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ABSTRACT

Background: Reverse shoulder arthroplasty (rTSA) and anatomic total shoulder arthroplasty (aTSA) treat glenohumeral osteoarthritis
(GHOA) with comparable early outcomes. Given increasing utilization of rTSA for GHOA, we sought to evaluate outcomes of rTSA and
aTSA for GHOA at early and midterm follow-up.

Methods: A retrospective propensity-matched cohort study of patients undergoing aTSA and rTSA for GHOA with early and midterm
follow-up was performed. Matching included age, sex, body mass index, preoperative American Shoulder and Elbow Surgeons (ASES)
score, preoperative forward elevation, and Walch glenoid morphology. Baseline patient characteristics, range of motion, ASES, Single
Assessment Numeric Evaluation (SANE), visual analog scale (VAS) for pain scores, complications and revision rTSAs/aTSAs were
assessed at early and midterm follow-up.

Results: One hundred twenty-two patients (61 per group) were included with early and midterm follow-up. Baseline characteristics,
comorbidities, preoperative ASES, SANE, VAS pain scores, and range of motion were similar (P > .05). Both groups showed significant
improvements in ASES, SANE, and VAS scores at both time points (P < .001); >96% achieved minimal clinically important difference for
ASES. While more aTSA patients met substantial clinical benefit early (95.1% vs. 80.3%, P = .027); there was no statistically significant
difference at midterm follow-up (P = .074). aTSA patients had better early internal (5.0 vs. 3.3, P < .001) and external rotation (63.0° vs.
57.0°, P = .036), with no difference at midterm follow-up. Complication rates were similar; however, aTSA had more revisions and
radiolucencies.

Conclusion: aTSA and rTSA yield similar clinical outcomes for GHOA at early and midterm follow-up. Early differences in substantial
clinical benefit, internal, and external rotation with aTSA diminished by midterm follow-up. Complication rates were similar between
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the cohorts. One patient in the aTSA group was revised to rTSA and no patients with primary rTSA required revision. While rTSA and
aTSA result in excellent clinical outcomes, longer follow-up is needed to determine durability.

Level of evidence: Level III; Retrospective Cohort Comparison; Treatment Study

Keywords: Reverse total shoulder arthroplasty (rTSA); anatomic total shoulder arthroplasty (aTSA); glenohumeral osteoarthritis (GHOA);
postoperative outcome; propensity matched cohorts; rotator cuff arthropathy (RCA)
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Anatomic total shoulder arthroplasty (aTSA) is the historic
gold standard for glenohumeral osteoarthritis (GHOA),
resulting in excellent clinical outcomes in the majority of
patients.””"?*?” Long-term success is limited by glenoid
component loosening and rotator cuff failure. Excessive pos-
terior glenoid bone loss may increase the risk of osteolysis
around the component,’®?° leading to poor patient-reported
outcomes.” Rotator cuff failure is associated with worse
functional and clinical outcomes.™***3? Revision to reverse
shoulder arthroplasty (rTSA) leads to worse outcomes,
decreased satisfaction, and increased complications
compared to primary arthroplasty.?

Due to questionable long-term durability of aTSA, surgeons
considered rTSA for GHOA. Since Mizuno et al first reported rTSA
for GHOA in 2013, clinical results and patient satisfaction are
promising.’® And, as utilization has expanded, rTSA has superior
outcomes for GHOA compared to other indications.®>***° As a
result, there has been a substantial increase in rTSA, and GHOA
is the most common indication globally.>"*®

Recent comparative studies of aTSA and rTSA show similar
early outcomes.*'" In a matched-cohort comparison of 2-year
outcomes of rTSA and aTSA for GHOA, both demonstrated
excellent outcomes; aTSA had increased early range of motion
(ROM) compared to rTSA.™ A study by Cuff et al comparing
early and midterm outcomes of aTSA and rTSA for GHOA with
eccentric glenoid wear revealed improved ROM and clinical
outcomes early with aTSA; however, by 7 years, the outcomes
of aTSA deteriorated while rTSA improved. By final follow-up,
IrTSA had higher patient satisfaction, functional outcome
scores, and lower revision rates.®

These findings highlight the need for longer follow-up to
evaluate durability and clinical outcomes of aTSA and rTSA
for GHOA. Therefore, we sought to compare early and
midterm clinical and functional outcomes, revisions and
complications in a matched series of patients undergoing
ITSA or aTSA for GHOA. We hypothesized that early func-
tional and clinical outcomes would be comparable and
maintained at midterm follow-up.

Materials and methods
Patient selection

A retrospective review of a prospectively-maintained institu-
tional database [Outcomes Based Electronic Research Data-
base (OBERD); Columbia, MO, USA] was conducted following
IRB approval to identify patients who underwent primary
shoulder arthroplasty between 2015 and 2020. This database

has >75% clinical follow-up; and patients are followed post-
operatively at multiple time points including at 2 weeks,
6 weeks, 3 months, 6 months, 1 year, 2 years, 5 years, and
10 years. In this study, “early” follow-up occurs at 1-2 years
and “midterm” follow-up at 4-6 years. All patients had clinical
evaluations at both time points. All procedures were per-
formed by a single high-volume fellowship-trained shoulder
surgeon (A.].) at a large private institution. Inclusion criteria:
(1) primary aTSA or rTSA for GHOA with intact rotator cuff, (2)
early and midterm clinical follow-up, (3) complete pre- and
postoperative outcomes scores, (4) preoperative magnetic
resonance imaging or computed tomography (CT) to assess
rotator cuff integrity and glenoid morphology via modified
Walch classification system.? Exclusion criteria: (1) diagnosis
other than GHOA, (2) rotator cuff tear, (3) incomplete follow-
up, (4) prior ipsilateral shoulder surgery (except arthroscopic
debridement). Race was not a criteria in the OBERD database
and could not be included.

