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Background and purpose — Anatomic total shoulder
arthroplasty (aTSA) is an effective treatment for glenohu-
meral osteoarthritis, but loosening of the glenoid component
is a common cause for revision. Our primary aim was to ana-
lyze migration of a hybrid glenoid component in aTSA using
marker-based radiostereometric analysis (RSA). Second, we
aimed to compare early migration with later revision.

Methods — Patients with primary glenohumeral osteo-
arthritis treated with a hybrid glenoid aTSA had tantalum
markers inserted in the scapular bone and the glenoid com-
ponent from 2017 to 2020. We used hybrid glenoid fixation
techniques combining cementation with bone in-growth.
Patients were followed with RSA radiographs for 24 months.
Migration analyses included translation, rotation, and MTPM
(maximum total point of motion). Data regarding revisions
was retrieved from the Danish Shoulder Arthroplasty Reg-
ister.

Results — 72 patients were included (mean age 69 [SD
8] years, 41 females, 37 left shoulders). The mean MTPM
at 24 months was 0.97 mm (95% confidence interval [CI]
0.85-1.1), but migration occurred mainly within the first 6
months (MTPM 0.88 mm, CI 0.78-0.98). The predominant
movement was valgus rotation. 2 cases were revised and
both had positive cultures. 1 of these had major migration
and was found to be loose at revision.

Conclusion — The hybrid glenoid components migrated
mainly within the first 6 months (initial seating). Thereafter
the components reached a plateau phase and stabilized. Due
to the few observations and the relatively short study period,
association between early migration and later revision could
not be evaluated.

Anatomic total shoulder arthroplasty (aTSA) is recommended
for the treatment of glenohumeral osteoarthritis [1]. It is asso-
ciated with pain relief and improved range of motion [2,3].

Loosening of the glenoid component is of concern, and
high rates of radiolucency lines have been reported, suggest-
ing component loosening [4,5]. Beside instability, rotator cuff
insufficiency, and infection, loosening of the glenoid remains
a common indication for revision of aTSA [6,7]. All-polyeth-
ylene components with pure cemented fixation have so far
demonstrated the best revision-free survival, but other designs
have emerged to improve the longevity of the glenoid implants
[8]. Hybrid glenoid components have been developed with the
idea to combine initial stability by cementation and long-term
stability by bone in-growth [9-11].

Radiostereometric analysis (RSA) is an accurate method of
determining the migration of orthopedic implants [12,13]. Pro-
gressive component micromotion detected by RSA was asso-
ciated with later clinical and radiographic revision for knee
and hip arthroplasties [14-16]. Only a few RSA studies have
been conducted for aTSA, but it has been feasible to employ
the technique to investigate glenoid component migration [17-
20]. Although hybrid glenoid components have been available
for years, only 1 study has investigated micromotions with
RSA [21]. This component was an all-polyethylene with a
modified central peg with flutes designed for uncemented fixa-
tion, but not for osseointegration.

At our institution, we used an aTSA with a porous-coated
central titanium post on the glenoid as our standard arthroplasty
for glenohumeral osteoarthritis for more than 10 years. During
the period of this study, tantalum beads were inserted routinely,
and patients were scheduled for regular radiographic follow-up.
The primary aim of our study was to analyze the 2-year migra-
tion of a hybrid glenoid component in aTSA using marker-
based RSA technique. Our secondary aim was to investigate
the association between early migration and later revision.
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Figure 1. Right scapula showing the positions
of the tantalum markers (red dots). Visible Body
Suite: Human Anatomy Atlas 2020 Retrieved
from www.visiblebody.com

markers (blue dots).

Method

Study design

This was a prospective marker-based RSA implant safety
study performed at the Aalborg University Hospital during
the period from January 2017 to February 2022. The results
are reported according to the STROBE guideline for observa-
tional studies and according to current RSA guidelines [22,23].

Study group

An aTSA with a glenoid component designed for hybrid fixa-
tion was the standard arthroplasty used for osteoarthritis in our
department. It is designed with 3 peripheral pegs for cemen-
tation and a central porous-coated titanium post for bone
ingrowth (Comprehensive, Zimmer Biomet, Inc, Warsaw, IN,
USA). During the period of this study, tantalum beads were
inserted whenever possible as part of the standard procedure.
Only patients with primary glenohumeral osteoarthritis were
included. The surgeon determined rotator cuff status preopera-
tively by ultrasonography, and only patients with intact rotator
cuff were scheduled for aTSA.

