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Evaluation of periprosthetic bone mineral
density and postoperative migration of humeral
head resurfacing implants: two-year results
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Background: Implant migration, bone mineral density (BMD), length of glenohumeral offset (LGHO),
and clinical results were compared for the Copeland (Biomet Inc, Warsaw, IN, USA) and the Global
C.A.P. (DePuy Int, Warsaw, IN, USA) humeral head resurfacing implants (HHRIs).
Methods: The study randomly allocated 32 patients (13 women), mean age 63 years (range, 39-82 years),
with shoulder osteoarthritis to a Copeland (n ¼ 14) or Global C.A.P. (n ¼ 18) HHRI. Patients were moni-
tored for 2 years with radiostereometry, dual-energy X-ray absorptiometry, Constant Shoulder Score (CSS),
and the Western Ontario Osteoarthritis of the Shoulder Index (WOOS). LGHO was measured preopera-
tively and 6 months postoperatively.
Results: At 2 years, total translation (TT) was 0.48 mm (standard deviation [SD], 0.21 mm) for the Cope-
land and 0.82 mm (SD, 0.46 mm) for the Global C.A.P. (P ¼ .06). Five HHRI were revised, and in the
interval before the last follow-up (revision or 2 years), TT of 0.58 mm (SD, 0.61 mm) for revised
HHRI was higher (P ¼ .02) than TT of 0.22 mm (SD, 0.17 mm) in nonrevised HHRI. A comparison of
TT at the last follow-up (revision or 2 years) found no difference between the HHRIs (P ¼ .12). Peripros-
thetic BMD decreased initially but increased continuously after 6 months for both HHRIs. At 2 years,
BMD was 48% higher around the Copeland HHRI (P ¼ .005). The mean difference in LGHO was signif-
icantly higher for the Copeland than for the Global C.A.P. HHRI (P ¼ .02). Clinical results evaluated with
CSS and WOOS improved over time for both implant groups (P < .01), with no differences between the
groups.
Conclusion: Both implants had only little migration and good clinical results. Periprosthetic BMD and
LGHO both increased for the Copeland HHRI more than for the Global C.A.P HHRI.
approved by The Central Denmark Region Biomedical

Committee (Journal No. 20060165; Issue date: November

*Reprint requests: Inger Mechlenburg, PhD, Orthopaedic Research,

Aarhus University Hospital, Bldg 10A, Office 13, Tage-Hansens Gade 2,

DK-8000 Aarhus C, Denmark.

E-mail address: inger.mechlenburg@ki.au.dk (I. Mechlenburg).

ee front matter � 2014 Journal of Shoulder and Elbow Surgery Board of Trustees.

/10.1016/j.jse.2014.05.012

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:inger.mechlenburg@ki.au.dk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jse.2014.05.012&domain=pdf
http://dx.doi.org/10.1016/j.jse.2014.05.012
http://www.elsevier.com/locate/ymse
http://www.elsevier.com/locate/ymse
http://dx.doi.org/10.1016/j.jse.2014.05.012


1428 I. Mechlenburg et al.
Level of evidence: Level II, Randomized Controlled Design, Treatment Study.
� 2014 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Implant migration; bone mineral density; humeral head resurfacing implant
Treatment of shoulder osteoarthritis is debated,27,32 but
the most effective pain treatment of severe osteoarthritis
seems to be joint arthroplasty.4 A surgical modality for the
treatment of shoulder osteoarthritis is the humeral head
resurfacing implant (HHRI), which aims to replace the
worn humeral head cartilage and restore individual anat-
omy while preserving the bone stock of the humeral head.
The indications for HHRI are proposed to be osteoarthritis,
rheumatoid arthritis, avascular necrosis stages 2 to 4, and
stable forms of cuff tear arthropathy.9,18,37 Several obser-
vational studies1,3,15,23,33 and register-based studies7,24 have
reported outcomes after HHRI, but to our knowledge, no
randomized studies have been performed.

If the primary position and fixation of the HHRI is
suboptimal, then micromotion is likely to occur at the
bone–implant interface and induce formation of a fibrous
membrane instead of a bone bridge to the implant. How-
ever, implants that are stable at primary fixation are more
apt to stay fixed and survive for longer periods.30 Also, the
periprosthetic bone mineral density (BMD) of the proximal
humerus is important to provide strong fixation for the
implants and reduce the risk of implant loosening.34 The
relation between BMD and primary implant stability has, in
particular, been demonstrated in tooth implants.6,35 In pa-
tients with cementless hip implants, Aro et al2 showed that
the femoral stem subsided more in patients with low BMD
than in those with normal BMD during the first 3 months
after surgery. Stress shielding resulting in diminished BMD
after HHRI may increase the risk of migration and loos-
ening of the prosthesis, but except for computational
models,21,26 little is known about changes in periprosthetic
BMD after HHRI.

The Copeland HHRI (Biomet Inc, Warsaw, IN, USA)
has been used for more than 25 years, whereas the Global
C.A.P. HHRI (DePuy Int, Warsaw, IN, USA) is newer on
the market, and currently, only sparse scientific documen-
tation is available. There are small design differences be-
tween these 2 HHRIs. The Global C.A.P. implant design
considers variability in humeral head size in normal
shoulders to enhance anatomic reconstruction of the hu-
meral heads, and further, the apical undersurface of the
implant is flat and allows for intimate bone contact and
avoids joint stuffing. Both implants have a central cruci-
form tapered stem to provide rotational stability. The
Copeland implant features an extended skirted rim for a
circumferential press fit and restores the preosteoarthritis
joint conditions by adding þ2 mm offset to the resurfaced
humeral head. Reaming and implant thickness for the
Global C.A.P. is neutral in offset.
The overall aim of this study was to compare the 2
different HHRIs radiologically and clinically in a ran-
domized controlled trial with 2 years of follow-up. The
primary outcome was migration assessed 2 years after
surgery. Secondary outcome measures were periprosthetic
BMD, length of glenohumeral offset (LGHO), and clinical
outcome measured by questionnaires.