Matching

Patients meeting inclusion/exclusion criteria were propensity
score-matched 1:1 based on age, sex, body mass index (BMI),
modified Walch classification, preoperative American Shoul-
der and Elbow Surgeons (ASES) score, and preoperative for-
ward elevation. Matching used a greedy, nearest-neighbor
algorithm with a 0.2-caliper width to prevent poor matches,
enhancing precision and controlling variance within the
sample set, with an optimal caliper range of 0.2 to 0.5 times
the standard deviation of the logit.® The final matched cohort
included 122 patients (61 per group).

Surgical technique

All procedures were performed by the senior surgeon (A.J.)
under general anesthesia in the beach chair position with an
interscalene block. A deltopectoral approach was performed,
and the biceps tendon sewn to the pectoralis major. For r'TSA,
the subscapularis was peeled and repaired with simple and
Mason-Allen transosseous sutures. A standardized prosthesis
was used (AltiVate Reverse; DJO Surgical, Austin, TX, USA).
Female patients received a 32-4-mm lateralized glenosphere
and male patients received a 32 + 10 mm or 36 + 6 mm gle-
nosphere based on the surgeon's experience and preoperative
planning. An uncemented inlay standard-length humeral
component was implanted. For aTSA, stemless or stemmed
implants were used based on surgeon experience and pref-
erence. A lesser tuberosity osteotomy was performed and
repaired using the same suture technique described with
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ITSA. A cemented, all-polyethylene glenoid component was
used with backside reaming. Excessive posterior wear was
corrected with preferential reaming, and augmented compo-
nents (Tornier Perform Anatomic Augmented Glenoid, Bloo-
mington, MN) were used in 2 cases. Stemmed and stemless
humeral components were used. Postoperative rehabilitation
protocol included: restricted ROM in a sling for 6 weeks with
progressive ROM and strengthening via physician-directed
home therapy beginning at 2 weeks.

Clinical outcome assessment

Patient demographic data were obtained from the electronic
medical record. Clinical assessments including active shoul-
der ROM (FE, ER, IR) were performed by the senior surgeon
(A.].) preoperatively, at early and midterm follow-up. FE and
ER were measured with a goniometer. IR was measured by the
highest vertebral level reached by the thumb point system?®:
0-buttocks/hip, 1-sacrum, 2-L5, 3-L4, etc. Patient-reported
outcome measures (PROMs), including ASES, Single Assess-
ment Numeric Evaluation (SANE) and visual analog scale
(VAS) for pain scores were collected preoperatively and at both
postoperative time points. Complications and revisions were
recorded.

Radiographic evaluation

Glenoid morphology was assessed by 2 fellowship-trained
shoulder surgeons (A]., K.L.) and classified using axillary ra-
diographs based on the modified Walch classification by
consensus.” All patients had preoperative anteroposterior,
axillary radiographs, CT and magnetic resonance imaging.
Radiographs were obtained at both follow-ups and radiolu-
cent lines were assessed and graded by 2 fellowship-trained
shoulder surgeons (A.J., K.L.) by consensus. aTSA was evalu-
ated for glenoid lucencies via the Lazarus classification sys-
tem'*; r'TSA was evaluated for radiolucent lines around the
baseplate, screws, or component shift.

Statistical analysis

Descriptive statistics were calculated for each cohort (mean,
standard deviation (SD), median, interquartile range (IQR), or
percentage). Univariate analysis compared baseline de-
mographics, comorbidities, and clinical outcomes between
cohorts and timepoints using T-tests, Mann-Whitney U, Chi-
Squared, and Fisher Exact tests. Improvements in ASES were
assessed via minimal clinically important difference (MCID)
(10.4) and substantial clinical benefit (SCB) (28.3) thresh-
olds.'®?* Statistical significance was set at an alpha level of
0.05. Analyses were conducted using R software (version 4.2.2,
Auckland, New Zealand).

Results

The initial query of the institutional database identified 546
aTSA patients and 1,310 rTSA patients. Patients were included
if they had primary glenohumeral osteoarthritis with an intact
rotator cuff and had complete follow-up at both time points.

Patients were excluded if they had surgery for any indication
other than GHOA, or had incomplete follow-up or incomplete
outcome scores at both early and midterm follow-up. The
majority of excluded patients from the initial database query
included those who had not had midterm follow-up yet. After
applying inclusion and exclusion criteria, 129 aTSA and 133
I'TSA patients were eligible for 1:1 propensity score matching
by age, sex, BMI, modified Walch classification, preoperative
ASES score and preoperative forward elevation. The final
matched cohort included 122 patients (61 per group) with a
mean early and midterm follow-up of 22.2 + 5.7 months and
60.0 + 4.4 months for rTSA and 21.7 + 4.6 months and
60.2 + 5.8 months for aTSA (P > .05) (Fig. 1). No significant
differences were found in demographics, comorbidities, or
prior surgeries (P > .05) (Table I).

There were no significant differences in VAS pain, SANE, or
ASES scores between the groups at preoperative, early or
midterm follow-up (P > .05). Baseline-to-postoperative
changes in all PROMs did not significantly differ at early and
midterm follow-up (P > .05) (Table II, Fig. 2). The ASES MCID
was achieved by 59 patients in both groups at early follow-up
(96.7%, P > .99) and 60 rTSA (98.4%) vs. 59 aTSA (96.7%) at
midterm follow-up (P > .99). Early, more aTSA patients ach-
ieved SCB (95.1%) vs. ITSA (80.3%) (P = .027); no difference was
observed at midterm follow-up (P = .074) (Tables II and III).

