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Abstract

Background The technique and results of shoulder
arthroplasty are influenced by glenohumeral pathoanatomy.
Although some authors advocate a routine preoperative CT
scan to define this anatomy, ordering a CT scan substan-
tially increases the cost and the radiation exposure for the
patient.

Questions/purposes We asked whether measurements of
arthritic shoulders on a standardized axillary view are
reliable; if postoperative radiographs can reliably show the
changes in glenoid anatomy and glenohumeral relation-
ships after shoulder arthroplasty, and if the axillary view
can show differences in glenohumeral pathoanatomy in the
different sexes and disease types.

Methods These questions were addressed using cross-sec-
tional studies of 344 shoulders with different types of arthritis
and of 128 osteoarthritic shoulders having a ream and run

Each author certifies that he or she, or a member of his or her
immediate family, has no funding or commercial associations (eg,
consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest in connection
with the submitted article.

All ICMIE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research editors and board members are
on file with the publication and can be viewed on request.

Each author certifies that his or her institution approved the human
protocol for this investigation, that all investigations were conducted
in conformity with ethical principles of research, and that informed
consent for participation in the study was obtained.

F. A. Matsen III (X)), A. Gupta

Department of Orthopedics and Sports Medicine, University of
Washington, Box 356500, 1959 NE Pacific Street, Seattle,
WA 98195, USA

e-mail: matsen@u.washington.edu

@ Springer

arthroplasty (a glenohumeral arthroplasty that combines a
noncemented humeral hemiarthroplasty with concentric
reaming of the glenoid bone without implantation of a pros-
thetic glenoid component). Measurements of glenoid type,
glenoid version, and glenohumeral contact were made on
standardized axillary radiographs. Interobserver reliability
was calculated, preoperative and postoperative measurements
were compared, and morphologic differences were compared
as stratified by sex and disease type.

Results The measurements on axillary views showed a
high degree of interobserver reliability and sensitivity to
the changes effected by arthroplasty. The ream and run
substantially corrected the glenoid type and point of gle-
nohumeral contact. Male shoulders and shoulders with
osteoarthritis had more type B glenoids (ie, those with
posterior erosion and biconcavity of the glenoid), more
retroversion, and a greater degree of posterior displacement
of the point of glenohumeral contact.

Conclusions The axillary view provides a practical
method of characterizing glenohumeral anatomy before
and after surgery that is less costly and exposes the patient
to less radiation than a CT scan.

Level of Evidence Level 1V, diagnostic study. See the
Instructions for Authors for a complete description of
levels of evidence.

Introduction

Glenohumeral arthritis is a commonly encountered condi-
tion of the shoulder; its treatment by shoulder arthroplasty
is increasing annually [28]. Although many consider total
shoulder arthroplasty with a glenoid prosthesis to be the
gold standard treatment for glenohumeral arthritis, glenoid
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component failure remains a major complication, occurring
in as much as 1/3 of cases at 10 years [4, 5, 8, 11, 14, 26,
31, 39, 49, 50, 54-56]. The preoperative assessment of
glenohumeral anatomy is important; the risk of glenoid
component failure is greater for shoulders in which pre-
operative assessment indicates that the glenoid surface is
retroverted, the glenoid surface is biconcave, and/or the
humeral head is posteriorly subluxated on the glenoid,
features that are seen in almost % of arthritic shoulders
requiring arthroplasty [5, 8, 12, 13, 16, 17, 21, 23, 24, 30,
35, 41, 45, 51-55].

Although some authors have reported the use of stan-
dardized plain radiographs to evaluate glenohumeral
relationships before and after surgery [30, 31, 33, 39, 58],
many have advocated the use of CT for assessment of
preoperative and postoperative glenohumeral pathoanato-
my [6, 7, 16, 17, 24, 32, 35-37, 41-44, 48, 52, 53]. CT
scans add more than USD $1000 in cost [34] and expose
the patient to 2.06 mSv, approximately 26 times the radi-
ation of conventional radiographs [3], each time the
shoulder is imaged before and after surgery. The clinical
value to the patient of the increased radiation and increased
cost of a routine CT scan has yet to be seen; specifically, it
remains to be shown whether patients having preoperative
CT scans have better clinical results than those whose
preoperative imaging is limited to plain films.

