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Abstract

Background: The objective was to evaluate the short-term clinical and radiological outcomes following augmented
anatomic total shoulder arthroplasty in patients with posterior glenoid deficiency.

Methods: An electronic search of EMBASE, MEDLINE, and PubMed identified studies reporting clinical and radiographic out-
comes following augmented anatomic total shoulder arthroplasty among patients with posterior glenoid deficiency.
Results: Nine studies including 312 shoulders underwent anatomic total shoulder arthroplasty using an augmented
glenoid implant between 2015 and 2020. A statistically significant improvement in range of motion (ROM), visual analog
scale (VAS), American Shoulder & Elbow Surgeons (ASES), Constant, University of California - Los Angeles and Simple
Shoulder Test (SST) scores was demonstrated at mean follow-up of 37.1 months. Glenoid retroversion improved from
21.8° to 9.5°. At final follow-up, radiolucency was reported in 35.1% of shoulders. The 16° full-wedge augment led to
higher and more severe radiographic lucency, while high peg perforation rates (44%) were observed among 5-mm
augment stepped implants. The overall rate of complication was 2.6%. Rate of revision surgery was |.9%.
Conclusions: Overall, early- to mid-term outcomes following augmented anatomic total shoulder arthroplasty for
posterior glenoid deficiency demonstrate good to excellent overall clinical results. More radiographic and clinical failures
were reported in larger full wedge (16°) augments and stepped augments (5 mm). Prospective studies examining mid- and
long-term outcomes will help further elucidate safety and efficacy of these relatively new implants.
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Introduction The Walch Classification is based on the mid-glenoid

Shoulder arthroplasty is the third most frequently per-
formed joint replacement procedure in the United
States.!> The overall incidence of shoulder arthroplasty
is increasing at a greater rate than total hip and knee
arthroplasty with predictive models estimating over
174,000 procedures performed annually by the year
2025.° Anatomic total shoulder arthroplasty (aTSA)
is indicated in primary glenohumeral joint osteoarth-
ritis, inflammatory arthritis and post-traumatic arth-
ritis.* Management of the glenoid in primary aTSA
can be challenging due to eccentric bone loss and
increased retroversion, which have been associated
with early glenoid loosening.”® In fact, aseptic loosen-
ing of the glenoid component is the most common
mode of failure in aTSA.’

axial slice of a computed tomographic scan and is used
to describe glenoid morphology in commonly occurring
wear patterns.®” Posterior subluxation of the humeral
head is the hallmark feature of a Type B glenoid, which
is classified into three subgroups. Type B2 has posterior
glenoid erosion resulting in a biconcave glenoid
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Figure I. Augmented glenoid implants. Left: Stepped implant (Global StepTech; DePuy Synthes, Warsaw, IN, USA), Middle: Full-
wedge glenoid (Equinoxe; Exactech, Gainesville, FL, USA). Right: Half-wedge glenoid (Aequalis Perform+; Wright Medical Group,

Memphis, TN, USA).

comprised of a neoglenoid and paleoglenoid, and type
B3, which was an addition to the original classification,
has continued preferential posterior wear leading to a
monoconcave glenoid with retroversion greater than 15°
and/or humeral head subluxation of greater than 70%.

Various techniques have been utilized to address the
excessive retroversion caused by posterior erosion in
type B2 and B3 glenoid morphology. These include
hemiarthroplasty, eccentric reaming of the high side,
posterior glenoid bone grafting, the use of reverse
total shoulder arthroplasty (rTSA), and posteriorly
augmented glenoid components. Hemiarthroplasty
fails to correct posterior glenohumeral subluxation,
resulting in persistent pain and further glenoid wear,
ultimately requiring early conversion to a total shoulder
prosthesis.''? Eccentric reaming is limited by the
amount of retroversion correction achieved, as a cor-
rection of greater than 15° has been associated with
penetration of the glenoid vault secondary to compro-
mised anterior subchondral bone stock.'*'* Posterior
glenoid bone grafting is technically demanding and car-
ries the risk of nonunion, resorption, and subsidence. In
fact, a recent study demonstrated a graft failure rate of
17% and a revision rate of 14% at a mean follow-up of
over five years.'> '® Finally, the constrained nature of a
rTSA helps address the posterior instability associated
with the B2 and B3 glenoid.'® However, its use does not
preclude the need for eccentric reaming or bone graft-
ing. Moreover, there remains a paucity of long-term
data on the outcomes following rTSA in patients with
B2 and B3 glenoids, particularly among young, active
patients, who are frequently the ones presenting with
these wear patterns.”’ 2

