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History

Morphologic features in primary glenohumeral osteoarthri-

tis do not appear in the same ways in all patients. Neer et al.

[21] noted that posterior glenoid wear and posterior humeral

head subluxation commonly occur in primary glenohumeral

arthritis. Using linearmeasurementswithCT, Friedman et al.

[7] reported their observations of excessive glenoid retro-

version. Despite acknowledgment of the various glenoid

morphologic features and glenohumeral relationships that

are associatedwith glenohumeral arthritis [7, 21], it was only

in 1999 that Walch et al. [29] classified these commonly

observed features. In an effort to clarify etiology, progres-

sion, and treatment, Denard and Walch [4] and Walch et al.

[29] used CT to classify morphologic features of the glenoid

in primary glenohumeral osteoarthritis based on the concepts

of glenoid version and the glenohumeral subluxation index.

Purpose

Despite the relative success of shoulder arthroplasty in

patients with primary glenohumeral arthritis, morphologic

features of the glenoid have been considered a potential factor

that may affect glenoid implant survival [5, 10] and patient-

reported outcomes [17]. Static posterior humeral head sub-

luxation associated with preferential posterior wear of the

glenoid has been reported to lead to decreased ROM, per-

sistent pain, and decreased glenoid component survivorship

after shoulder arthroplasty [8, 13]. Others have noted that

implantation of a glenoid component in retroversion can

result in increased risk of radiographic loosening [10].

Similar to other classification systems, the Walch clas-

sification may help guide appropriate surgical management,

can facilitate communication among surgeons, and may

provide prognostic information. The classification provides

an anatomic descriptive characterization of primary gleno-

humeral osteoarthritis. However, the primary purpose of the

Walch classification was to recognize that glenoid version

and the relationship of the humeral head to the glenoid

need to be considered during preoperative planning and

surgery. With greater glenoid retroversion and posterior

humeral head subluxation observed with posterior wear,

Walch et al. suggested further attention should be given

toward soft tissue balancing to restore the normal, anatomic

relationship of the glenohumeral joint in the transverse

plane [29].

Description of the Walch Classification System

Classification of morphologic features of the glenoid in the

original Walch description is based on axial cuts of two-
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dimensional CT scans. Morphologic features of the glenoid

are divided into three main groups with subtypes (Fig. 1)

[29]. Type A is centered or symmetric arthritis without

posterior subluxation of the humeral head. Type A1 has

minor central wear or erosion, whereas Type A2 has severe

or major central wear or erosion. Type B is characterized

by asymmetric arthritis with posterior subluxation of the

humeral head. Type B1 has no obvious glenoid erosion

with posterior joint space narrowing, subchondral sclerosis,

and osteophytes. Type B2 has apparent or obvious erosion

of the posterior glenoid forming a biconcave appearance of

the glenoid. Type C shows glenoid retroversion greater

than 25� (dysplastic in origin) regardless of glenoid erosion

or the location of the humeral head with regard to the

glenoid [15, 29].

This classification has implications for prosthetic

replacement and may alter the surgeon’s approach to gle-

noid reaming and selection of glenoid implant. In their

study of 113 shoulders with primary glenohumeral arthritis,

Walch et al. [29] found that patients with Type A arthritis

had adequate stability for the prosthesis because of sym-

metric load distribution on the glenoid and absence of

subluxation. Earlier reconstruction in symptomatic Type B

glenohumeral arthritis was advised to restore normal

anatomy and accurate placement of the prosthesis. Implant

selection may be affected by preoperative characterization

of morphologic features of the glenoid. As opposed to

standard anatomic glenoid components for Type A gle-

noids, some surgeons have recommended augmented

glenoid components and even reverse total shoulder

arthroplasty for shoulders with substantial posterior wear

and retroversion [4, 6, 26].

Walch et al. [29] suggested that the natural history of the

Type B glenoid includes progressive posterior humeral

head subluxation and glenoid retroversion as posterior wear

increases. In severe cases of Type B morphologic features,

fixed posterior subluxation necessitates more-complex soft

tissue balancing or bony reconstruction to ensure concen-

tricity of the humeral head component in the glenoid

component during shoulder motion. Matsen et al. [19] and

Walch et al. [30] cautioned that asymmetric load distri-

bution on the posterior aspect of the glenoid component

may predispose the patient to glenoid loosening through

the rocking-horse effect.

Validation

Kidder et al. [15] performed a randomized, blinded study in

which they examined intra- and interobserver reliability of

the original Walch classification and a ‘‘regroup Walch

classification’’ in which the original was simplified into

three main groups of A, B, and C without subtypes

(Table 1). The study showed excellent intraobserver

reproducibility (j = 0.90, 0.93, and 0.77) among the three

observers. Despite excellent intraobserver reproducibility,

interobserver reliability was only moderate (j = 0.6).

