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A B S T R A C T

Purpose: The aim of the study was to examine clinical and radiographic results of a cementless humeral surface
and to evaluate prognostic parameters for implant failure.
Methods: 34 shoulders were examined preoperatively and after a mean 2.7 years. Radiographic parameters,
Constant scores (CS) and complications were recorded.
Results: The mean CS improved from 27 to 51 points. Eight patients (24%) had an implant revision for secondary
glenoid erosion. In the revision group was an increase of the LGHO of 8.4%.
Conclusions: The study shows a high revision-rate (24%). Predictor for an implant failure was an operative
changing of the LGHO.

1. Introduction

Osteoarthritis of the shoulder is common and can cause significant
pain and functional limitation.1 For advanced glenohumeral osteoar-
thritis resistant to nonoperative management, a stemmed non-
constrained shoulder replacement, is a viable treatment option.1,2 Since
the first humeral resurfacing procedures, performed in the late 1970s
by Copeland,3 the idea of a cementless surface replacement arthroplasty
was to restore the patient’s individual anatomy and to preserve bone to
facilitate a possible further revision.4,5 Today, humeral resurfacing
procedures are used for the treatment of a variety of shoulder pathol-
ogies as osteoarthritis, rheumatoid arthritis, avascular necrosis, in-
stability arthropathy, post-traumatic arthropathy, and cuff arthropathy,
with predominant good functional results.4,6,7 In the literature, there is
less data about clinical and radiographic results of a cementless hum-
eral surface replacement arthroplasty in patients with primary degen-
erative osteoarthritis.1,8 Therefore, the aim of the present study was to
examine clinical and radiographic results of a cementless humeral
surface replacement arthroplasty, in patients with primary osteoar-
thritis with an intact rotator cuff and to evaluate if there are any
prognostic parameters. A second aim was to examine the survival of the
prosthesis.

2. Materials and methods

2.1. Subjects

In this study we analyzed 34 patients (34 shoulders) with gleno-
humeral osteoarthritis with an intact rotator cuff, treated with a ce-
mentless humeral surface replacement hemiarthroplasty. All clinical
and radiographic patient data were analyzed retrospectively. Inclusion
criteria were a cementless humeral surface replacement arthroplasty for
the treatment of primary glenohumeral osteoarthritis, and an intact
rotator cuff. Exclusion criterias were rheumatoid arthritis, osteonecrosis
of the humeral head, neural injuries, and bone defects of the glenoid. 20
women and 14 men were included with a mean age of 63.7 (± 11.2).
The mean duration follow-up was 33 months [range, 5 to 68 months]
for the clinical and radiographical follow-up. Radiographs of the
shoulder were made in the true anteroposterior and axillary projections
for all patients preoperatively and postoperatively (Fig. 1). One of the
authors (F.Z.) did the radiological assessment. Implant loosening on the
immediate postoperative and most recent follow-up radiographs was
compared by analyzing implant inclination, the distance above the
greater tuberosity, the vertical humeral head height, and the perpen-
diculars to the observed humeral implant diameter running to the
humeral shaft axis or the lateral cortex of the greater tuberosity for
measurable migration of the implant in relation to the proximal part of
the humerus as described by Rydholm and Sjögren9 (Fig. 2). All patients
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were evaluated preoperatively with use of the Constant score (CS),10

adjusted for age and sex. Additionally, active range of motion was re-
corded for shoulder flexion, abduction, and rotation, with the hanging
arm in a neutral position and the elbow flexed to 90°. The morphology
of the glenoid was classified according to the classification of Walch
et al.11 An A1 glenoid was found in 23 cases, and an A2 glenoid was
found in 11 cases. Postoperatively, all patients were routinely evaluated
after six and twelve months and at the time of the most recent follow-up
examination with the same standardized clinical and radiographic
protocol.