Preoperative ROM was similar between groups (Table II,
Fig. 2). Both cohorts demonstrated significant postoperative
improvements in forward elevation, with no differences be-
tween aTSA and rTSA at either early or midterm follow-up
(Table II, Fig. 2). aTSA patients showed greater external and
internal rotation early after surgery; however, these differ-
ences were not present at midterm. The overall magnitude of
improvement in rotational motion from baseline to final
follow-up was comparable between groups (Tables II and III,
Fig. 2).

Radiolucent lines occurred in 3 rTSA patients: 2 without
failure or complications; 1 failure but preserved alignment
and function. In the aTSA group, radiolucent lines occurred in
22 of 61 patients at early follow-up (36.1%) and 28 of 61 by
midterm follow-up (45.9%). 21/28 (75%) had low-grade lu-
cencies (Lazarus grade 0, 1 or 2) that did not progress signifi-
cantly by midterm follow-up. One patient had Grade 5
lucencies at both-time points but no clinical dysfunction or
revision. Six patients had low-grade lucencies early that pro-
gressed to high-grade lucencies (Lazarus grade 3, 4 or 5) by
midterm follow-up; none required revision.

Complications occurred in 2 (3.3%) rTSA patients and 2
(3.3%) aTSA patients (P > .99) (Fig. 3). In the rTSA group, 1 pa-
tient sustained a Type 1 acromial stress fracture and was
successfully treated nonoperatively. At midterm follow-up
this patient had no pain, SANE 96, ASES 100, FE 150°, ER 60°,
and IR L5 was satisfied. The second rTSA complication
included a patient with baseplate lucencies, broken screws
and maintained alignment. This patient had no pain, pre-
served motion and function and was treated nonoperatively.
In the aTSA group, one patient sustained an atraumatic ro-
tator cuff tear, necessitating revision to rTSA (Fig. 3). The other
aTSA complication included subscapularis insufficiency,
which was treated nonoperatively. At final follow-up, this
patient had no pain, SANE 100, ASES 88, FE 130°, ER 50°, IR L5,
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aTSA

Assessed for eligibility
(n=546)

Excluded
(n=417):
> Incomplete
follow-up
> PROMs
>  Other
indication
besides OA

rTSA
Assessed for eligibility
(n=1310)
Excluded
—— (n=1177):
> Incomplete
follow-up
> PROMs
>  Other
indication
besides OA

Fulfilled inclusion
criteria (n=129)

Fulfilled inclusion
criteria (n=133)

Excluded (n=68):
> notincluded in
1:1 propensity
score matching

Excluded (n=61):
— > notincluded in
1:1 propensity
score matching

Final aTSA cohort after
propensity score
matching (n=61)

Final rTSA cohort after
propensity score
matching (n=61)

Figure 1 — Flow diagram demonstrating patient inclusion and exclusion criteria for the rTSA and TSA cohorts. TSA, total

shoulder arthroplasty; rTSA, reverse shoulder arthroplasty.

and was satisfied. No rTSA patients underwent revision. One
aTSA patient underwent revision to rTSA for rotator cuff
insufficiency (Table I).

Discussion

This study demonstrated similar early and midterm outcomes
of aTSA and rTSA for GHOA. Both groups showed significant
improvements in ASES, VAS pain, and SANE scores, suggest-
ing that both treatments may successfully improve pain and
satisfaction at early and midterm follow-up. Importantly,
>96% of patients met ASES MCID at both time points in both
groups. aTSA patients showed greater improvements in SCB
early, though there was no statistically significant difference
at midterm follow-up; however, both groups achieved signif-
icant improvements from baseline and early follow-up. This
may suggest that aTSA patients may experience benefits early
and plateau after a few years, whereas rTSA patients may
make gradual gains over time.

This study demonstrated significant functional improve-
ments with both rTSA and aTSA. Forward elevation, external,
and internal rotation improved in both compared to baseline
and had similar gains in forward elevation at both time points
with comparable degree of improvement from baseline to
final follow-up. aTSA patients exhibited greater early im-
provements in external rotation (63° vs. 57°), though the
clinical significance of this difference is unclear. By midterm

follow-up, both had similar external rotation and comparable
overall degree of improvement from baseline.

Many studies show greater internal rotation with aTSA
compared to rTSA.’**>?%2° Qur study demonstrated better
early internal rotation with aTSA, reaching a higher lumbar
level than rTSA. This difference of less than 2 lumbar levels
may be of unclear clinical significance; some patients may
note improved activities of daily living and hygiene behaviors
while others may not experience the same clinical impact.
Importantly, aTSA showed greater improvement in IR from
baseline to early follow-up and from early to midterm follow-
up; however, by final follow-up, the overall difference nar-
rowed as patients in the rTSA group continued to improve.
Both groups improved a similar amount from baseline to final
follow-up. These findings align with several studies demon-
strating better IR with aTSA at early follow-up, but we
demonstrate that this difference is not maintained later.>%"?
Taken together, these early functional and clinical differences
with aTSA suggest that aTSA patients may recover faster,
while patients who undergo rTSA have a steadier recovery
with ultimately similar endpoints by midterm follow-up.