Nowak et al. [23] also reported poor results regarding

interobserver reliability. In their study, three attending

shoulder surgeons and five shoulder and sports medicine-

trained fellows independently and blindly evaluated CT

scans of 26 consecutive patients with primary gleno-

humeral osteoarthritis. The overall interobserver agreement

for all eight observers was moderate (j = 0.508; range,

0.181–0.714). The greatest interobserver agreement was

found for Type B2 (j = 0.714; substantial). They found

moderate agreement for Types A2 (j = 0.593) and C

(j = 0.575), fair agreement for Type A1 (j = 0.273), and

Fig. 1 The Walch classification [30] shows the morphologic features

of the glenoid in primary glenohumeral arthritis. Reprinted from

Karelse A, Leuridan S, Van Tongel A, Debeer P, Van Der Sloten J,

Denis K, De Wilde LF. Consequences of reaming with flat and

convex reamers for bone volume and surface area of the glenoid; a

basic science study. J Orthop Surg Res. 2015;10:181. (http://

creativecommons.org/licenses/by/4.0/).
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slight agreement for Type B1 (j = 0.181). For intraob-

server agreement, the overall j was 0.611 with a j range of

0.456–0.776, suggesting substantial reliability. No differ-

ence was found when comparing intraobserver results of

fellows with those of attendings.

Scalise et al. [24] found only fair agreement among

experienced shoulder surgeons using the Walch classifi-

cation. In their study of 23 nonconsecutive patients with

glenohumeral arthritis, four surgeons evaluated 24 shoulder

CT scans in a randomized and blinded manner. Intra- and

interobserver agreement were fair with j values of 0.37 and

0.34, respectively. They found moderate (j = 0.44) inter-

observer agreement when the classification system was

simplified to three major categories without subtypes.

Agreement for each major type was moderate for Types A

(j = 0.59) and B (j = 0.59) and excellent for Type C

(j = 0.89).

Lowe et al. [18] evaluated CT scans and MR images in

30 patients with primary glenohumeral osteoarthritis. Three

fellowship-trained shoulder surgeons assessed glenoid

version and the Walch classification. The interobserver

reliability for CT (j = 0.26–0.34) and MRI (j = 0.23–

0.26) was only fair. Intraobserver reliability was moderate

for CT (j = 0.47–0.60) and good for MRI (j = 0.61–

0.73). However, MRI overidentified Type C glenoids and

underidentified Type B2 glenoids, when compared with CT

scans. Lowe et al. [18] suggested that MRI may lack

adequate sensitivity to show a glenoid biconcavity.

Bercik et al. [1] examined intraobserver reproducibility

and interobserver reliability using the original Walch

classification and a modified Walch classification. In their

study, three evaluators used the original Walch classifica-

tion and modified classification to classify three-

dimensional (3-D) CT glenoid reconstructions of 129

nonconsecutive glenoids in a randomized and blinded

manner. Their modified classification system included an

addition of Type ‘‘B3’’ and ‘‘D’’ glenoids and a more

precise definition of Type A2. Type B3 was defined as

monoconcave with posterior wear and at least 15� retro-

version or at least 70% posterior subluxation of the

humeral head, or both. Multiple biomechanical studies

have shown that implantation of a glenoid component in

greater than 15� retroversion leads to peg perforation of the

glenoid wall [3, 9, 12, 22]. Type D glenoids were defined

by Bercik et al. [1] as a glenoid with any level of antev-

ersion or anterior subluxation of the humeral head. The

Type A2 definition was updated to include glenoids in

which a line drawn from anterior to posterior rims transects

the humeral head, contrasting with Type A1, in which a

line drawn from the anterior to posterior rim does not

transect the humeral head [1].

For the original Walch classification, Bercik et al. [1]

reported moderate intraobserver agreement (j = 0.604)

with j values of 0.624, 0.629, and 0.558 for Observers 1, 2,

and 3, respectively. In contrast to the original, there was

excellent intraobserver agreement (j = 0.882) with their

modified Walch classification, with j values of 0.884,

0.861, and 0.9 for Observers 1, 2, and 3, respectively. They

reported similar differences in interobserver agreement

between the original and modified Walch classification.

There was fair (j = 0.391) and substantial (j = 0.671)

interobserver agreement for the original and modified

Walch classifications, respectively.

