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Background: One innovation to reduce glenoid loosening in total shoulder arthroplasty (TSA) is a large,
central ingrowth peg. However, when bone ingrowth fails to occur, there is often increased bone loss
surrounding the central peg which may increase complexity of subsequent revisions. Our goal was to
compare outcomes between central ingrowth pegs and noningrowth pegged glenoid components during
revision to reverse total shoulder arthroplasty.
Methods: In a comparative retrospective case series, all patients who underwent TSA-to-reverse TSA
revision between 2014 and 2022 were reviewed. Demographic varibles as well as clinical and radio-
graphic outcomes were collected. Ingrowth central peg and noningrowth pegged glenoid groups were
compared using t-test, Mann-Whitney U, Chi-Square, or Fisher’s exact tests where indicated.
Results: Overall, 49 patients were included: 27 underwent revision from noningrowth and 22 from
central ingrowth components. Females more commonly had noningrowth components (74% vs. 45%,
P ¼ .04) and preoperative external rotation was higher in central ingrowth components (P ¼ .02). Time to
revision was significantly earlier in central ingrowth components (2.4 vs. 7.5 years, P ¼ .01). Structural
glenoid allografting was required more with noningrowth components (30% vs. 5%, P ¼ .03) and time to
revision in patients ultimately requiring allograft reconstruction was significantly later (9.96 vs. 3.68
years, P ¼ .03).
Conclusion: Central ingrowth pegs on glenoid components were associated with decreased need for
structural allograft reconstruction during revision; however, time to revision was earlier in these
components. Further research should focus on whether glenoid failure is due to glenoid component
design, time to revision, or both.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Anatomic total shoulder arthroplasty (TSA) has become the
standard of care for managing glenohumeral osteoarthritis in the
setting of an intact rotator cuff.4,8,15,20 However, glenoid component
loosening remains one of the most common causes of failure after
TSA.5,17,18 Radiographic evidence of glenoid component loosening
has been associated with worse clinical outcomes and increases the
risk for revision surgery in long-term follow-up.5,17,18 Heightened
awareness of glenoid component loosening has led to innovations
in implant design.3,11
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Traditionally, an all-polyethylene component was implanted
into the glenoid with cement, using either a central keel (keeled) or
multiple pegs (pegged). Loosening with these designs led to the
introduction of the large, fluted central pegs with several small
peripheral pegs. Addition of the larger, central peg theoretically
allowed for bony ingrowth between flutes.22 For the purpose of this
study, glenoid components will be discussed as noningrowth
(multiple pegs) or central ingrowth (peripheral pegs plus a central
peg).

Initial studies of central ingrowth components showed excellent
bony integration, including fingerlike projections of bone between
flanges.12 More recently, however, literature has begun to describe
radiolucency around the central ingrowth peg and subsequent
clinical failure has become a subject of concern with this implant
design.13,19 Furthermore, this design inherently requires more bone
removal via drilling to allow for implantation of the larger central
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Figure 1 Inclusion and exclusion criteria flowchart. RTSA, reverse total shoulder arthroplasty.
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peg, which may consequentially lead to an increased difficulty
during revision when facing increased bone loss.

Despite these new advances in component design and overall
good-to-excellent outcomes of TSA, aseptic loosening of the glenoid
component remains one of the primary causes of TSA failure.12 It
remains unknown whether revision of central ingrowth glenoid
components complicates revision, as compared to noningrowth
pegged glenoid components. The purpose of this study was to
compare intraoperative outcomes between central ingrowth vs.
noningrowth glenoid components during TSA-to-reverse TSA
(rTSA) revision. Our hypothesis was that the revision of central
ingrowth glenoid components would be associated with increased
surgical complexity compared to noningrowth components,
demonstrated by increased operative time and blood loss.

Materials and methods

Patient selection

All patients who underwent a revision TSA between 2014 and
2022 were identified using Current Procedural Terminology code
number 23474. All procedures were indicated and performed by
2 Shoulder and Elbow fellowship-trained surgeons at a single
institution. A retrospective chart review of the electronic medical
record was performed on all patients. All patients with a revision
TSA-to-rTSA were included. Utilization of central ingrowth peg
vs. noningrowth pegged glenoid components for the primary TSA
was determined by operative note review and, when necessary,
confirmed via radiographic analysis by the 2 surgeons. On im-
aging, ingrowth components showed either a fluted central post
or a central metal post with ingrowth coating. Exclusion criteria
included patients with primary components that were not a
standard TSA (patients who underwent revisions from rTSA or
hemiarthroplasty), revision to components other than an rTSA, or
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hardware removal without reimplantation. Patients were also
excluded if the glenoid components used in the primary TSA
were keeled or metal-backed (Fig. 1). Patients lost to follow-up
with no radiographic or clinical follow-up were excluded from
this study; however, there was no minimum length of follow-up
requirement as intraoperative findings were our primary
outcome.