The purpose of this investigation is to show the utility of
a standardized plain axillary radiograph in determining
glenoid shape, glenoid version, and position of glenohu-
meral contact before and after reconstructive arthroplasty.

Fig. 1A-B (A) The standardized axillary view is obtained with the
arm elevated 60° in the plane of the scapula. The beam is aimed at the
axilla parallel to the blade of the scapula toward the cassette held over
the superior aspect of the shoulder. (B) The standardized axillary view

Specifically, the study addresses three questions: (1) what
is the interobserver reliability of these measurements on
standardized axillary views; (2) can postoperative axillary
radiographs reproducibly show the change in glenoid
anatomy and glenohumeral relationships after shoulder
arthroplasty; and (3) can the standardized axillary view
document the differences in glenoid type, glenoid version,
and point of glenohumeral contact for shoulders of patients
of different sexes and with different types of arthritis?

Patients and Methods

Standardized axillary radiographs were obtained by radi-
ology technologists experienced in the desired method. The
patients lay supine with the arm in neutral rotation and
elevated 60° in the plane of the scapula. The radiographic
beam was directed parallel to the plane of the scapula from
the axilla toward the glenohumeral joint while the cassette
was held on the superior aspect of the shoulder (Fig. 1) [36,
57, 58]. Axillary radiographs were deemed adequate if the
spinoglenoid notch was clearly visible [57, 58]. The
processing time to determine the glenoid type, version, and
contact position was less than 2 minutes from the time the
radiograph became available; no reformatting, reconstruc-
tion, or special software was necessary.

The glenohumeral anatomy was classified according to
the commonly used Walch classification system [52, 53].
In this classification, Type Al is a glenoid without erosion
and with the humeral head centered; Type A2 is a glenoid

B

shows the spinoglenoid notch (arrow). (Both illustrations published
with permission of Elsevier from Matsen FA 3rd, Lippitt SB, Sidles
JA, Harryman DT 2nd. Practical Evaluation and Management of the
Shoulder. Philadelphia, PA: WB Saunders; 1994:44.)
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with medial erosion and a centered head (Fig. 2A); Type
B1 is a posteriorly eroded glenoid with posterior dis-
placement of the head on the glenoid; and Type B2 is a
posteriorly eroded glenoid with a biconcavity and posterior
displacement of the head on the glenoid (Fig. 2B). The
glenoid angle is the angle between a line drawn from the
anterior lip to the posterior lip of the glenoid and a line
drawn along the plane of the body of the scapula (Fig. 3A).
Glenoid retroversion is 90° minus the glenoid angle [36].
The AP position of the head in relation to the glenoid was
characterized as the ratio of the distance from the anterior
glenoid lip to the center of glenohumeral contact divided
by the AP dimension of the glenoid (Fig. 3B). This metric
was selected rather than measuring the relationship of the
center of the head to a line perpendicular to the glenoid
face [17, 52, 53], because it is easy to standardize and

because it reflects the degree of eccentricity of glenoid
loading, a factor that can contribute to “rocking horse”
loosening of the glenoid component [9, 15, 17, 19, 26, 31,
46, 47, 51, 53].

Question 1. What is the interobserver reliability of these
measurements on standardized axillary views?

We conducted a retrospective cross-sectional study of 128
patients (135 shoulders) who had a ream and run procedure
(a glenohumeral arthroplasty that combines a noncemented
humeral hemiarthroplasty with concentric reaming of the
glenoid bone without implantation of a prosthetic glenoid
component) by the senior author (FAM) between Decem-
ber 2009 and January 2013. All shoulders having a ream

Fig. 2A-B Standardized axillary radiographs of (A) Type A2 and (B) Type B2 glenoids typical of those used in this investigation are shown.

Fig. 3A-B (A) The glenoid angle (A) is measured as the angle
between a line drawn along the scapular body (longer line) and a line
connecting the anterior and posterior rims of the glenoid (shorter
line). The retroversion is the difference between 90° and this angle.