The latest preoperative radiographs were used to grade the
severity of osteoarthritis according to Samilson and Prieto
[24]. The modified Walch classification was used to assess
glenoid morphology with preoperative CT scans reformatted
according to the anatomic axes of the scapula [25]. Friedma-
nn’s line was used to measure the glenoid erosion and humeral
subluxation [26]. Both the Samilson—Prieto grade and the
modified Walch classification were performed independently
by 2 authors, each with at least 6 years of experience in the
orthopedic field. In the case of disagreement, final agreement
was achieved by discussion.

Marker insertion technique

The arthroplasty procedures were performed according to the
manufacturer’s recommendations by surgeons specialized in

Figure 2. Hybrid glenoid component
showing the position of the tantalum

Figure 3. Left anatomic total shoulder arthroplasty
with 1 mm tantalum markers.

shoulder surgery; during the study period 6 surgeons were
involved in the surgeries. During the surgical procedures, 1
mm tantalum markers were inserted at 4 positions in the scap-
ular bone (spine, acromion, coracoid process, lateral margin;
Figure 1). Due to the risk of losing markers in the soft tissue,
2 markers were inserted at each position approximately 1 cm
apart. With the use of a guide canula, a hole was drilled in
the bone with a 1| mm Kirschner wire followed by insertion
of the marker. Glenoid component markers were inserted at
4 positions (one in each peg and one at the top; Figure 2).
The markers were pushed into 3 mm deep holes made with
a 1 mm drill bit. A bead gun (Kulkanon, Wennbergs Finmek,
Sweden) was used for the insertion of the markers in the bone
and the implant. Markers were distributed in approximately
the same pattern and in a manner creating the largest possible
3D reconstruction, aiming at a low condition number. The tip
of the central post was used as a marker during analysis by
generating an elementary geometrical shape.

Radiographs

According to the guidelines for RSA [22], RSA radiographs
were obtained using a uniplanar radiographic arrangement
(Figure 3). X-ray tubes were positioned over a uniplanar
calibration cage, Calibration Cage No. 43 (RSA Biomedi-
cal, Umed, Sweden). The patient was positioned supine and
rotated approximately 45° with the scapula of the operated side
lying flat against the table. RSA radiographs were taken on
the first postoperative day to serve as reference. These radio-
graphs were evaluated and if found insufficient, the patient
was excluded. The remainder were scheduled for follow-up
radiographs at regular intervals until 24 months (6 weeks, 3
months, 6 months, 12 months, 24 months) postoperatively.

RSA

RSA was performed using Model-based RSA 4.1 software
(RSAcore, Department of Orthopedic Surgery, Leiden Uni-
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versity Medical Center, the Netherlands). The migration of the
glenoid relative to the scapula was expressed as translation
(mm), rotation (°), and maximum total point motion (MTPM;
mm) around the 3 axes (X, y, and z).

Anatomically, translations about the orthogonal axes within
the coordinate system were expressed as lateral to medial
translation (transverse or x-axis), inferior to superior transla-
tion (longitudinal or y-axis), and posterior to anterior transla-
tion (sagittal or z-axis). Positive rotations about the orthogonal
axes were expressed as anterior for the transverse or x-axis,
inward for the longitudinal or y-axis, and varus for the sagittal
or z-axis. The MTPM was calculated as the vectorial length of
the translation of the point in the rigid body that had the great-
est motion [22]. Migration results of the left shoulder were
transformed to a right-side shoulder [27].

In terms of RSA analysis, the condition number (CN) reflects
the distribution of the markers. Cases with CN > 120 or with
a mean error for rigid body fitting > 0.35 were excluded. The
RSA analysis needed at least the same 3 markers throughout
the various timepoints to follow the 3D geometrical shape,
which is why RSA analyses with matched markers (MM) < 3
were excluded [22].

RSA clinical precision

For the purpose of establishing the precision of the RSA
measurements, double examinations were performed at 12
months’ follow-up with complete repositioning of the patient
to estimate the clinical precision (accuracy of zero motion) of
the study’s setup [22,28].

