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Background: The Walch classification was introduced to classify glenoid morphology in primary gleno-
humeral osteoarthritis. A modified Walch classification was recently proposed, with 2 additional categories,
B3 (monoconcave glenoid with posterior bone loss leading to retroversion > 15° or subluxation > 70%)
and D (excessive anterior subluxation), as well as a more precise definition of subtypes A2 and C. The
purpose of this study was to evaluate the intraobserver and interobserver agreement of the modified Walch
classification system using both plain radiographs and computed tomography (CT).
Methods: Three fellowship-trained shoulder surgeons blindly and independently evaluated radiographs
and CT scans of 100 consecutive shoulders (98 patients) with primary glenohumeral osteoarthritis and
classified all shoulders according to the modified Walch classification in 4 separate sessions, each 4 weeks
apart. Statistical analysis with the κ coefficient was used to evaluate reliability.
Results: The first reading by the most senior observer on the basis of CT scans was used as the gold stan-
dard (distribution: A1, 18; A2, 12; B1, 20; B2, 25; B3, 22; C, 1; and D, 2). The average intraobserver
agreement for radiographs and CT scans was 0.73 (substantial; 0.72, 0.74, and 0.72) and 0.73 (substan-
tial; 0.77, 0.69, and 0.72), respectively. The average interobserver agreement was 0.55 (moderate; 0.61,
0.51, and 0.53) for radiographs and 0.52 (moderate; 0.63, 0.50, and 0.43) for CT scans.
Conclusion: Intraobserver agreement of the modified Walch classification was substantial both for axil-
lary radiographs and for CT scans. Interobserver agreement was fair. Although the modified Walch classification
represents an improvement over the original classification, automated computer-based analysis of CT scans
may be needed to further improve the value of this classification.
Level of evidence: Basic Science Study; Validation of Classification System
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Classification systems in orthopedic surgery can be useful
tools to characterize pathology and facilitate communica-
tion. They can serve to compare disease severity and guide
management. However, the effectiveness of any given
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classification system depends to some extent on its ease of
understanding, and its use should yield similar results among
persons using it. Intraobserver and interobserver reliabilities
are commonly used to measure how reproducible a classifi-
cation system is.

The original Walch classification of glenoid morphology
in primary osteoarthritis was introduced in 1999.12 Two ob-
servers analyzed computed tomography (CT) images of 113
shoulders and found “substantial” intraobserver and
interobserver reliabilities (Cohen κ coefficient = 0.65-0.70).
Several additional studies on the reliability of the original
Walch classification followed. Scalise et al10 reported fair
intraobserver (κ = 0.34) and interobserver (κ = 0.37) agree-
ment, whereas Nowak et al6 found that their intraobserver
agreement was substantial (κ = 0.61) and interobserver agree-
ment was moderate (κ = 0.51). Aronowitz et al1 included an
assessment of radiographs as well as CT scans and noted that
intraobserver and interobserver agreements using radio-
graphs were substantial (κ = 0.66) and moderate (κ = 0.48),
respectively, whereas intraobserver and interobserver agree-
ments using CT scans were moderate (κ = 0.60) and fair
(κ = 0.39), respectively.

As a result of the varying degrees of reliability reported
when using the original Walch classification, a modified version
has been proposed by Walch and colleagues (ie, Bercik et al2)
with additional subtypes and further clarification of the defi-
nitions of specific categories. Although this new modified
classification scheme is promising, its reliability needs to be
assessed by additional independent researchers. As such, the
purposes of this study were to assess the reliability of the modi-
fied Walch classification2 using both axillary radiographs and
CT scans and to analyze the subcategorization of bone loss
and eccentric wear or subluxation.

