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Central-peg radiolucency progression of an
all-polyethylene glenoid with hybrid fixation
in anatomic total shoulder arthroplasty is
associated with clinical failure and reoperation
Jason C. Ho, MD*, Eric T. Ricchetti, MD, Joseph P. Iannotti, MD, PhD
Orthopaedic and Rheumatologic Institute, Cleveland Clinic, Cleveland, OH, USA

Background: Glenoid component loosening is a common cause of failure after anatomic total shoulder arthroplasty. Prior studies of all-
polyethylene glenoid implants with hybrid fixation did not show early glenoid radiolucency to be clinically significant. The purpose of
this study was to determine the clinical significance of progression of radiolucency around the central peg of the glenoid component.
Methods: We identified 73 shoulders that underwent primary anatomic total shoulder arthroplasty between January 1995 and May 2015
for osteoarthritis with an all-polyethylene pegged glenoid, with a minimum follow-up interval of 2 years between early and late follow-
up. Demographic, radiographic (central-peg osteolysis [CPO] and central-peg grading [CPG]), and outcome variables comprising the
Penn Shoulder Score (PSS) and revision surgery were collected. Clinical failure was defined as a PSS decrease >11.4 points (ie,
PSS failure) or revision surgery.
Results: The average patient age at surgery was 65 � 7 years, and 63% of patients were men. The median initial follow-up period was
14 months (interquartile range, 12-25 months), and the final median follow-up period was 56 months (interquartile range, 47-69
months). Revision surgical procedures were performed in 4 patients, and 17 PSS failures occurred. We found that CPO at final
follow-up, CPG progression, and worse PSS at follow-up were associated with revision surgery (P < .05). We also found younger
age at surgery, CPO at final follow-up, CPG progression, and greater glenoid component retroversion at final follow-up to be associated
with clinical failure (PSS failure or revision surgery) (P < .05). Multivariate analysis found only CPG progression to be associated with
clinical failure (P < .001).
Discussion and conclusion: CPO and CPG progression were associated with clinical failure, defined as decreasing clinical outcome
scores or revision surgery.
Level of evidence: Level IV; Case Series; Treatment Study
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Glenoid component loosening is a common cause of
failure after anatomic total shoulder arthroplasty
(TSA).3,4,7-9 Radiolucent lines in keeled glenoid component
designs were associated with worse clinical outcomes and
concerning for possible impending failure.2,24,25 Prior
studies have shown the progression of radiolucency in a
keeled all–polyethylene (PE) glenoid to be predictive of
poor functional scores,6 and other studies have associated
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this with lower Constant scores but not the need for revision
surgery.10 In studies using the next generation of pegged
implants with all-cement fixation, worse radiolucent lines
have also been correlated with significantly worse clinical
outcomes.17 Pegged glenoids have demonstrated some po-
tential biomechanical advantages,18,20 and the hybrid fixa-
tion design with bony integration (BI) between the fins of
the central anchor peg of an all-PE glenoid has shown some
possible histologic and clinical benefits.28,29 With this type
of BI hybrid fixation in a pegged implant, studies have
found that glenoid central-peg radiolucency could be a sign
of early implant loosening, but it has not been found to be
correlated with a deterioration in clinical outcomes with
early follow-up.5,13 However, prior studies have lacked
sequential follow-up in large numbers to allow for assess-
ment of the progression of radiolucency over time with this
implant design and to determine its clinical
significance.1,5,11,13,22,26,29

Therefore, the purpose of this study was to evaluate the
clinical significance of glenoid central-peg radiolucency
progression in an all-PE pegged glenoid component
following anatomic TSA in a patient cohort with a mini-
mum 2-year follow-up interval. The primary outcomes of
interest in this study were patient-reported outcome scores
and revision surgery rates. The secondary goals of the study
were to find factors that may be associated with a clinically
significant decrease in outcome score and/or revision sur-
gery rate for this type of implant.
Figure 1 Example of all-polyethylene pegged glenoid compo-
nent with central peg to allow for bony integration.
Materials and methods

