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Background: Posterior glenoid bone loss is commonly encountered in total shoulder arthroplasty (TSA).
The purpose of our study is to report the clinical and radiographic findings of patients with a minimum
of 2 years’ follow-up treated with an all-polyethylene, augmented glenoid component.

Methods: Twenty-two shoulders with posterior glenoid bone loss were treated by a single surgeon. All
underwent primary TSA using a posteriorly augmented, all-polyethylene, stepped glenoid component. Outcome
data included visual analog scale, Western Ontario Osteoarthritis of the Shoulder index, and Short Form
36 scores. Radiographic analysis was performed to evaluate bone-cement interface lucency, implant seating,
and osseous integration of the central peg.

Results: The mean follow-up period was 36 months. Average preoperative retroversion measured with
computed tomography scan was 23.5°. In addition to statistically significant increases in forward flexion
and external rotation, the visual analog scale score, Western Ontario Osteoarthritis of the Shoulder score,
and Short Form 36 physical component summary score all improved significantly (P < .001). Twelve shoul-
ders had osseous integration between the central-peg flanges, 6 had bone adjacent to the central-peg flanges
but without identifiable osseous integration, and 1 showed osteolysis. The mean Lazarus score was 0.5.
All glenoids had perfect seating scores. Two patients sustained a total of 3 episodes of prosthetic instability.
Conclusions: Early results of a posteriorly augmented, all-polyethylene, stepped prosthetic glenoid com-
ponent to address posterior glenoid loss in TSA are encouraging. Continued evaluation will determine prosthetic
longevity and maintained clinical improvement.

Level of evidence: Level IV; Case Series; Treatment Study
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of TSA is multifactorial, but glenoid component failure remains
the single most common reason.>***>*” Survivorship for TSA
in the absence of significant posterior glenoid bone loss is
estimated to be greater than 85% at a 15-year minimum
follow-up.’

Posterior glenoid bone loss is a common finding in ad-
vanced glenohumeral arthritis.** Walch et al*® classified glenoid
wear patterns, and in their series, 24% had erosive changes
(types B2 and C) posteriorly. Friedman et al’ identified a sig-
nificant difference in the amount of glenoid retroversion between
a control group and a severely arthritic group. The optimal
management for bone loss is unclear, but failure to address
bone loss during TSA will likely lead to suboptimal results.®'*
Farron et al® performed a finite element analysis of glenoid
components placed in various degrees of retroversion. In-
creased retroversion resulted in significant increases in stress
within the cement mantle and cement-bone interface. They
suggested that retroversion greater than 10° should be cor-
rected or if not possible, glenoid implantation should not be
performed. Ho et al'* reviewed 66 TSAs with an all-
polyethylene glenoid component. They identified glenoid
component osteolysis with component retroversion of 15° or
greater. Walch et al® reviewed the results of TSA in bicon-
cave glenoids. At a mean of 6 years’ follow-up, glenoid
loosening occurred in 20.6% and revisions occurred in 16.3%
of 92 patients. Glenoid bone loss and increased retroversion
were significantly associated with glenoid component loosening.

Re-establishing ideal glenoid version during TSA is par-
ticularly challenging in the presence of significant posterior
glenoid wear. Restoring anatomic glenoid version improves
prosthetic glenoid wear characteristics and reduces failure rates
according to biomechanical and finite element studies.®***
Asymmetrical glenoid reaming is an accepted treatment, but
more significant retroversion may not be correctable without
excessive medialization and loss of glenoid bone stock re-
sulting in peg perforation or obligate component downsizing.®*
Glenoid bone grafting is another purported treatment option
but is technically challenging and has been associated with
a 10-fold higher rate of prosthetic glenoid failure."* Non-
union, subsidence, and graft resorption are common causes
of failure,'*?3*!% with unsatisfactory outcomes in 8% to 47%
of patients.'*'***3! Sabesan et al*® reviewed 12 patients with
severe glenoid bone loss with an average retroversion of 44°
and reported more favorable outcomes. Ten of the 12 shoul-
ders had graft incorporation without any resorption and 2 had
minor bone resorption at an average of 53 months.

