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Risk factors for loosening of
cemented glenoid components in
anatomical shoulder arthroplasty

Introduction

It is well known that loosening of the
glenoid component is one of the major
concerns of total shoulder arthroplasty,
especially in the longrun[3, 7, 8]. Several
studies highlighted this topic in recent
years, and there is a clear trend toward su-
perior long-term outcomes of cemented
glenoid components compared to unce-
mented metal-backed implants [4, 12,
20]. Although revision rates for loosened
glenoid components are relatively low in
most studies, radiographic findings are
disturbing, especially after 10 years of
follow-up [3, 17, 24, 25]. Radiographic
loosening rates up to 73% after a min-
imum follow-up of 15 years have been
described [14].

Several risk factors leading to loosen-
ing of the glenoid have been described
[24]; however, no detailed information
is available on the percentages based on
a large cohort for each patient-related
risk factor, implant-related risk factor, or
risk factors related to surgical technique.

The aim of this multicenter study was
thereforetoanalyzetheabove-mentioned
risk factors in a large cohort of patients
treated with a 3rd-generation cemented
total shoulder arthroplasty with a keeled
glenoid component.

Methods

Five centers specializing in shoulder
surgery participated in this study. Por-
tions of this data have recently been used
in published articles [14, 15, 18, 24, 26].
However, the current analysis is unique
and has not previously been published.
All cases treated between September
1991 and October 2004 were included
in this study if the following inclusion
criteria were all fulfilled:
1. Diagnosis of primary osteoarthritis

of the glenohumeral joint
2. Absence of rotator cuff tears
3. A minimum follow-up of 5 years
4. Treatment with the same 3rd-gen-

eration total shoulder arthroplasty
with a cemented keeled glenoid
component

5. Complete clinical and radiographic
data

During this period, 565 total shoulder
arthroplasties were performed in the five
centers. Ninety-four (16.8%) had to be
excluded as they were lost to follow-up
(n= 61), did not want to participate in
the study (n= 15), or had incomplete pre-
operative data (n= 18). The study cohort
consisted of 471 cases.

Mean follow-up was 8.1 (range, 5–20)
years. Mean follow-up of patients with
a flat-back glenoid component was 117
(25–219)months. Mean follow-up of pa-
tients with a convex-back glenoid com-

ponent was 87 (24–152) months. There
were 318 women and 153 men. Mean
age at the time of arthroplasty was 68
68± 8.6 (range 35–90) years. The dom-
inant shoulder was treated in 294 cases
and the nondominant in 177.

Surgical technique has been exten-
sively described in the past [14].

The same 3rd-generation total shoul-
der arthroplasty system was used in all
cases (WrightMedicalGroupN.V., Mem-
phis, TN, USA). The humeral stem as
well as the glenoid component were ce-
mented. A flat-back glenoid component
was used in the first 186 cases and a con-
vex-backed component in the following
285 cases.

Glenoid morphology according to
Walch et al. [21] was as follows: an A1
glenoid was present in 128 cases, an A2
in 128, a B1 in 94, a B2 in 117, and a C
in 4.

Preparation of the glenoid was dif-
ferent among surgeons. Some surgeons
preferred only a slight reaming and pro-
tectionof thesubchondralbone layer, and
some preferred to take down the bone
layer. Aslightreamingontheglenoidside
with protection of the subchondral bone
was done in 103 cases, and an aggressive
reamingwith removal of the subchondral
bone was done in 325 cases. In 43 cases,
the kind of reaming was not clear, so
these cases were excluded from analysis.

Clinical parameters using the Con-
stant score with its subgroups and active
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Fig. 18 Anteroposterior radiograph of a right
shoulder 8 years after surgery showing awell-
fixed humeral and glenoid component.The
glenoidcomponenthasonlya slight radiolucent
line at the inferior part

shoulder flexion and external rotation
were documented and were published
in the past [24–26]. Preoperative radio-
graphs of the affected shoulders in two
planes (anterior–posterior and axillary
views) as well as computed tomography
(n= 405) or magnetic resonance imag-
ing (n= 66) scans were available. Radi-
olucent lines around the glenoid com-
ponents were analyzed according to the
score of Mole et al. ([10]; . Fig. 1). Ad-
ditionally, loosening of the glenoids was
classified by migration or subsidence of
the implants.