RSA clinical precision

Of the 60 cases that contributed with 12 months’ RSA radio-
graphs, only 53 had double radiographs that were acceptable
(Table 1). Of the 7 missing, 1 had erroneously only 1 set of
radiographs taken. The remaining had 1 of the 2 sets discarded
due to less than 3 matching markers (1 case), CN greater than
120 (2 cases), or overlay of the humeral head (3 cases).

Revisions

To determine any association between component migration
and later revision, data regarding revision for the cohort was
retrieved from the Danish Shoulder Arthroplasty Registry by
September 1, 2022. The completeness of registration to the
registry has been above 92% since 2017 [29]. Revision was
defined as the addition, exchange, or removal of any compo-
nent in an existing arthroplasty. The revision status of each
case was cross-checked with the electronic patient records.

Statistics

The results of the RSA (translation, rotation, MTPM) were
calculated as means, standard deviation (SD), and 95% con-
fidence interval (CI). Differences in translation, rotation, or
MTPM during follow-up were compared using repeated mea-
sures ANOVA. The precision of RSA was calculated as 1.96

Table 1. Results from double examinations at 12 months (N = 53)

Item Mean difference (SD) Range Precision
Translation, mm

X 0.09 (0.10) 0.002-0.43 0.20

Y 0.05 (0.06) 0.000-0.34 0.12

VA 0.12 (0.11) 0.001-0.44 0.22
Rotation, °

X 0.37 (0.41) 0.001-2.42 0.80

Y 0.86 (0.84) 0.011-3.87 1.65

z 0.33 (0.31) 0.010-1.67 0.61
MTPM, mm 0.15 (0.16) 0.002-0.62 0.31

Precision = 1.96 x SD of the difference

x SD of the mean paired difference of the double examina-
tions [27], where the mean represents the systematical error
of the method [30]. Normal distribution of data was confirmed
using quantile—quantile plots and a significance level of 5%
was used. Statistical data analysis was done using STATA 17
(Stata Statistical Software: Release 17.2021. StataCorp LLC,
College Station, TX, USA).

Ethics, data sharing plan, use of Al, funding, and
disclosures

Permissions to obtain and retrieve registry data and study
patient records including diagnostics imaging were given by
the North Region Denmark (ID: 2021-035119). According to
the Danish National Committee on Health Research Ethics,
the current study did not require their approval. Insertion of
tantalum beads and regular radiographic follow-up was part of
the standard procedure for our aTSA. The patients were given
this information together with other relevant information
concerning the procedure and gave their informed consent
before surgery. Data sharing is currently not possible but is in
progress. Please contact the corresponding author for infor-
mation about the process. No Al tools has been used in the
study. “Interdisciplinary Orthopaedics™ at Aalborg University
and Zimmer Biomet has co-financed the study. The authors
report no conflicts of interests. Complete disclosure of interest
forms according to ICMIJE are available on the article page,
doi: 10.2340/17453674.2025.44953

Results

126 cases with primary osteoarthritis were treated with an
aTSA during the study period, all using the hybrid glenoid.
Tantalum beads were not inserted in 25 cases, either because
the surgeon was unfamiliar with the technique of marker
insertion or there was a lack of equipment such as bead-guns.
Of the 101 eligible cases, 22 were excluded during evalua-
tion and analysis of the baseline postoperative radiographs: 9
cases because the markers had not been inserted correctly, 13
cases due to insufficient number of visible markers (e.g., refer-
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Primary aTSA with hybrid glenoid component
performed at Aalborg University Hospital
from January 2017 to February 2022
n=126

Excluded
= Tantalum markers not inserted
n=25

Primary aTSA with hybrid glenoid component
and tantalum markers
n=101

Excluded at baseline (n = 22):
— — markers not inserted according to protocol, 9
- insufficient number of visible markers, 13

Shoulders available for radiostereometric analysis
n=79

Excluded during analysis (n = 7):
-CN>120,3

[~ - matched markers <3, 2
—death, 2

Shoulders included in the study
n=72
(revised, n = 2)

Figure 4. Flowchart showing inclusion and exclusion.

ence bone markers or protheses markers were overlaid by the
humeral head, leaving less than 3 possibly matched markers),
3 cases due to high CN, and 2 because there were less than 3
matching markers throughout all RSA radiographs (Figure 4).
None was excluded due to high error for rigid body fitting. 2
cases were dismissed due to death and 2 cases were revised.

