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Abstract
Purpose When the proximal humeral anatomy is altered because of malunion, shoulder arthroplasty is a challenge for the
orthopaedic surgeon, and tuberosity osteotomy should be
avoided whenever possible. The purpose of this study was to
investigate the clinical and radiological outcomes of anatomic
stemless shoulder arthroplasty in cases of malunion. We hypothesized that a stemless prosthesis can be implanted without
performing tuberosity osteotomy.
Methods We conducted a continuous, single surgeon, retrospective case series study with a minimum follow-up of
two years (mean of 44 months, range 24–80). The ConstantMurley score, active range of motion and X-rays were evaluated in 27 patients (mean age of 60 years, range 37–83) with
proximal humeral malunion who were treated with a stemless
anatomic shoulder prosthesis.
Results In all patients, the prosthesis was implanted without
the need for tuberosity osteotomy. The Constant score improved from 27 to 62 (p ≤ 0.001), active anterior elevation from
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81° to 129° (p ≤ 0.001), and external rotation from 5° to 40°
(p ≤ 0.001). There was no evidence of radiological loosening.
Conclusions Use of a stemless anatomic shoulder prosthesis
avoids the need for tuberosity osteotomy and certain surgical
difficulties, even in cases of severe tuberosity malunion, and
leads to good functional outcomes in the short term.
Keywords Shoulder arthroplasty . Stemless shoulder
prosthesis . Proximal humeral malunion . Stemless
arthroplasty . Shoulder

Introduction
Shoulder arthroplasty in cases of late sequelae of proximal
humeral fracture is a challenge for the orthopaedic surgeon.
More joint replacement procedures are now being performed
because of increased patient activity levels and longevity.
According to the literature, osteotomy of the greater tuberosity
in patients with severe malunion has a significant negative
impact on functional outcomes [1–3]. Inserting a classic
stemmed prosthesis can be difficult or even impossible in
some cases without performing tuberosity osteotomy. In the
literature, greater tuberosity osteotomy was required in 11 %
[2] to 60 % [4] of cases. Because an osteotomy makes the
surgery more difficult and increases the potential for complications, some authors recommend tolerating the distorted
anatomy of the proximal humerus and adapting the prosthesis
to the modified anatomy [1, 2, 5]. In cases of distorted
metaphyseal and diaphyseal anatomy, inserting a stem
may prove impossible due to considerable angulation,
narrowing or obstruction of the medullary canal.
Although a modular prosthesis could be used, the prosthetic panels do not correspond to each patient’s uniquely
altered anatomy [4]. Another option would be to create a
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custom implant specific to each malunion, but this solution is time consuming and expensive [5].
We hypothesized that a stemless anatomic prosthesis in
cases of proximal humeral malunion would avoid resorting to
tuberosity osteotomy and eliminate some technical difficulties.
The purpose of this study was to evaluate the clinical, surgical and radiological outcomes of stemless anatomic shoulder
prosthesis in the case of malunion of the proximal humerus.

Materials and methods
This study was a continuous, single surgeon, retrospective
case series. We included all patients with late sequelae of
Fig. 1 Adaptation of a stemless
prosthesis in one case of
malunion with distorted anatomy.
Implantation was performed
without tuberosity osteotomy
despite the cephalo-diaphyseal
offset. Pre-operative and
post-operative X-rays in
anteroposterior view and lateral
views
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proximal humerus fracture undergoing stemless anatomic
shoulder arthroplasty in our department. We enrolled patients
who had been operated on by the senior surgeon in a private
non-profit hospital and a private hospital between 2006 and
2010 and who had a minimum of two years’ follow-up.
Indications for surgery were pain and/or functional limitations. Patients received an informed consent form approved
by the hospital’s committee.
We performed a physical examination to measure the active
range of motion with a goniometer. An independent examiner
determined the Constant-Murley score. These evaluations
were performed pre-operatively and at the last follow-up.
Radiographic examination included standard anteroposterior
radiographs in three shoulder rotation positions, and a
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scapular-Yview (Lamy view) pre-operatively and then at each
post-operative follow-up visit at 45 days, three months,
six months and annually thereafter. We looked for evidence
of implant migration, radiolucent lines and lysis. The Neer
classification system was used to classify the initial fractures
into two-, three- or four-part fractures with or without dislocation [6]. Sequelae were classified according to Boileau [1]
into type 1 (cephalic collapse or necrosis), type 2 (locked
dislocation or fracture dislocation) and type 4 (severe
tuberosity malunion or non-union) [1]. Note that type 3 sequelae involve surgical neck non-union that cannot be treated
with a stemless prosthesis.
Two different models of the TESS prosthesis (Biomet Inc.,
Warsaw, IN) were used: hemiarthroplasty (TESS-C) in ten
cases and anatomic total (TESS-A) in 17 cases. Total shoulder
anatomic arthroplasty was preferred over hemiarthroplasty in
cases of glenoid arthritis, glenoid dysplasia or young age. The
Fig. 2 Implantation of a stemless
prosthesis in one case of
medullary narrowing, obstruction
and distortion. Pre-operative and
post-operative X-rays in
anteroposterior and lateral views