Three rTSAs had radiographic lucencies with 1 baseplate
failure. In contrast, over a third of aTSAs had low-grade lu-
cencies at early follow-up and nearly half at midterm follow-
up, though none required revision for glenoid failure. These
findings largely align with the literature, with radiolucencies
from 9%-73% and variable clinical significance.”® While
Schoch et al noted worse PROMs in 35% of aTSAs with low-
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Table I — Comparing baseline characteristics and de-
mographics of the matched rTSA and TSA cohorts

Parameter r'TSA for aTSA for P value
GHOA GHOA
n==61 n=>61
Age* 67.1+4.1 66.7 + 4.9 573
Sex
Male 40.1% (25)  45.9% (28) 715
Female 59.0% (36) 54.0% (33)
BMI * 30.1 +£6.0 30.0+6.4 .946
Follow-up A (mo) 222 +5.7 21.7 + 4.6 .597
Follow-up B (mo) 60.0 + 4.4 60.2 + 5.8 797
Walch classification *
A1/A2 39.3% (24)  44.3% (27) 753
B1/B2/B3 57.4% (35)  54.1% (33)
C 0.0% (0) 0.0% (0)
D 3.1% (2) 1.5% (1)
ASA comorbidity score >2  14.8% (9) 19.3% (12) .602
Comorbidities
Hypertension 55.7% (34) 50.8% (31) 717
Hypercholesterolemia 34.4% (21) 31.1% (19) .847
Diabetes mellitus 9.8% (6) 4.9% (3) 489
Depression 16.4% (10) 21.3% (13) .643
Thyroid disease 16.4% (10) 14.7% (9) >.999
Obesity 26.2% (16)  14.8% (9) 178
History of smoking 45.9% (28) 54.0% (33) 469
Prior ipsilateral shoulder 21.3% (13) 19.7% (12) >.999
surgery
Complications 3.3% (2) 3.3% (2) >.999
Hardware failure (1)
Failed rotator cuff (1)
Acromial stress fracture (1)
Instability (1)
Rate of revision needed 0.0% (0) 1.6% (1) >.999
TSA to RSA )

rTSA, reverse shoulder arthroplasty; TSA, total shoulder arthro-
plasty; RCA, rotator cuff arthropathy; GHOA, glenohumeral osteo-
arthritis; BMI, body mass index; ASA, American Society of
Anesthesiologists; follow-up A, 2 year postoperative length of follow
up; follow up B, 5 year postoperative length of follow up.

* Variables used to propensity score match rTSA and aTSA
patients.

grade lucencies, we found no clinical deterioration or glenoid-
sided revisions.”*

Complication rates were similar in the aTSA and rTSA
groups at final follow-up (3.3%); however, the types differed.
ITSA complications included 1 acromial stress fracture and 1
baseplate failure; both were treated nonoperatively without
significant consequence. Therefore, we present a 1.6% acro-
mial stress fracture risk by midterm follow-up. This is lower
than reported in the literature; however, our study excluded
rotator cuff pathology, a known risk factor for stress frac-
tures.’® aTSA complications included rotator cuff failure
requiring revision to rTSA and subscapularis insufficiency
treated nonoperatively with good outcome. These findings are
in concordance with the literature, as rotator cuff failure is the
most common cause of revision (9%-26%).">* Larger sample
sizes are needed to determine whether there are significant
differences in revision rates between aTSA and rTSA which
would speak to potential advantages in durability.

The differences in internal rotation observed between
early and midterm follow-up are likely multifactorial.

Table II — Comparing clinical outcomes of the matched
ITSA and TSA cohorts

Parameter RSA TSA P value
n=61 n=61
ASES
Preoperative * 414 +17.6 389+ 15.8 .403
Postoperative A 87.3+154 89.4 +11.3 977
Postoperative B 87.6 +16.1 89.8 +13.8 404
Change A Pre - 2 45.8 + 20.2 50.5 + 17.5 175
ChangeB2-5 —0.28 + 12.3 —0.35+12.9 .973
Change C Pre - 5 46.2 + 20.4 50.9 + 19.8 .197
% reached MCID A 96.7% (59) 96.7% (59) >.999
% reached SCB A 80.3% (49) 95.1% (58) .027*
% reached MCID C 98.4% (60) 96.7% (59) >.999
% reached SCB C 78.7% (48) 91.8% (56) .074
Pain
Preoperative 53+23 55+21 622
Postoperative A 0.7 +1.5 0.6+1.3 .650
Postoperative B 09+1.9 0.6 + 1.5 .156
Change A Pre - 2 —4.5+ 25 —49+20 427
ChangeB2-5 -02+18 -00+15 .551
Change C Pre - 5 —4.3+ 2.7 —48+23 .279
SANE
Preoperative 34.1+223 36.2 + 18.7 .615
Postoperative A 87.0 £ 20.1 89.5 + 14.8 919
Postoperative B 89.7 +13.9 87.5+15.1 274
Change A Pre - 2 52.6 + 30.6 53.5+245 .967
ChangeB2-5 —2.70 + 20.0 2.02 +18.5 .322
Change C Pre - 5 553+ 254 51.3 +£22.9 .398
FE
Preoperative * 97.5 + 23.5 98.2 + 23.2 .812
Postoperative A 144.1 + 19.8 146.4 + 12.6 .663
Postoperative B 145.1 + 14.0 147.0 + 14.5 154
Change A Pre - 2 46.6 + 28.3 48.2 +24.9 .748
ChangeB2-5 —0.97 +21.3 —0.66 + 14.9 .926
Change C Pre - 5 47.6 + 26.9 48.9 + 234 .785
ER
Preoperative 27.8 + 10.6 274 + 8.8 .904
Postoperative A 57.0+17.4 63.0 + 13.6 .036*
Postoperative B 60.0 + 16.5 63.7 + 16.3 214
Change A Pre - 2 293 +17.2 35.7 £ 15.6 .053
ChangeB2-5 —3.03 +14.5 —0.66 + 13.5 351
Change C Pre - 5 323 +16.1 36.3 + 16.8 .180
IR
Preoperative 0.8+ 1.0 0.8+1.6 .467
Postoperative A 33+23 50+24 <.001*
Postoperative B 41+27 45+26 .385
Change A Pre - 2 25+22 42+26 <.001*
ChangeB2-5 -09+27 05+24 .007*
Change C Pre - 5 33+28 37+26 477