Augmented glenoid components allow for retrover-
sion correction while limiting excessive reaming, preser-
ving bone stock and avoiding joint medialization, thus,

preserving length—tension relationships and optimizing
muscle function and joint stability.> They also provide
the theoretical benefit of improving implant longevity by
lowering the risk of early loosening by decreasing edge
loading, eccentric loading, and shear and tensile stresses
at the bone-implant, cement-implant, and cement-bone
interfaces.”>2® Currently available augmented glenoid
components have an all-polyethylene monoblock
design featuring a full-wedge, half-wedge, or step built
into the backside of the component (Figure 1; modified
from work by Friedman et al.).”® The full-wedge glenoid
component features a complete wedge from anterior to
posterior and allows for 8°, 12°, or 16° of retroversion
correction (Equinoxe; Exactech, Gainesville, FL,
USA).?” The half-wedge glenoid has 15°, 25°, and 35°
augments on the posterior half of the implant which
correct retroversion by 7°, 12°, and 17°, respectively
(Aequalis  Perform+;  Wright Medical Group,
Memphis, TN, USA).?’ Stepped implants have a stepped
surface that contacts the prepared native bone surface
perpendicular to the joint and are available in three sizes:
+3mm, +5mm, and +7 mm, which correspond to 10°,
15° and 20° corrections, respectively (Global StepTech;
DePuy Synthes, Warsaw, IN, USA).?” While finite elem-
ent analyses and biomechanical studies support the use
of posterior augmented glenoid components, there is a
paucity of literature on the clinical outcomes following
augmented aTSA. As a result, the objective of this
review was to present the short-term clinical and radio-
logical outcomes following augmented aTSA in patients
with posterior glenoid wear patterns.

Materials and methods

This systematic review of the peer-reviewed literature
was conducted according to the Preferred Reporting
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Items for Systematic Reviews (PRISMA) guidelines.*®
All studies reporting on clinical and radiological out-
comes following augmented aTSA in patients with pos-
terior glenoid wear patterns were eligible for inclusion.
An electronic search using EMBASE, MEDLINE and
PubMed was conducted through 4 February 2020
using the following MeSH search terms: ‘“‘augmented
glenoid,” “‘shoulder arthroplasty,” ‘“arthroplasty,”
“replacement,” “‘shoulder,” and ‘‘osteoarthritis.”
Additional studies were identified by reviewing the ref-
erence lists of eligible articles.

Studies were excluded if they reported on discontin-
ued implants, metal augments, rTSA, biomechanical
studies, and revision procedures. Additional exclusion
criteria included a mean follow-up of less than two
years for clinical outcomes. A shorter duration of
follow-up was accepted for evaluation of radiographic
parameters (i.e., retroversion correction). There were
no language restrictions.

A total of 173 articles were identified from the initial
electronic search, ultimately, nine articles were eligible
for inclusion (Figure 2). Data were extracted independ-
ently by two reviewers. Data collected from studies
included: author, year of publication, sample size, sex
and age of participants, implant used, duration of
follow-up,  patient-reported  outcome  measure
(PROM) used, and radiographic parameters.

Results
Demographic characteristics

A total of 312 shoulders in 308 patients underwent aTSA
using an augmented glenoid component between 2015
and 2020. Three studies directly compared outcomes fol-
lowing aTSA with augmented (N=110) and non-
augmented glenoid components (N =109).* 3! The six
remaining studies were case series’. The mean age of
patients was 65.1 years (range, 37-81 years), with
males comprising 68% of the sample. The mean dur-
ation of follow-up was 37.1 months (range, 2.3-72
months). Three studies utilized a full wedge (Equinoxe;
Exactech, Gainesville, FL, USA), four studies used a
stepped implant (Global StepTech; DePuy Synthes,
Warsaw, IN, USA), and two studies used a half wedge
component (Aequalis Perform+; Wright Medical
Group, Memphis, TN, USA).?* 7 Study characteristics
of included studies are summarized in Table 1.

