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The effects of glenoid wear patterns on patients
with osteoarthritis in total shoulder arthroplasty:
an assessment of outcomes and value
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Background: Despite the success of total shoulder arthroplasty (TSA), concerns remain about the
longevity of the implant, in particular, glenoid component survivorship. The purpose of this study was
to determine whether preoperative glenoid wear patterns affect clinical outcomes and value in patients un-
dergoing TSA.
Methods: A comparative cohort study was conducted of 309 patients with a total of 344 TSA proce-
dures, performed for primary glenohumeral osteoarthritis. Computed tomography scans were obtained
in all patients, with preoperative glenoid wear pattern characterized as either concentric (n ¼ 196;
follow-up time, 49.2 months) or eccentric (n ¼ 148; follow-up time, 52.3 months) according to a modi-
fied Levine classification. A clinical, radiographic, and economic assessment was performed between
the 2 wear patterns.
Results: There was no significant difference in American Shoulder and Elbow Surgeons (ASES)
score in the concentric group (80.8 � 20.8) compared with the eccentric group (77.6 � 21.2) at
final follow-up (P ¼ .159). Range of motion and final visual analog scale for pain score were similar
between the 2 groups. Radiographic evidence of gross glenoid loosening was significantly lower in
the concentric group [11 of 195 (5.6%)] compared with the eccentric group [18 of 147 (12.2%)]
(P ¼ .030). Revision rates were similar between the concentric group [4 of 195 (2.0%)] and the
eccentric group [3 of 147 (2.0%)]. A value assessment also showed no significant difference between
the concentric and eccentric groups [concentric 26.1 vs. eccentric 25.5 (DASES score/$10,000 hos-
pital cost) (P ¼ .479)].
Conclusions: Similar clinical results and value can be expected with both concentric and eccentric
glenoid wear patterns in TSA. Concerns arise, however, as the eccentric group demonstrated a more
than 2-fold increased rate of glenoid component loosening compared with the concentric group.
ovided research support to the Foundation for Orthopaedic

ducation for the purpose of this study. DJO Surgical was

the data collection, the data analysis, or the preparation or

anuscript for this study.

This study was determined to be exempt from review by the Western

Institutional Review Board.

*Reprint requests: Mark A. Frankle, MD, Florida Orthopaedic Institute,

13020 N Telecom Pkwy, Tampa, FL 33637, USA.

E-mail address: mfrankle@floridaortho.com (M.A. Frankle).

ee front matter � 2015 Journal of Shoulder and Elbow Surgery Board of Trustees.

/10.1016/j.jse.2014.09.043

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:mfrankle@floridaortho.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jse.2014.09.043&domain=pdf
http://dx.doi.org/10.1016/j.jse.2014.09.043
http://www.elsevier.com/locate/ymse
http://www.elsevier.com/locate/ymse
http://dx.doi.org/10.1016/j.jse.2014.09.043


Glenoid wear patterns in total shoulder 683
Level of evidence: Level III, Retrospective Cohort Design, Treatment Study.
� 2015 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Total shoulder arthroplasty; glenoid wear; concentric; eccentric; glenohumeral osteoarthritis
Total shoulder arthroplasty (TSA) has become a suc-
cessful procedure for the treatment of primary gleno-
humeral osteoarthritis (GHOA), restoring function and
alleviating pain. Despite successful outcomes and
increasing numbers of TSAs performed, the number of
revisions is also steadily rising.8 Thus, significant research
is being devoted to implant survivorship.21 In review of the
literature, Bohsali et al2 found that implant loosening is the
most common complication in TSA, primarily due to
glenoid-sided failure. With the costs of medicine rising,
glenoid component survivorship appears to be a significant
key in providing favorable long-term results and improved
value for our patients.

