. In these cases, the 
distal end of the VHO is extended transversely in 
an L-shaped fashion, and the bone flap is hinged 
open medially (Fig. 25.7a). Care should be taken 
during this manoeuvre to avoid fracturing of the 
diaphysis distally.

Once the prosthesis is removed, the remaining 
cement mantle can be removed using thin 
osteotomes, bone rongeurs and burr. Medullary 
canal may be reamed serially with flexible 

reamers to remove the residues. The distal cement 
mantle and restrictor may be drilled using long 
drill bits to break the mantle and to allow the pas-
sage of reamer guide wire. A small end-cutting 
reamer is used to break down this mantle further. 
In difficult situations, a distal cortical window is 
created to ease the removal.

Management of Bone Defect: Deficient bone 
stock at the proximal metaphyseal region is 
frequently encountered in a revision setting 
(Fig. 25.8). This may be secondary to bone loss 
during component extraction, osteolysis, 
infection or tuberosity resorption due to previous 
fracture. Proximal humerus bone loss raises 
concerns regarding the long-term stability of the 
revision prosthesis. Proximal bone loss along 
with deficient soft tissue attachment alters the 
tension and kinematics of deltoid [29]. In a bone-
deficient proximal humerus, stress accumulates 
at the humeral socket-stem junction and causes 
component failure [30]. Some authors have sug-
gested the use of a monobloc humeral component 
to overcome this issue [29, 31]. Native bone aug-
mentation using autografts from the iliac crest or 
allografts can improve long-term results. Tibial 
strut allografts are frequently used for small 
defects (Fig.  25.7b) [7, 29]. An allo-prosthesis 
composite (APC) or hydroxyapatite mould-pros-
thesis composite (Fig. 25.9) can be considered in 
bone defects >5  cm [30]. APC replenishes the 

a b c

Fig. 25.7 Humeral component removal using a vertical 
humeral osteotomy extended transversely to open a bone 
flap (a). The osteotomy is closed with tibial strut allograft 

augmentation using cerclage wires before cementation 
(b). Post-operative radiograph (c)
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bone stock, improves the deltoid function by rec-
reating the lateral contour of the proximal 
humerus and decreases the stress concentration 
on the proximal part of the implant. The compli-
cations inherent to the allograft use such as infec-
tion, graft resorption, nonunion, etc. are the 
downsides of APC.

Revision Stem Fixation: One has the option of 
choosing a cemented or uncemented distal fitting 
stem. The distal shaft is serially reamed to allow a 
long stem that extends 2.5 cortical diameters dis-
tal to the osteotomy site. The glenoid baseplate 
and glenosphere are implanted prior to humeral 
stem implantation. This allows adjustment of 
height of the humeral component and appropriate 
soft tissue tensioning while trialling the stem. For 
uncemented fixation, distal fitting porous-coated 
stems of different lengths are available. Cerclage 
wires are tightened over the strut grafts after 
implanting the stem. For implanting cemented Fig. 25.8 Note the proximal metaphyseal bone defect

a b

Fig. 25.9 Hydroxyapatite mould-prosthesis composite to address proximal bone deficiency (a). Intraoperative pictures 
after implantation augmented with tibial strut grafts (b)
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stem, cerclage wires are tightened over allograft 
struts to create an intact cylinder (Fig. 25.7b, c). A 
distal cement restrictor is inserted 1.5 cm distal to 
the tip of the stem. Cemented fixation doesn’t 
require complete removal of the previous cement 
mantle from the sides. But the distal cement man-
tle needs to be removed to allow for a long stem. 
Standard cementation techniques as in hip arthro-
plasty may be followed. Care should be taken 
while passing the cerclage wires to avoid radial 
nerve entrapment in the cerclage. Any intraopera-
tive fracture extending below the tip of the stem 
may require additional fixation with a cable-plate 
system (Fig. 25.10).

For implantation of APC, proximal humeral 
allograft is prepared. The neck cut is made at the 
desired angle and inclination. Distal transverse 
cut is made at the desired length. The allograft 
may be primarily fixed to the native bone using 

cable-plate devices and the prosthesis be 
implanted. Alternatively, the prosthesis is 
implanted to the allograft first and the resulting 
allo-prosthesis in the native bone. Supplementary 
fixation is achieved by a cable-plate device.

Management of Intraoperative Periprosthetic 
Humeral Fractures: Periprosthetic humeral frac-
tures can occur before the prosthesis implanta-
tion (during exposure, reaming or trial reduction) 
while definitive implantation or after implanta-
tion (during reduction). Errors in surgical tech-
nique like inadequate extension of the humeral 
shaft while reaming, eccentric reaming causing 
medial cortical perforation, overzealous rotation 
of arm and forceful impaction of trial stem may 
result in fractures before the implantation of 
prosthesis. This can be managed with a long-
stem prosthesis which bypasses the distal end of 
prosthesis by at least two cortical diameters 

a b

Fig. 25.10 Intraoperative picture (a) and post-operative radiograph (b) showing fixation of Worland type C peripros-
thetic fracture with plate and cerclage wires
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 combined with cerclage wiring. Forced impac-
tion of the definitive prosthesis and rotation 
manoeuvres during reduction can also result in 
fractures. In such cases, the management is based 
on fracture location and implant stability. 
Worland types A and B1 fractures could be man-
aged by cerclage wiring alone, while type C frac-
tures need to be fixed with a cable-plate device 
(Fig.  25.10). Type B2 fractures may either be 
revised with a long-stem prosthesis if the primary 
implant can be easily extracted or be fixed with a 
cable-plate system. Type B3 fractures require 
revision to long-stem prosthesis with additional 
cerclage wires proximally.

25.5  Glenoid Component 
Revision

The aim of glenoid component revision is to fix 
the glenoid baseplate at a proper version, inclina-
tion and adequate lateralisation to provide a sta-
ble centre of rotation (COR). Establishing a 
stable COR by its semi-constrained design ana-
logues the function of rotator cuff in a normal 
shoulder [3]. The deltoid moment arm is effec-
tively increased by the medial placement of 
COR. Distal placement of COR increases its rest-
ing tension. This allows deltoid to effectively 
elevate the shoulder with less force. By using a 
hemispherical design of glenosphere, the COR 
may be placed close to the baseplate. This 
decreases the shear force on the glenoid base-
plate interface and prevents loosening. 
Glenospheres with built-in offsets lateralise the 
COR, thereby increasing the rate of loosening 
[32]. Hence a bone graft-baseplate composite is 
superior to lateralising glenoid design in a revi-
sion setting [33].

Prosthesis Extraction: Removal of the glenoid 
component by preserving as much bone stock as 
possible should be the goal. Metal-backed 
glenoid components may be difficult to remove 
because of bony ingrowth. Thin osteotomes may 
be used to gently break the bony ingrowth to 
facilitate removal. Another problem that might be 
encountered with these implants is the screw 
breakage. Broken screw extraction devices are 

required in some cases. All poly glenoid compo-
nents may be amputated at the implant-bone 
interface using an osteotome and removed. The 
remaining pegs or keels may be curetted out.

Glenoid Defect Management: Glenoid defect 
may be the result of over-reaming during primary 
surgery, bone loss while component extraction, 
osteolysis or infection. Posterior and superior 
bone losses affect the version and inclination, 
respectively. Glenoid defect following compo-
nent extraction has been classified into central, 
peripheral or combined by Antuna et  al. [34]. 
Depending on the severity of bone loss, each type 
has further been graded into mild (less than one 
third of the surface or rim), moderate (one third 
to two thirds of the surface or rim) and severe 
(more than two thirds of the surface or rim). 
Mild-to-moderate central defects can be man-
aged by impaction grafting alone. Mild periph-
eral defects and combined defects may need 
asymmetric reaming to correct the version and 
inclination. Moderate peripheral and combined 
defects require eccentric reaming and structural 
bone grafting, because over-medialising the 
baseplate alters the direction of deltoid pull and 
predispose to dislocation [35]. The BIO-RSA 
technique described by Bioleau et al. can be used 
to lateralise the baseplate [35]. An asymmetric 
cylindrical structural bone graft is harvested from 
iliac crest or femoral head allograft with the base-
plate to make a bone graft-baseplate composite. 
The graft is shaped to match the defect. The cen-
tral peg hole for the baseplate is made in the 
native glenoid in correct version and inclination. 
The long peg of bone graft-baseplate complex is 
directed into the peg hole and is impacted 
(Fig. 25.11). Larger diameter pegs with trabecu-
lar metal are available with some systems which 
can be utilised for obtaining immediate stability 
in the cases with larger defects. Trabecular metal 
is shown to have excellent biocompatibility and 
osteo-integrative properties [36, 37]. Additional 
screw fixation improves its stability. However in 
severe glenoid defects, inadequacy of glenoid 
bone stock to accommodate the central bone peg 
may result in failure of fixation of the bone graft-
baseplate complex to the native glenoid. In such 
cases, the possibility of 3D printing could be 
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explored to manufacture custom-made implants 
(Fig. 25.12). This allows to predetermine the ver-
sion and inclination, accurate drilling and place-
ment of screws in the best available bone. In 
cases with extreme glenoid deficiency or compli-
cated with glenoid fracture while component 
extraction, the salvage option is to revise the 
humeral component only to hemiarthroplasty, 
leaving the glenoid unimplanted.

25.6  Soft Tissue Balancing 
and Management 
of Instability

Previous instability in the failed TSA may be well 
balanced by the inherent semi-constrained nature 
of RTSA.  Proper version of the glenoid and 
humeral components can prevent anteroposterior 
instability. Decreasing the glenosphere-socket 
mismatch adds more constrain at the expense of 
increased wear. Subscapularis repair does not 

have a definite role in preventing anterior laxity, 
but it could be done upon feasibility [38]. Inferior 
laxity in a RSA can be corrected by using a longer 
humeral stem. Lateral instability can be corrected 
by using humeral socket of varying thickness and 
offset. Proper deltoid tensioning is important in 
maintaining the stability [39]. Newer eccentric 
glenosphere design places the COR inferiorly, 
thereby tensioning the deltoid.

25.7  Improving Range of Motion

RTSA decreases the force required for the deltoid 
to abduct the arm by 30% [40]. This is achieved 
by increasing the deltoid moment arm and resting 
tension by the infero-medial placement of COR. 
A stable COR provided by the semi-constraint 
implant allows the deltoid to work more effi-
ciently. Improving active shoulder external rota-
tion continues to be a challenge. The loss of active 
rotation is associated with severe postero-superior 

a b

Fig. 25.11 Glenoid reconstruction using bone graft-
baseplate composite. Note the asymmetric defect matched 
bone graft and long trabecular metal peg of the glenoid 

component that provides immediate post-fixation stability 
(a). Stability is increased by additional screw fixation (b)
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cuff tear involving teres minor or atrophy and 
fatty infiltration which cause its dysfunction. This 
is quite disabling for the patients as they lack the 
control of spatial orientation of the hand in activi-
ties such as handshaking, combing, wearing shirt, 
etc., when the hand drifts into internal rotation. 
Traditional Grammont design fails to address this 
disabling problem. Many authors have suggested 
concomitant latissimus dorsi and teres major 
transfer in patients with absent active external 
rotation preoperatively [41–43]. Newer designs 
with less medialisation of the COR improve the 
external rotation by tensioning the posterior del-
toid, thus avoiding the need for tendon transfers. 
This is achieved by using either a glenosphere 
with lateralised COR or eccentric humeral socket 
design or a combination of both [44].

Post-operative rehabilitation should be 
emphasised on improving total active elevation 
and external rotation. Deltoid and superior por-
tions of the pectoralis major are found to be the 
active elevators. Posterior deltoid is found to be 
more recruited in external rotation [45, 46]. 
Therapy should be focused on strengthening 
these muscles.

25.8  Revision of Infected TSA

Revising an infected TSA follows the guidelines for 
revision of other major joints. A two-staged revision 
is preferred by most surgeons. The usual organisms 
are Staphylococcus and Propionibacterium [47]. 
Antibiotics may be withheld till intraoperative 

Fig. 25.12 Custom-made glenoid component can be uti-
lised in severe defects. 3D printing (a) helps to customise 
the instrumentation to allow accurate drilling and screw 

placement in the best possible bone (b, c). Post-operative 
radiograph after revising with custom-made glenoid com-
ponent (d)

a cb

d
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 cultures are obtained. The cultures need to be held 
for 2–3 weeks for Propionibacterium acnes. During 
the first stage, implant removal, thorough debride-
ment, removal of all previous bone cement and 
culture-sensitive antibiotic cement spacer insertion 
are done (Fig.  25.13). Intravenous antibiotics are 
continued, and inflammatory markers are followed 
up. The second stage may be planned after 
6–12 weeks once the inflammatory markers come 
down. The steps and principles of second-stage sur-
gery are the same as those discussed above.

25.9  Conclusion

Although less favourable than primary RTSA, 
many authors have reported more than 80% 
patient satisfaction rate in long-term follow-up 
[8, 48]. The issues concerned with failed TSA are 
shoulder pain and loss of function that adversely 
affect the patient’s functional abilities. This dis-
abling problem can be addressed by a successful 
conversion to RTSA in most of the patients. In 
the patients with preserved glenoid bone stock, 
the results are often seen better. Hence RTSA 
remains the current standard of treatment for 
failed TSA.
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Reverse total shoulder arthroplasty (rTSA) was 
initially developed to treat patients with massive 
and irreparable rotator cuff tear and after used 
also in case of four-part proximal humerus 
fractures, inflammatory arthritis, and revision 
shoulder arthroplasty. Outcomes are correlated to 
preoperative diagnosis as reported by Wall et al. 
[1] with better result in cuff tear arthropathy 
rather than in post-traumatic and revision cases. 
At the beginning, the results reported by 
Grammont [2] in 1987 to treat the cuff tear 
arthropathy with this prosthesis were object of 
debate in the United States where most of 
surgeons used an hemiarthroplasty (HA) in case 
of eccentric osteoarthritis. Nevertheless, in the 
last decade, the indications for reverse 
replacement have widely expanded and finally 
accepted from most of the orthopedic surgeons 
[1–3]. Compared to the early Grammont 
prostheses, latest generation of reverse designs 
had some biomechanical changes especially for 
the lateral offset and inferior tilt of the glenosphere 
to minimize the risk of scapular notching and 
improve the active range of motion (ROM).

Traditionally, the majority of RSA are per-
formed in old patients with low functional 
demand to gain two important results: pain 
decrease and an acceptable ROM [4]. However, 

the conditions that potentially benefit from an 
RSA implant are not restricted to an elderly 
population.

Indication for RSA in young patients (60 
years or younger) is actually the most contro-
versial point among shoulder surgeons due to 
the high functional request in these patients 
and the potential failures of the implant in 
terms of instability or mobilizations of gleno-
sphere, humeral component, or screws break-
ing. It has been shown that patients with 
complex glenohumeral arthritis younger than 
55 years had less predictable outcomes rather 
than older ones [5–8].

Padegimas and Lazarus [9] showed that the 
request for shoulder arthroplasties in the United 
States is increasing with a perspective trend 
expectation and is likely to continue based on the 
Nationwide Inpatient Sample (NIS). In the litera-
ture, the increase in the number of shoulder 
arthroplasties for the general population is well 
reported [5, 9, 10]; there are few studies that ana-
lyze the request and the results of this surgery in 
young patients (55  years old or younger). The 
purpose of this study is to report the clinical out-
comes (range of motion [ROM], strength, patient 
function) of patients younger than 55 years who 
underwent a RSA.
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26.1  Method

From January 2008 to December 2015, 600 RSAs 
were implanted: 450 for degenerative diseases, 95 
for complex proximal humeral fractures, 15 for 
fractures sequelae, and 40 for revision surgery. 
The mean patients’ age was 73  years (42–95 
years), 11 patients (6%) were less than 55 years 
(mean age 52.4 years), 10 were male and 1 female, 
and in 7 cases the dominant arm was involved. In 
these cases we had two failed rotator cuff repairs, 
three fractures sequelae (open reduction internal 
fixation (ORIF)), three failed hemiarthroplasties, 
one irreparable fracture, and two primary osteoar-
throsis with glenoid dysplasia.

We review all the patients at mean follow-up 
of 4.8–1.5 years, and the clinical evaluation was 
done according to Constant score associated with 
X-ray and CT scan studies; in seven cases (63%), 
the CT scan was done with MAR technique.

All CT examinations were performed since 
April 2014 with a 64-detector CT scanner 
(Revolution EVO; GE Medical Systems, 
Milwaukee, Wisconsin).

Scanning parameters were settled to minimize 
metals artifact as follows: helical scan type, 
collimation 64× 0.625, high keV (140), dose 
modulation of 350 mA, 1 s rotation time, 1 mm 
helical thickness, and pitch 0.8.

The scan volume begins 1 cm above the AC 
and extends 2–3 cm below the stems.

The images were reformatted using a MAR 
(metal artifact reduction), an adaptive filtering to 
reduce as much as possible the photon starvation, 
beam hardening, and streak artifacts due to metal 
implants.

The images were finally reformatted on MPR 
planes and visualized on a PACS station using the 
extended CT scale (starting with a window value 
of 4000 and a center value of 400) [11].

We used in all cases a Lima rTSA (Lima 
Corporate Villanova di San Daniele del Friuli, 
Italy); in eight patients (72.7%), 36  mm 
glenosphere was implanted while in three cases 
(27.3%) a 44 mm and in all cases a no cement 
humeral stem.

A deltopectoral approach was performed in all 
cases in order to better expose the glenoid, and 

the glenosphere was always flushed to the inferior 
border of glenoid with a baseplate’s inclination 
of 5°–10° inferior tilt. In two cases with glenoid 
dysplasia, a glenoid bone graft (bio-rTSA) was 
used. The glenoid dysplasia in a young patient 
with glenohumeral arthritis usually involves the 
posterior-inferior part of the glenoid and the 
scapular neck, often with an enlarged labrum 
(Fig. 26.1). This condition is rare in the general 
population (around 14%), but it has been 
demonstrated to predispose patients to early 
osteoarthritis [12–14] and in young patients with 
clear arthritis could be a challenge for surgeons 
due to glenoid retroversion associated with a 
decreased glenoid bone stock.

Several studies has been reported good results 
in this patients treated with r-TSA as published by 
Allen and Cofield [14] in 20 patients (22 shoul-
der) treated with total shoulder arthroplasty and 
hemiarthroplasty, 8 hemiarthroplasties and 14 
total shoulder arthroplasties with pain relief and 
good range of motion. They reported that four 
shoulders having hemiarthroplasty underwent 
revision surgery because of painful glenoid 
arthrosis, two shoulders with total arthroplasty 
underwent revision for infection, and three under-
went revision for glenoid component issues.

For this study, patients with inclusion criteria 
were contacted for follow-up, and all the preop-
erative data were collected such as previous pro-
cedures, mechanism of injury, diagnosis at the 
time of surgery, and concomitant procedures. The 
clinical examination was performed by a trained 
independent observer based on the Constant 
-score and to all patients a pain score on a visual 
analog scale (VAS), Simple Shoulder Test (SST) 
score and American Shoulder and Elbow Surgeons 
(ASES) score were submitted. Preoperative and 
postoperative anteroposterior and axillary shoul-
der X-rays were evaluated by two independent 
observers. On the most recent postoperative 
X-ray, we looked for any evidence of humeral 
component loosening, glenoid component loosen-
ing, scapular notching, osteoarthritis, fracture, 
and dislocation (Fig. 26.2). In seven cases (63%), 
a postoperative CT scan study was performed in 
order to value the glenoid baseplate, the bone 
graft, and the tuberosities (Fig. 26.3).
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The evaluation of the humeral component 
loosening was based on criteria described by 
Sperling et al. [15], where a humeral component 
was deemed “at risk” for loosening if a lucent 
line greater than 2 mm in width was present in at 

least three of eight zones or if two of three inde-
pendent observers identified migration or tilt of 
the component. Glenoid component loosening 
was based on the six-part grading scale described 
by Lazarus et al. [16] The scapular notching was 
assessed on the four-part grading scale described 
by Sirveaux et al. [17].

