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Abstract Objective There are few studies to date reporting on outcomes following reverse
total shoulder arthroplasty with cohorts stratified by glenosphere size. The purpose of
this study is to investigate the role that glenosphere size has on postoperative
outcomes.
Methods Patients who underwent reverse TSA between 1987 with minimum of 2.0
years of follow-up were included. Patients were stratified into two cohorts based on
glenosphere size of 36mm or 40mm. Patients’ range of motion, patient-reported
outcomes, and radiographic variables (glenoid preoperative morphology, scapular
notching, humeral loosening) were evaluated.
Results All measurements of range of motion measurements with the exception of
internal rotation saw significant preoperative to postoperative improvements within
each cohort. There were no significant differences in postoperative range of motion,
ASES, or VAS pain scores across the two cohorts. Overall, forward elevation improved to
134°�16° in the 36mm cohort and 133°�14° in the 40mm cohort (p¼0.47). External
rotation improved to 37°�13° for 36mm patients and 35°�19° for 40mm patients
(p¼0.58). In the 36mm group, internal rotation increased by 1.3 vertebral levels and
2.3 vertebral levels in the 40mm cohort. At final follow-up, the 36mm cohort had a VAS
score of 2�2, ASES score of 66�19, and SSTscore of 6� 3. Similarly, the 40mm cohort
had a VAS score of 2�3, ASES score of 77� 28, and SST score of 9�3.
Conclusions Reverse TSA provides sustained improvements in range of motion and
shoulder function irrespective of glenosphere size.
Level of Evidence III.
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Introduction

Reverse total shoulder arthroplasty (reverse TSA) is an
effective treatment for several shoulder arthropathies and
has been shown to provide substantial improvements in pain
and shoulder function.1–3 In the past decade, there has been
over a 3-fold increase in the number of reverse TSA proce-
dures performed annually in the United States as the number
of approved indications rapidly expanded.4–13While reverse
TSA overall is clinically effective, questions remain on how
different implant types and sizes affect outcomes. Specifi-
cally, the choice of glenosphere size is one of the few
variables controllable by the operating surgeon.

There are conflicting reports about the impact that
glenosphere size has on functional outcomes following
reverse TSA. Mollon et al.14 and others suggest that larger
glenospheres may correlate with better functional out-
comes and improved radiographic results.15–17 On the other
hand, Schoch et al. and others found insufficient evidence to
support the claim that glenosphere size significantly affects
functional outcomes.18,19 Sabesan et al.20 also report that
any difference in functional outcomes is hard to attribute to
any one variable as it is difficult to control for demographic

and anatomic variations in the patient population, specifi-
cally with regards to consistent placement of the gleno-
sphere. Additionally, while the choice of glenosphere size is
one of the few variables controllable by the operating
surgeon, there are no established guidelines for determin-
ing the optimal size for each patient. It is commonly known
that glenosphere size usually comes down to surgeon
preference as a smaller glenosphere lends itself to easier
insertion but a larger glenosphere may reduce the risk of
future dislocation.

The purpose of this study is to contribute to the existing
literature and evaluate the impact that glenosphere size has
on functional outcomes following reverse TSA at mid- to
long-term follow-up. We hypothesized that there would be
no significant difference between glenosphere sizes with
regards to shoulder function and pain.

Methods

Patient Population
The institutional review board approved this study. The
institutional shoulder arthroplasty registry was queried
using CPT code 23472 to identify the patients who had

