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Abstract

The design of humeral implants for shoulder arthro-
plasty has evolved over the years. The new-generation
modular shoulder prostheses have an anatomical
humeral stem that replicates the three-dimensional
parameters of the proximal humerus. An anatomical
reconstruction is the best way to restore stability and
mobility of the prosthetic shoulder and improve
implant durability. However, a perfect anatomical
match is not always possible in, for example, patients
with post-traumatic osteoarthritis of the shoulder and
deformities in the metaphyseal region. To avoid stem-
related complications while retaining the advantages
of the fourth generation of shoulder implants, differ-
ent stemless implants have been developed. The stem-
less shoulder prosthesis is a new concept in shoulder
arthroplasty. The authors review the indications, sur-
gical technique, clinical and radiological midterm
results, and complications of these humeral implants. 
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Introduction

Shoulder arthroplasty dates back to 1893, when the
French surgeon Jules-Émile Péan implanted a plat-
inum and rubber prosthesis to replace a glenohumeral
joint that had been destroyed by tuberculosis.
Thereafter, little progress in design and functionality
was made until 1951, when Neer developed an uncon-

strained Vitallium prosthesis for the treatment of
severe proximal humerus fracture. The humeral com-
ponent for anatomical shoulder arthroplasty initially
designed by Neer was a monoblock with a smooth sur-
face fixed with polymethylmethacrylate (1,2). The
first-generation components met the needs of many
patients, but offered only a mid-range of sizes and did
not precisely reproduce the proximal humerus geo-
metry. The design of new-generation components was
prompted by several studies analyzing the relative vari-
ability of some anatomical parameters. Boileau and
Walch (3), in 1997, described the enormous anatomi-
cal variability of the proximal end of the humerus, with
version, for example, varying between +5° and -55°.
According to this study, the total shoulder arthroplasty
can only be an “unconstrained prosthesis which best
reproduces the normal articulation and matches the
anatomy, kinematics and stability of the joint”.
The new generation of humeral components are
commonly referred to as adaptable and modular.
Depending on the design used, these components
allow correct placement of the prosthetic humeral
head, with positioning referenced to the stem in the
anteroposterior and mediolateral directions (offset or
eccentric). Some implants also allow various degrees
of head inclination. 
The use of modern anatomically designed shoulder
implant systems in combination with glenoid resur-
facing provides significant pain relief and improve-
ment of function in the long term (4,5). However, in
existing modern shoulder prosthesis systems, the
clinical outcome and long-term survival of the pro-
sthesis can be affected, in particular, by problems
with the soft tissues and complications involving the
glenoid component (6-9). By contrast, complications
relating to the humeral component (such as loose-
ning and stress shielding of the humeral stem or
periprosthetic fractures) are much less common (hav-
ing an incidence of approximately 1% according to
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the literature) (6, 8-11). As regards the long-term
outcome of shoulder replacement, the failure rate
increases over time and is directly in line with hip
and knee replacement failure rates (7). A well-fixed
humeral component may need to be removed for
several reasons including infection, component mal-
position, humeral fracture, and glenoid exposure.
The removal of a well-fixed humeral component dur-
ing the course of revision shoulder arthroplasty is a
significant challenge (12). In order to reduce these
complications, many manufacturers progressively
shortened humeral stem implants. For example, the
Tornier Ascend (Tornier, Edina, MN, USA) has stem
lengths ranging from 66 to 98 mm, and the Biomet
Mini (Biomet, Warsaw, IN, USA) has a stem length
of 70 mm. Stem shortening, coupled with elimina-
tion of humeral cement, potentially allows easier
stem removal and improved bone quality in the event
of subsequent revision. Stemless arthroplasty, with
complete humeral stem elimination and reliance on
metaphyseal fixation, provides even greater bone
preservation for possible revision (13).

Stemless shoulder arthroplasty implants

The stemless shoulder prosthesis was introduced as a
new, modern shoulder replacement system designed
to reduce the potential risks associated with using a
stemmed humeral implant. Today, five stemless
shoulder implants are available on the worldwide
market:
- the Arthrex Eclipse stemless shoulder arthroplasty

(Arthrex, Naples, FL, USA), which was first intro-
duced in Europe in 2005;

- the Total Evolutive Shoulder System (TESS), the
world’s first stemless shoulder arthroplasty system,
first implanted in Europe in 2004 (Biomet Inc,
Warsaw, IN);

- the Mathys Affinis Short stemless arthroplasty
(Mathys, Bettlach, Switzerland), introduced on the
market in 2009;

- the Tornier Simpliciti, available, only for the
European market, since 2010;

- the recently introduced Zimmer Sidus stemless
shoulder system (Zimmer, Warsaw, IN, USA).

Indications and contraindications

The indications for an anatomical stemless shoulder
prosthesis include pain and/or decreased function due
to osteoarthritis (OA) (Fig. 1), rheumatoid arthritis,
osteonecrosis, instability arthropathy, post-infectious
arthropathy or post-traumatic arthritis not treated suc-
cessfully with non-surgical means (13). The character-
istic feature of this type of prosthesis is the cementless
metaphyseal fixation of the implant by some mecha-
nism. Its essential advantage is the fixation of the
humeral component without the need to prepare the
humeral diaphysis. In short, the humeral head can be
positioned regardless of the shape of the humeral dia-
physis. As well as in patients with primary OA, this
fixation technique is particularly useful in patients with
post-traumatic OA of the shoulder and extra-articular
deformities of the proximal humerus, which can make
the placement of a conventional stemmed prosthesis
difficult or impossible (13,14). Similarly, a stemless
prosthesis can easily be placed on a humerus that has
hardware, such as an intramedullary nail or screws, that
would impede the passage of a conventional stem.