Materials and methods

The study was registered at ClinicalTrials.gov (NCT00408096) and
with the Data Protection Agency (Journal No. 2008-41-2103) and
was performed in compliance with the Helsinki Declaration. An a
priori power analysis suggested 30 patients would be required in
each group to have adequate power (0.8) to show a clinically
relevant difference of 0.3 mm in migration between the 2 HHRIs at
2 years of follow-up. However, the design of the Copeland HHRI
was changed by the manufacturer in 2011, and the surgeons did not
want to continue using the Copeland implant; thus, we had to stop
inclusion before scheduled, and 32 patients were included at that
time. We therefore calculated the power of the study post hoc based
on the actual standard deviations (SDs) and found the study had a
power of 0.76 to detect a difference of 0.32 mm in migration be-
tween the groups. From 2007 to 2010, 13 women and 19 men, at a
mean age of 63 years (range, 39-82 years) and with shoulder
osteoarthritis, were included after informed consent (Table I).

The random allocation sequence was generated by the first and
last authors by drawing labels from a box, and the labels were then
concealed in sequentially numbered closed envelopes. The surgeons
enrolled the patients into the study and assigned them to a Copeland
(n ¼ 14) or a Global C.A.P. (n ¼ 18) cementless HHRI with
plasma-sprayed titanium-coated and hydroxyapatite-coated un-
dersurfaces after having validated intraoperatively that the osteo-
arthritic shoulder joint could be treated with an HHRI without the
need of a glenoid component. One patient randomized to a Cope-
land HHRI was excluded because an insufficient number of bone-
markers were inserted at surgery due to failure of the bead gun.

The inclusion criteria were individuals aged 18 to 85 years
with shoulder osteoarthritis and cartilage defects involved on the
humeral rather than on the glenoid side of the joint. The exclusion
criteria were previous shoulder arthroplasty or other major
shoulder surgery, severe shoulder instability with large rotator cuff
defect, rheumatoid arthritis, metabolic bone disease, patients un-
able to avoid nonsteroidal anti-inflammatory drugs after surgery,
patients requiring regular systemic steroid treatment, women in
the fertile age range who did not use safe contraception, and
women taking hormone replacement therapy.

The operations were performed at 2 hospitals by 2 shoulder
surgeons (T.K. and K.D.). Both surgeons were trained and
had sufficient experience with both implants and the surgical
procedure before the study started. All patients were operated on
using a standard deltopectoral approach. The tendon of the
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Table I Summary of demographics and clinical data at baseline for patients operated on with humeral head resurfacing implant
(n ¼ 31)

Variables) Copeland HHRIy (n ¼ 13) Global C.A.P. HHRIz (n ¼ 18)

Gender
Male 8 10
Female 5 8

Age, y 61 (40-82) 63 (53-83)
Height, cm 172 (153-185) 173 (152-197)
Weight, kg 87 (60-130) 82 (54-108)
Pain (VAS)x 53 (15-97) 44 (8-99)
Western Ontario Osteoarthritis Shoulder Index 939 (441-1574) 1088 (504-1870)
Constants Shoulder Score 57 (9-70) 35 (10-65)
Post-op periimplant BMD, g/cm2 0.66 (0.08-1.25) 0.50 (0.12-0.90)
Osteopenia (T-score: –1 to –2.5) 3 10
Implant size 3 (2-4) 48 (40-52)

BMD, bone mineral density; HHRI, humeral head resurfacing implant; VAS, visual analog scale.
) Continuous data are shown as the mean (range) and categoric data as the number.
y Biomet Inc, Warsaw, IN, USA.
z DePuy Int, Warsaw, IN, USA.
x Measured by the Western Ontario Osteoarthritis Shoulder Index at rest.
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subscapularis was split just medial to the insertion on the minor
tubercle and reinserted at closure. A balanced capsular release and
trimming of the labral complex was performed if needed. During
the operation, a bead gun (Wennbergs Finmek, Gunnilse, Sweden)
was used to place 5 to 8 tantalum beads in the humeral metaphysis
and diaphysis to determine prosthesis migration with model-based
radiostereometric analysis (RSA). Except for the 2 surgeons and
the observers evaluating RSA and LGHO, all other assessors, care
providers, and physiotherapists were blinded to the patient’s
implant assignment.

The postoperative course was as at present after insertion of
HHRI, with an arm sling for 6 weeks. After the first postoperative
day, unweighted, passive movement, supervised by a physiother-
apist, was allowed to a maximum of 60� outward rotation, whereas
only pain limited abduction and flexion. After 6 weeks, free,
active movement, respecting the pain threshold, was encouraged
under supervision of a physiotherapist.

Radiostereometric analysis

Immediately after surgery, a stereo radiograph was taken, and the
initial position of the HHRI was determined in relation to the
tantalum beads in the bone. Thereafter, at 6 and 12 weeks and at 6,
12, and 24 months, follow-up stereo radiographs were taken.
Standardized stereo radiographic examinations were performed at
our institution as described by Stilling et al.31 Computer analysis
was performed on digital computed radiography stereoradiographs
(Fuji FCR AC–3CS/ID, Brooklyn, NY, USA) with model-based
RSA 3.32 software (Medis Specials, Leiden, The Netherlands),
and computer-aided design models of the HHRIs were matched
with the contour of the radiographic projection of the implant.10,31

Implant micromotion, with respect to the rigid bone reference of
the tantalum beads, was calculated in 3 dimensions from baseline
until 24 months of follow-up.

Total translation (TT) was calculated by use of the Pythagorean
theorem (TT ¼ square root [x2 þ y2 þ z2]). At 6 months of follow-
up, double stereo radiographs with complete reposition of the
patient and system were obtained to estimate the precision of the
method (SD of differences between double examinations �1.96).

Bone mineral density

BMD near the Copeland and Global C.A.P. HHRIs was measured
with a Lunar Prodigy Advance bone densitometer (General Health-
care, Madison,WI, USA) within 1 week after surgery and at 3, 6, 12,
and 24months, as described by Stilling et al.31All examinationswere
performed at our institution. Scan data were analyzed with enCORE
11.40 software (GE Healthcare, Madison, WI, USA). Measures of
BMD (g/cm2) were obtained for the one region of interest. A single
technician completed all BMD analyses to ensure identical posi-
tioning of the region of interest. At the 6-month follow-up, double
scanningwas performedwith complete repositioning of the patient to
determine the precision of the method.31

At the 3-month dual-energy X-ray absorptiometry scan, BMD
in the lumbar spine and the femoral neck was also measured to
assess if any patients had osteoporosis or osteopenia based on the
World Health Organization diagnostic criteria for osteoporosis.
The reason for not doing the osteoporosis scan before surgery was
primarily logistical, because the dual-energy X-ray absorptiometry
scanner and RSA facilities were located in a different hospital,
50 km from the treating hospital.

