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Abstract
Background: Anatomic total shoulder arthroplasty (TSA) has been continuously developed and current
designs include stemless or canal-sparing humeral components. In the literature stemless and canal
sparing TSA showed good clinical and radiographic results, which were comparable to stemmed TSA.
The aim of this study was to determine the short-term clinical and radiological outcomes of a new
stemless TSA design.

Methods: A prospective multicentre study including 154 total shoulder arthroplasty patients with a follow
up of 12 months was performed. At the time of follow up 129 patients were available for review. The
adjusted Constant Murley score [33], Oxford shoulder score, EQ-5D-5L score and radiographs were
examined preoperatively, 3 and 12 months after the implantation of the new stemless TSA implant
GLOBAL ICON™ (DePuy Synthes, Warsaw, IN, USA). Complications were documented.

Results: Implant Kaplan-Meier survivorship was 98.7% at 12 months. From baseline to 12 months follow-
up, all scores showed a progressive signi�cant mean improvement. The mean adjusted Constant score
increased from 42.3 to 96.1 points (p<0.001). The Oxford shoulder score showed an increase of 21.6
points (p<0.001). The postoperative radiographs showed no continuous radiolucent lines, subsidence,
aseptic loosening or progressive radiolucency, but one osteolytic lesion was observed. Only 2 prostheses
were revised.

Conclusion: The new GLOBAL ICON stemless TSA showed good clinical and radiographic results at short-
term follow up which were comparable to early results of other stemless TSA. Further studies with longer
follow up are needed in the future.

Introduction
Anatomic total shoulder arthroplasty (TSA) was �rst described and introduced in 1955 by Neer et al. [1].
The main indication for TSA at the time was fractures of the proximal humerus. Over the years
indications have expanded to include primary osteoarthritis, secondary osteoarthritis after instability,
rheumatoid arthritis, fracture sequelae, and humeral osteonecrosis. Nowadays primary osteoarthritis of
the glenohumeral joint is the main indication for TSA. Since the �rst monobloc Neer prosthesis, TSA has
been continuously improved in order to reconstruct the individual natural anatomy of the glenohumeral
joint [3, 5, 6]. The �rst prosthetic designs provided a humeral stem for �xation. The stemmed humeral
implants were associated with complications like intraoperative humeral shaft fractures, loosening, stress
shielding and postoperative traumatic periprosthetic fractures [7–14]. The prevalence of intraoperative
periprosthetic fractures in stemmed TSA is estimated to be 1.5% and postoperative between 1.6% and
2.4% [7, 12]. In cases of head-shaft malunions in fracture sequelae the implantation of a stemmed
implant can be di�cult and lead to intraoperative fractures, malalignment as well as failure of restoration
of the centre of rotation [15]. The stem often is also di�cult in revision surgery, because implant removal
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can be challenging and necessitate a humeral circular access osteotomy osteotomy with the risk of
intraoperative fracture [8, 9, 11, 14, 15].

The �rst stemless anatomic shoulder was the TESS implant introduced by Biomet (Warsaw, IN, USA) in
2004 [5, 16]. As a result, other stemless designs were developed by several manufacturers. The main
advantages of the stemless prostheses compared to stemmed implants were bone preservation without
violating the humeral shaft, shorter operative time, decreased stress shielding and easier removal in
revision surgery [3, 5, 17]. The current literature showed that the clinical results of stemmed and stemless
total shoulder arthroplasty are comparable [2, 5, 18–20].

The aim of this prospective multicentre study was to determine the short-term clinical and radiologic
outcome of a new stemless design.

Materials And Methods
A prospective, single-arm, multicentre study including 157 consecutive patients, of which 154 received
total shoulder arthroplasty. These patients had met the inclusion criteria (Tab. 1) and consented to
receive a TSA with the stemless GLOBAL ICON humeral implant (DePuy Synthes, Warsaw, IN, USA) and
participate in the study. The study was internationally performed at 12 specialised shoulder centres
(Germany, Canada, the Netherlands and the United Kingdom). Each investigational site received local
institutional ethical review board to participate in this study (No. 7525 Hannover).

The operations were performed between 17DEC2017 and 2JUL2019. The study protocol was followed for
all patients at the study centres. The protocol included the inclusion and exclusion criteria and a
preoperative evaluation (Tab. 1). The metaphyseal bone quality was evaluated intraoperatively.