We retrospectively identified 376 shoulders (224 in male patients
[60%] and 152 in female patients [40%]) that underwent primary
anatomic TSA between January 1995 and May 2015 for gleno-
humeral osteoarthritis with an all-PE pegged glenoid component
with an uncemented central peg having flanges that would allow
for BI and a standard-length humeral stem (Fig. 1). The initial
radiographic and clinical follow-up period was between 1 and 3
years after surgery. All patients had an intact rotator cuff and
received either a non-augmented central pegged glenoid compo-
nent or an augmented central pegged all-PE glenoid component.
From this group, 104 patients who had a Penn Shoulder Score
(PSS) <70 points at initial follow-up were excluded because we
wanted to evaluate the relationship of central-peg osteolysis
(CPO) in patients with high shoulder scores at first follow-
updessentially asymptomatic patients. Another 199 patients were
excluded as they did not have a minimum interval of 2 years
between the initial clinical and radiographic follow-up and
the final follow-up. Patients who underwent revision surgery in
this 2-year interval were included for analysis. This left a final
cohort of 73 shoulders (Fig. 2).

Operative procedure

All patients were operated on by 1 of 3 fellowship-trained
shoulder surgeons and received an all-PE glenoid component with
a flanged center peg that would allow for BI (APG [DePuy
Synthes, Warsaw, IN, USA], Steptech APG [DePuy Synthes], or
Affiniti [Wright-Tornier, Bloomington, MN, USA]) and implan-
tation of a standard-length humeral stem. All components were
highly cross-linked PE. All patients underwent a deltopectoral
approach and followed a standard postoperative physical therapy
regimen that started with home-based active-assisted range of
motion immediately after discharge from the hospital, with pro-
gressive strengthening at 8 weeks from surgery.

Variables of interest

Demographic variables were obtained from the electronic medical
record. The PSS was collected prospectively at each follow-up
visit as part of routine care. Radiographic variables comprising
central-peg grading (CPG)14,29 (Fig. 3) and glenohumeral radio-
graphic relationships (glenoid component version, superior
migration of the humeral head in the humeral head–glenoid plane,
and posterior subluxation of the humeral head in the humeral
head–scapular and –glenoid planes) were measured at both early
and late follow-up, as previously described,14 by a single reader
(J.C.H.) who was blinded to the PSS or need for revision surgery
in a randomized fashion and had extensive experience with this
technique. CPG (grade 1, CPO; grade 2, bone growth to the edge
of the central-peg flanges; or grade 3, bone growth within the
central-peg flanges) and superior migration >1 mm were assessed
on Grashey (anteroposterior) views (Fig. 3). For all 73 patients,
good-quality Grashey (anteroposterior) views were available to
measure CPG and humeral head migration. A good-quality
radiograph showed a clear space between the components with a
good trabecular bone pattern around the glenoid component and
no bony structure obscuring the central peg (eg, ribs). Glenoid
component version and humeral head subluxation in the scapular
and glenoid planes were measured on axillary views when ra-
diographs demonstrated the central-peg metallic marker with
sufficient length of the scapular body to define the plane of the
scapular body.14 Humeral head subluxation in the scapular and
glenoid planes was measured on axillary radiographs, and superior



Figure 2 Flowchart showing initial cohort of patients reviewed
and exclusions for low early Penn Shoulder Score (PSS) and
inadequate follow-up between early and late time points. TSA,
total shoulder arthroplasty; OA, osteoarthritis; PE, polyethylene.
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migration, on Grashey views. If the center of the humeral head,
defined by a best-fit circle around the articular surface of the
implant, was within 1 mm of a line drawn from the marker on the
Figure 3 True anteroposterior (Grashey view) radiographs showing c
[CPO]) (A), grade 2 (bone growth to edge of flanges) (B), and grade 3 (b
grade 3 (D) to grade 1 (D0). Example of CPG progression from grade 1 (
of early sclerotic edges to radiolucency around the central and periphera
no change in CPG (ie, stable grade 3) (F0). Example of stable early grad
peg appearance (G0).
center peg, then the humeral head was considered centered.
Axillary radiographs that did not meet these criteria were
excluded from axillary measurements (Table I). A grade of 1 on
the CPG scale was defined as CPO. Progression of CPG was
considered a change by �1 grade across the 2 follow-up time
points (grade 3 to grade 2, grade 2 to grade 1, or grade 3 to grade
1) or widening of CPO present at initial follow-up (Fig. 3); CPG
did not improve in any cases. PSS failure was defined as a
decrease >11.4 points, which is the defined minimal clinically
important difference,16 from the early PSS. Clinical failure was
defined as PSS failure or revision surgery.

