
Abstract

A shoulder replacement is indicated in patients affected
by glenohumeral arthropathy with severely reduced
range of  motion, persistent pain, especially at night, and
loss of  strength. There is much discussion in the scien-
tific community about the prosthetic options for these
cases: hemiarthroplasty, anatomic total shoulder arthro-
plasty, and reverse total shoulder arthroplasty. We analy-
zed the indications for, results of, and complications
associated with this kind of  surgery, focusing on anato-
mic arthroplasty and on the concept of  modularity.
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Introduction

The first shoulder prosthesis was implanted in 1893 by
the French surgeon Péan. The patient was a baker
affected by tubercular arthritis. For a short time, his
range of  motion was found to be improved, but the
infection recurred and the prosthesis was removed
two years after its implantation (1).
The development of  modern shoulder arthroplasty
dates back to 1951, when Charles Neer used vitallium
prostheses to treat proximal humerus fractures.
Before long, these prostheses were also being used in
fracture sequelae and osteonecrosis. In an article
published in 1970, Neer reported a 90% rate of  good

or successful outcomes in 43 patients (2); he progres-
sively modified the prosthesis, to make it suitable for
treating glenohumeral osteoarthritis (OA), and added
a polyethylene glenoid component. 
During the same period, many groups in Europe and
in the United States, transferring the constrained hip
prosthesis concepts to the shoulder, developed new
prostheses. However, in the 1970s and 1980s, the use
of  constrained shoulder prostheses produced unac-
ceptable glenoid loosening rates and poor clinical out-
comes, leading to the misconception, which is still pre-
valent today, that shoulder arthroplasty is not effective. 
Conversely, in a 1982 study of  250 total shoulder arth-
roplasties, performed for a variety of  inflammatory
degenerative or post-traumatic conditions, Neer et al.
reported a very high satisfaction rate and excellent
functional outcomes in patients who had no rotator
cuff  lesions (3). In this study, Neer classified the indi-
cations for shoulder arthroplasty and evaluated the
outcomes for each indication. This classification
remains relevant today. 
In those years, Neer’s monoblock prosthesis was repli-
cated and improved by the introduction of  a modular
prosthesis having two components (a stem and a head)
that were each available in various sizes to enable
adjustment to the patient’s geometry. The aim was to
overcome the limitations related to the anatomical
variations of  the humerus, the space available for the
joint, and the diameters of  the medullary canal of  the
humerus. With regard to the glenoid component, some
models offered fixing without cement, but with screws
and porous metal coatings to support the polyethylene.
Two major problems were encountered. First, the pro-
sthetic head was often poorly positioned in both the
vertical and the horizontal planes. Second, the head
was frequently oversized. Despite their modularity,
second-generation prostheses did not allow replica-
tion of  the proximal humeral anatomy and even crea-
ted new problems. Thus, in the 1990s, techniques allo-
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wing accurate computerized measurements of  proxi-
mal humerus geometry and of  different sizes of
humerus were developed. These measurements in flu -
enced the concepts underlying anatomic reconstruc-
tion of  the proximal humerus (4), leading to the deve-
lopment of  third-generation prostheses, adaptable to
the individual characteristics of  each patient. 
Nowadays, the head components are available in seve-
ral sizes and thicknesses, and the position of  the head
relative to the shaft can be adjusted. By resecting the
humeral head at the anatomic neck and using an
implant that can be constructed to match the original
head retroversion, inclination, medial and posterior
offset, and to have a depth identical to that of  the
native humeral head, the individual lever arms of  the
rotator cuff  muscles are restored. Today, this “anato-
mic reconstruction” of  the joint results in normal
kinematics and kinetics (5). 

Anatomic shoulder arthroplasty
in osteoarthritis

A shoulder replacement is indicated in patients affec-
ted by glenohumeral arthropathy with severely redu-
ced range of  motion, persistent pain, especially at
night, and loss of  strength.
There is much discussion in the scientific community
about the prosthetic options for these cases: hemiarth-
roplasty, anatomic total shoulder arthroplasty (TSA),
and reverse total shoulder arthroplasty (RTSA).
The indications for TSA are: severe primary OA or
secondary OA caused by instability, osteonecrosis,
inflammatory joint diseases and, in some cases, com-
plex proximal humeral fractures. 
Instead, a TSA cannot be implanted when the soft tis-
sues are no longer reparable or there is a severe poste-
rior glenoid deficiency, due to degenerative patholo-
gies, trauma or previous surgery.
The presence of  a functioning rotator cuff  is manda-
tory to obtain a good result. In cases with a reparable
cuff  tear, TSA remains a valid option (6). 
If  OA is associated with recurrent instability or with
excessive capsular laxity, it is possible to associate the
appropriate soft-tissue balancing, or to use a larger
head that will increase joint stability, by increasing cap-
sular tension (7). 
In patients younger than 50, with rotator cuff  insuffi-
ciency, an intact coracoacromial arch and adequate
abduction strength provided by the deltoid muscle, it