Materials and methods

For this study, we selected 98 consecutive patients (100 shoul-
ders) with a diagnosis of primary glenohumeral osteoarthritis who
underwent shoulder arthroplasty at a single institution between No-
vember 2013 and November 2016. We included patients who had
a diagnosis of primary osteoarthritis and who then underwent shoul-
der arthroplasty of some type. Patients were excluded if there was
any other diagnosis (ie, avascular necrosis, rheumatoid arthritis, or
cuff tear arthropathy); any prior surgical procedure, including any
arthroscopic instability or rotator cuff procedure; or any prior open
procedure. All patients had preoperative CT scans and axillary ra-
diographs obtained routinely prior to surgery. There were 50 men
(51%) and 48 women (49%). The mean patient age was 69 years
(range, 44-91 years). There were 46 left shoulders (46%) and 54
right shoulders (54%).

For the purpose of this study, all axillary radiographs were blinded
and provided to the observers in sequential random order. Similar-
ly, five 1-mm axial cuts from each CT scan were selected, including
the midaxial cut and 4 images equally spaced cranial to and caudal
to the center of the glenoid. These selected images for each shoul-
der were also blinded and provided to the observers in sequential
random order.

Three highly experienced fellowship-trained shoulder surgeons
with special interest in shoulder arthroplasty (J.W.S., R.H.C., and
J.S.-S.) independently evaluated all of the images. As mentioned
before, the evaluators were blinded to the readings of the other evalu-
ators, as well as to any patient information. All observers were
provided with a description and pictorial representation of the modi-
fied Walch classification from the original article2 as a reference to
be used when performing each reading (Fig. 1, Table I). No time
limitations were imposed on any of the readings. There were 4 sep-
arate readings: 2 using only radiographs and 2 using only CT scans.
The observers evaluated the radiographs first, followed by the CT
scans and then the radiographs again, and finally, the CT scans were
assessed a second time. Each reading was separated by at least 4
weeks.

The intraobserver reliability was determined by comparison of
the classification of each subject by the observers for both the ax-
illary radiographs and CT scans. Pair-wise comparisons between
observers were also performed to determine interobserver and
intraobserver reliability. We calculated κ values for both interobserver
and intraobserver reliability; κ values adjust for the proportion of
agreement among observers that could have occurred by chance.
Landis and Koch5 previously categorized κ values of 0.00 to 0.20
as slight agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, mod-
erate agreement; 0.61 to 0.80, substantial agreement; and 0.81 or
greater, almost perfect agreement. A value of 0.00 indicates agree-
ment no better than chance whereas 1.00 indicates perfect agreement.
Additional analysis was performed to compare the initial reading
of radiographs and CT scans of each observer, as well as agree-
ment when the classification was collapsed into bone loss and
subluxation categories.

Results

The first CT scan reading was performed by the most senior
observer (R.H.C.) and served as the gold standard. The most
senior surgeon classified 18 shoulders as A1 (18%), 12 as A2
(12%), 20 as B1 (20%), 25 as B2 (25%), 22 as B3 (22%), 1
as C (1%), and 2 as D (2%). Intraobserver agreement for all
3 observers is summarized in Table II. The average
intraobserver agreement for both CT scans and radiographs
was substantial (κ = 0.72 and κ = 0.73, respectively).

The average interobserver agreement for both CT scans
and radiographs was fair (κ = 0.52 and κ = 0.55, respective-
ly). Values for each observer are summarized in Table III. Of
note, interobserver agreement was moderate between the gold-
standard observer and observer 2 for both CT scans and
radiographs (κ = 0.63 and κ = 0.61, respectively).

Table IV shows the first CT scan and radiograph read-
ings of each of the 3 observers. From top left to bottom right,
the cells marked with asterisks arranged diagonally indicate
the agreements between CT scans and radiographs for each
individual surgeon. Observers 1, 2, and 3 showed intraobserver
agreement in 39 cases (39%), 51 cases (51%), and 58 cases
(58%), respectively. In total, complete agreement occurred
in 148 of 300 paired readings (49%).

The classification system was then collapsed according to
bone loss (Table V): no bone loss (A1, B1, or D) versus bone
loss (A2, B2, B3, or C). The cells marked with asterisks
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arranged diagonally from top left to bottom right represent
agreement between CT scans and radiographs. Agreement was
shown in 81 shoulders (81%) for observer 1, 79 (79%) for
observer 2, and 93 (93%) for observer 3. Overall, the pres-
ence or absence of bone loss was agreed on in 254 of 300
shoulders (85%).