26.2  Results

Demographic cohort information are shown in 
Table 26.1. At the time of surgery, all the patients 
were in a work time while at follow-up time eight 
(72%) of them were still workers, although one 
had switched to a desk job and currently while 
two patients, changed their original manual job.

Postoperative, VAS, ASES, and SST scores 
and forward flexion were all significantly 
improved from preoperative values. The mean 
active elevation improved from 59 to 135. 

FIG. 26.1 X-ray and CT scan of right shoulder glenoid dysplasia in a 54-year-old man

Fig. 26.2 Postoperative X-ray after BIO-RSA: the arrow 
shows autologous bone graft and Axioma baseplate
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The  ASES score significantly improved from a 
preoperative mean of 31.1 to a postoperative 
mean of 69.2% (Table 26.2).

Radiographic follow-up imaging (mean 4.8 
years) was available for ten patients (90.9%) and 
showed no patient was found with risk factor of 
humeral component loosening and glenoid com-
ponent loosening. Evidence of grade 1 scapular 

Fig. 26.3 CT scan and clinical examination, with excellent integration of the bone graft

Table 26.1 Patient demographic characteristics

Data (n 11)
Age (years) 52.4 _ 3.8
Male 90%
Dominant arm injury 63.6%
Job injury 21%
Diabetes 20%
Tobacco history 50%
Ethylism and cocaine history 10%
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notching was present in two patients (20%) 
(Table 26.3).

One patient, with significant history of multi-
ple shoulder surgery, underwent after 1 year to 
surgical revision due to traumatic dislocation 
implant and reported glenoid fracture with base-
plate rupture and a fracture of the great tuberos-
ity. We treated this case with a Hemy-CTA 
associated with donor Achilles tendon (IOR 
Bologna tissue bank) as reinforcement tie to sta-
bilize H-CTA.

The 2-year clinical outcome is not very satis-
factory, but the prosthesis is stable and not pain-
ful (Fig. 26.4).

26.3  Rehabilitation

The mean time of the immobilization in sling 
was 26  days, and the patients were allowed to 
move passively the arm 2 days after surgery. 
Rehabilitation in water started 4 weeks after sur-
gery in all patients, in the same center following 
a specific protocol: for the first 2 months, a pas-
sive rehabilitation was done to reach the full 
anterior elevation and then with a protocol to 
improve the external rotation.

26.4  Discussion

RSA has showed in a long-term follow-up good 
clinical and radiographic results into the manage-
ment of cuff tear arthropathy in terms of pain relief 
and restoration of range of motion and strength [1, 
3, 18, 19]. Furthermore, a different study showed 
good outcomes of RSA in case of severe bone loss, 
multi-part fractures in the elderly patients, failed 
fracture fixation, and revision shoulder arthro-
plasty [3, 20–23]. However in the literature are 
reported results on elderly patients, and few stud-
ies are focused on young patients with degenera-
tive and traumatic problems treated with rTSA [8, 
9, 24, 25]. Many surgeons have concerns to 
implant rTSA in patients younger than 60  years 
because of the lack of long-term studies on the sur-
vivorship of these implants. Few reports have 
looked at its use in the younger patient with short-
term to midterm outcomes [8, 9, 24–26].

This study reports on the clinical and radio-
graphic results at short–midterm follow-up (mean, 
3.0 years) in 11 young patients (aged <55 years) 
treated for various pathologies with an rTSA.

In literature, there have been few reports that 
directly deal with reverse arthroplasty in a 
younger patient population, specifically those 
younger 60 years.

Muh et al. [27] reported on 67 RSAs at a mean 
age of 52.2 years and a follow-up of 36.5 months. 
Patients had significant improvements in ROM, 
ASES score, and visual analog scale score, but 
there was a lower satisfaction rate compared with 
older patients.

In Ek et  al.’s [26] paper, there is a significant 
improvement in clinical function but a high compli-
cation rate of 37.5%. Twenty-five percent of patients 
underwent partial or total component exchange, 
conversion to hemiarthroplasty, or removal. 
Although patients had improvement in function that 
was maintained at up to 10 years, there was a high 
complication and reoperation rate, requiring appro-
priate patient counseling preoperatively.

Concerning information can be extrapolated 
from the study by Favard et al. [28] that may have 
applicability for a young patient. In this report, 

Table 26.2 Comparison of preoperative and postopera-
tive shoulder function among 11 patients

Preoperative Postoperative
VAS score 6.5 ± 2 2.6 ± 2
ASES score 32 ± 15 65.5 ± 2
Constant score _ 58 ± 12
FE 60 ± 25 125 ± 40
FE > 90° 20% 85%

Table 26.3 Scapular notching grades for patients after 
RSA

Description n (%)
Grade 0 No defect
Grade 1 Defect confined to pillar 2 (20%)
Grade 2 Defect in contact with lower 

screw 0
(0)

Grade 3 Defect over lower screw 0 (0)
Grade 4 Defect extends under baseplate 0 (0)
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489 patients with a reverse prosthesis were 
reviewed with 2, 5, 7, and 9 years’ follow-up. The 
complication rate was 18%, with a 10-year sur-
vival rate of 89%.

The authors also showed a relative decline in 
function with longer follow-up. The Constant-
Murley score in patients with more than 9 years’ 
follow-up was significantly lower than that in 
those with fewer than 5  years’ follow-up. 

Humeral, glenoid, and scapular notching was 
also present in 39, 32, and 50%, respectively, of 
patients with more than 9 years’ follow-up.

The authors conclude that these results are 
concerning for the longevity of the reverse pros-
thesis and it should be used with caution in a 
younger patient population.

Furthermore, the normalized postoperative 
Constant score (mean, 58) reported in our study 

Fig. 26.4 The CTA revision in an alcoholic 44-year-old patient
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was similar to that in studies by Wall et  al. [1] 
(mean, 59.7), Ek et  al. [26] (mean, 57), and 
Boileau et al. [29] (mean, 55.8).

Likewise, the postoperative ASES score of 
65.5 is within the range of scores reported in 
other studies [2, 30, 31]. Our results for the three 
patients classified as having irreparable rotator 
cuff tears without glenohumeral arthritis (VAS 
score, 1.7; ASES score, 71.8) correspond well 
with the results of older patients with the same 
etiology on whom Mulieri et  al. [31] reported 
(VAS score, 1.9; ASES score, 75.4). Furthermore, 
our results for the three patients treated for failed 
arthroplasty (VAS score, 1.8; ASES score, 66.4) 
compare favorably with the results of older 
patients (mean age, 69  years) with the same 
etiology in a study by Levy et al. [30] (VAS score, 
2.44; ASES score, 52.1).

In our patients, the improvement in active for-
ward flexion (from 60_ to 125_) was similar to or 
greater than the improvement in the studies by Wall 
et  al. [1] (from 86_ to 137_), Boileau et  al. [29] 
(from 82_ to 123_), Mulieri et al. [31] (from 53_ to 
134_), and Levy et al. [30] (from 38_ to 72_).

Our low postoperative rates of gross glenoid 
or humeral loosening (2.0%) are similar to rates 
in other studies [26, 29, 30, 31].

The more time from the prosthetic implant 
increases the incidence of complication; in fact 
the incidence of scapular notching, grade 1 
(20%), is much lower than rates reported by 
Boileau et  al. [29] (74%), Ek et  al. [26] at 
2–5 years (46%), and Wall et al. [1] (50.7%) but 
is similar to the rate in the study by Mulieri et al. 
[31] only looking at patients with preoperative 
Hamada grades 1, 2, or 3 (13%) [32].

This study has some limitations. The retro-
spective design prevents a direct comparison 
between rTSA and other treatments for the 
included etiologies. All the procedures were 
performed by experienced shoulder surgeons; 
less experienced surgeons may not obtain the 
same outcomes.

In addition, the minimum follow-up duration 
of 3.3 years (4.8–1.5 years) is relatively short for 
a reverse total shoulder replacement, and much 
longer follow-up is required for these young 
patients.

To our knowledge, this study is one of the few 
that reported a series of clinical outcomes of rTSA 
in younger patients. This is a patient population 
that is growing in both size and importance as the 
indications for reverse arthroplasty continue to 
expand. This patient population aged younger 
than 60  was complex, with very poor function, 
previous surgery, fractures, and/or instability 
sequelae. In addition, this population had clinical 
conditions that combined rotator cuff deficiency, 
poor active elevation, joint damage, and pain that 
led to severe shoulder dysfunction. Anterosuperior 
instability or escape was also present in this 
group. Functional compromise was significant, 
and patients desired to use their hand away from 
their body from waist to chest level for simple 
activities of daily living. Thus, there are very few 
options to provide this functional ability besides 
rTSA, especially in a complex population in 
which over 50% of patients had previous shoulder 
surgery.

These patients can be expected to have higher 
functional levels and require longer implant 
survival when compared with the more traditional 
elderly patient. In this study, patients aged 
younger than 60 had significant functional 
increases and decreases in pain compared with 
preoperative scores at a mean follow-up of 
3.3 years.

However, of notable concern is that clinical 
results have been shown to deteriorate after 
6–8  years. Thus, although our midterm results 
show good survivorship (90%), and improved 
functional scores, longer-term follow-up is 
certainly necessary in this younger patient 
population [33, 34].
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The term co-morbidity (then comorbidity) was 
introduced for the first time by the American epi-
demiologist Alvan R. Feinstein in an article pub-
lished in 1970 [1]. He defined this neologism as 
“the existence or occurrence of any distinct addi-
tional entity during the clinical course of a 
patient who has the index disease under study.” 
In this way, a new term was born to indicate the 
occurrence of different pathologies in the same 
individual or, more precisely, the phenomenon 
for which a patient who is in care for a shoulder 
arthropathy also presents one or more simultane-
ous diseases not related to the former. That situ-
ation can affect the therapy, the outcomes of the 
main pathology, the patient’s quality of life, and 
the duration of the hospitalization.

Specifically, in our clinical practice, we per-
form a careful study of the comorbidities of each 
single patient admitted to our Shoulder Surgery 
Unit. This evaluation should be emphasized for 
those operations, such as reverse shoulder arthro-
plasty (RSA), for which these pre-existing and 
non-modifiable conditions may play an impor-
tant role in the development of local or systemic 
complications.

The number of RSA implants is greatly 
increasing, along with the growing age of the 
population. Consequently, we should be expe-
riencing, over the years, an ever-increasing 
number of pathologies that can be considered 
as comorbidities and must be carefully pon-
dered for the possibility of onset of complica-
tions that may be, if provided, in some cases, 
well manageable. Knowledge of comorbidities 
is therefore useful in assessing the risk/benefit 
ratio in the treatment of shoulder arthropathy.

For this reason, we believe it is essential to 
have an accurate preoperative medical history 
with a careful evaluation of the patient in order to 
proceed toward a correct decision-making pro-
cess trying to avoid as many complications as 
possible.

Comorbidity: the simultaneous presence of two chronic diseases or conditions  
in a patient.

(Oxford Dictionary)
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Over the years, several classification systems 
have been studied and validated. Those scores 
are based on statistical and arithmetic analyses 
and associate the presence of pre-existing 
pathologies with the increased risk of postoper-
ative complications.

The two most important classification systems 
are:

• Charlson Comorbidity Index (CCI)
• American Society of Anesthesiologist Physical 

Status Classification System (ASA Score)

27.1  Charlson Comorbidity Index

In 1987 the so-called Charlson Comorbidity 
Index was drawn up [2]. Initially it has been 
introduced to study the probability of readmis-
sion to the hospital within a year for each patient 
not subject to trauma, assessing his comorbidi-
ties. For each pathology, scores of 1–6 points 
were assigned to the patient, and the sum of the 
scores determined the probability of readmission 
to the hospital (Fig. 27.1, Table 27.1).

The Charlson Comorbidity Index has been 
subjected to many revisions and variations over 
the years and has been transformed into a ques-
tionnaire to be submitted to the patient but is still 
a reference standard in survival clinical trials.

The work conducted by Voskuij et al. [3] vali-
dates the use of this important score in orthopedic 
clinical practice and also underlines how this can be 
useful as a predictor of different types of risk: (1) 
risk of perioperative transfusions, (2) risk of hospi-
tal readmission, and (3) risk of mortality. Regarding 
the risk of perioperative transfusion, an increase of 
one point in the CCI has been evaluated to lead to a 
0.11% increase of the risk of perioperative transfu-
sion after prosthetic surgery and a 0.45% increase 
of this risk following trauma surgery. Also in the 
case of risk of hospital readmission, an increase of 
one point in the CCI brings a 0.45% probability 
increase of the risk factor after prosthetic surgery 
and a 0.63% increase after trauma surgery. Finally, 
this study shows an increase of 0.25% risk of mor-
tality for each additional point in CCI after shoulder 
surgery and 0.24% after trauma surgery.

In addition, every year of aging increases risk 
of mortality by an average of 0.03% for all the 
surgeries.

An interesting example of using this score is 
the work of Singh et al. [4] and Chalmers et al. 
[5] who argue that the CCI is a significant pre-
dictor of postoperative complications in their 
researches. In the first study, an increase of this 
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Fig. 27.1 Charlson Comorbidity Index—score 
representation

Table 27.1 Charlson Comorbidity Index—assigned 
weights for each condition that a patient has [2]

Score Conditions
1 Myocardial infarct

Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Ulcer disease
Mild liver disease
Diabetes

2 Hemiplegia
Moderate or severe renal disease
Diabetes with end-organ damage
Tumor
Leukemia
Lymphoma

3 Moderate or severe liver disease
6 Metastatic solid tumor

AIDS
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Index was associated with increased mortality in 
the following 90 days after shoulder arthroplasty, 
and in the second study, this score has been indi-
cated as the best predictor for the likelihood 
of postoperative complications. We therefore 
believe that CCI can be a useful tool in common 
clinical practice, which can help the surgeon in 
the proper therapeutic planning suited to the indi-
vidual patient.

CCI can help the orthopedic surgeon in the 
full preoperative patient evaluation, avoiding the 
risk of just focusing on the shoulder pathology 
requiring shoulder prosthesis.

27.2  American Society 
of Anesthesiologist Physical 
Status Classification System

This classification system was introduced for the 
first time in 1963 as a patient preoperative clas-
sification for anesthetic risk assessment [6], and 
it is constantly updated by the American Society 
of Anesthesiologist. The current version is 
reported in Table 27.2 [7].

The addition of “E” denotes emergency surgery 
(an emergency is defined as existing when delay in 
treatment of the patient would lead to a significant 
increase in the threat to life or body part).

Although it is used in anesthesiological clinical 
practice, it is not usually taken into account in 
common orthopedic practice. However, it is 
important to consider how the increase in the value 
attributed to the individual patient increases the 
risk of perioperative complications (Fig. 27.2).

This evaluation is highly important while we 
are studying the patient, as demonstrated by 
Ricchetti and collaborators [8] and by Dunn et al. 
[9] who have shown that the presence of comor-
bidities leads to ASA III or higher class, corre-
sponding to the following circumstances:

• Longer hospitalization
• Increased risk of mortality in the first postop-

erative 90 days
• Increased risk of complications after shoulder 

arthroplasty according to the work of Shields 
et al. [10]

Before we systematically approach the discus-
sion of the details of comorbidities that most fre-
quently affect the overall outcome in shoulder 
prosthesis surgery, we must point out that aged 
patients and recent traumas are related to less 
successful result.

Although age itself cannot be considered as 
comorbidity, it can still play an important role. We 

Table 27.2 ASA score, last approved by the ASA House 
of Delegates on October 15, 2014 [7]

ASA PS 
classification Definition Examples
ASA I A normal healthy 

patient
Healthy, 
nonsmoking, no or 
minimal alcohol use

ASA II A patient with 
mild systemic 
disease

Mild diseases only 
without substantive 
functional 
limitations

ASA III A patient with 
severe systemic 
disease

Substantive 
functional 
limitations—one or 
more moderate to 
severe diseases

ASA IV A patient with 
severe systemic 
disease that is a 
constant threat to 
life

ASA V A moribund 
patient who is not 
expected to 
survive without 
the operation

ASA VI A declared 
brain-dead patient 
whose organs are 
being removed 
for donor 
purposes

ASAI

II

III IV

V

VI

Fig. 27.2 Visual scale that shows how increasing the 
ASA value attributed to each patient, increases the risk of 
perioperative complications
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think it is impossible to generalize by indicating age 
as a risk factor, but it must be considered in relation 
to the complication that can be observed after sur-
gery. For example, an older age increases the risk of 
a thromboembolic event, but, at the same time, an 
older age is considered as a protective factor in a 
patient who needs revision surgery maybe because 
elderly patients have less functional requirements.

Regarding the risk of postoperative infection, 
Singh’s [11] work shows that a lower age and 
male sex are associated with a higher risk of 
developing a periprosthetic infection, whereas an 
advanced age and female sex are associated with 
a significantly lower risk of developing these 
infections. The causes remain unknown. One 
hypothesis, according to author, might be that 
younger and male patients are more likely to have 
developed a traumatic cause. As age increases, as 
is well known, there is also a depression of the 
immune system, which is therefore a factor facili-
tating infections in elderly patients.

In any case as age increases, we record a 
growth in the number of comorbidities of each 
patient, stressing the need to carefully evaluate 
this parameter in our patients.

Regarding traumas, we can note how humerus 
fractures requiring a prosthetic replacement are a 
predictive factor of a less functional outcome that 
will not be completely satisfactory if compared to 
the same prosthesis in elective surgery. In fact, as 
evidenced by several studies among which we 
cite the work conducted by Farng’s and collabo-
rators [12], undergoing a shoulder prothesis 
replacement after a proximal humerus fracture 
predisposes to a greater risk of complications in 
the first 90 postoperative days.

On the other hand, the same work highlights 
how the same patients are at a lower risk of 
requiring long-term revision surgery, evidence 
that this probably reflects the poor functional 
demand of this population.

An interesting Davis’ et  al. paper [13] also 
analyzes the increase of hospitalization costs in 
patients who underwent shoulder prosthesis in 
post-traumatic arthritis, compared to patients 
undergoing the same surgery in primary osteoar-
thritis, probably due to the fact that trauma 
patients require major clinical, diagnostic, and 
technical dedication. As a matter of fact, the 

choice of using a reverse shoulder arthroplasty is 
very complex and is performed on the basis of 
fracture type and patient characters. The patient to 
whom a reverse shoulder arthroplasty will be 
implanted for a fracture, however, as far as our 
experience is concerned, is still an older patient 
than the one who is subjected to elective surgery, 
resulting in lower functional requirements, greater 
comorbidity, and hence possibility to develop 
local or systemic postoperative complications.

We did not find in literature a systematic list of 
comorbidities that most frequently could com-
promise functional outcome in prosthetic shoul-
der surgery, but the goal of our work is to clarify 
this intricate subject.

We must therefore first distinguish different 
groups of diseases associated with the simultane-
ous presence of comorbidities in prosthetic 
shoulder surgery.