Statistical analysis

The variables of interest were compared across groups based on
the primary outcomes of interest, need for revision surgery (yes or
no) and clinical failure (yes or no). Continuous variables such as
age at surgery and PSS change were displayed as means and
standard deviations and were compared across time or between
groups using 2-sample t tests. Other continuous variables such as
time to early or late clinical follow-up, clinical follow-up time,
glenoid component version, CPG change, early PSS, and late PSS
were presented as medians and interquartile ranges (IQRs)
because of non-normal distributions and were compared using the
Wilcoxon test. Categorical variables were presented as counts and
percentages and were compared using the Pearson c2 test or
Fisher exact test when appropriate.

To identify the predictors of clinical failure (need for revision
surgery or PSS failure), a logistic regression model was built using
backward elimination. The following variables were entered into
entral-peg grading (CPG) scale for grade 1 (central-peg osteolysis
one growth within flanges) (C). Example of CPG progression from
E) to worsening of grade 1 (E0). One should note the advancement
l pegs (E0). Example of early radiograph showing grade 3 (F), with
e 1 CPO (G), with no progression of CPO and a stable peripheral



Table I Summary statistics (N ¼ 73)

Factor n Statistic

Age at surgery, yr 73 65.3 � 7.4
Sex 73

Female 27 (37.0)
Male 46 (63.0)

Early radiographic follow-up, mo 73 14.0 [12.0, 25.0]
Radiographic follow-up interval, mo 73 39.3 [25.3, 54.3]
Last radiographic follow-up, mo 73 56.0 [47.0, 69.0]
Glenoid implant 73

APG 44 (60.3)
Steptech APG 17 (23.3)
Affiniti 12 (16.4)

CPG
Early follow-up 73
1 7 (9.6)
2 32 (43.8)
3 34 (46.6)

Late follow-up 73
1 22 (30.1)
2 28 (38.4)
3 23 (31.5)

CPG progression 73
No 46 (63.0)
Yes 27 (37.0)

Superior migration
Early follow-up 73
No 70 (95.9)
Yes 3 (4.1)

Late follow-up 73
No 64 (87.7)
Yes 9 (12.3)

Version, degree
Early follow-up 63 �7.3 [�11.6, �3.2]
Late follow-up 67 �10.1 [�15.5, �3.7]

Posterior subluxation in scapular plane
Early follow-up 66
No 46 (69.7)
Yes 20 (30.3)

Late follow-up 67
No 38 (56.7)
Yes 29 (43.3)

Posterior subluxation in glenoid plane
Early follow-up 71
No 60 (84.5)
Yes 11 (15.5)

Late follow-up 70
No 61 (87.1)
Yes 9 (12.9)

PSS, points
Early follow-up 73 93.0 [87.2, 98.2]
Late follow-up 73 93.0 [82.1, 98.0]

PSS change, points 73 �4.8 � 16.6
PSS failure 73

No 55 (75)
Yes 18 (25)

Revision 73
No 69 (94.5)
Yes 4 (5.5)

CPG, central-peg grading; PSS, Penn Shoulder Score.

Statistics are presented as mean � standard deviation, median [25th percentile, 75th percentile], or number (column percentage).