2.2. Operative technique and implants

All operations were started by using the deltopectoral approach
described by Neer et al.12 A rotator cuff tear was found in no case. The
first step was to detach the subscapularis tendon, followed by per-
forming a capsular release. There was no discrepancy between the in-
traoperative joint status and the radiographic findings. In all cases the
biceps tendon was dissected close to its glenoid attachment, followed by
tenodesing it in the bicipital groove. The humeral head was reamed
with hemispherical reamers of decreasing size. Using the uncemented
press-fit technique was the method of choice for placing the resurfacing
implant. Primary stability, which was tested manually, could be
achieved without exception. In 10 cases, a Copeland Shoulder (Biomet
Europe, Dordrecht, The Netherlands) was used; in 21 cases the EPOCA
RH Cup (Argomedical, Cham, Switzerland) was used and the remaining
3 patients had surgery with an Aequalis RH (Tornier Warsaw, IN USA).
All implants were coated with hydroxyapatite on the inner surface.

Common ground of the 3 systems is the possibility of using a spherical
joint surface. The primary stability in the humeral epiphysis was
achieved in different ways: for the Copeland Shoulder a centered peg,
whereas for the EPOCA Cup a conical crown-shaped ring was used.
After the placement of the implants, the subscapularis tendon was re-
paired by using three to five nonabsorbable tendon-to tendon sutures.
In 4 cases there was an internal rotation contracture. These patients
were treated with a subscapularis release according to the method of
Walch et al.13; this procedure was performed when a minimum of 0° of
external rotation was not attained after provisional coadaptation of the
muscle. In all cases drains where placed in and were removed on the
first day after surgery. To protect the reconstructed subscapularis
tendon, the arm was placed in internal rotation into a shoulder ab-
duction pillow for four weeks. Postoperatively, the shoulder was mo-
bilized passively by a physiotherapist for six weeks to 60° of flexion and
abduction and 0° of external rotation. Patients were asked to support
these movements actively. Free range of motion was allowed six weeks
after surgery.

2.3. Statistical analysis

The Wilcoxon test was used to compare the preoperative and post-
operative Constant scores and subscores as well as to compare the
parameters of implant loosening between the immediate postoperative
and most recent follow-up radiographs. The Pearson correlation coef-
ficient was measured. The level of significance was set at p < 0.05.

Fig. 1. Preoperative anteroposterior radiograph of a 74-year old female with degenerative osteoarthritis and follow-up radiograph of the same patient twelve months after implantation of
the cementless surface replacement arthroplasty.
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2.4. Source of funding

The non-commercial research fund of the “Deutsche Arthrose-Hilfe
e.V.” supports clinical investigations using the “shoulder arthroplasty
register” of the Clinic for Orthopedics and Trauma Surgery of the
Heidelberg University Hospital.

3. Results

3.1. Survival and complications

In the present study, eight patients (24%) underwent revision sur-
gery (Table 1) after a mean duration of 22.9 months with the earliest
being after 8 months and latest after 68 months. All revisions were
performed due to glenoid erosion and they all received a stemmed total
shoulder prosthesis (Tornier Aequalis shaft and glenoid) as replacement
for the CUP hemiprosthesis. No revisions have been performed for
aseptic loosening, or trauma to date.

3.2. Early clinical results and patient satisfaction

The mean Constant score improved from 27 points (range, 10 to 49
points) preoperatively to 51 points (range, 10 to 83 points) 2.7 years
postoperatively (p < 0.0001), and, adjusted by age and sex, from 36%

(range, 14% to 61%) to 69% (range, 14% to 123%) (p < 0.0001).
Significant differences were also found in terms of pain relief, activity,
mobility, shoulder flexion, abduction, and external and internal rota-
tion (p < 0.05). The findings of the preoperative and postoperative
clinical examinations are shown in Table 2.

3.3. Early radiographic results and their clinical correlation

The pre- and 2.7 years postoperative radiographic parameters of the
34 patients are shown in Table 3. The LGHO in the non-revision group
didn’t considerably change (preop 51.9, postop 51.7), while the revi-
sion group showed an increase in LGHO (preop 48.9, postop 50.4). In
the revision group there was a correlation between postoperative CS
and preoperative LGHO (r= 0.5), height (r= 0.8), CCD (r=−0.56)
and preoperative CS (r= 0.49).