@ Springer

(B) The contact position is the ratio of the length of a line segment
drawn from the anterior rim of the glenoid to the center of
glenohumeral contact, C, to the length of the line segment connecting
the anterior and posterior rims of the glenoid, G.
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and run during this time initially were included, but eight
subsequently were excluded. Seven patients had bilateral
ream and run procedures during this period but only the
first was included in the study reducing the number of
shoulders to 128. Standardized axillary views were
obtained within 1 month before surgery. The radiographs
for one patient were of unacceptable quality, leaving 127
shoulders for the study. Glenoid type, glenoid version, and
position of glenohumeral contact were determined inde-
pendently on each axillary view by Observer 1 (AG, an
orthopaedic resident without special training in shoulder
surgery) and by Observer 2 (FAM, an attending surgeon
experienced in shoulder reconstruction). The results of the
two observers were compared using correlation coefficients
for continuous variables (glenoid angle and the position of
the contact point) and with kappa statistics for categorical
variables (glenoid type).

Question 2. Can postoperative axillary radiographs
consistently show the change in glenoid anatomy and
glenohumeral relationships after shoulder arthroplasty?

Using the same shoulders as for Question 1, the preoper-
ative and postoperative glenoid angles and the preoperative
and postoperative contact positions were compared using a
paired t-test. The relative preoperative and postoperative
prevalences of the different glenoid types were compared
using Fisher’s exact test. The results of the two observers
were compared using correlation coefficients for continu-
ous variables (glenoid angle and position of the contact
point) and with kappa statistics for categorical variables
(glenoid type).

Question 3. Can the standardized axillary view
document differences in glenoid type, glenoid version,
and point of glenohumeral contact point for shoulders
of patients of different sexes and with different types
of arthritis?

Between March 2010 and October 2012 standardized
axillary radiographs were obtained on 344 shoulders within
1 month before a shoulder arthroplasty of any type (total
shoulder, ream and run, cuff tear arthropathy prosthesis, or
reverse total shoulder). One observer (FAM) blinded to
patient sex and clinical diagnosis determined glenoid type,
glenoid version, and point of glenohumeral contact. After
the measurements were recorded, the results were analyzed
by sex, diagnosis, and glenoid type. To determine the
relation of gender to glenoid angle and humeral contact
position on the glenoid, we used the unpaired t-test. To
determine if the pathoanatomy of less common diagnoses
(avascular necrosis, cuff tear arthropathy, and other) was
different from that of the most common diagnosis, osteo-
arthritis, we compared the glenoid angles and humeral
contact positions for each of the other diagnoses with those
of osteoarthritis using the unpaired t-test. To determine the
proportions of Type A and Type B glenoids by gender, we
used Fisher’s exact test. To compare the proportions of
Type A and Type B glenoids for the common diagnosis of
osteoarthritis with those for less common diagnoses
(avascular necrosis, cuff tear arthropathy, and other), we
used the Fisher’s exact test. To determine the relationship
between glenoid type, glenoid version, and point of hum-
eral contact on the glenoid in shoulders with osteoarthritis,
the glenoid angle and point of contact were compared
between Type A and Type B glenoids using the unpaired t
test. Correlation coefficients were used to examine the

Table 1. Preoperative and postoperative measurements of glenoid angle, contact point, and glenoid type for each observer*

Attribute Observer 1 Observer 2 Observer 1 Observer 2 Preoperative/postoperative
Preoperative Preoperative Postoperative Postoperative p value
Glenoid angle 73 £ 10 71 £ 10 74 £ 10 73+9 Not significant for Observer 1,
(r=0.81) r=0.77) p = 0.016 for Observer 2f
Contact point 64% + 12% 65% £ 13% 54% £ 7% 54% £ 7% <0.0017
(r=0.92) (r =0.69)
Type Al 11 10 119 116
Type A2 22 29 1 1
Type Bl 31 27 5 7
Type B2 63 61 2 3
Weighted kappa Weighted kappa <0.001*
0.859 0.832

* Agreement between observers is characterized by correlation coefficients (r) and weighted kappa statistics. The significance of the change with
surgery is shown in the far right column; paired t-test; *Fisher’s exact test for Type A versus Type B.
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Fig. 4A-B (A) This preoperative axillary view radiograph shows a B2 glenoid and posterior contact position. (B) The postoperative axillary
view shows the corrected glenoid shape and contact position. An anteriorly eccentric humeral component was used.

relationships between glenoid version and contact center
position. These results were compared with those previ-
ously published for similar patients using different imaging
methods.

