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Abstract
Purpose The aim of this study was to conduct a randomised,
clinical trial comparing stemmed hemiarthroplasty and
resurfacing hemiarthroplasty in the treatment of glenohumeral
osteoarthritis.
Methods A total of 40 shoulders (35 patients) were randomised
to stemmed hemiarthroplasty or resurfacing hemiarthroplasty
and evaluated three and 12 months postoperatively using the
Constant-Murley score (CMS) and Western Ontario
Osteoarthritis of the Shoulder (WOOS) index.
Results There were no statistically significant differences in
age, gender or pre-operative scores except for WOOS at base-
line. Two patients were lost to follow-up. Significant improve-
ments in CMS andWOOSwere observed at one year after both
arthroplasty designs. At one year, the mean CMS was 48.9
(range 6–80) after resurfacing hemiarthroplasty and 59.1 (range
0–88) after stemmed hemiarthroplasty {mean difference 10.2
[95 % confidence interval (CI) −3.3 to 23.6], P=0.14}. The
mean WOOS was 59.2 (range 5.2–100.0) and 79.4 (range
12.8–98.6), respectively [mean difference 20.2 (95 % CI 3.4–
36.9), P=0.02]. No major complications occurred and there
were no revisions.
Conclusions The effects of resurfacing hemiarthroplasty tended
to be inferior to those of stemmed hemiarthroplasty. It is unclear
whether this reflects a real difference in effect or baseline differ-
ences due to the limited number of randomised patients. We
suggest there is a need for a larger, more definitive trial.
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Background

The first experiences with shoulder replacement for the treat-
ment of osteoarthritis were reported by Charles Neer [1]. He
reported excellent or satisfactory outcome in 41 of 47 patients
diagnosed with primary or secondary osteoarthritis treated
with stemmed hemiarthroplasty with a mean follow-up of
six years. Subsequent advances in surgical technique and
arthroplasty design have led to an increased use of shoulder
arthroplasties in order to obtain pain relief and increased
mobility [2–8].

The Copeland Mark 3 resurfacing arthroplasty (Biomet
Merck, Swindon, UK) was introduced in 1993 as the first
modern hydroxyapatite-coated resurfacing arthroplasty.
Several advantages have been suggested including minimal
risk of periprosthetic fracture, shorter operation time and
minimal bone resection facilitating revision to other
arthroplasty designs [9–12]. The disadvantage is difficulties
in sizing the humeral head correctly, especially in cases with
flattening of the humeral head and the presence of large
osteophytes [13, 14].

The outcome after resurfacing arthroplasty has been de-
scribed in case series [13–19] and summarised in a review
concluding that the results are at least equal to stemmed
shoulder arthroplasty [20]; however, resurfacing arthroplasty
has never been evaluated in a randomised trial. Thus, the aim
of this study was to conduct a randomised, clinical trial
comparing stemmed hemiarthroplasty and resurfacing
hemiarthroplasty in the treatment of glenohumeral
osteoarthritis.
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Patients and methods

Patients

All patients diagnosed with glenohumeral osteoarthritis
scheduled for shoulder replacement at our department were
evaluated for inclusion. Osteoarthritis was defined by
subchondral sclerosis, joint space narrowing or osteophytes
visualised on plain radiographs with an anteroposterior and a
lateral view combined with a history of pain, stiffness of the
shoulder and a physical examination showing decreased range
of motion. The indication for operation was pain with limited
response to nonsurgical treatment with analgesics and phys-
iotherapy for at least six months. The patients were included
from the outpatient clinic and their eligibility was evaluated by
the first author in cooperation with the operating shoulder
surgeon.

We recorded if the patients had had previous surgical
intervention in the same shoulder related to osteoarthritis with
synovectomy, house-cleaning, subacromial decompression or
a stabilising procedure. Patients were excluded if they had any
other pathological conditions affecting function of the upper
extremity, a non-concentric glenoid, symptomatic rotator cuff
pathology, diseases with an American Society of
Anesthesiologists (ASA) score≥3, rheumatoid arthritis, cog-
nitive difficulties or if less than 60 % of the native humeral
head was intact. We evaluated the concentricity of the glenoid
using a pre-operative radiograph with an anteroposterior and a
lateral view and confirmed during the operation. The integrity
of the rotator cuff was evaluated using a clinical examination
including inspection, palpation, range of motion and strength.
Magnetic resonance imaging was conducted if rotator cuff
pathology was suspected. The absence of co-morbidity and
other pathological conditions in the shoulder was confirmed
by the patient and through medical records.