Data collection

For the patients who met the above inclusion/exclusion criteria,
a retrospective chart review of the electronic medical record was
performed. Demographics, preoperative, intraoperative, and post-
operative variables were collected. Demographics included gender,
age at surgery, laterality, body mass index, and American Society of
Anesthesiologists score. Additional risk factors collected included
diagnosis of osteoporosis, current tobacco use, and history of illicit
drug use. Indication for revision, including evidence of glenoid
loosening, was determined by the primary surgeon via both clinical
and radiographic evaluation and confirmed with intraoperative
findings. Preoperative variables included range of motion and
patient-reported outcomes (PROs) scores were also recorded. PROs
included American Shoulder and Elbow Surgeons Shoulder score,
visual analog scale pain score, Patient-Reported Outcomes Mea-
surement Information System (PROMIS) physical function, and
PROMIS upper extremity scores.1,2 Intraoperative variables
included the use of and type of allograft, baseplate augmentation,
skin-to-skin time, blood loss, and intraoperative complications.
Need for bone allograft reconstruction was determined
intraoperatively. Postoperative variables included most recent
follow-up, American Shoulder and Elbow Surgeons, visual analog
scale, and PROMIS upper extremity and complications, including
hematoma, infection, instability, periprosthetic fracture, nerve
injury, and reoperation.



Table I
Preoperative variables by group reported as mean (SD) or n (%).

Variable Noningrowth peg
(N ¼ 27)

Ingrowth peg
(N ¼ 22)

P value

Female Sex 74% (20/27) 45% (10/22) .041
Surgeon 1 22% (6/27) 50% (11/22) .042
Osteoporosis 26% (7/27) 23% (5/22) .796
Current Smokers 11% (3/27) 18% (4/22) .685
History of illicit drug use 7% (2/27) 5% (1/22) 1.000
ASA .897
2 52% (14/27) 50% (11/22)
3 48% (13/27) 50% (11/22)

Right Side 56% (15/27) 45% (10/22) .482
BMI 32 ± 7 30 ± 5 .546
Age at surgery 68 ± 10 65 ± 7 .335
Active Forward Elevation 88 ± 41 84 ± 52 .761
Adducted External Rotation 41 ± 15 64 ± 38 .016
ASES score 35 ± 17 40 ± 22 .654
VAS Pain Score 9 ± 16 6 ± 3 .696
PROMIS Physical Function 34 ± 18 40 ± 5 .857
PROMIS Upper Extremity 30 ± 7 31 ± 4 .572
Years after primary

arthroplasty
7.5 ± 5.2 2.4 ± 3.4 .007

Cuff Failure 19 14 .7142*
Glenoid Loosening 7 3 .7142*

SD, standard deviation; ASA, American Society of Anesthesiologists; ASES, American
Shoulder and Elbow Surgeons; VAS, visual analog scale; PROMIS, patient-reported
outcome measurement information system.

*Fisher’s exact test.

Table II
Intraoperative variables by group reported as mean (SD) or n (%).

Variable Noningrowth peg
(N ¼ 27)

Ingrowth peg
(N ¼ 22)

P
value

Structural Femoral Head
Allograft

30% (8/27) 5% (1/22) .030

Allograft chips 7% (2/27) 9% (2/22) 1.000
Augmented baseplate
Half Wedge 0/22 0/22 NA
Full Wedge 15% (4/27) 27% (6/22) .311
Custom Baseplate 4% (1/27) 0% (0/22) 1.000
Any Glenoid Augmentation 48% (13/27) 32% (7/22) .247
Operative time (min) 149 ± 34 157 ± 96 .469
Blood loss (mL) 267 ± 118 282 ± 115 .813

NA, not applicable; SD, standard deviation.
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Statistical analysis

Descriptive statistics were calculated for both the central
ingrowth and the noningrowth glenoid component groups.
Continuous variables were compared between groups using stu-
dent’s t-test and Mann-Whitney U test as appropriate depending
upon data normality as determined using the Kolmogorov-Smirnov
test. Discrete variables were compared between groups using
Chi-square tests or Fisher’s exact tests as appropriate depending
upon cell populations. All analyses were conducted in Excel 16
(Microsoft, Redmond, WA, USA) and SPSS (v 28; IBM, Armonk, NY,
USA) with a significance value of P < .05.