Thus, 72 patients were included with basic characteristics
as shown in Table 1. The Samilson—Prieto classification was
not possible in 1 case because the preoperative radiographs
could not be retrieved. The modified Walch classification was
possible in 65 cases; the remaining had no preoperative CT
scans. Most patients (72%) had Walch type B with posterior
erosion (Table 2).

Migration

Table 3 summarizes migrations along the 3 axes and the MTPM.
Dropouts occurred at each time point, either from missed patient
appointments or from technical errors during analysis.

There was significant migration from surgery to 24 months’
follow-up as expressed by the mean MTPM, which reached
0.97 mm (CI 0.85-1.1; P < 0.001) at 24 months (see Table
2). Most of the migration occurred during the first 6 months
after which there was only a slight, non-significant, increase in
mean MTPM (Figure 5).

The migration pattern consisted primarily of a negative
rotation about the z-axis, valgus rotation, with a mean rota-
tion of —1.7° after 24 months, and a medial translation along
the x-axis (medialization) with a mean translation of 0.18 mm
after 24 months (Figure 6). Only the rotation about the z-axis
was statistically significant (P <0.001).

Table 2. Preoperative baseline characteristics.
Values are count unless otherwise specified

Sex, female / male 40/32
Age, median (range) 69 (47-87)
Left / right shoulder 36 /36
BMI, mean (SD), n =70 30 (5)
ASA score

1 13

2 40

3 14

Missing 5
Samilson—Prieto

No osteophyte 1

Mild (< 3 mm) 2

Moderate (3—7 mm) 4

Severe (>7 mm) 64

Missing 4
Modified Walch classification

A1 10

A2 7

B1 21

B2 18

B3 8

D 1

Missing 7

ASA = American Society of Anesthesiologists
physical status

Revisions

The mean observation period regarding revisions was 49
months (range 34—68). We found 2 cases of revision, performed
23 and 27 months after index surgery, respectively. Both cases
were revised to a reverse total shoulder arthroplasty and had
perioperative samples that were positive for Cutibacterium
acnes. In both cases, the last RSA radiographs were taken at
12 months. In the first case, MTPM was 1.88 mm and 1.80
after 6 and 12 months, respectively. The positive major rota-
tion was about the z-axis, varus, reaching 8.2° at 12 months.
This glenoid component was described as loose during revi-
sion surgery. In the second case, MTPM was 1.27 mm after
6 months, but only 0.41 mm after 12 months. Accordingly,
there was an inward rotation (y-axis) of 4.1° and a varus rota-
tion of 1.4° after 6 months, which was —1.17° and 0.16° after
12 months, respectively. Although the measurements suggest
some loosening, the component was not described as loose
during revision surgery (see Tables 4 and 5 for migration data
in the revised cases in Supplementary data).

Discussion

This is the first RSA study investigating early migration of a
hybrid glenoid component with a central porous metal post
meant for biological fixation. Our primary aim was to ana-
lyze migration of a hybrid glenoid component in aTSA using
marker-based RSA.

We found a statistically significant migration in terms of
MTPM mainly within the first 6 months; thereafter the gle-
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Table 3. Translation, rotation, and MTPM at each timepoint (N = 72)