A total of 147 patients were assessed for eligibility; 22
patients with rheumatoid arthritis, 12 patients with a non-
concentric glenoid, 55 patients with symptomatic rotator cuff
pathology and three patients with less than 60 % of the native
humeral head intact were excluded. No patients were excluded
due to co-morbidity with ASA score≥3 or cognitive difficul-
ties. Fifteen patients refused to participate. All included pa-
tients were randomised and received the allocated treatment.

Intervention

Patients were randomised to either a ReCap hydroxyapatite-
coated resurfacing prosthesis with a central grooved impact-fit
taper peg for cementless fixation (Fig. 1) or a cemented,
stemmed modular prosthesis with the head connected to the
stem by the taper locking system with the possibility of
different head-stem combinations depending on the size of
the humerus (Fig. 2).

All operations were performed by the same five shoulder
specialists that normally perform shoulder replacements at our
department. The surgeons had equal experience with the two
arthroplasty designs. The operations were performed using a
deltopectoral approach. The concentricity of the glenoid and

Fig. 1 ReCap hydroxyapatite-coated resurfacing prosthesis with a cen-
tral grooved impact-fit taper peg for cementless fixation

Fig. 2 Cemented, stemmed modular prosthesis with the head connected
to the stem by the taper locking system
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the integrity of the rotator cuff were confirmed
perioperatively. All patients received identical postoperative
treatment with a sling and swathe for two weeks followed by a
simple sling for another two weeks. Active range of motion
was allowed at two weeks with protection of the subscapularis
muscle. Strengthening exercises were allowed at six weeks.

Outcomes

We evaluated all patients pre-operatively and postoperatively
after three and 12 months using the Constant-Murley score
(CMS). All patients were evaluated by one assessor (the first
author) with extensive experience in the use of CMS. Before
each visit the patients completed the Western Ontario
Osteoarthritis of the Shoulder (WOOS) index. The patient
gave answers with access to supervision of the first author.

The primary outcome, CMS, includes an assessment
of pain, activities of daily living (ADL), range of mo-
tion and strength. There are 35 points for the subjective
assessment including pain and the ability to perform
ADL and 65 points for the objective assessment where
40 points are allocated to range of motion and 25 points
are allocated to strength. A maximum of 100 points
indicates a shoulder with no disability. We used the
modified version described by Constant and colleagues
in 2008 [21]. Isometric strength testing was performed
using an Isobex® dynamometer (MDS Medical Device
Solutions, Oberburg, Switzerland). The minimal clinical-
ly important difference has recently been defined as 10
points [22]. CMS was not adjusted for age and sex. In
addition, we used the pain subscale score (0–15 points)
to evaluate pain relief. The minimal clinically important
difference in pain was defined by the authors as 3
points.

The WOOS is a patient-administrated disease-specific
questionnaire for measurement of the quality of life of
patients with osteoarthritis [23]. It provides scores in
four domains including physical symptoms, sport and
recreation, work and lifestyle and emotions. Each ques-
tion is answered on a visual analogue scale with a
possible score ranging from 0 to 100. There are 19
questions and the total score ranges from 0 to 1,900.
A score of 1,900 signifies that the patient has an ex-
treme decrease in the shoulder-related quality of life,
whereas a score of 0 signifies that the patient has no
decrease in the shoulder-related quality of life. For
simplicity of presentation, the raw scores were convert-
ed to a percentage of a maximum score. We used a
Danish version of WOOS that has been translated and
cross-culturally adapted according to international guide-
lines [24]. The minimal clinically important difference
for WOOS has been suggested to be 10 % [25], which
was also used in this study.

Sample size calculation

With CMS as the primary outcome, we conducted a power
analysis to determine the sample size necessary to demon-
strate a difference between the two groups of 10 points (stan-
dard deviation ±10.0). With a power of 0.80 and a two-sided
significance level of 0.05, 16 patients in each group were
required. This number was inflated by four patients in each
group to account for loss to follow-up.

Randomisation

The patients were randomly assigned to treatment with one of
two arthroplasty designs using a random numbers list gener-
ated withMicrosoft Excel (Redmond,WA, USA). The assign-
ment group for each patient was kept in sealed, opaque and
consecutively numbered envelopes and revealed to the sur-
geon in the operating theatre just before surgery.

Blinding

The first author, not involved in the surgical procedure but
non-blinded to the randomisation, evaluated CMS preopera-
tively, three months postoperatively and at one year and a
senior author, not involved in the surgical procedure and
blinded to the randomisation, evaluated CMS at one year.
The patient remained blinded to the randomisation for the
duration of the study. There were no cases of accidental loss
of blinding.