The humeral component of the Global ICON device (DePuy Synthes, Warsaw, IN, USA) consists of an
anchor plate with 4 T-shaped legs, which are each arranged at 90 degrees to each other. This circular
anchor plate leads to a press-�t �xation into the peripheral metaphyseal bone (Fig. 1) where the bone
quality and density has been demonstrated to be superior to the central bone [21, 22]. The legs of the
anchor plate are hydroxyapatite coated to facilitate bone ingrowth for long-term stability. The anchor
plate and humeral head implants are available from 40 mm to 56 mm in 2mm increments in order to
resemble the natural anatomical conditions. The humeral device was combined with a pegged all-poly
GLOBAL™ Anchor Peg Glenoid implant (DePuy Synthes, Warsaw, IN, USA). All operative procedures were
performed by experienced shoulder surgeons.

Surgical technique:
After a standard deltopectoral approach a tenodesis or tenotomy of the long head of the biceps was
performed. The rotator cuff was evaluated and the subscapularis tendon was detached by lesser
tuberosity osteotomy, tenotomy, or subscapularis peel-off technique according to preference of the
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surgeon. In the next step the osteophytes were removed from the posterior and inferior aspect of the
humeral head. The proximal humerus was resected using the resection guide with an oscillating saw in
the correct inclination and retroversion. This ring of the resection guide was placed on the superior and
posterior rotator cuff insertion and the top of the cutting surface was aligned with the anatomic neck in
native retroversion. At this point the metaphyseal bone quality was evaluated by visual inspection and
attempted compression of the bone with the thumb. If the bone quality was su�cient, the stemless
prosthesis was indicated. During glenoid preparation the humeral cut was protected by a metallic cover
plate. To expose the glenoid the anterior capsule was separated from the subscapularis tendon and a
periglenoidal capsular release and labrum resection was performed. An Anchor Peg Glenoid device
(DePuy Synthes, Warsaw, IN, USA) was implanted on the glenoid. The glenoid template of correct size
was placed on the glenoid and a k-wire was inserted into the centre of the glenoid in the desired
retroversion angle between 0 and 10°. A central and peripheral reaming was performed. For the central
peg the k-wire was over-drilled and the cancellous bone was harvested for later central bone grafting of
the glenoid implant. Using another aiming device the peripheral peg holes were drilled. The peripheral peg
holes were �lled with bone cement and a cancellous bone paste was applied to the central interference-
�tted peg of the glenoid implant. The Anchor Peg device was then implanted. After exposure of the
proximal humerus the correct size of the humeral anchor plate was chosen. For the preparation of the 4 t-
shaped legs the trial anchor plate was �xed on the proximal humerus and the punch was inserted for the
legs. The central hole of the anchor plate was drilled in cases with hard bone quality. After the
implantation of the anchor plate the humeral trial head was tested for the correct size and the humeral
head was implanted. The reattachment of the subscapularis was performed according to the previous
detachment procedure. The wound was closed in standard fashion according the preference of the
surgeon.

The postoperative rehabilitation protocol included an abduction pillow for immobilisation for four weeks.
Passive mobilisation started one day after surgery. Flexion and abduction were limited to 90° for 6 weeks.
Internal rotation was permitted in front of the body without resistance and external was limited to 0-40°
according to the individual tension of the subscapularis tendon after reattachment for 6 weeks in order to
protect the subscapularis repair. Physiotherapy with passive and assisted range-of-motion was carried
out for at least 12 weeks and was extended if necessary.

The follow up visits were at three and twelve months after surgery. The follow up examination included
the measurement of the range-of-motion with a goniometer, the assessment of the Constant-Murley score
(CS), Oxford shoulder score and EQ-5D-5L score. Radiographs in two planes (Grashey and axial view)
were taken directly postoperative, 3 and 12 months postoperative. The radiographs were evaluated for
radiolucency, osteolysis, loosening, migration, fractures, device condition, glenohumeral subluxation and
subsidence by an independent radiologist. For evaluation of radiolucencies of the humeral component 10
zones were de�ned (Fig. 2). The radiolucencies were classi�ed as “absent” or “present” with a detection
limit of radiolucencies at least 1 mm in width. If radiolucency was present, it was measured perpendicular
to the surface of the humeral component. Osteolysis was de�ned as a progressive radiolucency ≥ 4 mm
that was not present on the baseline radiographs. Subsidence was de�ned as a caudal change in
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position of the humeral component ≥ 5 mm. The vertical distance between the most superior aspects of
the humeral component and the greater tuberosity was measured. Aseptic loosening was de�ned as the
presence of progressive radiolucencies, stress shielding or other imaging appearances indicative of
loosening. The device condition was divided into three categories, intact, fractured and dissembled on the
glenoidal or humeral side. Glenohumeral subluxation was evaluated according the classi�cation of
Sperling et al. [13].