rTSA, reverse shoulder arthroplasty; TSA, total shoulder arthro-
plasty; GHOA, glenohumeral osteoarthritis; RCA, rotator cuff
arthropathy; ASES, American Shoulder and Elbow Surgeons Score;
SANE, Single Assessment Numeric Evaluation; FE, forward eleva-
tion; ER, external rotation; IR, internal rotation; MCID, minimal
clinically important difference; SCB, substantial clinical benefit.

* Variables used to propensity score match rTSA and aTSA
patients.

Preoperative IR, prosthetic design features, and soft-tissue
balance all influence postoperative IR, and these factors may
contribute to the continued improvement seen in the rTSA
cohort over time. Additionally, changes in scapulothoracic
kinematics and gradual muscular adaptation may enhance
functional internal rotation as patients progress through
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Figure 2 — Comparing clinical outcomes of matched rTSA and TSA cohorts. TSA, total shoulder arthroplasty; rTSA, reverse

shoulder arthroplasty.
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Table III — Changes in outcomes over time within the matched RSA and TSA cohorts

Parameter Preoperative 2yr 5yr

P value pre to 2 P value pre to 5 P value 2 to 5 yr

RSA for GHOA

ASES 414 +17.6 873+ 154 87.6 +16.1 <.001* <.001* .922
% reached MCID 96.7% (59) 98.4% (60)

% reached SCB 80.3% (49) 78.7% (48)

Pain 53+23 0.7 £ 1.5 09+19 <.001* <.001* 521
SANE 34.1+223 87.0 +£20.1 89.7 + 13.9 <.001* <.001* .390
FE 97.5+ 235 1441+ 19.8 145.1 + 14.0 <.001* <.001* .756
ER 27.8 + 10.6 57.0+17.4 60.0 + 16.5 <.001* <.001* 324
IR 0.8+1.0 33+23 4.1+ 2.7 <.001* <.001* .089

TSA for GHOA

ASES 38.9+15.8 894 +11.3 89.8 + 13.8 <.001* <.001* .876
% reached MCID 98.5% (64) 96.7% (59)

% reached SCB 95.1% (58) 91.8% (56)

Pain 55+21 06+13 0.6 +1.5 <.001* <.001* .922
SANE 36.2 + 18.7 89.5+14.8 87.5+15.1 <.001* <.001* 457
EE 98.2 +23.2 146.4 + 12.6 147.0 + 145 <.001* <.001* .790
ER 27.4+88 63.0 + 13.6 63.7 + 16.3 <.001* <.001* .810
IR 0.8+1.6 50+24 45+26 <.001* <.001*

rTSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty; GHOA, glenohumeral osteoarthritis; RCA, rotator cuff arthropathy; ASES,
American Shoulder and Elbow Surgeons Score; SANE, Single Assessment Numerical Evaluation; FE, forward elevation; ER, external rotation; IR,
internal rotation; MCID, minimal clinically important difference; SCB, substantial clinical benefit.

" Statistical significance with alpha risk of 0.05.

rehabilitation. Osseous remodeling or reduced bony
impingement over time may also contribute to improved
motion. Conversely, the slight decline in IR observed in the
aTSA cohort between early and midterm follow-up may
reflect soft-tissue changes despite an intact cuff. It is also
important to note that the ASES score may not fully capture
functional internal rotation highlighting the need for future
studies using more IR-specific outcome measures.

This study has several limitations. It reflects a single sur-
geon's experience, which may limit generalizability and
introduce confirmation bias due to evolving indications for
ITSA. Additionally, ROM was assessed clinically by the treat-
ing surgeon, which may introduce measurement variability.
While this method reflects common clinical practice, the use
of motion-capture—based assessment could improve the
precision and objectivity of pre- and postoperative mobility
measurements. Propensity score matching for age, sex, BMI,
preoperative ASES score, forward elevation and Walch glenoid
morphology minimizes bias. While Walch classification was
used as a surrogate for severity of glenoid morphology, exact
measurements of glenoid version and inclination were not
used in this analysis. While clinical outcomes were prospec-
tively collected, the retrospective design may introduce bias.
Both stemless and stemmed aTSA were included based on the
surgeon's experience and preference which could possibly
introduce confounding. Because this study includes only one
reverse implant design from a single surgeon's practice, the
findings may not be generalizable to other prosthesis designs.
In addition, a power analysis was not able to be performed
given this statistical model; therefore, there is a risk of Type II
error. Further, the sample size could produce a Type II error
for non-significant findings, and could create fragility in the
data for findings that are statistically significant. Finally, this
study involves multiple comparisons across several outcome

domains, which increases the potential for type I error. No
multiplicity correction was applied due to the exploratory
nature of the study; thus, these findings should be interpreted
with caution and considered hypothesis-generating rather
than confirmatory. Despite these limitations, we present a
large consecutive series directly comparing aTSA and rTSA
outcomes for GHOA with early and midterm follow-up.
Matching for Walch glenoid morphology minimizes bias in
more severe glenoid cases, which represents a more balanced
perspective of rTSA versus aTSA in GHOA.