Results

Interobserver Reproducibility of Measurements Made
on Preoperative Axillary Radiographs

The agreement between the two independent observers was
high for all three preoperative measurements. The corre-
lation coefficient for the two observers was r = 0.81 for
glenoid angle and 0.92 for the position of glenohumeral
contact. The weighed kappa statistic for glenoid type was
0.859 (Table 1).

Postoperative Changes to Anatomy and Glenohumeral
Relationships on Axillary Radiographs

The agreement between the two independent observers was
good for all three postoperative measurements. The cor-
relation coefficient for the two observers was r = 0.77 for
glenoid angle and 0.69 for the position of glenohumeral
contact. The weighed kappa statistic for glenoid type was
0.832 (Table 1; Fig. 4). The ream and run procedure sig-
nificantly improved the centering of the glenohumeral
contact point from an average of 65% =+ 13% posterior to
54% =+ 7% posterior (50% represents the centered posi-
tion) (p < 0.001). On the preoperative radiographs, there
was a wide range of contact positions, ranging from 25% to
94% of the distance from the anterior to the posterior lip of
the glenoid. Postoperatively this range was narrower, from
40% to 80%. The ream and run procedure resulted in a
significant change in the glenohumeral type: Observer 1

@ Springer

found the percentage of Type A glenoids increased from
26% before surgery to 94% after surgery (p < 0.001);
Observer 2 found the change to be from 31% to 92%
(p < 0.001) (Table 1). The change in glenoid angle was
small (from 73° &£ 10° to 74° £ 10°, p not significant for
Observer 1 and from 71° &+ 10° to 73° &+ 9°, p = .016 for
Observer 2) (Table 1).

Analyses of Glenohumeral Anatomy by Sex, Arthritis
Type, and Glenoid Type on Axillary Radiographs

The axillary view effectively showed the differences in
glenohumeral anatomy for the two sexes, different types of
arthritis, and different glenoid types.

Type B glenoids, and glenoids having more retroversion
and posterior displacement, were more closely associated
with male patients and shoulders with osteoarthritis and
certain other diagnoses (glenoid dysplasia, rheumatoid
arthritis, postseptic arthritis, capsulorrhaphy arthropathy,
chondrolysis, posttraumatic arthritis, and other causes of
secondary arthritis of the glenohumeral joint), but not
with avascular necrosis and rotator cuff tear arthropathy
(Tables 2 and 3; Fig. 5).

The correlation between glenoid version and AP contact
center position was weak (R* was 0.10 for all patients and
0.19 for patients with osteoarthritis) (Fig. 5).

Discussion

The conduct and results of shoulder arthroplasty are influ-
enced by the preoperative glenohumeral pathoanatomy.
Although many authors advocate regular use of a CT scan
for assessment of the arthritic joint [6, 7, 16, 17, 24, 36, 37,
41, 43, 48, 52, 53], a CT scan is expensive, is associated
with a greater radiation dose than plain films, and has not, to
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Table 2. Relationship of sex, diagnosis, glenoid angle, and contact position (rows) to glenoid type (columns)
Category Glenoid type Al A2 B1 B2 C
All diagnoses*
Female 127 34 (27%) 68 (53%) 5 (4%) 20 (16%) 0 (0%)
Male 213 32 (15%) 80 (38%) 21 (10%) 78 (37%) 2 (1%)
By diagnosis
Osteoarthritis 231 30 (13%) 104 (45%) 19 (8%) 78 (34%) 0
Avascular necrosis’ 18 13 (72%) 4 (22%) 1 (6%) 0 (0%) 0
Cuff tear arthropathyi 40 14 (35%) 22 (55%) 0 (0%) 3 (8%) 0
Other* 51 9 (18%) 18 (35%) 6 (12%) 16 (31%) 2 (4%)
Osteoarthritis"
Female 70 12 (17%) 40 (57%) 3 (4%) 15 (21%) 0 (0%)
Male 161 18 (11%) 64 (40%) 16 (10%) 63 (39%) 0 (0%)
Osteoarthritis only
Glenoid angle (degrees)” 80.6 £ 7.8 78.3 £ 10.0 7532 £ 7.6 67.7 £9.0
Contact position (percent posterior)” 56 £ 12 54 + 10 76 £ 7 71 £8