Statistics

The initial inspection of data was performed with use of
histograms and scatter plots and by comparing median and
mean values and interquartile range of both CMS andWOOS.
Bilaterally operated patients were included and analysed as
separate cases even though it violates the assumption of
independency. An independent t test was used to determine
differences in scores at baseline and at one year between
groups. Analysis of covariance was used to determine the
change in scores from the pre-operative to the postoperative
measurements and to determine if there were differences
between groups. A paired samples t test was used to compare
the blinded and non-blinded evaluation. An independent t test
was used to compare the operation time. Loss to follow-up
after the three month evaluation was included in the analysis
of the one year follow-up using the results from the three
month evaluation (last observation carried forward). Loss to
follow-up before the three month evaluation was not included
in the analysis of outcome. In case of crossover from
resurfacing hemiarthroplasty to stemmed hemiarthroplasty
intention-to-treat analysis was planned; however, there was
no crossover. All analyses were performed using SPSS
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(version 19.0, IBM Corporation, Armonk, NY, USA) and R
(version 3.0.1, R Foundation for Statistical Computing,
Vienna, Austria). The level of statistical significance was set
at 0.05 and all analyses were two-tailed.

Ethics

This study was reviewed and approved by the Committee on
Medical Research Ethics, the Capital Region of Denmark,
March 2009, registration number H-A-2009-110. The study
was performed in accordance with the ethical standards laid
down in the Declaration of Helsinki. All involved patients
gave oral and written informed consent to participate in the
study.

Results

Demographic data and preoperative scores

A total of 40 shoulders in 35 patients were included between
September 2009 and August 2012 (five patients received
bilateral replacement on two occasions which were regarded
independently). There were 20 stemmed hemiarthroplasties
and 20 resurfacing hemiarthroplasties. Of the five patients
who had a bilateral operation, three had a bilateral stemmed
hemiarthroplasty and two had a stemmed hemiarthroplasty on
one side and a resurfacing hemiarthroplasty on the other. The
mean age in the entire series at the time of surgery was
67.4 years (range 40.0–88.0). There were 27 women and 13
men. The preoperative CMS and WOOS in the entire series
were 24.1 (range 0–50.0) and 31.6 (range 5.5–74.6), respec-
tively. There were no statistically significant differences in
age, gender or preoperative scores except for WOOS between
the two groups (Table 1).

Operative findings and early complications

No patients were excluded intra-operatively due to a non-
concentric glenoid; symptomatic rotator cuff pathology or
inadequate bone morphology interfering with the use of a
resurfacing hemiarthroplasty. The mean operating time was
80 minutes (range 56–103) for stemmed hemiarthroplasty and
52 minutes (range 34–80) for resurfacing hemiarthroplasty.
The difference of 28 minutes was statically significant [95 %
confidence interval (CI) 18.7–36.7, P<0.001]. One patient
treated with resurfacing hemiarthroplasty had a temporary
dysfunction of the musculocutaneous nerve. Another patient
treated with resurfacing hemiarthroplasty got bullous allergic
contact dermatitis eight days postoperatively probably caused
by the sling and swathe. It responded well to treatment with
locally applied corticosteroid. A superficial infection devel-
oped in one patient treated with stemmed hemiarthroplasty.
The infection was treated with antibiotics for two weeks and
resolved. No other complications were observed in the first
three months postoperatively.

Outcomes and late complications

One patient from the stemmed hemiarthroplasty group
died before the three month follow-up of reasons unre-
lated to the surgical intervention and one patient from
the resurfacing hemiarthroplasty group dropped out the
first postoperative day at the patient’s request. Both
patients were not included in the postoperative analyses.
A third patient treated with stemmed hemiarthroplasty
was diagnosed with reflex dystrophia after six months
and dropped out before the one year evaluation was
conducted at the patient’s request. For this patient the
three month evaluation was carried forward and used in
the one year analyses. There were no infections or other
recorded complications and no arthroplasties had been
revised at one year.