Resumo Objetivo Até agora, poucos estudos relataram os desfechos da artroplastia total
reversa (ATR) de ombro com coortes estratificadas pelo tamanho da glenosfera. O
objetivo deste estudo é investigar o papel do tamanho da glenosfera nos desfechos pós-
operatórios.
Métodos O estudo incluiu pacientes submetidos à ATR de ombro desde 1987 com
acompanhamento mínimo de 2,0 anos. Os pacientes foram estratificados em duas
coortes com base no tamanho da glenosfera (36mm ou 40mm). A amplitude de
movimento, os desfechos relatados pelo paciente e as variáveis radiográficas (morfo-
logia pré-operatória da glenoide, incisura escapular e instabilidade do úmero) foram
avaliados.
Resultados Todas as medidas de amplitude de movimento, à exceção da rotação
interna, melhoraram de forma significativa entre o período pré-operatório e pós-
operatório nas duas coortes. Não houve diferenças significativas na amplitude de
movimento pós-operatória, pontuação da American Shoulder and Elbow Surgeons
Standardized Shoulder Assessment Form (ASES) ou escala visual analógica (EVA) de
dor entre as duas coortes. De modo geral, a elevação anterior melhorou para
134°�16° na coorte de 36mm e 133°� 14° na coorte de 40mm (p¼ 0,47). A rotação
externa melhorou para 37°� 13° em pacientes da coorte de 36mm e 35°� 19° em
pacientes da coorte de 40mm (p¼ 0,58). A rotação interna aumentou 1,3 níveis
vertebrais na coorte de 36mm e 2,3 níveis vertebrais na coorte de 40mm. No último
acompanhamento, a coorte de 36mm apresentou EVA de 2�2, ASES de 66�19 e
pontuação do Simple Shoulder Test (SST) de 6�3. Da mesma forma, a coorte de 40mm
teve EVA de 2� 3, ASES de 77�28 e SST de 9�3.
Conclusões A ATR de ombro causa melhoras sustentadas da amplitude de movi-
mento e função articular independentemente do tamanho da glenosfera.
Nível de Evidência III.
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undergone a reverse total shoulder arthroplasty. Each chart
was screened, and patients were included if they had a
minimum follow-up of 2.0 years. Patients were excluded if
they had an anatomic TSA, hemiarthroplasty, or follow-up
time less than 2.0 years. Demographic information such as
age at surgery, sex, revision status, and BMI were recorded.
Implant survival was defined as shoulders that did not go
onto revision following index reverse TSA. Implant size was
determined intra-operatively based on anatomic evaluation.
Preoperative planning software was not utilized to deter-
mine the size before surgery.

Clinical Evaluation
The clinical endpoints measured in this study were range of
motion scores and patient reported outcomes. Range of
motion scores include forward elevation, external rotation,
and internal rotation values of the shoulder as evaluated by
the operating surgeon at both preoperative and latest
postoperative visits. Patient reported outcomes include
self assessment scores comprising Visual Analog Scale
(VAS), ASES, the Simple Shoulder Test (SST) scores, and
conversion metrics. Internal rotation was categorized as
defined by Amroodi et al.21 Implant survival time in sub-
jects, defining failure as either implant revision or removal,
was conducted using Kaplan-Meier survival analysis. Any
differences in survival distributions were determined using
a log rank test.

Radiographic Assessment
Radiographic analysis was conducted by two fellowship
trained orthopedic surgeons (B.O.P and P.J.C). A fellow (S.M.)
was available to review any discrepancies between the two
reviewers. The preoperative glenoid morphology was ana-
lyzed using theWalch classification system.22Humeral lucen-
cy and glenoid loosening were defined using the system
outlined in Sanchez et al.23; radiolucent lines >2mm were
recorded by zone. Scapular notching was also assessed.

Statistical Analysis
Categorical variables were analyzed using either χ2 or Fish-
er’s Exact test. Normality of continuous variables was deter-
mined by a Kolmogorov-Smirnov test from which a Mann
Whitney U or student’s t-test was run. Outcomes were
expressed as mean� standard deviation. Preoperative, post-
operative, and change in pre- to post-operative range of
motion (ROM), patient reported outcomes (PROs), and ra-
diographic measures were compared using a one-way anal-
ysis of variance (ANOVA) test. A Pearson’s coefficient was
used to compare the association between overall BMI and
patient’s age at surgery, ROM, and PRO scores. A p-value
<0.05 was considered significant.

Results

Overall
50 shoulders met inclusion criteria andwere included in this
study. The glenosphere distribution was 36mm (n¼38) and

40mm (n¼12). 34/38 of the 36mm glenosphere patients
were female, while only 2/12 of the 40mmcohort was female
(p<0.01). There were 14 males and 36 females included in
the study. There were 40 index rTSA cases and 10 revision
rTSAs.