Limitations

Although widely used since its introduction in 1999, the

Walch classification has several limitations. Perhaps the

most widely articulated criticism of the Walch classifica-

tion is its inconsistent reproducibility among orthopaedic

surgeons. Reported overall intraobserver agreement using

the original Walch classification ranged from to fair

(j = 0.34) by Scalise et al. [24] to excellent (j = 0.866)

by Kidder et al. [15]. Interobserver agreement was even

less reliable with a reported range from fair (j = 0.37) by

Scalise et al. [24] to moderate (j = 0.600) by Kidder et al.

[15]. This is in contrast to the substantial intra- and inter-

observer agreements (range, j = 0.65–0.70) reported by

Walch et al. [29] in the original description of the classi-

fication system. Part of this discrepancy could be because

in the original study, only the major categories of mor-

phologic features of the glenoid (A, B, and C) were graded.

The potential overlap between Types B and C mor-

phologic features of the glenoid is of particular

controversy. While the original intent of the Walch clas-

sification may have been to characterize the morphologic

features of Type B as that of progressive posterior glenoid

wear and humeral head subluxation and Type C as that of

dysplasia, the original description states that any glenoid

with retroversion greater than 25� should be considered

Type C, ‘‘regardless of erosion.’’ As a result, the Type C

classification does not differentiate between a glenoid that

acquired more than 25� retroversion owing to progress of

posterior wear versus a glenoid that had retroversion

develop in a dysplastic fashion. The dysplastic glenoid

often has distinct radiographic characteristics such as a

hypoplastic scapular neck, rounding of the posteroinferior

glenoid, and sometimes widened glenohumeral joint space

owing to a hypertrophied posterior labrum and glenoid

cartilage. The inability of the original Walch classification

to distinguish between these distinct pathologic processes

is of concern given that the prognosis and treatment options

may be different.

As a result of this dilemma, expanded subcategories

were introduced by Bercik et al. [1] and Nowak et al. [23].
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This includes the B3 glenoid, which is described as a

monoconcave glenoid with posterior bony wear and severe

pathologic retroversion of at least 15� or at least 70%

posterior humeral head subluxation, or both [1]. This new

description of morphologic features may have been inap-

propriately classified by Kidder et al. [15], Nowak et al.

[23], and Scalise et al. [24], as Type C owing to severe

retroversion or as Type A2 owing to the lack of bicon-

cavity. The modified Walch classification can help prevent

these potential areas of disagreement.

Additionally, the original description of the Walch

classification does not address anterior or superior wear,

rather focusing mainly on posterior wear. Bercik et al. [1]

introduced a Type D glenoid as one with humeral head

subluxation less than 40% or with any level of glenoid

anteversion, but how common this variant is remains to be

elucidated. These new categories may have implications on

preoperative planning and treatment. For example, Bercik

et al. [1] suggested that Type D glenoids should not be

treated with standard shoulder arthroplasty owing to their

increased risk of anterior instability.

Other criticisms of the Walch classification are its use of

two-dimensional (2-D) CT scans to characterize a 3-D

problem. With the increasing use and availability of 3-D

reconstructions, it has been determined that they are more

reliable for measurements and characterizing wear patterns

than 2-D CT scans [2, 14, 16, 25]. Bercik et al. [1] found

improved interobserver and intraobserver reliabilities to

classify glenohumeral osteoarthritis when using 3-D gle-

noid reconstructions and the modified Walch classification.

Additionally, Terrier et al. [27] reported that 3-D recon-

structions may be particularly important for characterizing

shoulders that have subluxation out of the plane of standard

2-D CT images (for example, those with posterosuperior

subluxation) and that glenoid version is not highly corre-

lated with glenohumeral subluxation.

Furthermore, studies have suggested that ‘‘functional

malcentering’’ may occur only with the arm elevated

[11, 28] such as seen on axillary radiographs [20] but not

necessarily on CT scans with the arm at the side. Therefore,

shoulders classified as Walch Type A based on a CT scan

may posteriorly subluxate with arm elevation but will not

be classified as a Walch Type B until glenoid wear creates

static posterior subluxation with the arm at the side.

Conclusions

Classification of morphologic features of the glenoid in

terms of posterior erosion and retroversion can have

important clinical implications in the treatment of primary

glenohumeral arthritis. Although the Walch classification is

not as reliable as suggested in the original description,

improvements to the classification might improve its reli-

ability among observers, and it continues to be the most

commonly used description of morphologic features of the

glenoid. As our understanding of these morphologic fea-

tures continues to evolve, additional investigation is needed

to determine if further subtyping of the original classifi-

cation improves its reliability and if 3-D reconstructions

are required to accurately and reliably classify morphologic

features.
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