These results build upon existing literature, including a
propensity-matched cohort comparison of outcomes of rTSA
and aTSA for cuff-intact GHOA by Kirsch et al in 2022. The
authors demonstrated similar clinical outcomes with rTSA
and aTSA and improved early range of motion with aTSA at
average 2-year follow-up. Our study demonstrated similar
findings with comparable clinical results between rTSA and
aTSA and increased motion with aTSA at early follow-up, but
also includes midterm follow-up and the comparison of clin-
ical and functional outcomes between early and midterm
follow-up. Importantly, our study shows that differences in
range of motion of aTSA early are not significantly different
from range of motion of rTSA at midterm follow-up, and the
overall improvements made from baseline to early and
midterm follow-up are comparable between the 2 groups
which is a novel finding.

Conclusion

Overall, aTSA shows better early clinical and functional out-
comes, while rTSA patients make steady improvement, and
both achieve comparable midterm results. Importantly, both
provide effective pain relief, functional improvement and
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Figure 3 — Comparing complication and revision rates of matched rTSA and TSA cohorts. TSA, total shoulder arthroplasty;

rTSA, reverse shoulder arthroplasty.

patient satisfaction, with similar complication rates. As rTSA
indications expand, understanding the clinical and functional
outcomes, risks, and complications is paramount. These
findings highlight the excellent outcomes, low complication,
and revision rates with rTSA for GHOA. Longer follow-up data
are needed to better assess the risks, benefits, complications,
and longevity of aTSA and rTSA in treating GHOA.

Disclaimers:

Funding: No funding was disclosed by the authors.

Conflicts of interest: Andrew Jawa reports the following:
AAOS: Board or committee member; American Shoulder and
Elbow Surgeons: Board or committee member; Boston Outpa-
tient Surgical Suites: Other financial or material support; DePuy,
A Johnson & Johnson Company: Other financial or material
support; D] Orthopaedics: Paid consultant, Paid presenter or

speaker, Research support; Ignite Orthopaedics: IP royalties;
Ignite Orthopedics: Stock or stock Options; Journal of Shoulder
and Elbow Surgery: Editorial or governing board; Oberd: Pub-
lishing royalties, financial or material support7334251163073.
The other authors, their immediate families, and any research
foundation with which they are affiliated have not received any
financial payments or other benefits from any commercial entity
related to the subject of this article.

REFERENCES

1. Ardebol J, Pak T, Kili¢ A, Hwang S, Menendez ME, Denard PJ.
Secondary rotator cuff insufficiency after anatomic total
shoulder arthroplasty. JBJS Rev 2023;11:€23.00099. https://
doi.org/10.2106/JBJS.RVW.23.00099.

2. Bercik MJ, Kruse K, Yalizis M, Gauci M-O, Chaoui J, Walch G. A
modification to the Walch classification of the glenoid in


https://doi.org/10.2106/JBJS.RVW.23.00099
https://doi.org/10.2106/JBJS.RVW.23.00099
https://doi.org/10.1016/j.jse.2025.12.008

JOURNAL OF SHOULDER AND ELBOW SURGERY XXX (2026) 1-10 9

10.

11.

12.

13.

14.

15.

primary  glenohumeral osteoarthritis using three-
dimensional imaging. ] Shoulder Elbow Surg 2016;25:1601—6.
https://doi.org/10.1016/j.jse.2016.03.010.

. Chen JW, Maldonado DR, Kowalski BL, Miecznikowski KB,

Kyin C, Gornbein JA, et al. Best practice guidelines for pro-
pensity score methods in medical research: consideration on
theory, implementation, and reporting. A review. Arthros-
copy 2022;38:632—42. https://doi.org/10.1016/j.arthro.2021.
06.037.

. Cuff DJ, Pupello DR, Santoni BG, Clark RE, Frankle MA. Reverse

shoulder arthroplasty for the treatment of rotator cuff defi-
ciency: a concise follow-up, at a minimum of 10 years, of
previous reports. J Bone Joint Surg Am 2017;99:1895-9.
https://doi.org/10.2106/JBJS.17.00175.

. Cuff D, Simon P, Gorman RA. Mid-term outcomes of reverse

shoulder arthroplasty using the alternate scapular line base-
plate orientation for glenoid bone loss. Semin Arthroplasty
2021;31:51-7. https://doi.org/10.1053/j.sart.2020.10.003.

. Cuff DJ, Simon P, Patel JS, Munassi SD. Anatomic shoulder

arthroplasty with high side reaming versus reverse shoulder
arthroplasty for eccentric glenoid wear patterns with an
intact rotator cuff: comparing early versus midterm outcomes
with minimum 7 years of follow-up. ] Shoulder Elbow Surg
2023;32:972—9. https://doi.org/10.1016/j.jse.2022.10.017.

. Dillon MT, Chan PH, Prentice HA, Burfeind WE, Yian EH,

Singh A, et al. The association between glenoid component
design and revision risk in anatomic total shoulder arthro-
plasty. J Shoulder Elbow Surg 2020;29:2089—-96. https://
doi.org/10.1016/j.jse.2020.02.024.

. Efremov K, Glass EA, Swanson DP, Bowler AR, Le K, Kirsch JM,

et al. Outcomes after reverse shoulder arthroplasty for the
treatment of glenohumeral osteoarthritis in patients under
and over 70 years of age: a propensity score-matched anal-
ysis. ] Shoulder Elbow Surg 2024;33:1547—54. https://doi.org/
10.1016/j.jse.2023.11.022.