Multiple causes have been attributed to glenoid-sided
failure, including asymmetric joint wear, rotator cuff failure,
glenoid dysplasia, infection, poor surgical technique, and
implant design.3,4,6,14,17,19,20,22,30 It has been proposed that
arthritic glenohumeral joints exhibiting preoperative static
subluxation and asymmetric glenoid wear will lead to infe-
rior clinical outcomes and higher rates of failure after
TSA.19,24,27,28 This is thought to occur when the glenoid
bone cannot be sufficiently prepared to create a symmetric
surface for proper component seating or if excessive sub-
chondral bone is reamed away to obtain a symmetric gle-
noid.29 Also, if asymmetric soft tissue contractures are
inadequately corrected at the time of surgery, continued
asymmetric contact on the glenoid component will lead to
the ‘‘rocking-horse phenomenon’’ and eventual glenoid-
sided failure.11,27

The purpose of this study was to examine the effects of
preoperative glenoid wear patterns on clinical outcomes,
glenoid component survivorship, cost, and value after TSA.
We hypothesized that arthritic shoulders demonstrating
eccentric glenohumeral wear characteristics before TSA
would lead to inferior clinical outcomes, reduced glenoid
component survivorship, and worse value.
Materials and methods

Patient population

Between 2004 and 2011, 403 unconstrained TSAs were performed
at a single institution by the senior author (M.A.F.) for the diag-
nosis of end-stage primary GHOA. Our inclusion criteria con-
sisted of a complete preoperative assessment and a minimum of 2
years of clinical and radiographic follow-up of the affected
shoulder. Subjects with a diagnosis other than primary GHOA or
<2 years of follow-up were excluded from the study. A cohort of
309 patients with a total of 344 TSAs (35 bilateral TSAs) met our
inclusion and exclusion criteria and was analyzed for the study.
The mean age of all patients at the time of surgery was 67 years
(range, 37-88 years). Our study cohort was composed of 195 male
and 149 female shoulders. The average duration of follow-up was
50.7 months (range, 24-110 months).

Preoperative glenoid evaluation

A computed tomography (CT) scan (GE LightSpeed QXi, axial
1.25-mm slices; GE Healthcare, Waukesha, WI, USA) of the
shoulder (standardized position to the CT gantry) was performed
in the supine position as part of the preoperative protocol. This
scan was analyzed for glenoid wear, version, and humeral head
subluxation in relation to the glenoid.

Before commencing the study, we selected the Walch and
Levine classifications to evaluate glenoid wear.23,27 The Walch
classification divides wear into 5 types on the basis of the sym-
metry and amount of wear as well as glenoid retroversion. The
Levine classification is binary, classifying glenoid wear as either
concentric or nonconcentric. We modified the Levine classifica-
tion for this study by using preoperative CT assessment in the
axial plane, instead of plain radiographs and intraoperative
assessment, which was used originally. This modified system
classifies glenoid wear as either concentric or eccentric, defined as
follows (Fig. 1). Concentric glenoid wear demonstrates a sym-
metric distribution of bone sclerosis, cyst formation, and bone
erosion. It is considered uniconcave only and is independent of
glenoid version and glenohumeral subluxation measurements, as
shoulders with increased native retroversion or subluxation are
still considered concentric as long as there are no signs of
asymmetric wear. Eccentric glenoid wear is characterized by an
asymmetric distribution of bone sclerosis, cyst formation, and
bone erosion. Wear is independent of glenoid version and gleno-
humeral subluxation measurements. It can demonstrate biconcave
bone erosion. For the purposes of analogy, Walch type A1/A2
glenoids were considered concentric, whereas type B1/B2 gle-
noids were considered eccentric. Type C glenoids were catego-
rized as either concentric or eccentric on the basis of the presence
of asymmetric glenoid wear.

We performed interobserver and intraobserver reliability testing
on the Walch and modified Levine classifications to determine
which to use for our study. Three independent observers (B.M.S.,
J.L.C., S.T.M) classified 27 randomized, blinded CT images of pa-
tients who had primary GHOA with both the Walch and modified
Levine classifications after a teaching session andwashout period of
4 weeks before reclassification. By use of Cohen’s k, the Walch
classification demonstrated a lower interobserver and intraobserver
reliability (k¼ 0.54, k¼ 0.62) compared with the modified Levine
classification (k ¼ 0.60, k ¼ 0.70). As such, we decided to use the
modified Levine classification for our study.

Two orthopedic research fellows (S.T.M. and J.L.C.) separately
analyzed the preoperative CT scans of every patient and classified
glenoid wear by the modified Levine classification. In instances in



Figure 2 (A and B) Method used to evaluate glenoid version and humeral head subluxation. A, Line parallel to the anterior and posterior
edges of the glenoid fossa. B, Line bisecting the glenoid. C, Line parallel to A transecting the medial third of the humeral head. D, Region of
articular humeral head posterior to B. E, Diameter of the humeral head on line C. D and E, Subluxation index. An index below 45%
indicated anterior subluxation and more than 55% indicated posterior subluxation.