Length of glenohumeral offset

Conventional anteroposterior radiographs were obtained preoper-
atively and at 6 months postoperatively for a geometric analysis of
LGHO. The x-ray technique of the 2 hospitals was standardized.
Patients were positioned standing with the back against the image
receptor, and the nonaffected side was turned 35� to 45� away
from the image receptor. The affected arm was flexed 90� in the
elbow, and the underarm was internally rotated. The angle of the
beam was tilted 15� to 20� in a cranial–caudal direction and was
centered toward the shoulder joint.



Figure 1 Length of glenohumeral offset is measured by a modified method in which the first step is drawing a line from the top to the
bottom of the glenoid cavity (A). Then, the center axis of the humeral bone is drawn and a parallel line is shifted until it touches the most
lateral part of the major tubercle (B). This point is marked and the perpendicular distance from the glenoid-line A to the B point is noted (C).
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An experienced radiologist (A.A.) used a modified method to
measure the LGHO.31 First, a line was drawn from the top to the
bottom of the glenoid cavity. Then, the center axis of the humeral
bone was drawn, and a parallel line was shifted until it touched the
most lateral part of themajor tubercle. This pointwasmarked, and the
perpendicular distance from the glenoid line to this point was noted as
the LGHO (Fig. 1). We have previously found the precision of the
method is high, with a 95% limit of agreement of �0.11 cm.31

Clinical measures

Before surgery and at 3, 6, 12, and 24 months of follow-up, clinical
parameters were evaluated with 2 questionnaires, the Constant
Shoulder Score (CSS)5 and Western Ontario Osteoarthritis of the
Shoulder Index (WOOS).13 The surgeons assessed the CSS, and a
shoulder physiotherapist used a myometer (Mecmesin AFG Myo-
meter, Ab Unimerco A/S, Sunds, Denmark) to measure isometric
muscle strength. The WOOS was assessed by the patients.

Statistics

All continuous variables were tested for normality by the Shapiro-
Wilk test and Q-Q plots, and normal distribution was assumed for
the implant migration, periprosthetic BMD, and LGHO data. Data
for these variables within the 2 groups were tested with a paired t
test and between the groups by the Student t test. Because some
implants were revised, a sensitivity analysis for RSA data con-
cerning revision was also performed. Calculations of the corre-
lation coefficient between migration and BMD were performed
with the Pearson correlation analysis. Data for measurements of
CSS and WOOS over time within the 2 groups were tested by the
Kruskal-Wallis test. The difference between baseline and 2 years
of follow-up between the 2 groups was tested by the Mann-
Whitney test. Intercooled Stata 11.0 software (StataCorp LP,
College Station, TX, USA) was used for statistical computations.
Results

The number of patients randomly assigned and analyzed for
the outcome variables in this study is shown in Fig. 2. One
patient was excluded after randomization and HHRI
insertion because the bead gun jammed during surgery and
only 1 bone marker was visible on the radiograph. The
demographics for the patients at baseline are reported in
Table I. Within the 2-year follow-up period 3 of 13 Cope-
land and 2 of 18 Global C.A.P. HHRIs were revised
(P ¼ .63), and 2 patients (2 implants) were lost to follow-
up. Radiologic and clinical data for the 5 patients who
were revised are described in Table II.

Radiostereometric analysis

At 2 years, the mean total translation (TT) was 0.48 mm
(SD, 0.21 mm) for the Copeland HHRI and 0.82 mm (SD,
0.46 mm) for the Global C.A.P. HHRI (P ¼ .06; Fig. 3).
Between 1 and 2 years, TT for the Global C.A.P. increased
(P ¼ .04) by 0.17 mm (SD, 0.29 mm), whereas the Cope-
land HHRI (0.09 mm; SD, 0.19) had no significant TT
migration (P ¼ .23).

At the last follow-up (revision or 2 years), the Copeland
HHRI tended to migrate laterally and rotate into valgus,
whereas the Global C.A.P. HHRI translated distally and
laterally, but there was no difference between groups
(P > .27; Table III). Evaluating absolute migrations at the
last follow-up (revision or 2 years), we found similar TT
(P ¼ .98) and similar absolute translations and varus/valgus
rotation (P > .07; Table IV). The precision of the method
(SD of differences between double examinations �1.96) is
reported in Table V.

Of the implants that were not revised, 3 Global C.A.P
HHRIs and no Copeland HHRIs migrated above the pre-
cision limit of 0.37 mm TT between 1 and 2 years of
follow-up. Three of 5 revised implants (all Copeland) and 4
of 24 nonrevised implants (1 Copeland, 3 Global C.A.P.)
migrated above the 0.37 mm TT precision limit (P ¼ .08).
For the 5 revised implants, migration was higher (P ¼ .02)
between the last 2 RSA examinations, with TT at 0.58 mm
(SD, 0.60 mm) compared with the nonrevised implants with
TT at 0.22 mm (SD, 0.17 mm). There was a tendency for



Figure 2 Flow diagram shows the number of patients randomly assigned and analyzed at 2 years of follow-up for the primary and
secondary outcome measures. Copeland, Biomet Inc, Warsaw, IN, USA; CSS, Constant Shoulder Score; DXA, dual-energy X-ray ab-
sorptiometry; HHRI, humeral head resurfacing implant; LGHO, length of glenohumeral offset; RSA, radiostereometric analysis; WOOS,
Western Ontario Osteoarthritis Score.
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the revised HHRIs to translate in anterior, distal, and lateral
directions and rotate into valgus (P > .09; Table IV). TT at
the last follow-up (revision or 2 years) was 1.11 mm (SD,
0.74 mm) for revised implants and 0.70 mm (SD, 0.41 mm)
for nonrevised implants (P ¼ .08). A difference in absolute
miration was found in x-translation (P ¼ .009) with
0.83 mm (SD, 0.59 mm) for the Copeland and 0.18 mm
(SD, 0.15 mm) for the Global C.A.P. HHRI.