is possible to perform anatomical replacement or head
resurfacing (7, 8).
Reaming of  the glenoid is essential in TSA. The ver-
sion of  the glenoid must be properly corrected, consi-
dering the central axis of  the glenoid. It is essential to
restore the glenoid arc, which is necessary to ensure
joint stability, cuff  balance and deltoid forces. Failure
to do this results in a risk of  premature loosening of
the glenoid component (rocking horse effect) (9). 
Axial images of  a CT scan are useful for evaluating the
morphology of  the glenoid surface and measuring the
depth of  the glenoid; the glenoid depth must be at
least 15 mm in order for the bone stock to be consi-
dered sufficient for the implant (10).
In OA, focal load concentration and progressive joint
surface deformation typically cause posterior glenoid
wear, resulting in a “biconcave” glenoid (11). When
there is alteration of  the glenoid anatomy, normal load
transfer and stability cannot be restored by hemiarthro-
plasty; indeed, the use of  this technique in the presence
of  glenoid wear is associated with poor outcomes (12). 
Biologic glenoid resurfacing procedures, such as the
interposition of  fascial, capsular or meniscal allograft
tissue, can be considered in order to address the pro-
blem of  glenoid wear. The important questions about
these procedures, which remain unanswered, concern
the durability of  the interposed material and whether
or not the material becomes fixed to the glenoid bone.
In the presence of  severe wear, it is, nevertheless, pos-
sible to implant a prosthetic glenoid component, but
the risk of  mobilization in the medium and long term
is substantially increased (13, 14). 
In patients with glenoid dysplasia, there are different
treatment options: bone grafting of  the deficient
region in conjunction with the placement of  a glenoid
component; bone grafting or glenoid osteotomy alone
in conjunction with a hemiarthroplasty; or use of  a
glenoid component with metal augments that substi-
tute for the deficient bone (15). Other Authors have
adapted their choice to the glenoid abnormality and
chosen hemiarthroplasties when the bone stock was
not sufficient (10). 
Correct reaming of  a degenerative glenoid can be a
difficult procedure in TSA (16-22). Mild deformities
may be corrected by eccentric reaming. However,
severe deformities have a high rate of  failure at mid-
term follow-up. A biconcave glenoid (23, 24) is a dif-
ficult situation from the perspective of  reconstruc-
tion; the use of  a TSA in this situation is associated



with high failure rates due to early glenoid loosening
or recurrent posterior instability. When posterior
humeral head subluxation is greater than 80% or
retroversion of  the replaced glenoid is greater than
27°, an unacceptably high rate of  complications has
been observed. When posterior erosion cannot be
adequately corrected with eccentric reaming, particu-
larly in older patients, RTSA may be a viable alternati-
ve to unconstrained TSA.
Static posterior subluxation of  the humeral head
(PSH) (subluxation index of  >65%) is often associa-
ted with primary glenohumeral OA or secondary to
anterior shoulder repair (which can lead to a loss of
glenohumeral external rotation without any abnorma-
lity of  glenoid version) and may persist following
TSA. There is no correlation between the presence or
absence of  static PSH and a specific range of  glenoid
or humeral version, or altered capsulolabral biomecha-
nics, the condition being primary or secondary to
prior anterior stabilization procedures.
Preoperative PSH was recently shown to be the pri-
mary contributor to early glenoid loosening in a series
of  metal-backed uncemented glenoid prostheses (25).
Nevertheless, excellent clinical results can be obtained
with TSA in OA associated with PSH. The combina-
tion of  a generous capsulolabral release, adequate
mobilization of  the subscapularis musculotendinous
unit, attempted correction of  glenoid version by
eccentric reaming, and reproduction of  native hume-
ral retrotorsion corrects static PSH in the vast majority
of  cases (26). However, postoperative PSH is likely to
lead to rim loading of  the glenoid component, accele-
rated polyethylene wear and glenoid loosening. It is
possible that PSH which persists postoperatively may
be due to overtensioning of  the subscapularis or
excessive rotator interval closure.

Fracture shoulder arthroplasty

When treating three or four-part fractures of  the pro-
ximal humerus, surgeons in the United States and
Europe find it difficult to replicate the 90% rate of
good or excellent outcomes reported by Neer with his
original prosthesis. The main problem concerns the
healing of  the tuberosities around the prosthesis, with
most case series showing non-union, resorption or
displacement of  the greater tuberosity. Therefore, can
anatomic shoulder prosthesis still be considered a
good surgical solution? 