Statistical analysis
Descriptive statistics were calculated for all variables and outcomes of interest, including the following:
demographics, operative characteristics, adverse events, radiographic data, adjusted and unadjusted
Constant-Murley score, Oxford Shoulder score, and EQ-5D-5L score. The mean, standard deviation (SD),
median, and minimum and maximum values were calculated for all numeric variables, whereas
frequency and percent were reported for all categorical variables. Kaplan-Meier (KM) survivorship was
used to assess time to revision. KM survivorship was not reported if <40 shoulders were at risk. For the
adjusted Constant-Murley Score, Oxford Shoulder Score, and EQ-5D-5L value score outcomes, post-hoc
comparisons between baseline and follow-up visits were performed using a paired t-test with a
signi�cance level of 0.05. Box plots were created to visually assess the distribution of these outcomes
over time. All analyses were completed using statistical software, SAS version 9.4.

Results
Of 172 consented patients, 15 patients were withdrawn from the study without having received the
GLOBAL ICON Stemless Shoulder device (8 of whom did not undergo surgery whereas 7 underwent
surgery but no attempts were made to implant the Global ICON device). Three hemi arthroplasty patients
were excluded from analyses; therefore, the collective consisted of 75 men and 79 women with a mean
age of 66.6 years (SD 8.1). At 12 months follow up 2 patients had been revised, 2 had withdrawn consent
and 21 were overdue; 129 (129/154 = 83.8%) patients returned for clinical evaluation. The mean height of
the patients was 170.4 cm (SD 9.3) and the mean weight was 88.2 kg (SD 18.3). This resulted in a body
mass index of 30.3 kg/m2 (SD 5.6). In 97.4% (150) of the patients the preoperative diagnosis was
primary osteoarthritis and in 2.6% (4) post-traumatic arthritis. Eighty-two were right and 72 were left
shoulders. The dominant hand was right in 94.8% (146) and left in 5.2% (8).

In all patients the standard deltopectoral approach was used with a mean wound length of 12.1 cm (SD
2.4). Further, general anaesthesia was performed in 97.4% (150) patients. Regional anaesthesia, such as
an interscalene pain catheter, was performed in 84.4% (130) of patients. The mean surgery time was 93.8
min (SD 26.2) with a mean anaesthesia time of 107.5 min (SD 49.7).

All clinical outcome scores (Constant-Murley score, Oxford shoulder score and EQ-5D-5L score) showed a
signi�cant increase from the baseline to 3 months follow up as well as from 3 months follow up to 12
months follow up. The unadjusted CS increased from preoperatively 32.1 to 72.3 points at 12 months
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follow up and in the same time period the adjusted CS also increased from 42.3 to 96.1 points (p<0.001)
(Tab. 2). The Oxford shoulder score showed a total increase of 21.6 points from preoperatively 20.4 to
42.0 points at 12 months follow up (p<0.001) (Fig. 3). The EQ-5D-5L value score improved signi�cantly
between baseline and the two follow ups (p<0.001) as well as between the 3 and 12 months follow up
(p=0.0227) (Fig. 4).

At 12 months, the KM survivorship was 98.7% (95%-CI 94.8%, 99.7%); there were 133 remaining with
further follow-up beyond 1-year.

The radiological measurements did not show continuous radiolucent lines, subsidence, aseptic loosening
or progressive radiolucency. In one patient, an osteolysis was observed. In all cases the device condition
was intact.

Postoperatively, two glenoid fractures and one proximal humerus fracture were observed. Intraoperatively,
one proximal humerus fracture was observed. No operative revisions were indicated for the glenoid
fractures. In addition to the two glenoid fractures, one patient showed radiographic loosening of the
glenoid component with no revision yet performed; otherwise, no further complications were observed on
the glenoid side. The intraoperative proximal humerus fracture was an anterior wall fracture that occurred
during implantation of the humeral anchor plate component; however, it was possible to implant the
study device. No operative site infections were observed. Revision was de�ned as removal of any
humeral component for any reason. Of the 154 Subjects, 2 revisions were documented, resulting in a
revision rate of 1.3% at 1-year (100% minus a KM device survivorship rate of 98.7% at 1-year). One
periprosthetic fracture of the proximal humerus was observed 6 months postoperatively following trauma
and revision to a reverse total shoulder arthroplasty was performed. One patient sustained a
subscapularis tear, and an exchange of the prosthetic humeral head and subscapularis repair was
performed 8 months after surgery.

A total of 32 local post-operative complications were reported in 22 study subjects (Tab. 3).