Follow up 6 weeks 3 months 6 months 12 months 24 months
Available, n 66 67 62 60 63
Missing, n
No show 3 2 2 3 3
Poor radiographs 2 - - - -
CN > 120 - 8 6 5 4
MM < 3 1 - 2 4 2
Translation, mm, mean (SD) [range]
X (+ medial) 0.09 (0.18) 0.13 (0.23) 0.13 (0.31) 0.12 (0.29) 0.18 (0.30)
[-0.42100.64] [-0.36t0 0.9] [-1.20t0 1.02] [-0.92100.96] [-0.451t0 1.07]
Y (+ proximal) 0.03 (0.14) 0.01 (0.18) —0.02 (0.19) —0.02 (0.21 —-0.02 (0.19
[-0.48100.48] [-0.951t00.36] [-0.64100.34] [-0.77100.37] [-0.45t0 0.45]
Z (+ anterior) —0.01 (0.18) 0.01 (0.25) 0.00 (0.27) 0.00 (0.27 0.07 (0.29
[-0.45t00.41] [-0.661t00.69] [-0.811t00.64] [-0.891t00.67] [-0.78to 1.46]
Rotation °, mean (SD) [range]
X (+ anterior) —0.12 (0.55) —0.10 (0.74) —0.16 (0.96) —0.24 (0.98) —0.10 (1.00)
[-1.39t0 1.31] [-1.84t01.61] [-2.811t0255] [255102.62] [-2.64t01.81]
Y (+ inward) 0.00 (1.47) —0.08 (1.62) —-0.19 (2.04) -0.18 (1.79 —0.12 (2.08)
[-3.06 t0 4.7] [-56.25t03.99] [-4.331t06.38] [4.27105.36] [-5.45104.5]
Z (+ varus) —0.45 (0.86) —0.88 (1.29) -1.18 (1.87) —1.54 (2.15) —1.70 (2.04)
[-3.581t01.57] [-5.991t01.18] [-5.66106.98] [-7.32108.23] [-9.36to 1.04]
MTPM, mm, mean (SD) [Cl]
0.61 (0.04) 0.73 (0.06) 0.88 (0.08) 0.90 (0.08) 0.97 (0.10)
[0.54 to 0.69] [0.64 to 0.81] [0.78 to 0.98] [0.79 to 1.02] [0.851t0 1.10]

CN = condition number; MM = matched markers; MTPM = maximum total point of motion.

MTPM, mm Medial translation (X), mm Proximal translation (Y), mm  Anterior translation (Z), mm
15 0.3 0.1 0.15

0.1
1.04 0.2
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<
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Figure 5. Mean maxi-
0.2

Anterior rotation (X), degrees

Follow-up (months)

Inward rotation (Y), degrees

Follow-up (months)

Follow-up (months)

Varus rotation (Z), degrees

25

mum total point of motion
(MTPM) at each time-
point. Error bars indicate
95% confidence intervals.
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Figure 6. Translations (mm) and rotations (°) during follow-up. Means and 95%
confidence intervals are shown for each axis. Note that all rotations are nega-
tive, i.e., posterior (X), outward (Y), and valgus (2).

noid component reached a plateau phase, indicating stability.
This finding may indicate that seating is taking place during
the first 6 months, until final stability. This may be explained
by bone in-growth to the central post but the same pattern
has been found for some all-polyethylene components [19].

Both revised cases in
this series displayed larger
migration and an aberrant
migration pattern com-
pared with the unrevised
components. Although this
suggests early migration as
a risk factor for later revi-
sion, we believe longer fol-
low-up with more events is
needed to determine a more
certain association.

Nuttall et al., however,
investigated a glenoid com-
ponent with 3 cemented
peripheral pegs and a cen-
tral fluted peg that was sup-
posed to provide fixation
by bone ingrowth around
the uncemented flanges of
the central peg [21]. How-
ever, that study had many
dropouts and high migra-
tion; 6 of 11 components
had a MTPM greater than
1.5 mm at 6 months, which
continued to increase, indi-
cating a low grade of sta-
bility.

A study on an all-polyeth-
ylene pegged glenoid com-
ponent had a mean MTPM
of 0.98 mm in the non-ero-
sion group, which is compa-
rable to our findings. Rahme
et al. investigated the sta-
bility of in-line pegged and
keeled glenoid components
and described their high-
est rotation to be less than
—1.24° [31]. Streit et al. ana-
lyzed 9 keeled and 2 pegged
components and found a
mean rotation of 2.6° around
the x-axis and 3.3° around
the z-axis [32]. In our study,
the highest mean rotation
along the x-axis was —0.24°
and the highest mean rota-

tion was on the z-axes with —1.7° (valgus rotation), indicating
that our study demonstrated the lowest mean rotation yet found.

Looking at the published results so far, the MTPM we found
after 24 months is similar to or lower than that reported in
previous studies of all-polyethylene components. Compari-
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son between studies, however, should be made with caution,
due to different RSA setups (different software, marker size,
calibrations box, marker vs non-marker RSA). Further studies
for comparison between glenoid designs would be of interest.
More definitive conclusions may be supported by randomized
controlled trials in a clinical setting, whereas registry studies
would be appropriate for evaluating long-term implant survival.