Figure 1 Modified Levine classification for glenoid wear pattern in primary glenohumeral osteoarthritis. (A) Concentric glenoid wear.
Concentric wear pattern demonstrates a symmetric distribution of bone sclerosis, cyst formation, and bone erosion, independent of version
and subluxation amount. Wear is uniconcave only. (B) Eccentric glenoid wear. Eccentric wear pattern demonstrates an asymmetric dis-
tribution of bone sclerosis, cyst formation, and bone erosion, independent of version and subluxation amount. A biconcavity is often
apparent, typically posterior.
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which agreement of classification could not be reached, a
fellowship-trained shoulder and elbow surgeon (M.M.H.) assigned
the glenoid wear pattern to the subject in a blind manner. There
were 196 shoulders classified as concentric, whereas 148 shoul-
ders were classified as eccentric. Glenoid version was determined
in every patient according to the method of Friedman et al12 at the
mid-glenoid level (Fig. 2, A). In cases of biconcave wear, the
native paleoglenoid was used to determine version. Humeral head
subluxation on the glenoid was determined according to the
method set forth by Walch et al27 (Fig. 2, B). Glenoid version and
subluxation were recorded and stratified according to the modified
Levine classification. Retroversion (eccentric, 14.7�; concentric,
11�; P < .001) and posterior subluxation (eccentric, 66.2;
concentric, 56.1; P < .001) were significantly greater in the
eccentric group than in the concentric group. When gender dis-
tribution was analyzed between the 2 groups, the eccentric group
demonstrated a significantly higher male-to-female ratio
compared with the concentric group (eccentric, 94:54; concentric,
101:95; P ¼ .02). No significant difference in age was found be-
tween the 2 groups (P ¼ .39) (Table I).

Despite decreased reliability of the Walch classification, we
classified every CT scan with this classification simultaneously so
that outcome data could be obtained for those more familiar with
this classification (Appendix A).
Operative procedure

All patients were surgically treated by the senior author (M.A.F.)
in the beach chair position through the deltopectoral approach.
After a lesser tuberosity osteotomy was performed, the humeral
head was resected in approximately 30� of retroversion. Standard
periglenoid capsular release as well as osteophyte removal was
performed. The glenoid was reamed until a concentric surface was
obtained. Increased native retroversion of the paleoglenoid was
left uncorrected in concentric cases. Bone graft was not used to
supplement glenoid fixation in cases of eccentric biconcavity;
however, a compromise in version between the paleoglenoid and
neoglenoid was used during the reaming process. Anterior high-
side reaming was minimized in an attempt to preserve as much
subchondral bone as possible. The Foundation/Turon Total
Shoulder System (DJO Surgical, Austin, TX, USA) was used
during the study period. An all-polyethylene glenoid component
was cemented in place, followed by a press-fit humeral compo-
nent. A pegged glenoid component was used for most cases;
however, in some cases in which intraoperative trialing of a
pegged component showed malalignment of the pegs with the
prepared drill holes, or if significant cystic changes in the glenoid
precluded the use of a pegged implant, an intraoperative decision



Table I Group demographics

Concentric group (n ¼ 196) Eccentric group (n ¼ 148) P value

Age distribution (years) 67 (37 – 88) 66 (42 – 82) .39
Gender distribution (M:F ratio) 101:95 (1.06) 94:54 (1.74) .03
Version) (�SD) 11.0 (�10.7) 14.7 (�7.7) <.001
Subluxationy (�SD) 56.1 (�9.6) 66.2 (�8.3) <.001
Glenoid component (peg:keel) 177:19 138:10 .33

SD, standard deviation.
) Version measured by method of Friedman et al.12

y Subluxation measured by method of Walch et al.27
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was made to convert to a keeled component. The ratio of pegged
to keeled components placed in both wear patterns is listed in
Table I. The subscapularis was repaired, followed by a standard
incisional closure. On postoperative day 1, a physiotherapist
instructed all patients in passive pendulum exercises of the
shoulder, and a shoulder immobilizer was worn at all times for the
first 6 weeks. Passive and active-assisted range of motion (ROM)
exercises were instituted at 6 weeks, followed by active ROM and
progressive strengthening at 12 weeks postoperatively. Formal
physiotherapy was not routinely used.