Although shoulder hemiarthroplasty is technically
demanding in the presence of  fractures, with difficulty
often encountered in achieving the correct humeral
stem height and appropriate retroversion of  the pro-
sthesis (27), it has traditionally been considered the
“gold standard” for fractures in which adequate open
reduction and internal fixation (ORIF) cannot be achie-
ved or is contraindicated. Shoulder hemiarthroplasty is
particularly indicated in cases in which avascular necro-
sis (AVN) of  the humeral head seems inevitable.
According to Hertel et al. (28), the predictors of  AVN
of  the humeral head are the integrity of  the medial
hinge, the length of  the dorsomedial metaphyseal
extension of  the head fracture (calcar length), and the
fracture type. In the elderly, fracture-dislocations, dis-
ruption of  the medial periosteal hinge, and non-recon-
structable head-split or humeral head impression frac-
tures should be managed by hemiarthroplasty (29).
Also, when ORIF cannot provide a stable anatomically
reduced fracture in young individuals without rotator
cuff  tears or comminuted fracture and with good bone
quality, a humeral head replacement may be considered.
Repair and healing of  the greater and lesser tuberosi-
ties are among the factors that have the greatest
influence on the fate of  a shoulder hemiarthroplasty
(30). Evolutions in tuberosity fixation techniques and
in implant design (the development of  fracture-speci-
fic humeral stems) represent attempts to rectify some
of  the early problems involving tuberosity healing and
implant malpositioning.
In acute fractures, shoulder hemiarthroplasty is usually
preferred to TSA given that, in these cases, significant
glenoid cartilage damage has not yet developed (31).
Additional reasons for choosing shoulder hemiarthro-
plasty are the avoidance of  glenoid component com-
plications (e.g., loosening, polyethylene wear) and the
feasibility of  secondary conversion to TSA if  required
(32). Modular prostheses facilitate restoration of
head-tuberosity-shaft relationships by variable adjust-
ment of  humeral height, offset and retroversion (33).

Modularity

The results of  studies involving shoulder hemiarthro-
plasty as a treatment for humeral head fractures are
not homogeneous, with many patients reporting pain
relief  with varying functional results. However, the
survival rate reported in recent studies ranges from 50
to 80% at medium-term follow-up (34). Implant failu-
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re is frequently due to tuberosity resorption, tubero-
sity non-union and rotator cuff  deficiency (30). 
Successful management of  failures continues to be a
challenge. Revision of  the implant to RTSA may be
one possible option (35). Generally, revision surgery is
highly demanding due to the need to remove the
humeral stem. The presence of  the cement or of  mar-
ked ingrowth of  a cementless component makes the
revision procedure difficult and carries a risk of
humerus fracture (36). In fact, a well-fixed humeral
implant constitutes an additional source of  difficulty
when, as in most cases, the reason for the revision is a
problem with the glenoid component or the presence
of  a rotator cuff  failure. The use of  a modular shoul-
der system allows revision of  an anatomic prosthesis
to RTSA with a reduced complication rate.
Modularity is provided by a range of  humeral heads of
increasing size. A single head thickness is used for
each diameter so that the anatomical variations
encountered can be better matched. It is important
that the thickness and the diameter of  the articular
surface are always respected so that the muscle-liga-
ment balance of  the shoulder can be recovered and
the different curvature radii of  the head-glenoid com-
plex can be maintained (37).

Results

Nowadays, unconstrained TSA is widely used to treat
glenohumeral OA, rheumatoid arthritis and osteone-
crosis, with good and reproducible results (38, 39). 
The use of  prostheses seems to have a less predictable
outcome in complex humeral fractures as compared
with cuff  tear arthropathy.
Usually the patients are pain free, but most have some
difficulties in activities of  daily living due to a limited
range of  motion. These poor results have led to the
development of  specific implants, dedicated prosthe-
ses for fractures and semi-constrained reverse geo-
metry designs (RTSA) for cuff  tear arthropathy.
The question of  whether TSA or shoulder hemiarth-
roplasty is better for the treatment of  OA is one that
is often debated within the scientific community. In
our experience, better results are obtained with TSA.
This idea is confirmed by a multicenter study showing
better results (greater patient satisfaction and wider
range of  motion) with TSA (18).
Resurfacing hemiarthroplasty is associated with a poo-
rer outcome and a higher risk of  revision than pre-