Although the MTPM is calculated as a vector and is expected
to be more sensitive to translation, substantial rotation about
the z-axis may partly explain the micromovement (MTPM)
observed within the first 6 months. A pronounced varus rota-
tion of the glenoid component is a phenomenon that has also
been documented in all-polyethylene glenoid designs [19,31].
Glenohumeral joint kinematics is characterized by translation
of the humeral head in the glenoid socket during arm eleva-
tion: at the beginning of elevation in a superior direction, later
during elevation in an inferior direction [33]. This leads to
excentric loads on the glenoid, which has been suggested to
create shear forces and valgus—varus rotation of the glenoid
component [13]. Alternate rim-loading during movement of
the arm with resulting rotational movement of the glenoid
component has been described as the “rocking-horse phenom-
enon” and suggested a possible mechanism for loosening [5].

The clinical performance of hybrid components like the
present ones has been investigated in larger single-cohort
series with mid- to long-term follow-up [9-11]. In these stud-
ies, the revision rate due to aseptic loosening is reported as
below 0.8%, which is in accordance with our study. No data
from arthroplasty registers that specifically reports revision
rates of hybrid glenoid was found.

Strengths

A strength of this study is the relatively large number of cases
included compared with previous studies.

Limitations

The study had many dropouts, some due to patients missing
the follow-up, but most related to technical difficulties in rela-
tion to the radiographic examination or analysis. In particular,
missing matched markers around the glenoid was a challenge,
which was often due to the humeral head overlying glenoid
markers. Also, the glenoid component is relatively small,
making it difficult to create a well-defined 3D body, result-
ing in unacceptably high condition numbers in some cases.
These difficulties related to RSA of glenoid components have
been recognized in other studies as well [13,16]. Using model-
based RSA would overcome some of the problems related to
markers, but this requires a well-defined metallic surface of
the component that can be expressed as a 3D model, which
was not possible in this study due to the porous surface of
the central post. In addition, marker-based RSA is noted for
higher accuracy and precision than model-based RSA [29,30].
As the dropouts in this study are mostly related to technical
problems and some patients not showing up for all their radio-

graphic controls, we believe it is less likely that the dropouts
have introduced bias to the results. Also, considering the con-
secutive inclusion of patients, we find it reasonable to regard
the analyzed cohort as a representative sample of patients with
primary osteoarthritis.

Conclusion

We found significant migration of the hybrid glenoid compo-
nents during the first 24 months. Migration occurred mainly
within the first 6 months and was dominated by valgus rota-
tion. Thereafter the migration reached a plateau phase indicat-
ing that stability was achieved. Due to the few observations
and the relatively short study period, association between
early migration and later revision could not be evaluated.

In perspective, despite indications of solid fixation in our
data, studies comparing hybrid with standard all-polyethylene
components are needed to clarify potential differences in per-
formance.

Supplementary data

Tables 4-5 are available as Supplementary data on the article
page, doi: 10.2340/17453674.2025.44953

AAC: conceptualization, data acquisition and analysis, drafting and review-
ing; MT: data interpretation, drafting and reviewing; ML: data interpreta-
tion, reviewing; HCH; data analysis and interpretation, drafting and review-
ing; SLJ: conceptualization, data acquisition and analysis, drafting and
reviewing.

The authors would like to thank the RSAcore group, especially Bart Kaptein
Dr. Ir., for his advice and help.

Handling co-editor: Li Felldnder-Tsai
Acta thanks Hanna Cecilia Bjornsson Hallgren, Antti P Launonen and Arne
Lundberg for help with peer review of this manuscript.

1. AAOS. Management of glenohumeral joint osteoarthritis. 2020; Avail-
able from:  https://www.aaos.org/globalassets/quality-and-practice-
resources/glenohumeral/gjo-cpg.pdf

2. Deshmukh A 'V, Koris M, Zurakowski D, Thornhill T S. Total shoul-
der arthroplasty: long-term survivorship, functional outcome, and qual-
ity of life. J Shoulder Elbow Surg 2005; 14(5): 471-9. doi: 10.1016/j.
j5€.2005.02.009.

3. Sperling J W, Cofield R H, Rowland C M. Minimum fifteen-year
follow-up of Neer hemiarthroplasty and total shoulder arthroplasty in
patients aged fifty years or younger. J Shoulder Elbow Surg 2004; 13(6):
604-13. doi:10.1016/j.jse.2004.03.013.

