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THREE-DIMENSIONAL GLENOID
DEFORMITY IN PATIENTS
WITH OSTEOARTHRITIS:

A RADIOGRAPHIC ANALYSIS

BY P. HABERMEYER, PHD, P. MAGOSCH, MD, V. LUz, AND S. LICHTENBERG, MD

Investigation performed at the Department of Shoulder and Elbow Surgery, ATOS-Clinic, Heidelberg, Germany

Background: In osteoarthritis of the shoulder, the tilt of the glenoid surface undergoes an eccentric deformation not
only in the anteroposterior but also in the superoinferior direction. The goals of this study were to analyze glenoid ver-
sion in the coronal plane and to clarify the relationship between retroversion and inferior inclination of the glenoid.

Methods: Standardized radiographs of 100 consecutive patients with primary osteoarthritis of the shoulder and 100
otherwise healthy patients with shoulder pain (the control group) were included in this study and were analyzed by two
independent observers.

Results: We defined four different types of inclination deformity of the glenoid. In a type-0 glenoid, a line at the base
of the coracoid process and a line at the glenoid rim run parallel. Both lines intersect below the inferior glenoid rim in
a type-1 glenoid. In a type-2 glenoid, the line at the base of the coracoid process and the glenoid line intersect be-
tween the inferior glenoid rim and the center of the glenoid. In a type-3 glenoid, the lines intersect above the base of
the coracoid process. A significant difference (p < 0.0001) in the distribution of glenoid types between the two pa-
tient groups was observed. Forty-seven patients with osteoarthritis showed combined posterior and inferior glenoid
wear. We found no correlation between the type of inclination and the type of glenoid morphology. The interobserver
reliability of our observations was very high.

Conclusions: In osteoarthritis, eccentric inferior glenoid wear is frequent and independent from retroversion defor-
mity of the glenoid. Normalization of glenoid version in both transverse and coronal planes may reduce eccentric load-
ing of the prosthetic glenoid, which has been associated with loosening.

Clinical Relevance: This radiographic classification system can facilitate the decision-making process to normalize

glenoid inclination during glenoid replacement.

osteoarthritis has been described in the literature'. Neer

et al.*® observed substantial posterior glenoid wear caus-
ing static posterior subluxation of the humeral head in patients
with primary osteoarthritis. In order to study the natural course
and to discriminate retroversion from posterior erosion and
dysplasia, Walch et al.' classified glenoid morphology in the
transaxial plane for primary osteoarthritis.

Normal glenoid posterior tilt (retroversion) has been re-
ported to range from 0° to 10%. An increase in posterior glen-
oid tilt leads to posterior subluxation of the humeral head. A
posterior glenoid tilt of >25° represents congenital dysplasia'.
Gouaze et al.® described three types of inclination of the glen-
oid in healthy shoulders. Glenoid tilt in the coronal plane was
ascendant in 45% of the shoulders (average angle, 3° range, 1°

P osterior eccentric glenoid wear in primary glenohumeral

to 10°), strictly vertical in 22%, and descendant in 33% (aver-
age angle, 4° range, 1° to 12°).

The tilt of the glenoid surface, however, undergoes an
eccentric deformation not only in the anteroposterior but also
in the superoinferior direction. Edelson’ assumed that inferior
glenoid deformity in addition to posterior glenoid wear oc-
curred in patients with osteoarthritis. In a cadaver study, he
found posteroinferior glenoid wear in 3.5% of the 486 speci-
mens with degenerative changes in the glenohumeral joint’.

The angle of inclination of the glenoid is equivalent to
the amount of glenoid tilt in the coronal plane and defines the
position of the humeral head relative to the subacromial
space. The normal glenoid tilt in the coronal plane has been
reported to range from —8° to 15.8° (average, 4° to 5°)'""".

Contracture or insufficiency of the active shoulder sta-
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bilizers (in particular the rotator cuff) and changes in the pas-
sive stabilizers (increased glenoid version or humeral head
version) have been discussed as causes of decentralization of
the humeral head in osteoarthritis"**.