36mm Glenosphere Cohort
The average age at surgery was 72.1�7.4 years with an
average follow-up time of 6.7�3.3 years. 34/38 patients
were female (89%) and 4/38 were female (11%). Patients
presented for surgery with an average BMI of 28.4�5.9 with
an average ASA score of 2.3�0.6. The three most common
indications for surgery were arthropathy (n¼16), failed
hemiarthroplasty for fracture (n¼10), and chronic fracture
dislocation with rotator cuff tear (N¼3). Reverse TSA with
latissimus dorsi tendon transfer was performed in 13
shoulders.

40mm Glenosphere Cohort
The average age at surgery was 74.1�7.2 years with an
average follow-up time of 4.8�3.1 years. 10/12 patients
were male. Patients presented for surgery with an average
BMI of 27.3�4.5 with an average ASA score of 2.5�0.5. The
three most common indications for surgery were arthropa-
thy (n¼6), failed hemiarthroplasty for fracture (n¼4), and
chronic fracture dislocation with rotator cuff tear (N¼2).
Reverse TSA with latissimus dorsi tendon transfer was per-
formed in 2 shoulders.

Outcomes: 36mm Cohort
All measurements of range of motion saw significant
preoperative to postoperative improvements. Overall,
forward elevation improved from 81°�46° preoperatively
to 134°�16° postoperatively (p<0.01). External rotation
improved from 26°�31° preoperatively to 37°�13°
(p<0.01) while internal rotation improved from 1.3 verte-
bral levels (p¼0.35). Significant improvements were
also seen for each patient reported outcome index.
ASES scores improved from 33�16 preoperatively to
66�19 postoperatively (p<0.01). SST scores improved
from 2�2 preoperatively to 6�3 (p<0.01). VAS pain
index scores went from a mean preoperative score of
6�3 to a mean postoperative score of 2�2 (p<0.01)
(►Table 1).

Table 1 Comparison of postoperative outcomes

Measure 36mm 40mm p-value

Forward Elevation (o) 134� 16 133� 14 0.47

External Rotation (o) 37� 13 35�19 0.58

Internal Rotation 1.3 2.3 0.84

ASES 66� 19 77�28 0.05

SST 6�3 9�3 <0.01

VAS 2�2 2�3 0.68
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Outcomes: 40mm Cohort
All measurements of range of motion saw significant preop-
erative to postoperative improvements. Overall, forward
elevation improved from 74°�7° preoperatively to
133°�29° postoperatively (p¼0.02). External rotation im-
proved from 11°�28° preoperatively to 35°�19° (p¼0.04)
while internal rotation improved on average by 2.3 vertebral
levels (p-value¼0.28). Significant improvements were also
seen for each patient reported outcome index. ASES scores
improved from 30�19 preoperatively to 77�28 postopera-
tively (p<0.01). SST scores improved from 3�4 preopera-
tively to 9�3 (p<0.01). VAS pain index scores went from a
mean preoperative score of 7�3 to a mean postoperative
score of 2�3 (p<0.01) (►Table 1).

Comparison of Cohort Outcomes
There was no significant difference in range of motion across
the two cohorts. For patient-reported outcomes, the 40mm
cohort had a significantly higher SST score, but there was no
difference in ASES or VAS scores. The 36mm cohort had four
surgically revised complications while the 40mm cohort had
none. For a complete comparison of postoperative outcomes,
please see ►Table 1.