27.3  Cardiovascular Diseases

Previous acute cardiac event
Previous thromboembolic event
CAD (coronary artery disease)

Several works associate a previous cardiac 
and thromboembolic event with an increased risk 
of complications in the first 90 postoperative 
days, as evidenced, for example, by Singh et al.’s 
2012 work [14], which evaluates in detail the risk 
of developing cardiological and thromboembolic 
complications, indicating an incidence of 2.6% 
for the first and 1.2% for the latter.

Risk factors for cardiac complications are, as 
it may be intuitive, a previous cardiac event, an 
advanced age, and an increased CCI.

However, with regard to the single thrombo-
embolic risk, this article indicates that risk fac-
tors for the development of this complication are 
female gender, age older than 70  years, high 
BMI, traumatic diagnosis, pre-existing thrombo-
embolism, and a high Charlson Comorbity Index. 
These comorbidities should therefore be consid-
ered during the study of patient’s history, as well 
as evaluating how a previous pathological event 
may play a role in the possibility of developing 
postoperative complications.
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Moreover, concerning CAD, a study by Davis 
et  al. [13] shows how the presence of this and 
other comorbidities increases the cost of average 
hospitalization after a shoulder arthroplasty 
implant, a concept that helps us understand how 
a patient with this comorbidity may be on aver-
age more complex to manage from a clinical 
point of view during the immediately postsur-
gery period.

27.4  Respiratory Diseases

27.4.1  COPD (Chronic Obstructive 
Pulmonary Disease)

This comorbidity has been well analyzed by 
Davis and colleagues in the aforementioned 
paper [13], paying attention to the cost of hospi-
talization as those patients require extraordinary 
care compared to the others.

This work showed that the presence of chronic 
obstructive pulmonary diseases increases the cost of 
hospitalization for a 4.49% compared to baseline.

27.5  Kidney Diseases

27.5.1  CKD (Chronic Kidney Disease)

As in the case of CAD and COPD, we also con-
sider CKD as the point of reference for Davis and 
colleagues [13] which show that, for a patient 
with a chronic kidney disease (CKD), the cost of 
hospitalization is estimated to be even 15.08% 
higher than the standard cost of a relatively 
healthy patient. This gives us an idea of how it 
should be taken into account while correctly 
managing this type of patients and their shoulder 
pathology.

27.6  Autoimmune Diseases

27.6.1  Rheumatoid Arthritis

Rheumatoid arthritis is one of the more represen-
tative pathology among the autoimmune diseases 
in our current orthopedic clinical practice. It is 

an autoimmune disease with important effects 
on many joints [15], including the shoulder 
(Fig. 27.3). The involvement of the shoulder has 
been shown to be present in more than 90% of the 
affected patients [16]. The characteristic synovi-
tis may involve not only the synovial membrane 
but also extend itself to the rotator cuff, setting up 
true tendon injuries due to this persistent inflam-
matory process [17]. In the cases in which also 
the cartilage layer begins to be involved, a reverse 
shoulder prothesis can also be indicated.

Rheumatoid arthritis, however, as it is known, 
decreases the immunological system, causing an 
increased risk of infections [11]. This situation is 
worsened by modern immunosuppressive thera-
pies that often are used by rheumatologists [18].

The preoperative evaluation of bone per-
formed by a CT scan is very important in these 
patients in which the therapies and the chronic 
inflammatory response cause a decrease of the 
bone density.

All these issues do not interfere with the fact 
that reverse shoulder arthroplasty remains the 
surgical treatment of choice for glenohumeral 
arthropathy also in patients with rheumatoid 
arthritis, a disease that is now, year by year, better 
controlled by new therapies. In particular, Davis 
and colleagues [13] point out a rise in the per day 
cost of hospitalization for this category of 
patients, although overall there is a decrease in 
the total cost of average hospitalization compared 
to the past thanks to an ever better management 
of this pathology.

27.7  Metabolic Diseases

27.7.1  Diabetes Mellitus

Also, the diagnosis of diabetes has been shown to 
increase the cost of hospital admissions [13].

It is estimated that about 50% of diabetic 
patients are over 60 years of age, which is why, 
due to the significant incidence of this disease, it 
is necessary to assess the risk, in case of shoulder 
surgery in this population [19].

The prevalence of diabetics in the population 
is, unfortunately, increasing, also due to the often 
sedentary lifestyle and eating disorder. Although 
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Fig. 27.3 Synovial villi, characteristics for rheumatoid arthritis with shoulder involvement
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there is little literature about it, it is now known 
that diabetic patients have a greater risk of devel-
oping complications after joint prosthesis implan-
tation [20].

The 2014 work of Ponce et al. [21] is a refer-
ence, regarding diabetes as a comorbidity in the 
implant of shoulder prosthesis. This work is indi-
cating that the presence of diabetes mellitus is an 
independent risk factor for (a) perioperative mor-
tality, (b) longer hospitalization, and (c) specific 
complications such as acute renal failure. 
Especially for the latter condition, the risk 
increases so much that a diabetic patient has a 
probability of 1–5 times greater to develop acute 
renal failure than a nondiabetic patient. Of course, 
any medical team, aware of this fact, should pay 
more attention to factors such as the use of neph-
rotoxic drugs and the patient’s hydration, particu-
larly important in this class of people.

In addition, diabetes has a direct deleterious 
effect on immune and vascular systems worsen-
ing the healing process in common pathologies 
and trauma; for this reason, we should pay more 
attention to this category of patients with a tight 
follow-up [22–25]. Many studies have also sug-
gested that diabetic patients are at a high risk of 
serious surgical and postoperative systemic com-
plications, including death [26, 27].

27.7.2  BMI: Obesity and Malnutrition

In Singh et al.’s 2011 work [4], it is emphasized 
that a decrease in BMI corresponds to an 
increased risk of mortality in the first 90 postop-
erative days. In fact, the results of this study show 
how the mortality rate in patients with BMI above 
30 kg/m2 is lower if compared with patients with 
BMI below 25 kg/m2.

The abovementioned work is the first observ-
ing the association between high BMI and 
decreased risk of mortality in the first 90 postop-
erative days in patients undergoing shoulder 
arthroprosthesis. In this case adipose tissue is con-
sidered to be a metabolic organ, a phenomenon 

we refer as the “obesity paradox.” It can be prob-
ably explained by the fact that underweight 
patients usually have a lower amount of energetic 
reserves than overweight or even obese patients, a 
condition that makes them susceptible to compli-
cations and consequent increased mortality espe-
cially in stressful postoperative period. In our 
opinion, this “paradox” can only be considered 
true if we compare overweight to really under-
weight patients (bordering malnutrition) because 
in our current clinical practice, obesity leads, in 
general, to greater complications than the normal 
weight patients.

We find ourselves in agreement with the work 
[11] that shows that patients with high BMI are 
subject to the development of more periprosthetic 
infections, probably due to alterations in the 
immune system linked to obesity and metabolic 
syndrome. Regarding the blood loss, some works 
also show that overweight patients have signifi-
cantly greater intraoperative blood loss [28] than 
control groups, while there were no differences 
in VAS for pain assessment with control groups. 
This work shows also that obese patients had 
35% of various types of complications (such as 
instability, glenoid loosening, infections) that 
were much higher than in control groups.

All this information does not necessarily mean 
that obesity is an absolute contraindication to sur-
gery, but the surgeon must ever carefully consider 
the risk/benefit ratio for each patient before each 
procedure.

Malnutrition, on the contrary, is a very impor-
tant comorbidity to be considered before a shoul-
der arthroplasty. A study by Garcia and colleagues 
has highlighted how this is a problem in 7.6% of 
patients undergoing this surgery [29]. In this 
work serum albumin level is used as a benchmark 
for assessing the nutritional status of the patient, 
pointing out that patients with serum albumin 
levels below 3.5 g/dL subjected to shoulder pros-
thesis have a significantly greater risk of develop-
ing anemia requiring transfusion compared to 
patients with higher preoperative values. This 
study concludes, therefore, that malnourished 
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patients are more likely to develop complications 
such as anemia requiring transfusion. 
Malnutrition, in the same work, was also associ-
ated with increased length of stay and increased 
mortality in the first 30 postoperative days.

At the end we agree that an adequate nutri-
tional state is a very important factor as a starting 
point for a patient undergoing a shoulder prosthe-
sis and, in general, for any other surgery.

27.8  Neurological Diseases

27.8.1  Anxiety, Depression, 
and Psychiatric Disorders

Anxiety and mood disorder patients are, accord-
ing to some works, the two major diagnoses at 
the general population level [30]. Several studies 
have shown that there is a correlation between the 
mood and the possibility of developing chronic 
refractory pain for therapies [31–34], so that it 
has been proposed to fill a form answering a spe-
cific questionnaire to highlight any mood, anxi-
ety, and depression disorders in patients who 
need a shoulder arthroplasty so that the surgeon 
may be able to help these patients before the sur-
gical procedure with any support services [35].

An interesting work by Bot et al. [36] suggests 
that preoperative diagnosis of depression, anxi-
ety, or dementia is associated with a higher risk 
of adverse events after shoulder arthroplasty sur-
gery. Patients with dementia and schizophrenia, 
however, according to the same study, are sub-
jected to a higher number of transfusions, proba-
bly because they are more likely to be positive for 
the symptoms of anemia, since symptoms of 
depression such as asthenia may mimic the 
symptoms of anemia following surgery. In addi-
tion, transfusions can serve as surrogates for 
nutritional deficiencies that are most prevalent in 
this class of patients, especially in those with 
dementia.

Again, according to this study, a reason that 
can help understand the highest rate of transfu-
sions in psychiatric patients and especially schizo-
phrenic patients is related to the fact that these 
patients often undergo RSA/TSA surgery for a 

fracture of the proximal humerus, which is already 
in itself, as mentioned above, a factor which pre-
disposes for a higher rate of complications and 
worse outcomes than primary arthrosis.

Our clinical practice fully confirms that there 
is a difference in postoperative recovery not only 
in the different perception of pain but also in 
terms of functionality of the limb, in the approach 
to rehabilitation and therefore in the timing of 
returning to daily living activities, which is sig-
nificantly faster in those who deal with the inter-
vention with a positive mood. We also believe 
that patients with anxiety and psychiatric ill-
nesses have a lower perception of the quality of 
the result obtained, as shown by several studies 
suggesting that symptoms of depression are asso-
ciated with higher levels of perception of disabil-
ity and lower threshold of pain accompanied by 
low levels of satisfaction after surgical therapy 
[37–40].

27.8.2  Parkinson’s Disease

It is a very common condition, with an incidence 
of 1–2% in the population over 65 years, accord-
ing to studies conducted in the United States [41, 
42]. Despite this, its impact on the shoulder pros-
thesis is still underestimated, although it is known 
that this pathology is a very important comorbid-
ity, which can therefore predispose to various 
kinds of complications, as evidenced in the work 
of Burrus et al. [43]. Parkinson’s disease repre-
sents, in some cases, a contraindication in the 
implant of a shoulder prosthesis.

The upper limbs are much more subordinate, 
compared to lower limbs, to the dystonic move-
ments characteristic of this pathology, and this 
increases the probability of trauma in this seg-
ment even with low-energy trauma. In those 
patients, considering the reduced serum level of 
calcium, typical of this condition, even a 
 low-energy trauma can lead to greater fracture 
risk. There also seems to exist evidence of higher 
risk of loosening in the first postoperative period. 
This hypothesis is supported by works conducted 
by Kock [44] and Kryzak [45], which account for 
a 19% need for revision surgery after a shoulder 
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arthroplasty in patients affected by Parkinson’s 
disease due to glenoid or humeral loosening. The 
mobilization is also supposed to be caused by the 
increase in the tone of the scapular track with the 
resulting stiffness characteristic of this 
pathology.

As a further consequence, the approach to arm 
mobilization carried out with the aid of a physical 
therapist leads to additional difficulties in the reha-
bilitation process, with worse outcomes regarding 
the postoperative range of motion for the affected 
shoulder, with less patient satisfaction.

27.9  Tumors

27.9.1  Malignant Tumor

Although it may be clear, we stress that the 
underlying malignant cancer diagnosis corre-
sponds to a high risk of complications for all sur-
gical interventions, including shoulder 
arthroplasty implant [4]. This important comor-
bidity, of course, must be considered both with 
regard to the pathology itself and the therapies 
put in place to control it, which are extremely 
heavy for the body and further lower the immune 
defenses.

27.10  Infective Diseases

It is obvious to emphasize that the implantation 
of a shoulder prosthesis a short period after an 
infectious disease is contraindicated due to the 
possible presence of a bacteremia (a condition 
that applies even to recent dental surgery) or to a 
lower immune system response, still weakened 
by the recent infection.

HCV falls within this context.
Although for obvious reasons it is not explicitly 

taken into account in the Charlson Comorbidity 
Index (only in April 1989, the discovery of HCV 
virus was published in two articles in the jour-
nal Science) [46, 47], as underlined by the 2017 
Rosas’ work [48], a comorbidity that needs to be 
considered is the presence of Hepatitis C, which 
has also been shown to have a significant impact 

on hospitalization costs in postoperative period, 
as these subjects are exposed to a higher risk of 
complications including infections, dysplasia, 
fractures, need for revision surgery, systemic 
complications, and the need for transfusions.

27.11  Mechanical Factors

Mechanical factors are considered as all those 
conditions that lead to an overload of the prosthe-
sis that can be dangerous in the immediate post-
operative period.

The mechanical energy applied to the shoul-
der prior to surgery (traumatic energy) or applied 
after surgery (chronic mechanical overload) rep-
resents a negative cofactor on the good function-
ing of the system, acting as a comorbidity.

Even if these conditions are not comorbidity 
in the strict sense, there are many situations in 
which a patient is obliged to mechanically 
overload the prosthetic implant, for example, 
patients that require walking with crutches due 
to advanced age or lower limb pathologies with 
particular family situations in which the 
patient, recently operated to the shoulder, 
needs to help elderly relatives exposing shoul-
der prosthesis to a nonphysiological mechani-
cal load.

27.12  Conclusions

We can conclude by emphasizing how, in our 
opinion, for each individual patient waiting for a 
reverse shoulder implant surgery, both in the case 
of elective surgery and in the case of trauma sur-
gery, it is compulsory to undertake a deep study 
of the patient, without limiting the evaluation 
only to the shoulder. We should examine the 
 presence of any of the pathological conditions 
abovementioned and summarized as follows 
(Fig. 27.4).

As it emerged from our discussion, we also 
do not think the study of comorbidities, strictly 
speaking, is sufficient, but we think it is neces-
sary to extend our in-depth knowledge also to 
the patient’s living conditions and to all those 
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pathologies that may affect the immediate post-
operative course.

Only in this way, with a 360° view of our 
patient and with a thorough knowledge of the 
person we are facing, we can be sure to decide 
for the correct therapeutic indication, which is 
not necessarily the surgical one.
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28.1  Introduction

Since the time of the reported first shoulder 
arthroplasty, implanted in 1894 and explanted 
2 years later by Jean Péan, periprosthetic shoul-
der infection (PSI) represents a known severe 
complication of this kind of surgery, with signif-
icant clinical and socioeconomic consequences 
[1–4]. Published data report infection rates 
ranging from 1 to 15%, with higher rates after 
revision surgery than after a primary procedure 
[5–7] and higher rates after reverse shoulder 
arthroplasty than after hemiarthroplasty or total 
shoulder arthroplasty [7, 8]. The hypothesized 
reasons for this are multifactorial, encompass-
ing the large dead space caused by the reverse 
configuration of the joint and the fact the arthro-
plasty is not surrounded and covered by living 
tissue in the absence of musculotendinous rota-
tor cuff tissue [9]. However, such hypotheses are 
mostly based on data coming from or involving 

the older series of patients treated with RSA, 
and this could bias a realistic estimation of the 
problem, just considering TSA and RSA were 
used to manage relatively different pathologic 
conditions until recent times. Only in the last 
years, indeed, the indication for RSA implanta-
tion has been broadened to include not only sal-
vage situations, and the surgical technique has 
been sensitively improved. Furthermore, we are 
currently aware patient-related factors should be 
better considered while looking for an explana-
tion for higher infection rates, including age, 
sex, medical comorbidities, and multiple previ-
ous operations [10, 11].

The aim of this review is to briefly overview 
periprosthetic reverse shoulder arthroplasty 
infections, from diagnosis to treatment and pre-
vention, keeping in mind how difficult could 
often be to discriminate what is reality and evi-
dence-based data with respect to prejudices or 
dangerous and erroneous inductions.

28.2  Definition of Periprosthetic 
Joint Infection

In 2011, the Musculoskeletal Infection Society 
(MSIS) analyzed the available evidence and pro-
posed a new definition for periprosthetic joint 
infection (PJI) [12]. During the 2013 meeting in 
Philadelphia, the International Consensus 
Meeting Group on PJI slightly modified the 2011 
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criteria, by adding the leukocyte esterase test as a 
minor criterion [13]. Currently we can define PJI 
exists when:

 1. There is a sinus tract communicating with the 
prosthesis.

 2. A (phenotypically identical) pathogen is iso-
lated by culture from at least two separate tis-
sue or fluid samples obtained from the affected 
prosthetic joint.

 3. Three of the following five minor criteria 
exist:
 (a) Elevated serum erythrocyte sedimentation 

rate (ESR) and serum C-reactive protein 
(CRP) concentration

 (b) Elevated synovial leukocyte count or ++ 
change on leukocyte esterase test strip

 (c) Elevated synovial polymorphonuclear 
neutrophil percentage (PMN%)

 (d) Isolation of a microorganism in one cul-
ture of periprosthetic tissue or fluid

 (e) Greater than five neutrophils per high-
power field in five high-power fields 
observed from histologic analysis of peri-
prosthetic tissue at 9400 magnification

PJI may be present if fewer than four of these 
criteria are met.

28.3  Microbiology and Diagnosis

Classically, postoperative infections can be clas-
sified into early infection (3–6 months from sur-
gery), delayed infection (4–24 months), and late 
infection (>24 months), depending on the time of 
diagnosis after the surgery [14]. This classifica-
tion is generally related to the microorganism 
involved and to its virulence.

The microorganisms most commonly isolated 
in cases of PSI are Staphylococcus (S.) aureus, 
S. epidermidis, and Propionibacterium (P.) acnes 
[15]. P. acnes is a Gram-positive anaerobic bacil-
lus, colonizing the pilosebaceous follicles and 
strictly correlated to PSI in the last years. It is 
found both in the skin and in the dermal layer, 
especially in young male patients [16]. It is often 
responsible for low-grade infection, presenting 

as delayed PSI, with mild clinical symptoms, so 
that many classic clinical patterns do not strictly 
apply. Despite that it has been isolated in a large 
percentage of PSI, it is always important to keep 
in mind that mean duration for culture incubation 
should not be less than 14  days, and this obvi-
ously represents a high risk for culture contami-
nations. Referring to the MSIS proposal, while 
isolation of a single virulent organism such as S. 
aureus may represent a PJI, isolation of a single 
low-virulence pathogen such as coagulase-nega-
tive Staphylococcus, P. acnes, or Corynebacteria 
in the absence of other criteria is not believed to 
represent a definite infection [12].

In case of low-virulence pathogens, the final 
diagnosis is often challenging: with respect to 
other more virulent agents, we cannot usually find 
swelling, erythema, fever, purulent discharge, or 
increasing level of biological parameters such as 
erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), white blood cell count (WBC), 
and interleukin (IL)-6. Sometimes, we can find 
a “simple” painful shoulder with reduced range 
of motion, without clinical signs suggestive for 
infection or clear radiographic signs of compo-
nent mobilization.