In total shoulder arthroplasty, it is important to detect
and to correct decentering of the humeral head to avoid early
polyethylene wear as well as loosening of the glenoid compo-
nent caused by the so-called rocking-horse phenomenon. Addi-
tionally, the decision-making process to implant a glenoid
component is affected by the quantity of glenoid bone stock.
The goals of this study were to describe and analyze glenoid ver-
sion in the coronal plane as well as to describe the relationship
between retroversion and inferior inclination of the glenoid.

Materials and Methods

R adiographs of 100 consecutive patients (sixty-two women
and thirty-eight men) with a mean age of 67.7 years

(range, forty-seven to eighty-five years) who had primary os-

teoarthritis of the shoulder were analyzed.

One hundred otherwise healthy patients (twenty-five
women and seventy-five men) (the control group) with a mean
age of 31.8 years (range, twenty-five to thirty-seven years) who
had shoulder pain without any clinical, ultrasonographic, or ra-
diographic signs of degenerative changes, rotator cuff tears, or
shoulder instability were also studied. True anteroposterior radio-
graphs, with the arm in neutral rotation, and axillary radiographs
were analyzed by two independent observers (PM. and V.L.).

Ninety-five of the 100 patients with primary osteoar-
thritis received a shoulder replacement, and the state of the ro-
tator cuff was assessed intraoperatively.

Radiographic and Measurement Techniques

The true anteroposterior radiograph was made with the pa-
tient standing upright. The scapula was lying against the x-ray
cassette behind the patient, and the arm was positioned in
neutral rotation at the side. The beam passed in an anterior-
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to-posterior direction tilted caudad 10° from the perpendicu-
lar to the scapula.

The axillary radiograph was made with the patient sit-
ting beside the x-ray table with the arm positioned on the ta-
ble in 70° to 90° of abduction and with the elbow in 90° of
flexion. The x-ray cassette was then placed on the table di-
rectly beneath the shoulder, and the x-ray machine was posi-
tioned directly over the shoulder so that the beam passed
vertically in a superior-to-inferior direction through the
shoulder joint onto the cassette.

The glenoid inclination angle was measured with use of
one line drawn along the superior and inferior glenoid rim (the
glenoid line) and another line drawn along the lateral base of
the coracoid process (the coracoid base line) from the superior
glenoid rim perpendicular to the bottom margin of the radio-
graph, as described by Boileau and Walch"”. The coracoid base
line is reproducible because the anteroposterior radiograph is
made with the patient in a standardized standing position so
that the inferior border of the radiograph is parallel to the floor
and the lateral base of the coracoid does not change with rota-
tion of the scapula. By convention, a negative number indicates
an inferiorly directed glenoid, and a positive number indicates a
superiorly directed glenoid. Superior or inferior decentraliza-
tion of the humeral head (in the coronal plane) was docu-
mented. Decentralization was defined as a deviation of the
center of the humeral head of >5 mm superiorly or inferiorly
from the center of the glenoid in the coronal plane.

Glenoid wear in the transverse plane was assessed on the
axillary radiograph with use of the classification system of
glenoid morphology described by Walch et al.’, and decentral-
ization of the humeral head was documented. Walch et al.' de-
fined three types of glenoid morphology (Fig. 1). Type A is
characterized by an equal balance of forces acting on the glen-
oid and a centralized head. Glenoid wear is either minor (type
Al) or major with substantial central wear causing a glenoid
cup (type A2). Type B has asymmetrical force distribution on

Al

A2

Fig. 1

Classification of glenoid morphology in osteoarthritis in the transaxial plane, according to the

system of Walch et al.’.
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the glenoid, leading to a loss of joint space (predominantly
posteriorly), subchondral sclerosis (more marked on the pos-
terior edge of the glenoid), and/or multiple posterior geodes
(type B1), or to a posterior cup that gives the appearance of a
double concavity on the glenoid surface (type B2). Type C is
arbitrarily defined as glenoid retroversion of >25° and repre-
sents glenoid dysplasia.

The assessment of glenoid morphology with use of this
method is not influenced by the rotation of the scapula in pa-
tients with osteoarthritis and limited abduction of <90° be-
cause the axis of the scapula, which is mapped on the
radiograph, does not change with the rotation of the scapula.