Glenoid radiolucency progression is associated with clinical failure 1071
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the model: CPG at early follow-up, glenoid component version at
early follow-up, CPG progression, time to last clinical follow-up,
humeral head–scapular plane subluxation at early follow-up, and
humeral head–glenoid plane subluxation at early follow-up. After
the predictors were selected by the model, the model results
correcting for age were presented using odds ratios and corre-
sponding 95% confidence intervals. Data management and data
analysis were conducted using SAS software (version 9.4; SAS
Institute, Cary, NC, USA). All tests were 2-sided, assuming an a
level of .05.
Results

The average age at surgery was 65 � 7 years, and 46 of 73
(63%) were men (Table I). The median initial follow-up
period was 14 months (IQR, 12-25 months), with a me-
dian follow-up interval of 39 months (IQR, 25-54 months)
and an overall final median follow-up period of 56 months
(IQR, 47-69 months) from surgery (Table I). The median
initial PSS and final PSS were 93 points (IQR, 87-98
points) and 93 points (IQR, 82-98 points), respectively,
with an average change in the PSS of –4.8 � 16.6 points
between follow-up times. We found CPO (grade 1 on CPG
scale) in 7 of 73 patients (10%) at initial follow-up and 22
of 73 (30%) at final follow-up (P < .0001). We observed
CPG progression in 27 of 73 patients (37%). Revision
surgical procedures were performed in 4 patients, and 18
clinical failures (revision surgery or PSS failures) occurred
(Table I). All revision surgical procedures were performed
for a painful TSA owing to aseptic glenoid component
loosening. Three shoulders underwent revision to reverse
TSA with bone grafting of the glenoid defect, and one
underwent revision to a hemiarthroplasty with bone graft-
ing of the glenoid defect as the first stage of a 2-stage
revision to reverse TSA. From initial to final follow-up,
we measured an average increase in glenoid component
retroversion of 3� (P ¼ .04), an 8% increase in the number
of patients with humeral head superior migration (P ¼ .01),
and a 13% increase in the number of patients with humeral
head posterior subluxation in the scapular plane (P ¼
.008) but found no significant change in the number of
patients with humeral head posterior subluxation in the
glenoid plane (P ¼ .48) (Table I).

Univariate analysis at final follow-up showed that CPO
(P ¼ .007), CPG progression (P ¼ .016), and worsening of
PSS (P ¼ .027) were associated with revision surgery
(Table II). CPO at late follow-up (P ¼ .034), CPG pro-
gression (P < .001), and glenoid component version at final
radiographic follow-up (P ¼ .019) were associated with
clinical failure, as defined by the need for revision surgery
or PSS failure (Table III). However, CPG was not signifi-
cantly different at final follow-up (P ¼ .084) when clinical
failure and non-clinical failure were compared. We also
found differences among glenoid implant types, with a
higher CPO rate for the Steptech APG implant at early
follow-up (P ¼ .022) but no difference at late follow-up (P
¼ .30). Moreover, a significant difference in radiographic
follow-up times was noted (P ¼ .0005): APG implants
underwent 67.4 � 21.2 months of follow-up and Affiniti
implants underwent 64.8 � 23.3 months of follow-up,
whereas Steptech APG implants only underwent 44.8 � 9.5
months of follow-up.

Multivariate analysis correcting for age at surgery
showed CPG progression as the only significant factor
remaining in the model for prediction of clinical failure
(need for revision surgery or PSS failure). The odds ratio of
clinical failure occurring in patients with CPG progression
vs. patients without CPG progression was 7.61 (95% con-
fidence interval, 2.30-25.19; P < .001).
Discussion

The purpose of this study was to evaluate the clinical sig-
nificance (decrease in PSS or revision surgery rate) of CPG
progression over a minimum interval of 2 years after
anatomic TSA with an all-PE pegged glenoid component
having a central peg with flanges to allow for BI. This study
demonstrated that the progression of CPG is associated
with both revision surgery and a clinically significant
decrease in patient-reported outcome scores (PSS). The
association of CPG progression with clinical failure was
significant on both univariate and multivariate analyses
correcting for age. We also found that younger patients
were at higher risk of clinical failure, as defined by the need
for revision surgery or a clinically significant decrease in
the PSS.