A diagnostic arthrocentesis with synovial 
fluid analysis should be performed in all patients 
with suspected acute PJI, including PSI, unless 
the diagnosis is clinically evident and surgery is 
planned and antimicrobials can be safely with-
held prior to surgery. Arthrocentesis is also 
advised in patients with a chronic painful pros-
thesis in whom there is an unexplained elevated 
sedimentation rate or CRP level or in whom there 
is a clinical suspicion of PJI. It may not be neces-
sary if surgery is already planned and the result of 
the synovial fluid analysis is not expected to alter 
the final management. Synovial fluid analysis 
should include a total cell count and differential 
leukocyte count, as well as leukocyte esterase test 
and culture for aerobic and anaerobic organisms 
[13, 17].

Intraoperative deep biopsies from peripros-
thetic tissues are always needed, and culture from 
these tissues is still considered a gold standard 
analysis in a PJI diagnostic workup. In order to 
optimize the sensitivity and specificity for the 
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diagnosis of a PSI, four to six independent sam-
ples should be performed; exchanging the scalpel 
blade after every sample is taken. The use of 
intraoperative swabs should be discouraged. The 
cutoff for a definite diagnostic of infection should 
be three or more samples positive to the same 
microorganism [18]. Where the patient is medi-
cally stable, withholding antimicrobial therapy 
for at least 2 weeks prior to collection of synovial 
fluid for culture and intraoperative culture speci-
mens increases the likelihood of recovering an 
organism [17]. As already highlighted, the con-
cern is that the growth duration from intraopera-
tive samples is long for P. acnes, and every 
laboratory should be aware that they should not 
discard the culture samples too early. However, 
early positive cultures seem to be more predictive 
of a true infection than a late growth culture, 
which can be a false-positive result [19].

Intraoperative histopathological examination 
of periprosthetic tissue samples is a highly reli-
able diagnostic test, provided that a pathologist 
skilled in interpretation of periprosthetic tissue is 
available and tissue sampling does not include 
the periprosthetic endomedullar membranes (i.e., 
a site of constant neutrophil-mediated reaction). 
It should be performed at the time of revision 
prosthetic joint surgery, if the presence of infec-
tion is in doubt and the results will affect man-
agement, for example, in deciding between 
revision arthroplasty or one-stage exchange and 
two-stage exchange [17]. Furthermore, it repre-
sents an important diagnostic resource in the lat-
ter situation, following resection arthroplasty or 
antibiotic-loaded spacer, in order to confirm the 
absence of residual joint contamination at the 
time of the second-stage prosthetic implantation.

It is of note, however, we have entered a new 
era where molecular biomarkers play an increas-
ingly important role in the diagnosis of various 
conditions and is desirable the use of serum and 
synovial biomarkers would prove able, in short 
time, to overcome the current cornerstones of PJI 
diagnostic workup [20]. Leukocyte esterase is a 
simple, readily available test, requiring applica-
tion of synovial fluid to a urine test strip, which is 
now part of the minor MSIS diagnostic criteria 
for PJI. High values of sensitivity (93–100%) and 

specificity (77–89%) have been reported. The 
synovial fluid α-defensin test has shown promis-
ing results, with a sensitivity of 97% and a speci-
ficity of 96% for diagnosing PJI [21]. Due to 
intrinsic features of α-defensin, this test provides 
reliable results regardless of the organism type, 
Gram staining, species, or virulence of the organ-
ism. Waiting for its final endorsement as a stan-
dard diagnostic tool in the evaluation for PJI, it is 
our opinion its application could likely become 
ordinary in the setting in which we previously 
suggested the intraoperative histopathological 
examination. Further studies in such direction 
would be warmly advocated.

28.4  Imaging Studies

Standard radiograph of the shoulder still repre-
sents the first step of the diagnostic workup 
together with clinical examination. As in other 
districts, in the setting of shoulder arthroplasty, 
periosteal reactions and osteolytic foci or diffuse 
bone resorption are considered signs of suspicion 
for PSI (Fig. 28.1a, b) [22]. Furthermore, as sug-
gested by several authors and our experience as 
well, apparently aseptic loosening should always 
be suspected to have an infective cause, until 
finally demonstrated (Fig.  28.1c): this is espe-
cially important in relation to infections from 
low-virulence bacteria (e.g., P. acnes, S. epider-
midis). The same basic X-ray projection is gener-
ally useful in order to identify major humeral and 
glenoid bone loss, signs of instability or compo-
nent mobilization, presence of periprosthetic 
fractures, or loci minoris resistentiae (Fig. 28.2): 
all of these data could be used for planning the 
correct surgery and avoid intraoperative 
complications.

Ultrasound analysis is a quick, not invasive, 
and inexpensive tool very useful in defining the 
presence of abscess or hematoma in the context 
of soft tissues, especially in the postoperative 
setting.

Referring to the guidelines of IDSA [17], 
imaging studies such as bone scans, leukocyte 
scans, magnetic resonance imaging, computed 
tomography, and positron emission tomography 
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a

c

b

Fig. 28.1 Radiographic signs of suspicion for RSA late 
periprosthetic infection. (a) Periprosthetic multiple osteo-
lytic foci near the humeral stem; (b) diffuse periprosthetic 

bone resorption on the humeral side; (c) apparently asep-
tic glenoid component loosening: subsequent analysis 
revealed a deep infection from P. acnes
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scans should not be routinely used to diagnose 
PJI. We would only add few words to this pronun-
ciation. As far the bone scan is considered for 
diagnosis, it is broadly known for its low specific-
ity in the diagnosis of infection. This drives the 
majority of our colleagues to directly prescribe a 
leukocyte scan at the first suspicion of PJI. Despite 
the known high sensibility of the leukocyte scan 
for neutrophil-mediated flogosis (i.e., a bacterial 
infection) [23], the 90% accuracy in detection of 
infection derives from the combination of the two 
techniques (bone and autologous leukocyte scan). 
Furthermore, the autologous leukocyte scan is a 
more demanding technique, both for the patient 

and the medical team, with respect to the bone 
scan. The application of this technique should not 
be indiscriminate, then, but oriented to the confir-
mation of the diagnosis after clinical suspicion 
and positivity of the bone scan analysis or eventu-
ally limited to the follow-up of the patient after 
prosthetic explantation.

Computed tomography (CT) has a prominent 
role in the study of the bony details. Despite the 
eventual artifacts due to the presence of a metal-
lic prosthesis, it represents an important tool in 
the setting of the surgical planning. This is a fun-
damental issue to be considered, especially when 
you’re planning the prosthetic reimplantation in a 

a b

Fig. 28.2 Radiographic signs to be considered in the surgical 
planning. (a, b) Continuous radiolucent line at the cement-
bone interface is highly suggestive of component mobiliza-
tion; the presence of extensive osteolytic area of humeral 

cortical bone resorption identifies loci minoris resistentiae at 
high risk for periprosthetic fractures. These are conditions that 
must be taken into account during the eventual prosthesis 
explantation, debridement, and cement removal
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two-staged exchange: the residual glenoid bone 
loss after a cement spacer has been implanted 
should never represent an unhappy and unex-
pected intraoperative finding.

28.5  Treatment

Microorganism elimination, pain resolution, and 
functional recovery are the goals of the treatment 
of shoulder periprosthetic infections. A strict 
multidisciplinary collaboration is warmly recom-
mended to optimize the antibiotic treatment and 
the surgical procedure: an infectious disease spe-
cialist should always be consulted in case of sus-
picion of infection and subsequently involved in 
the therapeutic workup.

As previously described for other joint peri-
prosthetic infections, different therapeutic 
options are available in the setting of infection of 
a reverse shoulder arthroplasty: debridement, 
simple resection arthroplasty, removal of the 
prosthesis and replacement with a cement spacer 
(spacer), single-stage revision, two-stage revi-
sion, and chronic antibiotic administration.

Debridement with prosthesis retention: 
Referring to the IDSA guidelines [17], patients 
diagnosed with a PJI who have a well-fixed pros-
thesis without a sinus tract and who are within 
approximately 30  days of prosthesis implanta-
tion or <3  weeks of onset of infectious symp-
toms (even due to hematogenous infection) 
should be considered for a debridement with 
retention of the prosthesis. This strategy should 
imply debridement, multiple (4–6) deep samples 
for culture analysis, and irrigation with pulsa-
tile lavages and eventually with antiseptic solu-
tion (povidone-iodine solution). Furthermore, 
the mobile parts of the implant (glenosphere 
and polyethylene or metallic liner) must be 
exchanged: this will provide a better access for 
debridement. An appropriate antibiotics regimen 
is then required: we actually prefer an 8–12-
week therapy with systemic (i.v. and/or p.o.) 
antibiotics. The rate of success reported in the 
literature for debridement with prosthesis reten-
tion is ranging from 50 to 95% [5, 24]. Despite 
some authors proposed this surgical strategy for 

reverse PSI as the standard strategy to be used, 
in order to avoid glenoid and humeral bone loss 
deriving from RSA explantation [25], at this 
moment there are not enough evidences to sus-
tain this position.

One-stage revision arthroplasty: This strategy 
involves excision of all prosthetic components 
and polymethyl methacrylate cement, debride-
ment of devitalized bone and soft tissues, pros-
thesis removal, and implantation of a new 
prosthesis. Systemic antimicrobials are adminis-
tered following surgery for 4–6  weeks. Several 
works in the literature describe good results in 
terms of infection eradication and functional 
recovery [26–28], and the success is likely attrib-
utable to the extent of the debridement. 
Nevertheless, a one-stage or direct exchange 
strategy for the treatment of PJI is not commonly 
recommended by the IDSA guidelines. It could 
be considered in selected patients, provided that 
the identity of the pathogens is known preopera-
tively and they are susceptible to available anti-
microbials. However, a greater risk of failure 
should be taken into account if bone grafting is 
required and effective antibiotic impregnated 
bone cement cannot be utilized.

Two-stage revision arthroplasty: This strategy 
involves removal of all infected prosthetic com-
ponents and cement followed by debridement of 
infected periprosthetic tissues. Local antimicro-
bial-impregnated cement and devices are com-
monly used in the treatment of other PJI, but not 
always in the case of PSI. Broad antibiotic ther-
apy is initiated intraoperatively and is replaced 
by antibiotics specific to the pathogen upon 
results of bacteriological analysis. The systemic 
antibiotic therapy is then administered for at least 
6 weeks, and after resolution of the infection, a 
new arthroplasty is implanted. In case of persis-
tent signs for infection at stage 2, a second 
debridement procedure is done, with the patient 
finally proceeding to a second-stage reimplanta-
tion at a third operation.

In a medically stable patient with a high 
demand, a two-stage revision procedure is gener-
ally accepted, and it is highly recommended 
when the microorganism responsible for the 
infection is unknown [29].
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Two-stage exchange is most often used in the 
United States for the treatment of chronic PJI 
associated with prosthesis loosening [17] and is 
reported to have a success rate ranging from 64 
to 100% in the case of reverse arthroplasty peri-
prosthetic infection [29], with the most reproduc-
ible rates of infection control with respect to other 
procedures [5, 30, 31]. Despite not involving only 
RSA implants, a recent interesting retrospective 
work from the Mayo Clinic [32] indicates that two-
stage reimplantation has a success rate of approxi-
mately 85% in terms of eradication of PSI. In the 
same work, however, more than 40% of unsatis-
factory functional results are reported. This is in 
contrast with other published works [33, 34] and 
is easily explicable when considering the great 
variability in the techniques used and prosthesis 
implanted in the second-stage surgery. In the work 
from Sabesan et al. [34], good functional results 
were achieved by patients receiving an RSA in the 
second stage, but this is only one of the possible 
ends of a two-stage exchange (Fig. 28.3a). RSA 
has gained ground in recent years as the implant 
of choice in case of reimplantation, whenever it 
is possible. It allows a larger debridement at the 
first stage with less concern for soft tissue preser-
vation, and it offers the possibility of addressing 
both the humeral and glenoid bone defect with 
or without revision stem and glenoid bone graft 
at the second stage. Nevertheless, reimplantation 
with CTA hemiarthroplasty remains a valuable 
option, especially in case the glenoid residual 
bone does not allow a secure component fixation 
or a stable implant configuration is not achievable 
and in low-demanding and older patients as well 
(Fig. 28.3b).

Cement spacer retention (or avoidance): An 
antibiotic-loaded cement spacer can be used either 
permanently or as the first step of a two-stage 
revision procedure (Fig.  28.3c). It maintains the 
space and soft tissue tension for reimplantation 
and delivers antibiotics to decrease the growth of 
infecting microorganisms. We currently know the 
antibiotic delivery from the spacer has a quick pat-
tern, exhausting in few days [35]. Furthermore, 
difference between patients with a cement spacer 
and resection arthroplasty regarding infection con-
trol and clinical outcomes seem to be comparable 

[36]. We are actually considering the possibility 
of completely avoiding the use of cement spacer 
in our routine surgery (Fig.  28.4). This allows 
us the avoidance of complications related to the 
cement spacer itself, such as breakage or disloca-
tion and, most important, glenoid erosion. In our 
experience, several cases of programmed staged 
reimplantation with RSA have been dramatically 
complicated by spacer-mediated glenoid erosion 
and excessive medialization, finally requesting a 
customized augmentation [37]. Up to date, no dif-
ference in terms of microbial eradication rates has 
been reported.

Resection arthroplasty: Shoulder resection 
involves the resection of the infected prosthesis 
without reimplantation and remains a salvage 
procedure for frail or low-demand patients, for 
recalcitrant infection, and for further major com-
plications after reimplantation with RSA or CTA 
hemiarthroplasty (e.g., recurrent implant disloca-
tion) (Fig. 28.3d). It offers the option of a single 
definitive surgical procedure, and the literature 
reports a high rate of infection eradication, reach-
ing more than 90% of cases [24, 36, 38]. It has 
been shown that functional results are generally 
poor, but pain relief is achieved in more than 50% 
of cases [38], with acceptable final outcome in 
the majority of the cases.

28.6  Prevention

An adequate aseptic technique is mandatory, as 
well as a broad-spectrum prophylactic antibiotic 
therapy before the skin incision (intravenous 
cephalosporin). It is not clear yet if an intra-artic-
ular injection of gentamicin at the end of the pro-
cedure could reduce the risk of PSI.

From published works [39–41], we know that 
different antiseptic agents normally used for skin 
preparation seem to exert different effects on the 
most common microbial contaminants of the 
shoulder district. We currently prefer an 8–12 
week therapy with systemic (i.v. and/or p.o.) anti-
biotics. The latter, more active on P. acnes, can be 
used again for further disinfection after skin inci-
sion, avoiding bacterial spreading from the der-
mal sheet.
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a b

c d

Fig. 28.3 Possible therapeutic options to be considered 
in case of RSA periprosthetic infection. (a) Staged reim-
plantation with RSA: while the glenoid structural condi-
tions allowed the stable placing of a primary glenoid 
implant, humeral bone loss required the use of a dedicated 
revision stem, (b) staged reimplantation with CTA  

hemiarthroplasty, (c) antibiotic-loaded cement spacer that 
can be used either permanently or as the first step of a 
two-stage revision procedure, (d) resection arthroplasty: it 
represents a possible final solution when the reimplanta-
tion is contraindicated but can also be considered as the 
first step of a two-stage revision procedure (see text)
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a

c

b

Fig. 28.4 Two-stage revision procedure with temporary 
resection arthroplasty and final reimplantation with a pri-
mary prosthetic RSA implant. (a) Radiographic appearance 
in a case of early deep infection due to S. aureus, occur-
ring 4  months after surgery; (b) resection arthroplasty 
radiographic appearance at 3 months after RSA explanta-
tion; at this time the patient was judged infection-free and  

underwent the second surgical stage; (c) staged reim-
plantation with an RSA implant identical to the primary 
implanted one: early diagnosis and management as well as 
the choice of temporary resection arthroplasty for the first 
stage allowed avoidance of glenoid and humeral bone loss 
and of other complications often associated with delayed 
diagnosis and with the use of a cement spacer
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28.7  Conclusion

Infection after RSA still represents one of the most 
severe postoperative complications. Early diagno-
sis and effective treatment can prevent chronic 
infections and serious damage to the bone and soft 
tissues. A strict multidisciplinary collaboration 
between surgeon and infectivologist is highly rec-
ommended in order to optimize the diagnostic 
workup, the antibiotic treatment, and the surgical 
procedure. With the exception of selected cases, a 
two-stage exchange strategy is currently consid-
ered a gold standard treatment, able to provide 
eradication of the infection in most of the cases. 
The use of temporary resection arthroplasty as first 
stage, instead of a cement spacer, does not seem to 
decrease the eradication rate, but allows avoiding 
bone loss and other complications eventually 
related to the cement spacer itself. Whenever pos-
sible, second-stage reimplantation with RSA again 
leads to good functional results.
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Intraoperative Fracture in Reverse 
Shoulder Arthroplasty

Barbara Melis and Giuseppe Marongiu

29.1  Introduction

Currently, little is known about the incidence, 
the treatment, and the outcome of intraoperative 
periprosthetic fractures that occur during reverse 
shoulder arthroplasty (RSA). Female sex [1–3], 
revision surgery [2, 4, 5], osteopenia [2], rheu-
matoid arthritis [2, 6], post-traumatic arthritis [2], 
surgical approach [2], instability [3], and previ-
ous hemiarthroplasty [3] are reported as relative 
risk factors for intraoperative fractures during 
RSA. The incidence of intraoperative fractures has 
been reported between 1.4% [1] and 25% [4] and 
between 0.9% [5] and 2% [6], respectively, for the 
humerus and for the glenoid. Humeral and glenoid 
fractures are the most frequently observed, but 
further fractures, as acromion or coracoid fracture, 
can occur. Humeral fractures are classified by their 
location (greater tuberosity, metaphysis, diaphy-
sis) and displacement. There are multiple classi-
fications, but the Wright and Cofield classification 
[7] is the most frequently used. This classification 
was originally created for postoperative fractures, 

and it is limited to those occurring near the tip of 
the humeral stem. Later, Campbell [8] proposed a 
classification system that included tuberosity and 
metaphyseal fractures, and it is more adequate for 
intraoperative fractures. Campbell divided these 
fractures into four types related to the fracture site. 
Duncan et al. [9] introduced a unified classifica-
tion system (UCS) addressing the management of 
all periprosthetic fractures; nevertheless further 
studies are needed to test the UCS in shoulder 
periprosthetic fractures.

The treatment depends on the location of the 
fracture in respect to the prosthetic component 
and the stability of the component/bone interface. 
The aims in the treatment of periprosthetic frac-
tures are the preservation of bone stock, success-
ful bony consolidation, and provision of a stable 
anchoring of the prosthesis with the major goal of 
restoring the shoulder-arm function.

29.2  Frequency, Risk Factors, 
and Characteristics 
of Intraoperative Fractures

29.2.1  Humeral Fractures

Zumstein et al. [5] reported 16 cases of intraop-
erative humeral fractures (2%) in a systematic 
review of 782 RSA. Humeral fractures occurred 
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mainly during removal of the primary humeral 
stem or cement mantle in revision surgery.

Sirveaux et al. [2] reported 44 cases of intra-
operative fractures of the greater tuberosity (GT) 
in a series of 1953 RSA (2.25%). The GT fracture 
occurred in female in 88% of cases; the mean age 
of the patients with fracture was not different 
from the mean age of the entire series (73 years). 
Fractures were significantly more frequent in the 
case of fracture sequelae and revision surgery. 
The incidence of GT fractures was higher if the 
surgery was performed by deltopectoral than 
superolateral approach.