Augmented glenoid components offer a theoretical solu-
tion to a difficult problem. In recent biomechanical studies,
an all-polyethylene, augmented glenoid component with a pos-
terior step performed favorably.'>'”** Presently, there are 3
augmented components that are Food and Drug Administra-
tion approved and available for use in the United States, with
only 1 study in the peer-reviewed literature reporting short-
term outcomes.” The purpose of our study is to report the
clinical and radiologic findings of patients with at least 2 years’
follow-up after TSA with a posteriorly augmented, all-

polyethylene, stepped glenoid component. We hypothesized
that patients would improve clinically and would have ra-
diographic component survival consistent with previously
reported outcomes for non-augmented glenoid components
in TSA.

Materials and methods

This is a retrospective review of a prospectively collected series
of consecutive patients with glenohumeral arthritis and posterior
glenoid bone loss with retroversion measuring 15° or greater who
underwent TSA with an augmented glenoid component. Informed
consent was obtained from all patients before participation in the
study.

Patient population

Between May 2011 and January 2013, 22 shoulders in 19 patients
(15 men and 4 women) underwent primary TSA by a single surgeon.
In all cases, an all-polyethylene, posteriorly augmented, stepped
glenoid component (Global StepTech Anchor Peg Glenoid; DePuy
Synthes, Warsaw, IN, USA) was implanted (Fig. 1). One patient was
lost to follow-up. One patient was unable to undergo follow-up
imaging because of a stem cell procedure for a pulmonary disease.
Therefore, 20 shoulders in 17 patients had both clinical and radio-
graphic data available for follow-up. The mean follow-up period was
36 months (range, 26-46 months). The mean patient age at the time
of surgery was 62 years (range, 44-77 years). All patients were rou-
tinely followed up postoperatively at 2 weeks, 6 weeks, 3 months,
6 months, 1 year, and then annually. The same postoperative reha-
bilitation protocol was prescribed for all patients except for 1 patient
who underwent a rotator cuff repair. All patients had a preopera-
tive diagnosis of osteoarthritis except for 1 patient who was diagnosed
with rheumatoid arthritis (Table I).
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Figure 1  StepTech Anchor Peg Glenoid augmented glenoid
component (GLOBAL® STEPTECH® Anchor Peg Glenoid
courtesy of DePuy Synthes Joint Reconstruction).
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Table I  Patient demographic data
Case  Surgical Sex  Age, Diagnosis  Preoperative Humeral Stem size + Glenoid component  Length of
No. side y glenoid head size fixation (diameter + follow-up,
retroversion, ° augmentation) mo
1 Right M 45 0A 37 58 x 18 ecc 10 press fit 48 +7 46.8
2 Left M 79 0A 29 52 x 18 ecc 10 press fit 48 +3 46.9
3 Left M 63 0A 31 52 x 21 ecc 12 press fit 52 +5 41.9
4 Right M 66 0A 23 56 x 21 ecc 12 press fit 52+5 44.6
5 Right F 59 RA 25 48 x 21ecc 8 press fit 48 + 5 46.3
6 Right E 69 0A 19 48 x 18 ecc 12 press fit 48 +5 NA
7 Left F 68 0A 22 44 x 21 ecc 10 press fit 44 +3 39.6
8 Left M 65 0A 18 56 x 21 ecc 12 press fit 52+ 3 39.6
9 Left F 56 0A 18 44 x 18 ecc 8 press fit 44 + 3 37.2
10 Right M 70 0A 24 52 x 18 ecc 14 press fit 48 +5 35.8
11 Right M 68 0A 27 52 x 18 ecc 12 press fit 52 +5 34.5
12 Left F 59 RA 26 44 x 18 ecc 8 cemented 40 +5 36.6
13 Left M 62 0A 16 52 x 21ecc 12 press fit 52+ 5 34.4
14 Right M 74 0A 26 52 x 21ecc 12 press fit 5248 5 34.0
15 Left M 58 0A 16 52 x 18 ecc 12 press fit 52+ 3 32.8
16 Left M 61 0A 25 52 x 21ecc 12 press fit 52+5 34.5
17 Right M 73 0A 21 52 x 18 ecc 12 press fit 48 +5 33.3
18 Right M 64 0A 31 52 x 21 ecc 10 press fit 48 +5 32.4
19 Left M 46 0A 29 48 x 18 ecc 12 press fit 44 +5 31.2
20 Left M 70 0A 18 48 x 21ecc 14 press fit 48 + 3 29.4
21 Right M 54 0A 20 52 x 18 ecc 16 press fit 52+5 28.3
22 Left M 64 0A 16 48 x 21ecc 12 press fit 48+ 3 26.4

ecc, eccentric head; F, female; M, male; NA, not applicable; OA, osteoarthritis; RA, rheumatoid arthritis.