Our study did have limitations owing to its retrospective
nature. First, two of the implants used to perform anatomic
TSA had a similar design. We included all implants that
had fluted central pegs to allow for bony ingrowth.
Although the Steptech APG augmented glenoid may be
different in design, biomechanical studies have found no
difference in liftoff resistance when modeling long-term
fixation and clinical studies have found a very low rate of
radiographic failure at 2- to 6-year follow-up.12,15 However,
our study was not designed to perform an implant-to-
implant comparison but rather to evaluate the significance
of a single radiographic finding of central-peg BI, and thus,
no conclusion can be made about individual implant types
based on these data. Second, measurements of gleno-
humeral relationships and implant placement were made on
standard postoperative radiographs, which have decreased
accuracy and sensitivity to detect component position, as
well as change in component position over time, compared
with more advanced imaging techniques. Incomplete plain
radiographs were also present at certain time points,
resulting in missing data for some of these measurements.
Moreover, CPG may be difficult to discern on plain ra-
diographs as compared with advanced imaging (ie,
computed tomography); however, we analyzed both CPO
vs. non-CPO cases and grade 1 vs. grade 2 vs. grade 3 on



Table II Comparison between shoulders with no revision and shoulders with revision

Factor No revision (n ¼ 69) Revision (n ¼ 4) P value

n Statistic n Statistic

Age at surgery, yr 69 65.5 � 7.5 4 60.8 � 2.3 .21*

Sex 69 4 .62y

Female 25 (36.2) 2 (50.0)
Male 44 (63.8) 2 (50.0)

Early radiographic follow-up, mo 69 15.0 [13.0, 25.0] 4 12.0 [12.0, 12.0] .012z,x

Radiographic follow-up interval, mo 69 40.5 [25.5, 54.3] 4 31.7 [19.9, 53.2] .50x

Last radiographic follow-up, mo 69 57.0 [50.0, 69.0] 4 44.0 [32.0, 65.5] .15x

Glenoid implant .06y

APG 69 42 (60.8) 4 2 (50.0)
Steptech APG 69 17 (24.6) 4 0 (0)
Affiniti 69 10 (14.53) 4 2 (50.0)

CPG
Early follow-up 69 4 .41y

1 6 (8.7) 1 (25.0)
2 31 (44.9) 1 (25.0)
3 32 (46.4) 2 (50.0)

Late follow-up 69 4 .007y,z

1 18 (26.1) 4 (100.0)
2 28 (40.6) 0 (0.00)
3 23 (33.3) 0 (0.00)

Center-peg osteolysis
Early follow-up 69 4 .34y

No 63 (91.3) 3 (75.0)
Yes 6 (8.7) 1 (25.0)

Late follow-up 69 4 .007y,z

No 51 (73.9) 0 (0.00)
Yes 18 (26.1) 4 (100.0)

CPG progression 69 4 .016y,z

No 46 (66.7) 0 (0.00)
Yes 23 (33.3) 4 (100.0)

Superior migration
Early follow-up 69 4 .99y

No 66 (95.7) 4 (100.0)
Yes 3 (4.3) 0 (0.00)

Late follow-up 69 4 .99y

No 60 (87.0) 4 (100.0)
Yes 9 (13.0) 0 (0.00)

Version
Early follow-up 59 �8.2 [�11.9, �4.3] 4 �1.6 [�5.1, –0.50] .055x

Late follow-up 64 �10.0 [�15.3, �4.1] 3 �16.7 [�23.0, �2.3] .31x

Posterior subluxation in scapular plane
Early follow-up 62 4 .99y

No 43 (69.4) 3 (75.0)
Yes 19 (30.6) 1 (25.0)

Late follow-up 64 3 .57y

No 37 (57.8) 1 (33.3)
Yes 27 (42.2) 2 (66.7)

Posterior subluxation in glenoid plane
Early follow-up 67 4 .50y

No 57 (85.1) 3 (75.0)
Yes 10 (14.9) 1 (25.0)

Late follow-up 67 3 .34y

No 59 (88.1) 2 (66.7)
Yes 8 (11.9) 1 (33.3)

(continued on next page)
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Table II Comparison between shoulders with no revision and shoulders with revision (continued )

Factor No revision (n ¼ 69) Revision (n ¼ 4) P value

n Statistic n Statistic

PSS, points
Early follow-up 69 94.0 [87.5, 98.3] 4 82.5 [79.0, 87.1] .027z,x

Late follow-up 69 93.6 [84.4, 98] 4 51.6 [34.2, 82.8] .011z,x

CPG, central-peg grading; PSS, Penn Shoulder Score.