Fatty infiltration of the rotator cuff
muscles was classified according to the
method of Goutallier et al. [6].

A risk analysis for glenoid loosening
was performed for the following factors:
gender, age, hand dominance, glenoid
morphology according to Walch et al.
[21], reaming on the glenoid side (ag-
gressive reaming with destruction of the
subchondral bone versus slight reaming
withprotectionof thesubchondralbone),

Fig. 28 Anteroposterior radiograph of a right
shoulder 12 years after surgery showing ame-
dial subsidence of the cemented glenoid com-
ponent and a cranialmigration of the humeral
head

glenohumeral mismatch, glenoid com-
ponent design, and fatty degeneration
of the supraspinatus, infraspinatus, and
subscapularis muscles according to the
classification of Goutallier et al. [6].

Statistics

The empirical distribution of continuous
data was reported with mean and stan-
dard deviation (range), with absolute and
relative frequencies in the case of cat-
egorical data. Possible risk factors for
glenoid loosening were evaluated using
multivariable binary logistic regression.

Results

The mean radiolucent line score was
8.3± 6.7 (range 0–18) points at final
follow-up. A total of 137 glenoid
components (29.1%) were radiographi-
cally judged to be at risk for loosening
(. Fig. 2). Theoverall revision rate in this
cohort was 8.7% (n= 41). There were
17 cases with glenoid loosening that were
revised with an autograft from the iliac
crest and a new cemented keeled glenoid,
10 cases that were revised to a reverse
shoulder arthroplasty, 6 cases with re-
moval of a loosened glenoid component,

4 cases with removal of the complete im-
plant, 4 cases with soft-tissue revisions,
and 2 cases with periprosthetic humeral
fractures. No influence on radiographic
glenoid loosening was found for patient
age at surgery, gender, hand dominance,
preparation technique on the glenoid
side, or fatty degeneration of the rotator
cuff (p> 0.067).

The following risk factors for glenoid
component loosening were detected:
1. Excessive reaming on the native

glenoid with removal of subchondral
bone led to a 3.7-fold higher risk
for glenoid component loosening
(p< 0.001).

2. A glenohumeral mismatch <6mm
was associated with higher radio-
graphic loosening rates (p< 0.03),
and the risk increased by 19% with
every single millimeter of less mis-
match.

3. The use of a flat-back glenoid compo-
nent led to a 3.1-fold higher risk for
radiographic loosening compared to
convex-back glenoids (p< 0.001).

4. B2 glenoids had a higher risk for
radiographic loosening compared to
A1 (2.3-fold), A2 (3.6-fold), and B1
(2.7-fold) glenoids (p< 0.001).

Discussion

Radiographic loosening of a cemented
polyethylene glenoid component fre-
quently occurs in the long term and is
one of the main reasons for revision
surgery [8, 13, 14, 24].

Several risk factors have been de-
scribed in the literature, and we aimed
to analyze some of these in a multicenter
investigation in a homogenous cohort
of patients with primary osteoarthritis.
Interestingly, there were many patient-
specific factors, such as hand dominance
and fatty infiltration of rotator cuff mus-
cles, that didnot influence the occurrence
of glenoid component loosening.

Walch et al. described in a retrospec-
tive multicentric study in 2012 the in-
fluence of reaming on the occurrence
of radiographic subsidence of cemented
keeled glenoid components [24]. They
found that aggressive reaming on the
glenoid side with taking downof the sub-
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Risk factors for loosening of cemented glenoid components in anatomical shoulder arthroplasty

Abstract
Introduction. Several risk factors leading to
loosening of the glenoid have been described;
however, there is no detailed information
available on the exact numbers or percentages
for each patient-related risk factor, implant-
related risk factor, or risk factors related to
surgical technique.
Therefore, the aim of this multicenter
study was to analyze these risk factors
in a large cohort of patients treated with
a 3rd-generation cemented total shoulder
arthroplasty.
Methods. Four-hundred seventy-one
shoulder arthroplasties with a mean follow-
up of 8.1 years were included. There were 318
women and 153 men. The mean age at the
time of arthroplasty was 68 (range 35–90)
years. The dominant shoulder was treated
in 294 cases and the nondominant in 177.
The following risk factors for loosening of the