Clinical evaluation

An electronic medical record was reviewed to obtain all preoper-
ative information. Postoperative clinical examinations were performed
at each visit and final data recorded at the most recent evaluation.
Active range of motion of the glenohumeral joint was measured by
goniometry in forward flexion (seated), external rotation (seated with
the arm at the side), and internal rotation (hand up the back and re-
corded at the spinal level indicated by the thumb).

Muscle strength testing was measured using the Baseline
Push-Pull Dynamometer (Fabrication Enterprises, White Plains,
NY, USA) and performed as recommended by the manufacturer.
Strength was recorded in kilograms in forward flexion, external
rotation, and internal rotation and compared with the contralateral
extremity.

Outcome rating scales

Preoperative and postoperative Short Form 36 (SF-36),° Western
Ontario Osteoarthritis of the Shoulder (WOOS) index,?” and visual
analog scale (VAS) scores were calculated for all patients at their
most recent follow-up visit.

Radiographic evaluation

Preoperative computed tomography (CT) scans were reviewed to
calculate glenoid retroversion using the neoglenoid line, as de-
scribed by both Friedman et al” and Walch et al.** The most recent

postoperative radiographs were evaluated for radiolucency around
the pegged components (Fig. 2) and component seating as de-
scribed by Lazarus et al.”!

Osseous integration of the central peg was similarly evaluated
at final follow-up. The radiographic appearance of the bone adja-
cent to the periphery of the flanges of the central peg and the
radiodensity between the flanges of the central peg were graded on
a scale from 1 to 3 as described by Wirth et al.*® Bone in contact
with the periphery of the flanges of the central peg with increased
radiodensity between the flanges resulted in a grade of 3. Bone in
contact with the periphery of the flanges but with no increase in
radiodensity between the flanges resulted in a grade of 2, and os-
teolysis about the central flanges resulted in a grade of 1.*® Two
independent physicians (a shoulder fellowship—trained orthopedic
surgeon [R.J.E.] and a musculoskeletal fellowship—trained radiolo-
gist [not an author]) reviewed postoperative radiographs and were
blinded to patient outcomes. The average scores were calculated from
images independently graded by each physician.

Surgical technique

The senior author (P.J.F.) performed all procedures with patients in
the semi-upright position. Interscalene blocks and general anesthe-
sia were administered. A standard deltopectoral approach was used.
If present, the biceps tendon underwent tenodesis distally to the pec-
toralis major tendon. A lesser tuberosity osteotomy was performed.
The subscapularis tendon was separated from the capsule, and with
the axillary nerve protected, standard anterior and inferior capsu-
lar releases were completed.
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Figure 2

(A) Anteroposterior radiograph showing increased radiodensity between the flanges, suggesting osseous integration. (B) An-

teroposterior radiograph showing bone in contact with the periphery of the flanges without radiodensity between the flanges. (C) Anteroposterior

radiograph showing osteolysis about the central flange.

Periarticular humeral osteophytes were removed, and the humeral
head underwent osteotomy through the anatomic neck using a free-
hand technique. The humeral diaphysis was prepared using hand
reamers. The appropriately sized broach was seated and a protec-
tor plate attached to protect the humerus and lesser tuberosity during
glenoid preparation.

The glenoid was exposed, and a sizing disk was used to deter-
mine the correct glenoid size. The amount of correction was
determined from both the preoperative CT scan and the amount
and quality of glenoid bone stock identified intraoperatively. The
goal was to achieve as close to neutral but not more than 7° of
retroversion. The augmented (variable-height posterior step) pin
guide was positioned so that it sat flush on the glenoid. A guide
pin was drilled through the sizer and its exit confirmed with digital
palpation along the anterior scapular body. The anterior glenoid
was power reamed until bone at the level of the guide pin and
anterior to it was symmetrically concave. The central drill hole
was made.