Table 1 Baseline characteristics

Stemmed hemiarthroplasty Resurfacing hemiarthroplasty Difference 95 % CI P value

Total no. of arthroplasties 20 20

Gender 14 F, 6 M 13 F, 7 M

Mean age 69.1 (46–87) 65.6 (40–88) 3.5 −4.0 to 11.0 0.35

CMS 26.7 (6–50) 21.5 (0–42) 5.2 −4.0 to 14.3 0.26

Pain 2.7 (0–10) 3.3 (0–8) 0.6 −2.7 to 1.4 0.52

ADL 4.5 (0–13) 4.0 (0–11) 0.5 −1.6 to 2.7 0.61

Range of motion 14.7 (2–32) 10.4 (0–22) 4.3 −0.2 to 8.8 0.06

Strength 5.3 (0–13) 3.7 (0–17) 1.6 −1.2 to 4.5 0.26

WOOS 38.4 (7.8–74.6) 24.9 (5.5–64.7) 13.5 2.6–24.4 0.02

Mean values with range in parentheses

CI confidence interval
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At one year CMS was 54.0 (range 0–88.0) and
WOOS was 69.3 (range 5.2–100.0) in the entire series.
Thus, the effects of resurfacing hemiarthroplasty tended
to be inferior with mean differences in CMS, WOOS
and subscale CMS of pain of 10.2, 20.2 and 3.2, re-
spectively (Table 2). The difference in WOOS and sub-
scale CMS of pain was statistically significant and
exceeded the minimal clinically important difference,
whereas the difference in CMS, with the numbers avail-
able for this study, was statistically insignificant but
exceeded the minimal clinically important difference.

Improvements in CMS and WOOS between the pre-
operative and the one year evaluation were seen in 34
of 38 patients. Two patients had a worse outcome in
both CMS and WOOS at one year (both were treated
with resurfacing hemiarthroplasty), one patient had a
worse outcome in CMS and one patient had a worse
outcome in WOOS (both were treated with stemmed
hemiarthroplasty).

There was a significant improvement of CMS with a mean
difference between the preoperative and postoperative mea-
surement of 28.2 (95 % CI 17.1–39.2) after resurfacing
hemiarthroplasty and 32.1 (95 %CI 22.2–42.0) after stemmed
hemiarthroplasty. The mean improvement ofWOOSwas 33.8
(95 % CI 18.4–49.3) after resurfacing hemiarthroplasty and
40.5 (95 % CI 28.4–52.5) after stemmed hemiarthroplasty.
The improvements were highly statistically significant
(P<0.0001). The differences in mean improvement for
CMS and WOOS between the arthroplasty designs was
statistically insignificant [mean difference 3.9 (95%CI −10.4
to 18.3), P=0.58 and 6.6 (95 % CI −12.3 to 25.5), P=0.48,
respectively].

Blinding

One patient died and two patients dropped out at their request
before the one year evaluation. Five patients that were travel-
ling from other sides of the country to be evaluated had wishes
of a specific date to be evaluated on which the blinded

evaluation was not possible. Thus, data from 32 patients were
available (Table 3). The non-blinded evaluation showed a total
score of CMS of 56.0 (range 0–88.0) and the blinded evalu-
ation showed a total score of 55.0 (range 15.0–89.0) for the
eligible patients. The difference of 1 point was not statistically
significant (95 % CI −2.3 to 4.3, P=0.54). Thus, we have no
suspicions of observer bias.

Discussion

New shoulder implants are expected to be equivalent or supe-
rior to existing implants; however, new implants are only
required to provide data onmaterial safety not clinical efficacy
before they are released onto the market. The documented
effects of shoulder replacement in the treatment of
glenohumeral osteoarthritis are sparse, and in particular
resurfacing hemiarthroplasty has been used for nearly two
decades without being evaluated in a randomised clinical trial.

The first report of resurfacing hemiarthroplasties in patients
with osteoarthritis (n=30) described good functional outcome
with a non-adjusted Constant score of 58 after a minimum of
two years of follow-up [11]. Other small case series have
reported similar results with non-adjusted CMS between 57
and 68 [13, 16–19, 26] or with WOOS of 67 [14]. We found a
statistically significant improvement exceeding the minimal
clinically important difference in CMS and WOOS following
both arthroplasty designs. However, the effects of resurfacing
hemiarthroplasty tended to be inferior to those of stemmed
hemiarthroplasty and were not as favourable as reported in
previous case series with mean CMS and WOOS of 49 and
59, respectively.

The patient-reported outcome following resurfacing
hemiarthroplasty and stemmed hemiarthroplasty have previ-
ously been reported in studies using national registry data. A
Norwegian study compared 144 stemmed hemiarthroplasties
and 124 resurfacing hemiarthroplasties and reported identical
patient-reported outcomes with an improvement in Oxford