1475

type of prosthesis used did not depend on the sequelae type.
These implants provide metaphyseal press-fit fixation
without a stem and adjustments to the bone stock. In cases
of malunion, the implant position was not constrained due
to the medullary axis or remodelled anatomy. The humeral component could be implanted in a free position by
obviating the medial and posterior offset induced by the
axis of the humeral shaft without being dependent on
stem alignment (Figs. 1, 2 and 3).
A deltopectoral approach was used in all cases except for
one patient in which an external approach was used. A
metaphyseal bone cut was performed, centred on the distorted
anatomy, with or without a guide-pin. The implant version and
inclination were free and independent of the humeral shaft. A
humeral punch was used on the metaphyseal bone to introduce the corolla of the anatomic humeral implant, with a
guide-pin used in some cases. The surgical procedure on the
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glenoid was chosen based on the type of prosthesis selected
(hemiarthroplasty or anatomic total). The need for greater or
lesser tuberosity osteotomy was determined.
Statistical analyses were performed using SPSS software
(SPSS version 17.0 software, SPSS Inc., Chicago, IL). The
normal distribution for quantitative variables was assessed
using the Lilliefors test. The parametric Student t test for
paired samples was used to compare pre-operative and postoperative values. A non-parametric test was used when the
variable was not normally distributed. Statistical significance
was set at p ≤ 0.05 for all tests.

Fig. 3 Adaptation of a stemless
prosthesis in one case of four-part
valgus impacted fracture and
malunion. Pre-operative and
post-operative X-rays in
anteroposterior view and lateral
views

International Orthopaedics (SICOT) (2016) 40:1473–1479

Results
We included 27 patients with a mean follow-up of 43.5
± 17.8 months (24–80): nine males and 18 females, 15 righthanded and 12 left-handed. The average age was 60 years
(range 37–83). Sixteen patients had suffered a fall, four were
involved in a traffic accident (motorbike or car) and seven in a
sports accident (2 biking, 4 skiing, 1 horse-riding). Eight of
them had undergone previous surgery. Arthroplasty was performed on average 8.1 years after the initial trauma (6 months
to 63 years). No patients were lost to follow-up or excluded.
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one case and progressed until the one-year follow-up without
clinical impact (Fig. 7). There was one re-operation to replace
an anatomic prosthesis with a reverse prosthesis because of
rotator cuff failure one year after the first arthroplasty.
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Fig. 4 Results of the series prior to surgery and at the last follow-up:
Constant-Murley score and its components. AAE active anterior
elevation, ER1 external rotation. * Significant difference in paired t-test
between pre-operative and post-operative periods with p ≤ 0.001

There were initially eight 2-part fractures according to the
Neer classification system (2 anatomical neck fractures, 4 surgical neck fractures, 2 greater tuberosity fractures), two 3-part
fractures (1 greater and 1 lesser tuberosity fracture including
an anterior glenohumeral dislocation) and 17 four-part fractures. Sequelae were classified as type 1 in 19 cases, type 2 in
two cases and type 4 in six cases.
In all patients, the prosthesis was implanted without the
need for tuberosity osteotomy.
Active range of motion (active anterior elevation, external
rotation) and Constant-Murley score are reported in Figs. 4, 5
and 6. All improvements in the Constant global score, pain,
activity, mobility, strength, anterior active elevation and external rotation were significant (p ≤ 0.001) (Fig. 4). There were
no significant differences between all these post-operative results as a function of the type of sequelae (Fig. 5) or the type of
arthroplasty (Fig. 6).
There was no evidence of loosening. Lysis under the humeral anatomic head appeared at the six-month follow-up in