Similarly, the classification system was collapsed accord-
ing to the presence of subluxation (B1, B2, B3, C, or D) or
absence of subluxation (A1 or A2) (Table VI). Again, the cells

marked with asterisks and arranged diagonally indicate agree-
ment between CT scans and radiographs. Agreement was
shown in 60 shoulders (60%) for observer 1, 73 (73%) for
observer 2, and 78 (78%) for observer 3. Overall, the pres-
ence or absence of eccentric wear or subluxation was agreed
on in 211 of 300 shoulders (70%).

Discussion

The results of this study indicate that the “modified” Walch
classification2 provides fair and substantial agreement within
and between observers when applied using axillary radio-
graphs or the appropriate axial CT images. In fact, on the basis

Figure 1 Walch classification. Used with permission of Mayo Foundation for Medical Education and Research. All rights reserved.

Table I Modified Walch classification

Walch category Description

A Humeral head centered on glenoid fossa
Subgroup A1 No or minor central erosion
Subgroup A2 Major central erosion

B Posterior subluxation of humeral head
Subgroup B1 No posterior bone loss
Subgroup B2 Posterior bone loss resulting in biconcave

glenoid
Subgroup B3 Monoconcave bone loss with 15° of

retroversion and/or 70% posterior
subluxation

C Glenoid retroversion > 25°
D Any glenoid anteversion or <40%

subluxation

Table II Intraobserver agreement for CT scans and radio-
graphs separately

κ Value

CT Scans Radiographs

Observer 1 0.77 0.72
Observer 2 0.69 0.75
Observer 3 0.71 0.72
Average 0.72 0.73

CT, computed tomography.
The results are based on 2 readings separated by at least 4 weeks.
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of a comparison of our group’s similar assessment of the orig-
inal Walch classification,12 there appears to have been an
improvement in all categories, which seems to indicate that
the stated goal of the authors, namely to improve the relia-
bility of the classification, has been achieved. Compared with
the work of Aronowitz et al1 in which an almost identical meth-
odology was used, the mean intraobserver agreement for
radiographs improved from 0.66 to 0.73 (both substantial),
and the mean intraobserver agreement for CT scans im-
proved from 0.60 (moderate) to 0.72 (substantial). The

pair-wise comparisons between observers improved both for
radiographs (0.48 to 0.55) and for CT scans (0.39 to 0.52).
In addition, the mean agreement among observers on the pres-
ence or absence of bone loss increased from 70%1 to 85%
in our study, although the mean agreement on the presence
or absence of subluxation was similar between the study by
Aronowitz et al (72%) and our study (70%).

The original Walch classification12 was introduced in 1999
and provided a widely adopted method by which surgeons
could assess glenoid morphology in primary osteoarthritis
using 2-dimensional CT scans. An accurate assessment of
glenoid morphology prior to shoulder arthroplasty is of crit-
ical importance to optimize implant positioning, select the
correct implant type (ie, anatomic vs reverse shoulder ar-
throplasty), and anticipate management of subluxation or bone
loss.

Several aspects of these data are of clinical importance.
One purpose of this classification system is to provide an
accurate assessment of glenoid retroversion. Once the type
B glenoid was described and characterized, surgeons gained
a greater understanding of glenoid morphology in osteoar-
thritis. Walch et al13 reported revision rates of up to 16% in

Table III Interobserver agreement for pairs of 3 observers for
CT scans and axillary radiographs

Observer κ Value

CT Scans Radiographs

Observer 1 vs observer 2 0.63 0.61
Observer 1 vs observer 3 0.50 0.51
Observer 2 vs observer 3 0.43 0.53
Average 0.52 0.55

CT, computed tomography.