4. Lazarus M D, Jensen K L, Southworth C, Matsen F A. The radio-
graphic evaluation of keeled and pegged glenoid component insertion.
J Bone Joint Surg Am 2002; 84(7): 1174-82. doi: 10.2106/00004623-
200207000-00013.

5. Matsen F A, Clinton J, Lynch J, Bertelsen A, Richardson M L. Gle-
noid component failure in total shoulder arthroplasty. J Bone Joint Surg
Am 2008; 90(4): 885-96. doi: 10.2106/JBJS.G.01263.

6. Lewis P L, Gill D R, McAuliffe M J, McDougall C, Stoney J D,
Vertullo C J, et al. Australian Orthopaedic Association National Joint

Replacement Registry Hip, Knee and Shoulder Arthroplasty 2024.
Microsoft Word — AOA Full Report (1).docx ADD WEBLINK



Acta Orthopaedica 2025; 96: 836542

842

11.

12.

13.

14.

15.

16.

17.

18.

19.

Gauci M O, Caubere A, Bronsard N, Jacquot A, Berhouet J, Gon-
zalez J F. Anatomic total shoulder arthroplasty with keeled glenoids in
patients younger than 60 years at 10 years minimum: which risk factors
of failure are still valid at long-term follow-up? J Shoulder Elbow Surg
2025; 34(8): e611-20. doi: 10.1016/j.jse.2024.11.039.

Singh J A, Sperling J W, Cofield R H. Revision surgery following total
shoulder arthroplasty: analysis of 2588 shoulders over three decades
(1976 to 2008). J Bone Joint Surg Br 2011; 93 B(11): 1513-7. doi:
10.1302/0301-620X.93B11.26938.

Marigi E M, Lenartowicz K A, Jennewine B, Throckmorton T W,
Sperling J W. Clinical and radiographic outcomes of hybrid glenoid
fixation with a central porous titanium post: analysis of 713 consecutive
shoulders. J Shoulder Elbow Surg 2022; 31(7): 1524-32. doi: 10.1016/j.
jse.2021.12.033.

. Ceccotti A A, Toettrup M, Morch A, Husum H C, Jensen S L. Ana-

tomic total shoulder arthroplasty using hybrid glenoid fixation with a
porous coated titanium post: two to ten years follow-up of 256 cases
with primary glenohumeral osteoarthritis. Semin Arthroplast JSES 2024;
1-10. doi: 10.1053/j.sart.2024.06.006.

Codd C M, Codd T P. Ten-year implant survivorship and performance
of anatomic total shoulder arthroplasty patients with the Zimmer Biomet
Comprehensive® Shoulder System: a short stemmed humeral implant
and hybrid glenoid. J Shoulder Elbow Surg 2025; 34(8): 1926-32. doi:
10.1016/j.jse.2024.11.018.

Kirrholm J.Roentgen stereophotogrammetry: review of orthopedic applica-
tions. Acta Orthop 1989; 60(4): 491-503. doi: 10.3109/17453678909149328.

Selvik G. Roentgen stereophotogrammetry: a method for the study of the
kinematics of the skeletal system. Acta Orthop 1989; 60(Suppl 232): 1-51.

Kérrholm J, Borssen B, Lowenhielm G, Snorrason F. Does early
micromotion of femoral stem prostheses matter? 4—7-year stereoradio-
graphic follow-up of 84 cemented prostheses. J Bone Joint Surg Br 1994;
76(6): 912-17.

Pijls B G, Valstar E R, Nouta K A, Plevier J] W M, Fiocco M,
Middeldorp S, et al. Early migration of tibial components is asso-
ciated with late revision. Acta Orthop 2012; 83(6): 614-24. doi:
10.3109/17453674.2012.747052.

Van Der Voort P, Pijls B G, Nieuwenhuijse M J, Jasper J, Fiocco M,
Plevier ] W M, et al. Early subsidence of shape-closed hip arthroplasty
stems is associated with late revision. Acta Orthop 2015; 86(5): 575-85.
doi: 10.3109/17453674.2015.1043832.

Nagels J, Valstar E R, Stokdijk M, Rozing P M. Patterns of loosening
of the glenoid component. J Bone Joint Surg Br 2002; 84(1): 83-7. doi:
10.1302/0301-620x.84b1.11951.