A stemless shoulder prosthesis can be implanted without
performing tuberosity osteotomy and provides good functional outcomes without loosening at a mean follow-up of
44 months. All clinical outcomes improved significantly
post-operatively (Fig. 4). The Constant score, outcomes and
range of motion did not differ according to the type of sequelae
(Fig. 5). Active anterior elevation in our series increased by
48° and external rotation by 35°. Mansat reported an improvement of 36° and 28° [2], Antuña [7] of 37° and 23°, and
Boileau [1] of 28° and 34°, respectively.
Tuberosity osteotomy was not needed in any of our patients. In their series, Mansat reported three greater tuberosity
(GT) osteotomies on 28 patients [2], Boileau [1] 20 GT and
eight lesser tuberosity (LT) osteotomies in 71 patients, Antuña
[7] 24 GT and one LT osteotomies in 50 patients, and
Beredjiklian 13 osteotomies in 24 patients [8]. Even in cases
with type 4 sequelae, no tuberosity osteotomy was needed in
our study; in contrast 11 GT and eight LT osteotomies were
performed in 16 cases in the Boileau study [1]. Previous studies have shown that patients who did not require tuberosity
osteotomy had better results [1, 2, 4, 7]. Therefore, authors
recommend adapting the prosthesis to the distorted anatomy
[1, 2, 5] by inserting a modular prosthesis [1]. But in some
cases, the anatomy is altered so much that the stemmed prosthesis cannot fit all malunion types [4]. And since an anatomic
prosthesis cannot be implanted without performing tuberosity
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Fig. 5 Results according to the sequelae type. There was no significant difference between types 1, 2 or 4. AAE active anterior elevation, ER1 external
rotation
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Fig. 6 Results according to the
arthroplasty type. TESS-C
hemiarthroplasty, TESS-A total
anatomic arthroplasty, AAE active
anterior elevation, ER1 external
rotation. There was no significant
difference between TESS-C and
TESS-A

International Orthopaedics (SICOT) (2016) 40:1473–1479
140

132
116

120
100

83
78

80
60
40

Preoperative TESS-c
Preoperative TESS-a

64
55

Last Follow-up TESS-c
41
36

Last Follow-up TESS-a

28
24

2627

20
56

1113

78

1617 13
12
22

10

76

1

0
Constant

Pain

Activity

osteotomy, some authors recommend performing reverse
shoulder arthroplasty [1, 3, 5, 9–11]. Custom prostheses can
be designed, but this is a time consuming and expensive process [5]. The advantages of stemless implants in malunion
cases are particularly interesting because positioning is independent of the humeral shaft orientation. In the case of obstruction or angulation of the humeral shaft, independent implant positioning was not compromised (Figs. 1, 2 and 3).
There was no evidence of loosening. One case of nonprogressive lysis was observed but it had no clinical significance. The reported complication rate is usually high in these
indications (3.5 % to 48 %, depending on the series [2]), but
was very low in our study.
The surgical procedure with stemless implants is easier
than with a stemmed prosthesis. The exposure and glenoid
approach are straightforward as the metaphyseal bone is cut
(unlike humeral resurfacing). There is lower risk of intraoperative complications (humeral fracture, false route, malposition) and post-operative complications (disassembly, stem
fracture, periprosthetic fracture, loosening, migration of the
stem) [12] when using a stemless implant. Recently, the trend
in shoulder arthroplasty has shifted to stemless and short stem
Fig. 7 Implantation of a stemless
prosthesis in one case of
anatomical neck fracture. Lysis
under the humeral anatomic head
appeared at the six-month
follow-up and progressed until
the one-year follow-up without
clinical consequence.
Pre-operative, post-operative and
final follow-up (32 months)
X-rays in anteroposterior views

Mobility Strength
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implants [13]. Anatomic stemless prostheses have been shown
to provide good functional outcomes that are comparable to
those of a stemmed prosthesis, with excellent bone fixation
and without radiolucent lines or loosening [14, 15]. Even in
the reverse configuration, studies report good results without
loosening [12, 16, 17]. Anatomic stemless prostheses help to
restore the pre-operative proximal humerus anatomy [18]. If
the need for revision arises, stemless implants facilitate the
surgical procedure as the bone stock is preserved. However,
type 3 sequelae (surgical neck non-union) cannot be treated
with a stemless prosthesis.
The strength of this study was that it demonstrated a new
reliable use of stemless prostheses to address these challenging surgical indications. The results presented in this study
have limitations, as the follow-up was short (44 months mean,
minimum of 2 years). There are only few studies on this topic
in the literature and they had a similar or shorter follow-up:
47 months for Mansat [2], 37 months for Willis [5] and
19 months for Boileau [1]. The Antuña study had a mean
follow-up of nine years (2–21) [7]. Our series was short in
duration, it was a single surgeon study and only 27 patients
were included over a four year period. Twenty patients were
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included by Willis over a period of three years [5], 28 patients
over 13 years by Mansat [2], 50 patients over 21 years by
Antuña [7] and 70 patients over four years operated in ten
centres by Boileau [1]. This low enrolment is due to proximal
humeral malunion rarely being treated by shoulder arthroplasty;
as a result the patient populations are not homogenous. The
patients in our study have a wide range of characteristics:
follow-up from 24 to 80 months, age from 37 to 83 years,
and time from trauma to surgery of six months to 63 years.
The range of the results of the cited studies are as wide [1, 2,
5, 7]. As a consequence, our results should be interpreted
carefully because the patient characteristics affect the outcomes.
Like other authors, we consider the stemless prosthesis to
be an ideal alternative when faced with distorted anatomy [12,
15]. Use of a stemless shoulder prosthesis avoids the need for
tuberosity osteotomy and provides good functional outcomes
without loosening at a mean follow-up of 44 months.
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