Table IV First CT and radiographic readings for all 3 observers

Radiographs CT Total

A1 A2 B1 B2 B3 C D

Reader 1
A1 10* 0 9 5 0 0 2 26
A2 4 9* 5 5 7 0 0 30
B1 1 0 3* 1 2 0 0 7
B2 0 1 0 8* 3 1 0 13
B3 1 2 1 5 9* 0 0 18
C 0 0 0 1 1 0* 0 2
D 2 0 2 0 0 0 0* 4
Total 18 12 20 25 22 1 2 100

Reader 2
A1 11* 6 1 1 0 0 1 20
A2 3 17* 3 2 6 0 0 31
B1 2 2 1* 0 1 0 0 6
B2 0 1 3 9* 4 1 0 18
B3 1 5 0 2 13* 0 0 21
C 0 0 0 1 0 0* 0 1
D 1 1 1 0 0 0 0* 3
Total 18 32 9 15 24 1 1 100

Reader 3
A1 7* 0 2 1 0 0 2 12
A2 0 8* 1 6 7 0 0 22
B1 0 0 5* 0 0 0 0 5
B2 0 0 3 18* 7 0 1 29
B3 0 2 0 7 18* 1 0 28
C 0 0 0 0 0 2* 0 2
D 1 0 0 1 0 0 0* 2
Total 8 10 11 33 32 3 3 100

CT, computed tomography.
* Agreement between CT scans and radiographs for each individual

surgeon.

Table V No bone loss versus bone loss

Radiographs CT

A1, B1, or D A2, B2, B3, or C

Reader 1
A1, B1, or D 29* 8
A2, B2, B3, or C 11 52*

Reader 2
A1, B1, or D 18* 11
A2, B2, B3, or C 10 61*

Reader 3
A1, B1, or D 17* 2
A2, B2, B3, or C 5 76*

CT, computed tomography.
* Agreement between CT scans and radiographs.

Table VI No subluxation versus subluxation

Radiographs CT

A1 or A2 B1, B2, B3, C, or D

Reader 1
A1 or A2 23* 33
B1, B2, B3, C, or D 7 37*

Reader 2
A1 or A2 37* 14
B1, B2, B3, C, or D 13 36*

Reader 3
A1 or A2 15* 19
B1, B2, B3, C, or D 3 63*

CT, computed tomography.
* Agreement between CT scans and radiographs.
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patients who underwent anatomic arthroplasty with bicon-
cave glenoids. In addition, glenoid loosening has been
correlated with excessive retroversion of the glenoid
component,4,8 as well as with Walch type B glenoids.3,11,12,14

These determinations of concavity and version are based on
surgeon assessment and measurements, and the Walch clas-
sification is one of the most widely accepted systems for
such determination. The body of literature on this topic
continues to expand, and the surgical community benefits
from authors’ reported outcomes on how implant design
(ie, anatomic vs reverse) correlates with success in certain
glenoid morphologies. For example, the use of a reverse
arthroplasty in the setting of a type B2 glenoid with humeral
head posterior subluxation of over 80% has become an
accepted treatment option. However, the accuracy of these
determinations and clinical outcome reports are predicated
on our understanding that this system has a certain degree
of intraobserver and interobserver reliability. The original
Walch classification underwent this process of evaluation to
assess reliability through several publications, and now, a
thorough evaluation of the agreement of the new modified
system is critical for future outcome reporting.

Another clinically relevant contribution of these data relates
to the evaluation of different imaging types. This study showed
that the modified classification can be applied to both CT
images and axillary radiographs. This is useful for surgeons
who do not, or cannot, routinely obtain CT images prior to
shoulder replacement.

For the Walch classification, 3 broad categories were ini-
tially created, and Walch et al12 reported that intraobserver
reproducibility and interobserver reliability were in the “good”
range based on κ indices (range, 0.65-0.70). Subsequently,
several reports re-evaluated these values with varying results.
Nowak et al reported moderate interobserver agreement
(κ = 0.51) and substantial intraobserver agreement (κ = 0.61)
based on the measurements of 8 observers. Scalise et al,10

however, instituted the classification with 4 observers and re-
ported only fair interobserver (κ = 0.37) and intraobserver
(κ = 0.34) reliabilities.