Radiography
Preoperative radiography was available for 30 shoulders.
Walch glenoid classification was able to be done in eighteen
36mm shoulders: A1 (n¼12), A2 (n¼3), B2 (n¼1), B3
(n¼1), and D (n¼1) and twelve 40mm shoulders: A1
(n¼4), A2 (n¼3), B2 (n¼3), B3 (n¼1), and D (n¼1). The
pre-RTSAmorphology could not be assessed in three should-
ers due to anterior glenoid fracture (n¼2) and previous
anatomic TSA (n¼1). Postoperative radiography was avail-
able for all patients. Postoperative scapular notching was
seen in 8/38 of the 36mm patients and 2/12 of the 40mm
cohort at final follow-up (p-value¼0.46). Glenoid loosening
was seen in three 36mm cohort shoulders. Humeral loosen-
ing was seen in six 36mm and three 40mm shoulders.
Tuberosity resorption was seen in six 36mm glenosphere
shoulders.

Complications and Revisions
Therewere four complications that were surgically revised in
the 36mm cohort. One index rTSA patient was revised two
months following surgery for a disassembled glenosphere.
One index rTSA patient experienced baseplate loosening 5.8
years following surgery, which was revised. One index rTSA
patient was revised 8.9 years after surgery due to an infec-
tion. One revision rTSA patient had the prosthesis explanted
due to an infection 3.8 years after reverse TSA. The 40mm
cohort had no complications or revisions.

Discussion

There have been several studies to date that investigate the
role of glenosphere size on outcomes following reverse total
shoulder arthroplasty.14,16,17,24 While there is some litera-
ture to suggest that larger glenosphere sizes are associated

with improved outcomes, other studies suggest there are no
advantages to such an approach. In this study, we found that
there was no significant difference in range of motion or
patient-reported outcomes for patients who received a
36mm or 40mm glenosphere.

Earlier studies have suggested that a larger glenosphere
size is associated with increased postoperative external
rotation.14–16 Haidamous et al found that patients with a
larger glenosphere were significantly more likely to have an
external rotation greater than 30°16 Similarly, Mueller et al
demonstrated that at 5 years follow-up, patients with a
44mm glenosphere had an average of 12° more external
rotation than their 36mm counterparts.14 A biomechanical
cadaveric study by Langohr et al.19 also demonstrated that
increasing glenosphere size did not lead to an increased
external rotation. Thus, there are conflicting findings sur-
rounding the relationship between glenosphere size and
external rotation. In our study, we found there was no
significant difference in postoperative external rotation
between the 36mm and 40mm glenospheres (36mm: 37°;
40mm: 35°; p-value¼0.58). However, our findings may be
due to a much smaller sample size of 40mm glenospheres.
We hypothesize that if there was an increased number of
40mm patients, that they would have a significantly higher
external rotation. In a future study, it would be valuable to
control for confounding variables such as patient age,
activity level, and indication for surgery when assessing
for the relationship between glenosphere size and external
rotation.

Patient reported outcome scores are valuable in assessing
self-reported shoulder function after reverse TSA. In a study
investigating 370 38mm and 219 42mm glenospheres,
Schoch et al found no significant difference in ASES and
Constant scores at a mean follow-up of 2.6 years.18 Similarly,
Sabesan et al.20 also demonstrated that a larger glenosphere
size does not confer an advantage in regards to patient-
reported outcomes. In our study, we found there were no
significant differences in ASES or SST scores between the
36mm and 40mm cohorts at an average of 5–7 years follow-
ing surgery. However, there was a significant difference in
SSTscores (36mm: 6�3; 40mm; 9�3; p-value<0.01). Most
notably, both cohorts reported an identical mean VAS score
of 2, which suggests that all sizes of glenospheres are
effective at reducing pain in reverse TSA candidates. These
findings are promising - regardless of glenosphere size,
patients can achieve excellent outcomes following reverse
TSA.

There have beenmultiple studies to date investigating the
role of glenosphere size on scapular notching in reverse
TSA.14,17,24 While there are some studies suggesting that a
larger glenosphere reduces the risk of scapular notching,
other studies suggest no such advantage exists.14,15,17,24 In a
mid-term follow-up study, Mueller et al found no significant
differences in the incidence of scapular notching in patients
who received a 36mm or 44mm glenosphere.14 Similarly,
Mollon et al.17 found 10% of 38mm cohort and 9.5% of 42mm
cohort had scapular notching at final follow-up. In a ran-
domized controlled trial, Torrens et al observed that 49% of

Rev Bras Ortop Vol. 59 No. 2/2024 © 2024. The Author(s).