Results

Patient selection/demographics

A total of 312 patients between 2014 and 2022 were identified
by Current Procedural Terminology code alone undergoing revision
shoulder arthroplasty. Of these, 255 were excluded as undergoing
procedures other than revision TSA-to-rTSA. An additional 8 pa-
tients were excluded due to having a primary TSA with a keeled or
metal-backed glenoid component. Thus, 49 patients were included
in the final analysis.

Overall, 27 (55%) underwent revision from a noningrowth
pegged glenoid component and 22 (45%) underwent revision from
a central peg ingrowth glenoid component (Fig. 1). Average follow-
up time status postrevision rTSA for noningrowth components was
12.6 ± 11 months and for ingrowth components was 16 ± 16
months. Females more commonly had noningrowth glenoid com-
ponents (74%) compared to ingrowth components (45%) for their
primary TSA (P ¼ .04, Table I). Patient age, body mass index,
American Society of Anesthesiologists score, laterality, diagnosis of
osteoporosis, current tobacco use, and history of illicit drug use
were similar between groups (P > .05).

Intraoperative variables

Structural femoral head allograft was used significantly more
frequently in patients who previously had noningrowth glenoid
primary component (P¼ .03, Table II). Average time to revision rTSA
from anatomical TSA was significantly longer in those requiring
allograft (10.0 ± 5.2 years vs. 3.7 ± 4.1 years, P ¼ .03). Otherwise,
there was no other significant difference in augmentation of
baseplate components, use of custom baseplate, operative time, or
blood loss between groups. Intraoperative complication rates were
similar between groups (P ¼ .68).

Clinical outcomes

Revision rTSA occurred significantly earlier in the ingrowth
glenoid group at an average of 2.4 years following primary
arthroplasty, compared to 7.5 years in the noningrowth glenoid
components (P ¼ .01). Revision indications based on glenoid
loosening included 14% who had noningrowth pegs and 6% with
ingrowth pegs, which were nonsignificant (P ¼ .72).

Preoperative range of motion including active forward flexion
was similar between groups (83 ingrowth, 88 noningrowth), but
external rotation in adduction was significantly higher in the
ingrowth glenoid component group (67 ingrowth, 41 noningrowth;
P¼ .02). Preoperative and postoperative PRO scores were all similar
between groups (P > .05).

Rates of postoperative infection, periprosthetic fracture, and
hematoma were higher in patients with primary noningrowth
glenoid components (8%, 8%, and 4%, respectively; Table III)
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compared to ingrowth components (0%, 0%, and 0%, respectively),
although these differences were not significant (P > .05). There
were no instances of instability in either group. Postoperative nerve
deficits were more common in the ingrowth glenoid component
group (9% vs. 4%), although this was not significant (P¼ .59). Overall
complication and reoperation rates were more common in the
noningrowth glenoid component group (33%) compared to the
ingrowth group (23%), although this was not significant (P ¼ .55).
Discussion

While polyethylene glenoid component design has been a focus
in the field of arthroplasty because of the frequency glenoid
component loosening,16,21 no literature currently explores the
downstream effects of these components on subsequent revision
rTSA. Our study evaluated the surgical and early postoperative
outcomes of revision TSA-to-rTSA, specifically from central
ingrowth peg vs. noningrowth pegged primary components. In this,
our data showed an increased need for femoral head allografts
during revisions of noningrowth pegged components, suggesting
our hypothesis was incorrect and increased surgical complexity
occurs with noningrowth pegged components. Our data also



Table III
Postoperative complications by group reported as n (%).

Complication Noningrowth peg
(N ¼ 27)

Ingrowth peg
(N ¼ 22)

P
value

Intra-operative 15% (4/27) 9% (2/22) .678
Hematoma 4% (1/27) 0% 1.000
Infection 8% (2/27) 0% .493
Dislocation 0% 0% NA
Fracture 8% (2/27) 0% .493
Nerve Injury 4% (1/27) 9% (2/22) .587
Reoperation 11% (3/27) 5% (1/22) .614
Complication/

reoperation
33% (9/27) 23% (5/22) .539

NA, not applicable.
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showed that the time to revision was significantly longer for non-
ingrowth components, which may contribute to the glenoid vault
destruction and need for bony allograft reconstruction.