Given the varying levels of interobserver and intraobserver
reliability reported with the original Walch classification, the
original authors modified the system in an effort to increase
the consistency among observers.2 The new classification was
also created to include previously unrecognized morpholo-
gies that the authors identified with time and experience over
17 additional years of performing shoulder arthroplasty. Spe-
cifically, the type B3 and D categories were added, and a more
detailed definition of the type A2 glenoid was included. The
type B3 glenoid was defined as monoconcave with posteri-
or wear and 15° of retroversion or more and/or 70% posterior
humeral head subluxation. The type D glenoid was defined
as any amount of anteversion or subluxation of the humeral
head of less than 40%. The definition of the type A2 glenoid,
previously termed the “cupula,” was adjusted to include mor-
phology in which an anteroposterior line that connects the
glenoid rims transects the humeral head.

The improvements noted in our study support the find-
ings of Bercik et al,2 as these authors reported substantial
improvements in interobserver reliability from a mean of 0.39
(fair agreement) to 0.70 (substantial agreement) whereas
intraobserver reliability improved from a mean of 0.61 (mod-
erate agreement) to 0.88 (nearly perfect agreement). However,
the mean interobserver reliability found in this study was still
1 category below that of Bercik et al (ie, moderate agree-
ment in our study vs substantial agreement in their study).
There may be several possible explanations for this. First, the
observers in the publication of Bercik et al had the benefit
of conceptualizing and developing this modification, so those
observers would be more familiar with the system than any
other observers. Second, as stated in the article, the new mod-
ification was developed by those authors over many years and
likely continually refined prior to testing and publication.
However, the observers in our study were introduced to this
modification for the first time once that publication was avail-
able. Therefore, it is possible that with increased practice and
application of the modified system, the reliability values may
improve to levels that more closely approximate those re-
ported by Bercik et al. As occurred after the introduction of
the original Walch classification, other authors instituted the
classification and studied the reliabilities, the results of which
ultimately contributed to this refinement in the system.

One might argue that the experience level of each observ-
er might have affected these results, as the interobserver
reliabilities were fair between the CT scans and radio-
graphs. However, although the gold-standard observer (senior-
most surgeon) has practiced for the longest period, we are
confident that the other observers would meet the criteria to
be considered experts in their field; therefore, we do not believe
that any differential in surgeon experience confounded these
results.

This study found that both axillary radiographs and CT
scans can be used reliably with the modified Walch classi-
fication to deliver a reproducible assessment of glenoid
morphology, as well as to broadly subcategorize the pres-
ence or absence of bone loss and eccentric wear or subluxation.
However, multiple studies have confirmed that CT scans are
more accurate for specific measurements beyond classifica-
tion. Nyffeler et al7 found that glenoid assessment using CT
scans showed “excellent” interobserver reliability but that the
reliability using axillary radiographs was “poor,” based ex-
clusively on images from patients who had anterior
glenohumeral instability or a history of arthroplasty, not images
from patients with primary arthritis. Another study found that
glenoid version measured on radiographs was an average of
7.4° greater than that measured on magnetic resonance imaging.9

Conclusions

The modified Walch classification represents an improve-
ment to the original Walch classification, as it has
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incorporated knowledge gained with the use of
3-dimensional glenoid reconstructions, as well as close to
2 decades of additional experience in performing shoul-
der arthroplasty. These improvements have resulted in
greater intraobserver and interobserver reliabilities and have
reduced the differential values of reliabilities obtained from
radiographs versus CT scans.

Although CT offers a clearly superior imaging tool prior
to shoulder arthroplasty, in particular regarding accurate
measurements of version, inclination, and subluxation, as
well as computer-based preoperative planning, it is reas-
suring to learn that shoulder surgeons can reach reasonable
agreement using both radiographs and CT scans. This in-
formation would be of particular use when counseling
patients in the absence of CT scans, as well as when ret-
rospective research needs to include shoulders for which
preoperative CT scans were not available.
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