Bone mineral density

Postoperative BMD was mean 0.69 g/cm2 (SD, 0.35 g/cm2)
near the Copeland HHRI and 0.50 g/cm2 (SD, 0.19 g/cm2)
near the Global C.A.P. (P ¼ .07). Periprosthetic BMD
around both implants decreased up to 6 months after sur-
gery and then increased continuously up to 2 years after
surgery (Fig. 4). At both 1 and 2 years of follow-up, BMD
was significantly higher around the Copeland HHRI
compared with the Global C.A.P HHRI (P < .01).

The BMD measurements of the lumbar spine/femoral
neck showed that osteopenia was present in 13 patients (10
Global C.A.P.) and that BMD was normal in the remaining
19 patients. The correlation between postoperative BMD
and migration was insignificant (r ¼ 0.17, P ¼ .41).
Length of glenohumeral offset

The mean difference in LGHO preoperatively compared
with 6 months postoperatively for the Global C.A.P. was
0.002 cm (95% confidence interval –0.15 to 0.15 cm;
P ¼ .97), and the mean difference for the Copeland was 0.28
cm (95% confidence interval, 0.08-0.48 cm; P ¼ .01). The
mean difference in LGHO was significantly higher for the
Copeland HHRI compared with the Global C.A.P. (P ¼ .02).
Clinical outcome scores

Clinical outcomes were assessed with the WOOS and the
CSS before surgery and at 3, 6, 12, and 24 months after
surgery and improved for both groups. In the group with a
Copeland HHRI, CSS increased continuously, from a me-
dian of 57 to 61, 71, 72, and 77 (P ¼ .007), and WOOS
improved from a median of 939 to 645, 296, 295, and 113
(P ¼ .002). For the patients with a Global C.A.P. HHRI, CSS
improved from a median of 35 to 51, 65, 73, and 73
(P ¼ .0001), and WOSS improved from median of 1060 to
568, 383, 381, and 300 (P ¼ .0001). There were no signif-
icant differences in the scores between the groups (Fig. 5).



Table II Radiological and clinical data for the 5 patients who were revised within the first 24 months after insertion of the humeral
head resurfacing implant

Patient Implant Time

to

revision

(mon)

Clinical reason

for revision

Treatment at

revision

Clinical

implant

fixation

at

revision

TT at

revision

(mm)

TT

between

2 last FU

(mm)

Peri-

implant

BMD

post-op

(g/cm2)

Osteopenia Gender Age

(y)

VASrest
revision

WOOS

revision

1 Copeland) 6 Major Tubercle

fracture,

impingement

Converted to

Cuff tear

arthropathy

hemiprosthesis

Good 1.30 þ0.46 0.88 No M 65 25 1105

2 Global

C.A.P.y
12 Pain, pseudo-

paralysis

Converted to

Deltay inverse
prosthesis

Partial 0.64 �0.16 0.27 Yes F 67 80 944

3 Copeland 16 Pain, traumatic

cuff rupture

Converted to

cuff tear

arthropathy

hemiprosthesis

Good 2.25 þ1.61 0.70 No M 77 15 595

4 Copeland 19 Pain,

impingement,

peri-implant

osteoarthritic

changes

Converted to

total

shoulder

prosthesis

Good 0.29 �0.59 0.93 Yes M 49 14 850

5 Global

C.A.P.

23 Degenerative

cuff-rupture

Converted to

cuff tear

arthropathy

hemiprosthesis

Good 1.11 �0.10 0.66 Yes M 53 48 1106

BMD, bone mineral density; F, female; FU, follow-up; M, male; TT, total translation; WOOS, Western Ontario Osteoarthritis Shoulder Index; VASrest, visual

analog scale at rest.
) Biomet Inc, Warsaw, IN, USA.
y DePuy Int, Warsaw, IN, USA.

Figure 3 Total translation (in mm) of the Copeland (Biomet
Inc, Warsaw, IN, USA) and Global C.A.P. (DePuy Int, Warsaw,
IN, USA) humeral head resurfacing implants determined at
6 weeks, and at 3, 6, 12, and 24 months after surgery. The hori-
zontal line in the middle of each box indicates the median, the top
and bottom borders of the box mark the interquartile range (75th
and 25th percentiles), the whiskers mark the 90th and 10th per-
centiles, and the dots indicate outliers. There was no significant
difference in migration between the 2 HHRI at any follow-up
assessment.
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Discussion

This study randomized patients with osteoarthritis of the
shoulder to a Copeland or a Global C.A.P. HHRI. The
median TT was minor for both HHRIs, but the Global
C.A.P. implant migrated continuously between 1 and
2 years. There were a high number of patients with osteo-
penia in the Global C.A.P. group (10 of the 13 patients),
which may have influenced the migration of the implant.

The migration pattern and cutoff for ‘‘risk of later
aseptic implant loosening’’ has not yet been established for
shoulder implants. From what we know from cementless
hip and knee implants, continuous migration is problematic
and related to premature revision.19,25 However, the period
of osseointegration in the implant hydroxyapatite-coated
undersurface should be similar to other joints, and
cementless HHRIs are expected to stabilize within
6 months after surgery. Because the shoulder has a different
loading and lever arm compared with hip joints, a direct
parallel for the migration pattern is not expected. Although
there are indications, we cannot conclude that the observed
migration pattern at group level for the Global C.A.P. found
in this study is problematic.



Table III Summary of radiostereometric analysis data at last available follow-up (revision or 2 years) sorted by type of humeral head
resurfacing implant

Variables Copeland HHRI) (n ¼ 12) Global C.A.P.y (n ¼ 17) P

Mean (SD) Mean (SD)

Signed RSA data
x-translation: proximal (þ)/distal (�) 0.05 (0.61) �0.15 (0.32) .33
y-translation: lateral (þ)/medial (�) 0.21 (0.43) 0.13 (0.67) .74
z-translation: anterior (þ)/posterior (�) 0.04 (0.46) �0.02 (0.59) .78
x-rotation; valgus (þ)/varus (�) 0.77 (1.52) 0.02 (2.00) .28

Absolute RSA data
TT differencez 0.35 (0.43) 0.24 (0.18) .98
TT (total translation) 0.67 (0.58) 0.83 (0.43) .12
x-translation 0.35 (0.50) 0.26 (0.23) .43
y-translation 0.29 (0.38) 0.52 (0.42) .08
z-translation 0.37 (0.24) 0.44 (0.38) .79
x-rotation 1.03 (1.34) 1.49 (1.28) .18

HHRI, humeral head resurfacing implant; RSA, radiostereometric analysis; SD, standard deviation; TT, total translation.
) Biomet Inc, Warsaw, IN, USA.
y DePuy Int, Warsaw, IN, USA.
z TT difference: the difference in TT between the last and second last follow-up, with last follow-up defined as revision or 2 year.