García Fernandez et al. [1] reported 3 cases of 
intraoperative humeral fractures in a series of 203 
RSA (1.47%). All fractures occurred in female 
patients; two cases, involving the metaphysis, 
occurred during primary RSA, and one case, 
involving the humeral shaft, occurred in a 
revision of a hemiarthroplasty, during reaming of 
the humeral medullary canal.

Chuinard et al. [4] reported 26 cases of intra-
operative humeral fractures in a series of 457 
RSA (5.7%). Twenty-five of 99 RSA done for 
revision (25.3%) sustained an intraoperative 
fracture. Twenty-five fractures occurred during 
removal of the previous implant or cement; 
twenty fractures occurred in the diaphyseal 
region, within the prosthetic zone; five were 
located at the tuberosity region; and one patient 
sustained a combined tuberosity and diaphyseal 
fracture. Twenty-two humerotomies were 
performed out of a possible 99 revision cases. 
Seven intraoperative fractures occurred despite 
humerotomy. The one case of fracture in a 
primary stem occurred during reaming, 
representing a breach of the humeral canal.

Wagner et al. [3] reported 36 cases of intraop-
erative periprosthetic humeral fractures in 224 
patients (230 RSA) who underwent to RSA for 
failed total shoulder arthroplasty (16%). Risk 
factors for intraoperative fracture included female 
sex (n  =  18 women), history of instability 
(n  =  27), and prior hemiarthroplasty (n  =  22). 
Only 3 fractures were displaced whereas 33 
nondisplaced; 30 fractures involved the greater 
tuberosity, 3 the metaphysis, and 3 the humeral 
shaft. Eighty-one percent of the fractures 

occurred during cemented (n = 11) and cementless 
(n = 25) component removal.

29.2.2  Glenoid Fractures

Zumstein et al. [5] reported seven cases of intraop-
erative glenoid fractures in a systematic review of 
782 RSA (0.9%). Glenoid fractures were related to 
the initial reaming or fixation technique.

Molé et  al. [6] reported 9 cases of glenoid 
fractures in a series of 457 RSA (2%). In seven 
cases (1.5%), the fracture was partial, occurring 
in six cases while reaming and in one case dur-
ing the removal of periglenoidal osteophytes. 
The fracture was located at the inferior border in 
three cases, at the superior border in two cases, 
and at the posterior border in one case. These 
fractures were found only in the primary 
implants, with cuff tear arthropathy as the pre-
dominant indication. The average age of the nine 
patients, compared to the entire series, was 74.3 
vs. 72.3 years.

Sirveaux et al. [2] reported 19 complete and 10 
partial glenoid fractures in a series of 1953 RSA 
(1.5%). There were 84% of female compared to 
77% of female in the general population without 
significative difference. The mean age at surgery 
was the same as in the general population 
(73 years). The risk was higher when the glenoid 
was unloaded like in the case of upward migration 
of the head or prolonged immobilization as in 
massive cuff tear, acute fractures, rheumatoid 
arthritis, and tumors. Fracture was more frequent 
if the surgery was performed by superolateral 
than deltopectoral approach.

29.2.3  Coracoid Fracture

Sirveaux et al. [2] reported five cases of intraop-
erative fracture of the coracoid process in a series 
of 1953 RSA (0.25%). Eighty percent of these 
fractures occurred in women, and the mean age 
was 76 years. There were two cases of cuff tear 
arthropathy Hamada stage 4, two cases of frac-
ture sequelae, and one case of rheumatoid 
arthritis.
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29.2.4  Acromion Fracture

Zumstein et al. [5] reported one case of intraop-
erative fracture of the acromion in a systematic 
review of 782 RSA (0.1%). The fracture of the 
acromion was associated with the transacromial 
approach.

29.3  Intraoperative Fracture 
Treatment

29.3.1  Humeral Fractures Treatment

The two proximal metaphyseal fractures reported 
by García Fernandez et al. [1] were treated with 
cerclage wiring, but they didn’t require changing 
the cementless stem. The only intraoperative 
shaft fracture required placement of a long 
cementless stem and several cerclage wires.

In the series reported by Chuinard et al. [4], 15 
of the 20 diaphyseal fractures were treated with a 
long stem, and 4 of them had supplementary 
cerclage wiring; 4 were treated with cerclage 
wiring alone. Four of the five fractures located at 
the tuberosity region were treated with cerclage 
wiring. The patient with a combined tuberosity 
and diaphyseal fracture had an immediate 
revision of the stem; the one case of fracture in 
primary implant representing a breach of the 
humeral canal resulted in cement extrusion.

In the series reported by Wagner et  al. [3], 
intraoperative fractures were treated with stabi-
lization of the prosthetic stem in 28 shoulders 
(20 press-fit and 8 cemented stem) and adjunc-
tive internal fixation in 8 shoulders. The frac-
tures treated with adjunctive fixation occurred in 
three patients with minimally displaced greater 
tuberosity fractures, one combined greater and 
lesser tuberosity minimally displaced fracture, 
two nondisplaced metaphyseal fractures, one 
displaced metaphyseal fracture, and one dis-
placed metaphyseal fracture with extension in the 
diaphysis. Suture stabilization was used for the 
three greater tuberosity fractures and the com-
bined greater and lesser tuberosity fracture. The 
two nondisplaced metaphyseal fractures were 
stabilized with cerclage wires alone. The two 

displaced metaphyseal fractures were stabilized 
using a strut allograft and cables.

29.3.2  Glenoid Fractures Treatment

In the series of Molé et al. [6], partial fractures 
were reduced by the application of the metagle-
noid after drilling the central peg hole, and their 
fixation was assured by one of the baseplate fixa-
tion screws. In two cases, primary stability was 
improved by the addition of cancellous graft and 
in one case by the addition of cement. In two 
cases the fractures were complete but allowed the 
implantation of a reverse prosthesis glenoid. In 
one of these cases, the prosthesis was implanted 
in two steps, after initial cortico-cancellous bone 
grafting.

In the series of Sirveaux et al. [2], a long peg 
baseplate was used in four cases to improve the 
stability of the glenoid implant and by using a 
29 mm diameter metaglene in most of the cases. 
The fracture was managed without graft in 50% 
of the cases or by using a cancellous autograft in 
the other cases.

29.4  Complications and Revision

29.4.1  Humeral Fractures

Sirveaux et al. [2] observed further complication in 
11 of 44 cases of GT fracture. There were three 
dislocations, one infection, one hematoma, two 
humeral loosening, one scapula spine fracture, one 
humeral disassembly, one glenoid fracture, and one 
late humeral fracture. Six patients were reoperated: 
two humeral revisions, one glenoid revision, one 
hematoma drainage, one revision, and one closed 
reduction for instability were performed.

A postoperative radial nerve palsy not recov-
ered, which persisted until the latest follow-up 
(30 months) and will need a tendon transfer sur-
gery, was reported by García Fernandez [1] in the 
case of intraoperative humeral shaft fracture. All 
fractures reported in his series healed.

In the series reported by Chuinard et al. [4], 
all but two fractures healed (one diaphyseal and 
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one tuberosity): the diaphyseal fracture resulted 
in a postoperative fracture necessitating revision 
to a long stem; the other went on to develop 
tuberosity non-union and humeral loosening, but 
no revision has been made, and no sign of infec-
tion was present. Three patients underwent 
resection arthroplasty because of an associated 
infection.

Wagner et  al. [3] reported 2 postoperative 
fractures (both treated nonoperatively) in 36 
patients who had an intraoperative fracture, and, 
overall, 3 revision procedures were performed in 
patients with intraoperative fractures (glenoid 
loosening (n = 2) and instability (n = 1)); 2- and 
5-year survivorship was not significantly different 
from results for patients without intraoperative 
fracture. No patient underwent revision surgery 
for humeral component loosening.

29.4.2  Glenoid Fractures

Molé et al. [6] reported early loosening in one of 
the two cases of complete glenoid fractures due 
to an extension of the fracture, leading to a 
revision for a hemiarthroplasty. Two cases of 
glenoid loosening (one septic) were observed in 
seven cases of partial glenoid fractures.

Sirveaux et  al. [2] did not find any postop-
erative complication related directly to the frac-
ture, but in this group of patients, they observed 
one plexus palsy, one spine fracture, one acro-
mial fracture, and one humeral fracture; all the 
implants were still in place, and there was no 
reoperation for glenoid loosening.

29.4.3  Coracoid Fracture

There was no postoperative complication in the 
five cases of coracoid fractures reported by 
Sirveaux [2], except one patient who remained 
stiff and that was reoperated for an arthroscopic 
arthrolysis.

Characteristics, risk factors, treatment, and 
complications of the intraoperative fractures 
mentioned above are summarized in Table 29.1.

29.5  Clinical and Functional 
Outcomes After Treatment

Zumstein et  al. [5] reported that intraoperative 
humeral and glenoid fractures influence nega-
tively the final outcome. Sirveaux [2] shown that 
the average Constant score [10] of the patients 
who had perioperative GT fracture is signifi-
cantly lower (47 pts) than those who did not have 
this complication; equally the active anterior ele-
vation is lower (109° vs. 126°), and the patients 
loose an average of 10° of active external rota-
tion. Differently, in the case of coracoid fracture, 
the Constant score averaged 49 points, which was 
not different with the overall results. Chuinard 
[4] shown that if a patient sustained a humeral 
fracture during the procedure, the Constant score 
is lower than the series without a fracture (42.3 
vs. 59.2) and that the range of motion is reduced 
(forward flexion was 103° vs. 124° and external 
rotation 0° vs. 9°). Opposite, Wagner [3] reported 
good postoperative pain relief, improved shoul-
der abduction, and good functional scores.

Intraoperative glenoid fractures can be consid-
ered a severe complication only when they are 
complete. In this case Molé [6] reported a mean 
Constant score of 48 points and a rate of glenoid 
loosening of 33%. The glenoid fracture did not 
compromise the overall functional results (aver-
age Constant score 55 pts) in the series reported 
by Sirveaux [2].

29.6  Discussion

Intraoperative periprosthetic fractures increase 
operative time, alter implant choices, and may 
have a negative effect on postoperative outcomes 
[2, 4–6]. Women [1–3] have a significantly higher 
risk of intraoperative fracture as the patients with 
osteopenia [2], rheumatoid arthritis [2, 6], post-
traumatic arthritis [2], and cuff tear arthropathy [2, 
6]. Regarding the surgical approach [2], the forces 
applied on the greater tuberosity by the posterior 
retractor can explain the higher incidence of GT 
fracture in the case of deltopectoral approach. 
Differently, glenoid fracture is observed more  
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Table 29.1 Intraoperative fractures, characteristics, risk factors, and treatment

Author, number (%), 
fracture location Risk factors Timing of fracture Fracture stabilization Complications
Zumstein et al. [5]
16/782 (2%)
Humerus

Revision surgery Removal of the 
previous implant or 
cement mantle

– –

Sirveaux et al. [2]
44/1953 (2.25%)
Greater tuberosity

Female sex
Fracture sequelae
Revision surgery
Deltopectoral 
approach

– – Dislocation (3)
Infection (1)
Hematoma (1)
Humeral 
loosening (2)
Scapula spine 
fracture (1)
Humeral 
disassembly (1)
Glenoid fracture 
(1)
Late humeral 
fracture (1)

García Fernandez et al. 
[1]
3/203 (1.47%)
Metaphysis (2)
Shaft (1)

Female sex Riming the humeral 
canal

Cerclage wiring (2)
Long stem + cerclage 
wiring (1)

Radial nerve 
palsy (1)

Chuinard et al. [4]
26/457 (5.7%)
Diaphysis (20)
Tuberosity (5)
Tuberosity + diaphysis (1)

Revision surgery Removal of the 
previous implant or 
cement
Riming the humeral 
canal

Cerclage wiring (8)
Long stem (12)
Long stem + cerclage 
wiring (4)

Postoperative 
fracture (1)
Humeral 
loosening (1)
Infection 3

Wagner et al. [3]
36/230 (16%)
Greater tuberosity (30)
Metaphysis (3)
Shaft (3)

Female sex
History of 
instability
Prior 
hemiarthroplasty

Removal of the 
previous implant

Stabilization of the stem 
(28)
Suture stabilization/
cerclage wires (8)

Postoperative 
fracture (2)
Glenoid 
loosening (2)
Instability (1)

Zumstein et al. [5]
7/782 (0.9%)
Glenoid

– Initial reaming or 
fixation technique

– –

Molé et al. [6]
9/457 (2%)
Glenoid

Cuff tear 
arthropathy

Reaming
Removal 
osteophytes

Metaglenoid and 
baseplate fixation 
screws ± bone graft

Glenoid 
loosening (3)

Sirveaux et al. [2]
29/1953 (1.5%)
Glenoid

Cuff tear 
arthropathy
Acute fractures
Rheumatoid 
arthritis
Tumors
Superolateral 
approach

– Long peg baseplate (4)
Metaglenoid and 
baseplate fixation 
screws ± bone graft (25)

Plexus palsy
Spine fracture 
(1)
Acromial 
fracture (1)
Humeral fracture 
(1)

Sirveaux et al. [2]
5/1953 (0.25%)
Coracoid

Female
Cuff tear 
arthropathy
Fracture sequelae
Rheumatoid 
arthritis

– – Stiffness (1)

Zumstein et al. [5]
1/782 (0.1%)
Acromion

Transacromial 
approach

– – –
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frequent in superolateral approach probably 
related to the strength applied on the inferior 
retractor. To avoid fractures, special attention has 
to be paid to bone quality in primary surgery but 
especially in revision surgery. In fact, intraopera-
tive humeral fractures occurred in 1.4% [1] of pri-
mary RSA reaching 25% [4] during revision of a 
previous arthroplasty: in revision cases, extraction 
of a well-fixed stem or cement can lead to humeral 
fracture or perforation of the diaphysis or fracture 
of the tuberosities [3–5, 11]. The extremely high 
rate of intraoperative complications in the revi-
sion arthroplasty group makes meticulous preop-
erative planning paramount. Particular attention 
must be given to the quality of the humeral bone 
stock, component surface coating, and the thick-
ness of the humeral cement, especially in elderly 
females, prior to attempting component extrac-
tion. Consideration should be given to utiliz-
ing a humeral osteotomy or humeral window 
[12]. Nevertheless, a planned humerotomy is not 
always the solution, and, unfortunately, intraoper-
ative fractures occurred in one third of the patients 
who received a planned humerotomy in the series 
of Chuinard [4]. Alternatively, the use of cement-
within-cement technique and a shorter humeral 
stem to revise a cemented humeral component 
in revision RSA can be considered to reduce the 
risk of distal fractures [13]. The use of convert-
ible or modular shoulder arthroplasty systems 
could reduce, in the future, the need to remove 
the stem and the incidence of humeral fractures. 
Revision shoulder arthroplasty has an intrinsic 
complication rate significantly higher than pri-
mary arthroplasty but not necessarily related to 
the use of a reverse prosthesis. Athwal et al. [14] 
reported 1.5% of intraoperative periprosthetic 
fractures in primary and revision anatomic shoul-
der arthroplasties.

The treatment of intraoperative humeral peri-
prosthetic fractures depends on the location of 
the fracture in relation to the prosthetic compo-
nent and to the stability of the component/bone 
interface. A systemic approach is necessary to 
treating these fractures according to the location, 
displacement, bone quality, and perceived 
humerus implant stability. In general, intraopera-
tive humeral fractures are located within the stem 

zone, whereas postoperative fractures are located 
mainly below the stem. In the case of nondis-
placed or minimally displaced fractures, isolated 
to the greater tuberosity without any extension 
into the humeral diaphysis, the fixation of the 
stem or cerclage wire allows to have a good sta-
bility of the implant and the consolidation of the 
fracture. If needed, a long-stem implant or 
adjunct fixation should be used if the humerus 
implant stability is in question. Although intraop-
erative humeral periprosthetic fracture is associ-
ated with a high rate of bone healing, there is a 
substantial rate of associated complications and 
lower functional result [1, 2, 4, 5, 11]. Differently 
in the series reported by Wagner et  al. [3], the 
fracture does not appear to affect postoperative 
outcomes for patients. To avoid complications, 
the operative planning is mandatory, and, for the 
performance of revision surgery, modular revi-
sion sets including long stems, revision compo-
nents, as well as plate and cerclage systems or 
sutures are obligatory besides the explantation 
instrumentation to deal with the possibility. 
Furthermore, when removing implants, a sys-
temic approach should be used, starting with an 
implant-specific removal device and other tech-
niques to separate the proximal implant-bone 
interface, to help mitigate the risks of intraopera-
tive periprosthetic fractures [13].

Glenoid perforation or fracture during implan-
tation of the baseplate is rare. It is usually focal 
and small, effectively reduced by the applica-
tion of the metaglenoid and, if needed, sup-
ported by cancellous graft or even by the use 
of the surgical cement. Partial fractures do not 
modify the postoperative care, reeducation, and 
outcome and do not compromise the long-term 
fixation of the prosthesis. However, in the case 
of complete intraoperative glenoid fractures, 
the effects are dramatic and must, absolutely, 
be avoided. Differently from the humeral frac-
tures, the glenoid fractures occur especially in 
the primary arthroplasty, when the surgeon might 
pay less attention than in the revision group [6]. 
Technical care is required assessing the gle-
noid. Fracture can occur in the case of cuff tear 
arthropathy or rheumatoid arthritis when the gle-
noid is eroded far medially, the bone is brittle,  
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and osteoporosis related to the etiology or to the 
absence of mechanical loading on the glenoid 
bone increases the risk of fracture [2]. The danger 
can be anticipated on standard x-rays; CT scan is 
always indicated before surgery to obtain precise 
information concerning orientation of the pros-
thesis and the relative danger to perforate and 
break the glenoid. In order to avoid glenoid frac-
ture, care must be taken while reaming the gle-
noid surface in those patients whose glenoid may 
not demonstrate the sclerotic changes normally 
associated with glenohumeral arthritis, such as 
those patients with cuff tear arthropathy. When 
glenoid bone is extremely soft or brittle, the use 
of a hand reamer may be preferable to the use of 
a motorized reamer [11]. When occur, the frac-
ture can be managed with a standard technique 
of fixation with or without graft. In a complete 
unstable situation, conversion to hemiarthro-
plasty may be preferred.