Decentering of the humeral head was defined as a devia-
tion of the center of the humeral head in the transverse plane
of £5 mm in relation to the glenoid center line.

Statistical Methods

Univariate analyses of associations between the type of incli-
nation, angle of glenoid inclination, decentralization of the
humeral head, intraoperative state of the rotator cuff, and the
glenoid morphology in the transverse plane were carried out
with use of the Pearson chi-square test for categorical data.
The chi-square test was used for differences in the distribution
of gender, the distribution of the type of glenoid inclination
between patients with osteoarthritis and the control group, as

.

Type 0

Type 1

AN
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TABLE | Distribution of Shoulders According to Glenoid

Morphology in the Coronal Plane with Regard to
the Inferior Inclination of the Glenoid

Inclination Osteoarthritis Control
Type Group (n = 100) Group (n = 100)
0 (normal) 13 45
16 49
54
3 17

well as the distribution of the type of inclination of the glen-
oid between women and men. Interobserver variability for the
type of inclination and angle of inclination was determined
with use of kappa statistics. To identify differences in the dis-
tribution of the inclination angle between the several types of
inclination, the Kruskal-Wallis test and the Mann-Whitney U
test were performed. The level of significance was set at 0.05.
All statistical analyses were performed with SPSS (version 11.0
for Windows; SPSS, Chicago, Illinois).

Results
verall, no significant difference was observed in the distri-
bution of gender between the patients in the control group

\ Type 3

A

Fig. 2

C D

Classification of glenoid inclination. A: In type O, the coracoid base line (red) and the glenoid line

(blue) run parallel (the brown line represents the inferior border of the radiograph). B: In type 1,

the coracoid base line and the glenoid line intersect below the inferior glenoid rim. C: In type 2,

the coracoid base line and the glenoid line intersect between the inferior glenoid rim and the

center of the glenoid. D: In type 3, the coracoid base line and the glenoid line intersect above the

coracoid base.
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TABLE Il Distribution of Angle of Inclination Relating to

the Type of Inclination

Mean Angle of Inclination (Range)

Inclination

Type Osteoarthritis Group Control Group
0 (normal) 1.7° (-7°to 7°) 1.3° (-3°to 7°)
1 -7.1° (-16° to -2°) -4.8° (-10° to -2°)
2 -16.0° (-32° to -5°) —7.7° (-12° to -4°)
3 -17.7° (-28° to -12°)

and the patients with osteoarthritis (p = 0.496). In the true an-
teroposterior radiograph, we identified four types of inclina-
tion. Type O represents the normal glenoid, in which the
coracoid base line and the glenoid line run parallel (Fig. 2, A).
In a type-1 glenoid, the lines intersect below the inferior glenoid
rim (Fig. 2, B). In a type-2 glenoid, the coracoid base line and
the glenoid line intersect somewhere between the inferior glen-
oid rim and the center of the glenoid (Fig. 2, C). In a type-3
glenoid, the lines intersect above the coracoid base (Fig. 2, D).

The distribution of inclination type is shown in Table I.
Significantly more patients with osteoarthritis were found to
have type-2 and type-3 glenoids (p < 0.0001) compared with
the control patients (Fig. 3).

In patients with osteoarthritis, the mean angle (and
standard deviation) of inclination was —12.6° £ 8.7° (range, —32°
to 7°). In the control group, the mean inclination angle was —2.2°
+ 4.1° (range, —12° to 7°). The mean inclination angle in pa-
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tients with osteoarthritis was significantly lower (p < 0.0001)
than that in healthy patients. The distribution of mean incli-
nation angles within the several types of inclination is shown
in Table II.

Overall, the distribution of the angle of inclination dif-
fered significantly (p < 0.0001) among the types of inclination
in patients with osteoarthritis as well as in the control pa-
tients. In the osteoarthritis group, the mean angle of inclina-
tion increased significantly (p < 0.0001) between type 0 and
type 2. In the control group, we also observed a significant in-
crease (p < 0.05) in the mean angle of inclination between
type 0 and type 2.