. Gill DR, Gill SD, Corfield S, Holder C, Page RS, Investigation

performed at AOANJRR. Primary inlay reverse shoulder
arthroplasty has a higher rate of revision than onlay reverse
shoulder arthroplasty: analysis from the Australian Ortho-
paedic Association National Joint Replacement Registry.
Shoulder Elbow 2023;15(3_suppl):75—81. https://doi.org/
10.1177/17585732221122275.

Ho JC, Sabesan V], Iannotti JP. Glenoid component retrover-
sion is associated with osteolysis. ] Bone Joint Surg Am
2013;95:e82. https://doi.org/10.2106/JB]S.L.00336.

Kim H, Ma SB, Lee KW, Koh KH. Which lateralization designed
prosthesis of reverse total shoulder arthroplasty (glenoid-
based lateralization vs humerus-based lateralization) would

be Dbetter? Network meta-analysis. J Orthop Surg
2022;30:10225536221122307.  https://doi.org/10.1177/1022553
6221122307.

Kirsch JM, Puzzitiello RN, Swanson D, Le K, Hart PA,
Churchill R, et al. Outcomes after anatomic and reverse
shoulder arthroplasty for the treatment of glenohumeral
osteoarthritis: a propensity score-matched analysis. ] Bone
Joint Surg Am 2022;104:1362—9. https://doi.org/10.2106/
JBJS.21.00982.

Kovacevic D, Hodgins JL, Bigliani LU. Lucent lines and glenoid
components: what do they portend? Semin Arthroplasty
2014;25:277—-85. https://doi.org/10.1053/j.sart.2015.02.008.
Lazarus MD, Jensen KL, Southworth C, Matsen FA III. The
radiographic evaluation of keeled and pegged glenoid
component insertion. J Bone Joint Surg Am 2002;84:1174—82.
https://doi.org/10.2106/00004623-200207000-00013.
Leinweber KA, Bowler AR, Diestel DR, McDonald-Stahl M,
Le K, Kirsch JM, et al. Anatomic versus reverse shoulder
replacement: are we asking the right questions and what are

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

the answers? ] Hand Microsurg 2025;17:100225. https://
doi.org/10.1016/j.jham.2025.100225.

Levy JC, Everding NG, Gil CC, Stephens S, Giveans MR. Speed
of recovery after shoulder arthroplasty: a comparison of
reverse and anatomic total shoulder arthroplasty. ] Shoulder
Elbow Surg 2014;23:1872—81. https://doi.org/10.1016/j.jse.
2014.04.014.

Matsen FA, Somerson JS, Hsu JE, Lippitt SB, Russ SM,
Neradilek MB. Clinical effectiveness and safety of the
extended humeral head arthroplasty for selected patients
with rotator cuff tear arthropathy. J Shoulder Elbow Surg
2019;28:483—95. https://doi.org/10.1016/j.jse.2018.08.020.
Mayfield CK, Korber SS, Hwang NM, Bolia IK, Gamradt SC,
Weber AE, et al. Volume, indications, and number of surgeons
performing reverse total shoulder arthroplasty continue to
expand: a nationwide cohort analysis from 2016-2020. JSES
Int 2023;7:827—34. https://doi.org/10.1016/j.jseint.2023.05.002.
Mizuno N, Denard PJ, Raiss P, Walch G. Reverse total shoulder
arthroplasty for primary glenohumeral osteoarthritis in pa-
tients with a biconcave glenoid. J Bone Joint Surg Am
2013;95:1297—-304. https://doi.org/10.2106/JB]S.L.00820.
Moverman MA, Menendez ME, Mahendraraj KA, Polisetty T,
Jawa A, Levy JC. Patient risk factors for acromial stress frac-
tures after reverse shoulder arthroplasty: a multicenter study.
J Shoulder Elbow Surg 2021;30:1619—25. https://doi.org/
10.1016/j.jse.2020.09.012.

Neer CS 2nd. Replacement arthroplasty for glenohumeral
osteoarthritis. ] Bone Joint Surg Am 1974;56:1—13.

Page RS, Alder-Price AC, Rainbird S, Graves SE, de Steiger RN,
Peng Y, et al. Reduced revision rates in total shoulder
arthroplasty with crosslinked polyethylene: results from the
Australian Orthopaedic Association National Joint Replace-
ment Registry. Clin Orthop Relat Res 2022;480:1940—9. https://
doi.org/10.1097/CORR.0000000000002293.

Puzzitiello RN, Moverman MA, Glass EA, Swanson DP,
Bowler AR, Le K, et al. Clinically significant outcome thresh-
olds and rates of achievement by shoulder arthroplasty type
and preoperative diagnosis. ] Shoulder Elbow Surg
2024;33:1448—56. https://doi.org/10.1016/j.jse.2023.11.023.
Saini SS, Pettit R, Puzzitiello RN, Hart PA, Shah SS, Jawa A,
et al. Clinical outcomes after reverse total shoulder arthro-
plasty in patients with primary glenohumeral osteoarthritis
compared with rotator cuff tear arthropathy: does preopera-
tive diagnosis make a difference? ] Am Acad Orthop Surg
2022;30:e415—22. https://doi.org/10.5435/JAAOS-D-21-00797.
Schoch BS, Wright TW, Zuckerman JD, Flurin P-H, Bolch C,
Roche CP, et al. The effect of radial mismatch on radiographic
glenoid loosening. JSES Open Access 2019;3:287—91. https://
doi.org/10.1016/j.jses.2019.09.007.