cemented keeled glenoid component were
examined: gender, age, hand dominance,
glenoid morphology, reaming on the
glenoid side (reaming down the complete
subchondral bone layer), glenohumeral
mismatch, glenoid component design, and
fatty degeneration of the rotator cuff.
Results. No influence on radiographic glenoid
loosening was found for patient age at
surgery, gender, hand dominance, preparation
technique on the glenoid side, or fatty
degeneration of the rotator cuff (p> 0.067).
Excessive reaming on the native glenoid led to
a 3.7-fold higher risk for glenoid component
loosening (p< 0.001). A glenohumeral
mismatch<6mmwas associatedwith higher
radiographic loosening rates (p< 0.03). The
use of a flat-back glenoid component led
to a 3.1-fold higher risk for radiographic
loosening compared to convex-back glenoids

(p< 0.001). B2 glenoids had a higher risk for
radiographic loosening compared to A1 (2.3-
fold), A2 (3.6-fold), and B1 (2.7-fold) glenoids
(p< 0.001).
Conclusion. Based on a large and homoge-
nous cohort of patients, this study has shown
several risk factors for loosening of a cemented
glenoid component in the midterm and long
term. The loosening rates of cemented keeled
glenoid components in primary osteoarthritis
could possibly be reduced by optimizing
surgical technique, implant configuration, and
patient selection. Further long-term studies
are necessary to confirm these findings.

Keywords
Shoulder arthroplasty · Reaming · Arthro-
plasty · Glenohumeral mismatch · Shoulder
replacement

Risikofaktoren für die Glenoidlockerung zementierter Pfannen in der anatomischen
Schulterendoprothetik

Zusammenfassung
Einleitung. Obwohl unterschiedliche
Risikofaktoren für Glenoidlockerungen in der
Vergangenheit beschrieben wurden, gibt
es für Patienten-, Implantat- oder Operati-
onstechnik-spezifische Risikofaktoren keine
bezifferten Daten. Ziel dieser multizentrischen
Studie war es, diese Faktoren an einem
großen Kollektiv, welches mit anatomischen
Schulterprothesen der 3. Generation versorgt
wurde, zu untersuchen.
Methoden. Es wurden 471 Schulter-
totalprothesen mit einem mittleren
Nachuntersuchungszeitraum von 8,1 Jahren
in die Studie eingeschlossen. Die Gruppe
bestand aus 318 Frauen und 153 Männern.
Das mittlere Alter zum Zeitpunkt der
Operation betrug 68 Jahre. Die dominante
Schulter wurde in 294 Fällen und die
nichtdominante in 177 Fällen versorgt. Die
folgenden potenziellen Risikofaktoren für
die Glenoidlockerung wurden im Einzelnen

untersucht: Geschlecht, Alter bei Operation,
dominante Seite, Glenoidmorphologie,
Fräsung des subchondralen Knochens an der
Pfannenseite, glenohumerales Mismatch,
Prothesendesign und die fettige Degeneration
der Rotatorenmanschettenmuskeln.
Ergebnisse. Kein Einfluss auf eine Lockerung
wurde für folgende Faktoren gefunden: Alter
des Patienten zum Zeitpunkt der Operation,
Geschlecht, dominante Seite und fettige
Degeneration der Rotatorenmanschette
(p< 0,067). Ein aggressives Fräsen des
subchondralen Knochens am Glenoid
führte zu einem 3,7-fach erhöhten Risiko
für Glenoidlockerungen (p< 0,001). Ein
glenohumerales Mismatch <6 mm war
mit erhöhten Lockerungsraten verbunden
(p< 0,03). Flat-back-Glenoide hatten ein
3,1-fach erhöhtes Risiko für Lockerungen
im Vergleich zu Convex-back-Glenoiden
(p< 0,001). B2-Glenoide hatten ein höheres

Lockerungsrisiko verglichenmit A1- (2,3-fach),
A2- (3,6-fach) und B1-Glenoiden (2,7-fach;
p< 0,001).
Schlussfolgerung. In dieser Studie wurden
anhand eines großen und homogenen Pati-
entenkollektivs exakte Risikofaktoren für die
Lockerung der zementierten Glenoidkompo-
nente für den mittel- bis langfristigen Verlauf
beschrieben. Die Lockerungsraten könnten
potenziell durch eine Optimierung der
Operationstechnik, Implantatkonfiguration
und Patientenselektionverringert werden. Zur
Bestätigung dieser Ergebnisse sind weitere
langfristige Studie notwendig.