* Fisher’s exact p < 0.001 for rate of Types A and B by sex; fFisher’s exact p = 0.0018 for rate of Types A and B in comparison to
osteoarthritis; “Fisher’s exact p < 0.001 for rate of Types A and B in comparison to osteoarthritis; “Fisher’s exact not signficant for rate of Types
A and B in comparison to osteoarthritis; "Fisher’s exact p = 0.0013 for rate of Types A and B by sex; Tt-test comparing values for Types A and

B < 0.001.

Table 3. Relationship of sex and diagnosis (rows) to glenoid angle
and contact position (columns)

Category Number Glenoid Contact position

angle (degrees) (percent posterior)

All diagnoses

Female 127 82.6 + 9.4* 57 £ 13*

Male 213 72.3 £ 10.8 63 + 13
By diagnosis

Osteoarthritis 231 75 £ 11 62 £ 13

Avascular necrosis 18 83 + 8% 56 + 107

Cuff tear arthropathy 40 81 & 12* 55 + 13%

Other 51 76 £+ 14 63 + 16

* t-test p < 0.001 for sex; 't-test in comparison to osteoarthritis
p = .05; “t-test in comparison to osteoarthritis p = .0019; St-test in
comparison to osteoarthritis p = .0028.

our knowledge, been associated with improved clinical
results than those achieved with plain films.

These observations led us to attempt to answer three
questions regarding use of the standardized axillary
radiograph to the assessment of important pathoanatomic
features of the arthritic glenohumeral joint: (1) What is the
interobserver reliability of these measurements on stan-
dardized axillary views? (2) Can postoperative radiographs
reproducibly show the change in glenoid anatomy and
glenohumeral relationships after shoulder arthroplasty? (3)
Can the standardized axillary view document the differ-
ences in glenoid type, glenoid version, and point of
glenohumeral contact for shoulders of patients of different

sexes and with different types of arthritis? We found that
measurements based on the axillary view were reliable
between observers, showed the change in glenohumeral
anatomy after a shoulder arthroplasty, and documented the
differences in pathoanatomy of arthritic shoulders for the
different sexes and different types of arthritis.

The results of this study must be viewed in light of
certain limitations. This was a radiographic study; clinical
correlations were not part of this analysis. The axillary
images were obtained by radiology technologists experi-
enced in standardization of the view and patient position,
conditions that may not exist elsewhere; however, the
axillary radiographic view is part of the usual imaging
repertoire—the only unique aspect of these images is that
the technologists knew we wanted a view that showed the
spinoglenoid notch (Fig. 1). The consistency of the results
of the two independent observers may be attributable in
large part to standardization of the axillary radiographs.
Part of the standardization of the imaging technique is that
the arm of the supine patient is held elevated in the plane of
the scapula, a position of function not possible with CT
imaging and a position not consistent in prior reports using
the axillary view [22]. The high degree of interobserver
consistency in our values for the point of glenohumeral
contact may be related to the fact that the arm position was
standardized and that this measurement is simpler than
trying to relate an estimated humeral head center to scap-
ular landmarks [27]. Although from a scientific standpoint
it would have been preferable to obtain CT scans of these
patients to enable direct comparison of the results, we