Discussion
The aim of this prospective multicentre study was to determine clinical and radiological short-term results
of a new stemless TSA. After 12 months we were able to show a signi�cant increase of the mean
adjusted CS from 42.3 to 96.1 points. Further, in the radiological measurements only one osteolytic lesion
was observed, but no continuous radiolucent lines, subsidence, aseptic loosening or progressive
radiolucencies were found in our collective. The clinical �ndings were comparable to other studies.
Churchill et al., who observed 157 patients after the implantation of a stemless shoulder arthroplasty
system (Wright Medical Simpliciti, Bloomington MN, USA), showed an increase of the adjusted CS from
44.3 to 79.4 points 12 months after surgery; however, patients with a preoperative CS lower than 20
points were excluded from participation [26]. It is assumed that patients with a very low preoperative CS
also achieve lower postoperative scores. Further, long-term results of the stemless shoulder arthroplasty
designs also showed a signi�cant increase of the postoperative scores [29, 30]. Hawi et al., who
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examined 49 stemless shoulders (Arthrex Eclipse, Naples FL, USA) with 32 hemiarthroplasties and 17
TSA, showed a signi�cant increase of the age and gender adjusted CS from 52 % preoperatively to 79
points at 9 years follow up[30]. Beck et al. found a signi�cant improvement in the CS from 14.7 to 68.8
points in 31 shoulders after 94.7 months follow up with stemless TSA (Biomet TESS, Warsaw, IN, USA)
[29].

The results of stemmed TSA and stemless or canal sparing TSA were often compared. A current review
and meta-analysis by Liu et al. with the comparison of stemless and stemmed TSA found similar
functional outcomes and complications rates for both procedures [5]. Twenty-two studies with 962
patients were included in this review and stemless TSA demonstrated signi�cantly decreased operative
time and less blood loss than stemmed TSA [5]. Many studies compared stemless TSA to stemmed TSA
with described postoperative values of the CS of stemless TSA in these studies between 48.0 and 88
points [2, 18–20, 31]. The low results of 48.0 points were caused by a short mean follow up time of only 6
months [18], but the clinical results of the other studies were comparable to our �ndings.

In our study, there were two glenoid fractures, one intraoperative and one postoperative proximal humerus
fracture, one asymptomatic osteolysis, and one subscapularis tear. Because of these complications two
patients had to be revised. The complications of the humeral component were the anterior wall fracture
during implantation and one osteolysis, but neither patient had to be revised. Brunner et al., who observed
233 patients after the implantation of stemless TSA, described only one radiological and asymptomatic
loosening after 24 months [32]. In �ve of 63 patients an intraoperative small lateral crack of the cortex
was documented by Huguet et al. [28]. All fractures healed with conservative treatment.

The strengths of the study were the prospective multicentre design and a large sample size with 154
patients who received TSA with the study device and 129 available for analysis at the 1 year
postoperative timepoint. Further, we were able to show a progressive improvement of the CS, Oxford
shoulder score and EQ-5D-5L at three and twelve months follow up. The 12 month follow up rate of 87.2
% also was a strength of the study.

Of course, the study has limitations. First, the follow up time of 12 months is short, but the stemless
device is now a widely used implant design, making these short-term results of a new device valuable and
novel. Second, to assess the safety and e�cacy of the new stemless implant only a single-armed study
design was chosen. Without a control group our results could not be directly compared to other systems.
Third, there was no objective measurement or assessment of the bone quality of the proximal humerus to
evaluate whether the proximal humerus was suitable for stemless TSA. Fourth, the high number of study
centres could in�uence the outcome; however, it is possible the variety of study centres could re�ect the
general outcome of the procedure better than a single centre study.

Conclusion
In conclusion, the present study showed good clinical results of a new stemless shoulder implant after 12
months. The results of the Constant Murley, EQ-5D-5L and Oxford shoulder scores as well as the
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complications were comparable to other established stemmed and stemless TSA designs. Further
investigations are needed to evaluate intermediate and long-term results and survivorship of this new
stemless implant.
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TSA Total shoulder arthroplasty

Ger Germany

Can Canada

NL Netherlands

UK United Kingdom

Tab. table

Fig. �gure

CS Constant-Murley score

SD standard deviation

CI con�dence interval

kg kilogram

m2 square meters
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Figures

Figure 1
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The stemless Global ICON implant (Depuy Synthes, Raynham, MA, USA) with the anchor plate and the
humeral head.

Figure 2

A: Five de�ned zones for the evaluation of radiolucency of the anchor plate in the anteroposterior
radiograph. B: Five de�ned zones for the evaluation of radiolucency of the anchor plate in the axial
radiograph.



Page 14/15

Figure 3

Boxplot of the Oxford shoulder score.



Page 15/15

Figure 4

Boxplot of the EQ-5D-5L score.
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