Clinical outcome analysis

Patients were observed clinically for a minimum of 2 years.
Clinical outcomes were prospectively measured preoperatively
and postoperatively with patient questionnaires, which included
the American Shoulder and Elbow Surgeons (ASES) evaluation
form and the visual analog scale (VAS) for pain.

Standardized clinical videos were taken of each patient and
used to record ROM at each visit beginning at the 3-month
postoperative visit and at all subsequent visits. An independent
observer recorded each patient’s ‘‘best effort’’ for forward flexion,
abduction, and external rotation with a goniometer. Internal
rotation was recorded as the highest vertebral level reached by the
thumb. Clinical outcome measures and ROM were compared
preoperatively to the most recent postoperative follow-up.

All postoperative patient records and radiographs were
assessed for survivorship with regard to revision. All instances of
revision arthroplasty or hardware removal were recorded. The
cause of failure and revision was recorded into one of the
following categories: infection, implant failure (glenoid or hu-
meral), or rotator cuff failure.

Postoperative radiographic analysis

All patients returning for follow-up were evaluated with a standard
radiographic series of the affected shoulder, which included a true
anteroposterior or Grashey view, anteroposterior views in internal
and external rotation, axillary lateral view, and scapular Y view.
Every patient with at least 2 years of radiographic follow-up had
the most recent postoperative radiographs compared with the
initial postoperative radiographs. These radiographs were
analyzed for glenoid component failure as evidenced by gross
migration or loosening of the polyethylene component, according
to the grading scale by Lazarus et al.22 Any glenoid component
demonstrating grade 5 loosening was considered grossly loose and
a sign of radiographic failure.

A subgroup analysis was also performed to compare subjects
with gross glenoid loosening but not revised to subjects without
gross glenoid loosening and not requiring revision. This was done
to evaluate whether gross glenoid loosening was more likely to
lead to a worse clinical result and to necessitate a future revision
surgery.

Economic assessment

Actual hospital costs associated with the index procedure and any
subsequent shoulder arthroplasty-related readmissions/surgeries
were collected on both cohorts. This included preoperative,
intraoperative, and postoperative hospital costs associated with the
admission. The mean direct hospital costs were compared between
cohorts. All surgeries including revisions were performed at the
same institution. Surgical value was also compared, which was
derived from functional outcome scores and direct hospital costs.
It was defined as a change in function divided by the direct cost of
the procedure and any subsequent care related to the procedure
[DASES score/(actual hospital costs/$10,000)].

Statistical analysis

Clinical outcome and economic assessment comparisons between
groups were made with a 2-sample t test; however, the incidence
of glenoid component loosening and surgical revision was
compared by Fisher exact test. The value of $10,000 was placed
into the denominator of the equation to establish a more usable
number for future discussion. The level of significance was set at
P < .05 for all comparisons, with analyses performed with SPSS
v22 (IBM, Chicago, IL, USA).
Results

Clinical outcome assessment

There was no clinically significant difference in final ASES
score in the concentric group (80.8 � 20.8) compared with
the eccentric group (77.6 � 21.2) at final follow-up
(P ¼ .159), with a similar finding observed for final VAS
pain score (P ¼ .102). Final postoperative ROM was similar



Table II Clinical and radiographic outcomes

Concentric wear (n ¼ 196) Eccentric wear (n ¼ 148) P value

Preoperative ASES score 39.7 � 19.8 41.8 � 16.7 .308
Postoperative ASES score 80.8 � 20.8 77.6 � 21.2 .159
Delta ASES score 40.5 � 26.5 35.2 � 27.4 .085
Preoperative pain score 5.8 � 2.7 6.0 � 2.2 .465
Postoperative pain score 1.7 � 2.7 2.2 � 2.7 .102
Delta pain score 4.0 � 3.5 3.7 � 3.4 .466
Preoperative FF 87.9 � 36.8 96.6 � 35.7 .028
Postoperative FF 155.8 � 31.5 156.7 � 33.0 .794
Delta FF 67.9 � 43.7 60.1 � 40.8 .096
Preoperative AB 76.0 � 29.6 81.2 � 33.5 .152
Postoperative AB 149 � 80.3 145.3 � 40.3 .572
Delta AB 74.5 � 88.0 67.6 � 42.9 .402
Preoperative ER 21.0 � 25.5 22.4 � 23.4 .603
Postoperative ER 58.9 � 37.7 59.0 � 27.0 .988
Delta ER 41.1 � 43.2 36.9 � 34.4 .374
Preoperative IR 2.4 � 1.9 2.2 � 1.8 .437
Postoperative IR 4.7 � 2.3 4.9 � 2.3 .474
Delta IR 2.3 � 2.8 2.6 � 2.7 .374
Loosening) 11/196 (5.6%) 18/148 (12.2%) .030
Revision 4/196 (2.0%) 3/148 (2.0%) .652