The posterior guide was secured in place, with care taken to re-
create appropriate rotation. Both a power bur and rasp were used
to create the posterior step. The 3-hole peripheral guide with post
was inserted into the central hole. The peripheral holes were drilled.
The augmented glenoid trial was inserted to confirm concentric
seating. The trial was removed. The peripheral holes were irri-
gated to remove debris, and then thrombin-soaked sponges were
placed for hemostasis. By use of a bone graft applicator, morselized
cancellous bone was applied to the central peg of the final compo-
nent. Polymethyl methacrylate (Stryker, Mahwah, NJ, USA) was
pressurized in the peripheral holes and the final component ce-
mented into place.

The humeral protector plate was removed. The appropriately sized
fixed- or variable-angle humeral head (Global Anatomic Prosthe-
sis; DePuy Synthes) was chosen to cover the osteotomy site and
properly balance the soft tissue to reproduce glenohumeral stabil-
ity. The shoulder was placed in neutral flexion and rotation. The
humeral head was translated anteriorly, posteriorly, and inferiorly.
Approximately 50% translation was desired. The lesser tuberosity
was anatomically repaired using sutures placed both through bone
and around the humeral component.

A drain was placed if needed. The deltopectoral interval was
loosely approximated, and the incision was closed in a standard
fashion with absorbable suture.

Postoperative management

Patients were admitted to the hospital and discharged when medi-
cally fit. On the first postoperative day, patients received in-
hospital physical therapy and a home exercise program emphasizing
protected range of motion and muscle activation. Sling use was dis-
continued by 2 weeks postoperatively, at which time outpatient
physical therapy was instituted.

Statistical analysis

Changes between the preoperative and most recent postoperative as-
sessments were evaluated with use of a paired ¢ test. Relative
associations between strength measures and range-of-motion out-
comes were evaluated using the Pearson correlation coefficient.
Statistical analyses were conducted in Microsoft Excel (Office 2010;
Microsoft, Redmond, WA, USA), and statistical significance was
established a priori at P < .05.

Results
Clinical findings

The mean VAS score improved from 7.3 + 1.8 preopera-
tively to 1.7 £2.0 at the latest follow-up (P <.001). There
was a statistically significant improvement in the WOOS score
from 42.4% + 13.2% to 85.7% * 16.1% (P < .001). The phys-
ical component summary score of the SF-36 also saw
significant improvement, from 33.6 = 8.0 to 45.9 £ 11.4 at final
follow-up (P < .001).

There were statistically significant increases in both forward
elevation and external rotation. Mean forward flexion im-
proved from 110° + 42° preoperatively to 136° + 26°
(P < .005), and mean external rotation improved from
9.74° £ 25.8° to 39.7° £ 15.8° (P < .00004). Preoperatively,
the highest spinal level seen in internal rotation was L5 in 2
patients, with the rest showing varying degrees of motion to
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the side or buttocks. Postoperatively, internal motion im-
proved to an average of T12. The mean postoperative forward
flexion, external rotation, and internal rotation strength was
91%, 97%, and 96%, respectively, of the contralateral arm’s
strength as measured with the dynamometer.

Radiographic analysis

Preoperative glenoid morphology was graded as Walch type
B2 in 20 shoulders and type C in 2 shoulders. Glenoid ret-
roversion averaged 23.5° (range, 16°-37°). The average Lazarus
lucency score was 0.53 (Fig. 3). Ten shoulders had a lucency
grade of 0. Eight shoulders had a lucency grade of 1, and 1
shoulder showed grade 2 lucency. All shoulders had a perfect
component seating grade of A. Central-peg flange osseous in-
tegration was seen in 12 shoulders. Six had bone adjacent to
the central-peg flanges but without identifiable osseous in-
tegration, and 1 showed osteolysis.

Complications

There were two postoperative complications. One patient had
an anterior dislocation noted at the first postoperative eval-
uation 2 weeks after the index procedure. No injury or
mechanism was reported. Closed reduction under anesthe-
sia was unsuccessful. The patient underwent open reduction
and was noted to have an intact subscapularis and lesser tu-
berosity repair. The posterior capsule was released, the medial
subscapularis muscle was reapproximated with suture anchors
to the anterior glenoid, and the humeral head was revised to
a larger component.