Patient-reported outcome measures

There was considerable heterogeneity among PROMs
utilized between the nine eligible studies. The American
Shoulder Elbow Society (ASES) score was the most
frequently used PROM. Four studies®-3!**% with a
combined sample size of 68 shoulders included the

—
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Figure 2. PRISMA flow diagram.
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Figure 3. Slopegraph of patient-reported outcome measures. (a)

ASES. (b) Constant score. (c) SST. (d) UCLA. (e) VAS. ASES:

American Shoulder & Elbow Society; SST: Simple Shoulder Test; UCLA: University of California (Los Angeles); VAS: visual analog scale.

ASES score, which uniformly demonstrated an
improvement in pre- to post-operative scores. Similar
improvements were observed in the Constant,
University of California (Los Angeles) (UCLA), and
simple shoulder test (SST) scores (Figure 3). The
mean Visual Analog Scale (VAS) score from three stu-
dies®' 3% improved from 5.9 pre-operatively to 1.1 post-
operatively. Two studies?*° utilized the shoulder pain
and disability index (SPADI) and observed a decrease
in the mean score from 77 pre-operatively to 11.2 fol-
lowing augmented aTSA. Due to the lack of consistent
PROMs used among the include studies, results could
not be stratified by augmented component design (i.e.,
full wedge, half wedge, or stepped).

Range of motion

Six studies including 243 shoulders examined pre-opera-
tive and post-operative forward elevation and external
rotation, while three studies (129 shoulders) recorded
abduction and internal rotation. Mean pre-operative for-
ward elevation was 105°, which improved 45.9° to 150.9°
post-operatively. Abduction increased from 92.2° to
138.1°. External rotation rose an average of 31.9°,
from 18.6° to 50.5° while internal rotation showed an
improvement from a mean score of 2.8 to 5.3 post-opera-
tively ([1] Trochanter, [2] Buttock, [3] Sacrum, [4] L5-L4,
[5] L3-L1, [6] T8-T12, [7] T7, or higher) (Figure 4).

Radiographic outcomes

The mean pre-operative glenoid retroversion reported
. . . 30.33— .
in six studies’®**?7 was 21.8°, with an average

correction of 11.3° to 9.5° of retroversion post-
operatively (Figure 5). Radiolucency around the glen-
oid component was noted in 37% of shoulders (four
studies,>' 333¢ 148 patients); however, two-thirds of
these cases had a Lazarus radiolucency grading™ of I
and II (i.e., incomplete radiolucency and complete
radiolucency around one peg only). Center peg radio-
lucency was described in four studies, all of which
utilized a stepped glenoid component (Global
StepTech; DePuy Synthes, Warsaw, IN, USA). A
total of 19 peg perforations (11.7%) were noted.
Among the 113 shoulders in which extent of osteointe-
gration was graded, 14 shoulders (12.4%) demon-
strated osteolysis around the peg (grade I), while the
remaining 98 shoulders (87%) were found to have
grade II (bone growth to edge of flanges) or III
(bone growth within flanges) changes at mean
follow-up of 36.3 months.