ASES, American Shoulder and Elbow Surgeons; FF, forward flexion; AB, abduction; ER, external rotation; IR, internal rotation.

Data are presented as mean � standard deviation.
) Glenoid component loosening as determined by Lazarus classification.22
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in all planes between the 2 groups (P ¼ .474). Revision
arthroplasty due to glenoid component loosening (3 pa-
tients) or rotator cuff failure (1 patient) was required in 4
patients with concentric wear (2.0%) and in 3 patients
(glenoid loosening, 2 patients; cuff failure, 1 patient) with
eccentric wear (2.0%). The documented rates of revision
were not significantly different (P ¼ .652). There was 1
patient in the concentric group who required revision
arthroplasty because of a deep periprosthetic infection
(Table II).

Radiographic assessment

Radiographic evidence of gross glenoid component loos-
ening (grade 5 according to Lazarus classification) was
significantly lower in the concentric group [11 of 195
(5.6%)] compared with the eccentric group [18 of 147
(12.2%)] (P ¼ .030) (Fig. 3 and Table II).

Subgroup analysis

A subgroup analysis of subjects with gross glenoid loos-
ening but not revised showed that this subset of patients had
significantly less improvement in VAS pain score (P <
.001) and ASES score (P < .001) compared with subjects
without gross glenoid loosening (Table III). Twice as many
patients demonstrated eccentric wear in the group that had
gross loosening but were not revised (concentric, 8;
eccentric, 16).
Economic assessment

With the index and all subsequent revision procedures
accounted for, mean direct cost was found to be similar be-
tween the 2 groups (concentric $15,996 vs. eccentric
$15,856; P¼ .761). Themean direct cost for all arthroplasty-
related revision procedures was $37,449 � 23,797. The
concentric group was also found to have similar value
compared with the eccentric group (concentric 26.1 vs.
eccentric 25.5) [DASES/(actual hospital costs/$10,000)]
(P ¼ .479) (Table IV).

Walch classification

Clinical and radiographic results based on Walch classifi-
cation subtypes are displayed in Appendix A.
Discussion

Contrary to our hypothesis, study findings indicate that
similar clinical improvements can be achieved in patients
with concentric and eccentric glenoid wear patterns in
GHOA treated with TSA. A 98% revision-free survivorship
at a mean 51 months of follow-up was seen in both groups;
however, concerns arise as a significantly higher rate of
gross glenoid component loosening was observed in pa-
tients with preoperative eccentric glenoid wear. Unfortu-
nately, we foresee that this will likely translate to a higher



Figure 3 Radiographic evidence of gross glenoid component loosening. (A) The 2-week postoperative radiograph of TSA performed in a
patient with eccentric wear according to modified Levine classification. (B) At 7 years of clinical follow-up, the radiograph demonstrates
gross glenoid component loosening.

Table III Subgroup analysis

Loosened/
not revised)

(n ¼ 24)

Not loosened/
not revisedy

(n ¼ 311)

P value

Gender (M:F) 14:10 177:134
Concentric:

eccentric
8:16 183:128

Follow-up (months) 55.1 � 23.9 49.8 � 19.0 .200
Version (degrees) 13.2 � 6.3 12.4 � 9.2 .674
Subluxation 63.0 � 7.5 60.3 � 10.5 .217
Preoperative