Assessing the glenoid morphology on the axillary radio-
graph according to the technique of Walch et al.', we observed
only type-Al glenoids in the control group. In the osteoarthri-
tis group, we found a type-Al glenoid in twenty patients, a
type-A2 glenoid in twenty-six patients, a type-B1 glenoid in
twenty-eight patients, and a type-B2 glenoid in twenty-five
patients. It was not possible to assess the glenoid morphology
on the axillary radiograph for one patient. The distribution of
glenoid morphology in relation to the type of inclination is
shown in Table III. Forty-seven patients (47%) with osteoar-
thritis showed both posterior and inferior glenoid wear. We
could not identify a correlation (coefficient of correlation =
—0.74; p = 0.47) between the type of glenoid inclination and
the type of glenoid morphology. A correlation between the type
of glenoid morphology and posterior decentralization in the
axillary radiograph was detected (coefficient of correlation =
0.538; p < 0.0001).

10
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Fig. 3

Distribution of the inclination angle in the different types of inclination as found in the osteoar-

thritic group and in the control group.
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TABLE Il Distribution of Glenoid Morphology in Relation to the Type of Glenoid Inclination in Patients with Osteoarthritis

Classification of Glenoid Morphology According to System of Walch et al.* (no. of shoulders)

Inclination Type Al A2 B1 B2 C
0 2 5 3 3 0
1 4 1 6 5 0
2 11 14 11 17 0
3 3 6 8 0 0

TABLE IV Frequencies of Glenoid Type in Relation to the Position of the Humeral Head as Assessed on the Axillary Radiograph

Glenoid Type According to System of Walch et al.*(no. of shoulders)

Humeral Head Position Al A2 B1 B2
Centered 18 21 21 4
Anterior 3 1 2 0
Posterior 0 4 6 20

Twenty-six (27%) of the ninety-five patients with os-
teoarthritis who had a shoulder replacement demonstrated a
rotator cuff lesion intraoperatively. We observed a deep partial
tear of the supraspinatus tendon in twenty-two patients and a
complete supraspinatus tendon tear in four patients. With the
numbers available, lesions of the rotator cuff did not correlate
with the position of the humeral head in the coronal plane.

Opverall, fifty-eight (58%) of 100 patients with primary
osteoarthritis had a static eccentric position of the humeral
head in the coronal plane. We observed a slight correlation be-
tween the type of inclination and the humeral head position
in the coronal plane (r = —0.223; p = 0.027).

Decentering of the humeral head in the transverse plane
was observed in thirty-six of 100 patients with osteoarthritis.
We found a positive correlation (r = 0.538; p < 0.0001) be-
tween the humeral head position in the transverse plane and
glenoid morphology (Table IV).

Forty-nine of 100 patients with osteoarthritis showed a
centered humeral head on both the anteroposterior and axil-
lary radiographs. Only one patient had both inferior and pos-
terior decentralization of the humeral head. The distribution
of humeral head decentralization is shown in Table V.

The interobserver reliability for the classification of glen-

oid inclination was 0.82 (Cohen’s kappa) for the control group
and 0.952 for the osteoarthritis group. In the control group,
the interobserver correlation for the measurement of the angle
of inclination was 0.961. The average difference between the
two observers was 0.84°, with a maximum discrepancy of 5°.
The interobserver correlation for the osteoarthritis group was
0.989, with an average difference in measurement of 0.92° and
a maximum discrepancy of 5°.

Discussion
everal studies have described the anatomy and the degenera-
tive changes of the glenoid in the transverse plane"". In a ca-
daver study, Edelson observed posteroinferior glenoid wear
in 3.5% of the specimens with degenerative changes in the
glenohumeral joint’. In contrast to this low rate, we found pos-
teroinferior glenoid wear in forty-seven of 100 patients with os-
teoarthritis. We detected no significant association between the
glenoid morphology in the transverse plane and the glenoid
morphology in the coronal plane. Significantly more patients in
the osteoarthritis group (seventy-one of 100 patients) demon-
strated inferior glenoid wear (type-2 or type-3 inclination) than
in the control group (six of 100 patients had type-2 inclination).
The position of the glenoid line depends on the amount

TABLE V Frequencies of the Position of the Humeral Head Observed in the True Anteroposterior and Axillary Radiographs of