Schlüsselwörter
Schulterarthroplastik · Abtragung · Endo-
prothetik · Glenohumerales Mismatch ·
Schulterprothese

chondral bone layer leads to significantly
higher rates of radiographic subsidence.
Therefore, the authors recommend per-
formingabone-preserving reaming tech-
nique whenever possible. In the present
study, we were able to show that aggres-
sive reaming is associated with a 3.7-fold

higher risk for glenoid components in
the midterm and long term. Based on
the findings of Walch et al., new glenoid
componentdesigns and reamerswerede-
velopedwithvaryingbackside radiusesof
curvature to match the patient’s anatomy
and to adapt the implant to the native

boneandnotviceversa. Promisingshort-
term results of those implant concepts
have been published, but no long-term
data are available yet [2, 16].

Again, Walch and colleagues have
already described how glenohumeral
mismatch seems to play an important
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role in the occurrence of radiographic
lucent lines of cemented components
[22]. They found that a mismatch of
<5.5mm leads to significantly worse ra-
diolucent line scores compared to higher
mismatches. Their conclusion was that
the ideal mismatch should be between
6mm and 10mm in order to decrease
radiographic lucency. We showed the
same relationship and were able to ex-
actly define the percentage of increased
risk with each millimeter of mismatch.
These findings may have an influence
on the development of new implants as
well as on a slight radiolucent line at the
inferior partways for surgeons to find the
correct combination of humeral head
and glenoid implants intraoperatively
and during the preoperative planning
process.

Controversial data have been pub-
lished regarding the radiographic out-
comes of flat-back versus convex-back
cemented glenoid components. Con-
vex-back components were introduced
in order to minimize subchondral bone
removal and to adapt the implant more
closely to the bone. However, the same
study group was examined at a mean fol-
low-up of 10 years, and Collin and col-
leagues showed that there was no longer
any difference between the two groups
[1]. In our study with a substantially
higher number of patients, we found
that the occurrence of radiolucent lines
was 3.1-fold higher when using flat-back
components. However, wemustmention
that the mean follow-up duration of the
flat-back components in this study was
longer compared to that of the convex-
back components. Szabo et al. demon-
strated in the short term fewer radiolu-
cent linesbyusingconvex-backcemented
keeled components [19].

The eccentric wear of the glenoid in
osteoarthritis is a well-known and chal-
lenging condition. Multiple articles have
beenpublished inthepast showingthe in-
creased risk of glenoid component loos-
ening in cases of eccentric glenoid ero-
sion [5, 11]. Because of this fact, many
surgeons tend to move toward reverse
shoulder arthroplasty in cases of severe
glenoidwear [9]. In the current study, we
were able to show for the first time that
the risk of radiographic glenoid loosen-

ing in B2 glenoids is between 2.3 and
3.6 times higher compared to concen-
tric glenoids (A1 and A2). Walch et al.
have demonstrated that a humeral head
subluxation of more than 80% and an in-
termediate glenoid retroversion of more
than 27° is associated with a 50% risk of
complications in the midterm follow-up,
especially for glenoid component loosen-
ing [23]. Although thedata of the current
study support these findings, future in-
vestigations are necessary to find a true
cut-off when an anatomical replacement
will fail and a reverse shoulder arthro-
plasty may be indicated.

Limitations

This study has several limitations. It
is a retrospective case series without
a control group. Surgical technique has
changed over the years, which may have
influenced the results. Multiple surgeons
were involved and surgical technique as
well as rehabilitation protocols may have
varied slightly. However, it is a very ho-
mogenous study population, and to our
knowledge, it is the first trial showing ex-
act risk numbers for glenoid component
loosening.

Practical conclusions

4 Based on a large and homogenous
cohort of patients, this study has
shown several risk factors for loosen-
ing of cemented glenoid component
in the midterm and long term.

4 The loosening rates of cemented
keeled glenoid components in pri-
mary osteoarthritis could possibly
be reduced by optimizing surgical
technique, implant configuration,
and patient selection.

4 Further long-term studies are neces-
sary to confirm these findings.
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