ASES score
49.2 � 21.3 40.2 � 18.0 .021

Postoperative
ASES score

64.7 � 25.1 81.4 � 19.2 <.001

Delta ASES score 15.5 � 33.2 40.6 � 24.8 <.001
Preoperative pain

score
4.9 � 2.7 5.9 � 2.5 .059

Postoperative pain
score

3.6 � 3.5 1.7 � 2.5 <.001

Delta pain score 1.1 � 4.1 4.1 � 3.3 <.001
Preoperative FF 90.0 � 29.3 92.4 � 36.5 .761
Postoperative FF 147.1 � 38.3 158.2 � 29.9 .086
Delta FF 57.0 � 53.7 65.9 � 41.4 .331
Preoperative AB 84 � 28.4 78.9 � 31.2 .474
Postoperative AB 131.3 � 37.7 150.2 � 67.6 .175
Delta AB 52.5 � 52.6 74.6 � 73.2 .186
Preoperative ER 24.1 � 24.6 21.5 � 24.8 .646
Postoperative ER 52.1 � 40.1 59.9 � 33.9 .285
Delta ER 28.3 � 40.7 42.1 � 39.0 .122
Preoperative IR 2.8 � 2.2 2.3 � 1.8 .212
Postoperative IR 4.0 � 2.5 4.9 � 2.3 .042
Delta IR 1.2 � 3.1 2.7 � 2.8 .015

ASES, American Shoulder and Elbow Surgeons; FF, forward flexion; AB,

abduction; ER, external rotation; IR, internal rotation.

Data are presented as mean � standard deviation.
) Group demonstrating gross glenoid loosening but not revised.
y Group without gross glenoid loosening and not revised.

Table IV Economic outcomes

Concentric group
(n ¼ 196)

Eccentric group
(n ¼ 148)

P value

Direct
costs

$15,996 � $3119 $15,856 � $2651 .761

Value) 26.1 � 16.7 25.5 � 17.2 .479

Data are presented as mean � standard deviation.
) Value defined as DASES score/(actual hospital costs/$10,000).
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rate of revision in the eccentric group as we continue to
observe these patients long term.

Numerous studies have analyzed the outcomes of TSA,
with most demonstrating very good clinical results.1,5,9,26

Few studies, however, have specifically focused on and
analyzed the effects of preoperative glenoid wear on post-
operative outcomes. Greiner et al14 evaluated different pat-
terns of glenoid wear by the Walch classification in a cohort
of 107 patients with both primary and secondary GHOA
treated with TSA. Despite similarity of clinical results, type
B2 and C glenoids demonstrated a higher incidence of
radiolucent lines compared with type A1 and B1 glenoids at
midterm follow-up. Haines et al15 analyzed 113 patients who
underwent TSA for both primary and secondary GHOA.
They noted that preoperative glenoid erosion led to a 3-fold
increase in gross loosening of the glenoid component. These
findings are difficult to interpret, however, as they pooled all
eroded Walch type A and B glenoids together, the equivalent
of pooling concentric and eccentric glenoids. Recently,
Walch et al28 evaluated their results of TSA performed in
patients with primary GHOA and biconcave wear. At a mean
follow-up of 77 months, their cohort had a 16.3% revision
rate and 20.6% glenoid loosening rate, noting that increased
posterior humeral head subluxation and glenoid wear
correlated to greater rates of loosening and complications.



Figure 4 Increased glenoid retroversion with different glenoid wear patterns. (A) Patient with primary GHOA demonstrating a concentric
glenoid wear pattern and increased retroversion (27.5�). (B) Patient with primary GHOA demonstrating an eccentric glenoid wear pattern
and increased retroversion (27.2�).
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In another study by Levine et al,23 hemiarthroplasty
performed in patients with nonconcentric glenoid wear
demonstrated higher rates of unsatisfactory outcomes
compared with those with concentric wear. The authors
urged caution in using this treatment modality in patients
with uneven glenoid wear. Iannotti and Norris19 found that
patients with eccentric glenoid erosion treated with hemi-
arthroplasty had diminished clinical outcomes compared
with those treated with TSA. They recommended TSA as a
more reliable treatment option to restore postoperative
motion. On the basis of these prior studies, it appears that
eccentric glenoid wear leads to inferior clinical and radio-
graphic outcomes with shoulder arthroplasty.

Some interesting findings were observed in the eccentric
group. Significantly more men than women formed the
eccentric group,whereas theconcentricgrouphadnearly equal
numbers. Although this was a tertiary finding of our study, we
believe that it sheds light on the complex disease state of pri-
maryGHOA.We speculate that this could inpart bedue tomen
having an imbalance of forces acting on the glenohumeral
joint, leading to increased subluxation of the humeral head on
the glenoid. With time, this may preferentially force the hu-
meral head into a statically subluxed position, causing eccen-
tric wear of the articular cartilage and eventual bone erosion.
To our knowledge, this is the first study to describe this finding
in the literature in regard to primary GHOA.