Table IV Summary of radiostereometric analysis data at last available follow-up (revision or 2 years) sorted by nonrevised and revised
humeral head resurfacing implant

Non-revised HHRI (n ¼ 24) Revised HHRI (n ¼ 5) P

Mean (SD) Mean (SD)

Signed RSA data
x-translation: proximal (þ)/distal (�) �0.05 (0.23) �0.17 (1.09) .10
y-translation; lateral (þ)/medial (�) 0.13 (0.56) 0.30 (0.68) .56
z-translation; anterior (þ)/posterior (�) �0.05 (0.54) 0.28 (0.45) .20
x-rotation; valgus (þ)/varus (�) 0.07 (1.66) 1.58 (2.25) .09

Absolute RSA data
TT difference) 0.22 (0.17) 0.58 (0.61) .02
TT (total translation) 0.70 (0.41) 1.11 (0.74) .08
x-translation 0.18 (0.15) 0.83 (0.59) .01
y-translation 0.39 (0.39) 0.47 (0.56) .74
z-translation 0.39 (0.35) 0.45 (0.25) .74
x-rotation 0.09 (1.18) 2.03 (1.73) .11

HHRI, humeral head resurfacing implant; RSA, radiostereometric analysis; TT, total translation.
) TT difference: the difference in TT between the last and second last follow-up, with last follow-up defined as revision or 2 year.
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More interestingly, we found a higher migration for the
5 revised implants compared with nonrevised implants for
the final interval of the follow-up period. Migration of the
individual implants is of high interest, and the precision
limit is applicable for judgment of individual migrations
between 2 follow-up assessments (ie, between 1 and
2 years). At the last follow-up (revision or 2 years), 3
Copeland and 2 Global C.A.P. implants had migrated more
than the 0.37 mm TT precision limit.

Although the revised implants migrated more in the last
period of RSA follow-up, indicating risk of failure by aseptic
loosening, the clinical observations by the shoulder surgeons
during surgery did not confirm loose implants. We do not
have an explanation for this, but speculate that shoulder
surgeons revise patients earlier than hip and knee surgeons,
perhaps due to fear of pain and immobilization, leading to a
stiff shoulder joint and poor range of motion (ROM). If this
is the case, it could explain why the revised shoulder im-
plants were only microloose (measured by RSA), rather than
macroloose (clinical impression at revision).

Sk€oldenberg et al29 applied marker-free RSA in their
experimental shoulder study and found an accuracy of 0.22



Table V Radiostereometric analysis precision from double examination stereo radiographs (to be used on patient individual basis)

Variable x y z Rz TT

Mean difference 0.05 0.05 0.09 0.73 0.08
SD difference �1.96 0.24 0.43 0.45 4.51 0.37

SD, standard deviation; TT, total translation.
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Copeland (Biomet Inc, Warsaw, IN, USA) and Global C.A.P.
(DePuy Int, Warsaw, IN, USA) humeral head resurfacing implants
determined postoperatively and at 3, 6, 12, and 24 months after
surgery. The horizontal line in the middle of each box indicates
the median, the top and bottom borders of the box mark the
interquartile range (75th and 25th percentiles), the whiskers mark
the 90th and 10th percentiles, and the dots indicate outliers. At 1
and 2 years, periprosthetic BMD was higher (P < .01) around the
Copeland HHRI compared with the Global C.A.P.
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Figure 5 The Western Ontario Osteoarthritis Scores (WOOS)
and Constant Shoulder Scores for the patients with the Copeland
(Biomet Inc, Warsaw, IN, USA) and Global C.A.P. (DePuy Int,
Warsaw, IN, USA) humeral head resurfacing implants completed
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to 0.47 mm for translations and 0.92� to 1.56� for rotations.
In this clinical study, we determined a precision of 0.24 to
0.45 mm for translation and 4.51� in rotation around the z
axis, underlining that our data have equally high accuracy
in translation but a far lower accuracy in rotation than can
be achieved in an experimental setting.

The BMD values increased from 6 months after surgery
for both implants, and postoperative BMD values at 1 year
were higher than the preoperative values, indicating
increased loading and active use of the operated shoulder
after HHRI surgery. At both 1 and 2 years of follow-up,
BMD was significantly higher around the Copeland implant
compared with the Global C.A.P. implant. The patients with
a Copeland implant had a tendency to start out with a
higher periprosthetic BMD; yet, the BMD for Copeland
HHRIs also increased significantly compared with BMD
around the Global C.A.P. HHRI. Furthermore, BMD for the
Copeland HHRI continued to increase between 1 and
2 years to a difference of 48% BMD content between the 2
implants. This is a clinically important finding displaying
bone remodeling due to regained loading and active use of
the shoulder joint and affected arm.

Four of the revised implants had good osseointegration
at revision, and 1 had partial bone integration according to
the macroscopic judgment of the surgeon. On the basis of
a computational remodeling model, Quental et al21

concluded that stress shielding is not a key factor for the
humeral component failure of shoulder implants in healthy
bone, and in line with that, the surgeons did not think
aseptic loosening was the clinical reason for revision in this
study. We know from knee implants that BMD decreases
during the first 3 months postoperatively, whereafter the
bone mass stabilizes and remodeling is complete after
approximately 24 months.12 In this study, we will continue
to monitor the remodeling of bone near the shoulder im-
plants for 5 years to investigate the pattern of BMD activity.
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LGHO increased for the Copeland HHRI after surgery and
resulted in a significantly longer LGHO in the Copeland
comparedwith theGlobalC.A.P. The clinical consequences of
a postoperatively increased LGHO for theCopelandHHRI are
unknown, and the clinical outcome scores in the Copeland
group were comparable to the scores for the Global C.A.P
group. Yet, the increased LGHO verifies a potential over-
stuffing problem with the Copeland HHRI caused by the
reaming process that only takes 2 mm of the humeral surface,
whereas the apical thickness of the implant is 4 mm.14 The
manufacturer altered the design of the Copeland HHRI in
2011 to comply with clinical concerns of overstuffing.