Complications

A total of eight complications were reported in the eli-
gible studies.”” ***® Favorito et al.** noted an anterior
dislocation in a patient two weeks post-operatively,
requiring revision to a larger head. One patient suffered
two posterior dislocations, 22 months and 30 months
following surgery requiring revision to a rTSA. Priddy
et al. reported a prosthetic joint infection two and a half
years post-operatively and a case of aseptic glenoid
loosening three years post-operatively, both required
revision procedures. In both cases, the 16° augment
was utilized. Grey et al.>® noted two cases of glenoid
component loosening in Walch B2 glenoids requiring
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Figure 5. Slopegraph of glenoid retroversion correction.

revision and two cases of axillary neuropraxia. Warsaw, IN, USA). The authors did not find a statis-
A radiographic study by Ko et al.** reported a high tically significant association between peg perforation
peg perforation rate (44%) for the 5-mm stepped aug- and pre-operative retroversion or the amount of ver-
ment design (Global StepTech; DePuy Synthes, sion correction.
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Discussion

Classically, aTSA in the setting of a severely posteriorly
deficient glenoid has been a challenging clinical scen-
ario for shoulder arthroplasty surgeons. In shoulders
with a high degree of retroversion, it is widely accepted
that anterior glenoid reaming beyond 15° poorly cor-
rects posterior subluxation and is associated with a high
risk of peg perforation and anterior rim fracture.”
Current commercially available posterior augmented
glenoid implants aim to provide glenoid version correc-
tion while minimizing vault perforation, joint line med-
ialization and excessive subchondral bone removal. The
present systematic review identified nine recent studies
comprising of 312 shoulders that underwent aTSA with
an augmented glenoid component to address posterior
bone deficiency, with 21.8° of mean pre-operative retro-
version. Although the heterogeneity in outcome meas-
ures limited our ability to directly compare the three
currently available implant designs (i.e., full wedge,
half wedge, and stepped components), the short-term
outcomes of these augmented components have been
promising, with no evidence of superiority of one
design over another.

Radiographic complications following aTSA has
been a topic of interest within the shoulder arthroplasty
literature. Walch et al.® retrospectively analyzed 85
biconcave glenoids treated with aTSA and eccentric
reaming at a mean follow-up of 77 months and found
high rates of complication. They noted definite radio-
graphic loosening in 19 shoulders (20.6%) with 15 revi-
sions (16.3%) performed for aseptic glenoid loosening
(6.5%), posterior instability (5.5%), or soft tissue prob-
lems (4.3%). A statistically significant correlation
between radiographic loosening and increasing glenoid
retroversion, posterior wear and subluxation was
observed in this study. Walch and colleagues also
found that neoglenoid retroversion had the strongest
predictive value for postoperative complications.
However, a recent study by Grantham et al.** has chal-
lenged this view. The authors examined 51 B2 glenoids
with mean retroversion of 19.1° treated with aTSA (all-
polyethylene, pegged, cemented glenoid implant) and
non-corrective, concentric reaming. At mean follow-
up of 4.9 years, they noted that only two patients
(3.9%) had glenoid component loosening, both of
whom required revisions, but an overall implant sur-
vivorship rate of 95%. Similarly, Orvets et al.* par-
tially corrected B2 glenoid deformities with mean
retroversion of 18° and 67% posterior subluxation
using an eccentric reaming technique and noted excel-
lent functional and radiographic outcomes at
50-months.*' Moreover, Hendel et al.** previously
reported that use of patient-specific instrumentation
may result in greater accuracy (i.e., less over-reaming),
more appropriate version correction and lower

incidence of peg perforation when performing correct-
ive reaming in the setting of a B2 glenoid.** Our sys-
tematic review found that the use of an augmented
glenoid component in the setting of posterior glenoid
deficiency had the ability to obtain a mean retroversion
correction from 21.8° to 9.5° post-operatively with low
rates of radiographic and clinical complication at early-
to mid-term follow-up.