Future investigation of methods needs to 
reduce the risk for intraoperative fractures 
through modification of surgical techniques and 
to achieve a high fracture union rate with good 
shoulder function avoiding further complications 
in case fracture occurred during RSA. Moreover, 
convertible or modular shoulder arthroplasty sys-
tems could reduce the risk of fractures in the 
future. While these complications cannot be 
completed avoided, better understanding of their 
causes and/or patient risk factors may help the 
surgeon to decrease their frequency.
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Failure of RSA

Raffaele Garofalo and Enrico Ceccarelli

30.1  Introduction

According to Zumstein [1], the definition of com-
plication in reverse total shoulder arthroplasty 
(RTSA) could be considered any intraoperative or 
postoperative event that is likely to have a nega-
tive influence on the final outcome. We can 
include in this field fractures, infections, disloca-
tions, nerve palsies, aseptic loosening of humeral 
or glenoid components, modular stem or polyeth-
ylene disassociations, or glenoid screw problems. 
Such complications can be divided into two dis-
tinct categories: those related to a close failure of 
the prosthesis and its components and the group 
of complications related to the patient features. 
However, both may require reoperation including 
partial or total revision of the prosthetic compo-
nent to improve clinical situation. Since 1980 
there has been a growing interest in using RTSA, 
and indications continue to expand with regard to 
the first Grammont prototype designed for the 
arthritic rotator cuff-deficient shoulders. In recent 
years the valid clinical outcomes and the increased 
patient satisfaction with the Grammont semicon-
strained prosthesis have led to widening in the use 
of the RTSA expanding the indication to other 

conditions with various degrees of cuff deficiency, 
such as irreparable rotator cuff tears without 
osteoarthritis [2], inflammatory arthritis [3], frac-
ture sequelae [4], tumor resection [5], failed 
hemiarthroplasty after fracture [6], failed hemiar-
throplasty with cuff deficiency [7], failure after 
total shoulder arthroplasty [8], and sequelae of 
septic arthritis [9]. Other indications include the 
treatment of complex fractures of the proximal 
humerus in the elderly [10], as well as osteoarthri-
tis with posterior subluxation and a biconcave B2 
or C glenoid [11]. Since RTSA is commonly used 
to salvage complex conditions, not surprisingly 
the reported complication rate in these particular 
situations is relatively high [12], increasing fail-
ures and consequently the number of reoperations 
and revisions. On the basis of the Zumstein [1] 
study published in 2011, the global rates for com-
plications and revisions after RTSA were 24 and 
10%, respectively. Although the percentage of 
reoperation published in literature varied substan-
tially among authors, depending on the criteria 
adopted for the definition of complication. 
Moreover it seems to be influenced by the under-
lying indication and the mix of primary and revi-
sion procedures included in each study. Also the 
component design and the surgeon experience 
could influence the complication rate. Main com-
plications of RSA are summarized in Table 30.1. 
Distinguishing intraoperative from postoperative 
complications, we can state that the former are 
reported mainly in revision surgery, while in the 
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latter, there are mostly prosthetic component 
problems rather than shoulder problems, and they 
are frequent in primary surgery.

30.2  Intraoperative Events

Intraoperative fractures can happen on the gle-
noid or humeral side. In decreasing percentage 
order, these are humeral, glenoid, and acromion 
fracture. The humeral fractures are mainly fre-
quent in revision surgery during the removal of 
the primary humeral stem or cement mantle in up 
to 24.1% of all revisions [13] (Fig.  30.1). For 
these reasons, although most early RTSAs were 
initially designed for cemented fixation of the 
humeral component, cementless fixation has 
become more common. Despite this an excessive 
reaming for the cementless fixation should be 
avoided, as it may produce a stress riser area at 
the tip of the reaming area increasing the risk of 
periprosthetic fracture [14]. Humeral fracture at 
the metaphysis or the tuberosities can be man-
aged with cerclage fixation or fragment excision. 
Cerclage fixation should be performed when 
joint stability or humeral-sided fixation is com-
promised. Placement of a long-stemmed implant 
may be considered to avoid future stem loosening 
resulting from lack of proximal humeral bone 
(Fig.  30.2). Intraoperative glenoid fractures are 

Table 30.1 RTSA complications: intraoperative and 
postoperative events

Intraoperative events
 • Humeral fractures
  • Glenoid fractures
  • Acromion fractures
Postoperative events
 • Infection
 • Dislocation
 • Acromion fractures
  • Scapular fractures
  • Mechanical failure
   – Aseptic glenoid loosening
   – Glenoid disassembly
  • Neurologic injury

Fig. 30.1 Intraoperative fractures are mainly frequent in 
revision surgery

Fig. 30.2 Long-stemmed implant and cerclage fixation should be performed when humeral-sided fixation is 
compromised
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rare and related to the initial reaming or fixation 
technique [1]. One recommendation, to reduce 
such incidence, consists to start power reaming 
prior to placing the reamer on the face of the gle-
noid and avoidance of over-reaming. Substantial 
glenoid fractures could make it impossible to 
achieve component fixation and require intraop-
erative conversion to a hemiarthroplasty. The 
intraoperative fracture of the acromion, which is 
less frequent than the others, is mainly associated 
with the transacromial approach [15].

30.3  Postoperative Events

Dislocation after RTSA represents a major source 
of concern (Fig. 30.3). Among the postoperative 
complications, instability is the most common 
postoperative complication, with a mean inci-
dence of 4.7%, according to Zumstein meta-anal-
ysis [1]. But the percentage varies in literature 
with rates ranging from 2.4 to 31% according to 
author indications, type of prosthesis, and surgical 
approach [16]. Despite the semiconstrained nature 
of the RTSA, dislocations do happen and some-
times could be extremely difficult to identify 
causes and mechanisms [17]. RTSA as a concept 
relies on the effective lever arm of the deltoid to 

compensate for the absent rotator cuff; this is par-
tially achieved by lengthening the deltoid. Failure 
to achieve this tension may place the implant at 
risk of instability. Fracture sequelae, tumor sur-
gery, revision, and instability arthropathy have 
shown the greatest incidence of prosthetic insta-
bility [4, 5, 18]. The primary diagnosis may affect 
the status of the subscapularis and the rate of 
impingement and may increase the difficulty of 
assessing the correct height of the implant on the 
humeral side; furthermore, version and adequate 
soft-tissue tension can affect the stability of the 
implant. In cases of revision or fracture sequelae, 
intraoperative assessment of deltoid tension can 
be difficult (e.g., general anesthesia, fibrosis, scar, 
and retraction of soft tissue), and preoperative 
templating of the humeral length is essential [17]. 
To date, preoperative templating with comparison 
of both arms remains the only objective evalua-
tion to assess for the correct length of the arm at 
the time of arthroplasty (Fig. 30.4). Intraoperative 
assessment of stability and impingement is advis-
able in all cases [19]. Other factors that contribute 
to postoperative instability include soft-tissue bal-
ance, glenosphere diameter, the inclination of the 
humeral component, erroneous version of the 
prosthesis, the position of the baseplate, and the 
axillary nerve/deltoid dysfunction [16]. Also 
impingement of either bone or soft-tissue struc-
tures may contribute to dislocation [17]. Currently, 
controversy exists regarding the benefit of sub-
scapularis repair. Evidence is lacking to support 
or refute the assertion that the subscapularis is 
required to limit instability. Although some 
authors suggest that repair of the subscapularis 
may convert it to an adductor and thereby limit 
motion [20], Edwards et  al. [21] suggested that 
subscapularis reattachment may be beneficial in 
reducing the rate of dislocation. Conversely, the 
use of a superolateral approach to avoid violation 
of the subscapularis appears to be associated with 
decreased dislocation rates [22]. Frequently, this 
approach can be performed through the superior 
rotator cuff defect, thereby minimizing violation 
of the soft tissue. Disadvantages of subscapularis 
repair include lack of tendon extensibility, the 
potential for axillary nerve injury, an increased 

Fig. 30.3 The most common postoperative complication 
is the instability
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rate of scapular notching resulting from the use of 
the more difficult inferior exposure, and the 
potential for deltoid dehiscence postoperatively 
[23]. When instability happens, it is usually in the 
first 6 months, and of those, half occurs in the first 
3 months [24]. Conservative management can be 
successful in almost half of patients, and shoul-
ders that remain stable after closed reduction have 
a similar outcome in terms of pain and motion. On 
the contrary, recurrent instability may lead to revi-
sion surgery, increasing the risk of infection and 
redislocation [18, 24]. When the dislocation 
occurs, first-line management typically consists 
of closed reduction followed by a brief period 
(6  weeks) of immobilization and avoidance of 
extension, adduction, and internal rotation. 
Barring significant trauma, failure to maintain the 
reduction may necessitate evaluation of implant 
position, particularly version and height, soft-tis-
sue tension, and surgical technique [16]. 
Restoration of the anatomic position of the 
humerus with regard to the lateral offset of the 
tuberosity-glenoid distance (i.e., lateral-medial 

tension) and the vertical offset of the acromion-
greater tuberosity distance (i.e., superior-inferior 
tension) seems to be effective in restoring ana-
tomic soft-tissue tension. In patients with humeral 
or glenoid bone loss, a modified surgical tech-
nique may be required, along with bone grafting 
[25]. Several factors related to prosthesis design 
and surgical technique have been shown to influ-
ence soft-tissue tension, including glenosphere 
offsets and sizes, humeral neck-shaft angle (i.e., 
varus or valgus humeral component), and thick-
ness of the humeral insert [26]. Variations in sur-
gical technique include altering the level of the 
humeral osteotomy, offsetting the placement of 
the humeral socket, and changing the position of 
the glenosphere.

30.4  Infection

The reported rate of infection for RTSA is 
higher than for anatomic shoulder arthroplasty. 
The reasons are not always clear. The reported 

Fig. 30.4 Preoperative templating, with comparison of both arms, for the correct length of the arm
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incidence in the literature varies from 1 to 10% 
[16]. In a meta-analysis, Zumstein et al. reported 
a mean infection rate of 3.8% including primary 
and revision RTSA, with a higher rate in revi-
sion surgery [1]. In particular, the meta-analysis 
pointed out also that there is an increased rate of 
infection in the revision group compared with the 
primary group (5.8 vs 2.9%). As in other shoul-
der surgeries, low-virulence organisms, such as 
Propionibacterium acnes and Staphylococcus 
epidermidis, are frequently implicated in RTSA 
infections [1]. As previously mentioned, the 
large subacromial dead space, the compromised 
general health of some patients, and the large 
surgical dissection, especially in revision cases, 
may predispose to later infection. In patients 
with a confirmed postoperative infection, antibi-
otic therapy should be continued postoperatively 
until the bacteria are identified. Once it is identi-
fied, the antibiotic treatment should be tailored 

to address the sensitivities of specific bacteria. 
Some species can be identified in 3–4  days; 
however, slow-growing Propionibacterium 
acnes species may require 10–14 days to ensure 
proper identification [27]. Acute infection, that 
is, infection occurring <6  weeks from clinical 
presentation, can be managed with irrigation, 
debridement, and polyethylene associated or not 
with a glenosphere exchange. Chronic infection 
is best managed with two-stage revision. Stage 
1 consists of hardware removal, irrigation and 
debridement, and the placement of an antibi-
otic spacer (Fig. 30.5), followed by a minimum 
6-week course of parenteral antibiotics. Stage 
2, prosthesis reimplantation, should be deferred 
until blood test results are negative for infec-
tions. However, there are evidence that the ideal 
time to make a reimplantation is between 4 and 
8 weeks after debridement time. Before 4 weeks, 
there is an increase of risk of a new infection; 

Fig. 30.5 Chronic infection is best managed with placement of an antibiotic spacer
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after 11 weeks from the debridement procedure, 
the risk of stiffness increases. There is also some 
evidence to suggest that chronic infections can 
be managed with a one-stage exchange involv-
ing irrigation and debridement, reimplantation, 
and parenteral antibiotics [9].

30.4.1  Acromion and Scapular 
Fractures

Postoperative fractures of the acromion and 
scapular spine are rare (1.5% incidence) [9, 
28–30]. Postoperative fractures of the acro-
mion often occur spontaneously (Fig.  30.6); it 
could be correlated to an excessive tensioning 
of the deltoid that places a weakened acromion 
at risk of fracture after the implantation of an 
RTSA. In the case of conservative treatment of 
an acromion fracture with immobilization, there 
is no influence on the final outcome reported. 
However, fractures of the scapular spine or the 
base of the acromion may require fixation and 
compromise the final outcome. Acromion frac-
ture can be also treated with skillful neglect and 
is not a contraindication to a reverse prosthe-
sis. Conversely, postoperative fractures of the 
scapular spine lead to poor functional outcome 

and may require osteosynthesis, as reported by 
Mottier et al. [31].

30.5  Mechanical Failure

30.5.1  Aseptic Glenoid Loosening

Mechanical failure may occur at the humeral or 
glenoid side. Baseplate failure drove many of 
the fundamental design changes to early RTSA 
prostheses. With the initial devices, inadequate 
fixation coupled with long lever arms led to 
failure rates between 11.7 and 40% [21, 30]. To 
avoid loosening, every effort should be made to 
optimally fix the glenoid component onto good 
bone stock at the inferior border of the glenoid 
[22, 33]. Because initial fixation is dependent 
on the central peg, scapular notching does not 
seem to predispose to aseptic loosening of the 
glenoid [33]. The clinical implications of notch-
ing are controversial, and some authors have 
reported no effect over the clinical outcome 
[12, 34, 35], while others have reported that 
high grades of notching may be associated with 
a worse outcome [35, 36]. Eccentric gleno-
spheres with an inferior offset and glenoid 
component with increased lateral offset (bony 

Fig. 30.6 Postoperative fractures of the acromion
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or metal) can reduce the rate of notching. 
Lateralization of the baseplate with the use of a 
glenoid bone graft taken from the osteotomized 
humeral head (Bio-RSA) (Fig. 30.7) may theo-
retically increase the range of motion and 
reduce the impingement of the humerus on the 
scapula [37]. According to Frankle study, lack 
of ingrowth onto the baseplate is associated 
with baseplate failure, which suggests that bony 
ingrowth is important in achieving successful 
long-term outcomes [38]. Significant mechani-
cal stress at the bone-implant interface may 
influence bony ingrowth and may impact long-
term stability. Harman’s study sustains that to 
reduce micromotion below the accepted 150 
μm threshold is more relevant to use locking 
screws rather than offset or screw position [39]. 
Even though the use of a central screw rather 
than a peg has been proven to increase the com-
pression of the baseplate to the underlying 
bone, most current prostheses that use locking 
screw technology have demonstrated subthresh-
old micromotion on physiologic loading, 
increasing the initial mechanical stability [39]. 
In addition to implant design, also surgical 
technique seems to be an important variable 
that influence the rate of glenoid-sided compli-
cations. The superior tilt of the glenosphere is 
correlated with an increased failure rate. 
Evidence suggests that inferior tilt in combina-
tion with locking screws minimizes forces at 
baseplate-bone interface reducing the rate of 
failure [26].

Moreover preoperative assessment of glenoid 
bone stock and careful planning for optimal 
positioning of the meta-glenoid may be important 
in preventing loosening [36, 40].

30.6  Glenoid Disassembly

Postoperative glenoid disassembly was rare 
and was a problem related to the design of 
the Grammont prosthesis used before 1995. 
Modification of the Grammont design with a 
Morse taper central fixation and a new central 
screw fixation improved the fixation and avoided 
dissociation of the glenosphere thereafter [28]. 
Humeral stem disassembly and polyethylene 
disassociations are also a rare complication in 
different studies [30, 32, 41, 42]. Humeral stem 
disassembly did not always need reintervention, 
and disassociated polyethylene components were 
revised without clinical impact [30, 32, 41, 44]. 
According to Melis [34] report evaluating 122 
RSTA with 8-year minimum follow-up, cemented 
stems showed signs of radiolucency without 
implant migration in 20% of cases. Instead unce-
mented stems showed proximal bone resorption 
and signs of stress shielding in 8% of cases, with 
stem diameter being related to the degree of bone 
resorption.

30.7  Neurologic Injury

Subclinical neurological injuries with postopera-
tive EMG changes are common after RTSA, 
while the incidence of clinically evident neuro-
logical injury is much less frequent. Since the 
spontaneous recovery happening in many cases 
[43], neurologic injury had a negative effect only 
in the case of incomplete recovery [28]. The most 
common nerve dysfunction after RSA involves 
the axillary nerve, although postoperative radial, 
ulnar, and musculocutaneous nerve palsies have 
been reported as well [44]. It may be attributed to 
intraoperative traction, manipulation of the arm, 
retractor placement, or relative lengthening of the 
arm. Partial recovery of the axillary nerve may 
affect the clinical outcome, as it can affect deltoid 

Fig. 30.7 Bio-RSA lateralize the baseplate
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strength [28]. Whereas axillary nerve palsies are 
immediate postoperative complications [28], 
radial nerve palsies are often subsequent to a 
humeral shaft fracture during follow-up [6, 9, 
42]. Also the design of the implant could increase 
traction at the brachial plexus especially those 
who require humeral lengthening to provide 
greater tension on the deltoid to improve stability. 
Excessive arm lengthening greater than 2 cm has 
been shown as a potential risk [45]. Anatomical 
studies show that lateralization is less harmful for 
the nerve than distalization [46]. The suprascapu-
lar nerve and artery may be at risk at the spino-
glenoid notch when drilling the posterior screw. 
Avoiding this complication is important, espe-
cially in cases where there is presence of a func-
tional infraspinatus muscle [47].
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Postop Rehabilitation in rTSA

Marco Conti, Valentina Spunton, 
and Roberto Fenini

In this chapter our goal is to highlight the specific 
characteristics of a postop rehabilitation program 
in patients that underwent surgery for the implant 
of a reverse prosthesis.

These specific characteristics are strictly 
linked to the deep meaning of such a type of sur-
gery and of its goals.

To manage this topic, we will start from the 
most important aspects that could push the patient 
to question or accept this type of surgery, which 
correctly could be called “rescue surgery”.

31.1  The Goals

As explained in a previous chapter of this book, 
the patient that undergoes this type of surgery 
could be affected by the following:

• Degenerative or post-traumatic glenohumeral 
(GH) arthritis

• Massive irreparable rotator cuff tears (RCT)
• Complex fracture of the humeral head
• Need of a revision of a previous failed conven-

tional total shoulder arthroplasty (TSA) for 
the rupture of the rotator cuff

• Avascular necrosis
• Tumors [1, 2]

Musculoskeletal and systemic comorbidities 
of these patients strongly influence recovery 
potential.

Apart from patients with fractures, the major-
ity of patients have reached the third age and in 
this type of patient the major complaints are pain 
and functional limitation in activities of daily liv-
ing (ADL) [3].

The patient that hopes to solve pain and func-
tional limitation must, due to the pathology, face 
the fact that because it is a complicated salvage sur-
gery the aspects that can “go wrong” are several, 
starting with the patient acceptation of the implant.

In this scenario, a first critical point for the satis-
faction of the patient is the correct relationship 
between the patient, his reverse prosthesis, the sur-
geon, and the physiotherapist. This relationship 
should be based on the thorough, detailed explana-
tion (in the preop phase) of the characteristics of the 
implant and its limitations, constraints, and possible 
complications [4]. These can be summarized as:

• Substantial modification of the propriocep-
tion of the shoulder that could be perceived 
by the patient as “different from before” or 
“different from the contralateral.” This modi-
fication requires a specific rehabilitation and, 
sequentially, a specific strategy for the use of 
the arm [5].
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• Biomechanical constraint, depending from the 
type/model of prosthesis chosen by the 
surgeon, on the basis of his knowledge and 
capability to implant, and also on the 
characteristics of the pathology that requires 
the implant [6–8].

• Intraop specific choices and surgically adapted 
technical solutions that could be adopted for 
each patient, implant, and tissue scenario such 
as major or minor lateralization or bone stock 
use [9–12].

• Possible postop instability of implant compo-
nents and/or implant dislocation.

• Final functional result is highly dependent on 
that the posterior RC is still functional [13].

• Possible hardware failure.
• Possible damage to nervous tissue.
• Possible hematoma with following tissues 

adherence.
• Infections requiring revision of the surgery [14].

All this information can simplify the accep-
tance of the procedure and of all subsequent 
problems during the postop phase, which would 
be mainly pain and residual functional 
limitations.

A detailed explanation on limited functional-
ity and limited biomechanics must be reserved 
for the patient with an active and sportive life-
style, which requires an extensive use of the arm 
during the preop daily life.

31.2  Constraints 
and Complications Relevant 
for the Rehabilitation

Relevant topics that need to be thoroughly 
explained to the patient, both before and 
immediately after the surgery, and that also have 
to be understood and taken into account by the 
therapist are the constraints and complications of 
this kind of surgery.

The rTSA implant (please refer to other chap-
ter of this book for all technical aspects of this 
implant) is performed in a scenario dominated by 
the RC absence, mainly by the loss of the supra- 
and infraspinatus.

Both are responsible for the correct drive and 
force of the anatomical humeral head in the 
abduction and forward flexion elevation.