Statistics are presented as mean � standard deviation, median [25th percentile, 75th percentile], or number (column percentage).
* P value calculated by t test.
y P value calculated by Fisher exact test.
z Statistically significant (P < .05).
x P value calculated by Wilcoxon rank sum test.
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the CPG scale not only to mitigate any error in grading but
also to capture any subtle changes that may be observed.
Third, a substantial number of patients did not meet the
study inclusion criteria because of lack of minimum 2-year
follow-up after the initial 1- to 3-year follow-up visit,
which presents significant selection bias. As a result, this
study was not able to define the incidence of glenoid
component loosening, clinical failure, or revision surgery in
a population of patients receiving the described type of
implant. However, we can evaluate the association of pro-
gression of CPG over time with deterioration in the PSS
and revision surgery.

Our data demonstrated that progression of CPO in this
type of all-PE glenoid component is clinically significant.
In addition, CPO is clinically significant when seen �3
years after surgery, with a median 56-month follow-up.
Prior studies looking at this implant type have found
radiolucent lines and CPO but not necessarily clinical
deterioration associated with this
finding.1,5,11,13,26,27,29 Only 1 study analyzed sequential
follow-up of radiolucent lines past 1 year to allow for
assessment of progression of radiolucency over time but
was limited by a small sample size of 20 and underpowered
to determine its clinical significance.5 In our study, we
looked only at the central-peg BI, as a unique design
characteristic of this type of implant that would theoreti-
cally support longer-term stability.28 Prior studies using
other designs have found that progression of radiolucent
lines was associated with clinically significant decreases in
outcome scores.10,22 Revision rates were not found to be
different in studies of earlier implant designs at long-term
follow-up,10,25 but more recent studies suggest that more
severe radiolucent lines may be associated with complica-
tions and higher revision rates.22 In addition, we were un-
able to analyze the effect of glenoid seating, as we did not
analyze initial postoperative radiographs to assess the
quality of glenoid seating.

We also attempted to measure certain postoperative
implant characteristics (glenoid component version, supe-
rior migration of the humeral head, and posterior
subluxation of the humeral head) in this study. Although
prior studies have found that glenoid component retrover-
sion may be a risk factor for CPO,13 this finding has not
been consistently seen across all studies.19,23 We observed
that increased retroversion was associated with clinical
failure only at the later follow-up. The clinical significance
of this finding is difficult to interpret owing to the small
sample size and acknowledged limitations in the sensitivity
of plain radiographic measurements. The increase in
retroversion from initial to final follow-up in the cases
going on to clinical failure could be attributed to a true shift
or loosening of the implant or may be within the margin of
measurement error (9.9�) on plain radiographs.14 We also
found that more patients had superior migration of the
humeral head and posterior subluxation of the humeral
head in the scapular plane at final follow-up, although
neither of these variables was associated with the need for
revision surgery or clinical failure. Again, the clinical sig-
nificance of these results is unknown at this time. Such
changes in humeral head position may be suggestive of
possible rotator cuff dysfunction over time or, as with
glenoid component version, could represent measurement
error using plain radiographs. The change in posterior
subluxation in the scapular plane is also closely related to
the measurement of version and could be attributable to the
change in component version.21 These possible changes in
implant orientation and glenohumeral relationships over
time should be investigated further in larger cohorts and/or
with more sensitive imaging techniques to better assess
their association with clinical outcomes.