Clinical scores increased continuously frombefore surgery
and during the 3, 6, 12, and 24 months after surgery for both
groups. Large improvements were already found at 3 months
after surgery in all 4 dimensions on the WOOS: physical
symptoms, function, life style, and emotions. At that time,
there were no restrictions in movement of the shoulder joint
and the patients had completed the physiotherapy-supervised
rehabilitation program at the hospital.

Pain was reduced and movement had improved, whereas
strength measured by a myometer on the CSS was un-
changed compared with before surgery. The increase in CSS
at 2 years of follow-up was similar to the clinical results
reported by Raiss et al,23 where mean CSS increased from
33 to 61 points at 3 years postoperatively. Other studies have
presented varying CSS scores after HHRI, ranging from 54
points 3 years after surgery reported by Thomas et al,33 to 61
points 4 years after surgery found by Alizadehkhaiyat et al,1

to 73 at 5 to 10 years of follow-up reported by Levy et al11

and to 82 points at 3 years of follow-up.8

However, the CSS has potential sources of errors
affecting the results, namely, the measurement of ROM and
muscle power. ROM in the shoulder joint was noted at
intervals of 30�, and a goniometer was used if ROM was on
the border between 2 intervals. However, differentiating
between the intervals was difficult, even with a goniometer.
The CSS does not entail a description on how to measure
muscle strength with the myometer (eg, standing or sitting,
position of arm, elbow and hand), and this will hamper
comparison of the CSS score between different cohorts of
patients. Moreover, the CSS was assessed by the operating
surgeons, who may overestimate the improvements in
function after HHRI. Although there were no differences
between the groups, a limitation of the study is that we did
not engage a blinded observer to assess the CSS in patients.

The rate of revision 2 years after HHRI was 15.6% in
our study. Alizadehkhaiyat et al1 found a revision rate of
10.4% among their patients with osteoarthritis in a 4-year
mean follow-up study of the Copeland HHRI, and Levy
et al11 reported 7.7% revisions in a 5 to 10 years of follow-
up of the Copeland RHHI. Obesity and younger age are risk
factors for a higher revision rate after humeral head
replacement.28 The body mass index for the women (28.8
kg/m2) and men (28.5 kg/m2) included in this trial was
rather high, and the mean age of 63 years was fairly young,
which may explain the higher rate of revisions in our study.
The surgical expertise in the study was high and was not
expected to negatively influence the results.

Evaluating the outcome after HHRI with radiographs,
patient-reported outcome measures,1 and survival rates20 is
not sufficient. Evaluation with RSA is recommended for fix-
ation of all new joint implants designs,16,36 which is also
becoming a standard examination for hip and knee implants,
whereas studies applying RSA for shoulder implants are
lacking. Sk€oldenberg et al29 verified in an experimental study
that marker-free RSA can be used to measure migration of
HHRIs, and Rahme et al22 and Nuttall et al17 used RSA to
investigate the migration pattern of the glenoid component.
Our randomized study is the first to report results from RSA
applied to investigate the migration of HHRI in vivo.

Conclusion
The Copeland HHRI was associated with increased
BMD but also enlarged LGHO. The clinical results were
good for both implants. However, the rate of revisions
was high, which should be considered when balancing
benefits and harms of a HHRI. These 2-year results can
be generalized to patients with shoulder osteoarthritis in
whom implanting a glenoid component is not required.
Disclaimer
This study was financially supported by the Danish
Rheumatism Association, The Aase and Ejnar Danielsen
Foundation, The AP Møller Foundation, The Danish
Medical Association, Cooperative organizations Hu-
manitarian and Cultural Foundation, The Hede Nielsen
Family Foundation, Jacob Madsen & Olga Madsen’s
Foundation, Protesekompagniet/DePuy Denmark, and
Biomet Denmark.

The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.

References

1. Alizadehkhaiyat O, Kyriakos A, Singer MS, Frostick SP. Outcome of

Copeland shoulder resurfacing arthroplasty with a 4-year mean

follow-up. J Shoulder Elbow Surg 2013;22(10):1352-8. http://dx.doi.

org/10.1016/j.jse.2013.01.027

2. Aro HT, Alm JJ, Moritz N, Makinen TJ, Lankinen P. Low BMD af-

fects initial stability and delays stem osseointegration in cementless

total hip arthroplasty in women: a 2-year RSA study of 39 patients.

Acta Orthop 2012;83(2):107-14. http://dx.doi.org/10.3109/17453674.

2012.678798

3. Buchner M, Eschbach N, Loew M. Comparison of the short-term

functional results after surface replacement and total shoulder

http://dx.doi.org/10.1016/j.jse.2013.01.027
http://dx.doi.org/10.1016/j.jse.2013.01.027
http://dx.doi.org/10.3109/17453674.2012.678798
http://dx.doi.org/10.3109/17453674.2012.678798


1436 I. Mechlenburg et al.
arthroplasty for osteoarthritis of the shoulder: a matched-pair analysis.

Arch Orthop Trauma Surg 2008;128(4):347-54. http://dx.doi.org/10.

1007/s00402-007-0404-x

4. Chillemi C, Franceschini V. Shoulder osteoarthritis. Arthritis 2013;

2013:370231. http://dx.doi.org/10.1155/2013/370231

5. Constant CR, Murley AH. A clinical method of functional assessment

of the shoulder. Clin Orthop Relat Res 1987;(214):160-4.