Sheth M, Kitziger R, Shah AA. Understanding loss of internal
rotation after reverse shoulder arthroplasty: a narrative re-
view of current literature. JSES Rev Rep Tech 2024;4:647—53.
https://doi.org/10.1016/j.xrrt.2024.03.001.

Shields E, Wiater JM. Patient outcomes after revision of
anatomic total shoulder arthroplasty to reverse shoulder
arthroplasty for rotator cuff failure or component loosening: a
matched cohort study. ] Am Acad Orthop Surg
2019;27:e193—-8. https://doi.org/10.5435/JAAOS-D-17-00350.
Sperling JW, Cofield RH, Rowland CM. Minimum fifteen-year
follow-up of Neer hemiarthroplasty and total shoulder
arthroplasty in patients aged fifty years or younger. ] Shoulder
Elbow Surg 2004;13:604—13. https://doi.org/10.1016/j.jse.
2004.03.013.

Triplet JJ, Everding NG, Levy JC, Moor MA. Functional internal
rotation after shoulder arthroplasty: a comparison of
anatomic and reverse shoulder arthroplasty. J Shoulder Elbow
Surg 2015;24:867—74. https://doi.org/10.1016/j.jse.2014.10.002.


https://doi.org/10.1016/j.jse.2016.03.010
https://doi.org/10.1016/j.arthro.2021.06.037
https://doi.org/10.1016/j.arthro.2021.06.037
https://doi.org/10.2106/JBJS.17.00175
https://doi.org/10.1053/j.sart.2020.10.003
https://doi.org/10.1016/j.jse.2022.10.017
https://doi.org/10.1016/j.jse.2020.02.024
https://doi.org/10.1016/j.jse.2020.02.024
https://doi.org/10.1016/j.jse.2023.11.022
https://doi.org/10.1016/j.jse.2023.11.022
https://doi.org/10.1177/17585732221122275
https://doi.org/10.1177/17585732221122275
https://doi.org/10.2106/JBJS.L.00336
https://doi.org/10.1177/10225536221122307
https://doi.org/10.1177/10225536221122307
https://doi.org/10.2106/JBJS.21.00982
https://doi.org/10.2106/JBJS.21.00982
https://doi.org/10.1053/j.sart.2015.02.008
https://doi.org/10.2106/00004623%2D200207000%2D00013
https://doi.org/10.1016/j.jham.2025.100225
https://doi.org/10.1016/j.jham.2025.100225
https://doi.org/10.1016/j.jse.2014.04.014
https://doi.org/10.1016/j.jse.2014.04.014
https://doi.org/10.1016/j.jse.2018.08.020
https://doi.org/10.1016/j.jseint.2023.05.002
https://doi.org/10.2106/JBJS.L.00820
https://doi.org/10.1016/j.jse.2020.09.012
https://doi.org/10.1016/j.jse.2020.09.012
http://refhub.elsevier.com/S1058-2746(26)00029-7/sref21
http://refhub.elsevier.com/S1058-2746(26)00029-7/sref21
https://doi.org/10.1097/CORR.0000000000002293
https://doi.org/10.1097/CORR.0000000000002293
https://doi.org/10.1016/j.jse.2023.11.023
https://doi.org/10.5435/JAAOS%2DD%2D21%2D00797
https://doi.org/10.1016/j.jses.2019.09.007
https://doi.org/10.1016/j.jses.2019.09.007
https://doi.org/10.1016/j.xrrt.2024.03.001
https://doi.org/10.5435/JAAOS%2DD%2D17%2D00350
https://doi.org/10.1016/j.jse.2004.03.013
https://doi.org/10.1016/j.jse.2004.03.013
https://doi.org/10.1016/j.jse.2014.10.002
https://doi.org/10.1016/j.jse.2025.12.008

10

JOURNAL OF SHOULDER AND ELBOW SURGERY XXX (2026) 1-10

30.

31.

Walch G, Moraga C, Young A, Castellanos-Rosas J. Results of
anatomic nonconstrained prosthesis in primary osteoar-
thritis with biconcave glenoid. J Shoulder Elbow Surg
2012;21:1526—33. https://doi.org/10.1016/j.jse.2011.11.030.

Waterman BR, Dean RS, Naylor AJ, Otte RS, Sumner-
Parilla SA, Romeo AA, et al. Comparative clinical outcomes of
reverse total shoulder arthroplasty for primary cuff tear
arthropathy versus severe glenohumeral osteoarthritis with

32.

intact rotator cuff: a matched-cohort analysis. ] Am Acad
Orthop Surg 2020;28:€1042—8. https://doi.org/10.5435/JAAOS-
D-19-00493.

Young AA, Walch G, Pape G, Gohlke F, Favard L. Secondary
rotator cuff dysfunction following total shoulder arthroplasty
for primary glenohumeral osteoarthritis: results of a multi-
center study with more than five years of follow-up. ] Bone Joint
Surg Am 2012;94:685—93. https://doi.org/10.2106/JB]S.J.00727.


https://doi.org/10.1016/j.jse.2011.11.030
https://doi.org/10.5435/JAAOS%2DD%2D19%2D00493
https://doi.org/10.5435/JAAOS%2DD%2D19%2D00493
https://doi.org/10.2106/JBJS.J.00727
https://doi.org/10.1016/j.jse.2025.12.008

	Reverse and anatomic total shoulder arthroplasty for glenohumeral osteoarthritis: a propensity-matched comparison at early  ...
	Materials and methods
	Patient selection
	Matching
	Surgical technique
	Clinical outcome assessment
	Radiographic evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Disclaimers
	References