4. Discussion

Good clinical outcomes and low revision rates have been described
for cementless humeral surface replacement arthroplasty for a variety
of shoulder pathologies as rheumatoid arthritis, avascular necrosis,
instability arthropathy, post-traumatic arthropathy, and cuff arthro-
pathy.4,6,7,14 While in the treatment of glenohumeral osteoarthritis
stemmed unconstrained total shoulder replacement is considered the
gold standard1,2,15 there is less and inconsistent data about clinical and
radiographic results of a cementless humeral surface replacement ar-
throplasty used as a hemiprosthesis in patients with primary degen-
erative osteoarthritis.1,4,8,16 Therefore, the purpose of the present study
was to examine clinical and radiographic results of a cementless hum-
eral surface replacement arthroplasty, in patients with primary os-
teoarthritis with an intact rotator cuff. The results of the present study
show disappointing short-term results with a revision-rate of 24% after
2.7 years after cementless humeral surface replacement arthroplasty. As
the present study showed, there was a correlation between the revisions
and the surgery conditioned LGHO changes. This might be based on

Fig. 2. Illustration showing the parameters that were measured on true anteroposterior
radiographs immediately after surgery and at the time of the most recent follow-up.
HO=humeral offset; H=humeral head height, GD= glenoid depth, LGHO= lateral
glenohumeral offset, Hd=observed implant diameter for calculating magnification ef-
fects; CCD= inclination angle of implant; H= vertical humeral head height;
Ha= perpendicular to the center of Hd, running to the shaft axis; C= perpendicular to
the center of Hd, running through the shaft axis to the lateral aspect of the greater tu-
berosity; DAT=distance above the greater tuberosity and apex of implant.

Table 1
Characteristics of the revision patients.

Patient prosthesis Reason for revision Revision after x months Revision procedure

1 Copeland Glenoid erosion 9 Change to a stemmed cemmented TSA
2 Epoca Glenoid erosion 9 Change to a stemmed cemmented TSA
3 Copland Glenoid erosion 8 Change to a stemmed cemmented TSA
4 Epoca Glenoid erosion 12 Change to a stemmed cemmented TSA
5 Copland Glenoid erosion 27 Change to a stemmed cemmented TSA
6 Aequalis Glenoid erosion 13 Change to a stemmed cemmented TSA
7 Epoca Glenoid erosion 35 Change to a stemmed cemmented TSA
8 Epoca Glenoid erosion 68 Change to a stemmed cemmented TSA

Table 2
Preoperative and 2.7 years postoperative clinical findings.

Preoperativea Postoperativea P Value

Constant score
(points)

26.9 ± 10.8 (10–49) 51.1 ± 24.0 (10–83) < 0.0001

Constant score
(%)

35.7 ± 14.7 (14–61) 69.1 ± 33.8 (14–123) < 0.0001

Pain (points) 3.4 ± 2.8 (0–10) 9.5 ± 5.3 (0–15) < 0.0001
Power (points) 2.1 ± 3.3 (0–15) 3.7 ± 3.9 (0–13) < 0.0686
Activity (points) 8.5 ± 3.0 (4–14) 15.3 ± 4.3 (7–20) < 0.0001
Mobility (points) 12.8 ± 5.7 (2–24) 23.0 ± 11.7 (2–40) < 0.0001
Flexion (deg) 80.7 ± 29.8 (10–150) 118.1 ± 47.6 (30–170) < 0.0013
Abduction (deg) 61.5 ± 24.7 (0–140) 105.8 ± 51.3 (20–180) < 0.0001
External rotation