Fig. 1. Preoperative AP radiograph of a 67-year-old woman showing
concentric degenerative arthritis.
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The contraindications for an anatomical stemless shoul -
der prosthesis include four-part humerus fractures and
inadequate bone stock.

Results: literature review

Because stemless arthroplasty implants have been avai-
lable to surgeons worldwide for only a relatively short
time, there are few published reports on this technique
in the literature. 
The Biomet TESS implant was the first system on the
market. In 2010, Huguet et al. (14) reported the
results of 63 Biomet TESS implants with a minimum
follow-up of three years. The most recent post-opera-
tive radiographs indicated no subsidence or loosening
of the corolla and no evidence of osteolysis, stress
shielding, or radiolucent lines surrounding the corolla
itself. The authors achieved an anatomical reconstruc-
tion in all patients, even in post-traumatic arthritis
cases in which no tuberosity osteotomy was required.
In 2011, Kadum et al. (15) reported on a group of 56
patients treated for a variety of shoulder conditions,
including OA, post-traumatic arthritis, rotator cuff
arthropathy, and proximal humeral fracture. This
group was implanted with the Biomet TESS by stan-
dard hemiarthroplasty, primary total shoulder arthro-
plasty, or reverse arthroplasty, either with or without
the optional intramedullary stem attachment to the
corolla. Unfortunately, given the marked heterogene-
ity of the patient group, little can be concluded from
this study.
In 2013, Razmjou et al. (16) presented a prospective
longitudinal study comparing clinical and radiological
outcomes of three different prosthetic designs, the
Neer II system, the Bigliani-Flatow, and a stemless
prosthesis, i.e. the TESS. The three types of total
shoulder arthroplasty prosthesis used in this study all
provided significant improvement in pain and func-
tion and were associated with high patient satisfaction.
The incidence of lucent lines around the glenoid com-
ponent was higher in the Neer II group; no evidence
of lucent lines or stress shielding was seen in the TESS
group.
In the same year, Berth and Pap (17) reported their
prospective, randomized, longitudinal study compa-

ring the results of the Biomet TESS stemless implant
with the Mathys Affinis stemmed prosthesis. 
According to these authors, the use of the stemless
shoulder prosthesis yielded good results which, at a
mid-term follow-up, were comparable with those pro-
vided by a standard anatomical shoulder prosthesis. In
addition, the authors concluded that the metaphyseal
fixation allows precise and simple reconstruction of
the proximal humerus with bone stock preservation
and adequate glenoid exposure.
In 2011, Schoch et al. (18) published, in German, the
first preliminary (average follow-up: 2.3 years) report
regarding the Eclipse implant. The authors’ only prac-
tical conclusions were that it is possible to implant the
prosthesis independent of the diaphysis of the
humerus and malposition of the humeral with rare
complications.
The second report on the Arthrex Eclipse prosthesis
was by Brunner et al. in 2012 (19). The authors pre-
sented the results obtained in 233 patients treated for
various indications (primary OA, fracture deformity,
instability, rheumatoid arthritis, avascular necrosis,
post-infectious OA, and cuff tear arthropathy). In this
study the Eclipse prosthesis showed a secure bony fix-
ation and ingrowth and stem-related complications
were avoided.

Discussion

The indications for a stemless shoulder arthroplasty
are exactly the same as those for any stemmed pros-
thesis used in the treatment of arthritis, and hence
stemless replacements can be used in the treatment of
OA, rheumatoid arthritis, osteonecrosis, instability
arthropathy, and post-traumatic or post infectious
arthropathy. The only limitation for implantation of a
stemless prosthesis is a humeral head bone stock defi-
cit (13-17,19).
Another advantage of stemless shoulder prostheses is
humeral bone stock preservation (Fig. 2). This poten-
tially results in better starting conditions if any revi-
sion surgery is needed, and reduces the potential risk
of typical complications such as intraoperative humer-
al fracture in those cases requiring humeral stem
removal (20). Furthermore, in comparison with
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humeral head resurfacing, adequate exposure of the
glenoid to allow glenoid component implantation is
much easier to achieve (13,15).
In conclusion, stemless shoulder arthroplasty has been
proven to be at least as successful as stemmed implants
with certain advantages for treatment in young people.
The preliminary clinical reports are promising, but
given their short-term duration and the heterogeneity
of the patients concerned, they must be interpreted
with caution.
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Fig. 2. A: Intraoperative photo-
graph of the metaphyseal corolla
(Total Evolutive Shoulder System,
Biomet) in place showing complete
sea ting of the component with
considerable bone preservation. B:
AP radiograph, three years posto-
peratively, showing the implant
matching the patient’s anatomy
and the humeral head centered on
the prosthetic glenoid.
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