viously assumed, especially in patients under the age
of  55 years. It seems that TSA should be preferred for
the treatment of  glenohumeral OA (40).
A literature review analyzing the results of  TSA and
hemiarthroplasty for glenohumeral OA was published
by van den Bekerom et al. (41). Pain relief, patient sati-
sfaction and significant improvement in function were
observed at two to seven years of  follow-up in more
than 90% of  cases treated for primary OA with either
hemiarthroplasty or TSA. In patients with minor thin-
ning or small tears of  the rotator cuff  that were ade-
quately addressed at surgery, these conditions were
not found to affect pain, patient satisfaction or range
of  motion. The rate of  revisions, performed for any
reason, was higher in the hemiarthroplasty group
(13%) than in the TSA group (7%) (p <0.001), and no
difference was found between revisions of  the hume-
ral or glenoid component. A trend towards a higher
rate of  complications (of  any kind) was found in the
TSA group (12%) compared with the hemiarthro-
plasty group (8%). In both groups the range of
motion improved. The Authors concluded that TSA
resulted in less need for revision surgery, but had a
higher complication rate. Similar results were pre-
viously found by Singh et al. (39).

Complications

Major complications in shoulder prostheses are: peri-
prosthetic fractures, infections, instability, rotator cuff
lesions, loosening of  the glenoid component and neu-
rological injuries.
The reported prevalence of  periprosthetic fractures is
between 1.6 and 2.3% (42). Potential etiologies include:
osteopenia, cortical thinning due to osteolysis, excessive
reaming of  the humeral cortex during preparation of
the diaphyseal channel and eccentric placement of  the
humeral component (43). These fractures are classified
according to a classification system described by Wright
and Cofield, which is based on the location of  the frac-
ture in relation to the tip of  the prosthesis. The literature
indicates that this classification helps to predict the out-
come of  fractures and is also useful for choosing the
right treatment (42). It is also important, from this per-
spective, to distinguish between the presence and absen-
ce of  humeral component loosening.
The reported prevalence of  infections is between 0
and 4% (44, 45). The effect of  a deep infection at the
implant site may result in patients needing to undergo



protracted antibiotic therapies and urgent revision sur-
gery, which is normally more difficult for the surgeon
and more invasive for the patient.
In general, every area of  osteolysis must be considered
a site of  infection until this diagnosis can be excluded. 
Instability can be superior, anterior and posterior.
Superior instability is generally associated with a rota-
tor cuff  lesion or with a lesion of  the coracoacromial
ligament. In these cases it can be treated by repairing
the rotator cuff  (in young patients) or by converting
to a reverse prosthesis (in the elderly). 
The reported prevalence of  anterior instability is bet-
ween 0.9 and 1.8%, while that of  posterior instability
is 1% (46, 47). Anterior instability is due to a subsca-
pularis lesion or to excessive stem/glenoid antever-
sion. In these cases, subscapularis repair, change of
the component or pectoralis major transposition do
not provide satisfactory results (48, 49), and the only
solution likely to be successful is conversion to TRSA.
Posterior instability is due to excessive posterior cap-
sule laxity or to excessive stem/glenoid retroversion.
Sanchez-Sotelo et al. (48) observed that, when instabi-
lity is addressed and corrected, outcome is better in
patients with posterior instability than in those with
anterior instability. 
Rotator cuff  tears are reported with an incidence bet-
ween 1.3 and 7.8 % (47, 50-53). The subscapularis ten-
don is the mostinjured. Often the lesion is asympto-
matic, but it results in a loss of  strength. To avoid this
complication, care must be taken during surgical
mobilization of  tendons. It is necessary to perform
careful release of  adhesions under the coracoid and
under the glenohumeral ligaments. In the case of  trau-
matic lesions, it is possible, in young patients, to repair
the tendons with good results. In older patients, in
whom the lesion is chronic and there is fatty degene-
ration of  the muscle, there are two possibilities: if  the
lesion is asymptomatic, it is better to try a non-opera-
tive treatment (54); if  the lesion is painful, it is neces-
sary to implant a TRSA. 
With regard to loosening of  the glenoid component it
is noted that the presence of  a radiolucent line around
the glenoid should not have important implications.
Careful preparation of  the glenoid, avoiding excessive
reaming, so as to preserve good bone stock, and use
of  pressurized cement could help to prevent subse-
quent mobilization. Moreover, revision surgery is not
necessary if  patients are completely asymptomatic.
Glenoid loosening can be the consequence of  an

infection, a rotator cuff  tear, or both. Cheung et al.
(55) showed that 30% of  patients with glenoid mobi-
lization had an underlying infection. Half  of  their
sample underwent surgical implantation of  a new
component. These patients recorded better results
than other half, who underwent bone grafting without
glenoid reimplantation (55).
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