Averaged over both glenoid wear patterns, we observed a
mean retroversion of 12.6�. This is similar to other studies in
the literature on GHOA, ranging from 11� to 16�.7,12,16,25 In
analyzing our 2 cohorts, significantly greater retroversion and
posterior glenohumeral subluxation was observed in the
eccentric group compared with the concentric group. Walch
et al27 similarly demonstrated greater retroversion (18�) in
their cohort of osteoarthritic patients classified as type B gle-
noids. Hoenecke et al18 also showed that glenoids demon-
strating asymmetric biconcave wear had significantly
increased posterior glenohumeral subluxation compared with
glenoids with symmetric wear.

The concentric and eccentric wear groups demonstrated
similar direct costs and value. This is not surprising as the
same implant was used in both patient cohorts, with glenoid
preparation being the only difference. Also, because final
ASES scores and revision rates were similar in both groups,
our value assessment was likely to coincide. However,
because higher rates of gross glenoid loosening were seen
the eccentric group, in addition to significantly less clinical
improvement seen in those with gross glenoid loosening not
revised, this may translate into more revision surgeries,
increased costs, and decreased value with long-term follow-
up in those with eccentric wear. During the study period,
the average cost of performing a revision surgery for failed
shoulder arthroplasty was $37,449. Estimating that the
loosening rate will eventually translate into revisions based
on 100 patients, then 5.6 patients in the concentric group
and 12.2 patients in the eccentric group will need to be
revised at some point. On the basis of our mean costs of
revision surgery, this would lead to an estimated difference
in revision costs of $247,157 between the 2 groups, with
the eccentric group posing an increased cost burden to the
payer. If this information is known preoperatively, greater
economic value could be gained by investing in advanced
surgical instrumentation (i.e., patient specific) and new
implant options (i.e., augmented glenoids, reverse shoulder
arthroplasty). In severely deformed glenoids, hemi-
arthroplasty may also be a practical low-cost alternative.

The limitations of this study include its retrospective
nature, even though the clinical data were prospectively
collected. The study pooled patients treated with both
pegged and keeled glenoid components; however, similar
ratios of pegged to keeled components were used between
the 2 groups, which should have diminished any potential
confounding bias. This study reported outcomes with a
mean midterm follow-up of our patients. With longer term
follow-up, it is possible that more clinically significant
differences would be apparent in our results.

The strengths of our study include that it was performed
at a single institution by a single high-volume fellowship-
trained surgeon, who had performed more than 350 TSAs
in the 4 years preceding the study period. This served to
decrease variability in surgical technique and to improve
clinical outcomes. Moreover, a single implant system was
used throughout the study period, which limited implant
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variability. Only primary GHOA was evaluated during the
study, excluding all secondary causes of osteoarthritis.

In this study, we grouped patients into either concentric or
eccentric wear groups independent of the amount of preop-
erative version or subluxation (Fig. 4). Although the
commonly used Walch classification differentiates glenoids
with retroversion>25� as a separate type (type C) regardless
of erosion,27 multiple studies have shown that increased
retroversion of the paleoglenoid itself does not predispose to
greater rates of osteoarthritis or static subluxation.10,13,18

When we analyzed glenoids that would have been classi-
fied as type C (n ¼ 25), 15 patients demonstrated concentric
wear, whereas 10 showed eccentric wear. We believe that if a
stable glenoid component can be implanted into a signifi-
cantly retroverted concentric glenoid, it too will have a high
likelihood of clinical success.
Conclusions
On the basis of our parameters, methodology, and surgical
technique, our findings show that successful results can be
achieved and similar value obtained after anatomic TSA
in both concentric and eccentric glenoid wear patterns.
Concerns arise, however, as a greater than 2-fold rate of
gross glenoid component loosening was identified in pa-
tients demonstrating preoperative eccentric wear. Should
this translate to higher numbers of future revisions in the
eccentric group, it may be advantageous to dedicate
increased preoperative and intraoperative resources to
prevent early failure in these patients.
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