Table 2 Outcome scores at one year

Stemmed hemiarthroplasty Resurfacing hemiarthroplasty Difference 95 % CI P value

Total no. of arthroplasties 19 19

CMS 59.1 (0–88) 48.9 (6–80) 10.2 −3.3 to 23.6 0.14

Pain 11.1 (0–15) 8.0 (0–15) 3.2 0.1–6.2 0.04

ADL 15.2 (0–20) 11.5 (2–20) 3.7 −0.3 to 7.7 0.07

Range of motion 25.9 (0–38) 22.7 (4–40) 2.9 −3.4 to 9.3 0.35

Strength 7.1 (0–15) 6.8 (0–17) 0.3 −2.3 to 2.8 0.83

WOOS 79.4 (12.8–98.6) 59.2 (5.2–100.0) 20.2 3.4–36.9 0.02

Mean values with range in parentheses

CI confidence interval
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shoulder score of 13 units [27]. A Danish study compared 837
resurfacing hemiarthroplasties and 259 stemmed
hemiarthroplasties. The WOOS was 67 and 64 at one year,
respectively. The difference was statistically significant but
did not exceed the minimal clinically important difference as
defined by the authors [28]. The National Registry in
Denmark has reported five year cumulative revision rates
following resurfacing hemiarthroplasty and stemmed
hemiarthroplasty of approximately 10 and 7 %, respectively.
The difference was not statistically significant [28, 29].

There were no statistically significant differences between
the two groups preoperatively with regard to CMS and the
subscale score of pain. However, the group treated with
stemmed hemiarthroplasty had a statistically significantly su-
perior WOOS and the pre-operative scores may have influ-
enced outcome, especially since the differences in mean im-
provement between the two groups were rather small and
statistically insignificant. Furthermore, patient-related factors
such as previous surgery, co-morbidity, ongoing insurance
case, socioeconomic status and the severity of osteoarthritis
including glenoid wear may have been unequally distributed
due to the small number of patients and thus influencing
outcome. Differences in preoperative scores, distribution of
potential patient-related risk factors and in the severity of
osteoarthritis may also be the reason for the different findings
between our study and previous publications.

In the majority of previous studies of shoulder replacement
in the treatment of glenohumeral osteoarthritis the operations
were performed by a few highly experienced surgeons with a
special interest in the evaluated arthroplasty design. Thus, the
results reported in these studies may not be generalised to the
average shoulder surgeon. In order to ensure external validity,
we decided that the patients in our study should be operated by
the same surgeons as would have operated on the patients if
they had not participated in the study. There are other advan-
tages of this study including the evaluators’ independency of
the surgical procedure and the blinded evaluation at one year
with no suspicion of observer bias. Furthermore, the
randomised design makes the study eligible in future meta-
analysis. Nonetheless, there are also limitations, in particular

the small number of patients and the short follow-up. In a pre-
study sample size calculation, the desired difference between
the two groups in CMS was defined as 10 points, which was
later confirmed as the minimal clinically important difference
of CMS [22]. However, the standard deviation was estimated
to ±10.0 but turned out to be approximately ±20.0. With this
standard deviation 63 patients in each group would have been
required. This also explains why the difference in CMS of
10.2 between the two groups at one year was statistically
insignificant even though it did exceed the minimal clinically
important difference of 10.

The use of resurfacing hemiarthroplasty has relied on
the results from case series only. The efficacy in the
treatment of glenohumeral osteoarthritis has been prom-
ising; however, this randomised trial indicates that the
results may be less favourable than previously reported
and more randomised blinded trials are needed. Large
studies with long-term follow-up are preferable; howev-
er, this is very laborious and we believe that small
studies with short-term follow-up are justified since the
results can be included in future meta-analysis. We
emphasise that stemmed arthroplasty designs are prefer-
able in the treatment of glenohumeral osteoarthritis until
the efficacy of resurfacing hemiarthroplasty has been
more thoroughly documented.

In conclusion, both stemmed hemiarthroplasty and
resurfacing hemiarthroplasty are relevant and effective in
the treatment of glenohumeral osteoarthritis. However, the
effects of resurfacing hemiarthroplasty tended to be infe-
rior to those of stemmed hemiarthroplasty. It is unclear
whether this reflects a real difference in effect or baseline
differences due to the limited number of randomised
patients. We suggest there is a need for a larger, more
definitive trial.
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Table 3 Outcome scores at one year: non-blinded and blinded evaluations

Non-blinded evaluator Blinded evaluator Difference 95 % CI P value

Total no. of arthroplasties 32 32

CMS 56.0 (0–88) 55.0 (15–89) 1.0 −2.3 to 4.3 0.54

Pain 10.0 (0–15) 10.1 (3–15) −0.1 −1.1 to 0.9 0.80

ADL 13.7 (0–20) 13.0 (0–20) 0.7 −0.7 to 2.1 0.33

Range of motion 25.1 (0–40) 24.1 (8–38) 1.0 −1.0 to 3.1 0.30

Strength 7.3 (0–17) 7.9 (0–16) −0.6 −1.5 to 0.4 0.25

Mean values with range in parentheses

CI confidence interval
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