100 Patients with Osteoarthritis

True Anteroposterior Radiograph

Humeral Head Inferior Decentered Superior Decentered
Axillary Radiograph Centered Humeral Head Humeral Head
Humeral head centered 49 5 10
Anterior decentered humeral head 2 1 3
Posterior decentered humeral head 20 1 9
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of superior and inferior glenoid wear. We observed no signifi-
cant difference in the mean angle of inclination in type-2 and
type-3 glenoids in patients with osteoarthritis. A type-3 glen-
oid develops in patients with unequal amounts of superior
and inferior glenoid wear and represents a late stage of glenoid
erosion in patients with osteoarthritis. Therefore, we believe
that measurement of the inclination angle does not describe
glenoid wear in the coronal plane sufficiently. The extent of
inclination deformity is accurately described with use of a
classification system with four different types of severity.

Posterior glenoid wear in osteoarthritis and its surgical
management have been well described in the literature"*.
Glenoid version correlates with an increase in osteoarthritic
changes. Posterior humeral head subluxation is commonly as-
sociated with posterior glenoid erosion”. This was confirmed in
our study. We found a positive correlation between posterior
decentralization of the humeral head and glenoid morphology
as described by Walch et al.' Additionally, Walch et al. described
a progression of glenoid morphology from B1 to B2 by erosion
of the glenoid with age, leading to a biconcave appearance. Pri-
mary osteoarthritis can be accompanied by a contracture of the
subscapularis muscle. Increasing contracture of the subscapu-
laris muscle may lead to posterior decentralization of the hu-
meral head, which reinforces posterior glenoid wear. With
regard to glenoid wear in the coronal plane, we observed no
correlation between superior or inferior decentralization of the
humeral head and the type of inclination as well as the inclina-
tion angle. In a study comparing three-dimensional magnetic
resonance imaging of patients with glenohumeral osteoarthri-
tis and healthy control subjects, von Eisenhart-Rothe et al. also
found no difference with regard to decentering of the humeral
head in the coronal plane between the two groups'. The reason
for this could be the absence of a muscular force couple in the
craniocaudal direction comparable with the one that exists in
the anteroposterior direction formed by the subscapularis and
the infraspinatus muscles.

In the study by von Eisenhart-Rothe et al.”, patients with
cuff tear arthropathy were found to have a significant (p <
0.005) superior decentralization of the humeral head compared
with patients with primary osteoarthritis. In contrast, we found
no significant association between the state of the rotator cuff
and the type of glenoid inclination.

Measurement of the inclination angle with use of con-
ventional, standardized true anteroposterior radiographs with-
out consideration of scapular rotation on the chest seems to
represent a weakness of our study. The average inclination an-
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gle of normal shoulders has been reported in cadaver studies
to be 4° (range, —7° to 15.8°)*"". In our clinical study, we ob-
served an average inclination angle of —2.2° in the control
group, thus falling within the normal range measured in the
cadaver studies. Therefore, we hypothesize that our technique
of measuring the inclination angle is not strongly affected by
the highly variable dynamic vertical tilt of the scapula. Addi-
tionally, a true anteroposterior radiograph was made with the
patient standing upright and with the arm hanging at the side,
so that the scapula would rest in a static position to minimize
any dynamic component, which could influence scapular tilt.

In conclusion, substantial eccentric inferior glenoid
wear is observed in osteoarthritis, leading to an inferior incli-
nation deformity of the glenoid. We consistently found four
different types of glenoid version in the coronal plane. In the
literature, posterior glenoid wear and its surgical management
in osteoarthritis have been well described; however, inferior
glenoid wear has been mentioned only occasionally. Almost
half of our patients with osteoarthritis showed combined pos-
terior and inferior glenoid wear.

Both inferior glenoid deformity and eccentric posterior
glenoid wear should be considered during glenoid replace-
ment. We believe it is prudent to normalize type-2 and type-3
glenoid inclination, as well as any angle of retroversion of
>15° when glenoid replacement is performed in shoulder ar-
throplasty. Without normalization of the pathologic glenoid
tilt, a static uneven stress distribution onto the prosthetic
glenoid may occur postoperatively. m
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