257



38mm glenosphere patients had scapular notching while
only 12% of 42mm patients had it.24 Consistent with the
previous retrospective studies, we found there was no sig-
nificant difference in scapular notching based on gleno-
sphere size. 21% of the 38mm and 17% of the 40mm cohort
had scapular notching at final follow-up (p¼0.49). However,
further prospective research need to be conducted before
definitive conclusions can be drawn regarding the role of
glenosphere size in scapular notching. The studies suggest-
ing no difference exists have been larger in size, but also
retrospective in comparison to the smaller, but prospective
randomized trial which found that a smaller glenosphere
increases the risk of scapular notching.

There are limitations to consider with this study. The
small number of 40mm patients made it difficult to draw
definitive conclusions between the two cohorts. The lack
of preoperative imaging for some patients reduces the
ability to understand preoperative characteristics of
patients in this study. The retrospective nature of this
study creates an inherent bias in the results. Some patients
who had undergone reverse TSA at our institution were
deceased or lost to follow-up, which may have led to
changes in the results.

Conclusion

This study contributes to the literature investigating the
relationship between glenosphere size and clinical out-
comes. We found there were no significant differences in
range of motion, patient-reported outcomes, or scapular
notching between the 36mmand 40mmcohorts. Both gleno-
sphere sizes provided long-term pain relief to patients.
Importantly, there were no complications or revisions
when a larger 40mm glenosphere was used.

Financial Support
Evan L. Flatow, MD: Innomed: intellectual property roy-
alties; Springer: publishing royalties, financial or material
support; Zimmer: intellectual property royalties.

Conflict of Interesses
Paul J. Cagle, MD: Stryker: Consultant, Johnson & Johnson:
Consultant.
Bradford O. Parsons, MD: Arthrex: Consultant.
Evan L. Flatow, MD: American Shoulder and Elbow Sur-
geons: Board or committee member, Health Association
of NY: Board or committee member; Zimmer: Consultant.

References
1 Bacle G, Nové-Josserand L, Garaud P, Walch G. Long-Term

Outcomes of Reverse Total Shoulder Arthroplasty: A Follow-
up of a Previous Study. J Bone Joint Surg Am 2017;99(06):
454–461

2 Shields E, Koueiter DM, Wiater MJ. Rate of improvement in
outcomes measures after reverse total shoulder arthroplasty: a
longitudinal study with 2-year follow-up. J Shoulder Elbow
Arthroplasty 2019;3:247154921986144

3 Ernstbrunner L, Andronic O, Grubhofer F, Camenzind RS, Wieser
K, Gerber C. Long-term results of reverse total shoulder arthro-
plasty for rotator cuff dysfunction: a systematic review of longi-
tudinal outcomes. J Shoulder Elbow Surg 2019;28(04):774–781

4 Ek ET, Neukom L, Catanzaro S, Gerber C. Reverse total shoulder
arthroplasty for massive irreparable rotator cuff tears in patients
younger than 65 years old: results after five to fifteen years. J
Shoulder Elbow Surg 2013;22(09):1199–1208

5 Jobin CM, Galdi B, Anakwenze OA, Ahmad CS, LevineWN. Reverse
shoulder arthroplasty for the management of proximal humerus
fractures. J Am Acad Orthop Surg 2015;23(03):190–201

6 Drake GN, O’Connor DP, Edwards TB. Indications for reverse total
shoulder arthroplasty in rotator cuff disease. Clin Orthop Relat
Res 2010;468(06):1526–1533

7 Mizuno N, Denard PJ, Raiss P, Walch G. Reverse total shoulder
arthroplasty for primary glenohumeral osteoarthritis in patients
with a biconcave glenoid. J Bone Joint Surg Am 2013;95(14):
1297–1304