Three studies®-*!*® included in our review reported
the results of a full wedge augmented glenoid design
(Equinoxe; Exactech, Gainesville, FL, USA). Wright
et al. compared 24 age- and sex-matched patients trea-
ted with a full wedge posterior augmented glenoid to
those treated with a standard glenoid component and
eccentric reaming. They noted that 60% of posteriorly
augmented shoulders demonstrated a radiolucent line
with a mean radiographic glenoid line score of 1.1,
whereas one-third of non-augmented shoulders were
found to have a radiolucent line with mean radio-
graphic glenoid line score of 0.438.%° However, no revi-
sion procedures were required and no significant
differences in clinical outcomes were noted between
the two groups at two-year follow-up. Priddy et al.®!
found that greater degrees of augmentation (16° vs. 8°
augment) accounted for half of all at-risk glenoids in
their study with one of four shoulders requiring revi-
sion to hemi-arthroplasty for symptomatic aseptic
loosening at three-year follow-up. The authors of this
study discontinued the use of the 16° augment in favor
of rTSA for cases of severe posterior glenoid defi-
ciency.’! Grey et al.*® reported excellent clinical and
radiographic results with an 8° full wedge glenoid aug-
ment (Equinoxe: Exactech, Gainesville, FL, USA) in 68
shoulders at 50-month follow-up with only two cases
(2.9%) requiring revision for aseptic loosening of the
glenoid component.*® While the 8° full wedge implant
has shown promising short- to mid-term clinical and
radiographic results, the 16° augment appears to have
a higher rate of radiographic and clinical aseptic glen-
oid loosening. Overall, the use of a full wedge glenoid
component (including both 8° and 16° augments)
resulted in a low revision rate for aseptic loosening of
2.4% (3 out of 125) across the three eligible studies in
this review.?-!-3¢

Four studies®®**** included in this review utilized a
stepped glenoid component (Global StepTech, DePuy
Synthes) with a weighted mean glenoid retroversion of
24.4°. Clinically, a statistically significant improvement
was observed in both range of motion and patient
reported outcomes across these studies. However,
radiographically, there was a higher rate of lucency’>>*
and peg perforation’®* noted. Overall, the stepped
glenoid design was found to have a 11.7% peg perfor-
ation rate. This translated to one aseptic loosening out
of 112 shoulders (0.8%) demonstrating excellent
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short-term results (2.4 - to 3-year follow-up). However,
the high rate of peg perforation does raise some con-
cern for the long-term stability of the implant as peg
perforation has been associated with poor clinical out-
comes.'* The volume of bone removed during prepar-
ation of the glenoid for a stepped implant may
contribute to this. Knowles et al. conducted a compu-
tational comparison of various augmented glenoid
components including stepped, full wedge, and half
wedge designs and noted the stepped design resulted
in substantially greater volume of bone removal and
poorer quality supporting bone.*?

The current review demonstrates that the use of an
augmented glenoid component (irrespective of design)
to address severe posterior bone loss in patients
undergoing aTSA is a promising solution to a challen-
ging problem. However, these findings should be
viewed with cautious optimism as they only represent
early- to mid-term results. This is particularly import-
ant when viewed in the context of the excellent short- to
mid-term outcomes reported with both corrective and
non-corrective eccentric reaming.**' Furthermore, the
degree of posterior glenoid deficiency included in this
systematic review was moderate in severity with a mean
retroversion of 21.8°. More severe bone loss and retro-
version may preclude use of an aTSA. Likewise, use of
an augmented glenoid component in milder deformity
may result in excessive joint line lateralization and
resultant overstuffing of the joint. As such, identifying
the appropriate clinical setting and patient profile for
use of an augmented glenoid component still requires
further clarification. Lastly, this systematic review is
comprised of levels IIT and IV studies, which makes it
difficult to make any definitive conclusions or evidence-
based recommendations from their findings. However,
it is important to note that this review represents the
best available clinical evidence on short-term outcomes
with augmented glenoid use in aTSA.

Conclusion

The use of an augmented glenoid component for the
correction of posterior bone loss among patients
undergoing aTSA was associated with low overall
rates of complication (2.6%), revision surgery (1.9%)
and excellent clinical outcomes at short-term follow-up.
However, early reports demonstrated use of a 16° full-
wedge glenoid component (Equinoxe; Exactech,
Gainesville, FL, USA) may be related to a higher inci-
dence of radiographic lucency and aseptic loosening,
while the augmented 5-mm stepped design (Global
StepTech, DePuy Synthes) may be associated with
higher rates of peg perforation, raising some concern
for long-term implant stability. As such, prospective
studies examining mid- and long-term results as well

as head-to-head comparisons between the various
implant designs will help further elucidate safety and
efficacy of these relatively new implants.
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