(deg)
10.0 ± 14.1 (0–20) 32.7 ± 25.5 (0–80) < 0.0001

a The values are given as the mean and the standard deviation, with the range in
parentheses.
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technical or implant problems.
In the literature, there are few studies, analyzing the results of a

cementless humeral surface replacement arthroplasty in patients with
glenohumeral osteoarthritis with inconsistent results. Studies showing
good results have been mostly reported by Copelands group.16,17 A non-
developer series of Al-Hadithy et al.1 described 53 Mark III Copeland
hemiarthroplasties in patients with glenohumeral osteoarthritis. Mean
follow-up was 4.2 years. Comparable to our results, the mean age-ad-
justed Constant scores improved from 38.5 to 75.1. As complications
one anterosuperior escape of the humeral head was reported in a pa-
tient who had an oversized humeral component due to progressive
rotator cuff failure at 2 years. Moderate glenoid erosion was present in
12% and correlated with oversizing of the humeral component. No
patient required revision for aseptic loosening, rotator cuff failure, or
glenoid erosion. Al-Hadithy reported about one revision to a stemmed
cemented hemiarthroplasty for periprosthetic fracture and concluded,
that Copeland surface replacement hemiarthroplasty for glenohumeral
osteoarthritis could provide functional results similar to modular
stemmed prostheses, with a relatively low revision rate (2%) in the
short-term follow-up. The present study demonstrates completely dif-
ferent results with a high revision-rate of 24% after 2.7 years.

To evaluate, if there are any prognostic parameters, we analyzed the
radiographic parameters and found, that predictors for an implant
failure was an operative changing of the lateral glenohumeral offset.
This might cause damage of the rotator cuff or impingement. Mansat
et al.8 showed in 64 patients with cementless humeral surface re-
placement arthroplasty for different indications that glenohumeral re-
lationships correlates with the final clinical results. They found a ten-
dency to position the prosthesis in varus because of technical
imperfections. With follow-up, medialization of the humerus with gle-
noid wear was observed and was correlated in some patients with re-
appearance of pain. Mansat reported a height of the humeral head of
21 ± 4mm preoperatively and 19 ± 2mm postoperatively. In a study
by Iannotti et al.18 the humeral height was of 19 ± 2mm. The distance
between the superior most point on the top of the prosthesis and the
greater tuberosity, or cephalotuberosity index, was 8 ± 5mm, similar
to the results presented by Iannotti et al,15 with 8 ± 3.2mm in normal
glenohumeral joint. Positioning the resurfacing implant related to the
top of the greater tuberosity is fundamental to avoid impingement of
the greater tuberosity under the acromion if it is placed too low, or
overstuffing the cuff tendons with limited range of motion if it is placed
too proud.

The current study has its limitations. The number of cases was re-
latively small and we used three different types of implants for ce-
mentless surface replacement. Furthermore, there is no radiological

analysis in the axial plane, hence limiting the evaluation of the resur-
facing. As Jia et al.19 showed, using a 3-D computed tomography would
be more reproducible than plain radiography assessment. Nevertheless,
postoperative x-ray imaging of patients undergoing shoulder replace-
ment is a central component of clinical follow-up, why we used it in the
present study.

The results of the present study show deflating short-term results
with a revision-rate of 24% after 2.7 years after cementless humeral
surface replacement arthroplasty.

In literature the CUP-Prosthesis for young patients is often discussed
as an adequate option. Young patients being defined as younger than 55
years20–23 or younger than 50 years.24 In our study, we set the limit for
young patients to 55 years for a better comparability. We found that the
revision rate after 2.7 years was at 30% for patients aged<55 years.
Rasmussen et al.23 already found a high revision rate of 12.1% in young
patients, a result which supports our findings.

Using metaphyseal fixed humeral components, in a multicentre
study, Churchill et al.25 found good results after a minimum follow-up
of 2 years after implantation. The constant score, SST and ASES im-
proved from pre- to post-operative, the ROM and strength were im-
proved to. The complication rate in the study was low. In our practice,
we found similar results to Churchill et al. with a metaphyseal fixed
humeral prosthesis.26 Therefore, we decided in our practice, that we
prefer a metaphyseal fixed anatomical shoulder prosthesis to the CUP-
Prosthesis, especially for young patients, considering the dramatic re-
sults of the CUP in patients under 55 years.

5. Conclusion

The study shows a high revision rate (24%) after surface replace-
ment arthroplasties. There was a correlation between the revisions and
the surgery conditioned LGHO changes, a lower preoperative CS, de-
creased preoperative LGHO and heights as well as a higher preoperative
CCD.
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