@ Springer
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Fig. SA-D The relationships between the glenoid angle (horizontal
axis) and contact position (vertical axis) for patients with osteoar-
thritis and (A) Type Al, (B) A2, (C) B1, or (D) B2 glenoid type are
shown. The vertical and horizontal lines indicate the mean values for
each group. Glenoid angles less than 90° indicate retroversion and

could not clinically justify the incremental cost and radi-
ation dosage for a test that would not have improved
management of these patients. Furthermore, as is well
documented in the literature, there is no gold standard
measurement of glenohumeral pathoanatomy against which
the accuracy of a method can be compared. As is the case
for all imaging modalities, CT scan results are affected by
the details of positioning, technique, and measurement
technique [6, 7, 23, 32, 36, 42, 43]. The surgical procedures
were performed by one high-volume shoulder arthroplasty
surgeon (FAM) and, therefore, may not relate to other
practice settings. Finally, the senior author (FAM) prefers
the axillary view in assessing glenohumeral anatomy
because it is less costly and exposes the patient to less
radiation, and the ream and run procedure because it is a
method of glenohumeral arthroplasty that does not carry
the risks of glenoid component failure.

Our study showed (1) that reproducible measurements of
preoperative glenoid version, glenoid type, and point of
glenohumeral contact can be made from standardized axil-
lary radiographs; (2) that the standardized postoperative
axillary view shows the significant changes in glenoid type
and centering of the point of glenohumeral contact after a
ream and run procedure; and (3) the axillary view documents
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contact positions greater than 50% indicate that the center of
glenohumeral contact is posterior to the midglenoid. The spread of
the data and lack of correlation between the glenoid angle and
posterior displacement of the humeral head on the glenoid can be
seen.

the differences in glenoid pathoanatomy of the different
sexes and the different types of glenohumeral arthritis.

The results from our large cohort of 344 arthritic
shoulders are highly congruent with published findings
from CT studies on similar groups of patients with arthritis
of the glenohumeral joint [2, 10, 16, 23, 25, 29, 38, 40, 42,
52]. For example, the distribution of Types A and B
glenoids in the subset of 231 shoulders with osteoarthritis
(58% and 42%, respectively) is similar to the pooled results
of seven smaller series of patients with osteoarthritis hav-
ing CT scans (52% A, 43% B, 5% C) [5, 8, 18, 42, 48, 52,
59]. As a second example, the average glenoid retroversion
of 15° £ 11° (90° minus the glenoid angle) in our patients
with osteoarthritis is well within the 8° to 27° averages in
10 smaller series that used CT scans [2, 10, 16, 23, 25, 29,
38, 40, 42, 52]. As a third example, we found an average
posterior displacement of the glenoid humeral contact of
76% + 7% in 19 Bl glenoids and 71% =+ 8% in 78 B2
glenoids, while Gerber et al., in their study of shoulders
with static posterior subluxation, presented a series of CT
scans on nine Bl glenoids, five B2 glenoids, and nine C
glenoids with an average posterior subluxation index of
71% [17]. Similar CT findings have been reported by
others s [1, 20, 24, 51, 52]. Interestingly, the observations



Volume 472, Number 3, March 2014

Axillary View in Shoulder Arthritis 901

of these CT studies were consistent with our finding that
glenoid version was correlated only weakly with posterior
positioning of the humeral head on the glenoid [5, 17, 24,
51]. The concordance of the findings of prior CT studies
with those of our investigation using the plain axillary view
is particularly remarkable because somewhat different
landmarks are referenced in the two methods [36].

This is, to our knowledge, the first study to document the
interobserver reliability in the use of a standardized axillary
view to document the glenoid shape, angle, and point of gle-
nohumeral contact before and after shoulder arthroplasty. It is
also the largest analysis of preoperative glenohumeral
pathoanatomy by sex and diagnosis. We found that stan-
dardized axillary views enable the reproducible determination
of glenoid version, type, and point of contact including the
changes in glenohumeral centering and congruence after
shoulder arthroplasty, even in shoulders having Type B
glenoids and those with substantial posterior subluxation
before surgery. Forty-seven thousand shoulder arthroplasties
were performed in the United States in 2008; the rate of
shoulder arthroplasty is increasing dramatically [28]. Routine
use of CT scans before shoulder arthroplasty would add mil-
lions of dollars in healthcare expense. In our experience, the
information from the preoperative axillary view is sufficient
for planning a primary shoulder arthroplasty for arthritis
without the increased cost and radiation of routine CT scans.
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