6. Farre-Pages N, Auge-Castro ML, Alaejos-Algarra F, Mareque-

Bueno J, Ferres-Padro E, Hernandez-Alfaro F. Relation between bone

density and primary implant stability. Med Oral Patol Oral Cir Bucal

2011;16(1):e62-7. http://dx.doi.org/10.4317/medoral.16.e62

7. Fevang BT, Lygre SH, Bertelsen G, Skredderstuen A, Havelin LI,

Furnes O. Pain and function in eight hundred and fifty nine patients

comparing shoulder hemiprostheses, resurfacing prostheses, reversed

total and conventional total prostheses. Int Orthop 2013;37(1):59-66.

http://dx.doi.org/10.1007/s00264-012-1722-3

8. Gordiev K, Seitz WH Jr. Surface arthroplasty in shoulder arthritis.

Semin Arthroplasty 2004;15(4):183-90. http://dx.doi.org/10.1053/j.

sart.2004.12.011

9. Giannotti S, Bottai V, Ghilardi M, Dell’osso G, Guido G. Shoulder

resurfacing with Durom Cup: clinical and radiological re-assessment.

J Orthop Sci 2012;17(5):545-50. http://dx.doi.org/10.1007/s00776-

012-0256-2

10. Kaptein BL, Valstar ER, Stoel BC, Rozing PM, Reiber JH. A new

model-based RSA method validated using CAD models and models

from reversed engineering. J Biomech 2003;36(6):873-82. http://dx.

doi.org/10.1016/S0021-9290(03)00002-2

11. Levy O, Copeland SA. Cementless surface replacement arthroplasty of

the shoulder. 5- to 10-year results with the Copeland mark-2 pros-

thesis. J Bone Joint Surg Br 2001;83(2):213-21.

12. Li MG, Nilsson KG. No relationship between postoperative changes in

bone density at the proximal tibia and the migration of the tibial

component 2 years after total knee arthroplasty. J Arthroplasty 2001;

16(7):893-900.

13. Lo IK, Griffin S, Kirkley A. The development of a disease-specific

quality of life measurement tool for osteoarthritis of the shoulder:

the Western Ontario Osteoarthritis of the Shoulder (WOOS) index.

Osteoarthritis Cartilage 2001;9(8):771-8.

14. Mechlenburg I, Amstrup A, Klebe T, Jacobsen SS, Teichert G,

Stilling M. The Copeland resurfacing humeral head implant does not

restore humeral head anatomy. A retrospective study. Arch Orthop

Trauma Surg 2013;133(5):615-9. http://dx.doi.org/10.1007/s00402-

013-1715-8

15. Mullett H, Levy O, Raj D, Even T, Abraham R, Copeland SA.

Copeland surface replacement of the shoulder. Results of an

hydroxyapatite-coated cementless implant in patients over 80 years of

age. J Bone Joint Surg Br 2007;89(11):1466-9. http://dx.doi.org/10.

1302/0301-620X.89B11.18850

16. Nelissen RG, Pijls BG, Karrholm J, Malchau H, Nieuwenhuijse MJ,

Valstar ER. RSA and registries: the quest for phased introduction of

new implants. J Bone Joint Surg Am 2011;93(Suppl 3):62-5. http://dx.

doi.org/10.2106/JBJS.K.00907

17. Nuttall D, Haines JF, Trail IA. The early migration of a partially

cemented fluted pegged glenoid component using radiostereometric

analysis. J Shoulder Elbow Surg 2012;21(9):1191-6. http://dx.doi.org/

10.1016/j.jse.2011.07.028

18. Parsons IM, Weldon EJ III, Titelman RM, Smith KL. Glenohumeral

arthritis and its management. Phys Med Rehabil Clin N Am 2004;

15(2):447-74. http://dx.doi.org/10.1016/j.pmr.2003.12.001

19. Pijls BG, Nieuwenhuijse MJ, Fiocco M, Plevier JW, Middeldorp S,

Nelissen RG, et al. Early proximal migration of cups is associated with

late revision in THA: a systematic review and meta-analysis of 26

RSA studies and 49 survival studies. Acta Orthop 2012;83(6):583-91.

http://dx.doi.org/10.3109/17453674.2012.745353

20. Pritchett JW. Long-term results and patient satisfaction after shoulder

resurfacing. J Shoulder Elbow Surg 2011;20:771-7. http://dx.doi.org/

10.1016/j.jse.2010.08.014
21. Quental C, Folgado J, Fernandes PR, Monteiro J. Bone remodelling

analysis of the humerus after a shoulder arthroplasty.MedEngPhys 2012;

34(8):1132-8. http://dx.doi.org/10.1016/j.medengphy.2011.12.001

22. Rahme H, Mattsson P, Larsson S. Stability of cemented all-

polyethylene keeled glenoid components. A radiostereometric study

with a two-year follow-up. J Bone Joint Surg Br 2004;86(6):856-60.

http://dx.doi.org/10.1302/0301-620X.86B6.14882

23. Rasmussen JV, Jakobsen J, Brorson S, Olsen BS. The Danish Shoulder

Arthroplasty Registry: clinical outcome and short-term survival of

2,137 primary shoulder replacements. Acta Orthop 2012;83(2):171-3.

http://dx.doi.org/10.3109/17453674.2012.665327

24. Raiss P, Pape G, Becker S, Rickert M, Loew M. Cementless humeral

surface replacement arthroplasty in patients less than 55 years of age.

Orthopade 2010;39(2):201-8. http://dx.doi.org/10.1007/s00132-009-

1525-4

25. Ryd L, Albrektsson BE, Carlsson L, Dansgard F, Herberts P,

Lindstrand A, et al. Roentgen stereophotogrammetric analysis as a

predictor of mechanical loosening of knee prostheses. J Bone Joint

Surg Br 1995;77(3):377-83.

26. Sharma GB, Debski RE, McMahon PJ, Robertson DD. Effect of

glenoid prosthesis design on glenoid bone remodeling: adaptive finite

element based simulation. J Biomech 2010;43(9):1653-9. http://dx.

doi.org/10.1016/j.jbiomech.2010.03.004

27. Singh JA, Sperling J, Buchbinder R, McMaken K. Surgery for

shoulder osteoarthritis: a Cochrane systematic review. J Rheumatol

2011;38(4):598-605. http://dx.doi.org/10.3899/jrheum.101008

28. Singh JA, Sperling JW, Cofield RH. Risk factors for revision surgery

after humeral head replacement: 1,431 shoulders over 3 decades. J

Shoulder Elbow Surg 2012;21(8):1039-44. http://dx.doi.org/10.1007/

s00776-012-0256-2

29. Sk€oldenberg O, Odquist M. Measurement of migration of a humeral

head resurfacing prosthesis using radiostereometry without implant

marking: an experimental study. Acta Orthop 2011;82(2):193-7. http://

dx.doi.org/10.3109/17453674.2011.566133

30. Soballe K, Hansen ES, Rasmussen H, Jorgensen PH, Bunger C. Tissue

ingrowth into titanium and hydroxyapatite-coated implants during

stable and unstable mechanical conditions. J Orthop Res 1992;10(2):

285-99.