Their loss is the basic requirement to decide to 
implant a rTSA, but the overall scenario could be 
further complicated by a subscapularis rupture or 
by the impossibility to repair it [15, 16].

For all these reasons, the full functionality of 
the teres minor is at the basis of the residual 
external rotation capability after rTSA implant, 
as the full functionality of the deltoid is 
fundamental for the abduction and forward 
flexion [17].

The loss also of the teres minor could lead the 
surgeon to associate a muscle transfer to the 
rTSA implant to obtain a minimal force in 
external rotation and elevation. Clearly, this 
association does not only complicate the length 
of surgery but also the rehabilitation process.

A second key point is the center of rotation of 
the “new” reverted GH articulation, which in the 
implant is medialized and inferiorly positioned, 
with respect to the original anatomical one. This 
induces an increase of the deltoid moment arm 
and deltoid tension, enabling an enhancement of 
the torque obtainable from the deltoid, as well as 
the line of pull of the same deltoid.

To obtain the best functional result, the integ-
rity of the deltoid in its anatomical and neurologi-
cal aspects is mandatory, and for this reason the 
deltopectoral approach is considered the best for 
its minimal impact on shoulder  
anatomy.

The purpose of the rTSA is to obtain the capa-
bility of the deltoid to compensate the RC deficit, 
resulting in the possibility of an active elevation 
of the arm, often overhead in most patients. This 
means that if a different surgical approach deeply 
involving the deltoid is chosen, an early postop 
activation of the deltoid must be  
avoided [18].

One typical complication of the rTSA is con-
sidered the so-called scapular notching, which 
occurs due to the impingement of the inferior part 
of the glenoid bone with the medial humeral part 
of the implant. This can result in pain and discom-
fort to the patient, which can be managed by the 
surgeon by regulating the lateralization of the 
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humeral head and inclination of implant compo-
nents. No actions of the therapist during the reha-
bilitation process can change the symptoms and 
history of this problem, apart from the reduction 
of movements in adduction in front of the thorax. 
By recognizing the symptoms of scapular notch-
ing, the therapist can be an invaluable help to the 
surgeon [19].

The instability of the system is another possi-
ble complication that could be due to an insuffi-
cient deltoid tension or to an incorrect positioning 
of components, or mobilization of one of them 
(generally the new baseplate for the inverted 
humeral head). In this case, the risk of autono-
mous active movement or passive mobilization 
by the physiotherapist would be the dislocation.

This problem must be monitored by the thera-
pist alongside the entire rehabilitation process, 
avoiding all ends of range movement and mobili-
zation, particularly those in full external or inter-
nal rotation, while continually stimulating a good 
deltoid muscle tone.

Periprosthetic soft tissue adherence or an 
excessive humeral head lateralization could 
reveal to the therapist a problem of stiff shoulder 
with a greater scapular compensation than in the 
majority of prosthetic shoulders. This would 
become a relevant problem for the therapist and 
the patient, setting a functional limitation. The 
sensibility of the therapist is crucial in recogniz-
ing a stiffness due to increasing postop adher-
ence or due to mechanical reasons; the feeling 
alongside the movement and at the end of RoM 
can help determine the underlying cause for the  
stiffness.

31.3  The Rehabilitation Process

Because a rehabilitation process is in fact a con-
tinuum of progress, to define the stages is not 
something that corresponds to normal clinical 
practice. However, it is a useful and widely used 
system that can better explain the basic cues and 
the main practices in each phase of the rehabilita-
tion process continuum.

For this reason, we will focus our attention on 
the following periods of the rehabilitation 

process: acute postop phase (phase I), post-acute 
phase (phase II), intermediate phase of shoulder 
strengthening (phase III), and final phase of 
functional recovery (phase IV) [18].

31.3.1  Acute Postop Phase (Phase I): 
Protection Phase

In the immediate postop period, the main issues 
to be addressed are the healing of tissues around 
the implant (bone that hosts the implant on both 
sides, scapula and humeral diaphysis), the 
stability of the prosthesis that is not protected by 
muscle activity of the rotator cuff, the integrity of 
subscapularis tendon if re-sutured to the bone on 
the humeral side, and the healing of soft tissues 
of the deltopectoral way of access.

Here, the element to be mainly protected is 
the reattachment of the subscapularis tendon, 
and for this reason, phase I could last from 
4 weeks (if only soft tissue of the deltopectoral 
way of access must be considered) to 5–6 weeks 
(if also the subscapularis must be considered). 
The 6  weeks of protection by sling is also 
adopted if muscular transfer is associated with 
the rTSA implant.

During this period, the immobilization of the 
arm, to protect it from undue active or passive 
movements, will be obtained using a sling in 
abduction of 15–30° and external rotation of 0°. 
This is mandatory not only for the comfort of 
the patient but also for the mechanical protec-
tion of tissues from abrupt stretching, mainly in 
external rotation or forward flexion, since these 
movements stress the subscapularis repair. 
Movements and positioning in extension, inter-
nal rotation, and adduction must be avoided 
because of the risk of dislocation due to the cuff 
deficiency.

When the posterior integrity of the capsule is 
compromised and the quantity and quality of 
posterior cuff are poor, the use of a sling with 15° 
external rotation is recommended to reduce the 
stress on these structures and increase healing 
potential. The use of a sling also reduces the risk 
of posterior dislocation following undue internal 
rotation.

31 Postop Rehabilitation in rTSA



356

At the same time, a gentle self passive mobi-
lization from 0 to 70° in forward flexion and 
an internal rotation (elbow at the side) to exter-
nal rotation from −30° to 0° can be performed, 
such as active/assisted elbow and wrist and hand 
mobilization, to avoid stiffness. Simple scapular 
and neck mobilization are suggested to avoid 
dyskinesia and wrong postures, which encourage 
compensatory movements or altered timing of 
muscle activation.

During this time of immobilization, and only if 
a deltopectoral approach is performed, submaxi-
mal isometric contraction of the deltoid can be per-
formed (beware of stress fracture of the acromion!). 
Gentle, limited, passive mobilization can also be 
done by the therapist to reduce the harmful effects 
of immobilization and to recover the sense of posi-
tioning and kinesthesia of the “new” shoulder.

Some rehabilitation teams are used to imme-
diately perform passive mobilization in water, 
after waterproof protection of the scars. This 
approach can be pursued if surgery involves a 
standard rTSA implant. However, if subscapu-
laris reattachment, muscular transfer, and bone 
stock implant are performed, also the reduced 
stress applied to the shoulder by the movements 
in water must be avoided for the first 6 weeks.

31.3.2  Post-acute Phase (Phase II): 
Mobilization Phase

Phase II will start overlapping the discontinuation 
of the use of a sling at the 4th–6th week based on 
the needs of phase I, as previously explained.

This “mobilization phase” will last approxi-
mately until the 12th week.

During this phase, the goal will be recovery of 
passive range of motion (PRoM) and, also in the 
final weeks, the active RoM (ARoM), using 
passive, assisted, and/or underwater mobilizations 
(Figs. 31.1, 31.2, and 31.3).

Attention should be paid, in the early phase of 
the mobilization, to not apply undue stress to the 
repaired tendons and to bone/metal interface 

Fig. 31.1 Self-assisted mobilization in flexion and axial 
compression

Fig. 31.2 Shoulder flexion-extension self-mobilization 
partially unloaded by a Swiss ball

Fig. 31.3 Shoulder isometric stabilization and elbow 
dynamic control in flexion-extension
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mainly at the scapular side. Therefore the mobili-
zation must be on the scapular plane when exter-
nal, internal, or forward flexion mobilization is 
performed.

At the same time, exercises in closed kinetic 
chain can be performed to stimulate the proprio-
ception of the arm, eliciting an initial muscle acti-
vation of the rotator cuff and deltoid.

As previously mentioned, the passive and 
assisted mobilization in water can be performed 
while including exercises that can elicit not only 
the RoM recovery but also proprioception and 
muscles activation.

The core stability and the voluntary activation 
of scapular stabilizer muscles can also be per-
formed, enhancing the capacity of the patient in 
recovering the correct posture and scapular posi-
tioning and stability. These features are always 
lost in these patients at the time of the surgery 
due to the extended history of the glenohumeral 
joint pathology [20].

During the weeks of phase II, on the basis of the 
tissue response to the progressive stress in elonga-
tion and activation, the PRoM can be increased as 
well as the quantity of active motion using both 
specific exercises and daily activity movements, 
which require the hand control at maximum to the 
shoulder height (Figs. 31.4 and 31.5).

During isometric conditioning, which should 
not be started before the 8th week to respect the 
repaired part of the cuff, sense of force percep-
tion should be encouraged.

If the surgeon confirms that no components of 
the rotator cuff have been repaired, it is possible 
to initiate isometric conditioning earlier than the 
8th week upon the approval of the surgeon.

When PRoM increases, such as the isometric 
force, a light isotonic strengthening can be started 
with a low-weight and high-repetition program, 
using elastic resistance, also in eccentric modal-
ity (Figs. 31.6, 31.7, and 31.8).

Cuff and deltoid activity should be progres-
sively promoted from supported to unsupported 
arm to maximize dynamic stability of the 
shoulder.

Fig. 31.4 Shoulder isometric stabilization and elbow 
dynamic control in flexion-extension

Fig. 31.5 Rhythmic shoulder stabilization with extended 
arm and low load
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Be aware that an inferior displacement of the 
humerus may cause healing problems to the sub-
scapularis [6].

Reducing guarding reactions may be difficult 
because the residual muscle imbalance, due to pos-
terior cuff deficiency, induces an over-activation of 
the posterior deltoid, teres minor, and teres major, 
which are able to limit scaption or elevation.

Ice and NSAID therapies are always good 
companions to alleviate the pain and inflamma-
tion arising from the mobilization and 
activation.

If pain and stiffness increase without an 
acceptable reason, please refer to the surgeon for 
a check of the inflammatory or infective status of 
the shoulder.

In a normal progression from 4th to 12th 
week, a forward flexion of 120° can be attained 
as well as an external rotation of 45°. Internal 
rotation can be slowly initiated with no pain 
provocation.

Since we often have to manage elderly 
patients, body balance reactions should be 
encouraged as soon as possible to regain the sta-
bility given by the arm.

31.3.3  Intermediate Phase 
of Shoulder Strengthening 
(Phase III)

During phase III, starting approximately at the 
12th week, given that isometric strength until 
shoulder height is satisfactory, progression with 
this kind of force recovery with arm elevation 
from chest height until maximum is encouraged. 

Fig. 31.6 Assisted shoulder stabilization withstanding 
elbow-loaded extension

Fig. 31.7 Isometric shoulder external rotation with arm 
unloaded and compensation control

Fig. 31.8 Shoulder external rotation resisted mobiliza-
tion with arm unloaded and compensation control
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The execution of these exercises should always 
be closely monitored to avoid compensatory 
scapular rotation or protraction.

At the same time, there should be progression 
with the dynamic force recovery under the shoul-
der level, paying attention to enhancing the 
shoulder endurance, minimizing the risk of 
injury/dislocation, and maintaining appropriate 
pain-free shoulder mechanics.

Particular attention must be paid to the correct 
periscapular muscle activation and training of the 
scapula stabilizing muscles to ensure a stable 
baseplate to the “new” articulation. However, it 
should be done without considering all upper tilt 
and protraction movements as pathological, and 
therefore as something that should be forcefully 
corrected, as they can be the necessary, obliga-
tory consequence of a forward flexion attempt of 
a partially stiff or biomechanically unbalanced 
“new” articulation.

Task-specific activities, repeating daily life 
movements, should be encouraged as well as pro-
gressive increase in ARoM in all directions, moving 
off progressively from the “safe zone.” The scapulo-
humeral rhythm must always be monitored [21].

A close monitoring of the patient tolerance of 
exercise and ARoM progression is crucial in this 
phase [22].

Sudden lifting, pushing, and jerking motions 
should be avoided indefinitely to minimize the 
risk of injury/dislocation.

If, to some degree, shoulder stiffness persists, 
gentle, passive mobilization, managed by a 
physiotherapist, should be continued.

In the last part of this phase, movements like 
driving and limited swimming (breaststroke) 
could be permitted.

31.3.4  Final Phase of Functional 
Recovery (Phase IV)

After 4 months, the patient should be able to 
demonstrate functional pain-free shoulder ARoM 
and be independent with an appropriate strength.

At this stage, a shoulder ARoM is typically 
80–120° of elevation, with functional ER up to 
60° and 4–7 kg weight lift.

Am home exercise program, possibly remote 
controlled, must be set up to ensure the 
progression of recovery or at least the maintenance 
of the target obtained.

After 6 months, if satisfactory artrocinematic 
is restored and tissue healing is guaranteed, 
repetitive arm over shoulder movements, weight 
lifting, and contact movements can be allowed 
upon surgeon approval.

At this stage it will be very relevant to com-
pare the outcomes with the initial expectations to 
be able to manage the reduction/adaptation of 
daily life functions for a positive physiological 
balance of the patient. It is imperative that expec-
tations and outcomes match.

rTSA patients can recover to a nearly full 
ARoM with a reasonable force, compared to the 
contralateral, also with a dyskinetic scapular com-
pensation that partially absorbs the glenohumeral 
mobility loss [23]. Therefore, the expectations of 
the patient could be to also recover full function-
ality compared to the normal arm. However, the 
capability of reaching and taking objects is slower 
and less fluent—most likely due to lesions to the 
proprioceptive system caused by the implant as 
well as the detachment of the glenohumeral liga-
ments [24, 25]—and furthermore, the patient has 
limited external rotation. All these disabilities 
reduce the patients’ capability of interacting with 
the surrounding world.

These limitations are not addressed by the sur-
geons’ most used evaluation score system, the 
Constant score [23].

For this reason, the use of a more comprehen-
sive ADL evaluation system like DASH is 
strongly suggested.

Patients with initial cuff tear arthropathy have 
significantly higher improvements in Constant 
score compared with patients undergoing revision 
of the prosthesis, post-traumatic osteoarthritis, 
rheumatoid arthritis, and avascular necrosis.

31.4  Conclusions

As shown in this chapter, the rehabilitation of an 
rTSA-implanted patient is different from other 
shoulder rehabilitation processes. On one hand, 
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more attention must be paid to biomechanical 
issues to obtain a reasonable functional recovery 
and to avoid risks of implant failure or dislocation. 
On the other hand, attention must be paid to the 
psychological aspects to avoid psychological dis-
tress of the patient.

A multimodal patient education, tailored to 
individual preferences and experiences, which 
may differ according to characteristics such as 
gender and age, could provide invaluable support 
in facing all psychological aspects related to the 
joint replacement; however, it requires a specific 
training for all caregivers involved.

If addressed correctly, it could be a challenging 
but gratifying process, giving a “new life” to the 
patient, thanks to the functional recovery of the arm.
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The original indications for reverse shoulder 
arthroplasty (RSA) were the cuff tear arthropa-
thy, anatomic total shoulder arthroplasty failure, 
and tumor reconstruction [1, 2]. However, the 
increasingly widespread use of the RSA leads 
shoulder surgeons to implant RSA in case of 
severe proximal humerus fractures, shoulder 
pseudoparalysis, and massive irreparable rotator 
cuff tear in absence of cuff arthropathy [2–4].

A recent study [5] analyzed the long-term out-
comes of the RSA, with a minimum and mean 
follow-up of 10 and 12.5 years, respectively. The 
authors considered 87 implants and concluded 
that despite a high arthroplasty survival rate and 
good long-term clinical results, RSA outcomes 
showed deterioration 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. In detail, the mean age at the time of sur-
gery was 72.7  years, and Grammont-designed 
prostheses were used in all patients. At last fol-

low-up, mean absolute and relative Constant- 
Murley scores (and standard deviations) were 
55 ± 16 points and 86 ± 26 points, respectively. 
Both scores remained acceptable but have 
decreased significantly compared with the scores 
at the medium-term follow-up, at a minimum of 
2 years (63 ± 14 and 90 ± 21 points, respectively), 
except for the pain subgroup score. Similarly, 
anterior active elevation improved significantly 
after prosthesis implantation but decreased sig-
nificantly between the medium and long-term 
follow-up evaluations (138° and 131°, respec-
tively). Rotational range of motion did not dimin-
ish between the medium and long-term follow-up 
assessments.

The complication rate was 29% and only 10% 
occurred after 2 years. The 73% of the shoulder 
exhibited scapular notching, 61% of these cases 
were classified as Sirveaux stage 1 or 2. There 
were no statistically significant differences in 
long-term Constant scores between patients with-
out notching or with a lower stage of scapular 
notching (0, 1, or 2 grade) and those with a higher 
stage of scapular notching [3 or 4]. Finally, 12% 
of the patients underwent revision surgery. The 
10-year overall prosthetic survival rate using 
revision as the end point was 93%. Other authors 
[6, 7] who analyzed the long-term survival of 
RSA demonstrated similar results.

These studies showed that strength and ante-
rior active elevation decreased, suggesting an 
impairment of active deltoid power. Muscle con-
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tractions of the deltoid tensioned by a lowered and 
medialized center of rotation correspond to alter-
nating no physiological contraction- stretching 
cycles. Thus, impaired deltoid efficiency could be 
the result of muscle senescence coupled with no 
physiological biomechanical requirements [8–
10]. Besides, functional decline varied among the 
different etiologies leading to the RTSA [5]. 
Rotator cuff tear arthropathy, primary osteoarthri-
tis, and massive rotator cuff tear were associated 
with the least long-term deterioration, while failed 
previous arthroplasty and post-traumatic arthritis 
were associated with a greater decrease [5].

32.1  RSA in 3–4-Part Proximal 
Humeral Fractures

Proximal humeral fractures account for about 5% 
of all fractures [11]; 33% of proximal humeral 
fractures occurred in the elderly [12, 13] repre-
senting the third most frequent fragility fracture.

Among proximal humeral fractures, displaced 
three- and four-part fractures account for 13–16%, 
respectively [14–16]. Currently, the main treat-
ments in these patients include nonoperation, 
open reduction and internal fixation (ORIF), min-
imally invasive percutaneous pinning, hemiar-
throplasty (HA), and RSA.  In their recent 
meta-analysis, Du et  al. [17] considered seven 
studies [18–24] with a total of 347 patients with 
three- or four-part fractures treated with nonoper-
ation, ORIF, HA, and RSA.  The mean age was 
75  years and follow-up ranged from 24 to 
36 months. The authors concluded that RSA was 
considered as the best choice for three- or four-
part proximal humeral fractures in terms of both 
functional result and complication rate. The detail 
about mean Constant scores and reoperation rate 
in each treatment is shown in Table 32.1. These 
results are similar to those of previous series [25–
28]. In their meta-analysis, Shukla et al. [25] com-
pared RSA to HA stating that RSA was 
significantly more favorable than HA in terms of 
forward elevation, abduction, tuberosity healing, 
and Constant-Murley, ASES, and DASH scores. 
Only external rotation was clinically worse in 
RSA.  In their prospective cohort study, Klein 

et  al. [27] showed that elderly patients treated 
with RSA reached a mean of 122.6° of forward 
flexion and 112.5° of abduction with a mean 
Constant score of 67.8. In a similar study, Bufquin 
et al. [28] evaluated the use of RSA for the treat-
ment of three- and four-part fractures in the 
elderly. Interestingly, the authors stated that tuber-
osity nonunion only slightly affected external 
rotation but did not affect any other motion 
parameter at final follow-up. This study shows 
that tuberosity nonunion may not significantly 
affect the final outcome after RSA and that RSA 
may be the best option for patients with commi-
nuted tuberosity fracture and osteoporosis. 
Despite these good results, the complication rate 
ranges from 0 to 68% including instability, com-
plex regional pain syndrome, wound infection, 
scapular notching, hematoma, nerve injuries, 
early loosening, and periprosthetic fracture [26].