The second patient sustained a posterior dislocation 22
months postoperatively while pushing himself up and out of
bed. He underwent closed reduction and external rotation
bracing for 6 weeks. His shoulder remained stable until 30
months after arthroplasty when another atraumatic posteri-
or dislocation occurred. He was then revised to a reverse TSA.

Lucency Grade
12

10

® Number of shoulders

N

o ( |

Grade 0 Grade 1 Grade 2

Figure 3  Lucency grading.

During revision surgery, there did not appear to be any bony
ingrowth to the glenoid component.

Discussion

We hypothesized that TSA patients treated with an all-
polyethylene, posteriorly augmented component would improve
clinically and have radiographic component survival consis-
tent with previously reported outcomes for non-augmented
glenoid components in TSA. Our hypothesis was proved. There
were statistically significant improvements in both patient-
reported and physician-measured outcomes. Postoperatively,
pain scores were decreased, motion (forward flexion and ex-
ternal rotation) was significantly improved, and both WOOS
and SF-36 scores increased. One case of glenoid component
failure resulted in posterior instability requiring revision. Given
the small number of patients, the resultant glenoid compo-
nent failure rate requiring revision was 5%, which is slightly
lower than the 7% reported in a meta-analysis of TSA with
non-augmented components performed by Bohsali et al.”

Posterior glenoid bone loss may present significant
challenges during TSA. 23!

The posteriorly augmented glenoid component is one option
to address significant posterior bone loss. The stepped, aug-
mented glenoid used in this study is a modification of the all-
polyethylene pegged design that has been evaluated
previously.*® Both the conventional and augmented compo-
nents have 1 central post designed for osseous ingrowth and
3 peripheral pegs that should be cemented. For each aug-
mented glenoid diameter size between 40 mm and 56 mm,
there are 3 options (+3, +5, and +7 mm) for version correc-
tion. Anterior reaming (approximately 5° of version correction)
is combined with the correction for each version step (+3 = 5°,
+5=10°, and +7 = 15°). Combining 1 of the 3 prostheses with
anterior reaming results in 10° to 20° of version correction.
In addition, the posterior step is 77°, not perpendicular, to
counteract posterior loading.

Clinical improvement is expected after conventional TSA
in the absence of significant posterior glenoid bone loss.'*!?
In our study, patients improved clinically with VAS scores
decreasing from 7.3 to less than 2. Statistically significant im-
provements were seen in the WOOS score, from 42% to 85%,
and the physical component summary score of the SF-36. Both
forward elevation and external rotation improved to 136° and
39°, respectively. These findings are consistent with out-
comes reported by Wirth et al™ (147° and 44°, respectively),
who used a similar non-augmented glenoid prosthesis.

There is little peer-reviewed literature reporting clinical
results after implanting augmented prosthetic glenoids. Rice
et al”’ used an asymmetrical keel-type design that allowed
4° of version correction. Although early results were prom-
ising, a high rate of instability forced them to abandon using
the prosthesis.

Youderian et al** described their preliminary clinical and
radiographic outcomes using the same glenoid component used
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in our study. At an average follow-up of 10.8 months, they
reported that significant improvements in clinical function and
pain levels were shown in 17 of 18 patients. When compar-
ing our results with this patient population and other peer-
reviewed literature using augmented glenoids, we are more
optimistic.

Radiographic discussion

Our radiographic results are encouraging. The mean Lazarus
lucency score of 0.53 compares favorably with results re-
ported in the study by Youderian et al,*® in which an
augmented, stepped prosthetic glenoid was used. In their series
of 24 shoulders, 58% had a Lazarus score of grade O or 1
whereas we showed a rate of 95% for these same grades.
A multicenter study performed by Lazarus et al*' reported a
lucency score of 1.3 for the glenoid component of the
Global Total Shoulder System (DePuy Synthes). Although they
used a multi-axial and pegged component, the central post
was smooth and not designed for bony ingrowth. The com-
ponent used in our study allows bony ingrowth and may have
contributed to improved fixation and resultant lucency scores.

Wirth et al*® reported a 73% perfect seating grade using
a non-augmented component. In our study, all glenoids had
a perfect seating score. Several plausible explanations exist
for the discrepancy in results. In addition to differences in
interobserver radiographic assessment, slight alterations in ex-
posure technique and improved instrumentation may have
contributed to our results.