On the basis of these results, we believe that the pro-
gression of CPG and presence of late CPO are significantly
associated with deterioration in clinical outcomes and
should be seen as a risk factor for clinical failure and/or
revision surgery. This study showed a 37% rate of pro-
gression of CPG and a 30% CPO rate at late follow-up.
However, this study could not define the incidence of these
findings because we did not follow up a consecutive series
of patients. This study does define the clinical significance
of the progression of radiolucency for the described implant



Table III Comparison between shoulders with no revision or PSS failure and shoulders with revision or PSS failure

Factor No revision or PSS failure
(n ¼ 55)

Revision or PSS failure
(n ¼ 18)

P value

n Statistic n Statistic

Age at surgery, yr 55 66.4 � 7.2 18 61.9 � 7.1 .024*,y

Sex 55 18 .71z

Female 21 (38.2) 6 (33.3)
Male 34 (61.8) 12 (66.7)

Early radiographic follow-up, mo 55 15.0 [13.0, 26.0] 18 13.0 [12.0, 22.0] .30x

Radiographic follow-up interval, mo 55 37.3 [25.0, 54.3] 18 41.8 [28.5, 60.5] .40x

Last radiographic follow-up, mo 55 56.0 [44.0, 69.0] 18 56.5 [51.0, 82.0] .69x

Glenoid implant .022y,k

APG 55 31 (56.4) 18 13 (72.2)
Steptech APG 55 15 (27.3) 18 2 (11.1)
Affiniti 55 9 (16.4) 18 3 (16.7)

CPG
Early follow-up 55 18 .88z

1 5 (9.1) 2 (11.1)
2 25 (45.5) 7 (38.9)
3 25 (45.5) 9 (50.0)

Late follow-up 55 18 .084z

1 13 (23.6) 9 (50.0)
2 22 (40.0) 6 (33.3)
3 20 (36.4) 3 (16.7)

Center-peg osteolysis
Early follow-up 55 18 .99k

No 50 (90.9) 16 (88.9)
Yes 5 (9.1) 2 (11.1)

Late follow-up 55 18 .034y,z

No 42 (76.4) 9 (50.0)
Yes 13 (23.6) 9 (50.0)

CPG progression 55 18 <.001y,z

No 41 (74.5) 5 (27.8)
Yes 14 (25.5) 13 (72.2)

Superior migration
Early follow-up 55 18 .99k

No 53 (96.4) 17 (94.4)
Yes 2 (3.6) 1 (5.6)

Late follow-up 55 18 .68k

No 49 (89.1) 15 (83.3)
Yes 6 (10.9) 3 (16.7)

Version
Early follow-up 47 �7.3 [�13.4, �4.4] 16 �7.0 [�8.9, �2.2] .16x

Late follow-up 53 �9.5 [�13.1, �3.0] 14 �15.5 [�18.7, �8.1] .019y,x

Posterior subluxation in scapular plane
Early follow-up 50 16 .35k

No 33 (66.0) 13 (81.3)
Yes 17 (34.0) 3 (18.8)

Late follow-up 53 14 .24z

No 32 (60.4) 6 (42.9)
Yes 21 (39.6) 8 (57.1)

Posterior subluxation in glenoid plane
Early follow-up 53 18 .99k

No 45 (84.9) 15 (83.3)
Yes 8 (15.1) 3 (16.7)

Late follow-up 55 15 .091k

No 50 (90.9) 11 (73.3)
Yes 5 (9.1) 4 (26.7)

(continued on next page)
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Table III Comparison between shoulders with no revision or PSS failure and shoulders with revision or PSS failure (continued )

Factor No revision or PSS failure
(n ¼ 55)

Revision or PSS failure
(n ¼ 18)

P value

n Statistic n Statistic

PSS, points
Early follow-up 55 94.4 [87.3, 99.0] 18 91.0 [84.0, 95.4] .17x

Late follow-up 55 95.9 [88.6, 99.0] 18 66.6 [51.7, 74.6] .001y,x

PSS, Penn Shoulder Score; CPG, central-peg grading.

Statistics are presented as mean � standard deviation, median [25th percentile, 75th percentile], or number (column percentage).
* P value calculated by t test.
y Statistically significant (P < .05).
z P value calculated by Pearson c2 test.
x P value calculated by Wilcoxon rank sum test.
k P value calculated by Fisher exact test.
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type, and our results suggest the need to investigate the
significance of these radiographic findings in a larger pro-
spectively designed study.
Conclusion
Late CPO and CPG progression were associated with
clinical failure, defined as decreasing shoulder scores or
the need for revision surgery.
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