Rahme H, Mattsson P, Larsson S. Stability of cemented all-poly-
ethylene keeled glenoid components: a radiostereometric study with
a two-year follow-up. J Bone Joint Surg Br 2004; 86(6): 856-60. doi:
10.1302/0301-620x.86b6.14882.

Nuttall D, Haines J F, Trail I I. A study of the micromovement of
pegged and keeled glenoid components compared using radiostereomet-
ric analysis. J Shoulder Elbow Surg 2007; 16(3 SUPPL.): 65-70. doi:
10.1016/j.jse.2006.01.015.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Gascoyne T C, McRae S M B, Parashin S L, Leiter J R S, Petrak M
J, Bohm E R, et al. Radiostereometric analysis of keeled versus pegged
glenoid components in total shoulder arthroplasty: a randomized feasibil-
ity study. Can J Surg 2017; 60(4): 273-9. doi: 10.1503/cjs.001817.

Nuttall D, Haines J F, Trail I A. The early migration of a partially
cemented fluted pegged glenoid component using radiostereometric
analysis. J Shoulder Elbow Surg 2012; 21(9): 1191-6. doi: 10.1016/j.
jse.2011.07.028.

Kaptein B L, Pijls B, Koster L, Kdrrholm J, Hull M, Niesen A, et
al. Guideline for RSA and CT-RSA implant migration measurements: an
update of standardizations and recommendations. Acta Orthop 2024; 95:
256-67. doi: 10.2340/17453674.2024.40709.

Vandenbroucke J P, Von Elm E, Altman D G, Ggtzsche P C, Mulrow
C D, Pocock S J, et al. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE): explanation and elaboration. PLoS
Med 2007; 4(10): 1628-54. doi: 10.7326/0003-4819-147-8-200710160-
00010-w1.

Samilson R L, Prieto V. Dislocation arthropathy of the shoulder. ] Bone
Joint Surg Am 1983; 65(4): 456-60.

Bercik M J, Kruse K, Yalizis M, Gauci M O, Chaoui J, Walch G. A
modification to the Walch classification of the glenoid in primary gle-
nohumeral osteoarthritis using three-dimensional imaging. J Shoulder
Elbow Surg 2016; 25(10). doi: 10.1016/j.jse.2016.03.010.

Friedman R J, Hawthorne K B, Genez B M. The use of computerized
tomography in the measurement of glenoid version. J Bone Joint Surg
Am 1992; 74: 1032-7.

Valstar E R, Gill R, Ryd L, Flivik G, Borlin N, Kirrholm J. Guide-
lines for standardization of radiostereometry (RSA) of implants. Acta
Orthop 2005; 76(4): 563-72. doi: 10.1080/17453670510041574.

Derbyshire B, Prescott R J, Porter M L. Notes on the use and inter-
pretation of radiostereometric analysis. Acta Orthop 2009; 80(1): 124-30.
doi: 10.1080/17453670902807474.

RKKP. Dansk Skulderalloplastik Register (DSR) Aarsrapport 2023
[Internet]. Aarhus N, 8200; 2024. Available from: https://www.sundhed.
dk/content/cms/3/4703_dsr-aarsrapport-2023-offentliggjort-version.pdf

Ranstam J, Ryd L, Onsten I. Erratum: Accurate accuracy assessment:
review of basic principles (Acta Orthop Scand 1999; 70(4): 319-321). Acta
Orthop Scand 2000; 71(1): 106-8. doi: 10.3109/17453679908997816.

Rahme H, Mattsson P, Wikblad L, Nowak J, Larsson S. Stability of
cemented in-line pegged glenoid compared with keeled glenoid compo-
nents in total shoulder arthroplasty. J Bone Joint Surg Am 2009; 91(8):
1965-72. doi: 10.2106/JBJS.H.00938.

Streit J J, Shishani Y, Greene M E, Nebergall A K, Wanner J P, Brag-
don C R, et al. Radiostereometric and radiographic analysis of glenoid
component motion after total shoulder arthroplasty. Orthopedics 2015;
38(10): €891-7. doi: 10.3928/01477447-20151002-56.

Bey M J, Kline S K, Zauel R, Lock T R, Kolowich P A. Measuring
dynamic in-vivo glenohumeral joint kinematics: technique and pre-
liminary results. J Biomech 2008; 41(3): 711-4. doi: 10.1016/j.jbio-
mech.2007.09.029.