8 Urch E, Dines JS, Dines DM. Emerging Indications for Reverse
Shoulder Arthroplasty. Instr Course Lect 2016;65:157–169

9 Lévigne C, Chelli M, Johnston TR, et al. Reverse shoulder arthro-
plasty in rheumatoid arthritis: survival and outcomes. J Shoulder
Elbow Surg 2021;30(10):2312–2324

10 Day JS, Paxton ES, Lau E, Gordon VA, Abboud JA, Williams GR. Use
of reverse total shoulder arthroplasty in theMedicare population.
J Shoulder Elbow Surg 2015;24(05):766–772

11 Westermann RW, Pugely AJ, Martin CT, Gao Y, Wolf BR, Hettrich
CM. Reverse Shoulder Arthroplasty in the United States: A Com-
parison of National Volume, Patient Demographics, Complica-
tions, and Surgical Indications. Iowa Orthop J 2015;35:1–7

12 Rauck RC, Eck EP, Chang B, et al. Survivorship of a Medialized
Glenoid and Lateralized Onlay Humerus Reverse Shoulder
Arthroplasty Is High at Midterm Follow-up. HSS J 2020;16
(Suppl 2):293–299

13 Patel AV, Matijakovich DJ, Brochin RL, et al. Mid-term outcomes
after reverse total shoulder arthroplasty with latissimus dorsi
transfer. Shoulder Elbow 2022;14(03):286–294

14 Mollon B, Mahure SA, Roche CP, Zuckerman JD. Impact of gleno-
sphere size on clinical outcomes after reverse total shoulder
arthroplasty: an analysis of 297 shoulders. J Shoulder Elbow
Surg 2016;25(05):763–771

15 Müller AM, Born M, Jung C, et al. Glenosphere size in reverse
shoulder arthroplasty: is larger better for external rotation
and abduction strength? J Shoulder Elbow Surg 2018;27(01):
44–52

16 Werner BS, Chaoui J, Walch G. Glenosphere design affects range of
movement and risk of friction-type scapular impingement in
reverse shoulder arthroplasty. Bone Joint J 2018;100-B(09):
1182–1186

17 Haidamous G, Lädermann A, Hartzler RU, et al. Radiographic
parameters associatedwith excellent versus poor range ofmotion
outcomes following reverse shoulder arthroplasty. Shoulder El-
bow 2022;14(01):39–47

18 Schoch BS, Vasilopoulos T, LaChaud G, et al. Optimal glenosphere
size cannot be determined by patient height. J Shoulder Elbow
Surg 2020;29(02):258–265

19 Langohr GDG, Giles JW, Athwal GS, Johnson JA. The effect of
glenosphere diameter in reverse shoulder arthroplasty onmuscle
force, joint load, and range ofmotion. J Shoulder ElbowSurg 2015;
24(06):972–979

20 Sabesan VJ, Lombardo DJ, Shahriar R, Petersen-Fitts GR, Wiater
JM. The effect of glenosphere size on functional outcome for
reverse shoulder arthroplasty. Musculoskelet Surg 2016;100(02):
115–120

21 Amroodi MN, Behshad V, Motaghi P. Long-term Results, Func-
tional Outcomes and Complications after Open Reduction and

Rev Bras Ortop Vol. 59 No. 2/2024 © 2024. The Author(s).

258



Internal Fixation of Neglected and Displaced Greater Tuberosity of
Humerus Fractures. Arch Bone Jt Surg 2016;4(04):330–336

22 Walch G, Badet R, Boulahia A, Khoury A. Morphologic study of the
glenoid in primary glenohumeral osteoarthritis. J Arthroplasty
1999;14(06):756–760

23 Sanchez-Sotelo J, O’Driscoll SW, Torchia ME, Cofield RH, Rowland
CM. Radiographic assessment of cemented humeral components

in shoulder arthroplasty. J Shoulder Elbow Surg 2001;10(06):
526–531

24 Torrens C, Guirro P, Miquel J, Santana F. Influence of glenosphere
size on the development of scapular notching: a prospective
randomized study. J Shoulder Elbow Surg 2016;25(11):
1735–1741

Rev Bras Ortop Vol. 59 No. 2/2024 © 2024. The Author(s).

259