The glenoid component used in our study is designed for
minimal cement application for the peripheral pegs and bony
ingrowth around the central peg with flanges. Wirth et al*®
reported a grading system to describe the amount of osseous
integration around the central peg of this component design.
Using their scale, we identified a mean osseous integration
score of 2.5, with only 1 shoulder showing osteolysis about
the central peg at 33 months postoperatively. In our study,
63% of components had identifiable osseous integration of
the central peg. This is comparable with the 68% rate of
osseous integration reported by Wirth et al. Overall, the ra-
diographic results of this augmented component are
comparable with those of a similarly designed, non-augmented
component.'

Complications

There were 2 complications in our study. Although both were
instability events, they occurred for different reasons.

Anterior dislocation for patient 1

One dislocation was anterior and identified at the first post-
operative visit and was most likely related to soft-tissue
balancing. Approximately 5° of the version correction comes
from anterior glenoid reaming.'' Sabesan et al* performed
a 3-dimensional computer-simulated correction of glenoid bone

loss comparing eccentric reaming with an augmented com-
ponent. Correction to neutral version resulted in an average
bone removal of 3.8 mm. A +5 step resulted in mean
medialization of 6.7 mm to neutral version and 5.4 mm to 6°
of retroversion.”

In our patient, the humeral head was appropriately sized
to re-create the normal humeral anatomy. However, it was in-
sufficient to restore proper soft-tissue balance. At the time
of revision surgery, the subscapularis and lesser tuberosity
were intact. The humeral head was exchanged for one mea-
suring 44 x 21 mm. Although there has been no recurrence
of glenohumeral instability since the revision procedure and
the VAS pain score decreased from 10 to 5, the patient has
a subjective shoulder score of 40 and an American Shoul-
der and Elbow Surgeons score of 38.

Posterior dislocation for patient 2

The second patient had 24° of preoperative retroversion and,
at the time of TSA, had a 48 + 5 glenoid implanted (Fig. 4).
He sustained an atraumatic posterior dislocation 22 months
postoperatively while pushing himself up and out of bed. After
closed reduction under anesthesia, his shoulder was stable for
8 months. He ultimately underwent revision to a reverse TSA
after a second posterior instability episode at 30 months post-
operatively. Serial review of his postoperative radiographs
showed gradual subsidence of the posterior bone.

The implantation of a stepped glenoid component re-
quires removal of some posterior bone. In glenoids in which
there is both retroversion and glenoid medialization, there may
be insufficient subchondral bone, volume, and/or density after
preparation to support the posterior component.

There are 2 types of augmented glenoids commercially
available that have been biomechanically evaluated: stepped
and wedged (full wedge and posterior-only wedge).'>!%!71
Several comparison studies have shown that the wedged design
removes less posterior bone than the stepped design.'®"’
However, the advantages of a stepped, augmented glenoid
include a design that places the component more perpendic-
ular to joint forces (Fig. 5)."'®!"**3 Jannotti et al"> performed
a biomechanical evaluation of 4 augmented glenoid compo-
nents. They found the stepped glenoid component had lower
initial and final liftoff values compared with the non-
stepped, augmented devices.

Limitations

There are several limitations to our study. The prospective
cohort is small, and the follow-up is relatively short. Preop-
eratively, we did not identify the amount of version correction
required because there were no preoperative CT scans of the
contralateral shoulder to identify native glenoid version spe-
cific to each patient. The amount of correction performed at
the time of surgery was based on preoperative CT scans with
a goal to achieve close to neutral version. Finally, we did
not measure postoperative version. Inconsistencies in
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Figure 4 (A, B) Anteroposterior and axillary radiographs at 2 weeks postoperatively. (C, D) Radiographs at 26 months postoperatively
showing osteolysis about the central peg. (E, F) Patient’s second dislocation with progression of osteolysis.

radiographic imaging precluded accurate measurements, and
routine postoperative CT scans were not obtained.

Conclusion

Early results of an augmented prosthetic glenoid compo-
nent used to address posterior glenoid loss in TSA are
encouraging. Further studies are warranted to determine
prosthetic longevity and maintained clinical improvement.
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