31. Stilling M, Mechlenburg I, Amstrup A, Soballe K, Klebe T. Precision

of novel radiological methods in relation to resurfacing humeral head

implants: assessment by radiostereometric analysis, DXA, and

geometrical analysis. Arch Orthop Trauma Surg 2012;132(11):1521-

30. http://dx.doi.org/10.1007/s00402-012-1580-x

32. Svendsen SW, Frost P, Jensen LD. Time trends in surgery for non-

traumatic shoulder disorders and postoperative risk of permanent

work disability: a nationwide cohort study. Scand J Rheumatol 2012;

41(1):59-65. http://dx.doi.org/10.3109/03009742.2011.595375

33. Thomas SR, Wilson AJ, Chambler A, Harding I, Thomas M. Outcome

of Copeland surface replacement shoulder arthroplasty. J Shoulder

Elbow Surg 2005;14(5):485-91. http://dx.doi.org/10.1016/j.jse.2005.

02.011

34. Tingart MJ, Bouxsein ML, Zurakowski D, Warner JP, Apreleva M.

Three-dimensional distribution of bone density in the proximal hu-

merus. Calcif Tissue Int 2003;73(6):531-6. http://dx.doi.org/10.1007/

s00223-002-0013-9

35. Trisi P, De Benedittis S, Perfetti G, Berardi D. Primary stability,

insertion torque and bone density of cylindric implant ad modum

Branemark: is there a relationship? an in vitro study. Clin Oral Im-

plants Res 2011;22(5):567-70. http://dx.doi.org/10.1111/j.1600-0501.

2010.02036.x

36. Valstar ER, Gill R, Ryd L, Flivik G, Borlin N, Karrholm J.

Guidelines for standardization of radiostereometry (RSA) of implants.

Acta Orthop 2005;76(4):563-72. http://dx.doi.org/10.1080/174536705

10041574

37. Werner A, Hedtmann A. Surface replacement shoulder: arthroplasty

indications and limits. Orthopade 2007;36(11):996-1001. http://dx.doi.

org/10.1155/2013/370231

http://dx.doi.org/10.1007/s00402-007-0404-x
http://dx.doi.org/10.1007/s00402-007-0404-x
http://dx.doi.org/10.1155/2013/370231
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref5
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref5
http://dx.doi.org/10.4317/medoral.16.e62
http://dx.doi.org/10.1007/s00264-012-1722-3
http://dx.doi.org/10.1053/j.sart.2004.12.011
http://dx.doi.org/10.1053/j.sart.2004.12.011
http://dx.doi.org/10.1007/s00776-012-0256-2
http://dx.doi.org/10.1007/s00776-012-0256-2
http://dx.doi.org/10.1016/S0021-9290(03)00002-2
http://dx.doi.org/10.1016/S0021-9290(03)00002-2
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref11
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref11
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref11
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref12
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref12
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref12
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref12
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref13
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref13
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref13
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref13
http://dx.doi.org/10.1007/s00402-013-1715-8
http://dx.doi.org/10.1007/s00402-013-1715-8
http://dx.doi.org/10.1302/0301-620X.89B11.18850
http://dx.doi.org/10.1302/0301-620X.89B11.18850
http://dx.doi.org/10.2106/JBJS.K.00907
http://dx.doi.org/10.2106/JBJS.K.00907
http://dx.doi.org/10.1016/j.jse.2011.07.028
http://dx.doi.org/10.1016/j.jse.2011.07.028
http://dx.doi.org/10.1016/j.pmr.2003.12.001
http://dx.doi.org/10.3109/17453674.2012.745353
http://dx.doi.org/10.1016/j.jse.2010.08.014
http://dx.doi.org/10.1016/j.jse.2010.08.014
http://dx.doi.org/10.1016/j.medengphy.2011.12.001
http://dx.doi.org/10.1302/0301-620X.86B6.14882
http://dx.doi.org/10.3109/17453674.2012.665327
http://dx.doi.org/10.1007/s00132-009-1525-4
http://dx.doi.org/10.1007/s00132-009-1525-4
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref25
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref25
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref25
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref25
http://dx.doi.org/10.1016/j.jbiomech.2010.03.004
http://dx.doi.org/10.1016/j.jbiomech.2010.03.004
http://dx.doi.org/10.3899/jrheum.101008
http://dx.doi.org/10.1007/s00776-012-0256-2
http://dx.doi.org/10.1007/s00776-012-0256-2
http://dx.doi.org/10.3109/17453674.2011.566133
http://dx.doi.org/10.3109/17453674.2011.566133
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref30
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref30
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref30
http://refhub.elsevier.com/S1058-2746(14)00273-0/sref30
http://dx.doi.org/10.1007/s00402-012-1580-x
http://dx.doi.org/10.3109/03009742.2011.595375
http://dx.doi.org/10.1016/j.jse.2005.02.011
http://dx.doi.org/10.1016/j.jse.2005.02.011
http://dx.doi.org/10.1007/s00223-002-0013-9
http://dx.doi.org/10.1007/s00223-002-0013-9
http://dx.doi.org/10.1111/j.1600-0501.2010.02036.x
http://dx.doi.org/10.1111/j.1600-0501.2010.02036.x
http://dx.doi.org/10.1080/17453670510041574
http://dx.doi.org/10.1080/17453670510041574
http://dx.doi.org/10.1155/2013/370231
http://dx.doi.org/10.1155/2013/370231

	Evaluation of periprosthetic bone mineral density and postoperative migration of humeral head resurfacing implants: two-yea ...
	Materials and methods
	Radiostereometric analysis
	Bone mineral density
	Length of glenohumeral offset
	Clinical measures
	Statistics

	Results
	Radiostereometric analysis
	Bone mineral density
	Length of glenohumeral offset
	Clinical outcome scores

	Discussion
	Conclusion
	Disclaimer
	References