In the present study, there was no significant association be-
tween increased complications and central ingrowth peg glenoid
components during revision rTSA. In literature, Chalmers et al
outline the complication rates in revision rTSA via a selective re-
view of 9 reports, which showed a weighted average as high as
33%.6 The present study shows similar rates for noningrowth
components (33%) and slightly less for central ingrowth compo-
nents (22%). This study thus reflects the current literature that
revision shoulder arthroplasties are complex surgical procedures
with high rates of complications. Additionally, it showed no asso-
ciation of the initial anatomic glenoid component design with
intraoperative revision variables, such as operative time, blood loss,
or the need for glenoid augmentation. Overall, these results suggest
that ingrowth components do not increase complications or sur-
gical complexity at the time of revision arthroplasty if required.

Our study showed a significant association between nonin-
growth components and glenoid bone loss requiring structural
allograft during revision. An example of this bone loss and subse-
quent femoral head structural grafting in revision of a noningrowth
TSA-to-rTSA is demonstrated in Fig. 2. This finding is supported by
recent literature, where Klein et al reported 39% of patients with
abnormal glenoid morphology during revision procedures, 15% of
which required structural allograft.14 The increased frequency of
structural grafting in revision of noningrowth components is likely
due to the overall difference in time to revision between nonin-
growth (7.5 ± 5.2 years) and ingrowth components (2.4± 3.4 years).
A review of literature reports on the timelines between primary
TSA failure and revision rTSA foundminimal results, with one study
Figure 2 Patient requiring glenoid grafting during revision RTSA secondary to glenoid bo
reverse total shoulder arthroplasty.
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showing a time to revision of 5.8 years,10 while another was 3.06
years.7 These reports, however, did not explore glenoid compo-
nents and thus differ in our report of the potential impact of time to
revision with noningrowth components.

When comparing the difference in time until revision between
cases requiring glenoid grafting vs. those that did not, the grafted
cases were performed in patients with a significantly greater length
of time between the initial surgery and revision (10.0 vs. 3.7 years).
One explanation for the etiology of this bone loss in noningrowth
components includes the potential for increased attritional bone
loss due to component micromotion over extended periods of time.
Glenoid component shift after anatomic TSA has previously been
described by Ricchetti et al, whose results demonstrate no signifi-
cant association with ingrowth components.19 Additionally, Dillon
et al explored the association between various glenoid component
designs, showing differential risks in revision due to glenoid loos-
ening with noningrowth components when compared to ingrowth
glenoid components.9 Thus, the literature supports the hypothesis
that increased bone loss may, in part, be due to increased
micromotion over time with noningrowth components.

Our study aligns with these theories as the time to revision in
our noningrowth glenoid components is significantly longer. This
may increase the potential for bone loss, potentially via both
micromotion and the increased time to failure, and leads to sub-
sequent intraoperative requirement for glenoid allograft. It is un-
clear, however, if the increased risk for bone grafting was a result of
the noningrowth implants or the longer duration of time from
initial surgery but likely it is a combination of both. Additionally,
the difference in time to revision may be because ingrowth
components have not been available for as long as noningrowth
components, creating a lead-time bias. Alternatively, it may be
because ingrowth components tend to fail earlier than nonin-
growth components when bony integration fails to occur because
there is less cement fixation of the fluted central peg component.

Limitations

This study has several limitations. First, there is a small sample
size. The limited sample size increases the risk for type II error,
while also increasing fragility. However, this is a sample collected
from a large range of time in a high-volume revision referral center.
A larger study may find a statistically significant difference in some
of the analyses that were not found to be significant. Second, this
was a study of intraoperative factors and the immediate post-
operative period, that is, requirement for revision with a graft. A
study with longer follow-up may yield additional significant
ne loss, including preoperative (A) and postoperative (B) radiographic imaging. RTSA,
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findings regarding complications or reoperations or patient out-
comes. Third, this is a 2-surgeon study and is thus relatively ho-
mogeneous. In particular, 1 of these 2 surgeons performed a larger
percentage of both ingrowth and noningrowth revisions, and thus
our findings may not be generalizable outside of that surgeon’s
practice. Additionally, this bias may apply to the difference in bone
loss evaluation, where CT scans for all patients were not available
and a reliable radiographic evaluation standard for glenoid bone
erosion does not exists.

Conclusion

During revision of TSA to rTSA, central ingrowth peg compo-
nents do not appear to worsen bone loss as they were associated
with decreased need for glenoid structural allograft when
compared to noningrowth pegged components. However, ingrowth
components were associated with an earlier time to revision. Need
for revision and concomitant structural allografting is likely
multifactorial and may be a result of the length of time to revision,
the primary component design, or both.
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