Thus, although with the lack of long-term 
results, compared with HA and ORIF, RSA leads 
to better short- and mid-term outcomes in elderly 
patients with osteoporotic comminuted proximal 
humeral fractures.

32.2  Pseudoparalytic Shoulder

The term shoulder pseudoparalysis does not have 
a uniform interpretation; in medicine paralysis 
means no motion, and it should indicate a no active 
shoulder elevation with maintained passive eleva-
tion. In 2005 Werner et al. [29] correctly defined 
pseudoparesis of the shoulder like a chronic mas-
sive rotator cuff tear with active elevation less than 
90°, with a free passive elevation.

The mean treatments for this pathology were a 
nonoperative rehabilitation [30], partial and 
complete rotator cuff repair [31, 32], RSA [29], 

Table 32.1 Mean Constant-Murley scores and incidence 
of secondary surgery in each treatment at last follow-up, 
as showed in Du et al. study [17]

RSA HA Nonoperation ORIF
Mean CS 56 56 52 50
Reoperation rate 3.2% 13% 3% 16.3%

CS Constant-Murley score, RSA reverse shoulder 
arthroplasty, ORIF open reduction internal fixation
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and RSA with muscle transfer [33]. All these 
approaches showed a postoperative improvement 
of the shoulder scores. Furthermore, cuff repair 
with augmentation or spanning patches by 
allograft or xenograft [34–36] and the superior 
capsular reconstruction (SCR) [37] are recent 
techniques introduced for these patients.

Analyzing the recent literature [29–34, 38–
48], it turns out that the combined RSA-muscle 
transfer group reached the highest postoperative 
Constant-Murley score with a final value of 62.

In patients older than 65  years, shoulder 
arthroplasty is the most studied treatment method 
for pseudoparalysis in the literature [49]; 
especially in combination with significant 
shoulder arthropathy, RSA may be the only 
reliable approach to improve the range of motion 
and to restore a pain-free shoulder.

In patients mainly affected by a forward ele-
vation deficiency, RSA showed improved post-
operative outcomes regarding active elevation, 
with mean values ranging from 100° to 126° and 
a mean postoperative improvement of 47°–67°, 
higher Constant scores with a mean improve-
ment of 30–37 points, and improved pain  
scores [49].

Patients affected by a combination of external 
rotation and forward flexion deficit have been 
treated with combined RSA and muscle transfer 
procedures. The latissimus dorsi alone or in 
association with teres major is the most 
transferred muscle-tendinous unit [33, 43, 47]. 
Literature [33, 43, 47] found positive results both 
for elevation and external rotations; the first one 
ranged from 126° to 149°, with a mean 
postoperative improvement of 61°–78°; similarly, 
postop external rotation improved to 34°–36°.

In the pseudoparalytic patients treated with 
RSA without muscle transfer, postoperative 
external rotation (ER) may be a function of 
prosthetic design; in fact, better ER scores are 
reported with more lateralized implants. Ek et al. 
[47] and Werner et  al. [29] used a medialized 
design RSA (Grammont design) and found losses 
of mean postop ER of 1° and 5°, respectively. In 
contrast, Valenti et al. [42] reached a mean 15°–
30° ER improvement in their group of patients 
with a lateralized RSA.

In conclusion, RSA in pseudoparalytic 
patients is associated with the best postop 
outcomes in terms of Constant-Murley score and 
forward elevation compared with all the other 
treatments. Moreover, patients with significant 
external rotation deficit may be best suited for 
treatment with either an implant with a lateralized 
center of rotation or a Grammont-style implant 
with a combined muscle transfer.

32.3  RSA in Irreparable Massive 
RCT Without Arthropathy

Patients with massive irreparable rotator cuff 
tears (MIRCTs) without the presence of 
osteoarthritis have a high likelihood of achieving 
a painless shoulder and functional improvements 
after RSA; Sevivas et  al. in their recent meta- 
analysis [50] reached this conclusion. The authors 
investigated the six most representative studies 
[3, 42, 46, 51–53] that assessed the outcomes of 
RSA in patients with massive irreparable rotator 
cuff tears (MIRCTs) without osteoarthritis; 266 
shoulders were considered, with a mean 
follow-up of 4  years (range 34–61.4  months). 
The investigation showed that RSA led to 
significantly improved shoulder outcomes in 
patients with MIRCTs. The mean improvement 
was the gain of 28–36 points in terms of weighted 
Constant-Murley score and 31–42 points in terms 
of weighted ASES score. In detail, after RSA 
treatment the forward flexion yielded a significant 
improvement (average difference of 41.8°), the 
same for the external rotation (average difference 
of 12°) and pain relief (average improvement of 
−5.2 points) from the preoperative period. The 
complications rate ranged between 4.1 and 20%: 
local infections, dislocation, and component 
failure were the most frequent, and the revision 
rate ranged from 1.4 to 8.3%.

In patients with isolated loss of active external 
rotation related to an irreparable posterosuperior 
cuff tear without osteoarthritis, Boileau et al. [33, 
54] advocated that only a tendon transfer 
(specifically, the authors consider the latissimus 
dorsi, alone or in association with the teres major) 
can restore it. In cases with combined loss of 
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active elevation and external rotation, the tendon 
transfer should be performed with an 
RSA.  Recently, the same conclusions were 
reached by Hartzler et al. [52] that advocated a 
mean active external rotation gain of 39° in these 
patients, when latissimus dorsi transfer was 
associated to the RSA.

In older patients with symptomatic MIRCTs 
without osteoarthritis that failed to improve with 
conservative treatment and presenting signs cuff 
irreparability, RSA significantly improves 
shoulder outcomes, such as pain, function, and 
mobility. However, it should be emphasized that 
the complication rate can be as high as 1 in each 
5 RSAs. Moreover, the revision rate is 
approximately 1  in each 12 patients at short to 
medium term. Thus, in these patients, RSA 
should be recommended.

32.4  Massive Irreparable Rotator 
Cuff Tears with Arthropathy

Cuff tear arthropathy (CTA) is a well-defined 
pathology. It was firstly described by Neer 
et  al. [55] as a pathological condition of the 
shoulder characterized by the association of 
massive rotator cuff tear and glenohumeral 
joint degeneration, often accompanied by an 
anterosuperior migration of the humeral head. 
In his recent meta-analysis, Petrillo et al. [56] 
considered seven studies [3, 41, 42, 57–60] 
regarding patients suffering of CTA that were 
treated with RSA.  Overall, 408 shoulders in 
396 patients were enrolled. The mean age at 
the time of surgery was 71.9 ± 3.2 years (range 
34–95  years), and the mean follow-up was 
2.9 ± 1 years (range 12–101 months). A statis-
tically significant improvement in all clinical 
scores and ROM was found comparing the pre-
operative and postoperative values. A gain in 
the anterior elevation (mean preop 51° ± 13.2, 
mean postop 124.4° ± 11.9), abduction (mean 
preop 41.1° ± 5.7, mean postop 115.4° ± 9.8), 
and external rotation with the arm in adduc-
tion on the side (mean preop 17.1° ± 6.9, mean 
postop 27.7°  ±  13.8) was found. The mean  

improvement in active external rotation with the 
arm at 90° of abduction was 28.5°. Similarly, 
pain (mean preop 6.5  ±  0.4, mean postop 
1.8 ± 0.4) and clinical scores (ASES, from 29.4 
to 72.2; Constant- Murley, from 31.4 to 60.3; 
UCLA, from 15.2 to 26.9; SST, from 2 to 7.5) 
improved after surgery.

Nevertheless, 17.4% of complications 
occurred; the most frequent was heterotopic 
ossification, occurring in 6.6% of patients. 
Revision surgery was necessary in 7.3% of cases.

Considering these results, deltoid can restore 
anterior elevation and abduction ROM, but it 
cannot provide appropriate external rotation. 
Usually, in patients with CTA in which the 
posterosuperior cuff is deficient, the teres minor 
(TM) [61] is the only available external rotator 
muscle. Accordingly, the active external rotation 
ROM achieved after RSA depends on the 
condition of this tendon; however, in the elderly 
population, it is often retracted, atrophied, or 
fatty infiltrated [62].

Probably, a preoperative accurate MRI evalua-
tion of the TM could be useful to predict the 
capacity to externally rotate the arm in patients 
with CTA undergoing RSA, offering also the 
possibility to plan a tendon transfer procedure in 
association with RSA [63]. Some authors [64–
66] proposed to increase humeral retroversion in 
order to gain greater active external rotation. In 
several biomechanical studies, it was reported 
that placing the humeral component retroversion 
at 20° [67] or from 20° to 40° [68] increases the 
degrees of external rotation and impingement- 
free ROM, reducing scapular notching. On the 
other hand, better internal rotation ROM can be 
obtained improving the humeral stem anteversion.

In the Petrillo’s series [56], the humeral stem 
retroversion was 30° in 131 shoulders (32.1%), 
20° in 76 shoulders (18.6%), and from 10° to 20° 
in 141 shoulders (34.5%). However, the degrees 
of retroversion of the humeral stem (30° vs. 10°–
20°of stem retroversion) did not influence the 
functional outcomes of RSA.

Based on these data, RSA restores pain-free 
range of motion and improves function of the 
shoulder in patients with CTA.
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32.5  RSA in Patient Younger than 
65 Years Old

RSA has classically been reserved for patients 
older than 65 years, and the more recent literature 
[5] confirmed that good short-, medium-, and 
long-term outcomes can be achieved in these 
patients. Questions remain about the utility of the 
RSA in younger subjects.

Despite the paucity of data on outcomes in 
this younger population, improvements in 
surgical technique and implant design have led to 
increased use of the RSA in a younger, more 
active population [48, 69, 70]. Several studies 
discussed high complication, revision rates and a 
drop-off in clinical outcomes over time as factors 
that could limit the successful use of the RSA in 
younger patients [71–73].

Recently, Samuelsen et al. [74] reviewed the 
literature and evaluated 67 shoulders with a mean 
age of 60 years (range, 50–65 years), treated with 
RSA for cuff tear arthropathy, severe 
glenohumeral arthritis, and osteonecrosis in 76, 
22, and 2% of cases, respectively. The authors 
stated that patients gain significant improvements 
in clinical score and range of motion without a 
large number of early failures; however, the mean 
follow-up was only 3  years (range, 2–8  years). 
Patients experienced significant improvements in 
pain relief and improved active elevation (58° vs. 
132°), active abduction (57.5° vs. 132.4°), and 
active external rotation (20.1° vs. 39.4°) after 
surgery. At the last follow-up, 90% of patients 
were satisfied with their result, and 85% felt they 
were better or much better than before surgery. 
Complications occurred in 9%: there was an 18% 
incidence of scapular notching, 3% incidence of 
dislocation, and no loosening. Finally, the 
revision-free survival rate was 99 and 91% after 2 
and 5  years postoperative, respectively. Post- 
traumatic instability and deep infection were the 
mean reason for revision.

These results are comparable to those of pre-
vious studies [48, 69, 70] that evaluated patients 
younger than 65 submitted to RSA. The youngest 
patients, in each of these series, demonstrated 
significant improvement in active elevation, pain 

scores, and ASES and Constant scores [48, 69, 
70]. However, the authors reported an overall 
complication rate ranging from 13.9% [69, 70] to 
37.5% [48] and slightly worse 5-year and 10-year 
reoperation-free survival (88 and 76%, respec-
tively) [48] compared to Samuelsen [74]. 
Interestingly, Ek et al. [48] found no decline in 
the subjective shoulder value at the 10-year fol-
low-up in their study of patients younger than 
60 years.

32.6  Muscle-Tendinous Transfer 
and Lateralized Implant

In 2007, Boileau [54] and Gerber [75] stated that 
in patients with irreparable posterosuperior 
rotator cuff tears, cuff arthropathy, and loss of 
active external rotation, RSA in combination 
with latissimus dorsi transfer (LDT) is reported 
to restore active abduction, anterior flexion, and 
active external rotation [54, 75]. Clinical 
indication to this treatment is based on abduction 
and/or anterior flexion of no more than 90°, 
shoulder pain, a positive dropping arm sign, and 
a horn-blower sign. Usually, patients with 
sufficient teres minor function will not show an 
external rotation lag sign or a positive horn- 
blower sign. Therefore, in the presence of an 
intact teres minor, most authors advise against a 
combined procedure.

A recent systematic review [76] analyzed 
short- and medium-term clinical and radiological 
outcomes following RSA, combined with the 
latissimus dorsi transfer (LDT) alone or with 
teres major, in patients with large irreparable 
posterosuperior rotator cuff tears, cuff 
arthropathy, and loss of active external rotation. 
The authors investigated 7 articles [43, 47, 52, 
77–80] with a total of 118 shoulders. The 
weighted mean follow-up period was ~ 4 years 
(range, 23–65.4 months), and the weighted mean 
age at last follow-up was 69.2  ±  2.8  years. All 
studies reported significant improvement in 
functional scores, abduction, and external 
rotation. In particular, the adjusted mean Constant 
score increased from 38.8% ± 4.2 (range, 26–47) 
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to 81% ± 4.2 (range, 58–93) in the postoperative 
period. The mean preoperative and postoperative 
ASES scores were 51 and 73  ±  7.4 points, 
respectively. The mean SST value was 2  ±  0.8 
(range, 1.9–2.5) preoperatively and 7.5  ±  0.9 
(range, 7–7.9) postoperatively. The postoperative 
VAS score decreased to 1.7  ±  0.7 (range, 1.1–
1.7), starting from 7.2 ± 0.9 (range, 3.5–8.4). In 
terms of ROM improvement, the weighted mean 
pre- and postoperative external rotation was −10° 
(range, −30°–12°) and 27° (range, −10°–40°), 
respectively. The pre- and postoperative forward 
flexion was 64° (range, 40°–100°) and 128° ± 5.9 
(range, 100°–170°) and the abduction 64° (range, 
31°–87°) and 138°  ±  6.5 (range, 92°–149°), 
respectively.

Regarding the radiologic outcomes, glenoid 
loosening was found in only one patient; scapular 
notching was reported in 35% of patients, and it 
consisted in a grade 1–2 in the majority of cases 
(73%).

Overall, complications occurred in 26% of 
patients. The LDT-specific complications (nerve 
palsies, subluxation, and partial tear) were 
present in seven subjects, yielding a complication 
rate of 6%. The highest complication rate was 
reported in the study of Shi et  al. [80], with a 
complication rate of 43%.

The advantages of lateralization include that 
the center of rotation and offset more closely 
approximate those of the normal glenohumeral 
joint. Such lateralized designs have shown to 
decrease scapular notching while potentially 
improving rotation [42, 57]. However, some 
authors stated that metallic lateralization 
increases torque and shear forces on the glenoid 
component, which could lead to glenoid 
loosening [42, 81, 82]. A recent meta-analysis 
[83] analyzed 13 recent and significant studies. 
The authors compared the results of patients 
treated with a traditional Grammont-designed 
RSA prosthesis and with a lateralized implant for 
cuff tear arthropathy and massive irreparable 
tears. Overall, 349 patients were evaluated, the 
mean age was 70 years in both groups, and mean 
follow-up was 3.7  years (41.7  months in the 
traditional group and 47.6  months in the 
lateralized group). Lateralized implant 

significantly improved the external rotation, with 
a mean gain of 24° in the traditional group and 
46° in the lateralized group. The rate of scapular 
notching and glenoid loosening was lower in 
lateralized RSA. Notching was noted in 44.9 and 
5.4% of patients, respectively, in the traditional 
and lateralized group. The rate of clinically 
significant glenoid loosening was 1.8 and 8.8% in 
traditional and in the lateralized implant, 
respectively. The total reported complication rate 
was 15.4% in the traditional group and 22.8% in 
the lateralized group. Finally, the overall 
reoperation rate was 7.1 and 10.4%, respectively.

In the traditional group, the mean weighted 
postoperative Constant-Murley score was 65.5 
with a mean Constant pain subscore of 12.2. In 
the lateralized implant, the mean weighted 
postoperative VAS score was 1.9; no studies in 
the lateralized RSA group reported Constant 
scores. No significant difference was found in 
terms of postoperative forward elevation (134° in 
the traditional group and 128° in the lateralized 
group).

We can conclude that both the traditional 
Grammont implants and the lateralized offset 
reverse arthroplasty designs can improve pain 
and function in patients with cuff tear arthropathy 
and irreparable rotator cuff tear; a lateralized 
design can result in increased active external 
rotation and decreased rates of scapular notching 
and glenoid baseplate loosening.

32.7  RSA With and Without 
Subscapularis Repair

Repair of the subscapularis tendon with RSA is 
controversial. Some studies [84, 85] suggested 
that the risk of instability increased if 
subscapularis is not repaired with a prosthetic 
design that medializes the center of rotation. In 
particular, Edwards et  al. [85] reported a mean 
5.1% dislocation rate with the Grammont RSA 
prosthesis. This value was doubled if the 
subscapularis was not repaired. In addition, 
biomechanical studies reported that not repairing 
the subscapularis requires significantly less force 
to be generated by the deltoid and the posterior 
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rotator cuff throughout arm abduction [86]. When 
subscapularis was repaired, the joint reaction 
force increased by 28%, the required deltoid 
force increased by 14%, and the required 
posterior rotator cuff force increased by 34% 
[87]. Thus, reasons for repairing the subscapularis 
include anatomic preservation of a functioning 
rotator cuff muscle and an increased potential for 
internal rotation. On the other hand, theoretical 
reasons for not repairing the subscapularis 
include the following: It may be biomechanically 
unfavorable for deltoid function because with 
RSA the subscapularis reacts as an adductor [86–
88]; furthermore, it may be biomechanically 
unfavorable for the posterior rotator cuff, and not 
repairing the subscapularis minimizes the force 
required by these muscles to generate external 
rotation [86–88].

In 2017 Friedman et  al. [84] compared 340 
patients submitted to the RSA with subscapularis 
repair to 251 patients without reparation. The 
mean age was 72.5 years (range, 50–93 years), 
and the mean and minimum follow-ups were 3 
and 2  years, respectively. All patients showed 
significant improvements in pain and function 
scores after treatment with RSA.  For both 
cohorts, ASES and Constant-Murley scores 
significantly improved, as for range of motion. 
However, the repaired cohort had significantly 
higher postoperative ASES and Constant scores 
(from a preoperative mean of 39 to a postoperative 
mean of 87 points and from 35 to 73, respectively) 
and significantly more internal rotation score 
(from 3 to 5 points), whereas the non-repaired 
cohort had significantly more active abduction 
(from 75° to 119°) and passive external rotation 
(from 31° to 50°).

The complication rate was 7.4% (in particular, 
there was 0% dislocations) for the subscapularis- 
repaired cohort and 6.8% (with 1.2% dislocations) 
for the cohort without subscapularis reparation. 
The RSA subscapularis-repaired cohort had a 
scapular notching rate of 10.4%, whereas the 
non-repaired cohort had a rate of 10.7%. No 
significant differences were noted in the rate of 
complications and scapular notching.

These results compare favorably with the pre-
vious studies published in the literature [57, 59, 

89, 90]. Thus, significant clinical improvements 
were observed for both the subscapularis-repaired 
and non-repaired cohorts. The repair of the sub-
scapularis did not lead to inferior outcomes as 
predicted by biomechanical models, and no dif-
ference was noted in the complication rates or 
scapular notching rates, between patients with 
and without subscapularis repair.
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